
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader

















All of the following medications are gluten free unless otherwise noted
 
 
Generic drugs can be produced from many manufacturers and not all manufacturers use the same
fillers or
excipients.  When there is a generic drug listed the manufacturer will be in the parenthesis.  This does
not
imply that these are the only gluten free manufacturers but that these were the only ones checked.
 
Abilify
Accolate
Accupril
Acetaminophen w Codeine 30 mg (Teva)
Aci-Jel
Aciphex
Actifed
Actonel
Actos
Acular
Acyclovir (Teva, Roxane,Schein, Novapharm)
Adalat
Adderal (all strengths)
Adrenalin inj
Advair
Advil
Aerobid
Afrin
Aggrenox
AK Mycin
Alamast
Alavert (all forms)
Albee w C
Albuterol tabs (Novapharm)
Aldactazide
Aldactone
Aldoclor
Aldomet
Aldoril
Alendronate (Aurobindo, Barr, Mylan, Teva)
Alesse
Aleve
Align
Alka Seltzer Gold
Alkeran
Allegra
Allegra D
Allopurinol (Mylan)
Almora
Alocril
Alomide
Alprazolam (Greenstone, Mylan, Novapharm)







Alprazolam XR (Mylan, Novapharm)
Altace
Alupent (tabs/syrup)
Alupent inhaler
Amaryl
Ambien
Ambien CR
Amerge
Amicar (tabs,syrup)
Aminophyllin tabs (West-Ward)
Amitriptyline (Geneva, Sandoz)
Amitiza
Amlodipine/Benazepril (Teva)
Amoxicillin (Apothecon,Novapharm, Sandoz,Teva)
Amoxicillin chewable (Novapharm,Teva)
Amox/Clavulanic Acid (Prasco)
Amoxil
Anafranil
Anaprox
Anaprox DS
Angiscein
Antivert
Anturan
Anusol HC Cream
Anusol HC Supp
Anzemet
Apligraf
Apresoline
Apri-28
AquaSite
Aquasol A
Aquasol E
Aranelle
Arava
Aredia
Aricept
Aricept ODT
Arimidex
Armour Thyroid
Arthrotec
Asacol
Aspirin Enteric Coated 325mg (Leiner,code #44/227, Watson)
Aspirin 81 mg chewable (Watson)
Atacand
Atacand HCT
Atarax
Atenolol (Novapharm)
Ativan (all strengths)
Atropine/Diphenoxylate (Mylan, Sandoz)
Atrovent
Attenuvax







Augmentin tabs and liquids
Avalide
Avandia
Avapro
Avelox
Aviane-28
Avinza
Axert
Azithromycin (Teva, Pleva, Wockhardt)
Azmacort
Azopt
Azor-all strengths
Azulfidine (all forms)
Baby aspirin (Walgreens, Perrigo)
Bactrim (tabs & liq)
Bancaps HC
Banzel 200 mg and 400 mg
Basic vitamins
Baycol (now questionable)
Beclovent
Beconase
Beconase AQ
Bellaspas
Benadryl-all products
Benicar
Bentyl (all forms)
Benzonatate (Pleva)
Betapace
Betaseron
Betoptic
Bextra
Biavax
Biaxin (tabs/liquid)
Bicillin
Boniva
Brevital Inj
Bufferin-all products EXCEPT
     Bufferin regular 325mg tablet
     which does contain some gluten
Bugs Bunny Chewables
Bupropion Sustain Release (Purepac)
Buspar
Butazolidin
Bystolic-may contain wheat
Caduet
Cafergot
Cal-Quick
Caltrate
Camila
Cantil
Captopril (Novapharm)







Carafate (tabs & suspension)
Carbamazepine (Teva)
Carbatrol
Carbidopa/Levodopa tabs (Endo)
Cardizem SR
Cardura XL
Carisoprodol (Watson, West-Ward)
Cardia XT (all strengths)
Casodex
Cataflam
Catapres patch
Catapres tablets
Ceclor
Cefaclor (Novapharm)
Cefadroxil tabs & caps (Ranbaxy)
Cefpodoxime 100 mg (Aurobindo)
Ceftin
Cefzil
Cefuroxime (Ranbaxy)
Celebrex
Celexa
Celontin
Centrum-confusing and contradictory info received from company regarding it's status
Centrum Chewable (all) (see warning above)
Centrum Jr-(Avail on in Canada)
Centrum Kids
Centrum Liquid
Centrum Performance
Centrum Silver
Cephalexin (Aurobindo, Teva, Novopharm)
Chantix
Chibroxin
Chlortrimeton 4 mg tabs
Chlortrimeton 8mg and 12 mg extend tabs
Chlortrimeton liquid
Chromagen Forte
Chromagen Forte
Cibacalcin
Ciloxin
Cimetidine (Novapharm)
Cinobac
Cipro
Citrical (all forms)
Citrucel
Clarinex
Clarinex D
Clarinex Reditabs-company does not know source of starch
Claritin
Claritin D
Claritin D-24
Claritin liquid







Cleocin
Cleocin
Clinoril
Clofibrate (Novapharm)
Clomid
Clomiphene (Par, Teva, Watson)
Clomipramate (Novapharm)
Clonazepam (Apotex, Caraco, Mylan, Sandoz, Watson)
Clonazepam Disintegrating Tabs (Barr, Par)
Clorazepate (Watson)
Clorpres
Clozaril
Codiclear DH (sugar and dye free)
Cognex
Colace
Colchicine (West-Ward)
Colested
Colestipol
Coly-Mycin M Inj
Coly-Mycin S Otic
Combipatch
Combipres
Combivent
Comtan
Comtrex (tabs/caplets/liquid)
Comtrex Deep Chest Cold
Comtrex Non Drowsy
Comvax
Concerta
Coreg
Corgard
Corizide (NOT GF)
Cortef
Cortenema
Cortisone (West-Ward)
Cortisporin Cream & Oint
Cortisporin Ophth
Cortisporin Otic Solution
Cortone
Cosopt
Coumadin (all strengths)
Covera
Cozaar
Creomulsion
Creon
Crestor-contains no starch but company won't verify
   that product is GF
Cromolyn (Teva)
Cryselle
Cyclobenzaprine (Mylan, Schein, Watson)
Cylert chewable







Cymbalta (all strengths)
Cystospaz
Cystospaz M
Cytadren
Cytomel
Cytomel
Danazol (Barr)
Dapsone
Daypro
Dayquil
DDAVP
Decadron
Deconamine caps
Deconamine SR
Deconsal
Demerol
Denavir
Depakote (all forms)
Desferal
Desogen
Desyrel
Detrol
Detrol LA
Dexacidin
Dexamethasone (Taro)
Dexedrine (Smith-Kline-Beecham)
Dexone
Diabeta
Diastat
Dicloxacillin (Bristol-Myers-Squibb)
Dicyclomine (Lakeside, Mylan, Rugby, West-Ward)
Didronel
Diflucan
Diflucan tabs
Digel liquid & tabs
Digitek
Dihydergo
Dilantin
Dimetane tabs-contains gluten
Dimetapp elixir
Dimetapp tabs-contain gluten
Diovan / Diovan HCT
Disney Princess Gummies Vitamins
Ditropan
Ditropan XL
Diuril
Divalproex Sodium (ApotexMylan, Dr Reddy's, Sandoz, Teva)
Dolobid
Dostinex
Doxepin (Mylan)
Doxycycline (Mylan, Watson, West-Ward)







Drixoral
Duphalac
Durabac Forte
Duraflu
Durahist D caplets
Duraphen 100 caplets
Duraphen Forte
DuraTan DM Susp
DuraTan Forte Susp
Duricef
Dyazide
Ecotrin (all strengths)
Edecrin
Effexor (all strengths)
Elavil
Elidel
Elspar
Emadine
Emend
Enablex
Endafed
Endagen-D
Endocet
Endodan
Enjuvia
Enpresse-28
Entex
Entex LA
Entocort EC
Entuss D
Errin
Erythromycin tabs (Abbott labs)
Esgic (all forms)
Esidrex
Eskalith
Eskalith CR
Estrace
Estraderm
Estratab-possible gluten in active ingredient
Estratest-possible gluten in active ingredient
Estring
Estrostep
Etodolac (Taro)
Eudal SR
Evista
Excedrin Extra Strength
Excedrin Migraine
Exelon
Extendryl syrup, JR and SR caps
Famvir (all strengths)
Feldene-contains gluten







Femara
FemHRT
Fenesin
Fenesin DM
Fexofenadine (Teva)
Fentora
Feosol
Feostat
FerInSol
Ferro-Sequels
Ferrous Gluconate (Paddock)
Ferrous Sulfate (Goldline, Major)
FiberCon
Fiberlax
Fioricet / with Codeine
Fiorinal
Fiorinal caps-generic (West-Ward)
Fiorinal tabs-generic (West-Ward)
Fiorinal with Codeine
Flagyl tabs
Flexeril
Flomax
Flonase
Florastor
Florinef
Flovent
Flovent Rotadisk
Floxin
Floxin
Flubriprofen (Novapharm)
Fluconazole (Apotex, Barr, Greenstone)
Flumadine
Fluoxetine-all strengths/forms(Barr, Par, Sandoz)
Flurazepam (West-Ward)
FML
FML Forte
Focalin
Folgard
Folgard RX
Folic Acid (Schein, West-Ward)
Foradil Aerolizer
Fosamax
Fosrenol
Freeda's Vitamins
Frova
Furosemide (Watson-doesn't test but uses corn starch)
Furosemide (Ivax,Sandoz)
Furoxone (tabs & liquid)
Gabapentin (Apotex, Greenstone)
Gabitril (all strengths)
Gas-X







Gaviscon
GenTeal eye drops
GenTeal eye gel
Geodon
Gleevec
Glipizide (Novapharm)
Glivec
Glucophage
Glucotrol
Glucotrol XL
Glucovance (all strenghts)
Glyburide (Novapharm)
Glypyrrolate tab (URL, Mikart)
Glynase
Glyset
Gonisol
Grifulvin 5- "weak" gluten content
Guaifenesin (URL)
Guaifenesin LA 600 mg (URL/Mutual)
Halcion
Haldol (tabs, concentrate)
Herplex
Humatin
Hycodan
Hycomine
Hydergine
Hydrochlorothiazide (Qualitest)
Hydrocodone/APAP all strengths (Mallinckrodt, Watson)
Hydrocortone
HydroDiuril
Hygroton
Hyoscyamine 0.375mg tab (Amide)
Hyzaar
Ibuprofen (Amneal, Pharm. Formulations)
Imitrex
Imodium
Imodium AD Caplets
Inapamide (Novapharm)
Indocin
Indomethacin (Novapharm)
Inspra
Intal inhalations
Isoniazid 100 & 300 mg (West-Ward labs)
Isosorbide Dinitrate (West-Ward)
Junel (all strengths)
Kaopectate
Kapidex
Kariva-28
Kayexalate
Keflex
Kemadrin







Keppra (all strengths)
Ketek
Ketoprofen XR (Andrx)
Kirkman (all products are GF)
Klor-Con
Lacrisert
Lactaid liquid drops
Lactaid original strength caplets
Lactaid ultra caplets
Lamictal
Lamisil
Lamprene
Lanoxin
Lasix
Leflunomide (Apotex, Sandoz)
Lescol / XL
Lessina-28
Leucovorin
Leurkeran-contains gluten
Levaquin (all strengths)
Levlin
Levora
Levothroid
Levothyroxine (Lannett,Mova)
Levoxyl
Levsin
Levsinex
Lexapro
Lexxel
L'il Critters Gummy Bear Vitamins
Lioresal
Lioresal Intrathecal
Liothyronine (Mylan)
Lipitor
Liqui-Char
Lisinopril (Apotex, Mylan, Teva, Watson, West-Ward; Ranbaxy is unsure of this specific product)
Lisinopril/HCTZ (Ranbaxy, West-Ward)
Lithobid
Lithonate
Lithotabs
Livostin
Lodine (tabs/caps/XL)
Loestrin
Logroton Retard
Lomir / SRO
Lomotil
LoOvral
Loperamide tabs & caps (Novapharm)
Lopid
Lopressor / HCT
Lorabid







Lorazepam (Geneva contains gluten)
Lorazepam (Mylan, Ranbaxy, Watson are GF)
Lorcet 10/650
Lorcet Plus
Lortab all forms
Lotemax
Lotensin
Lotensin HCT
Lotrel
Low Ogestrel
Lozol (1.25 & 2.5)
Ludiomil
Lunsesta (all strengths)
Lutera
Luvox
Lyrica
Macrobid
Maginex
Mag-Ox
Maxair
Maxalt
Maxalt-MLT
Maxibar-may contain gluten
Maxzide
Mebaral-contains gluten
Medrol
Melaleuca Vitabears
Melleril
Menest (NOT GF)
Mephyton
Metamucil
Metaxalone 800 (Sandoz)
Metformin (Teva)
Methergin
Methimazole (Monarch)
Metoclopramide (Qualitest)
Metopirone
Metoprolol (Watson-doesn't test but uses potato starch)
Metoprolol (Apothecon, Novapharm)
Mevacor
Mexiletine (Novapharm)
Mexitil
Miacalcin
Micardis
Micogestrin
Micronase
Micronor
Midamor
Minocycline caps (Ranbaxy,Schein)
Miralax
Mirapex







Mircette
M-M-R II
Moban
Mobic
Modicon
Moduretic
Monopril
Morphine IR tabs (Roxane)
Morphine Sulfate Ext Release Tab (Endo)
Motesan
Motrin (Children's) oral susp
Motrin Childrens DF Conc. Drops
Motrin Cold DF Berry
Motrin DF Oral Susp Berry
Motrin IB caplets
Motrin IB tabs
Moxatag
M-R-VAX II
Mucinex (all forms)
MultiTech Formula Isotonix
Mylicon Drops
Mysoline
Mytussin AC
Mytussin DAC
Naldecon (tabs/syrup)
Naldecon DX Children's syrup
Naldecon DX ped drops-may contain gluten
Naldecon generic (Rugby)
Naphcon
Naphcon A
Naprelan
Naprosyn
Naproxen (Novapharm)
Nasacort
Nasacort AQ
Nasalcrom
Nasalide
Nasonex
Natalcare Advance
Natalins
Natalins RX
Nature Made brand multivits
Natures Plus Animal Parade
Necon
NeilMed Nasal Rinse
Neoral
Neosporin (all forms)
Nephrocaps
Nephro-Fer
Nepresol
Nestabs FA







Neurontin
Nexium
Nifedipine cap (Novapharm)
Nifedipine ER (Mylan)
Niferex 150
Nilandron
Nimotop
Niquil
Nitroderm TTS
Nitrogard
Nitroquick
Nitrostat
Nizoral
NoDoze
Nolvadex
Nordette
Noroxin
Norpramin
Norprolac
NorQD
Nortrel (all strengths)
Norvasc
Nucofed (all forms)
Nuprin
Nutrilite Corps Double X
Nuvigil
Ocufen
Ocuflox
Ocuhist
Ogestrel
One A Day (entire line)
Opana ER
Oramorph (all forms)
Orasone
Ortho Cept
Ortho Cyclen
Ortho Est
Ortho Novum (entire line)
Ortho Prefest
Ortho TriCyclen
OsCal Plus D
Osteo Bi-Flex
Otocain Drops
Ovcon 35
Ovral
Oxycodone all forms and strengths (Mallinckrodt)
Palgic
Pancrease
Pancrease MT 10
Pancrease MT 16
Pancrease MT 20







Pancrease MT 4
Pangestine CN20
Parafon (generic from Lemmon Pharm)
Parafon DSC
Parlodel
Paroxetine (Apotex-now questionable)
Patanol
Paxil
PCE
Pedvax HIB
Pentasa
Pepcid
Pepcid RPD
Pepto Bismol
Percocet
Percodan
Periactin
Permax
Persantine
Phazyme
Phen-Guai 25/900 (Prasco)
Phenergan w/ Codeine syrup
Phoslo
Pindolol (Novapharm)
Piroxicam (Novapharm)
Pitocin
Plaquenil
Plavix
Plendil
Pletal
Polibar Liquid-may contain gluten
Pneumovax 23
Poly Vi Flor
Poly Vi Flor w Iron
Poly Vi Sol
Polysporin
Polytrim
Ponstel
Portia
Prandin
Pravachol
Prazosin (Mylan)
Precose
Pred Forte
Pred G
Prednisone (Mutual, Roxane, West-Ward)
Premarin
Prepro
Prenatal Advance
Prevacid (all forms)
Priftin







Prilosec-all forms
Prinivil
Prinzide
Pristiq-contain wheat derivative
Pro-Banthine
Procaine Pen G (Monarch)
Procanbid
Proctocort
Proloprim (status unsure)
Promethazine (Breckenridge, Watson)
Promethazine w/ Codeine Syrup (Hi-Tech Pharmacal)
Propecia
Propoxyphene Napsylate (Mallinckrodt)
Propulcid
Proscar
Protonix
Proventil (tabs/syrup)
Proventil HFA
Proventil inhalation
Proventil solution
Provera
Provigil-The company states that the outer coating could come from a wheat source or
             a non-wheat source so caution is advised when taking the product
Prozac
Pulmicort
Purinethol
Questran/Questran Lite
Quibron
Quinaglute
Ramipril (Lupin)-all strengths are GF
Ranitidine (Geneva,Novapharm)
Ready-Cat-2 Vanilla Smoothie-may contain gluten
Ready-Cat-2-Smoothie-all other flavors are GF
Recombivax
Regitin
Reglan
Regranex Gel
Relafen
Relpax
Remeron
Renagel
Repliva 21/7 Red
Requip
RESCULA
Restoril
Retrovir
Retrovir
Revatio
Rezulin
Rhinocort
Rhinocort AQ







Rifadin
Rifamate
Rifater
Rifaximin
Rilutek
Risperdal
Ritalin (all strengths)
Ritalin LA
Ritalin SR
Robaxin
Robitussin Cold & Congestion Caplet
Robitussin Cold & Cough Liqui-Gels
Robitussin Cold Severe Congestion liqui-gels
Robitussin Cold, Cough & Flu Liqui-Gels
Robitussin line
Robitussin Multi Symptom Cold & Flu Caplets
Robitussin Night Time liqui-gels
Rolaids
Rowasa
Roxicodone (all forms and strengths)
Ryna C
Ryna D
Rynatan
Safetussin 30
Salsalate (Caraco)
Saluron
Salutensin
Sandimmune
Sandoglobulin
Sandostatin
Sansert
Scot-Tussin DM
Seldane
Seldane D
Selegiline (Novapharm)
Selzentry
Septra (tabs & liq)
Ser-Ap-Es
Serentil
Serevent Diskus
Serevnt Inhaler
Seroquel
Serzone
Sesame Street Complete Vitamins & Minerals
Silvadene
Silvadene
Simulect
Simvastatin (Ranbaxy, Teva)
Sinemet
Sinemet CR
Singulair (all stregnths)







Skelaxin
Slobid (all strengths)
Slo-Mag
Slow Fe
Slow-Mag
SMZ-TMP (generic Bactrim-Lemmon Pharm)
Solgar
Soma
Sonata
Sorbitrate
Spersallerg
Sporonox
Sprintec
Starlix
Strattera (all strengths)
Sudafed
Sudafed Cold & Sinus Liquid Caps
Sudafed Plus
Sulamyd
Sular
Sulf-10
Sumatriptan (Dr Reddy's)
Sunkist Multivit Complete
Suprax susp
Suprax tabs
Sutent
Symmetrel
Synercid
Synthroid (all strengths)-can no longer guarantee GF status
Syntocinon
Tambacor
Tamiflu
Tamoxifen (Barr pharmaceuticals)
Tapazole
Tavist
Tavist D
Tegretol (tabs/chew tabs/suspension/XR tabs)
Tegretol / XR
Tekturan
Tenoretic
Tenormin
Tenuate
Tequin
Terazol (all forms)
Testosterone 2% cream
Tetracaine
Thalitone
Thalomid (all strengths)
TheraFlu Cough and Cold
Theragran
Theragran Heart Right







Theragran M
Theragran M Advance
Thrombin Inj
Thyrolar
Tiazac
Tigan (all forms)
Tigan (caps & suppositories)
Tikosyn
Tilade
Timolide
Timolol tabs (Novapharm)
Timoptic
Timoptic XE
Tizanidine Purepac)
Tobradex
Tobrex
Tofranil
Tolectin (all strengths)
Tolmetin (Novapharm)
Topamax (all strengths)
Toprol XL
Tr iVi Sol
Tracleer
Trandate
Trazadone (Schein, Sidmak, Teva)
Trental
Tri Vi Flor
Triaminic AM
Triamterene/Hydrochlorothiazide cap (Barr,Duramed,Novartis,Watson)
Tricor-contains gluten on the coating
Triglide (all strengths)
Tri-Legest Fe
Trileptal
Trilevlin
Trilipix
Trimox
Triostat Inj
TriPhasil
Tri-Sprintec
Trovan (all strengths)
Trusopt
Tums-all are GF except as noted below
Tums Smoothies-contain gluten
Tuss DM
Tussend
Tussigon
Tussin 30
Twin Lab Animal Friends Multivit wafers
Twin Lab Animal Parade Cherry
Tylenol allergy sinus caplets, maximum strength
Tylenol Arthritis Pain Extended Relief Caplets







Tylenol cherry suspension infants drops
Tylenol chewable fruit burst flavor tabs
Tylenol Childrens Susp Grape Liquid
Tylenol cold multi-symptom plus cough chewable tab
Tylenol Cold Plus Cough Chew Tab
Tylenol extended relief caplets
Tylenol extra strength caplets
Tylenol extra strength liquid
Tylenol extra strength PM gelcaps
Tylenol tabs
Tylenol ultratab
Tylenol with Codeine
Tylox
Ultracet
Ultram
Ultramega Gold (GNC)
Unithroid
Urised
Uristat
Uro-Mag
Valium-all strengths
Valtrex tablets
Vancenase
Vancenase AQ
Vanceril
Vanex
Vanish Gel
Vantin
Varivax
Vascor (all strengths)
Vaseretic
Vasocidin
Vasocon
Vasocon A
Vasosulf
Vasotec
Velivet
Venlafaxine (Teva)
Ventolin (tabs/syrup)
Ventolin inhaler
Ventolin solution
Verapamil (Mylan, Watson)
Vesicare
Vexol
Vfend
Victoza
Viactive
Viagra
Vibramycin (tabs & caps)
Vibratabs
Vicodin







Viokase
Vioxx
Vira A
Viracept
Viroptic
Visine
Visine A
Visken
Vitamin D (Pliva)- the company and their excipient manufacturers state that no gluten is
                            used in the manufacturing of the product however at least one celiac
                            has expressed to me that she experienced celiac like symptoms after
                            taking the product (7/6/09)
VitaminShoppe brand all GF
Vitravene
Vivactil
Vivelle
Vivelle Dot
Voltaren
Voltaren / XR
Vytorin-all strengths
Warfarin (Barr-all strengths)
Welbutrin
Welchol
Xalatan
Xanax-(all forms)
Xifaxan
Xopenex
Xylociane Flavored Oint
Yasmin
Yaz
Zaditen
Zaditor
Zanaflex
Zantac (tabs/caps/liq/granules)
Zarontin
Zegerid OTC
Zelnorm
Zemplar
Zenate Advanced Formula
Zestoretic
Zestril
Zetia
Ziac
Zithromax (caps & suspension)
Zmax
Zocor
Zofran (all forms)
Zoladex
Zoloft
Zometa
Zomig







Zomig-ZMT
Zonegran
Zovia
Zovirax
Zovirax tabs and caps
Zydone
Zyloprim
Zyprexa
Zyrtec (tabs & liquid)
Zyrtec D
Zyvox
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various medications for Parkinson's disease
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From MedscapeCME Neurology & Neurosurgery


Parkinson's disease (PD) is such a common disorder of late life that almost everyone in the general practice of neurology will treat
many patients with PD during a career, especially in the early stages of this chronic disease with its long and evolving natural
history. Of all the diseases of the nervous system that are currently classified as neurodegenerative, PD is one of the most
satisfying for any practitioner to manage, because of the significant chance that appropriate pharmacotherapy in the early to middle
stages can dramatically improve the quality of the patient's life. The other side of that coin is the challenge to the practitioner of
taking on a long-term effort to control the symptoms of an often relentlessly progressive disorder, with all of its later physical and
cognitive disabilities, many of which do not respond to any of the many therapies at the practitioner's disposal.


Diagnosis of Parkinson's Disease


The first order of business is to be as certain as possible that the diagnosis of PD is correct. This can be a problem because
symptoms and signs of PD cover a broad spectrum and there are currently no reliable neurodiagnostic tests that have a high
positive predictive value, such as a magnetic resonance imaging (MRI) for brain tumor or electromyogram for amyotrophic lateral
sclerosis. Radioisotopic imaging of the nigrostriatal dopamine system, using positron emission tomography and single photon
emission computed tomography, provides the most accurate biologic diagnosis of PD and other parkinsonian syndromes, although
it is not commercially available at the time of this writing.[1]


A recent study using fluorodeoxyglucose imaging of metabolic networks involving the basal ganglia claims a high degree of
sensitivity and specificity in differentiating the various clinical parkinsonian entities.[2]


As a movement disorders specialist, I frequently see patients who have been told by good neurologists that they have PD when the
supporting evidence is lacking. I also often see patients whom I believe to have PD when they have been told that the diagnosis of
their disorder is essential tremor (ET), another common cause of tremor in the elderly, which is usually distinguishable from PD by
careful examination. PD, unlike ET, usually presents with a rest tremor on one side of the body (an arm or a leg), whereas ET
presents with a postural or action tremor on both sides. There are exceptions to these general rules, but the disorders are further
differentiated by the presence of the other cardinal signs (bradykinesia and rigidity) in PD and the absence of these in ET. The
earliest signs of PD can present bilaterally, but the findings are commonly asymmetric and stay that way throughout the course of
the illness. Moreover, a family history of a postural or action tremor is present in approximately half of patients with ET, usually in
an autosomal-dominant pattern. A positive family history for PD is increasingly common but occurs in only about 10%-15% of
patients and occurs mostly without a particular Mendelian pattern. Rest tremor is sometimes present in ET but almost always when
the postural and kinetic tremors are especially severe, late in the course. Emerging evidence indicates that long-standing ET is a
risk factor for the later development of PD,[3] and there is no question that individual patients can have a mix of neurologic signs
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that can baffle the best and most experienced expert in the field. An accurate diagnosis of PD can be made with confidence in the
great majority of patients, however, if the practitioner takes a careful history and does a thorough neurologic examination.


Investigating the presence of the nonmotor features of PD such as hyposmia, rapid eye movement sleep behavior disorder, mild
cognitive impairment, constipation, urinary frequency, and orthostatic hypotension, which often precede the onset of motor
abnormalities, can bolster the suspicion of PD. If the diagnosis is in doubt after the first comprehensive visit, the best practice is to
tell the patient of the uncertainty and have him or her return in a few months for another careful assessment. During the interval
between visits, vague symptoms may become more apparent and new ones may arise.


Even when the practitioner is confident of an accurate diagnosis of PD, the less common parkinsonian syndromes such as multiple
systems atrophy (MSA), vascular parkinsonism, progressive supranuclear palsy (PSP), corticobasal degeneration, and dementia
with Lewy bodies can still mimic many of the signs of PD and only declare themselves later in the course of the illness. These
other disorders are usually distinguishable from early PD because of particular atypical manifestations such as early loss of balance
(MSA and PSP), prominent signs of autonomic insufficiency (MSA), severe unilateral rigidity (corticobasal degeneration), disturbed
ocular motility (PSP), and early cognitive impairment (dementia with Lewy bodies). In the final analysis, the patient's response to an
empiric course of treatment with a dopaminergic drug (dopamine agonist or carbidopa/levodopa) may be the best way to secure
the diagnosis further because a strong positive response of the symptoms of PD to levodopa is much less common in the other
parkinsonian syndromes. However, in the absence of a definitive diagnostic test, any parkinsonian label is clinical, and long-term
follow-up to autopsy is the only sure way to arrive at the "right" diagnosis.


Advances in molecular genetics, starting in 1997 with the landmark report on alpha synuclein,[4] have shed new light on the
underlying pathogenesis of PD.[5] Before scientific discovery revealed that PD was much more complicated than anyone thought,
the gold diagnostic standard was the neuropathologic examination at the time of death. Severe loss of dopamine-containing
pigmented neurons in the substantia nigra and the presence of Lewy bodies within the cytoplasm of surviving cells were the 2
histologic signatures of PD. All that has changed since the discovery of 13 genetic mutations or polymorphisms revealed a much
more heterogeneous pathology, including the absence of Lewy bodies in some cases and the generally widespread distribution of
other pathologic findings in regions of the brain outside the substantia nigra. Furthermore, additional research has shown that some
parts of the nervous system, particularly the olfactory system and the brainstem below the substantia nigra in the midbrain, contain
parkinsonian pathology at the very earliest stages of the disease, giving rise to loss of the sense of smell and rapid eye movement
behavior disorder (dream enactment, parasomnias, thrashing movements during sleep) as the earliest clinical biomarkers of PD,
before the onset of tremor and other physical signs. Therefore, the conventional wisdom in 2010 is that PD may be a conveniently
unifying label for a number of different parkinsonisms that someday will be redefined with an array of strictly molecular
designations.


Choosing the Appropriate Plan of Treatment


A secure clinical diagnosis of PD is important for considering what to do next: treat the patient...or not. The not option is mildly
controversial because some experts in the field of movement disorders believe that medication should be offered to all patients with
PD as early as possible. The reasoning is based on the concept that the neurodegeneration of PD has depleted the population of
dopaminergic neurons in the substantia nigra by at least 60% before the first clinical sign of the disease emerges.[6] During this
preclinical phase, the remaining healthy nigral neurons are in a state of compensatory dopamine-producing overdrive, which then
leads to a vicious cycle of physiologic exhaustion, accelerated decline in dopaminergic output, and, theoretically, accelerated cell
death. The remedy, according to this hypothesis, is to provide an exogenous supply of dopamine in the form of levodopa or a
dopamine agonist, either of which will stimulate the striatal dopamine receptors and, by reciprocal feedback to the nigral neurons,
reduce the stress of overproduction of dopamine.[7] In other words, early treatment is potentially neuroprotective. However, despite
the intellectual appeal of this line of thinking, there is no evidence from clinical trials that such early treatment will alter the natural
history in favor of slowed progression.


The main obstacle to widespread acceptance of a therapeutic imperative in early disease is the remarkable variability of clinical
expression and rate of progression among patients with PD. Some patients have such minimal symptoms at the beginning that
there is neither handicap nor concern. Attempts to estimate prognosis by studying clinical subgroups with predictable outcomes
have been largely unsuccessful because few signs and symptoms in the earliest phase of PD have intrinsic prognostic value for a
given individual. However, there are 2 exceptions to this general rule. Patients who have early postural instability and falling have
been shown to become disabled sooner than those without these problems, and cognitive impairment is likely to develop in this
same subgroup later on. The other subgroup that can only be recognized in retrospect comprises patients whose main symptom is
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rest tremor -- the so-called tremor-dominant subgroup. Which patients will ultimately fall into this relatively benign subgroup is
especially difficult to foresee because approximately 75% of all patients will have rest tremor as the earliest clinical sign of disease.
Key aspects of the diagnosis and prognosis of new-onset PD were reviewed in a recent edition of the American Academy of
Neurology's Practice Parameter series.[8]


The intriguing possibility that someday legitimate neuroprotective treatments will delay the underlying neurodegeneration of PD is
on the minds of all clinical researchers in the field. Dr. Simuni has summarized some of the data obtained from recent clinical trials
of potential neuroprotective therapies in PD, such as the monoamine oxidase inhibitors, deprenyl and rasagiline, and the
mitochondrial stabilizer coenzyme Q10. She has concluded that there is insufficient evidence to endorse the use of any of these
agents for neuroprotection at this time. Clearly, more research is needed to answer this important early management question.


Setting the Stage


The practitioner's most important responsibility when initiating treatment for PD is to construct a comprehensive plan of
management, complete with basic education about the motor and nonmotor aspects of the disease, balanced and realistic
information on the variable natural history, a clear discussion of the broad spectrum of medication options and the potential for drug
side effects, the no-drug option, the responsibilities of the caregiver, and a focused concern for the psychosocial impact on the
patient and family of having a chronic, progressive neurologic disorder with a long but uncertain timeline. The patient's age,
particular symptoms, mental outlook, fears and expectations, state of employment, living arrangement, caregiver concerns, existing
medical and psychiatric comorbidities, finances, prescription coverage, personal philosophy on coping with illness, and many other
factors contribute greatly to deciding on the potential components of the management package.


Current consumers of healthcare are better informed and more sophisticated on matters of health and illness than prior generations
because of access to information through the Internet, television, and the printed page. The result of this improved awareness is an
explicit challenge to the practitioner to create a true partnership with the patient, with mutual and respectful input from all relevant
parties into the process of decision-making. Practitioners no longer hold all the levers of power, nor should they. Because
management of PD is a long-term proposition requiring serious mutual commitment, it is vital to the success of the relationship
between the doctor and the patient that communication be honest, easy, and transparent.


Choosing the Most Appropriate Drug(s)


Antiparkinson drugs that address the motor features of PD are usually the centerpiece of the treatment plan, but nonmotor
symptoms require equal attention. For example, depression and anxiety are common early manifestations and can be either
biochemically based or "reactive" in response to the stress of having a life-changing chronic illness. One of the axioms of initiating
pharmacotherapy is to treat one problem at a time and, correspondingly, to introduce one drug at a time, principles that can be
implemented without urgency in most cases. Some patients, however, even in the early stage of their illness, have multiple
pressing problems that must be treated in rapid, serial succession.


Drugs for treating motor symptoms of PD can be sorted into several pharmacologic categories, as shown in Table 1. Their sites of
action at the nigrostriatal synapse are shown in Figure 1. As mentioned, choosing the most appropriate drug (s) for a particular
patient depends on a number of clinical and psychosocial factors. The most important general principle is to individualize. Figure 2
provides a useful algorithm to bring order to decision-making. Several clinical trials in the past decade have provided useful
evidence to guide decision-making, but the practical experience of movement disorder specialists has also been a valuable
contribution to the current conventional wisdom regarding what drugs to use and when to start them. To date, evidence from recent
clinical trials does not support the use of any one antiparkinson drug over another. The latest practice parameter issued by the
American Academy of Neurology[9] on the initiation of treatment of early PD makes no strict recommendations of specific drugs but
lists the pros and cons of each as a practical guideline. Eight years have passed and much additional evidence has accumulated
since this report, but the recommendations are probably still valid.


Table 1. Drugs for Parkinson's Disease


Drug Pharmacology 
Dose Ranges


Actions and Side Effects


Carbidopa/levodopa
®


Short half-life: 90 Most potent of the antiparkinson drugs. Levodopa, the precursor,
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(carbidopa/levodopa; Sinemet )
10/100, 25/100, 25/250 mg


minutes
3x daily dosing in
early PD. Start
low. More frequent
dosing when
wearing off occurs
Doses vary widely


decarboxylated centrally to dopamine, the active agent. Carbidopa blocks
conversion peripherally


Carbidopa/levodopa
(Carbidopa/levodopa; Sinemet®)
CR 25/100, 50/200 mg


 Controlled (slow) release of levodopa from the duodenum. No significant
advantage in early PD over standard carbidopa/levodopa


Dopamine agonists 
--Pramipexole (Mirapex®) 0.25,
0.5, 1.0, 1.5 mg
--Ropinirole (Requip®) 0.5, 1, 3, 5
mg
--Ropinirole extended release
(Requip® XL™) 2, 4, 6, mg
--Rotigitine (Neupro®) patch --
Temporarily off the market


4- to 6-hour half-
life
3x daily dosing
4.5 mg per day
maximum
recommended.
Patch and XL
products long-
acting; once-a-day
dosing


Directly activate dopamine receptors without need for presynaptic
enzymatic conversion. Less effective than carbidopa/levodopa with more
side effects, especially visual hallucinations, leg edema, daytime
sleepiness, and impulse dyscontrol. Commonly used in young patients
because of reduced chance of levodopa-induced fluctuations and
dyskinesia


Amantadine 100 mg Long-acting 2-3 x
daily


Promotes presynaptic release of dopamine from storage vesicles. Has
anticholinergic and antiglutamate properties. Effectively suppresses
levodopa-induced dyskinesia


Anticholinergics 
--Trihexiphenidyl, benztropine


4- to 6-hour half-
life
2-3 x daily


Oldest drugs still in use. May be effective against tremor in young
patients. Older patients likely to have side effects (dry mouth, confusion,
memory loss, blurred vision, prostatism)


MAOIs 
--Deprenyl (Selegiline®) 5 mg
--Rasagiline (Azilect®) 1 mg


Long half-life
Once-a-day
dosing


Modestly effective as monotherapy and as add-on therapy. Disease-
modifying properties not yet proven


COMTI 
--Entacapone (Comtan®)
--Tolcapone (Tasmar®)


Entacapone given
with each dose of
levodopa
Tolcapone given
3x daily


COMTI prolongs the action of levodopa by blocking peripheral
catabolism. Smoothes motor fluctuations in advanced disease. No
antiparkinson properties of its own. Small potential for liver damage;
regular liver function tests required


Carbidopa/levodopa/entacapone
(Stalevo®) 50, 100, 150, 200 mg


 Convenient combination drug in advanced disease. Not proven superior
to carbidopa/levodopa in early disease. Diarrhea and benign
discoloration of urine from entacapone


COMTI = catechol-O-transferase inhibitors; CR = controlled release; MAOI = monoamine oxidase inhibitors; PD = Parkinson's
disease; XL = extended release
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Figure 1. Drugs for Parkinson's disease: synaptic sites of action. COMT = Catechol-O-transferase; DA = dopamine; MAO =
monoamine oxidase


Figure 2. Algorithm for early treatment of PD. AbNL = abnormal; Cog = cognition; disab = disability; MAO-BI = monoamine oxidase
B inhibitor; mod = moderate; NL = normal; Rx = treat; sev = severe
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The newly diagnosed patient often has little disease-related handicap. If so, treatment is not mandatory. A unilateral rest tremor of
the arm or leg is a clear signature of the disease, but it frequently is nothing more than a cosmetic nuisance because purposeful
use of the affected body part typically abolishes the tremor. Many people prefer not to take drugs of any type unless absolutely
necessary. It is important for practitioners to know this about their patients when considering what therapeutic advice to give.


Many patients inquire about alternative or complementary therapies, mainly as a result of advertising on the Internet. Most of these
"natural" options, particularly coenzyme Q10, are unproven but harmless and should be discussed in this context. Patients should
also know that ongoing clinical trials are attempting to fill in the blanks on this therapeutic front, and they should also know to
consult the Websites www.pdtrials.org and www.wemove.org for the latest information on Parkinson's-related clinical trials of any
type.


Regular exercise has become a standard recommendation for all patients because evidence is emerging from experimental animal
models of PD and from a few small clinical trials that exercise is good for not only general well-being but it may also have specific
benefits for the parkinsonian brain.[10,11] Regular exercise doesn't come naturally to everyone, and many patients don't have the
wherewithal or self-discipline to take it seriously. When the doctor prescribes it, however, the patient is more likely than not to take
action.


Dopamine Agonists vs Levodopa


As the symptoms of PD become more pronounced, and they almost inevitably will, the practitioner and patient must decide jointly
when to start a medication for symptom relief. The most important determinant of drug selection is the impact of the patient's
symptoms on daily function -- the milder the handicap, the greater the weight toward a milder drug, as shown in the algorithm in
Figure 2. Because levodopa is the most effective drug, it becomes the drug of choice if the overall degree of disability, as judged
by patient, family, and practitioner, is truly problematic for personal, social, and/or occupational reasons. Virtually all clinical trials
comparing levodopa with a dopamine agonist as the initial treatment for PD have shown that levodopa provides more benefit with
fewer immediate side effects.[12] Moreover, the relatively modest benefit of monotherapy with an agonist usually wanes after 2-3
years and must be supplemented with additional levodopa.


The levodopa advantage is partly offset by the greater incidence of motor fluctuations (MF) (the wearing-off reaction) later in the
course of illness and the occurrence of levodopa-induced choreo-athetotic involuntary movements (dyskinesia). This tendency for
MF and dyskinesia to develop is more pronounced in young patients and has led to the widely but not universally accepted practice
of starting a young person (< 60 years) on a low dose of 1 of the 2 currently available dopamine agonists (pramipexole and
ropinirole), increasing the dose gradually to a level that gives satisfactory benefit with minimal or manageable side effects. If a
patient fails to respond to one of the dopamine agonists, especially if intolerable side effects impose a dosage ceiling, then it is
reasonable to try the other dopamine agonist because of the small but realistic chance that the second drug will be more effective
or better tolerated. The development of MF, attributable to levodopa's short half-life, is almost guaranteed in most patients, but MF
usually starts to appear 3-5 years after the start of treatment, and the benefit almost always outweighs the adversity of this
problem, especially if the fluctuations and the dyskinesia are managed skillfully by the manipulation of the medication schedule.
Some have argued that the brief advantage of postponing the onset of MF for 1 or 2 years by starting a dopamine agonist instead
of levodopa is no advantage at all in light of PD's 15- to 20-year time line and the lack of evidence that delaying the use of
levodopa makes a difference in the long run. The logical and perhaps overstated extension of this point of view is this: Why defer
the benefit of the best drug for anyone at any time?[13-15]


The reluctance to initiate treatment of the symptoms of PD with levodopa can be traced to the earliest days following the
introduction of levodopa as a revolutionary treatment for PD, when the first reports of MF and disabling dyskinesia were
published.[16] These clinical observations led to the speculation that early use of levodopa might be harmful and actually accelerate
progression of neurodegeneration in the mitochondria of nigral neurons through destructive oxidative stress.[17,18] Although this
hypothesis carried considerable weight in the ongoing debate about when to start patients on levodopa, there was no compelling
experimental or clinical evidence to confirm its validity or to dispel the concern of many treating neurologists that they might be
violating the time-honored principle of "first do no harm." Some took an extremely cautious position that led to what one movement
disorders specialist referred to as "levodopa phobia" and used levodopa only when patients were severely disabled, a time in the
course of illness when it is probably too late.[19] Years of heated controversy were finally settled with completion of the ELLDOPA
(Early vs Later LevoDOPA) clinical trial,[20] which showed that levodopa was not only not toxic to the brain and did not accelerate
progression but it was also possibly neuroprotective. This reversal of levodopa's fortune has brought the pendulum back to the
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middle where the decision to use levodopa is based on the particular circumstances of each individual patient and the knowledge
that it is still the best drug for symptom relief.


Another historic reason that the early use of levodopa has been regarded as a potential hazard in the long-term management of
PD is a direct consequence of its short (90-minute) half life. The result of this intrinsic pattern of rapid cycling pharmacokinetics is a
repetitive, pulsatile stimulation of striatal dopamine receptors. In the normal brain, dopamine is synthesized from tyrosine in nigral
neurons, then stored in presynaptic vesicles for release into the synaptic cleft to activate the postsynaptic dopamine receptor
(Figure 1). The release of dopamine from these vesicles is either slow (to mediate sustained movements like holding a posture) or
fast (to accommodate quick, phasic movements, such as taking a large step or suddenly sprinting). The normal supply of stored
dopamine in an anatomically healthy nigrostriatal system guarantees a healthy physiologic response of dopamine receptors to
dopamine stimulation. In the Parkinson brain, the population of nigral neurons is severely depleted, giving rise to denervation
hypersensitivity of the postsynaptic dopamine receptors. The multiplex combination of depleted nigral neurons, the associated loss
of vesicular storage capacity for dopamine, and the nonphysiologic, continuously pulsatile stimulation of hypersensitive dopamine
receptors by an exogenous source of dopamine in the form of the dopamine precursor, levodopa, not only down regulates
receptors but also creates a perfect storm of negative factors that could theoretically lead to the emergence of MF, dyskinesias,
and eventually the complete loss of receptor responsiveness to chronic treatment with levodopa. Skeptics have used this hypothetic
model to warn of levodopa's finite ability to benefit patients and to argue that it stops working after an arbitrary 5 years. The
provenance of this misleading idea is unknown, but its general acceptance is pervasive among patients who have used the
information to worry about starting levodopa too soon.


Two clinical trials have been conducted to test the hypothesis that pulsatile stimulation, as represented by treatment with standard
carbidopa/levodopa, leads to an earlier onset of MF and dyskinesia than treatment with a more sustained level of drug delivery, as
represented by 2 types of carbidopa/levodopa with extended duration of action. The first such study compared the response to
extended-release carbidopa/levodopa with the response to standard carbidopa/levodopa and found no differences in clinical
efficacy or incidence of the targeted complications after 5 years of follow-up.[21] The second study, a comparison of standard
carbidopa/levodopa with Stalevo® (carbidopa/levodopa plus the COMT inhibitor entacapone) -- STtalevo Reduction In Dyskinesia
Evaluation (STRIDE-PD) in patients with early-stage PD who required initiation of levodopa therapy. The endpoint of the study was
the time to onset of dyskinesia. This study, the results of which are not yet published, also failed to show a difference favoring the
presumably more prolonged action of the study drug.[22] The negative results may have occurred because neither of the studies
used drugs that truly prolonged the action of levodopa. Despite these negative results, the concept that authentic nonpulsatile
delivery of levodopa in early-stage PD might prevent or postpone the later onset of motor complications remains viable and in
search of a better drug delivery system.


Initiating Treatment with MAO-B Inhibitors


Early monotherapy with the MAO-B inhibitors selegiline or rasagiline is an option in mildly affected patients who are more annoyed
than disabled by their symptoms (Figure 2). The MAOIs rarely provide a robust response, but those patients who do respond often
express a feeling of well-being along with the modest improvement in mobility.[23] A patient should use the MAOI for at least a
month before deciding whether it is effective.


The question of a disease-modifying or neuroprotective effect attributable to either of these drugs is still unanswered after 2
carefully designed, large, randomized, double-blind, placebo-controlled clinical trials. The Deprenyl And Tocopherol Antioxidative
Therapy Of Parkinsonism (DATATOP) study[24] employed a parallel-comparison design, and the Attenuation of Disease
progression with Azilect (rasagiline) GIven Once (ADAGIO) daily study[25] used a delayed-start design. Both studies raised
intriguing possibilities but failed to provide definitive proof of disease modification.


Amantadine


Amantadine as a first drug can work surprisingly well, but the response is unpredictable and the benefit tends to dissipate after a
few weeks or months. Amantadine has the advantage of conferring benefit quickly, usually within the first 48 hours of use. A 2-
week trial is sufficient to determine whether it will be effective, after which it can be discontinued if ineffective.


Anticholinergics


The oldest of the available antiparkinson medications, anticholinergics have a circumscribed role in treating PD because of a poor
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therapeutic margin: the ratio of benefit to adverse effects. If they work at all, it is against tremor. One of the anticholinergics, either
trihexiphenidyl or benztropine, is appropriate to try as an add-on in a young patient if tremor is refractory to dopamine or to
carbidopa/levodopa. Older patients tend not to tolerate anticholinergics because of the high frequency of complications.


Nonmotor Symptoms


Treatment of the nonmotor symptoms that can accompany the motor symptoms of early PD is a critical component of the
comprehensive care plan. The practitioner must always inquire about problems with mood and cognition, sleep, orthostatic
hypotension, constipation, urinary frequency, and other autonomic manifestations of the Parkinson clinical phenotype. A list of drugs
for treating each of these is catalogued in Table 2.


Table 2. Treatments for Nonmotor Symptoms of Parkinson's Disease


Problem Drugs and Other Agents


Depression Tricyclic and SSRI antidepressants


Cognitive impairment Acetylcholinesterase inhibitors, memantine


RBD Clonazepam


Orthostatic hypotension Fludrocortisone, midodrine, salt


Constipation Stool softeners, laxative, diet


Urinary frequency Oxybutynin, tolteridine, tamsulosin


RBD = rapid eye movement behavior disorder; SSRI = selective serotonin reuptake inhibitor


Summary and Conclusions


The management of newly diagnosed early PD is both simple and complex; simple, because it is a neurologic disease that can be
readily diagnosed and explained to a patient and caregiver by an astute practitioner; complex, because of the many angles and
nuances that must be addressed in the beginning to guarantee the patient's comfortable adaptation to a permanent change in
lifestyle and the prospect of an uncertain future. The practitioner must recognize that the global understanding of the pathogenesis
of PD is rapidly changing as a result of the accelerated pace of scientific discovery, usually with more questions than answers.


Treatment of the symptoms of PD has matured substantially in the last 40 years since levodopa set the standard for efficacy of
pharmacotherapy in a chronic neurologic disorder. As a result of skillful management by the informed and caring practitioner, the
patient with early PD can generally expect to live independently and confidently in the first phase of the illness, which can last
years before any sign of progression is apparent. Although levodopa is still the best drug for PD, others have been added to the
growing arsenal to mitigate the rough edges of an otherwise impressive treatment.


Guidelines for treating PD are meant to provide a framework for individualized decision-making, not to impose a strict and
immutable formula that in any way prevents the application of unconventional approaches and improvised new ideas. Above all,
treatment of PD is dynamic and evolving. Everyone involved must stay abreast of new developments that someday may lead to the
real breakthrough: true disease modification and even a cure.
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Acetylcholine Projections


Amygdala
Arousal


Controls Autonomic Responses 
Associated with Fear
Emotional Responses
Hormonal Secretions


Decision Making
Higher functions







Signs of Acetylcholine problems
• Low level associations.


– Memory lapses 


– Calculation difficulties


– Decreased arousal


– Impaired creativity


– Diminished comprehension


– Impaired judgement


• Symptoms of low levels. 


– Loss of visual memory


– Loss of verbal memory


– Memory lapses 


– Impaired creativity


– Difficulty recognizing objects and faces.  


– Excessive urination


– Slowness of mental response 







Conditions


• Dementia


• Alzheimer’s


• Myasthenia Gravis







Acetylcholine Biosynthesis
http://www.uic.edu/classes/phar/phar402/Cholinergic%20Nervous%20System%20Functions2.htm


Lipoic Acid, Healthy 
Insulin
Estrogen (Bio Identical)







“Although choline is not by strict definition a vitamin, it is an essential 
nutrient. Despite the fact that humans can synthesize it in small 


amounts, choline must be consumed in the diet to maintain health (1).”
http://lpi.oregonstate.edu/infocenter/othernuts/choline/ below


“Milk, eggs, liver, and 
peanuts are especially rich 


in choline.” 







Acetylcholine Support


Vitamin E 12 IU 
(as d-alpha tocopherol)


Folate 400 mcg 
(as L-5-methyl tetrahydrofolate†)


Huperzine A 100 mcg  
(from Huperzia serrata)


tocotrienol/tocopherol (40 mg) 
Full Spectrum Palm Fruit 


Extract†† 210 mg 


N-Acetyl L-Carnitine and Alpha GPC (L-
alpha phosphorylcholine).







“the neuroprotective effects 
of huperzine A beyond its 


acetylcholinesterase
inhibition. These effects 
include regulating beta-


amyloid precursor protein 
metabolism, protecting
against beta-amyloid-


mediated oxidative stress 
and apoptosis.”


Cell Mol Neurobiol. 2008 
Feb;28(2):173-83. Epub 2007 Jul 


27.  PMID: 17657601 below


Huperzine –
Multiple Mechanisms







“Aβ (amyloid beta) has been found in mitochondria in 
postmortem AD brain” 


Proc Natl Acad Sci U S A. 2008 September 2; 105(35): 13145–13150.  doi: 10.1073/pnas.0806192105. PMCID: PMC2527349







“Epigallocatechin-3-
gallate or curcumin


significantly 
attenuated beta 


amyloid
- induced radical 


oxygen species 
production and beta-


sheet structure 
formation.”


Neuroreport. 2008 Aug 


27;19(13):1329-33. PMID: 18695518


Let’s get some green tea







Beta Secretase inhibitors Green Tea and 
Curcumin







“ (DHA) 
decreased Abeta 


amyloid beta-
peptide (Abeta)


levels”
“DHA diet also 
decreased the 


number of activated 
microglia in 


hippocampus”
Neurobiol Dis. 2006 Sep;23(3):563-


72 PMID: 16765602  below


Microglia (immune cells)







“neuro-protective
action of the ß-


amino acid 
taurine against 


the neurotoxicity
of Aß.” (Amyloid 


Beta)
(The FASEB Journal. 2004;18:511-518.)  


PMID: 15003996 below







“Orally administered CLN 
showed 


significant stabilizing 
effect on cognitive 


functions in improving 
the conditions of patients 
suffering from mild and 


moderate AD 


(Alzheimer's disease).”
The Journal of Nutrition, Health & 


Aging
Volume , Number , 2009 1-7 below


Proline-Rich Polypeptide 
Complex Formula







Alzheimer’s Progression Chart
http://www2f.biglobe.ne.jp/~boke/improvingad.htm below


Mild to Moderate


Proline-Rich Polypeptide Formula 







Amyloid Plague –
no treatment


21 days of PRP 
Treatment







Allosteric Modulation of Nicotinic Receptors


Ca++







Don’t forget


• Don’t forget the entire inflammatory protocol, 
the energy linked excitotoxicity protocol and 
BBB protocol that we put together in the first 
module.  That applies to all of the conditions 
we talked about this weekend, especially 
acetlycholine.  
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Rivastigmine Actions: Gliosis
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Rivastigmine Actions: Peripheral
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Galantamine







Galantamine Actions
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resting state in Alzheimer’s disease
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pharmacy
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adjunctive
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vascular dementia
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Supplement summary


• PRP Proline rich polypeptide
– Prevent tangling


• Alpha – GPC
– Synthesis of acetylcholine


• Huperzine
– Acetylcholine esterase inhibitor


• N-acetyl L carnitine
– Mimics cognitive acetylcholine


• Galantamine
– Inhibits the production of acetylcholine esterase.


• Antioxidants
– Cellular protection


• Pantothenic acid
– Used for the biosynthesis of acetylcholine.


• Taurine
– Reduces B-oligomers


• DHA
– Reduces B-amyloid







Antiparkinsonian Drugs


• Parkinson’s Disease:


– Disease of the basal ganglia & related neuronal 
groups + neurotransmitter deficiencies 


– “shaking palsy”


• Bradykinesia – slowing down in the initiation & execution 
of movement


• Rigidity – increased muscle tone


• Tremor at rest


• Impaired postural reflexes











Antiparkinsonian Drugs


• Degeneration of dopamine-producing neurons 
in the substantia nigra of the midbrain
– Disrupts the balance of:


• dopamine (DA) – neurotransmitter for normal 
functioning of the extrapyramidal motor system (control 
of posture, support, and voluntary motion)


• Acetylcholine (Ach)


• and the basal ganglia


• Symptoms do not occur until 80% of the 
neurons in the substantia nigra are lost











Antiparkinsonian Drugs
• Drug Therapy


– Correcting the imbalance of neurotransmitters within 
the CNS 
• Dopaminergic – enhance release or supply of dopamine (DA)
• Anticholinergic – antagonize or block the effects of overactive 


cholinergic neurons in the striatum 
• Monoamine Oxidase Inhibitor


– Decreases MAO (the degradative enzyme for DA) 
– Results:  DA levels are increased


• Catechol-O-Methyl Transferase (COMT) Inhibitor
• Betablocker
• Antihistamine
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Antiparkinsonian Drugs
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CNS 
Antiparkinsonian Drugs


Anticholinergic Drugs:  decrease the activity of Ach
Benztropine (Cogentin)


Antihistamines – decreases rigidity
Benadryl


Betablockers – decreases rigidity
Inderal


Monoamine oxidase inhibitor (MAOI):
Selegiline (Eldepryl )


 Catechol-O-Methyl Transferase (COMT) Inhibitor
Entacapone (Comtan)







CNS 
Antiparkinsonian Drugs


• Drug Therapy


– Sinemet early in disease becomes ineffective


– Early:  DA receptor agonist  -- directly stimulate DA 
receptors
• Parlodel, Requip, Mirapex


– Moderate to severe symptoms:
• Sinemet is added to therapy











CNS 
Antiparkinsonian Drugs











CNS -- Antiparkinsonian Drugs 
Patient Education


 “Wearing off” – “On-Off” phenomenon – gradual worsening 
of symptoms as medication begins to lose effectiveness, 
despite maximal doses
 “Drug Holiday” when levodopa no longer working effectively 


(usually 10-day period of hospitalization)


 Community resources to assist patient and family
 Safety
 Effect on blood pressure –
Hypotension
Hypertensive crisis of MAOI accidentally taken


 “Sleep attacks” – newer dopamine agonists (pramipexole & 
ropinirole)


 GI: Constipation – high fiber, high roughage, increased fluids
 GU:  urine color changes – brownish-orange (entacapone)







Vestibular Medications


• Meclizine (Antivert)


• Dimenhydrinate (Dramamine)


• Diazepam (Valium


• Lorazepam (Ativan)


• Metoclopramide (Reglan) by slow IV every 6 
hours


• Prochlorperazine (Compazine) Promethazine
(Phenergan)







Norepinephrine / Epinephrine







St. John’s Wort


homovanillic acid







Norepinephrine Dysregulation


• Catecholamine Imbalance (Synthesis)


• Excessive Caffeine


• Excessive nicotine


• Adrenal stress


• Over training
– All of these factors have the ability to create NE 


dysregulation which can lead to inability to 
activate NAT which creates problems with 
conversion of serotonin to Melatonin.  
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Are Two Antidepressant Mechanisms
Better Than One?


multiple 
mechanisms =


side effects
TCA


SSRI


single selective mechanism = 
loss of side effects


loss of efficacy?


multiple 
therapeutic 


mechanisms =
improved 


efficacy
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LuAA34893
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The Potential Role of a 
Corticotropin-Releasing Factor 


Receptor-1 Antagonist in 
Psychiatric Disorders
By Stephen M. Stahl, MD, PhD, and Dana D. Wise, PhD
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NEW TREND IN 
PSYCHOPHARMACOLOGY


The hypothalamic-pituitary-adrenal axis is a key 


mediator of the stress response in humans. The 


corticotropin-releasing factor (CRF) type 1 recep-


tor (CRFR-1) in the pituitary gland is a gatekeeper 


for that response, and the CRFR-1 receptor is also 


present in many other mood- and cognition-related 


neural structures. Behaviorally, a number of rela-


tionships between stress and psychiatric disor-


ders can be observed: chronic or repeated stress is 


associated with onset of depression; stressors can 


cause a recovering alcoholic to relapse; overactive 


stress responses mark many anxiety disorders; 


and insomnia can arise from an overactive stress 


response. Thus, a CRFR-1 antagonist could be use-


ful for treating or preventing the consequences of 


CRF-mediated stress in depression, anxiety, insom-


nia, and substance abuse.


CORTICOTROPIN-RELEASING 
FACTOR AND ITS TYPE 1 RECEPTOR  


Corticotropin-Releasing Factor and the 
Stress Response in the Hypothalamic-
Pituitary-Adrenal Axis


The hypothalamic-pituitary-adrenal (HPA)  axis 
begins in the brain with the amygdala, which is 


involved in recognizing environmental stress-
ors (Figure 1A).1 After a stressor, the amygdala 
signals the cells in the paraventricular nuclei of 
the hypothalamus (Figure 1B) to release corti-
cotropin-releasing factor (CRF) to the pituitary 
gland (Figure 1C),1 which is rich in CRF type 1 
receptors (CRFR-1).2 In response, the pituitary 
releases adrenocorticotropic hormone (ACTH) 
into the bloodstream.1 This hormone travels to 
the adrenal glands, which sit atop the kidneys 
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FIGURE 1.
The HPA axis in response to stress*1


*  A. The amygdala (amygdalae are bilateral; only the right amygdala is 
circled here) is involved in recognizing the stressor and sends out a signal 
to (B) the paraventricular nuclei of the hypothalamus. Cells in these nuclei 
release CRF to (C) the pituitary gland. The pituitary gland releases ACTH 
to the bloodstream. ACTH then travels to (D) the adrenal glands, which 
release the glucocorticoid cortisol into the bloodstream.


HPA=hypothalamic-pituitary-adrenal; CRF=corticotropin-releasing factor; 
ACTH=adrenocorticotropic hormone.
Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM. Neurobiology 
of depression. Neuron. 2002;34:13-25.
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(Figure 1D).1 These glands then release cortisol, 
which not only helps the body to mobilize energy 
for the classic fight-or-flight response, but also 
affects the brain.1


A key brain structure affected by cortisol is the 
hippocampus. The hippocampus normally can 
suppress the HPA axis through a pathway to 
the CRF-containing cells in the hypothalamus.1


However, chronic stress and cortisol can damage 
the hippocampus (cellular atrophy, reduced neu-
rogenesis, and shrunken hippocampi have been 
observed).1,3 The hippocampus, thus impaired by 
stress, cannot sufficiently regulate the HPA axis. 
Left unchecked by the hippocampus, the HPA 
stress circuit can ramp up to excessively high lev-
els—an unfortunate feed-forward cycle.


Corticotropin-Releasing Factor Type 1 
Receptors (Outside the Hypothalamic-
Pituitary-Adrenal Axis)


 Besides the key role of CRFR-1 receptors in 
the HPA axis, CRFR-1 receptors also are widely 
distributed throughout the primate brain,2,4,5


though exact anatomical reports vary due to 
methodological differences.


Some roles for neural CRFR-1 may be ancil-
lary to the HPA axis, since the amygdala and 
the hippocampus—structures that regulate the 
HPA—contain CRFR-1 receptors.2,5 However, 
these structures also have functions unrelated 
to the HPA. In animals, anxious or alcohol-seek-
ing behaviors can be altered by infusion of CRF 
or a CRFR-1 antagonist into the amygdala. The 
hippocampus plays a role in higher cognitive 
function.6 Infusion of CRF into the hippocampus 
of animals can facilitate learning, but a CRFR-1 
antagonist can block that effect.7


Other roles for neural CRFR-1 are more dis-
tinctly distal from the HPA axis, but are still 
highly relevant to psychiatric disorders. The sero-
tonin (5-HT)-containing raphe nucleus of the pri-
mate brain has been reported to contain CRFR-1.4


Similarly, the norepinephrine (NE)-containing 
locus coeruleus of the primate brain apparently 
contains CRFR-1 receptors.2


 Localization of CRFR-1 receptors in the pri-
mate brain also hints at a possible role in mem-
ory. The medial septum/diagonal band complex 
and the nucleus basalis of Meynert are rich in 
CRFR-1 receptors4 and also contain cholinergic 
neurons that are thought to modulate attention 
and arousal. The pathology of Alzheimer’s dis-
ease includes a pronounced loss of cholinergic 
neurons from the nucleus basalis of Meynert.


 Finally, localization of CRFR-1 receptors in 
the primate brain implies a role in sensory 


function, motor function, sensorimotor inte-
gration, and other functional systems.2,4 The 
CRFR-1 receptor is abundant in the cerebellum, 
cerebral cortex, basal forebrain, portions of the 
basal ganglia, and thalamus.2,4


STRESS CIRCUITRY AND DEPRESSION


The Hypothalamic-Pituitary-Adrenal 
Axis, the Hippocampus, and Cognition in 
Depression


Hippocampal and Hypothalamic-Pituitary-
Adrenal Axis Abnormalities
 Abnormally small hippocampi and altered HPA 


axis activities have been observed in patients 
with major depressive disorder (MDD), though 
it is unclear whether the diminished hippocam-
pus is the cause of the altered HPA activity, the 
result of excessive HPA activity, or a combination 
of both.1 Each case may be unique. Whatever 
the cause, antidepressants can renormalize HPA 
activity and can induce neurogenesis in the 
hippocampus.1,8 Such restoration is important 
because a diminished hippocampus has reper-
cussions beyond its implications for HPA axis 
regulation. The hippocampus plays a role in 
higher cognitive function, including learning and 
memory.6 Moreover, the hippocampus appears 
to be involved in emotional processing, since 
antidepressants increase neurogenesis in the hip-
pocampus and since ablating the hippocampus 
blocks the mood-elevating effects of antidepres-
sant treatment.8 Table 1 summarizes evidence of 
HPA axis dysregulation in depressed patients.


 D imin ished  h ippocampal  vo lumes  in 
depressed patients evidently can arise from 
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TABLE 1.
HPA Axis Dysregulation Observed in 
Some Depressed Patients1


HPA Axis ComponentHPA Axis Component
Observation in
Depressed Patientsepressed Patients


Cortisol production Elevated


CRF production Elevated


CRF receptors in 
paraventricular nuclei


Downregulated (perhaps 
due to excess CRF signals)


Hippocampus Atrophied


Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM. Neurobiology 
of depression. Neuron. 2002;34:13-25.


HPA=hypothalamic-pituitary-adrenal; CRF=corticotropin-releasing factor; 
CRFR-1=corticotropin-releasing factor type 1. 
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either genetic or environmental causes—nature, 
nurture, or both. Carriers of a gene for an altered 
neurotrophic factor are at risk for smaller hip-
pocampi and for depression.9 Similarly, women 
who were abused as children are at elevated 
risk for adulthood depression,10 and women 
who were abused as children and who have 
MDD have smaller hippocampi than their never-
abused, depressed counterparts.11


The Hippocampus and Cognitive Dysfunction
Diminished hippocampal volumes may be 


associated with the cognitive deficits often 
observed in depression: depressed individuals 
may report an impaired ability to think, concen-
trate, or make decisions, or they may easily be 
distracted or complain of memory difficulties.12


In patients with MDD, a smaller hippocampus 
correlated with more errors on a cognitive test 
(card sorting).13


Glucocorticoids, Stress, and Serotonin 
Networks in Depression


Serotonin Circuits and Depression Symptoms
5-HT is one of the primary neurotransmitters 


implicated in depression. Most neural serotonin 
is synthesized by cells in the raphe nuclei of the 
brainstem. Serotonergic cells in the raphe nuclei 
send projections that innervate and affect many 
brain regions associated with symptoms of depres-
sion (Figure 2).14,15 Serotonergic function is thought 
to be reduced in depressed patients; selective sero-
tonin reuptake inhibitors (SSRIs) and serotonin 
norepinephrine reuptake inhibitors (SNRIs) are 
widely used in attempts to restore that function.


Serotonin, Stress, Glucocorticoids, 
and Corticotropin-Releasing Factor 
Type 1 Receptors
 Serotonergic systems are susceptible to stress 


and cortisol. Acute stress causes cells in the raphe 
nuclei to release 5-HT, but long-term stress can 
deplete these stores.16 This depletion may be per-
manent: in monkeys that were stressed for 14 
months and then allowed to recover for 14 months, 
levels of 5-HT in the ventral prefrontal cortex never 
returned to prestress levels.16 Stress may affect 
raphe cells through glucocorticoid receptors, which 
are present in the serotonergic cells17 and which 
affect the amounts and types of proteins produced 
by these cells. An important protein affected by 
glucocorticoid treatment is tryptophan hydroxylase, 
the enzyme that synthesizes 5-HT. Chronic treat-
ment with glucocorticoids reduces by sixfold the 
amount of messenger ribonucleic acid for trypto-
phan hydroxylase.18 The projected downstream 


effects are less tryptophan hydroxylase protein and, 
thus, less 5-HT—perhaps eventually resulting in the 
symptoms of depression shown in Figure 2.


 Besides these downstream effects, the primate 
raphe nuclei also have been reported to contain 
CRFR-1 receptors,4 though reports from other 
researchers are conflicting.2 In rats, infusion of CRF 
into the raphe nucleus causes dose-dependent 
decreases of 5-HT release into the pleasure-related 
nucleus accumbens (Figure 2B).19 Pretreatment 
with a CRFR-1 antagonist abolished this effect.19


The researchers in this experiment suggested that 
these CRFR-1–modulated effects on the seroto-
nergic output to the nucleus accumbens had the 
potential to modify a suite of behaviors related to 
anticipation, motivation, reward, and depression.19


FIGURE 2.
Relationships between symptoms of 
depression and some serotonergic 
projections from a raphe nucleus*14,15


*  Boxed items contain symptoms from the formal diagnostic criteria for 
MDD. Several raphe nuclei are grouped together in the brainstem; only 
one is shown here, for clarity. (A) Psychomotor symptoms—such as 
physical agitation or retardation in thoughts and movements—may be 
related to serotonergic projections to the striatum, a motor-regulating 
area of the brain. (B) Loss of interest or pleasure may be related to 
serotonergic projections to the nucleus accumbens, an area of the brain 
that regulates reward and pleasure, such as that derived (in the extreme 
case) from addictions. (C) Depressed mood and suicidal ideation may be 
related to serotonergic innervation of the ventral prefrontal cortex. (D) The 
hypothalamus is a regulator of homeostatic functions, and its serotonergic 
innervation may be related to the vegetative symptoms of depression, 
such as loss of weight or appetite and insomnia or hypersomnia. (E) Like 
in the ventral prefrontal cortex, serotonergic function in the amygdala may 
be related to suicidal ideation.


s=striatum; n=nucleus accumbens; a=amygdala; vp=ventral prefrontal cor-
tex; h=hypothalamus; MDD=major depressive disorder.


Stahl SM. Mood disorders. In: Stahl’s Essential Psychopharmacology. 3rd Stahl’s Essential Psychopharmacology. 3rd Stahl’s Essential Psychopharmacology
ed. New York, NY: Cambridge University Press; 2008:453-510.
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The Serotonin Reuptake Transporter and Stress
 After a raphe cell releases 5-HT to its targets—


such as the anatomical locations shown in Figure 
2—the cell uses the serotonin reuptake trans-
porter (SERT) to recover the 5-HT for the next 
firing. The SERT protein is the well-known target 
of SSRIs and SNRIs; these drugs block cellular 
reuptake of 5-HT so that the neurotransmitter 
signal is magnified, as 5-HT remains in the syn-
aptic cleft for longer durations. The SERT protein 
is, therefore, of obvious interest in depression; it 
is also strongly implicated in models of stress-
induced onset of depression.


In one study,20 26-year-old subjects were inter-
viewed to assess whether any depression had 
occurred during the past year. Stressful life events 
occurring after the 21st birthday and before the 
26th birthday were assessed using a life-history 
calendar. Those stressful events were defined and 
grouped; they included issues related to employ-
ment, finances, housing, health, and relation-
ships.20 In genetic carriers of the short form of the 
SERT, depression was more likely to occur when 
more stressful life events had occurred. There was 
a rough dose-response curve, with stress as the 
“dose” and depression as the “response.”20 No 
such relationship was observed in subjects with 
the genotype homozygous for the long form of the 
transporter.20 Genotype for the short-form trans-
porter alone, however, was not sufficient to predict 
the onset of depression. The contribution of stress 
was necessary to observe the relationship.


Another study21 found that the short SERT allele 
is associated with production of significantly higher 
levels of glucocorticoids and with poorer scores on 
a test of verbal learning. A significant interaction 
of the short allele and higher glucocorticoid levels 
was associated with smaller hippocampal volume. 
This relationship was stronger among short allele 
carriers than in noncarriers.21 The subjects in this 
study were healthy older adults—not depression 
patients—but the results still may offer some bio-
chemical rationale for the depression study.20


Glucocorticoids, Stress, and 
Norepinephrine Networks in Depression


Norepinephrine Circuits and Depression 
Symptoms
Another neurotransmitter implicated in depres-


sion is NE (also called noradrenaline). Most neu-
ral NE is synthesized by cells in the locus coe-
ruleus of the brainstem. Noradrenergic cells in 
the locus coeruleus send projections that inner-


vate and affect several brain regions associ-
ated with symptoms of depression (Figure 3).14,15


Noradrenergic function is thought to be reduced in 
some depressed patients. Therefore, some antide-
pressants seek to restore noradrenergic function. 
SNRIs primarily target 5-HT, but they also elevate 
synaptic NE levels. The NE and dopamine reup-
take inhibitor bupropion elevates not only NE but 
also dopamine synaptic levels. 


Norepinephrine Levels, Stress, and 
Glucocorticoids
In rodents, an acute stressor, such as unaccus-


tomed handling or immobilization, causes release 
of NE into brain regions such as the prefrontal 
cortex, striatum, and hippocampus,22 and into the 
hypothalamus.23 However, this response is blunted 
by chronic stress or by its chemical equivalent 
(long-term treatment with a glucocorticoid).23 Like 
raphe neurons, neurons in the locus coeruleus con-
tain glucocorticoid receptors, which may mediate 
stress-related changes in noradrenergic function.24


This relationship, however, is not yet as clearly elu-
cidated as in the case of serotonergic systems.


FIGURE 3.
Relationships between depression symp-
toms and some noradrenergic projections 
from the locus coeruleus*14,15


*  Boxed items contain symptoms from the formal diagnostic criteria for MDD. 
(A) Cognitive dysfunction in depression may be related to noradrenergic 
projections to the dorsolateral prefrontal cortex, a brain region that is key 
for attention, working memory, decision making, and skill acquisition. (B) The 
hypothalamus is a regulator of homeostatic functions, and its noradrenergic 
innervation may be related to the vegetative symptoms of depression, such 
as loss of weight or appetite and insomnia or hypersomnia. (C) Noradrenergic 
innervation of the cerebellum, a motor-regulating brain structure, may be 
related to physical fatigue.


dlPFC=dorsolateral prefrontal cortex; h=hypothalamus; c=cerebellum; 
MDD=major depressive disorder.
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 As previously discussed, the NE-containing 
locus coeruleus of the primate brain also appar-
ently contains CRFR-1 receptors.2


Glucocorticoids, Stress, and Dopamine 
Networks in Depression


Dopamine Circuits and Depression Symptoms
A third neurotransmitter implicated in depres-


sion is dopamine. Dopamine-synthesizing cells 
in the ventral tegmental area of the brainstem 
innervate and affect several brain regions asso-
ciated with symptoms of depression (Figure 
4).14,15 Dopaminergic function is thought to be 
reduced in depressed patients. As aforemen-
tioned, bupropion targets NE and dopamine in 
an attempt to restore the function of these neu-
rotransmitter networks.


Dopamine Levels, Stress, and Glucocorticoids
 In rats, acute stressors generally cause a 


release of dopamine to the nucleus accumbens 
and prefrontal cortex.25 However, this is true 
only when the stressor is controllable or escap-
able; once the stressor changes to one that the 


rat cannot escape, dopamine tone in the nucleus 
accumbens is attenuated.26 As with serotonergic 
and noradrenergic systems, enhanced release 
of dopamine in the nucleus accumbens with 
acute stress changes to suppressed release 
of dopamine with chronic stress.27 Animals 
exposed to such chronic stress are hyporeac-
tive to pleasurable stimuli, which is a basis for 
depression and which is related to dopamine in 
the nucleus accumbens.26


 Although dopamine release in response to 
acute stress is apparently independent of the 
HPA axis,28 the long-term downregulation of 
dopamine systems with stress may be medi-
ated through glucocorticoids. The ventral 
tegmental area is dense with glucocorticoid 
receptors.29 When corticosterone was chroni-
cally administered to two strains of rats known 
to differ in their HPA axis activities and in their 
behavioral responses to drugs of abuse (which 
act at dopamine terminals in the nucleus 
accumbens), differences were seen between 
the animal types in the responding levels of 
tyrosine hydroxylase, a key enzyme for the 
synthesis of dopamine.29 After chronic corti-
costerone, the two types of rats also exhibited 
behavioral differences to pleasure-inducing 
(dopaminergic) drugs of abuse. This suggests 
that certain individuals may have a genetic 
susceptibility (related to their HPA axis) to 
stress-induced changes in dopamine function, 
just as was seen for stress-induced depression 
in carriers of certain types of the SERT.


Table 2 summarizes the implications for a 
CRFR-1 antagonist for the treatment of stress-
affected neurocircuitry in depressed patients.


STRESS CIRCUITRY AND ANXIETY


The Family of Anxiety Disorders
 Anxiety disorders occur in a broad spectrum 


of subtypes, including panic disorder, phobias, 
obsessive-compulsive disorder, generalized 
anxiety disorder (GAD), and posttraumatic 
stress disorder (PTSD).30  Since these anxi-
ety disorders share many clinical characteris-
tics, it is perhaps not surprising that they also 
share many biological features. The anxiety/
fear circuitry of these disorders, centered on 
the amygdala, is of interest in relation to CRF 
antagonists; this circuitry will be discussed in 
the sections that follow.


FIGURE 4.
Depression symptoms and some dopa-
minergic projections from the ventral 
tegmental area*14,15


*  Boxed items contain symptoms from the formal diagnostic criteria for MDD. 
(A) Cognitive dysfunction in depression may be related to dopaminergic pro-
jections to the dorsolateral prefrontal cortex, a key brain region for attention, 
working memory, decision-making, and skill acquisition. (B) Loss of interest 
or pleasure may be related to dopamine in the nucleus accumbens, an area 
of the brain that regulates reward and pleasure, such as that derived (in the 
extreme case) from addictions. (C) Depressed mood may be related to dopa-
minergic innervation of the ventral prefrontal cortex.


dlPFC=dorsolateral prefrontal cortex; n=nucleus accumbens;  vp=ventral 
prefrontal cortex; MDD=major depressive disorder.
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The Hypothalamic-Pituitary-Adrenal Axis 
and the Amygdala in Anxiety Disorders


Amygdala-Centered Anxiety Circuits
As discussed earlier, the amygdala integrates 


sensory and cognitive information, and then 
determines whether a fear response should be 
triggered (including activation of the HPA axis). 
Other amygdala-centered circuits, which are 
summarized in Figure 5, may be overactivated in 
specific anxiety disorder subtypes.31


Amygdala-centered circuits are often targets 
of anxiolytic medications. Serotonergic affer-
ents project from the raphe to the amygdala and 
can dampen activity of the amygdala. Injection 
of an SSRI into the amygdala of animals can 
reduce anxious behavior,32 and SSRIs are used 
for treatment of GAD. The amygdala also con-
tains circuitry using γ-aminobutyric acid (GABA), 
the principal inhibitory neurotransmitter of the 
brain, which normally reduces the activity of 
the amygdala. Injection into the amygdala of an 
indirect GABA agonist, such as the benzodiaz-


epine diazepam, reduces anxious behaviors in 
animals,33 and this class of agent is widely used 
in the treatment of anxiety disorders.  


 The amygdala not only activates the CRF-
containing HPA axis; it also contains CRFR-1 
receptors2,5 and has CRF-containing projections 
of its own, as shown in Figure 6.34,35 In animals, 
stress increases the concentration of CRF in 
the amygdala, and microinjection of CRF into 
the amygdala generates anxiety-like behav-
iors.34 Conversely, anxiety-like behaviors can be 
reduced by administering a CRF receptor antag-
onist into the amygdala.34


The dorsal raphe nucleus receives CRF projec-
tions from the amygdala (Figure 6B).34 As previ-
ously noted, the primate raphe nuclei apparently 
contain CRFR-1 receptors.4 Infusion of low con-
centrations of CRF into the dorsal raphe nucleus 
reduces the activity of its serotonergic cells, 
apparently through action at the CRFR-1 recep-
tor.36 Thus, a CRFR-1 antagonist could ameliorate 
anxiety-related dysregulation at the raphe nucleus, 
upstream of the effects mediated by SSRIs. 


The CRF connections from the amygdala to 
the noradrenergic neurons of the locus coeru-
leus (Figure 6A) are likely mediators of anxiety. 
As illustrated in Figure 5B, excessive noradren-
ergic output from the locus coeruleus to the 
amygdala can result in peripheral/autonomic 
overdrive symptoms; moreover, this circuit also 


FIGURE 5.
Some key anxiety-related connectivity 
of the amygdala*31


*  (A) The circuit involving the amygdala, the orbital prefrontal cortex, and the 
anterior cingulate cortex is involved in the feeling of fear. (B) Circuits from 
the amygdala to the brainstem can trigger symptoms such as increased 
respiratory rate (via the parabrachial nucleus), autonomic responses involv-
ing heart rate and blood pressure (via the locus coeruleus), and avoidance 
responses, such as fight, flight, or freeze (via the periaqueductal grey). 
(C) As previously discussed, the amygdala can activate the HPA axis. (D) 
Traumatic memories stored in the hippocampus can activate the amygdala, 
causing it to generate a fear response—a feature of PTSD. 


HPA=hypothalamic-pituitary-adrenal; PTSD=posttraumatic stress disorder.
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Hippocampus
reexperiencing traumatic
memories


Anterior cingulate cortex;
Orbital prefrontal cortex
feeling of fear


Hypothalamus
HPA axis activation; mobilization of
“fight or flight” energy


Brainstem
Location  Symptom
parabrachial   increased  
nucleus  respiratory rate
locus    increased heart rate
coeruleus  and blood pressure
periaqueductal grey avoidance


A B


D C


Amygdala


TABLE 2.
Summary: Stress Circuitry and Depression*


Depression and the HPA axis: some depressed patients 
have 
    •  hyperactive HPA axes, including excess cortisol or 


CRF
     •  atrophied hippocampi, which may be related to 


HPA dysregulation, genetic susceptibility, and/or 
diminished cognitive function


Depression, stress, and serotonin: diminished serotonergic 
activity
     •  is associated with specific symptoms of depression 


in certain brain regions
     •  may result from chronic stress/glucocorticoids or 


from CRF at the raphe
     •  in some cases may be related to the presence of the 


short SERT form, resulting in susceptibility to stress-
induced depression, higher levels of plasma cortisol, 
and smaller hippocampal volumes


Depression, stress, and norepinephrine or dopamine: 
diminished noradrenergic and/or dopaminergic activity
      •  is associated with specific symptoms of depression 


in certain brain regions
      •  may result from chronic stress/glucocorticoids


*  Implications: Unlike antidepressants that target the outcome effects of 
symptoms related to serotonin, norepinephrine, and/or dopamine deficien-
cies, a CRFR-1 receptor antagonist could renormalize stress-related depres-
sion nearer to the source, upstream of neurotransmitter dysregulation.


HPA=hypothalamic-pituitary-adrenal; CRF=corticotropin-releasing factor; CRFR-
1=corticotropin-releasing factor type 1; SERT=serotonin reuptake transporter.
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can trigger “central” symptoms of anxiety, such 
as nightmares, hyperarousal, flashbacks, and 
panic attacks.30 Hypothetically, these symptoms 
may be mediated in part by excessive noradren-
ergic input to α1- and β1-adrenergic receptors in 
the amygdala; in some patients, these symptoms 
can be reduced by treatment with β1-adrenergic 
blockers, such as propranolol or metoprolol, or 
with α1-adrenergic blockers, such as prazosin.30


In animals, stress increases the concentration of 
CRF in the locus coeruleus, and microinjection 
of CRF into the locus coeruleus induces anxi-
ety-like behavior.34 These CRF-induced anxious 
behaviors can be reversed by infusion of CRF-
receptor antagonists into the locus coeruleus.34


Benzodiazepines can attenuate some of the anx-
iogenic effects of CRF, possibly partly mediated 
through reduction of the concentration of CRF 
in the locus coeruleus.34 Thus, a CRF antagonist 
for the treatment of anxiety could ameliorate 
dysregulation at the locus coeruleus, upstream 
of the effects mediated by benzodiazepines or 
antinoradrenergic medications.


 An anatomical map of the projections dis-
cussed in this section is shown in Figure 7.31


The Locus Coeruleus and Corticotropin-
Releasing Factor Type 1 Receptors in Anxiety
 As discussed in the preceding section, the 


locus coeruleus has key CRF-related and anxiety-
related connections to the amygdala. However, 
the locus coeruleus also innervates other areas 
of the brain to regulate arousal and fear-related 
behaviors, some of which are modulated through 
CRFR-1 receptors in coerulear neurons. 


•  Hippocampus: When CRF was applied directly 
to the locus coeruleus of rats, the firing rate 
of its neurons increased, and concomitant 
release of NE into the hippocampus also was 
increased.37 This effect could be reversed 
by pretreatment with a CRF antagonist.37 In 
PTSD, the hippocampus may be involved in 
the reexperiencing of traumatic memories 
(Figure 5D) and therapeutic strategies may 
include anti-noradrenergic agents.


•  Prefrontal cortex: When rats are subjected 
to a fear-inducing stressor (handling), NE is 
released to the medial prefrontal cortex,38


FIGURE 6.
Anxiety-related projections of the 
amygdala that contain CRF34,35


CRF=corticotropin-releasing factor; HPA=hypothalamic-pituitary-adrenal.


Heim C, Nemeroff CB. The impact of early adverse experiences on brain 
systems involved in the pathophysiology of anxiety and affective disorders. 
Biol Psychiatry. 1999;46:1509-1522.Biol Psychiatry. 1999;46:1509-1522.Biol Psychiatry


Amat J, Tamblyn JP, Paul ED, et al. Microinjection of urocortin 2 into the dor-
sal raphe nucleus activates serotonergic neurons and increases extracellu-
lar serotonin in the basolateral amygdala. Neuroscience. 2004;129:509-519.
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FIGURE 7.
Amygdala-centered anatomy related 
to anxiety disorders*31


* The hippocampus is shown as a transparent outline for clarity.


acc=anterior cingulate cortex; h=hypothalamus; p=periaqueductal grey; 
b=parabrachial nucleus; ofc=orbitofrontal cortex. 


Stahl SM. Anxiety disorders and anxiolytics. In: Stahl’s Essential 
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Press; 2008:721-772.
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a region that is involved in cognition and 
that performs abnormally during emotional 
cognitive tasks in PTSD-afflicted patients.39


When a CRFR-1 receptor antagonist was 
applied directly to the locus coeruleus of 
rats, the extracellular levels of NE in the 
medial prefrontal cortex were unaffected; 
however, when the rat was then subjected 
to handling, the usual release of NE to the 
medial prefrontal cortex was suppressed.38


Thus, a CRFR-1 receptor antagonist could 
especially be useful for the treatment of abnor-
mally functioning locus coeruleus cells in 
patients with PTSD. 


Anxiety Circuits and the Hypothalamic-
Pituitary-Adrenal Axis in Anxiety 
Disorder Patients


 In patients with different anxiety disorders, 
researchers have observed various abnormali-
ties in HPA axis parameters and in neural anxiety 
circuits.34,40-42 HPA axis dysregulation is particu-
larly problematic in PTSD. For example, the cere-
brospinal CRF levels in 11 nondepressed PTSD 
patients (veterans) who had not used alcohol 
for at least 6 months and in 12 matched healthy 
controls over 6 daytime hours were measured 
and compared with controls: PTSD patients had 
significantly higher levels of CRF (P<.04) but no P<.04) but no P
difference in cortisol levels.43 Table 3 summa-
rizes implications for a CRFR-1 antagonist for the 
treatment of overactive stress neurocircuitry in 
anxiety-disordered patients.


STRESS CIRCUITRY AND INSOMNIA
We have already discussed how hypotha-


lamic 5-HT and NE may be related to insomnia in 
depression, and difficulty sleeping is a symptom 
of GAD, but insomnia also can occur outside of 
other psychiatric or medical disorders; in such 
cases, it is called “primary insomnia.” The types 
and causes of insomnia are diverse, but some 
may be related to CRF.


Daily Rhythms Related to Corticotropin-
Releasing Factor and/or Stress


CRF,  ACTH, and cort isol  are not  only 
secreted in response to stressors; these hor-
mones also are secreted in a normal daily 
rhythm. Because the cycle normally runs so 
that cortisol peaks just before waking, it can 
be thought of as a pattern that helps the body 
to mobilize energy to deal with the “stress” of 


waking up. Cortisol and ACTH fall to a nadir at 
night to allow the onset of sleep.44,45


Rhythms also exist in two previously dis-
cussed neurotransmitter systems: the norad-
renergic projections from the locus coeruleus 
and the dopaminergic projections from the ven-
tral tegmental area. In the cortex, these nor-
adrenergic and dopaminergic systems help 
regulate alertness, which partially explains the 
involvement of both systems for the symptom 
of “problems concentrating” in depression 
(Figures 3 and 4). Brain levels of neurotrans-
mitters cannot easily be measured in humans, 


TABLE 3.
Summary: Stress Circuitry and Anxiety 
Disorders*


 Anxiety disorders occur in a spectrum of subtypes, 
including panic disorder, phobias, obsessive-compulsive 
disorder, generalized anxiety disorder, and posttraumatic 
stress disorder 


Anxiety disorders share certain characteristics, including
     •  a number of symptoms; most centrally, fear and 


worry
     •   dysregulation in different elements of similar 


neurobiological circuits
        •  amygdala to orbital prefrontal cortex and anterior 


cingulate cortex: fear
        •  direct and indirect CRF connections from amygdala 


to HPA axis: “fight or flight”
        •  amygdala to brainstem: increased respiratory and 


heart rate, elevated blood pressure, avoidance 
responses


        •  hippocampus to amygdala: traumatic memories 
generate fear response


        •  CRF projections from amygdala to locus coeruleus: 
overactivation of noradrenergic systems


        •  CRF projections from amygdala to raphe nucleus: 
suppression of serotonergic systems


 The stress-response or CRF-response of the noradrenergic 
locus coeruleus, which innervates posttraumatic stress 
disorder-related brain regions, can be attenuated by a 
CRFR-1 antagonist


Pharmacologically, anxiety can be ameliorated by the 
following agents, given either systemically or directly to 
the amygdala
    • GABA agonists
    • SSRIs
    • Noradrenergic antagonists
    • CRF antagonists


*  Implications: Unlike SSRIs and noradrenergic antagonists that target outcome 
effects of an overactive amygdala, a CRFR-1 receptor antagonist could ame-
liorate anxiety nearer to the source, upstream of monoamine dysregulation.


CRF=corticotropin-releasing factor; HPA=hypothalamic-pituitary-adrenal; 
CRFR-1=corticotropin-releasing factor type 1; GABA=γ-aminobutyric acid; 
SSRIs=selective serotonin reuptake inhibitors.
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so the rhythms for dopamine and NE shown 
in Figure 8 are extrapolated from studies of 
rats46,47; however, since rats are nocturnal, the 
pattern is inverted for the diurnal behavior of 
humans. These circuits and rhythms partially 
explain why two principal stimulants used 
as wake-promoting agents are methylpheni-
date and amphetamine, which act at cortical 
noradrenergic and dopaminergic terminals.48


Moreover, as discussed above, NE and dopa-
mine are released in response to short-term 
stress; thus, stress-induced hyperarousal of the 
cortical noradrenergic and dopaminergic sys-
tems may explain some instances of insomnia.


Figure 6 shows an anxiety-related circuit: the 
locus coeruleus is innervated by CRF-containing 
projections from the amygdala, and the locus 
coeruleus, in turn, sends noradrenergic projec-
tions to the amygdala. In animals, it has been 
shown that this circuit is quieted at night and is 
more active during the day.49 For humans, this 
implies that anxiety is (or should be) suppressed 
at night in order for normal sleep to occur. Figure 
9 summarizes the anatomy of the sleep-related 
circuits discussed in this section that exhibit 
daily rhythms, are susceptible to stress or anxi-
ety, and involve CRF or the HPA axis.


Alterations Related to Corticotropin-
Releasing Factor in Insomnia


 A variety of alterations in HPA axis compo-
nents have been observed in insomniacs, and 
forced changes in HPA parameters can disrupt 
the sleep of control subjects (Table 4).


Insomnia is often treated with benzodiazepines, 
such as triazolam or temazepam, or with the non-
benzodiazepine hypnotics zolpidem or eszopiclone. 
Such agents can affect the HPA axis. When poor 
sleepers were given benzodiazepines for 3 weeks, 
total overnight urinary cortisol was lower during 
active treatment, but then significantly rebounded 
to above-baseline levels upon drug discontinua-
tion.50 Sleep-inducing benzodiazepines also can 
inhibit peak serum cortisol levels and ACTH after 
CRF administration to healthy volunteers.50 Table 
5 summarizes implications for a CRFR-1 antago-
nist for the treatment of insomnia.


STRESS CIRCUITRY AND ALCOHOLISM


The Hypothalamic-Pituitary-Adrenal Axis 
and Corticotropin-Releasing Factor Type 1 
Receptors in Withdrawal and Relapse


Stress and the HPA axis seem to be intimately 
intertwined with every stage of drinking behav-
ior, addiction, detoxification, and relapse. In 
sequence, these relationships include: stress can 


FIGURE 8.
Hypothetical rhythms of dopamine 
and norepinephrine in the human cor-
tex, modulating alertness46,47


 Kalen P, Rosegren E, Lindvall O, Bjorklund A. Hippocampal noradrenaline 
and serotonin release over 24 hours as measured by the dialysis technique 
in freely moving rats: correlation to behavioral activity state, effect of han-
dling and tail-pinch. Eur J Neurosci. 1989;1:181-188.Eur J Neurosci. 1989;1:181-188.Eur J Neurosci


O’Neill RD, Fillenz M. Simultaneous monitoring of dopamine release in rat 
frontal cortex, nucleus accumbens and striatum: effect of drugs, circadian 
changes and correlations with motor activity. Neuroscience. 1985;16:49-55.
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FIGURE 9.
Sleep-related circuits that exhibit daily 
rhythms, are susceptible to stress or anx-
iety, and involve CRF or the HPA axis*


*  The conditions shown in A, B, and C should be met in order for normal 
sleep to occur.


CRF=corticotropin-releasing factor; HPA=hypothalamic-pituitary-adrenal; 
ACTH=adrenocorticotropic hormone.
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induce drinking behavior; once ingested, alcohol 
has the same general effect as stress on the HPA 
axis; in heavy drinkers, plasma ACTH levels are 
elevated, but cortisol levels are lower,51 a dysreg-
ulation that is thought to originate at the level of 
CRF-secreting neurons52; after cessation of drink-
ing in the detoxification process, activity of the 
HPA axis can be elevated for weeks; and in recov-
ered alcoholics, stress can induce relapse.52


 The elevated anxiety that is a hallmark of alcohol 
withdrawal is mediated through CRF at the amyg-
dala: during withdrawal, CRF concentration or CRF 
release is increased in the amygdala and the bed 
nucleus of the stria terminalis, and the anxiety can 
be blocked by CRF antagonism in the amygdala.53


Drinking behavior during this period of alcohol 
withdrawal also is CRF-related; when animals are 
forced into dependency and then forced into with-
drawal (by adding and then removing atmospheric 
alcohol), their rates of alcohol self-administration 
are much higher than in animals that had never 
been dependent.54 However, systemic treatment 
with a CRFR-1 antagonist reduces the rate of self-
administration during withdrawal.54 This effect is 
apparently mediated through the amygdala, since 


microinjections of a CRF receptor antagonist into 
the amygdala (but not into the bed nucleus of the 
stria terminalis or into the nucleus accumbens) 
similarly reduce excessive alcohol self-administra-
tion rates during withdrawal.55


 Three types of environmental stimuli can trigger 
relapse in previously alcohol-dependent individu-
als or animals: small, “priming” doses of alcohol; 
conditioned cues associated with past availability 
of alcohol; and stress.53 The opioid receptor antag-
onist naltrexone, which is clinically used to treat 
alcoholism, can block cue-induced relapse but 
not stress-induced relapse.53 Conversely, stress-
induced relapse, but not cue-induced relapse, can 
be blocked by a CRF antagonist.53 Because adre-
nalectomy does not affect stress-induced relapse 
of alcohol-seeking behavior, CRF-mediated relapse 
must be strictly a function of the central nervous 
system (ie, not mediated by the HPA axis).53  Table 
6 summarizes implications for a CRFR-1 antago-
nist for the aid of alcoholics undergoing with-
drawal or striving to avoid relapse.


OVERLAP OF DEPRESSION, ANXIETY, 
ALCOHOLISM, AND INSOMNIAALCOHOLISM, AND INSOMNIA


 Depression and Anxiety
Comorbidities between depression and anxi-


ety disorders are very common. In a study of 255 


TABLE 5.
Summary: Stress Circuitry and Insomnia*


Daily rhythms exist in CRF, ACTH, and cortisol; these 
rhythms should allow cortisol to fall to a nadir before 
sleeping and should drive cortisol to peak for waking


 Daily rhythms exist in neural noradrenergic and 
dopaminergic systems; activity of these systems is 
high during the day but should go quiescent at night 
to allow sleep


 Alterations in the HPA axis have been observed in 
insomniacs


 Forced alterations to the HPA axis can cause sleep 
disturbances in control subjects


 Pharmacologically,  insomnia can be treated by 
hypnotics; these agents can help to renormalize HPA 
axis parameters


*  Implications: In some cases of insomnia, a CRFR-1 receptor antagonist 
could help to alleviate stress- or anxiety-related hyperarousal or could 
help to renormalize disordered HPA axis parameters.


CRF=corticotropin-releasing factor; ACTH=adrenocorticotrophic-releasing 
factor; HPA=hypothalamic-pituitary-adrenal.
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TABLE 4.
HPA Axis Components in Relation to 
Sleep and Insomnia50


HPA Axis 
Componentomponent SubjectsSubjects Observation


Cortisol levels Insomniacs Elevated
(more cortisol = 
more nighttime 
wakefulness)


ACTH levels Insomniacs Elevated


Circadian cortisol 
levels


Insomniacs Elevated in evening 
and at night
Shortened period 
of nocturnal 
quiescence


Infusion of cortisol Controls Reduced rapid eye 
movement sleep


Infusion of ACTH Controls Reduced rapid eye 
movement sleep


Intravenous 
delivery of CRF


Controls Reduced slow-wave 
sleep


CRF=corticotropin-releasing factor; HPA=hypothalamic-pituitary-adrenal; 
ACTH=adrenocorticotropic hormone.


Roth T, Roehrs T, Pies R. Insomnia: pathophysiology and implications for 
treatment. Sleep Med Rev. 2007;11:71-79.Sleep Med Rev. 2007;11:71-79.Sleep Med Rev
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depressed adult outpatients,56 comorbid anxiety 
disorders were diagnosed in 50.6% of subjects; 
the breakdown of anxiety disorder subtypes is 
shown in Figure 10. For the case of PTSD in par-
ticular, comorbidity with depression is especially 
common. In one study of 52 veterans with PTSD,57


MDD occurred in 95% of patients at some point in 
their lifetime; 50% of patients had depression at the 
same time as their PTSD. Similarly, in a study of 677 
depressed veterans,58 36% screened positive for 
PTSD. More generally, in a study of 1,450 patients 
with depression, 46% had “anxious depression” 
(MDD with high levels of anxious symptoms but 
not with an actual comorbid anxiety disorder).59


Compared with healthy controls (n=23), 
untreated depressed children (n=23) had a larger 
ratio of amygdalar volume to hippocampal vol-
ume.60 Moreover, increased amygdala-to-hip-
pocampus volume ratios were associated with 
increased severity of anxiety within depression.60


For anxious varieties of depression, this anatom-
ical phenomenon may suggest an enlarged/over-
active amygdala, as discussed above for anxiety 
disorders; or an atrophied/insufficient hippo-
campus, as discussed above for depression; or a 
combination of both anatomical abnormalities.


Insomnia in Depression and Anxiety
 Insomnia as a symptom of depression and 


anxiety disorders has already been discussed; 
however, it should be noted that the treatment 
of insomnia as a symptom of these disorders 
may enhance recovery in the primary disor-
der. When patients (N=545) with both MDD and 
insomnia received a morning SSRI (fluoxetine) 


and nightly hypnotic (eszopiclone) or nightly pla-
cebo, patients in the eszopiclone group expe-
rienced not only improved sleep quality, but 
also a faster onset of antidepressant response 
and a greater magnitude of the antidepressant 
effect.61 Similarly, when patients with GAD and 
insomnia received an SSRI (escitalopram) and 
a nightly hypnotic (eszopiclone) or nightly pla-
cebo, the eszopiclone group experienced not 
only improved sleep quality, but also a faster and 
greater anxiolytic response.62 These phenomena 
are depicted schematically in Figure 11.48


Alcoholism and Mood Disorders
 When alcohol dependence occurs at the same 


time as a mood disorder, the combination is 
extremely complicated for a clinician to manage; 
both conditions must be treated, but many anxio-
lytics and antidepressants should not be combined 
with alcohol. The co-occurrence of alcohol depen-
dence with psychiatric disorders is fairly common, 
as was found by The National Comorbidity Survey 
(an exhaustive and well-known study of mood 
disorders and substance abuse in average United 
States citizens).63 The percentages of subjects (of 
N=8,098 persons 15–54 years of age in the non-
institutionalized civilian population of the 48 con-
tiguous states) who had a psychiatric disorder and 
who also were dependent on alcohol in the same 
year are shown in Figure 12.63


TABLE 6.
Summary: Stress Circuitry and 
Alcoholism*


Alcoholics have dysregulated HPA axes, possibly related 
to excess CRF


Withdrawal-related anxiety is mediated by CRFR-1 
receptors in the amygdala


A CRFR-1 antagonist can reduce alcohol-seeking 
behavior during withdrawal or after a stressor in a 
“recovered” animal


*  Implications: A CRFR-1 receptor antagonist could help to alleviate anxiety 
during alcohol withdrawal and could help to prevent stress-induced 
relapse in recovered alcoholics.


HPA=hypothalamic-pituitary-adrenal; CRFR-1=corticotropin-releasing 
factor type 1. 
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FIGURE 10.
Prevalence of current or lifetime comor-
bid anxiety disorder subtypes (exclud-
ing PTSD) in 255 depressed patients56


PTSD=posttraumatic stress disorder; GAD=generalized anxiety disorder; 
OCD=obsessive-compulsive disorder.


Fava M, Rankin MA, Wright EC, et al. Anxiety disorders in major depression. 
Compr Psychiatry. 2000;41:97-102.Compr Psychiatry. 2000;41:97-102.Compr Psychiatry
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 Biological correlates of these comorbidities 
may even sometimes be physically observable. 
In subjects with histories of alcoholism, the hip-
pocampal volume was 9% smaller in persons 
with PTSD than in those without PTSD (P=.002).P=.002).P 64


In nonalcoholic subjects, the PTSD-related differ-
ence in hippocampal volume had a trend in the 
same direction (3% smaller with PTSD) but did 
not achieve statistical significance.64


Table 7 summarizes implications for a CRFR-1 
antagonist for the treatment of comorbid psychi-
atric disorders discussed in this section.


RELATED: THE ARGININE VASOPRES-
SIN TYPE 1B RECEPTOR 


 The promise of therapeutic efficacy of a 
CRFR-1 antagonist in stress-related psychiat-
ric disorders has a potential competitor: an 
arginine vasopressin (AVP) type 1b (AVPR1b) 
receptor antagonist. Hypothalamic AVP acts 
synergistically with CRF to trigger ACTH 
secretion from the pituitary gland, as shown 
in Figure 13.52 Unlike CRF levels, AVP levels 
do not diminish upon exposure to prolonged 
stress; this may explain why both CRF and AVP 
apparently are needed for complete regulation 
of glucocorticoid secretion.52


FIGURE 12.
Prevalence of comorbid alcohol depen-
dence among subjects with anxiety 
disorders (red) or depression (grey)63


PTSD=posttraumatic stress disorder; GAD=generalized anxiety disorder.


Kessler RC, Nelson CB, McGonagle KA, Edlund MJ, Frank RG, Leaf PJ. The 
epidemiology of co-occurring addictive and mental disorders: implications 
for prevention and service utilization. Am J Orthopsychiatry. 1996;66:17-31.Am J Orthopsychiatry. 1996;66:17-31.Am J Orthopsychiatry
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FIGURE 13.
Dual regulation of ACTH release from 
the pituitary gland


ACTH=adrenocorticotropic hormone; CRF=corticotropin-releasing factor; 
AVP=arginine vasopressin; CRFR-1=corticotropin-releasing factor type 1 
receptor; AVPR1b=arginine vasopressin type 1b receptor.
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FIGURE 11.
Time course of depression comorbid 
with insomnia or GAD comorbid with 
insomnia when treated with an SSRI 
alone or with an SSRI plus a hypnotic


GAD=generalized anxiety disorder; SSRI=serotonin reuptake inhibitor.
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TABLE 7.
Summary: Overlap of Depression, 
Anxiety, Alcoholism, and Insomnia*


Co-occurrence of depression with an anxiety disorder is 
fairly common; comorbid conditions may share biological 
characteristics of each disorder independently


Insomnia is common within depression and generalized 
anxiety disorder; treating patients for both conditions 
can enhance recovery from the mood disorder


Alcoholism is fairly common in depressed or anxiety-
disordered patients


*  Implications: Since a CRFR-1 receptor antagonist is potentially useful 
for the treatment of anxiety, depression, insomnia, and alcoholism, that 
antagonist would likely be useful for the treatment of common comorbidi-
ties among those disorders and might be more useful than an agent that 
was efficacious against only one of the disorders.


CRFR-1=corticotropin-releasing factor type 1.
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Like CRF and CRFR-1, AVP and its 1b-type recep-
tor are also found in other brain regions. Most nota-
bly (in relation to topics discussed in this column), 
some AVP-containing neurons originate from the 
bed nucleus of the stria terminalis and from the 
medial amygdala; these cells project to the lateral 
septum, ventral septal nucleus, lateral habenular 
nucleus, locus coeruleus, and hippocampus.65 At 
these target structures, AVP is thought to exert its 
biological effects by binding to AVPR1a and AVPR1b
receptors.65 Functionally, an AVPR1b receptor 
antagonist can suppress stress-related NE release 
from the locus coeruleus; behaviorally, an AVPR1b
antagonist can exert anxiolytic or antidepres-
sant effects in animal models.65 Thus, an AVPR1b
antagonist and a CRFR-1 antagonist might share 
similar clinical effects.


CONCLUSION
A CRFR-1 antagonist could be useful for treat-


ing or preventing the consequences of CRF-medi-
ated stress in depression, anxiety, insomnia, and 
substance abuse. CNS
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PARTIAL LIST OF GLUTEN-FREE MEDICATIONS,  
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Compiled from various sources* by the Wheaton Gluten Free Support Group 
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Companies that have a policy of producing gluten free products or claim that all of their drug or vitamin products 
are gluten free and which do not have product in the “Not gluten-free or suspect” list: 
 
Apotex 
Apothecon 
Carlson Vitamins 
C.B. Fleet 
Danbury 
Dista 
Eli Lilly 
Forest 


Freeda 
Geneva (generics) 
Interpharm 
Jacobus 
Kirkman 
Lannett 
Merck 
M.G.I. Pharma 


Morton Grove Pharm 
Mylan 
Nephron 
Novopharm 
Pfizer Pharma 
Rhone 
Ross 
Scandipharm 


Schwarz 
Solgar 
Syntex 
Toms of Maine 
Vick’s 
Vitaline 
VitaminShoppe 
Wyeth-Ayerst 


 
Products listed below were indicated to be gluten free as of the date is listed (mm/yy) in the “Form” column. The listed 
medications are ones for which recent documentation of gluten-free status was available from the sources referenced. 
The Wheaton GF Support Group does not know the status of drugs that are not on the list.  For drugs whose status is 
unknown, the best way to ascertain if the drug is gluten free is to contact the manufacturer.   The Wheaton GF Support 
Group will not respond to any questions regarding the appropriateness of any individual’s medications, nor to any 
issues regarding other aspects of an individual’s health or health care.  The Support group does not make any claims 
for the accuracy of the information contained within and takes no responsibility for any adverse events that may 
develop as a consequence of taking any drug listed here or as a consequence of not taking any drug that is not listed. 


 


Not Gluten Free or Suspect Ingredients: 
 
Brand Name Form Manufacturer 
Acnomel Acne cream (3/08) Numark 
Aconitum Napellus pellets, tabs  (3/08) Hyland's  
Alcohol Preps Topical only (3/08) Rugby 
Alcolec (wheat starch) (3/08) American Lecithin Co. 
Aller-Chlor Syrup (3/08) Rugby 
Alprazolam tabs, XR tabs  (3/08) Pfizer 
Avena Sativa (3/08) Boiron 
Avinza caps  (3/08) King 
Azelex  Cream (3/08) Allergan Herbert 
Benefiber Chewable tabs (3/08)  
Betamethasone dip, oint, lotion, gel  (3/08) Taro 
Boost  bar, choc malt liq.  (3/08) Mead Johnson Nutritionals 
Calciferol drops (2/07) Schwartz 



sholland
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Calcium chew tabs (2/07) Rugby 
Calms, Calms Forte Caplets, tabs (2/07) Hyland’s Inverness 


Capex 
Base (oat flour), shampoo 
(3/08) Galderma, Hill 


Cavilon 


Emollient cream, foot 
emollient cream, one step 
skin care lotion (3/08) 3M Skin Health 


Cerovite Liq. (3/08) Rugby 
Chelated potassium gluconate 99 mg tabs (3/08) Nature's Bounty 
Choice dm bars (3/08) Mead Johnson Nutritionals 
Clarinex Reditab (3/08) Schering 


Claritin  Reditabs (3/08) 
Schering (800 claritin) 
www.claritin.com 


Clobetasol Propionate Cream emulcified cream (3/08) Taro 
Cognex caps (3/08) Sciele Pharma 
Cold Tablets w/Zinc (2/07) Hyland’s Inverness 
Cortifoam (2/07) Schwartz 
Daily Vite Tabs, tabs w/iron (2/07) Rugby 
Depakene syrup, tabs, ER tabs (2/07) Abbott 
Desonide Cream (3/08) Taro 
DesOwen  Cream, lotion (3/08) Galderma 
Dexamethasone intensol (2/07) Roxane 
Diazepam intensol (2/07) Roxane 
Digoxin oral sol (2/07) Roxane 
Dilatrate SR caps (2/07) Schwartz 
Dilaudid oral liq (2/07) Abbott 


Diphenoxylant HCL & 
atropine sulfate oral (2/07) Roxane 


Duraphat (3/08) Colgate Palmolive (800 763-0246) 


EnfaGrow 
cookie bars, oatmeal (3/08), 
enriched cereal (2/07) Mead Johnson Nutritionals 


Ensure w/fiber Vanilla, chocolate (2/07) Ross 
Epifoam topical aerosol (2/07) Schwartz 
Estratest HS tabs (3/08) Solvay 


Ferrous Sulfate 
Elixir, immed. Release, tabs, 
ER (3/08) Rugby 


Fexofenadine caps (3/08) Barr 
Flonase (10/06) Glaxo Smith Kline 
Florida Foam (oat flour) (3/08) Hill 
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Fluoxetine 
HCL tabs, caps-USP40 
(3/08) Barr 


Fluvoxamine Maleate tabs (3/08)  Barr 


Formucare  
liq. Decon cough & cold; 
nighttime cold med (3/08) Amway 


Ganirelix Acetate (3/08) Organon 
GasX chewable (3/08) Novartis (800 452-0511) 
Ginsenique (2/07) Boiron 


Glucerna 


choc caramel snack bar, choc 
peanut meal bar, cranberry 
berry meal bar, cranberry 
orange snack bar (3/08) Ross 


Halcion tabs (3/08) Pfizer 
Halls cough drops Regular (6/06) Cadbury (866 782-3267) 
Humira (3/08) Abbott 
Hydrocortisone cream w/aloe, w/moisturizers (3/08) Taro 
I Vite Tabs, Protect tabs (3/08) Rugby 
Intal Inhaler (3/08) King 
Ivyblock (3/08) Hyland's  
Jevity 1.2, 1.5 Cal(3/08) Ross 
Kaletra Caps, tabs  (2/07) Abbott 
Kenalog Aerosol, lotion (2/07) Bristol Myers Squibb 
Levbid ER tabs (2/07) Schwartz 
Levsin  Drops, Elixir, tabs (2/07) Schwartz 
Levsinex timecaps (2/07) Schwartz 
Lipogen S Gel Capsules Rugby 
L-Lysine Tabs (3/08) Rugby 
Lortab Elixir (3/08) UCB 
Lovastatin tabs (3/08) Mylan (800 796-9526) 
Lupron Depot (3/08) Tap 
Menest Tabs (3/08) King 
Metamucil Wafers Apple, cinnamon (3/08) Procter & Gamble Healthcare 
Methadone HCL oral sol (2/07) Roxane 
Metrocream Topical Cream, lotion (3/08) Galderma 
Monoket Tabs (2/07) Schwartz 
Mycostatin Oral susp. Bristol Myers Squibb 
Nardil HFA (3/08) Pfizer Parke Davis 
Neurta-Phos; Neurta-Phos-K Powder conc. (3/08) Ortho McNeil 
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Niacin  
Tabs, Timed Release 500, 
750 & 1000 (3/08) Rugby 


Nifedipine ER tabs (2/07) Kremers Urban 
Niferex Elixir (2/07) Schwartz 


Niravam 
orally disintegrating tabs 
(2/07) Schwartz 


Novolin 70/30 (2/07) Novo Nordisk 


Nutrilite 


Natural B Complex, 
NutriEdge, Vitamin C-Kids 
Natural, Digestive Enzyme 
Complex, Kids Multivit 
Multimineral (2/07) Amway 


Orabase B Gel (3/08) Colgate Oral 
Ostiva Tabs (2/07) Horizon 
Papaya Enzyme Tabs (3/08) Rugby 
Parcopa Tabs (2/07) Schwartz 
Pen Kera Crème (3/08) BF Asher 
Penicillin V potassium oral sol (3/08) Teva 
Peridin-C (3/08) Beutlich 
PerioGard (3/08) Colgate Oral 
Peroxyl Rinse, Spot Gel (3/08) Colgate Oral 
Polycitra-K Crystals (3/08) Ortho McNeil 
Prednisone intensol, oral sol (2/07) Roxane 
Proloprim Tabs (3/08) King 
Reglan Tabs (2/07) Schwartz 
Rozex topical emulsion (2/07) Galderma 
Sanctura (2/07) Espirit Pharm 
Secale Cornutum (3/08) Boirun 


Selenium Anti Dandruff 
Shampoo (3/08) Rugby 
Selenium Yeast (3/08) Carlson 


Senokot 
Children’s syrup, granules, 
syrup, wheat bran (2/07) Purdue Frederick 


Sensodyne toothpaste All (3/08)  
Sniffles 'N Sneezes 4  Kids (3/08) Hyland’s 
Solage topical sol (2/07 Galderma 
Specracef Tabs (2/07) Purdue Frederick 


Super High Vitamins and 
Minerals Tabs (3/08) Rugby 
Super Poligrip Powder (07/06)  
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Tapazole Tabs (3/08) King/Monarch 
Tilade Inhaler (3/08) King 
Tincture of Green Soap (3/08) Rugby 
Tizanidine HCL Tabs (3/08) Barr 
Triazolam Tabs (3/08) Pfizer 
Trichotine powder (2/07) Schwartz 
Tricor Tabs (3/08) Abbott 
Triostat Inj (3/08) King/Monarch 
Triticum Repens (3/08) Boiron 
Unicomplex M Tabs (3/08) Rugby 
Vigortol (3/08) Rugby 
Vi-Stress, w/Zinc Tabs (3/08) Rugby 
Vita-Bee w/C Captabs (3/08) Rugby 
Vitamin E Oil  30,000 IU (3/08) Nature's Bounty 
Vitamin E Oil-topical (3/08) Rugby 
Xanax tabs, XR tabs (3/08) Pfizer 


XS Nutrition Whey protein 
powder (3/08) Amway 
Zemplar caps, inj (2/07) Abbott 
Zinc & C lozenges (3/08) Rugby 
Zoto Hc eardrops (3/08) Sciele 
Zyrtec  Children’s chewables (5/06) Pfizer (800-438-1985) 


 


Gluten Free: 
 
Brand Name Form Manufacturer 


3M Dressing 
Foam, foam adhesive, 
tegaderm hydrogel (2/07) 3M Skin Health 


A&D  cream w/zinc oxide  (3/08) Schering Plough 
Accolate (3/08) Astra Zenaca (800-236-9933) 
Accupril (3/08) Pfizer 
Accutane caps (3/08) Roche 
Acebutolol (3/08) Mylan (800 796-9526) 
Aceon (3/08) Solvay 
Aceta-Gesic Relief of Pain (3/08) Rugby 
Acetaminophen 500 mg (2/06) Walmart/Sam’s Club brand 


Acetaminophen & codeine phos. Sol., oral sol.,  (2/07) Pharmaceutical Assoc. 


Acetaminophen & codeine 
phosphate  tab (3/08) Barr 
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Acetaminophen w/codeine 
#2, 3,4 (3/08) Teva 
Acetylcysteine sol. USP (2/07) Roxane 
Acidophilus captabs, extra strength (3/08) Rugby 
Actigall Caps (2/07) Novartis (800-526-0175) 
Active Calcium chewable, Body Rox (3/08) Usana www.usana.com 
Actonel Tabs (3/08) Procter & Gamble Pharm 
Actos (3/08)  Eli Lilly/Dista 
Acular sterile Opth. Solution LS, PF (3/08) Allergan Herbert 
Acyclovir Caps, tabs (3/08) Teva 
Adrenalin Ampules, nasal, vials (3/08) King/Monarch 
Adult bronchial syrup  (2/07) Toms of Maine 
Adult cough syrup (2/07) Hyland’s 
Adult daytime decon  (2/07) Toms of Maine 
Adult nightime decon  (2/07) Toms of Maine 
Advair spray inhaler (7/08) Glaxo SmithKline 
Advicor (3/08) Kos 


Advil 
Caps, liquid-gels, tabs, 
migraine (3/08) Whitehall-Robbins (800-322-3129) 


Advil Infant, Children’s 


Drops, susp, tabs, [Children’s 
and Jr. Strength fruit 
chewable tabs (1/07] Whitehall-Robbins (800-322-3129) 


Aerobid, Aerobid-M (2/07)  Forest 
Afrin Nasal Spray all (3/08) Schering Plough 
Aggrenox (3/08) Boehringer Ingelheim 


Alavert Allergy 


Orally disintegrating tab, 
sinus, syrup (1/05) D-12 
allergy & sinus (10/06) 


Wyeth Consumer Healthcare (888 797-
5638) 


Albuterol (3/08) Mylan 
Albuterol Tabs (3/08) Teva 
Albuterol sulfate Syrup (3/08) Teva 
Albuterol sulfate  inhal. Sol. (2/07) Bausch & Lomb 
Alclometasone dipropionate  cream, oint. (2/07) Taro 


Alcon 


Enzymatic cleaner, saline 
especially sensitive eyes 
(3/08) Alcon Research 


Aldactazide Tabs (3/08)) Pfizer 
Aldactone Tabs (3/08) Pfizer 
Aldactone Tabs (3/08) Pfizer 
Aldara Cream (2/07) 3M 


Alka Seltzer, Plus; 
Effervescent Tabs (10/06) Bayer Consumer (800 331-4536) 
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Allegra, Allegra-D Caps, tabs (3/08) Sanofi Aventis (800 633-1610) 
Alluna Sleep Aid (1/07)  
Alomide (3/08) Alcon Research 
Alphagan, PF (3/08) Allergan 
Alprazolam ER tabs (3/08) Mylan 
Alprazolam intensol (2/07) Roxane 
ALREX (2/07) Bausch & Lomb 
Altace Caps, tabs (3/08) King/Monarch 


Alupent 
Inhal, aerosol, sol. (not 
syrup) (2/07) Boehringer Ingelheim 


Amaryl Tabs (3/08) Sanofi Aventis (800 633-1610) 


Ambien (3/08) 
Pharmacia & Upjohn, Sanofi (800 446-
6267) 


Amiloride (3/08) Barr 


Amiloride HCL & 
hydrothiazide (3/08) Mylan (800 796-9526) 
Amiodarone HCL (3/08) Barr 
Amiodarone HCL Tabs (3/08) Teva 
Amoxicillin Caps, oral susp. (05/05) Lannett 


Amoxicillin 
chewable, caps, oral susp 
(3/08) Teva 


Amoxicillin/clavulanate 
potassium 


oral susp, Chewable tabs, tabs 
(3/08) Teva 


Ampicillin Caps, oral susp.(3/08) Teva 
Anafranil (2/07) Novartis (800-526-0175) 


Anaplex  
DM, HD cough syrup, DMX 
susp (3/08) ECR Pharma 


Anaprox, Anaprox DS (3/08)  Roche 


Anbesol Cold Sore Therapy 
Gel (07/06)  
Anbesol, Baby Grape teething gel (1/07)  


Antipyrine and benxocaine otic sol (2/07) Bausch and Lomb 
Anzemet Tabs, inj. (3/08) Sanofi Aventis (800 633-1610) 


Apap Pain Fever 
Infant, oral sol, tabs, XS caps 
and tabs, suppos. (3/08) Rugby 


Apri (2/07) Barr 
Aralen (7/08) Sanofi 
Aricept ODT Tabs (3/08) Pfizer (884 381-1985) 
Arimidex tabs (3/08) Astra Zenaca (800-236-9933) 
Armour thyroid (3/08) Forest (800 678-1605) 
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Aromasin tabs (3/08) Pfizer 
Arthritis Pain (2/07) Hyland's 
Arthrotec tabs (3/08)  (800 438-1985) 
Artificial Tears Oint, sol (3/08) Rugby 
Asacol tabs (3/08) Procter & Gamble Pharm 
Asmanex twisthaler (3/08) Schering-Plough 


Aspirin- 


enteric coated-325 mg and 81 
mg; chew tabs 81 mg; 
microcoated 325 mg  (3/08) Rugby (516-536-8565) 


Astelin Nasal spray (3/08) Medpointe 
Atacand, HCT (3/08) Astra Zenaca (800-236-9933) 
Atenolol (3/08) Mylan (800 796-9526) 
Atenolol Tabs (3/08) Teva 
Atenolol chlorthalidone (3/08) Mylan (800 796-9526) 
Ativan (3/06) Mylan 


Atrovent 
Nasal spray, sol, aerosol 
(3/08) Boehringer Ingelheim 


Avalide Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
Avapro Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
Avenoc hemorrhoid supp., tabs (3/08) Boiron 
Aviane Tabs (3/08) Barr 
Avita Cream, gel (3/08) Mylan (800 796-9526) 
Axid Oral sol. (3/08) Braintree (800 874-6756) 


Axid, AR Tabs (1/07) 
Wyeth Consumer Healthcare (888 797-
5638) 


AYR Snore Relieving Throat 
Spray (3/08) B.F. Asher 
Azithromycin oral susp, tabs (3/08)) Pfizer 


Azithromycin (generic 
Zithromax) Tabs (3/08) Teva (888 TEVA-USA) 
Azmacort Inhaler (2/07) Kos 
Azulfidine En-tabs, tabs (3/08) Pfizer 
Bactrim  DS, pediatric susp. (3/08) Roche (800 526-6367) 
Balziva tabs (3/08) Barr 
Barium Sulfate All  (3/08) Glenwood 


Bayer Aspirin 
Reg, children’s, regimen 
(2/07) Bayer Consumer (800 288-8371) 


Benazapril (2/07) Novartis (800-526-0175) 
Benicar (3/08) Daiichi Sankyo 
Benzonantate caps (2/07) Forest (Inwood) 
Benzoyl peroxide gel (2/07), lotion (3/08) Rugby 
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Betadine 
Prepstick plus, topical 
products (3/08) Purdue Frederick 


Betagan (2/07) Allergan 
Betoptic-S Susp (3/08) Alcon Research 


BFI Antiseptic First Aid 
Powder (2/07) Numark 
Biaxin  all (3/08) Abbott (800-255-5162) 
Bicillin (3/08) King/Monarch 
Bion Tears (3/08) Alcon Research 
Bisoprolol fumarate tabs (3/08) Teva 


Bisoprolol fumarate & HCTZ tabs (3/08) Mylan (800 796-9526) 
Bladder irritation (3/08) Hyland's 
Bleph-10 (3/08) Allergan Herbert 
Blephamide Sterile Opth Sol (3/08) Allergan Herbert 
Blocadren (2/07) Merck (800-942-7344) 


Blue Gel Muscular Pain 
Relief (3/08) Rugby 
Brethine (2/07) AAI Pharma 
Brethine (2/07) Novartis (800-526-0175) 
Bromo Selzer Antacid (3/08) Numark 
Bronchial cough (3/08) Hyland’s 
Bug Bite Oint (3/08) Hyland’s 
Bumps and Broozes oint, tabs (3/08) Hyland’s 
Bupivacaine (06/05) Hospira 
Bupropion tabs (3/08) Mylan 
Buspar Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
BuSpar  tablets (7/08) Bristol Myers Squibb 
Buspirone tabs (3/08) Mylan 
Buspirone HCL tabs (3/08) Teva 


Butalbital 
acetaminophen/caffeine  (3/08) Teva 
C Plus Cold (3/08) Hyland’s 
Cafergot Tabs, suppository (2/07) Novartis (800-526-0175) 
Calci-Chew (2/07) R&D Pharmaceuticals 
Captopril Tabs (3/08) Mylan (800 796-9526) 
Captopril Tabs (3/08) Teva 
Carbocaine (06/05) Hospira 
Cardizem LA (2/07)  Kos 
Cardura Tabs (3/08) Pfizer (800-438-1985) 
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Carisoprodol tabs (5/05) Westward 
Carter’s Laxative Pills (2/07) Church & Dwight 
Casodex tabs (3/08) Astra Zenaca (800-236-9933) 
Cataflam (2/07) Novartis (800-526-0175) 
Catapres TTS (3/08) Boehringer Ingelheim 


Cavilon 


antiseptic skin cleanser, 
durable barrier cream, 
moisturizing lotion, no sting 
barrier film (3/08) 3M Skin Health 


Ceclor (2/07) Eli Lilly/ Dista 
Ceenu caps (3/08) Bristol-Myers Squibb (800-321-1335) 
Cefaclor (3/08) Teva 
Ceftin Tabs (09/05) Glaxo Smith Kline (888-845-5249) 
Cefuroxime Axetil tabs (3/08) Teva 
Cefzil Tabs, oral susp. (3/08) Bristol-Myers Squibb (800-321-1335) 
Celebrex Caps (3/08) Pfizer (800-438-1985) 
Celebrex (05/05) Pharmacia & Upjohn 
Celexa Tabs, oral sol. (3/08)  Forest (800 678-1605) 
CellCept IV, caps, susp, tabs (3/08) Roche 


Centrum  


Advanced Formula, 
Performance, [Silver (1/07)], 
Liquid (3/08), Chewables 


Wyeth (877-centrum) 
www.centrum.com 


Cepacol 
Lozenges (1/07), throat spray 
(3/08) Combe 


Cephalexin caps, oral susp. (3/08) Teva 
Cetacaine Gel, liq, spray (3/08) Cetylite 


ChapStick 


Children’s flava-craze- grape 
(1/07), Ultra SPF 30 – lemon 
lime (3/08)  


Children's bronchial syrup  (2/07) Toms of Maine 
Chloromycetin sodium succ inj. (3/08) King/Monarch 
Chlorthalidone (3/08) Mylan (800 796-9526) 
ChlorTrimeton Decon , Allergy (3/08) Schering Plough (800 842-4090) 
Chlorzoxazone (3/08) Barr 
Chlorzoxazone Tabs (3/08) Teva 


Cholestyramine 
oral sol, light for oral susp. 
(3/08) Teva 


Ciclopirox Olamine cream, susp, (3/08) Taro 
Cilostazol Tabs (3/08) Mylan (800 796-9526) 
Cilostazol Tabs (2/07) Roxane 
Ciloxan Oint, sol (3/08) Alcon Research 
Cimetidine (3/08) Mylan (800 796-9526) 
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Cimetidine tabs, oral sol (3/08) Teva 
Ciprofloxacin HCL tabs (3/08) Barr 
Ciprofloxacin (4/06) Ranbaxy (904 296-0019) 
Citalopram hydrobromide tabs (3/08) Forest (Inwood) 
Citalopram hydrobromide tabs (3/08) Mylan 
Citalopram hydrobromide oral sol (2/07) Roxane 


Citracal  250+D, Prenatal Rx (3/08) 
Mission Pharmacal (800 531-3333) 
www.missionpharmacal.com 


Citrucel 
caplets, reg, sugar free, 
powder (3/08) Block Drug 


Clarinex 
Syrup, D-24, D-12, ER, Tabs 
(not Reditab) (3/08) Schering 


Clarithromycin tabs (2/07) Roxane 
Clarithromycin ER tabs (2/07) Teva 


Claritin 
Allergy, hives, syrup, tabs  
(not Reditabs), decon (3/08) Schering (800-claritin) 


Cleocin  caps (3/08) Pfizer 
Clindamycin HCL tabs (2/07) Pfizer (Greenstone) 
Clindamycin HCL tabs (3/08) Teva 
Clinoril (3/08) Merck (800-942-7344) 
Clonazepam oral disintegrating tabs  (3/08) Barr 
Clonazepam  (3/08) Mylan (800 796-9526) 
Clonazepam  (3/08) Teva 
Clonidine HCL (3/08) Mylan (800 796-9526) 


Clonidine HCL w/ 
chlorthalidone (3/08) Mylan (800 796-9526) 
Clotrimazole Topical Sol (3/08) Teva 
Clozaril Tabs (2/07) Novartis (800-526-0175) 
Codeine Sulfate (2/07) Roxane 
Colace Stool Softener Supp, caps, syrup, Liq (3/08) Purdue   
Colestid Granules, tabs  (2/07) Pfizer 
Colgate toothpaste all (3/08) Colgate Palmolive (800 763-0246) 
Coly-Mycin M, S Otic (3/08) King/Monarch 
Combivent (3/08) Boehringer Ingelheim 
Complete flu care 4 kids, tabs (3/08) Hyland’s 
Concerta, ER Tabs McNeil 
Corgard (3/08) King/Monarch 
Coricidin All (3/08) Schering Plough (800 842-4090) 


Cortisporin 
Cream, oint, susp, ophth. 
Oint. Otic sol. (3/08) King/Monarch 
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Cosopt (3/08) Merck (800-942-7344) 
Cough syrup w/honey (3/08) Hyland’s 
Coumadin (3/08) Bristol-Myers Squibb (800-321-1335) 


Cozaar (3/08) 
Merck (800-942-7344), Bristol Myers 
Sqibb 


Creatine, Monohydrate (3/08) Carlson 
Creon Caps (3/08) Solvay 
Crest toothpaste (1/07) www.crest.com 
Crixivan (3/08) Merck (800-942-7344) 
Crolom opth. Sol. (2/07) Bausch & Lomb 
Cromolyn sodium opth. Sol. (3/08) Teva 


CVS Infants’ Ibuprofen 


50mg, 100mg oral susp. 
Berry and bubble gum flavors 
(10/06) CVS 


Cyclessa Tabs (3/08) Organon 


Cyclobenzaprine 
HCL tabs, hydrochloride  
(3/08) Mylan (800 796-9526) 


Cyclopentolate HCL opth. (2/07) Bausch & Lomb 
Cyclophosphamide tabs USP (2/07) Roxane 
Cystex  Tabs (2/07) Numark (800 331-0221) 
Cytomel Tabs (3/08) King/Monarch 
Cytoxan Tabs, inj (3/08) Bristol-Myers Squibb (800-321-1335) 
Darvocet-N 100, N 50  AAI  Pharma (877-263-6726) 


DDAVP 
Tabs, nasal spray, inj, rhinal 
tube  (3/08) Sanofi Aventis (800 633-1610) 


Decongestant nasal spray max strength (2/07) Taro 


Deep Heating Pain Relieving 
Rub (2/07) Mentholatum 
Demerol Tabs (3/08)  Sanofi Aventis 
Dendodan (08/05) Endo 


Depakote 
ER tabs, tabs (2/07) , sprinkle 
(3/08) Abbott (800-255-5162) 


Derma Smooth 
FS -scalp oil, -eczema oil 
(3/08) Hill 


Desogen Tabs (3/08) Organon 
Desyrel Dividose Tabs (2/07) Bristol-Myers Squibb (800-321-1335) 
Detrol LA caps (3/08) Pfizer 
DiaBeta Tabs (3/08) Sanofi Aventis (800 633-1610) 
Diabinese Tabs (3/08) Pfizer (800-438-1985) 
Diazepam (3/08) Barr 
Diazepam (3/08) Mylan 
Diazepam oral sol (2/07) Roxane 
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Dicloxacillin (3/08) Teva (215 591-3000) 
Dicyclomine (3/08) Mylan (800 796-9526) 
Differin Sol, cream, gel  (3/08) Galderma 
Diflucan Tabs, susp (3/08) Pfizer (800-438-1985) 
DiGel Tabs (3/08) Schering Plough 


Dilantin 
Infatabs, Kapseals, oral susp  
(3/08) Pfizer/Parke Davis 


Dilitiazem  
inj., HCL ER caps, tabs 
(2/07) Mylan (800 796-9526) 


Dilitiazem  HCL ER caps, tabs (3/08) Teva 
Dilitiazem HCL ER caps (3/08) Forest Pharma (Inwood) 
Diovan, Diovan HCT (2/07) Novartis (800-526-0175) 
Dipentum (3/08) UCB 
Diphenhist captabs, caps, oral sol (3/08) Rugby 


Diphenoxylate HCL & 
atropine sulfate (3/08) Mylan (800 796-9526) 
Diprolene Gel (2/07), lotion, oint (3/08) Schering 
Diprolene AF Cream (3/08) Schering 
Dipyradamole (3/08) Barr 
Ditropan, Ditropan XL Syrup, tabs (3/08) Ortho McNeil 
Diuril Tabs (3/08), oral (2/07) Merck (800-942-7344) 
Double antibiotic oint, cream plus, (3/08) Taro 
Dovonex  cream, oint, scalp sol. (2/07) Warner Chilcott 
Doxepin HCL (3/08) Mylan 
Doxepin HCL Oral sol. (3/08) Teva 
Doxycycline tabs (3/08) Mylan 


Dr Sholl’s 


Clear Away Wart—gel, liq; 
Duofilm liq, Duoplant gel, liq 
corn/callus remover, 
medicated powder; orig foot 
powder, super absorb. 
Powder; super deod. Powder; 
wart remover liq; odor 
destroyers deod. Spray 
powder; pedicure essentials 
(except Soap n Soak); fungal 
nail—cream, sol; cracked 
heel cream, skin cream (2/07) Schering Plough 


Dramamine 
Chew, tabs, children’s liq; 
(less drowsy [7/06]) Pharmacia & Upjohn 


Drixoral 


Allergy sinus tabs, cold & 
allergy tabs, cold & flu tabs, 
nasal decon (3/08), spray 
(2/07) Schering Plough (800 842-4090) 
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Droxia Caps (3/08) Bristol-Myers Squibb (800-321-1335) 
Dulcolax Tabs (3/08) Boehringer Ingelheim 
Duration Spray (3/08) Schering Plough 
DynaCirc Caps, CR tabs (2/07) Novartis (800-526-0175) 
E.E.S. tabs, granules, liq. (3/08) Abbott (800-255-5162) 
Earache  drops, tabs (3/08) Hyland's 
Earwax Treatment Drops (2/07) Rugby 
Ecotrin All (3/08) GlaxoSmith Kline (900 245-1040) 
Edecrin (2/07) Merck (800-942-7344) 
Elimite Cream (3/08) Allergan 
Elmiron Caps (3/08) Ortho McNeil 
Elocon Cream, lotion, oint (3/08) Schering 
Enablex (2/07) Novartis (800-526-0175) 
Enalapril maleate HCl (3/08) Mylan (800 796-9526) 
Enalapril maleate HCl tabs (3/08) Teva 
Endocet (3/08) Endo 


Enfamil 
All (except enriched cereal) 
(3/08) 


Mead Johnson Nutritionals (800 457-
3550) 


Ensure 


reg, high protein, powder, 
plus, light, pudding, high 
calcium, fiber w/FOS, (not 
w/fiber-vanilla or choc.; not 
nutrition bars) (2/07) Ross (800 227-5767) www.ross.com 


Epifrin Sterile Opthal Sol (2/07) Allergan 
Equalactin Fibertabs (2/07) Numark (800 331-0221) 
Ery-Tab all (3/08) Abbott (800-255-5162) 
Erythrocin Stearate Filmtabs  (3/08) Abbott (800-255-5162) 


Erythromycin 


base filmtab tabs, delayed 
release caps., ethylsuccinate 
oral susp, ethylsuc/sulfisox 
acetyl (3/08) Abbott (800-255-5162) 


Erythromycin 


estolate caps, ethyl for oral 
sol., ethyl. & sufa for oral sol. 
(3/08) Barr 


Erythromycin ethyl, stearate (2/07) Mylan 
Erythromycin opth. Oint (2/07) Bausch & Lomb 
Estrace tabs, vag. Cream (2/07) Warner Chilcott 
Estraderm (2/07) Novartis (800-526-0175) 
Estrostep Fe (2/07) Warner Chilcott 
Etodolac  (3/08) Mylan 
Etodolac tabs, ER tabs, caps  (3/08) Teva 
Etodolac  caps, tabs  (2/07) Taro 
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Etoposide caps (3/08) Mylan 
Eurax Cream, lotion (2/07) Bristol-Myers Squibb 
Evista (3/08) Eli Lilly/ Dista 
Excedrin Migraine aspirin free PM (1/07) Bristol-Myers Squibb (800-321-1335) 
Exelon Caps, oral susp. (2/07) Novartis (800-526-0175) 


ExLax 
Senna smooth, Reg, choc. 
(3/08); choc chewable (7/07) Novartix (800 452-0511) 


Extendryl Syrup, (not chewable) (3/08) Fleming 
Eye Bright (3/08) Advanced 
Eye drops (3/08) Rugby 
Eye irrigating sol. (3/08) Rugby 
Famotidine tabs (3/08) Mylan (800 796-9526) 
Famotidine tabs (3/08) Teva 
Femara (2/07) Novartis (800-526-0175) 


Fexofenadine 
tabs, ER tabs (Not caps) 
(3/08) Barr 


Fexofenadine tabs (3/08) Teva 
FiberLax (3/08) Rugby 
Fioricet Tabs w/codeine  (2/07) Novartis 
Fioricet w/codeine Tabs (2/07) Novartis (800-526-0175) 
Fiorinal w/codeine Caps (2/07) Novartis (800-526-0175) 
Flaxseed organic oil (2/07) Nature's Bounty 
Flecainide Acetate  (6/08) Barr 
Fleet All (3/08) Fleet 
Fletchers Castoria  (3/08) Mentholatum 
Flomax (3/08) Boehringer Ingelheim 
Floucinonide cream, oint, gel, sol (3/08) Taro 
Floxin Tabs (2/07) Ortho McNeil 
Fluconazole oral susp, tabs (3/08) Pfizer (Greenstone) 
Fluconazole oral susp, tabs (2/07) Roxane 
Fluconazole tabs (3/08) Teva 
Flunisolide nasal sol USP 0.025% (2/07) Bausch & Lomb 
Fluoxetine oral sol, tabs, caps (3/08) Teva 
Flurazepam HCL caps (3/08) Mylan 
Flurbiprofen  (3/08) Mylan 
Flurbiprofen tabs  (3/08) Teva 
Flurbiprofen sodium ophth sol  (2/07) Bausch & Lomb 
Fluvoxamine caps (3/08) Mylan 
FML Forte, FML (3/08) Allergan 
FML Liquifilm Susp (2/07) Allergan 
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Foradil (2/07) Novartis 
Foradil Aerolizer (3/08) Schering 


Fosamax 
Oral sol, tabs, Plus D tabs 
(3/08) Merck (800-942-7344) 


Fosinopril sodium Tabs (3/08) Teva 


Freeda Vitamins all 
(800 777-3737) 
www.freedavitamins.com 


Frova (3/08 Endo 
Furosemide (3/08) Mylan (800 796-9526) 
Furosemide oral sol, tabs (2/07) Roxane 
Gabapentin Caps, tabs  (3/08) Greenstone (Pfizer) (800 438-1985) 
Gabapentin tabs  (3/08) Teva 
Gantrisin ped sup., syrup, tabs (3/08) Roche (800 526-6367) 
Gantrisin opthal. Sol. (3/08) Roche 
Garlic oil caps (3/08) Advanced Nutritional Tech 


Gas-X 


Extra strength w/Maalox, 
Softgels (not chewable) 
(2/07) 


Novartis Consumer Health (800 452-
0511) 


Gaviscon 
Liq. Tabs, acid breakthrought 
(3/08) Block Drug 


Gemfibrozil tabs (3/08) Mylan (800 796-9526) 
Gemfibrozil tabs (3/08) Teva 
Genoptic Oint, sol (2/07) Allergan 
Geodon Caps (2/07) Pfizer (800-438-1985) 
Geritol Tonic, extend  (3/08) GlaxoSmith Kline (888-845-5249) 
Ginkgo biloba tabs (3/08) Mericon Industries 
Gleevec Caps (2/07) Novartis (800-526-0175) 
Glimepiride tabs (3/08) Mylan 
Glimepiride tabs (3/08) Teva 
Glipizide (3/08) Mylan 
Glipizide XL tabs (3/08) Pfizer Greenstone 
Glipizide 10 mg (1/07) Sandoz 
Glipizide & metformin tabs (2/07) Teva 
Glucagon (3/08) Lilly (800 545-5979) 
Glucerna shake  (not bars) (3/08) Ross (800 227-5767) www.ross.com 


Glucophage, Glucophage XR Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
Glucotrol, Glucotrol XL Tabs (3/08) Pfizer (800-438-1985) 
Glucovance All strengths (3/08) Bristol-Myers Squibb (800-321-1335) 
Glyburide (3/08) Pfizer Greenstone 
Glyburide  (3/08) Mylan 
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Glyburide, Metaformin HCL (3/08) Teva 
GrisPeg (3/08) Pedinol Pharma 


Guaifenasin 
syrup, w/codeine, 
w/dextromorphan (2/07) Pharmaceutical Assoc. 


Guaifenesin 
Cough syrup, DM extra 
action (3/08) Rugby (516-536-8565) 


Guanfacine (3/08) Mylan (800 796-9526) 
Gyne-Lotrimin Vaginal Cream, insert (3/08) Schering Plough 
HalfLytely (10/07) Braintree 


Halls cough drops 
Sugar free (not regular) 
(2/05) Cadbury (866 782-3267) 


Haloperidol (3/08) Mylan (800 796-9526), Watson, Teva 
Headache (3/08) Hyland's 
Hemorrhoidal supp. (3/08) Rugby 
Hemorrhoids (3/08) Hyland's  
Hexalen Caps (3/08) MGI Pharma 
Hives (3/08) Hyland’s 
HMS Sterile Opth Sol (2/07) Allergan 
Humalog, Mix (3/08) Lilly (800 545-5979) 


Human insulin delivery 
system (2/07) Novo Nordisk (800 727-6500) 
Humatrope (3/08) Eli Lilly/ Dista 
Humulin (3/08) Eli Lilly/ Dista 
Hydrea Caps (3/08) Bristol-Myers Squibb (800-321-1335) 
Hydrochlorothiazide (3/08) Mylan 
Hydrocil Laxative (3/08) Numark 


Hydrocodone Bitrate and 
ibuprofen (2/07) Teva 
Hydrocodone w/APAP tablets (7/08) Mallinckrodt 
Hydrocortisone 1% lotion (3/08) Mericon Industries 
Hydrocortisone  cream, lotion (3/08) Rugby 
Hydrocortisone acetate opth. Oint (2/07) Bausch & Lomb 
Hydrocortisone cream 1%, .5% oint (3/08) Taro 
Hydrocortisone valerate  Oint, cream (3/08) Taro 


Hydroxychloroquine Sulfate (2/07) Mylan 


Hydroxychloroquine Sulfate tabs (2/07) Teva 
Hydroxyurea caps, pamoate caps (3/08) Barr (800 222-0190) 
Hytrin Caps, tabs (2/07) Abbott (800-255-5162) 
Hyzaar (3/08) Merck (800-942-7344) 
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Ibuprofen tabs (3/08) 
Mylan (800 796-9526), Rugby (516-
536-8565) 


Imodium, AS, AD Caps, liq,  chewable  (3/08) McNeil (800 962-5357) 
Indapamide Tabs (3/08) Mylan (800 796-9526) 
Indigestion (3/08) Hyland's  
Indocin Oral  (2/07) Merck (800-942-7344) 
Indomethacin  (6/08) G and W Labs 
Insomnia (3/08) Hyland's 
Intal  Nebs Sol. (not inhaler) (3/08) King/Monarch 
Iopidine 1%, .05% (3/08) Alcon Research 


Ipratropium bromide nasal 
solution (2/07) Bausch & Lomb 


Ipratropium bromide nasal 
spray (2/07) Roxane 
Isomil All (3/08) Ross (800 227-5767) www.ross.com 
Isoniazid (3/08) Barr 
Isosorbide mononitrate tabs (3/08) Teva 
Itch-X HC lotion, spray, gel (3/08) B.F. Asher 
Ivy Relief (3/08) Hyland’s 
Junel acetate, FE acetate (3/08) Barr 
Kariva tabs (3/08) Barr 
K-Dur ER tabs (3/08) Schering 
Keflex (2/07) Eli Lilly/ Dista 
Keppra Tabs, oral sol. (3/08) UCB Pharma 
Kerlone Tabs (3/08) Sanofi Aventis 
Ketoconazole tabs (3/08) Mylan 
Ketoconazole cream, tabs (2/07) Taro 
Ketoconazole tabs (3/08) Teva 
Ketoprofen ER  (3/08) Mylan 
Ketoprofen  (3/08) Teva 
Ketorolac  (3/08) Mylan 
Ketorolac tromethamine tabs  (3/08) Teva 


KidKare 
Cough & cold liq, 
decongestant drops (3/08) Rugby 


Ku-Zyme caps HP (2/07) Schwartz Pharma 
Kwel Cof (3/08) B.F. Asher 
Lacrilube (3/08) Allergan 
Lacrisert (2/07) Merck (800-942-7344) 
Lamisil Tabs (1/07) Novartis (800-526-0175) 
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Lanacane Crème, lotion, spray (3/08) Combe 
Lanacort (3/08) Combe 
Lantus inj (3/08) Sanofi Aventis (800 633-1610) 
Lasix Oral sol, tabs (3/08) Sanofi Aventis (800 633-1610) 
Laxative EC Tabs, supp. (3/08) Rugby 
Leg Cramps tabs, caps, oint. (3/08) Hyland's 
Lescol Caps, XL tabs (2/07) Novartis (800-526-0175) 
Lessina Tabs (3/08) Barr 
Leucovorin (3/08) Barr (800 222-0190) 
Leucovorin Calcium Tablets  (2/07) Roxanne 
Levaquin Inj, tabs (3/08) Ortho McNeil (800 634-8977) 
Levobunolol HCL opth. Sol. (3/08) Bausch & Lomb 
Levothyroid (3/08) Forest (800 678-1605) 
Levothyroxine (1/07) Sandoz 
Levothyroxine sodium Tabs (3/08) Mylan 
Levoxyl Tabs (3/08) King/Monarch 
Lexapro Tabs, oral sol. (3/08) Forest 
Lexxel (3/08) Astra Zenaca (800-236-9933) 
Lidex E cream, sol, gel, oint (3/08) Medicis 


Lidocaine 
(06/05) (Morton Grove 
(05/05) Roxanne, Hospira, Morton Grove 


Lidocaine HCL topical, viscous (2/07) Roxane 
Lidocaine HCL jelly (3/08) Teva 
Lioresal (2/07) Novartis (800-526-0175) 
Lipitor Tabs (3/08) Pfizer/Parke Davis (884 381-1985) 
Lisinopril Tabs (3/08) Mylan (800 796-9526) 
Lisinopril Tabs (3/08) Teva 


Lisinopril & 
hydrochlorothiazide Tabs (3/08) Mylan (800 796-9526) 


Lisinopril & 
hydrochlorothiazide Tabs (3/08) Teva 
Lithium carbonate ER tabs (3/08) Barr 
Lithium carbonate caps, ER tabs (2/07) Roxane 
Lomotil Liq, tabs (2/07) Pfizer 
Loperamide HCL (3/08) Mylan 
Loperamide HCL Oral sol. (2/07) Roxane 
Loperamide HCL Oral sol. (3/08) Rugby 
Loperamide HCL Caps (3/08) Teva 
Lopressor, HCT (2/07) Novartis (800-526-0175) 
Lorabid Caps, susp (3/08) King/Monarch 
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Lorazepam (3/08) Mylan 
Lorazepam intensol (2/07) Roxane 
Lortab  ASA tabs (3/08) UCB Pharma 
LoSo Prep (10/07)  
Lotensin, Lotensin HCT (2/07) Novartis (800-526-0175) 
Lotrel (2/07) Novartis (800-526-0175) 


Lotrimin 


AF Cream, powder, sol; Jock 
Itch cream, lotion; Spray 
deod, spray liq, spray powder; 
ultra cream (3/08) Schering Plough 


Lotrisone Cream, lotion (3/08) Schering 
Lovastatin tabs (3/08) Teva 
Lozol Tabs (3/08) Sanofi Aventis (800 633-1610) 
Lumigan (3/08) Allergan 
Lysodren tabs (3/08) Bristol-Myers Squibb (800-321-1335) 


Maalox 


Max strength chewable, multi 
symptom max chewable,  reg 
strength susp, reg strength 
susp-mint (3/08) quick 
dissolve reg strength tabs 
(2/07) Novartis Consumer 


Macrobid Caps (2/07) Procter & Gamble Pharm 
Macrodantin Caps (3/08) Procter & Gamble Pharm 
Matulane caps (3/08) Roche 
Matulane Caps (3/08) Sigma Tau Pharma 
Mavik tabs (3/08) Abbott (800-255-5162) 
Maxair, Maxair Autohaler Inhaler (2/07) 3M 
Maxalt MLT (3/08) Merck 
Maxitrol Oint, susp (3/08) Alcon Research 
Maxzide Tabs (2/07) Mylan (800 796-9526) 
Mebendazole tabs (3/08) Teva 
Meclizine HCL chewable, tabs (3/08) Rugby 
Mefloquine HCL tabs (3/08) Barr 
Mefloquine HCL tabs (2/07) Roxane 
Megace susp (3/08) Bristol-Myers Squibb (800-321-1335) 
Megestrol acetate (2/07) Barr (800 222-0190) 
Megestrol acetate oral sol, tabs (2/07) Roxane 
Megestrol acetate tabs, oral sol (3/08) Teva 
Melatonin tabs (3/08) Nature's Bounty 
Melatonin tabs (3/08) Rugby 
Melleril Conc., tabs, -S oral (2/07) Novartis (800-526-0175) 
Menopause (3/08) Hyland's 
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Menstrual Cramps (3/08) Hyland's 


Mentholatum 
Cherry Chest Rub for Kids, 
oint (3/08) Mentholatum 


Meperidine Intensol, oral sol, tabs  (2/07) Roxane 
Meperidine HCL tabs  (3/08) Barr 
Mephyton (2/07) Merck (800-942-7344) 
Mercaptopurine Tabs (3/08) Mylan 
Mercaptopurine Tabs (2/07) Roxane 
Mercaptopurine 50 Tabs (2/07) Teva 
Mesalamine rectal susp (3/08) Teva 
Mestinon syrup (3/08) Roche 
Metadate ER Tabs, CD ER caps (3/08) Celltech 


Metamucil All (except wafers) (3/08) 
Procter & Gamble Healthcare (800 
561-0748) 


Metformin HCL tabs, ER (3/08) Barr 
Metformin HCL tabs, ER tabs (3/08) Mylan 
Metformin HCL Tabs (3/08) Teva 


Methadone HCL 
intensol, tabs (not oral sol) 
(2/07) Roxane 


Methotrexate (3/08) Barr (800 222-0190), Mylan, Roxanne 
Methyldopa (3/08) Mylan (800 796-9526) 


Methyldopa & 
hydrochlorothiazide (3/08) Mylan (800 796-9526) 
Methylphenidate (2/07) Novartis (800-526-0175) 
Metoclopramide (3/08) Teva 
Metolazone Tabs (3/08) Roxane 
Metolazone Tabs (3/08) Teva 
Metoprolol (3/08) Mylan (800 796-9526) 
Metoprolol HCTZ (3/08) Mylan (800 796-9526) 
Metoprolol tartrate tabs (3/08) Mylan (800 796-9526) 
Metoprolol tartrate Tabs (3/08) Teva 
Metrogel topical gel (3/08) Galderma 
Metrogel Vaginal (2/07) 3M 
Metronidazole tabs (3/08) Teva 
Mevacor (3/08) Merck (800-942-7344) 
Mexitil Caps (3/08) Boehringer Ingelheim 
Mexsana Medicated Powder (3/08) Schering Plough 
Miacalcin Nasal spray (2/07) Novartis (800-526-0175) 
Micardis HCT (3/08) Boehringer Ingelheim 
Miconazole  vaginal cream (3/08) Rugby 
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Miconazole  
vaginal cream, nitrate vag. 
Cream (3/08) Taro 


Micronase Tabs (3/08) Pfizer 
Midamor (2/07) Merck (800-942-7344) 
Migraine Headache Relief  (6/08) Hyland's 
Migranal Nasal spray (2/07) Novartis (800-526-0175) 
Milk of Magnesia mint flavor (3/08) Fleet 
Milk of Magnesia Reg, conc. (2/07) Pharmaceutical Associates 
Milk of Magnesia conc. (2/07) Roxane 
Milk of Magnesia (3/08) Rugby 
Minitran (2/07) 3M 
Minocycline (3/08) Teva 
Minocycline HCL Tabs (05/05) Medicis 
Mint waxed floss (7/08) Johnson and Johnson 
Miralax (3/08) Braintree 
Mirapex (3/08)  Boehringer Ingelheim 
Mircette Tabs (3/08) Barr 


Mirtazapine 
orally disintegrating tabs 
(3/08) Barr 


Mirtazapine tabs (3/08) Mylan 
Mirtazapine tabs (2/07) Roxane 


Mirtazapine 
tabs, orally disintegrating tabs 
(3/08) Teva 


Mobic (3/08) Boehringer Ingelheim 
Modicon (3/08) Ortho McNeil 
Moduretic (2/07) Merck (800-942-7344) 
Monopril Tabs, HCT (3/08) Bristol-Myers Squibb (800-321-1335) 
Morphine sulfate oral sol., tabs (2/07) Roxane 
Motion Sickness (2/07) Hyland's 
Motrin All  (3/08) McNeil (800-542-5365) 
Motrin All (3/08) McNeil (800-542-5365) 
MS Contin Tabs (3/08) Purdue Frederick 
Mumpsvax (3/08) Merck (800-942-7344) 


Mycostatin 
Tabs, pastilles, [powder 
(3/08)] (not oral susp.) 


Bristol-Myers Squibb (800-321-1335), 
Westwood-Squibb 


Nabumetone tabs  (2/07) Teva 
Nadolol (3/08) Mylan (800 796-9526) 


Naldecon 
SR EX syrup, SR DX syrup 
(2/07) Bristol-Myers Squibb (800-321-1335) 


Naprosyn Tabs, susp (3/08) Roche 
Naproxen (3/07) Dr Reddy (888 375-3784) 
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Naproxen (3/08) Mylan 
Naproxen oral susp. (2/07) Roxane 


Naproxen 
tabs, sodium tabs, delay 
(3/08) Teva 


Naproxen (3/06) 
Walmart/Sam’s Club Leiner Health 
Products (800 421-1168 x7102) 


Naproxen sodium (3/08) Mylan 
Nasacort, Nasacort AQ Spray, HFA aerosol (3/08) Sanofi Aventis (800 633-1610) 
Nasal Decongestant Liq, tabs (3/08) Rugby 
Nasatab LA tabs ECR Pharma 
Nasonex Spray  (3/08) Schering 
NataChew (2/07) Warner Chilcott 
Natural Cough and Cold Rub (2/07) Toms of Maine 
Natural Muscle Balm (2/07) Toms of Maine 


Nature’s Bounty vitamins and 
minerals 


Vit C tabs (10/01), B 
complex w/ B-12 sublingual 
liq., B-12 subling. 2500 mcg 
tabs, B-6 100 mg tabs, biotin 
1000 mcg tabs, C-1000 mg 
tabs, C-500 chewable 
w/rosehips, folic acid 800 
mcg tabs, high potency 
magnesium 500 mg tabs 
(2/07) www.naturesbounty.com 


Nature’s Tears (3/08) Rugby 
Nefazodone HCL tabs (3/08) Teva 
NeoForte (3/08) Advanced Nutritional 
Neoral Soft caps, oral sol. (2/07) Novartis (800-526-0175) 
Neosynephrine (3/08) Sanofi Aventis 


Nephro-Fer 
-Fer Rx, Calci, Vite, +Fe, Rx 
(2/07) R&D Pharmaceuticals 


Nerve Tonic caps, tabs (3/08) Hyland's 
Neurontin Caps, tabs, oral  (3/08) Pfizer (800 438-1985) 
New Skin liq. (2/07) MedTech 
Nexium (3/08) Astra Zenaca (800-236-9933) 
Niaspan (3/08) Kos 
Nicoderm CQ (1/07)  
Nicorette Mint (1/07)  
Nicotine Gum reg, mint (3/08) Rugby 
Nifediac CC ER tabs (3/08) Teva 
Nifedical XL ER tabs (3/08) Teva 
Nifedipine ER tabs (3/08) Mylan (800 796-9526) 
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Nifedipine Caps, ER caps (3/08) Teva 
Nilandron Tabs (3/08) Sanofi Aventis (800 633-1610) 
Nitrofurantoin (3/08) Mylan 
Nitrolingual Spray (2/07) Horizon 
Nizatadine caps (3/08) Mylan (800 796-9526) 
Nizatadine caps (3/08) Teva 
Nizoral Shampoo-2%, -1% (3/08) McNeil 
No-Doz Caplets (1/07) Bristol Myers Squibb (800 468-7746) 
Nordette tabs (3/08) Barr 
Norflex Tabs (2/07) 3M 
Noroxin (3/08) Merck (800-942-7344) 
Norpramin Tabs (3/08) Sanofi Aventis 
Nortel (3/08) Barr 
Nortriptyline (3/08) Mylan 
Nortriptyline (2/07) Novartis (800-526-0175) 
Nortriptyline caps (3/08) Teva 
Norvasc (3/08) Pfizer (800-438-1985) 
Norvir Caps, oral sol. (2/07) Abbott (800-255-5162) 
Novolin R, N (2/07) Novo Nordisk (800 727-6500) 
Novolog (2/07) Novo Nordisk (800 727-6500) 
Novopen (2/07) Novo Nordisk (800 727-6500) 
NRS Spray (3/08) Rugby 


Nucofed 


[except Caps] syrup, expec. 
syrup, pediatric, expec. syrup 
(3/08) King/Monarch 


NuLytely 
reg, cherry, orange, lemon-
lime (3/08) Braintree (800 874-6756) 


Numark Multivitamin caps (2/07) Numark 
Nutropin Aq, Depot (2/07) Genentech 
Nyaderm  Vaginal cream (3/08) Taro 
Nystatin oral susp, USP 60 ml (2/07) Bausch & Lomb 
Nystatin cream (3/08) Taro 
Nystatin tabs (3/08) Teva 


Nystatin and triamcinolone 
acetate (3/08) Taro 


Oasis moisturizing Mouth 
Spray (8/06)  
Ocuclear (3/08) Schering Plough 
Ocufen (3/08) Allergan 
Ocuflox (3/08) Allergan 
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Ofloxacin tabs (3/08) Teva 
Ofloxacin ophth sol .3% (3/08) Bausch & Lomb 
Omeprazole delayed release caps (3/08) Mylan (800 796-9526) 
Omeprazole delayed release caps (3/08) Teva 
Omnicef caps, oral susp. (3/08) Abbott (800-255-5162) 
Ophthalmic Ointment USP (2/07) Bausch & Lomb 
Ophthetic Sterile ophth sol (3/08) Allergan 


Opti-Free 


Daily cleaner, enzymatic 
cleaner, express conv. Pack, 
express multi purpose, 
rewetting drops, rinsing, 
disinfecting sol, supraclens 
daily protein remov (3/08) Alcon 


Opti-One 
Multi purpose sol, rewetting 
drops (3/08) Alcon 


Optique 1 Drops (3/08) Boiron 


Opti-Tears Soothing Drops (2/07) Alcon Research 
Optivar ophth sol (3/08) Medpointe 


Optive Lubricant Eye Drops (3/08) Allergan 
Opti-Zyme Enzymatic cleaner (3/08) Alcon 
Orajel (1/05) Del (800 952-5080) 
Oral Mineral Oil Laxative (3/08) Fleet 
Ortho Dienestrol  cream (2/07) Ortho McNeil 
Ortho Micronor Tabs (08/05) Ortho McNeil 
Ortho Tri-Cyclen (3/08) Ortho McNeil 
Ortho-Cept (3/08) Ortho McNeil 
Ortho-Cyclen (3/08) Ortho McNeil 
Ortho-Est tabs (3/08) Ortho McNeil, Women First 


Ortho-Novum 1/35, 1/50, 
10/11, 7/7/7 (3/08) Ortho McNeil 
Oscal caps, tabs (3/08)  
Otic Susp. USP (2/07) Bausch and Lomb 
Otocain Drops (3/08) King/Monarch 
Ovcon 35/50 (2/07) Warner Chilcott 
Oxaprozin tabs  (3/08) Teva 
Oxybutynin Chloride ER tabs (3/08) Mylan 
Oxybutynin Chloride ER tabs (3/08) Teva 
Oxybutynin Chloride (2/07) Upsher-Smith 
Oxycodone & acetaminophen tabs, caps (3/08) Barr 
Oxycodone HCL E-R tabs (3/08) Teva 







26 


Oxycodone HCL & 
acetaminophen  (2/07) Roxane 
OxyContin (3/08) Purdue Frederick 
Pacerone 100 mg, 400 mg (2/07) Upshur-Smith 


Pain & Fever 
Oral sol, captabs, drops, tabs 
(3/08) Rugby 


Pain Ease (2/07) Gebauer 
Pamelor Caps, sol (2/07) Novartis (800-526-0175) 
Pamprin Menstrual Formula (3/08)  
Pan Allergest (2/07) Cardiovascular Research 
Panalgesic Gold Cream, liniment (3/08) ECR Pharma 


Pancrease, MT 10, MT 16, 
MT 20, MT 40 (08/05) Ortho McNeil 
Parafon Forte DSC Caplets (3/08) Ortho McNeil 
Parlodel Caps, snap tabs (2/07) Novartis (800-526-0175) 
Paroxetine HCL tabs (2/07) Teva 
PCE 333,  500 Tabs (3/08) Abbott (800-255-5162) 


Pedialyte Oral Electrolyte 
Maintenance Solution (07/06)  


Pediasure 
choc, banana, strawberry, 
vanilla, vanilla w/fiber (3/08) Ross (800 227-5767) www.ross.com 


Pediazole (3/08) Ross 
Peg-Intron Inj (2/07) Schering 
Penicillin G, V potassium tabs (3/08) Teva 
Pentoxifylline ER (3/08) Mylan (800 796-9526) 
Pentoxifylline tabs (3/08) Teva 
Pepcid inj., tabs (3/08) J&J/ Merck Consumer 


Pepto Bismol All (3/08) 
Procter & Gamble Healthcare (800 
717-3786) 


Percocet (3/08) Endo 
Percodan  (6/08) Endo 
Percodan, demi (3/08) Endo 


PermaGrip Denture Adhesive (09/05) Lee 
Persantine (3/08) Boehringer Ingelheim 
Phenylephrine HCl Ophth (3/08) Falcon 
Phenytek caps  (3/08) Mylan  
Phenytoin extended caps  (3/08) Mylan (800 796-9526) 
Phillips Milk of Magnesia Original (10/06) Bayer (800 331-4536) 
PhosChol Concentrate (3/08) American Lecithin 
PhosFlur Rinse (3/08) Colgate Oral 
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Pilocarpine HCL tabs (2/07) Roxane 
Piroxicam Caps (3/08) Mylan (800 796-9526) 
Piroxicam caps  (3/08) Teva 
Plavix Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
Plendil (3/08) Astra Zenaca (800-236-9933) 
Pneumotussin 2.5 Cough syrup, (3/08); tabs ECR Pharma 
Poison Ivy/Oak Tablets  (6/08) Hyland's 
Poly Pred Sterile Opth Susp (3/08) Allergan 


Polycose (powdered 
nutritional) (3/08) Ross 
Polyethylene glycol powder (3/08) Teva 
Polysporin Opth Oint (3/08) King/Monarch 
Polytrim Sol. Sterile (3/08) Allergan 
Portia (3/08) Barr 


Pramasone 
cream, lotion, oint, lipacream 
(3/08) Ferndale 


Prandin (2/07) Novo Nordisk (800 727-6500) 
Pravachol Tabs (3/08) Bristol-Myers Squibb (800-321-1335) 
Pred Forte, Pred Mild Susp (3/08) Allergan 
Prednisolone  syrup (3/08) Teva 
Prednisone tabs (2/07) Roxanne (800 848-0120) 
Premsyn PMS (3/08)  


Prenatal  
Optima, plus, Rx w/carotene 
(3/08) Teva 


Prevacid capsules (7/08) TAP 
Prevacid delayed release Caps, oral sol. (3/08) Tap 
Prevalite Oral susp (2/07) Upsher-Smith 
Prilosec (3/08) Astra Zenaca (800-236-9933) 
Prilosec (OTC) (3/08) Procter and Gamble 
Primatene Mist, (tabs [11/06]) Wyeth (888 797-5638) 
Prinivil Tabs (2/07) Merck (800-942-7344) 
Prinzide (3/08) Merck (800-942-7344) 
Probenecid (3/08) Mylan 
Procanbid (3/08) King/Monarch 
Prochlorperazine Maleate tabs (3/08) Barr 
Prochlorperazine Maleate tabs (3/08) Mylan (800 796-9526) 
Prochlorperazine Maleate tabs (3/08) Teva 
Pronestyl, SR Caps, tabs (2/07) Bristol-Myers Squibb (800-321-1335) 
Propine (3/08) Allergan 
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Propoxyphene 


HCL, HCL/aspirin/caffeine, 
HCL/acetaminaphen, 
Napsylant/APAP (pink), 
Napsylate/APAP (white)  
(3/08) Mylan 


Propoxyphene 


HCL, compound 65 caps, 
Napsylate/acetaminaphen  
(3/08) Teva 


Proscar (3/08) Merck (800-942-7344) 
Protopic Oint (3/08) Fujisawa USA 


Proventil 
HFA inhal aerosol; inhal 
aerosol (3/08) SCHERING 


Prozac reg, weekly (3/08) Eli Lilly/ Dista 
Pseudoephedrine HCL syrup (2/07) Pharmaceutical Assoc. 
Pseudovent DM (1/06) Ethex (800 321-1705) 
Psyllium  (3/08) Carlson 
Pulmicort Turbuhaler, respules (3/08) Astra Zenaca (800-236-9933) 
Pulmozyme (3/08) Genentech 
Purinethol Tabs (3/08) Teva 


Qual-Tussin 
DC syrup, ped drops, syrup 
(2/07) Pharmaceutical Assoc. 


Quibron 
Caps, Accudose T, T/SR 
Accudose (3/08) King/Monarch 


Quinapril Tabs (3/08) Teva 
Quinapril HCL Tabs (3/08) Mylan (800 796-9526) 
Quinapril HCL Tabs (3/08) Pfizer (Greenstone) 
Qvar (2/07) 3M 
Ranitidine tabs (3/08) Teva 


Red Cross Canker Sore 
Medication (3/08) Mentholatum 


Red Cross Toothache 
Medication (3/08) Mentholatum 


Refresh 


Celluvisc, Endura, Liquigel, 
Lub Eye drops, PM Lub eye 
oint, Plus lub eye drops, 
Tears lub eye drops (3/08) Allergan 


Relief Redness Reliever 
Lubricating Eye Drops  (3/08) Allergan 
Relpax tabs (3/08) Pfizer 
Remeron Tabs, SolTab (3/08) Organon 
Rescula (2/07) Novartis 
Restoril caps (2/07) Merck 
Revatio tabs (3/08) Pfizer 
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ReVia (3/08) Barr 


Rhinocort 
inhaler, aqua nasal inhaler 
(3/08) Astra Zenaca (800-236-9933) 


Rifadin Caps, IV (3/08) Sanofi Aventis 
Ritalin, Ritalin SR, LA (2/07) Novartis (800-526-0175) 


Robitussin  


Caps, softgels, syrup, cough 
drops [cough and cold long 
acting (1/07)] Whitehall-Robbins (800-322-3129) 


Roho V Ice V for Eyes, Zi for Eyes (3/08) Mentholatum 


Rugby 


Cal carbonate, cal chew, cal 
600 D, cal gluconate, cal 
lactate, cal 600, chewable 
vite, chewable vite w/iron, 
cod liver oil caps, Daily 
Vitamins liq (only), fer-iron 
drops, high B complex, multi 
tabs; poly vit--chew tabs, 
drops, w/iron chew tabs; 
Prenavite—tabs FC, Tabs 
Protein Coated; B-1, B-12, B-
6, C chew, C syrup, C tabs, E 
caps, Vit for Hair captabs, 
Daily Vite Men’s Formula, B 
complex gelcaps, Vita-Bee 
w/C captabs, C w/rosehips 
tabs, Bee-Zee tabs, beta 
carotene caps, biotin tabs, 
cerovite adv. formula tabs, 
cerovite Jr. chew tabs, 
cerovite sr. tabs, citrus 
calcium-D tabs, folic acid 
tabs, niacin--tabs, timed 
release, extended release 
(2/07) Rugby 


Rulox Antacid  Susp., plus antacid (3/08) Rugby 
Ryna All (3/08) Medpointe 


Rynatan 
Ped susp,  tabs, pediatric 
chewable (3/08) Medpointe 


Rynatuss Tabs, ped. susp. (3/08) Medpointe 
Safe Tussin DM liq. (3/08) Kramer Lab 
Saline Nasal Spray (2/07) Taro 
Sandimmune IV, oral sol, soft caps (2/07) Novartis (800-526-0175) 
Sandostatin LAR (2/07) Novartis (800-526-0175) 
Scooter Rabbit Vit C (3/08) Carlson 
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Scot-Tussin 


Diabetes cough form, DM 
sugar free, Forte2 
Sugar/Alchl Free, orig, sugar 
free, senior sugar free, sugar 
free allergy formula, sugar 
free expectorant (3/08) Scot-Tussin www.scot-tussin.com 


Seasonal Allergy (3/08) Hyland’s 


Selsun 
lotion, susp., blue lotion 
(3/08) Ross 


Senokot 
Tabs, S tabs, Xtra tabs (not 
granules, syrup) (3/08) Purdue Frederick 


Septra  Tabs, susp, DS, IV  (3/08) King/Monarch 
Serentil Tabs (not conc.) (3/08) Boehringer Ingelheim 
Seroquel tabs (3/08) Astra Zenaca (800-236-9933) 
Silvadene Cream (3/08) King/Monarch 
Simethicone Gas Relief drops, tabs (3/08) Rugby 
Similac All (3/08) Ross (800 227-5767) www.ross.com 
Simply Sleep caps (3/08) McNeil 
Simply Stuffy Cough liq, (10/06) McNeil 
Sinemet, Sinemet CR tabs (3/08) Bristol-Myers Squibb (800-321-1335) 


Singulair 
Oral granule, chewable  
(3/08) Merck (800-942-7344) 


Sinus (3/08) Hyland’s 
Skelaxin Tabs (3/08) Monarch, King (800 840-5370) 
Skin Therapy  oint (3/08) Hyland’s 


Slo Niacin (controlled 
release) (2/07) Upshur-Smith 
Sloan’s Liniment (09/05) Lee 


Solarcaine 


Extra relief gel, spray, 
Medicated First Aid Spray 
(3/08) Schering Plough 


Solgar   Most—check label (877 765-4274) www.solgar.com 
Soma w/codeine (3/08) Medpointe 
Sonata (3/08) King/Monarch 
Sore Throat (3/08) Hyland’s 
Sotalol HCL Tabs (3/08) Mylan (800 796-9526) 
Sotalol HCL Tabs (3/08) Teva 
Spiriva Handihaler (3/08) Boehringer Ingelheim 
Spironolactone (3/08) Mylan (800 796-9526) 
Spironolactone (3/08) Pfizer (Greenstone) 


Spironolactone & 
hydrochlorothiazide (3/08) Pfizer (Greenstone) 
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Spironolactone & 
hydrothiazide (3/08) Mylan (800 796-9526) 
Sporonox caps, inj, oral sol (3/08) Ortho McNeil (800 634-8977) 
St. Joseph aspirin Enteric, chewable (3/08) McNeil 
Starlix tabs (2/07) Novartis 
Stool Softener Softgel caps (3/08) Rugby 
Strattera (3/08) Eli Lilly/ Dista 
Sucralfate tabs (3/08) Teva 
Sucrets 4-hr cough suppressant (7/06)  
Sular Tabs (3/08) Sciele 
Sulfacetamide Sodium Sol (3/08) Falcon 


Sulfamethoxazole & 
trimethoprim tabs (3/08) Teva 
Sulindac (3/08) Mylan 
Sultrin Triple Sulfa cream, vag. tabs (3/08) Ortho McNeil 


Summer's Eve  


anti itch cloths, gel,special 
care cream, special care med 
douche, special care med 
powder, vag. Lubricant, vag. 
moisturizer (3/08) Fleet 


Super Poligrip All (Except powder) (07/06)  
Sustiva caps (3/08) Bristol-Myers Squibb (800-321-1335) 
Sutent caps (3/08) Pfizer 
Symbyax (3/08) Eli Lilly/ Dista 
Symmetrel (2/07) Novartis 
Synalar Cream, oint, sol (3/08) Medicis 
Synthroid (2/07) Abbott (800 255-5162) 
Systane Eyedrops (3/08) Alcon Research 
Tamiflu Caps, oral, tabs (3/08) Roche 
Tamoxifen citrate Tabs (3/08) Teva, Barr, Mylan (800 796-9526) 
Tarka Tabs (3/08) Abbott (800-255-5162) 
Tazorac Cream, gel (3/08) Allergan 
Tea Tree Oil (3/08) Nature's Bounty 


Tears Naturale 
PM lub eye oint, II, Forte, 
Free (3/08) Alcon 


Teething gel, tabs (3/08) Hyland's 
Tegaderm trans. Dressing all (3/08) 3M Skin Health 
Tegagel Wound Filler (2/07) 3M Skin Health 
Tegagen dressings HI, HG alginate (3/08) 3M Skin Health 


Tegapore Wound Contact 
Material (3/08) 3M Skin Health 
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Tegasorb dressing 
Hydrocolloid, Thin, sacral 
design (3/08) 3M Skin Health 


Tegretol, Tegretol XR, PM (3/08) Novartis (800-526-0175) 
Temazepam (3/08) Mylan 
Temazepam (2/07) Novartis (800-526-0175) 
Temodar Caps (3/08) Schering 
Tenormin tabs, IV inj. (3/08) Astra Zenaca (800-236-9933) 
Tequin  (2/07) Bristol-Myers Squibb (800-321-1335) 
Terazol Cream, supp (3/08) Ortho McNeil 
Terconazole cream (3/08) Taro 
Teslac Tabs (2/07) Bristol-Myers Squibb (800-321-1335) 
Testaderm TTS (2/07) Ortho McNeil 
Tetracycline (3/08) Barr 
Tetracycline HCL  (2/07) Mylan 


Teva 
Multi w/fluoride & iron tabs 
(2/07) Teva 


Theolair tabs, -SR (2/07) 3M 
Theophylline ER caps, tabs (3/08) Forest 
TheraFlu  all (3/08) Novartis 
Therems-M  Film Coated tabs (3/08) Rugby 
Thyrolar (3/08) Forest (800 678-1605) 


Tigan 
Caps, suppos.(3/08);  inj 
(2/07) King/Monarch 


Timolol maleate ophth sol (3/08) Allergan 
Timoptic, Timoptic-XE (3/08) Merck (800-942-7344) 
Tinactin All (3/08) Schering Plough 


TOBI (tobramycin inhalation 
sol. (2/07) Chiron 
TobraDex Susp, oint (3/08) Alcon Research 
Tobramycin Opth Sol (3/08) Falcon 
Tofranil, PM (2/07) Novartis (800-526-0175) 
Tolectin  DS (3/08) Ortho McNeil 
Tolmetin sodium Caps  (2/07) Teva 
Tolnaftate Cream, [powder (3/08)] Rugby 
Tonocard (3/08) Astra Zenaca (800-236-9933) 
Topamax Sprinkle, caps, tabs (3/08) Ortho McNeil (800 634-8977) 


Topicort 
Emollient cream, gel, oint 
(3/08) Medicis 


Toprol-XL Tabs (3/08) Astra Zenaca (800-236-9933) 
Torsemide Tabs (2/07) Roxane 
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Torsemide Tabs (3/08) Teva 
Tramadol HCL tabs (3/08) Mylan 
Transderm-Nitro (2/07) Novartis (800-526-0175) 
Trazodone HCL (2/07)(3/08) Barr 
Trazodone HCL tabs (3/08) Teva 
Trental Tabs (3/08) Sanofi Aventis (800 633-1610) 
Triaminic All (3/08) Novartis (800 452-0051) 
Triamterene Hctz (3/08) Barr 
Triamterene Hctz caps, tabs (3/08) Mylan (800 796-9526) 
Triazolam tabs (2/07) Roxane 
Trifluridine Opth Sol (3/08) Falcon 
Trileptal  (2/07) Novartis (800-526-0175) 
Trimox  capsules  (6/08) Bristol Myers Squibb 
Triple Antibiotic Oint (3/08) Rugby 
Trusopt (3/08) Merck (800-942-7344) 
Tums Ultra, Reg, E-X (3/08)  
Tussend Tabs, syrup, expec. (3/08) King/Monarch 
Tussigon Tabs (3/08) King/Monarch 
Tylenol All (3/08) McNeil (800-542-5365) 
Tylenol w/codeine elixir, tabs, caps(3/08) Ortho McNeil 
Ultrabrite toothpaste All (3/08) Colgate Palmolive (800 763-0246) 
Ultram (3/08) Ortho McNeil (800 634-8977) 
Ultravate Cream, oint (3/08) Bristol-Myers Squibb (800-321-1335) 
Uniphyl (3/08) Purdue Frederick 
Upset Stomach (3/08) Hyland's  
Urecholine tabs (3/08) Merck (800-942-7344) 
Urispas Tabs (3/08) Ortho McNeil 
Usanimals Children’s multi (3/08) Usana www.usana.com 
Vaginitis (3/08) Hyland's 


Vagisil 


Crème, foaming wash, 
intimate lub, max strength, 
yeast itch control, deod. 
Powder (3/08) moisturizer 
(2/07) Combe 


Valcyte (3/08) Roche (800 526-6367) 
Valium (3/08) Roche 
Valproic acid syrup (3/08) Teva 
Vancocin HCl Oral (3/08) Eli Lilly/ Dista 
Vascor Tabs (3/08) Ortho McNeil 
Vasotec (1/07) Merck (800-942-7344) 
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Vepesid Caps (3/08) Bristol-Myers Squibb (800-321-1335) 
Veracolate Laxative Tabs (3/08) Numark 
Verapamil HCL tabs, ER tabs (3/08) Mylan (800 796-9526) 
Vesanoid caps (3/08) Roche 
Vfend oral susp., tabs (3/08) Pfizer 


Viactiv soft calcium chews 
(w/ vitamin D and K) (7/06) 


McNeil Nutritionals (877-viactiv) 
www.viactiv.com 


Viagra Tabs (3/08) Pfizer (800-438-1985) 
Vibramycin Caps, tabs, susp, syrup (3/08) Pfizer (800-438-1985) (884 381-1985) 


Vicks 


Dayquil liq multisymptom; 
44, 44D, 44E, 44M, Dayquil 
liquicaps, Nyquil Children's 
cold/cough, Nyquil cold/flu; 
Children’s cold/cough; vapor 
inhaler, vaposteam (3/08) 
[cough drops-cherry (1/07)] Procter & Gamble Healthcare 


Vicks Sinex 
12-hr nasal spray , nasal 
spray, ultra fine mist (2/07) Procter & Gamble Healthcare 


Vicodin ES tabs, HP tabs, tabs (3/08) Abbott (800-255-5162) 
Vicoprofen tabs (3/08) Abbott (800-255-5162) 
Vi-Daylin (3/08) Ross 


Videx 
tabs, EC, caps, pediatric 
powder (3/08) Bristol-Myers Squibb (800-321-1335) 


Viroptic Sol (3/08) King/Monarch 
Visken Tabs (2/07) Novartis (800-526-0175) 
Vivelle, vivelle Dot (2/07) Novartis (800-526-0175) 
Voltaren, Voltaren XR Tabs (2/07) Novartis (800-526-0175) 
VoSol, VoSol-HC (2/07) Medpointe 
WalFinate Allergy Tabs  (2/07) Walgreens 


Walgreens Pharmacist's 
Support Men's Prostate 
Health Formula Softgels (3/08) Walgreens 
Warfarin sodium tabs (3/08) Barr 
Warfarin sodium tabs (2/07) Bristol-Myers Squibb (800-321-1335) 


WellPatch Arthritis Pain 
Relieving Pads (3/08) Mentholatum 


WellPatch Cough and Cold (3/08) Mentholatum 


Witch Doctor Skin Treatment Pads, lotion (3/08) Fleet 
Wound Wash Saline (3/08) Blairex Labs 
Xeloda (3/08) Roche 
Zantac 75 (3/08) Pfizer Consumer 
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Zaroxolyn Tabs (3/08) UCB 
Zerit Caps, oral (3/08) Bristol-Myers Squibb (800-321-1335) 
Zestoretic tabs (3/08) Astra Zenaca (800-236-9933) 
Zestril tabs (3/08) Astra Zenaca (800-236-9933) 
Zetia (3/08) Merck (800-942-7344) 
Ziac tablets (6/08) Barr 
Zithromax Tabs, caps, susp, (3/08) Pfizer 
Zocor (3/08) Merck (800-942-7344) 
Zolinza (3/08) Merck 
Zoloft (3/08) Pfizer (800-438-1985) 
Zolpidem Tartrate (7/08) Caraco 
Zomig Nasal spray Astra Zenaca (800-236-9933) 
Zonisamide (3/08) Barr 
Zonisamide caps  (3/08) Mylan 
Zonisamide caps  (3/08) Teva 
Zyprexa Tabs, intrmusc., zydis (3/08) Eli Lilly/ Dista 


Zyrtec, Zyrtec-D 
Syrup, tabs, ER tabs (3/08) [ 
children’s liq (5/06)] Pfizer (800-438-1985) 


Zywobin Forte Dig. Enzyme (3/08) Cardiovascular Research 
 
*Sources:  Bess, Rabbi Gershon, “Passover: Medicines and Cosmetics—2008, 2007, 2006, 2005” Kollel Los 
Angeles.  “Medications/Vitamins/Supplements that May/Do Contain Chometz,” www.kashrut.com accessed 
3/28/2006. Gluten-Free Product List of the Celiac Disease On-Line Support Group—Delphi Forum, various dates. 
Clan Thompson Celiac Newsletter, various dates. 
 





























































ABSTRACT


Anecdotal reports have suggested that selective serotonin


reuptake inhibitors (SSRIs) may cause suicidal or violent behavior


in some patients. Because of the publicity surrounding certain


events, and the numerous lawsuits that have been filed, a review of


benefits and risks is needed.


At most 30% of patients receive a benefit from SSRIs beyond the


large placebo effect in certain mental conditions, especially


depression, according to a recent meta-analysis of published trials.


An equally recent meta-analysis of all SSRI trials submitted to the


FDA showed a small benefit for the severely depressed patients


only. Many early unpublished trials did not show any benefit.


Adverse effects are common, occurring in up to 75% of


subjects. Severe adverse effects may be underreported. Meta-


analyses of controlled trials did not include any actual suicides or


murders, but only suicidality, some finding, in 1991 and 2007, no


evidence even of suicidality. Other meta-analyses using many of


the same trials found that suicidality doubled to 1 in 500 on SSRIs


compared with placebo or non-SSRI antidepressants, but did not


include any actual suicides or murders. The trial designs were


devised by SSRI makers to prevent reports of suicides, by


eliminating subjects with the slightest trace of suicidal tendencies.


Retrospective studies by others showed actual suicides on SSRIs


with a relative risk (RR) of 2–3 compared with non-SSRI


antidepressants, with an increased incidence of 123/100,000.


Lower doses than the smallest available ones were found to


maintain benefits in a majority of patients while reducing risks.


No causal connection between SSRIs and suicide and/or


violence has been proved; neither has it been ruled out. Physicians


need to be vigilant, and aware of legal precedents that may subject


them to enhanced liability when prescribing these drugs.


The Genesis of SSRIs


Fluoxetine (Prozac in the U.S., see Table 1), introduced in 1988


to combat depression, was the fourth selective serotonin reuptake


inhibitor (SSRI) on the U.S. market, after being seriously


considered by Eli Lilly as an antihypertensive drug. Unlike the


earlier “tricyclics” (amitripyline, clomipramine, dothiepin,


imipramine, etc.) and other drug classes, SSRIs acted on the brain


to raise levels of the neurotransmitter serotonin without raising the


levels of norepinephrine. This was thought to be a benefit in


treatment of depression, and later anxiety, panic, social phobia,


obsessive-compulsive disorder (OCD), and many other


conditions. The SSRIs listed in Table 1 are among the most


frequently prescribed in the U.S., and compete with the five non-


SSRIs shown, and others.
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Benefits of SSRIs


A prominent recent meta-analysis of Bridge et al. included 27


trials of SSRIs for three defined mental conditions: major


depressive disorder (MDD), OCD, and non-OCD anxiety disorders.


Benefits, compared with placebo, were found to be highly


statistically significant. For MDD, data from 13 trials showed


benefit in 61% vs. 50% on placebo, a gain of 11% absolute


(NNT=10), <0.001 for all ages of participants. For OCD, data


from six trials showed benefit in 52% vs. 32% on placebo, a gain of


20% absolute (NNT=5), <0.001 for all ages. For non-OCD


anxiety, data from 6 trials showed benefit in 69% vs. 39% on place-


bo, a gain of 30% absolute (NNT=3), <0.001 for all ages. These


results represent the maximum expectation of benefit from SSRIs


since 22 of the 27 trials were financially supported by SSRI makers,


and thus subject to the routinely positive bias of industry-sponsored


clinical trials.


Jay S. Cohen, M.D., author of the 2001 book


, wrote that half his patients did well on


fluoxetine, but he noted a high incidence (50%) with side-effects.


Cohen also cited a pre-approval study showing that the standard 20 mg


per day starting dose helped 65% of patients, while 5 mg helped 54%,


so Cohen became one of the pioneers in using lower doses before Lilly


made them available. The 1996


entry for paroxetine, at least, confirmed that the 17 most common


side-effects were dose-dependent.


In four observational cohort studies of four common SSRIs


reported by physicians as part of the prescription-event monitoring


program in the UK, with more than 10,000 patients in each drug


group, only 36% of the physicians reported fluvoxamine as effective,


compared with 60% for fluoxetine, sertraline, and paroxetine. These


possible benefit rates, which include the placebo effect, parallel the


percentage of patients remaining on the drug for 2 months.
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Table 1. Commonly Prescribed SSRIs and Other Antidepressants


Selective Serotonin
Reuptake Inhibitor (SSRI) Drugs:
More Risks Than Benefits?


USA Trade Name Generic Name


SSRIs
Celexa
Luvox
Paxil
Prozac
Zoloft


non-SSRIs
Effexor
Remeron
Serzone
Wellbutrin


(UK)


citalopram
fluvoxamine
paroxetine
fluoxetine
sertraline


venlafaxine
mirtazapine
nefazodone
bupropion
dothiepin
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An old trial of placebo for anxious and depressed subjects


reduced distress in 43%. Three meta-analyses of the antidepressant


literature that appeared in the 1990s independently concluded that


two-thirds of the effectiveness attributed to SSRIs is actually


placebo effect. In a series of nine controlled studies on hospitalized


patients with depression, 57% of those given placebo showed


improvement in 2–6 weeks.


A 1998 meta-analysis of 47 trials on antidepressant medication


including SSRIs indicated that 75% of the response to them was


duplicated by placebo. This meta-analysis was criticized on several


grounds. Therefore, Irving Kirsch, Ph.D., of the University of


Connecticut, with other authors, obtained data submitted to the


FDA on every placebo-controlled clinical trial on the six most


widely used SSRIs, and published a meta-analysis on 47 trials,


finding a small, clinically insignificant effect. This work was


updated in 2008:


Analyses of datasets including unpublished as well as


published clinical trials reveal smaller effects that fall well


below recommended criteria for clinical effectiveness.


Specifically, a meta-analysis of clinical trial data submitted


to the U.S. Food and DrugAdministration (FDA) revealed a


mean drug–placebo difference in improvement scores of


1.80 points on the Hamilton Rating Scale of Depression


(HRSD), whereas the National Institute for Clinical


Excellence (NICE) used a drug–placebo difference of three


points as a criterion for clinical significance when


establishing guidelines for the treatment of depression in the


United Kingdom.


Kirsch et al. concluded that the updated findings from 35


carefully vetted trials suggest that, compared with placebo, the four


new-generation antidepressants (fluoxetine, venlafaxine,


nefazodone, and paroxetine) do not produce clinically significant


improvements in depression in patients who initially have


moderate or even severe depression. They show statistically


significant but clinically minor effects only in the most severely


depressed patients. Moreover, the significance of the effect


probably is based on a decreased responsiveness to placebo, rather


than increased responsiveness to medication. Given these results,


the researchers conclude that there is little reason to prescribe new-


generation antidepressant medications to any but the most severely


depressed patients unless alternative treatments have been


ineffective. In addition, they write that the decreased placebo


response in extremely depressed patients, combined with a


response to antidepressants comparable to that of less severely


depressed patients, is a potentially important insight that should be


investigated further.


Even these unimpressive findings exaggerated the benefits of


antidepressants. In three fluoxetine trials and in the three sertraline


trials for which data were reported, the protocol allowed


replacement of patients who, in the investigators’ judgment, were


not improving after 2 weeks. The trials also included a 1–2 week


washout period, during which patients were given a placebo prior to


randomization. Those whose scores improved 20% or more were


excluded from the study. In 25 trials, the use of other psychoactive


medication was reported. In most trials, a chloral hydrate sedative


was permitted in doses ranging from 500 mg to 2,000 mg per day.


Other psychoactive medication was usually prohibited but still


reported as having been taken in several trials.
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Perhaps such considerations led David Healy, M.D., an SSRI


expert, to his conclusion that “...these drugs do not convincingly


work….” His evidence came from early unpublished clinical trials


whose results were revealed to him at FDAhearings. For fluoxetine,


Healy noted four trials with a positive result and four without. For


sertraline, only one of five early studies showed benefit.


Because of the huge placebo effect, 32–75%, most physicians


unfamiliar with the studies revealing this effect are likely, in my


opinion, to say that one-third to two-thirds of their patients are


improved on SSRIs. This would also explain Dr. Jay S. Cohen’s


findings on lower doses of fluoxetine.


SSRIs reportedly interact with 40 other drugs to cause


“serotonin syndrome.” This presents as twitching, tremors, rigidity,


fever, confusion, or agitation. Serotonin/norepinephrine reuptake


inhibitors (SNRIs) also may cause serotonin syndrome by


interactions. Most tricyclic depressants do not have these


interactions, with the exception of amitriptyline.


In a controlled trial of paroxetine vs. clomipramine sponsored


by GlaxoSmithKline, 75% of the subjects had an adverse effect on


paroxetine, 21% had a severe adverse effect, and 13% committed a


suicidal act (1 in 8). The 1996 ( )


entry for paroxetine lists 17 side-effects with an incidence of ≥5%


for approved doses. They are: asthenia, sweating, constipation,


decreased appetite, diarrhea (up to 15%), dry mouth (up to 21%),


nausea (up to 36%), anxiety, dizziness, nervousness, paresthesia,


somnolence (up to 22%), tremor (up to 15%), blurred vision,


abnormal ejaculation, impotence, and other male genital disorders.


Fully 31 additional side effects with an incidence at least 1% greater


than placebo were listed, including uncontrollable yawning.


Murder, suicide, and suicidality were included. Nor were they


on comparable lists for fluvoxamine, or sertraline.


For fluvoxamine, suicide were separately listed as


“infrequent.” For fluoxetine, suicidal ideation was listed as a


voluntary report not proved to be drug related. For sertraline,


suicidal ideation and attempt were listed separately as “infrequent.”


The entry for venlafaxine was: “…the possibility of a suicide


attempt is inherent in depression.”


Not found in the was weight gain, which Cohen lists as a


serious side effect.


Typical dropout rates in recent trials are claimed to be 5% (see


below), but these must be short trials, or trials with a run-in period. In


a meta-analysis of 62 earlier trials with a total of 6,000 subjects, the


mean total dropout rate and the proportion of dropouts due to side


effects appear comparable to results in general practice: total dropout


rates of between 30% and 70% have been reported by 6 weeks, of


which some 30%–40% are attributed to side effects and the rest to


failure of treatment.


Early findings of severe adverse effects by SSRI makers came


to light only after the class was established. Of 53 healthy volunteer


studies on fluoxetine, the results of only 12 were openly reported.


From 35 healthy volunteer studies on paroxetine, pre-launch, the


results of only 14 appeared. From 35 pre-launch healthy volunteer


studies on sertraline, only seven appeared. Among the unpublished


trials, there was one in which all volunteers dropped out because of


agitation (akathisia). In published work on sertraline, data excluded


material on behavioral toxicity, including at least one suicide of a
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healthy volunteer, and in a different trial, 2 of 20 volunteers became


intensely suicidal. This last is consistent with the dropout rate of 5%


for agitation alone in actual trials. It is also consistent with Lilly’s


animal studies, in which previously friendly cats treated with


fluoxetine started growling and hissing—an unheeded warning.


Just a year after fluoxetine was introduced, Bill Forsyth of


Maui, Hawaii, had taken it for only 12 days when he committed one


of the first murder/suicides attributed to any SSRI. In the same year


Joseph Wesbecker killed eight others and himself in a Louisville,


Ky., printing plant where he worked, after 4 weeks on fluoxetine.


Yet as early as 1986, clinical trials showed a rate of 12.5 suicides per


1,000 subjects on fluoxetine vs. 3.8 on older non-SSRIs vs. 2.5 on


placebo!An internal 1985 Lilly document found even worse results


and said that benefits were less than risks. Such documents were


released into the public domain by Lilly as part of the settlement in


the Wesbecker case. Fifteen more “anecdotes” of murder/suicide,


three with sertraline, were listed by DeGrandpre.


Lilly’s denials of a link to murder/suicide on national television


and elsewhere cited a sponsored meta-analysis in in 1991,


which exonerated fluoxetine as a cause of suicidal acts or thoughts


without even mentioning actual murder or suicide. This study


included only 3,067 patients of the 26,000 in the clinical trials it


utilized. None of the trials had a declared endpoint of suicidality.


Some of the trials had been rejected by the FDA. No mention was


made that Lilly had had benzodiazepines co-prescribed to minimize


the agitation that had been recognized with fluoxetine alone. The


5% dropout rate for anxiety and agitation (akathisia) would have


taken out the most likely candidates for suicide. Nevertheless, the


1991 study had its intended effect. For example, in 2006 a 900-page


tome entitled , which was aimed at attorneys, cited


this study, and failed lawsuits concerning SSRIs.


The 2007 meta-analysis by Bridge et al. may be influenced by


indirect conflicts of interest that are hard to prove based on the


financial disclosures. Their paper pooled excess risk above placebo


for “suicidal ideation/suicide attempt” from 27 trials. The excess


risk was said to be 0.7% and statistically significant across all


indications, but significant within each indication. Of the 27


trials, only five were sponsored by the drug maker, and one of


these, the 2004 Treatment forAdolescents with Depression (TADS)


study of fluoxetine, had the highest rate of suicidality—7% above


placebo. Most of the same trials were used in a meta-analysis by the


FDA, which found a statistically significant excess risk of 2% (4%


vs. 2% on placebo, 1 in 50 more). Bridge et al. used a random-


effects calculation, while the FDA used a fixed-effects calculation.


In commenting on the negative findings, Bridge et al. write: “No


study [in our meta-analysis] was designed to examine suicidal


ideation/suicide attempt as a study outcome, and in fact most trials


were conducted in patients who had been carefully screened to


exclude youths at risk.” No actual murders or suicides associated


with SSRI use were reported. Did the designs of the studies


preclude detection or reporting?


The Bridge meta-analysis was not just a vindication of SSRIs,


as communicated to the by Gilbert Ross, M.D.,


Medical Director of the American Council on Science & Health.


Ross went further, commenting that the FDA “Black Box warning”


(see below) was counterproductive because it was discouraging the


use of antidepressants! Ross speculated that the lethal rampage of


the Virginia Tech shooter might have resulted from premature


cessation of medications.
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SSRIs in general have long lifetimes in the body. Fluoxetine and


its active metabolite in particular have a half-life of 16 days,


according to the 1996 . In a reexamination of trials in which


suicides or attempts during the inadequate washout period were not


blamed on the drug, it was shown that the relative risk (RR) of


suicidal acts ranged from 3 for sertraline to 10 for fluoxetine.


A concurrent meta-analysis of 24 trials by Kaizar et al. utilized


Bayesian statistics, a valid choice, in my opinion, because data do not


have to follow a Gaussian or normal curve to yield valid results, and


this method can be used to revise probabilities to determine whether a


specific effect was due to a specific cause. They found an


association between SSRI use and suicidality with odds ratios of 2.3


(95% confidence interval [CI] 1.3-3.8), when the diagnosis was


MDD, not OCD, anxiety, nor ADHD. Non-SSRI antidepressants


were said to have no association with suicide. This supports the


FDA’s findings and requirement, as of October, 2004, for a Black


Box warning for all SSRIs, to monitor children and adolescents for


suicidality. Kaizar et al. were concerned that there were no completed


suicides among 4,487 subjects in the trials; that the trial times were


too short at median length of 8 weeks; and that in 10 of the 12 MDD


studies,


Again, there was no citation of actual suicides


associated with SSRIs and no citation of Healy’s work.


Healy reviewed epidemiologic studies that have been cited to


exonerate SSRIs. One was analyzed by Healy to show a threefold


increase in suicidality compared with other antidepressants.


While “treatment-related activation” has been considered


primarily with regard to suicidality, it can lead to harm to others as


well as to self. Healy summarized data on “hostile episodes”


provided by GlaxoSmithKline from placebo-controlled trials with


paroxetine in subjects of all ages: 9,219 on paroxetine and 6,455 on


placebo. The rubric of “hostility” was used in the trial to code for


aggression and violence, including homicide, homicidal acts, and


homicidal ideation, as well as aggressive events and “conduct


disorders.” No homicides were reported from these trials. Overall,


during both therapy and withdrawal, the RR was 2.1 for hostile


events. In children with OCD the RR was 17. Separately, in healthy


volunteer studies, hostile events occurred in 3 of 271 subjects on


paroxetine vs. none of 138 on placebo. In trials of sertraline on


depressed children submitted by Pfizer, 8 of 189 subjects


discontinued for aggression, agitation, or hyperkinesis (a coding


term for akathisia), compared with 0 of 184 on placebo. In clinical


practice, the term akathisia has been restricted to demonstrable


motor restlessness, but if that is the only effect, it would have been


called dyskinesia according to Healy, who cites four studies linking


akathisia to both suicide and homicide.


Actual suicides were combined with suicide attempts in a 2005


meta-analysis of 702 trials of SSRIs vs. either placebo or an active


non-SSRI control. Studies were rejected if the citation was a


review, a result of duplicate publication, too short, crossover, or had


no reporting of actual or attempted suicide. The studies meeting the


criteria included 88,000 patients. For attempted suicide, the RR was


2.3 for SSRIs vs. placebo (95% CI, 1.14-4.55). The number needed


to treat to harm (sometimes called the “reverse NNT”) was 1 in 684.


There was no difference in actual suicide. Of the 702 trials, 104


failed to report adverse events below a certain pre-set limit of 3%,


5%, or 10% of patients. Only 493 trials reported dropout rates, with


a mean of 29%, and the mean follow-up time was only 11 weeks.


Thus, there was clearly gross underreporting of adverse effects.


PDR


children and adolescents with an elevated baseline risk of


suicide were excluded.


21


22


23


16,17,24


16


17


17


25
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More importantly, because actual suicides are involved, Healy


cited a study by Donovan et al. that demonstrated a RR=3.4


( <0.01) for SSRIs compared with all non-SSRI antidepressants


involving 222 actual suicides, of which 41 were among patients


who had an SSRI within a month of their suicide. Also the British


Drug Safety Research Unit recorded more than 110 suicides in


50,000 patients taking an SSRI, an incidence of 219/100,000


compared with 96/100,000 for the non-SSRI mirtazepine


(Remeron), an increase of 123/100,000, or 1 in 813 (Table 2). Thus


the RR for actual suicide in patients taking SSRIs was 2.3 (or 2.8 for


paroxetine). Even here, though, no murders were listed.


In another study cited by Healy, Jick et al. reported 143 actual


suicides among 172,598 patients taking antidepressants. The


relative risk of suicide in patients taking fluoxetine was 2.1,


compared with those taking the tricyclic antidepressant dothiepin.


The risk was not age-dependent.


SSRI makers keep insisting that there will be more suicides if


SSRIs are used as frequently as now. But the RR of 2–3 shown in


studies is a number that the number of suicides that may


have been prevented, so SSRI use is associated with more suicides,


not fewer.


The International Coalition for Drug Awareness in cooperation


with the Prozac Survivors Support Group has produced a website on


which about 1,600 violent incidents associated with SSRI use are


described (www.ssristories.com/index.php). The first column on the


type of incident (murder, school shooting, etc.) is a hot link to a publicly


available description of the incident, typically a local newspaper article.


Aselection of 10 entries (rows) is presented here as Table 3.


About 360 suicides are tallied as well as about 400 murder


incidents, many of which were multiple murders, each linked to


26


26


16


27


P


not


net includes


SSRIs Provide 1,600Anecdotes of Violence


SSRI use (Rosie Meysenburg, personal communication, 2008 . As


the number of “anecdotes” exceeds 1,600—hardly a small


number—the association of SSRIs with murder/suicide, often


combined, must be taken seriously.


The SSRI website was searched to find combined


murder/suicide incidents attributed to a specific SSRI. There were


three for fluvoxamine, four for citalopram, 10 each for paroxetine


and sertraline, and 31 for fluoxetine. Where the studies above


substantiated suicide from SSRI use, the total on the SSRI website


of 48 simultaneous murder/suicide incidents associated with SSRI


use ties together SSRIs and murder. Since there were about two


murders per suicide, we may infer that the murder rate on SSRIs


could be about 250/100,000. Since no clinical trial involving


multiple homicides is ever likely to be run, no firmer evidence is


likely to be found. Healy noted that much of the evidence for suicide


and murder came from the efforts of journalists and lawyers.


Note that the website carries a prominent warning that “withdrawal


can often be more dangerous than continuing on a medication.”


Nine violent events cited elsewhere—seven court cases of


homicide (one attempted) and two assaults—were associated with


specific SSRIs: three with paroxetine, three with sertraline, two


with fluoxetine, and one with venlafaxine.


Skeptics have cast doubt on whether the prescribed SSRIs were


actually taken, especially since many medical records of juveniles


were sealed. In the Columbine, Colo., shootings the toxicology


report showed “therapeutic” levels of fluvoxamine in one of the


shooters. The Red Lake, Minn., shooter had fluoxetine found,


according to news items referenced on the website.


A2004 editorial in by Simon Wessely, M.D., a spokes-


man for Eli Lilly, and Robert Kerwin, Ph.D, cited only a single


paper by Healy as a source of claims of suicidality that have found a


receptive media audience. Tellingly, the only study described at


length is by Jick et al. on the correlation of SSRI use and “attempted


suicide,” in which the rates on dothiepin, amitriptyline, fluoxetine


and paroxetine were not statistically different.Actual suicides in this


study (seven on SSRIs) were not mentioned by Wessely and Kerwin,


nor were the 143 suicides in Jick’s earlier paper. Jick et al. have


been supported partially by GlaxoSmithKline and Pfizer. No study


that reported actual suicides on SSRIs was described in detail, let


alone refuted. Wessely and Kerwin wrote: “The problem is that


depression is unequivocally and substantially associated with


suicide and self-harm.” True, but this not the truth.


)


12


17


28


24


29


27


JAMA


whole


12,692


10,983


13,741


12,734


50,150


13,554


31


20


37


22


110


13


244


183


269


173


219


96


Drug No.
Patients


No.
Suicides


Incidence/100,000


SSRIs


Fluoxetine


Fluvoxamine


Paroxetine


Sertraline


Total SSRI


Mirtazapine


Source: British Drug Safety Research Unit, adapted from Healy, 200316


Table 2. Suicides Related to SSRIs or Mirtazapine


Table 3. Selected Violent Incidents Associated with SSRI Use


Source: List of 1,600 violent incidents found at www.ssristories.com/index.php. Accessed Feb 21, 2009.


Prozac


Zoloft


Luvox/Zoloft


Prozac


Celexa


Paxil


Paxil


Prozac


Prozac


Effexor/Zoloft


Minnesota


South Carolina


Colorado


Oregon


North Carolina


Wyoming


England


Louisiana


Kentucky


Nebraska


10 dead, 7 wounded: dosage increased one week before rampage


15 year old shoots two teachers, killing one: then kills himself


Columbine High School: 15 dead, 24 wounded


Four dead, twenty injured after Prozac withdrawal


Teen shoots at two students: kills his father


Jury finds Paxil was cause of murder-suicide


Man cleared of charges due to Paxil withdrawal defense


Not guilty by reason of Prozac induced insanity: mother kills daughter


Nine dead, 12 wounded in workplace shooting


11 year old hangs himself: lawsuit


School Shooting


School Shooting


School Shooting


School Shooting


School Shooting


Murder-Suicide


Robbery/Armed


Murder


Murder-Suicide


Suicide


INCIDENT TYPE DRUG DATE LOCATION ADDITIONAL INFORMATION


March 24, 2005


October 12, 1995


April 20, 1999


November 5, 1999


August 30, 2006


August 9, 2001


August 10, 2003


July 11, 2003


September 14, 1989


October 6, 2004
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The legal defense by Lilly, repeated by the media and others, is


that any suicides are caused by the condition, depression, not by


their drug—whether the violence is associated with short-term drug


use, long-term drug use, increased doses, withdrawal, or


rechallenge. There is no website, as far as I know, for violent acts


committed by persons who never received SSRIs, or for total


violent acts; hence the denominator for violent acts is not known.


Also unknown is the fraction of potentially violent persons who are


treated with SSRIs, or of persons treated with SSRIs who are


potentially violent. The published studies on actual suicide,


however, compare patients on SSRIs with similar patients on non-


SSRI antidepressants or placebo. Children diagnosed with OCD,


not depression, also became suicidal on SSRIs, as did healthy


volunteers. Actual two- to threefold increases in suicide rates have


been demonstrated as well as they could be. How else could


such effects be demonstrated? Who would submit, and what


institutional review board or human subjects committee would


approve a study explicitly designed to show whether assaultive,


homicidal, or other violent behavior increases in subjects


prescribed the study drug?


Denial by SSRI makers of culpability for these risks continues


to this day. Whether physicians’ acting on the Black Box warnings


of 2004 and 2007 for all SSRIs will diminish the incidence of


murders and suicides is not yet known.


Following the introduction of fluoxetine in 1988, only a year


passed before an early user committed multiple murders and suicide;


many other examples followed. More than 200 lawsuits have been


begun by users of SSRIs and victims’ families charging wrongful


death or failure to warn; these have had mixed outcomes. There is now


legal precedent for SSRIs as a cause of murder, and the maker of the


SSRI is potentially liable for damages, according to David Healy.


Eli Lilly responded with total denial to the lawsuits claiming a


link between fluoxetine and violence. Several claims were settled


out of court with secret details and no admission of guilt. The


Australian David Hawkins was freed from a murder charge by a


finding of temporary insanity caused by using sertraline. Tim Tobin


of Wyoming won $6.4 million from SmithKline Beecham when a


jury found that a murder/suicide committed by Donald Schell was


attributable to use of paroxetine. There are four other homicide


cases in which the SSRI was deemed to have contributed, resulting in


a suspended sentence in one case and an insanity verdict in another.


One case of homicide, with a guilty verdict and a life sentence,


followed a judicial ruling that akathisia was associated with SSRI


use, but that a causal relationship with homicide could not be argued;


thus the link of an SSRI with homicide was disallowed. This was in


direct conflict with the findings of the four trials cited above.


The SSRI website was searched to find murders related to a


specific SSRI whose perpetrators were acquitted based on


temporary SSRI-induced insanity. There were two cases with


sertraline, four cases with paroxetine, and four cases with


fluoxetine. So a precedent has been established for legal


recognition that an SSRI can be a cause for murder, and that the


drug maker can be found liable for damages. The notices of


suicidality for the SSRIs found in the PDR or package inserts before


2004 did not really warn of actual suicide or murder.


1,11,17


10-12


1


17


200 SSRI-related Lawsuits


The Black Box warning of 2004 about possible suicide in


children under 18 years of age did not cover adults or murder at any


age, so potential liability for the SSRI makers still exists. In 2007


the warning was extended to persons under age 25 years. David


Healy was quoted as saying that the warning was overdue, and that


the risk was not likely to disappear above age 25. This was shown


by the trials from GlaxoSmithKline on paroxetine cited above.


Antidepressants are extraordinarily difficult to assess for risks


or benefits in trials.


At most, 11%–30% of patients with depression or related


conditions who take SSRIs actually benefited beyond the placebo


effect on normal doses. Of the perceived benefit, 32%–67% can be


attributed to the placebo effect.


Adverse effects, mostly dose-dependent, will appear in up to


75% of patients on normal doses. Of these, studies suggest that


suicidality will be observed in an additional 2%–13% (1 in 50 to 1 in


8) of patients on normal doses, beyond what is seen on placebo or


many non-SSRI antidepressant drugs. This is sufficiently frequent


that a typical prescribing physician should observe examples in


routine practice.


The actual suicide rate could be about 123/100,000 (1 in 813)


higher in patients on SSRIs than in those on tricyclics or placebo.


Studies show that many more suicides are on normal


doses of SSRIs beyond what is seen on placebo or many non-SSRI


antidepressant drugs.


Available data suggest that actual murders may be committed at


about the rate of 250/100,000 (1 in 400) SSRI-treated patients


beyond what is seen on placebo or many non-SSRI antidepressant


drugs, and that many more murders will be attempted on normal


doses as well. While correlation does not prove causation, and


results of court trials are not medical science, the data for suicide are


solid, and the association of murder with suicide is


very suggestive.


Now that there is a stronger Black Box warning, physicians who


ignore it may be liable for damages; the warning primarily protects


the manufacturers of SSRIs.


There is obviously great peril in drawing conclusions about


causation from press reports or court decisions. While


manufacturers have a vested interest in exonerating their drugs,


plaintiffs have an interest in blaming it, and defendants in


exonerating themselves. We need careful, independent analysis of


existing study data. In addition to randomized controlled trials,


evidence from basic science (neuropharmacology) and


challenge/dechallenge/rechallenge investigations needs to be


sought. Both the public and individual patients are imperiled by an


incorrect answer to the pressing questions about these widely


prescribed drugs.


Future studies may show lower levels of murder and suicide


with close supervision, and with better matching of this drug type to


patient type.


30
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INTENDED USE STATEMENT
The content of this course is intended for informational purposes only. The medical information in this course is
intended as general information only and should not be used in any way to diagnose, treat, cure, or prevent any
disease. The goal of this course is to present and highlight nutritionally significant information, and offer
suggestions and protocols for nutritional support and health maintenance. Homeopathic protocols are intended
for use in symptom relief and OTC indications only.


It is the sole responsibility of the user of this information to comply with all local and federal laws regarding the use
of such information, as it relates to the scope and type of user’s practice.


The nutritional protocols and suggestions presented in this course are based on the presenter’s clinical experience
and research and are not intended to represent any claims regarding product performance or benefits by the
manufacturer, its distributors, or the sponsors of this seminar.


Statements regarding nutritional products in this seminar have not been evaluated by the Food and Drug
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Layout


• Day one
– Neurodegeneration review, Drug basics, Pathways, 


NMDA continuaiton, Glutamate, GABA, Pain, AcH.


• Day two
– Serotonin, Histamine, Sleep


• Day three
– Dopamine, Norepinephrine, Psychotics, 


movement disorderss







Lecture Goals
• Review last module. Neuronal life and death, excito-toxicity, inflammation, energy 


linked failure and diseases related to degeneration of the brain.   
• Add to concepts of neurodegeneration and expand on that concept or treatment.
• Basic concepts related to drugs in general.  Pharmacokinetics, dynamics and 


metabolism.
• Discuss each major neurotransmitter.  (Learn synthesis – degradation).
• Discuss symptoms related to individual transmitter changes.  
• Discuss major receptors and pathways related to each transmitters.  
• Discuss interactions of major neurotransmitters with each other. (Dynamic 


interactions).
• Discuss conditions related to neuro-chemical changes. (Discussion of specific disease 


states). Pain, Depression, psychosis, anxiety, cyclo-thymia, schizophrenia, sleep 
disorders, dementias, movement disorders and more.   


• Discuss supplements and conservative interventions that are used to treat various 
transmitter and neurocehmical disorders.


• Discuss classes of medications and the most commonly used medications in each class.  
A discussion will be offered that will give insight regarding when to used conservative 
measures verse medications or combine both.   


• Discuss functional neurology to treat various given conditions. 
• Discussion of other medical conditions that can contribute to an imbalance or 


disruption in brain function and neurochemistry.   







Nutrition


Functional Neurology


MedicationKnowledgeWellness











Review
• Neuron: Receptors – NMDA – AMPA – Kainate.  (Receptor components)
• Intracellular components: ER, Nucleus, Mitochondria, Membranes, Lysosomes
• Energy linked failure: NMDA sensitization, Mit failure, ab phos of membranes, tau 


and synuclein if pathologically present. 
• P.O.N activation – Apoptosis and death pathways.
• Intracellular calcium
• Glial cells
• BBB
• Synuclein
• Tau
• Autophagy
• CIS
• LTP
• TND


All of these concepts will be an 
integral part of this entire Lecture







Pharmacological principles
• We must take a minute to look at how various 


medications are going to work as well as look 
at the details related to pharmacokinetics, 
dynamics, metabolism and excretion.


• This includes receptor affinity.
• We will progress to various receptor types, 


transmitters affected and pathways involved 
and discuss nutritional, functional and 
medicinal activation.  







Most drugs :
enter the body (by mouth or injection or…) - must cross barriers to 


entry (skin, gut wall, alviolar membrane…..)
are distributed by the blood to the site of action - intra- or extra-


cellular - cross barriers to distribution (capillaries, cell wall….) -
distribution affects concentration at site of action and sites of 
excretion and biotransformation 


are biotransformed perhaps to several different compounds by 
enzymes evolved to cope with natural materials - this may 
increase, decrease or change drug actions 


are excreted (by kidney or …….) which removes them and/or their 
metabolites from the body


Pharmacokinetics is the quantification of these processes


Drug overview







Some drugs work outside the body (barrier creams, some 
laxatives) but most must:


• enter the body:
Given by: 


ENTERAL - oral, sublingual, buccal, rectal
PARENTERAL sc, im, iv, it 


• cross lipid barriers / cell walls:
gut wall, capilliary wall, cell wall, blood brain barrier


---- get into the body and (after distribution) to reach the cellular 
target ----


Absorption







• Enteral; oral, sub-lingual (buccal), rectal. Note soluble, 
enteric coated or slow release formulations


• Parenteral; iv, im, sc, id, it, etc. Different rates of 
absorption, different plasma peaks. Note iv infusors


• Skin; for local or systemic effect - note patches


• Lungs; inhalation; local or systemic effect?


• Vaginal; (usually local)


• Eye; (usually local)


Routes







• Disintegration of dosage form 
• Dissolution of particles
• Chemical stability of drug
• Stability of drug to enzymes 
• Motility and mixing in GI tract
• Presence and type of food
• Passage across GI tract wall
• Blood flow to GI tract
• Gastric emptying time 
• FORMULATION


Factors affecting absoprtion







• Depot injections (oily, viscous, particle 
size) 


• Multilayer tablets (enteric coated)
• Sustained release capsules (resins)
• Infusors (with or without sensors)
• Skin patches (nicotine, GTN)
• Pro-drugs
• Liposomes
Targeted drugs , antibody-directed


Preparations







Biotransformation of drugs


• Mutations allowing de-toxification of natural toxic 
materials are advantageous and are selected


• Drugs are caught up in these established de-toxification
processes


• Drugs may converted to 
less toxic/effective materials
more toxic/effective materials 
materials with different type of effect or toxicity







Types of biotransformation reaction
• Any structural change in a drug molecule may change its activity
• Phase I - changes drugs and creates site for phase II


– oxidation (adds O) eg. Microsomes (P450);


– reduction; hydrolysis (eg. by plasma esterases)
– others


• Phase II - couples group to existing (or phase I formed) conjugation site
– glucuronide (with glucuronic acid) sulphate others


Phase I Phase II


OH O-SO3



























Detoxi-genomic testing


• Can help if a patient has to take a drug long term.
• Can help you determine what might be the problem 


if a patient has a problems with a drug.
• Can help you look at underlying problems with 


neurological issues that might be related to 
detoxification issues.  


• In order to protect the brain, you may need to 
support the liver.  


http://www.genovadiagnostics.com/files/presentations/Report_Review/DetoxiGenom
ic/index.htm







The Agonist Spectrum


agonist


partial
agonist


antagonist


inverse
agonist


The beginning of the experience







pharmacological 
receptor subtypes


neurotransmitter
(master key)


We have to 
understand the 
receptor subtypes 
that correlate with
various transmitters
that correlate with 
various meds. 







The Agonist Spectrum


partial
agonist


antagonist


agonist


inverse
agonist


Different drugs have different affinities
Which equals different therapeutic results







No Agonist: Constitutive Activity 


3


Synthesis of a protein or an enzyme at a constant rate regardless 
of physiological demand or the concentration of a substrate.







Full Agonist: Maximum Signal Transduction
agonist


Big response, a high 
probability of adverse 
reactions.  







“Silent” Antagonist: Back to Baseline, 
Constitutive Activity Only, Same as No Agonist


3


antagonist


Often necessary to balance out the medicinal equation







Partial Agonist: Partially Enhanced Signal Transduction


partial agonist


May have a smoother 
physiologic response







FULL AGONIST --
light is at its brightest


PARTIAL AGONIST --
light is dimmed but still shining


NO AGONIST --
light is off


A nice analogy of function







inverse agonist


Inverse Agonist: Beyond Antagonism;
Even  the Constitutive Activity is Blocked







Agonist Spectrum
no agonist or silent antagonist


partial agonist


agonist


inverse agonist







Channel in its resting state in the 
absence of agonist.


agonist


Agonist binds to the receptor and the
channel is more frequently open.







Channel in its resting state.


antagonist


Antagonist binds to the receptor, not affecting
the frequency of opening of the channel 


compared to the resting 
state of no agonist.







The agonist causes the channel to 
become open more frequently.


agonist


antagonist


The antagonist takes over and puts
the channel back into the resting state.


agonist







Channel in its resting state.


partial
agonist


Partial agonist binds to the receptor and 
causes it to open more frequently than 


the resting state but less frequently
than with a full agonist.







Channel in its 
resting state.


The partial agonist 
causes the 


channel to open 
more frequently; 
in this case the 


partial agonist is 
having a net 


agonist action.


The full agonist 
opens the 
channel


maximally and 
frequently.


The partial agonist
causes the 


channel to open 
less frequently; 


in this case 
the partial agonist is 


having a net 
antagonistic action.


agonist


partial
agonist







Partial agonist binds to the receptor and 
causes it to open more frequently than 


the resting state. 


partial
agonist


antagonist


The antagonist causes
the channel to return to baseline.


partial
agonist







Channel in its resting state.


inverse
agonist


The inverse agonist causes the channel
to open very infrequently
and eventually stabilizes it


in an inactive state.


channel closed
and inactivated


channel closed







The inverse agonist causes the channel
to stabilize in an inactive form.


antagonist


The antagonist returns the channel to the 
resting state.


inverse
agonist







Closing and Inactivating Ligand-Gated Ion Channels by Inverse Agonists and Reversed by 
Antagonists


resting state 
stabilized by 
antagonist


inactivated state 
possibly reversed
immediately by an 
antagonist


resting state


closed state 
caused by inverse 
agonist







channel in resting 
state


channel 
open


channel 
closed


channel 
desensitized


channel 
inactivated







Opening, Desensitizing and Inactivating of 
Ligand-Gated Ion Channels by Agonists


desensitized state 
activated by 
prolonged agonist


order of hours


resting state open state 
activated by 
acute 
agonist


inactivated state 
not immediately 
reversed by
removal of agonist


order of hours







Positive Allosteric Modulation (PAM) 


When a neurotransmitter binds to receptors making up an ion channel, the channel 
opens more frequently.  However, when BOTH the neurotransmitter and


a positive allosteric modulator (PAM) are bound to the receptor, 
the channel opens much more frequently,


allowing more ions into the cell. 


binding site
within 
membrane 


NT1







NT1


Negative Allosteric Modulation (NAM) 


When a neurotransmitter binds to receptors making up an ion channel, the channel 
opens more frequently.  However, when BOTH the neurotransmitter and


a negative allosteric modulator (NAM) are bound to the receptor, 
the channel opens much less frequently,


allowing less ions into the cell. 


NAM
-







agonist


GABA benzodiazepine


positive 
allosteric 


modulation


open open
further


resting
GABA-A
receptors


Cl -







resting but blocked 
by Mg++


NMDA
receptors


Mg++


glutamate


glycine


co-agonists open the channel,
but it is blocked by Mg++


- not depolarized


open
& 


unblocked


Long-term potentiation
synaptic plasticity


Ca++
Na+







open
& depolarized


AMPA, 
kainate
receptors


resting


glutamate


Na+ K+







Taking the NMDA receptor Further
A continuation of the NMDA story


• Can we learn more about what it means to 
mental and neurological health?


• Are there genetic factors that we have to look 
at?


• Are there meds and supplements to help with 
NMDA receptor dysfunction?


• Can we combine multiple strategies?







“High levels of 
activity at NMDA 
receptors in the 


brain are known to 
lead to neuronal 


death or 
dysfunction.” 


http://www.nida.nih.gov/MeetSum/Glutama
te/abstracts.html below
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Presentation Notes

Glutamate Cascade - Common Pathways of Central Nervous System Disease States - NIHhttp://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html The Glutamate Cascade: Common Pathways of Central Nervous System Disease StatesSpeaker Abstracts THE ROLE OF GLUTAMATE IN CHRONIC INFLAMMATORY PAIN AND PAINFUL PERIPHERAL NEUROPATHIES�Gary J. Bennett, Ph.D.�Allegheny University of the Health SciencesSomatosensory primary afferent axons that respond specifically to tissue-damaging stimuli (nociceptors) use glutamate (and aspartate) as a neurotransmitter. Neurons in the spinal cord dorsal horn that respond to nociceptor input express all three subtypes of glutamate receptor.In inflammation, nociceptors with unmyelinated axons (C-nociceptors) are sensitized such that they discharge spontaneously, respond to normally innocuous stimuli, and have a supernormal response to noxious stimuli. Nociceptor sensitization underlies the spontaneous pain and hypersensitivity of the injured site. The area surrounding the injured site also becomes a source of pain and hypersensitivity, and this is now known to be due, at least in part, to an NMDA receptor-mediated hyperexcitability in spinal neurons evoked by C-nociceptor input from the injured site. NMDA receptor blockade reduces the pain of inflammation, but has little or no effect on an acute pain stimulus. The chronic pain syndromes due to peripheral neuropathies are now believed to be related, in part, to a similar NMDA receptor-mediated hyperexcitability in spinal neurons. Axotomized C-nociceptors begin to discharge ectopically, and this has the same effect as the discharge of sensitized C-nociceptors it evokes NMDA receptor-mediated central hyperexcitability. NMDA receptor antagonists block neuropathic pain in animals, and early clinical trials suggest that they are effective drugs for human painful peripheral neuropathies. High levels of activity at NMDA receptors in the brain are known to lead to neuronal death or dysfunction. There is evidence that pain-evoked glutamate release is excitotoxic to small, presumed inhibitory interneurons, in the spinal dorsal horn.MANIPULATING GLUTAMATERGIC NEUROTRANSMISSION FOR THERAPEUTIC GAIN: THE EXAMPLE OF BRAIN ISCHEMIA�Dennis W. Choi, M.D., Ph.D.�Washington University School of MedicineSince most fast excitatory synaptic neurotransmission in the mammalian brain is mediated by glutamate, it is plausible that many neurological or psychiatric disorders may be associated with abnormalities in the glutamatergic signaling system, and that therapeutic benefits might be attainable through the manipulation of this system. A prominent example of both the potential benefits, and the complex pitfalls, associated with the therapeutic manipulation of the glutamate system can be found in the setting of ischemic brain injury. The excitotoxic overactivation of glutamate receptors likely contributes directly to the neuronal and glial cell loss induced by ischemia, to a large extent reflecting excess Na+ and Ca2+ influx and, at least in the case of neurons, consequent cell necrosis. However, efforts to administer either calcium channel blockers, or pharmacological N-methyl-D-aspartate (NMDA) receptor antagonists acutely to patients suffering focal brain ischemia have so far been disappointing. The latter drugs have produced substantial side effects, and neither class of drugs has exhibited clear protective benefits. While the side effects of glutamate antagonists may be surmountable through improving drug selectivity at the level of receptor subtypes or spatial localization, lack of efficacy may point to a flaw at the level of underlying assumptions. Perhaps in man, reduction of ischemic excitotoxicity will require block of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors in addition to block of NMDA receptors. Another possible problem may be lie in the growing body of evidence that suggests that ischemia may trigger substantial amounts of programmed cell death, culminating in apoptosis, in addition to excitotoxic necrosis. One can wonder whether reduction in intracellular free calcium induced by the pharmacological blockade of glutamate receptors or even voltage-gated calcium channels might enhance brain cell susceptibility to apoptosis enough to negate the benefits associated with attenuating excitotoxic necrosis.GLUTAMATERGIC MECHANISMS IN THE CAUSE AND TREATMENT OF PARKINSON'S DISEASE�J. Timothy Greenamyre, M.D., Ph.D.�Emory UniversityThe glutamatergic system may be important in the pathogenesis and the pathophysiology of Parkinson's disease (PD). A defect in mitochondrial energy metabolism has been found in PD, and we and others have demonstrated that mitochondrial dysfunction can lead to secondary or "weak" excitotoxicity. Metabolic impairment depletes ATP, depresses Na+/K+-ATPase activity and causes graded neuronal depolarization. This relieves the voltage-dependent Mg++ block of the NMDA receptor and allows innocuous levels of glutamate to become lethal. Mitochondrial impairment also disrupts cellular calcium homeostasis. Increased activation of the NMDA receptor, in turn, leads to further mitochondrial impairment and damage. In large part, this occurs because calcium entering a neuron through NMDA receptors has "privileged" access to mitochondria where it leads to free radical production and mitochondrial depolarization. Thus, there may be a feed-forward cycle wherein mitochondrial dysfunction causes NMDA receptor activation which leads to further mitochondrial impairment. In this scenario, NMDA receptor antagonists may be neuroprotective.Once PD is established, it is clear that several glutamatergic pathways, including the corticostriatal and subthalamofugal projections, become overactive. This causes regulatory changes in basal ganglia glutamate receptor subunits. Moreover, it suggests that glutamate receptor antagonists may be useful as antiparkinsonian medications. We have shown in MPTP-treated parkinsonian monkeys that NMDA and non-NMDA antagonists have antiparkinsonian efficacy. They may also suppress the involuntary movements that are associated with chronic dopaminergic therapy. Several clinical trials are now underway to test whether manipulation of the glutamatergic system has beneficial effects in PD. Initial results should be available by the end of the year. (Supported by NS33779, AG11755, AG14648 and the Huntington's Disease Society of America.)KAINATE RECEPTOR DEFICIENT MICE�C. Mulle; A. Sailer; I. Perez-Otano; H. Dickinson-Anson; P. Castillo; I. Bureau; C. Maron; F.H. Gage; J. Mann; B. Bettler; and Stephen F. Heinemann, Ph.D.1�1The Salk InstitutePharmacological studies in the mammalian brain have revealed three classes of glutamate activated ligand gated receptor channels, AMPA, kainate and NMDA. Because of a lack of specific drugs, it has been difficult to separate synaptic currents mediated by AMPA and kainate receptors. Thus, the role of the kainate receptor system in the brain has not been studied intensively and remains a mystery. We have used a genetic approach to define the function of kainate receptors in the mouse brain. Mutations in the kainate receptor genes have been made in mice in order to elucidate the function of the kainate receptor system in the brain. We have produced a null mutation in the mouse GluR 6 kainate receptor subunit. The homozygous GluR 6 "knock-out" mouse is viable and healthy, although there is about a 10 percent reduction in weight. Both GluR 6 subunit specific RNA and GluR 6 subunit protein are not detected in the mutant mouse brain. Kainate binding is absent in areas of the brain which normally have high levels of GluR 6 specific RNA, i.e. the CA3 region and the dentate gyrus in the hippocampus. Analysis of synaptic transmission at the mossy fiber- CA3 synapse demonstrates that kainate receptors mediate a post-synaptic current which is absent in the GluR6 "knock-out" mouse. Behavioral analysis of the GluR6 "knock-out" mouse showed that they exhibit reduced locomotion activity but that they can learn motor and water maze tasks. The homozygous GluR 6 "knock-out" mouse is resistant to kainate induced seizures as assayed by seizure onset and immediate early gene activation in the hippocampus. These results prove that the kainate receptor subunit GluR 6 is a subunit of a kainate receptor which mediates a post-synaptic current during synaptic transmission in the hippocampus as well as the epileptogenic effects of kainate, a model of human temporal lobe epilepsy. This observation suggests that drugs which target the GluR 6 subunit may have therapeutic value for treatment of epilepsy.ALCOHOL AND NMDA RECEPTOR FUNCTION�Paula L. Hoffman, Ph.D.�University of Colorado Health Sciences CenterPhysical dependence on alcohol, which is one component of the alcohol dependence syndrome, is thought to result from an adaptation of the CNS to the chronic presence of alcohol, and is defined by the appearance of withdrawal signs and symptoms, including seizures (convulsions), upon cessation of alcohol intake. Neuronal systems that undergo adaptation to chronic ethanol exposure may be those that are sensitive to acute perturbation by ethanol. Acutely, ethanol is a potent inhibitor of the function of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptor. Following chronic exposure of animals to alcohol, there is evidence for an up-regulation of NMDA receptors, and/or a change in NMDA receptor subunit composition, in several brain areas. The time course of this up-regulation parallels the time course of alcohol withdrawal convulsions, and these convulsions can be attenuated by NMDA receptor antagonists. Prevention of the up-regulation of the NMDA receptor by ganglioside treatment also reduces withdrawal seizures, supporting the role of changes in the NMDA receptor in alcohol withdrawal/physical dependence. NMDA receptor function is also increased in neuronal cultures exposed chronically to ethanol in vitro, and these ethanol-exposed/withdrawn neurons show enhanced susceptibility to glutamate-induced excitotoxic death. This toxicity can be blocked with NMDA receptor antagonists, but not with diazepam. Withdrawal-induced glutamate excitotoxicity may underlie the neuronal damage observed in chronic alcoholics. These findings suggest the possibility of development of therapeutic agents to treat both alcohol withdrawal seizures and withdrawal-induced neuronal damage. (Supported by NIAAA and the Banbury Foundation.)ROLE OF GLUTAMATE RECEPTOR MATURATION IN PERINATAL BRAIN INJURY�Frances E. Jensen, M.D.�Children's Hospital (Boston) and Harvard Medical SchoolGlutamate receptor expression is developmentally regulated and data suggest that this is likely to contribute to age-dependent differences in vulnerability to hypoxic/ischemia and seizure-induced neuronal death. Glutamate neurotransmission is generally enhanced in the immature brain at ages when certain glutamate receptors are transiently overexpressed and/or receptor subunit composition differs compared to the adult. Glutamate receptors play a critical role in neuronal plasticity and activity mediated growth during brain development. However, the immature brain appears to be more vulnerable than the adult to certain forms of excitotoxic neuronal injury, suggesting that the maturational state of glutamate receptors modifies response to injury. Furthermore, clinical data demonstrate that seizures are most common in the neonatal brain, and animal models suggest that this heightened excitability correlates with transiently enhanced glutamate receptor activity. We have shown that glutamate receptor expression can be modified by brain injury during early development. Both hypoxia and seizures alter glutamate receptor subunit expression and in some cases chronically alter neuronal excitability. Given the maturational differences in excitatory amino acid mediated injury, age specific therapeutic strategies represent an important future research direction. The immature brain represents a unique challenge because therapeutic strategies will have to be devised that minimize adverse effects on physiological roles of the glutamate receptor in plasticity and synaptic development.EXCITOTOXIC APOPTOSIS AND NECROSIS IN AIDS DEMENTIA AND STROKE: POTENTIAL TREATMENT WITH NMDA OPEN-CHANNEL BLOCKERS AND NITRIC OXIDE-RELATED SPECIES�Stuart A. Lipton, M.D., Ph.D.�Brigham and Women's Hospital�Harvard Medical SchoolNeuronal injury in a number of neurodegenerative disorders, including AIDS dementia and stroke, is mediated by excitotoxic pathways leading to free radical generation. Apoptosis results if the initial insult is relatively mild, but necrosis intervenes if the initial insult is fulminant [ref. 1-6]. How can HIV-1 result in neuronal damage if the predominant cell type infected in the CNS is the macrophage/microglia? Experiments from several laboratories have lent support for the existence of HIV- and immune-related excitotoxins secreted by activated microglia and astrocytes. These substances may include arachidonic acid, platelet-activating factor, free radicals (NO. and O2.), glutamate, quinolinate, cysteine, amines, cytokines (TNF-, IL1-, IL-6), and as yet unidentified factors (Fig. 1). A final common pathway for neuronal susceptibility appears to underlie AIDS dementia, similar in many ways to that observed in focal cerebral ischemia or stroke. This mechanism involves overactivation of glutamate receptors, predominantly the N-methyl-d-aspartate (NMDA) subtype, followed by excessive influx of calcium and the generation of free radicals. After outlining these pathways, this lecture will discuss the development of clinically-tolerated NMDA antagonists, including (i) the open-channel blocker memantine, and (ii) redox-active, NO-related species such as nitroglycerin (see Fig. 2) [ref. 7].References[1] Ankarcrona, M.; Dypbukt, J.M.; Bonfoco, E.; Zhivotovsky, B.; Orrenius, S.; Lipton, S.A.; and Nicotera, P. Glutamate-induced neuronal death: A succession of necrosis or apoptosis depending on mitochondrial function. Neuron 15:961-973, 1995.��[2] Bonfoco, E.; Krainc, D.; Ankarcrona, M.; Nicotera, P.; and Lipton, S.A. Apoptosis and necrosis: Two distinct events induced respectively by mild and intense insults with NMDA or nitric oxide/superoxide in cortical cell cultures. Proc Natl Acad Sci USA 92:7162-7166, 1995.��[3] Lipton, S.A. Neurobiology: HIV displays its coat of arms. Nature 367:13-114, 1994.��[4] Lipton, S.A.; Choi, Y.-B.; Pan, Z.-H.; Lei, S.Z.; Chen, H.-S.V.; Sucher, N.J.; Loscalzo, J.; Singel, D.J.; and Stamler, J.S. A redox-based mechanism for the neuroprotective and neurodestructive effects of nitric oxide and related nitroso-compounds. Nature 364:626-632, 1993.��[5] Lipton, S.A., and Gendelman, H.E. The dementia associated with the acquired immunodeficiency syndrome. N Engl J Med 332:934-40, 1995.��[6] Lipton, S.A., and Rosenberg, P.A. Mechanisms of disease: Excitatory amino acids as a final common pathway for neurologic disorders. N Engl J Med 330:613-622, 1994.��[7] Das, S.; Sasaki, Y.F.; Rothe, T.; Premkumar, L.S.; Takasu, M.; Crandall, J.E.; Dikkes, P.; Connor, D.A.; Rayudu, P.V.; Cheung, W.; Chen, H.-S.V.; Lipton, S.A.; and Nakanishi, N. Increased NMDA current and spine density in mice lacking the NMDAR subunit, NR3A. Nature, in press. EFFECT OF GLUTAMATE BLOCKERS ON HUMAN PAIN�Mitchell B. Max, M.D.�National Institute of Dental Research�National Institutes of HealthAnimal studies have shown injury can sensitize spinal sensory neurons and cause prolonged and severe pain through excitation mediated via glutamate receptors. N-methyl-D-aspartate (NMDA) receptors are the subclass of glutamate receptors that have been most extensively studied. Although ketamine reduces a number of types of experimental and clinical pain in humans, the drug also causes severe cognitive and affective side effects, making it unattractive for chronic treatment. We have carried out clinical trials of the orally available NMDA receptor antagonist and anti-tussive, dextromethorphan in patients with painful diabetic neuropathy and postherpetic neuralgia. Dextromethorphan, 400 mg/day, reduced pain in 32 patients with diabetic neuropathy by about 25 percent relative to placebo, but had little effect on post-herpetic neuralgia.Non-NMDA glutamate receptors may also be involved in pain and hyperalgesia. We obtained LY293558 from Eli Lilly to assess its analgesic and anti-hyperalgesic effects in human volunteers. This was the first administration of this compound or any AMPA/kainate blocker to humans, so we carried out extensive Phase 1 safety testing as well as pain studies in 26 human volunteers. During rising-dose studies in each subject, we assessed responses to brief painful electrical and heat stimuli administered to undamaged skin. After the highest dose not producing significant side effects (maximal tolerated dose, MTD) was determined for each subject, he or she entered a 3-session, randomized, double-blind crossover study comparing the effects of the MTD, 1/3 MTD, or placebo on capsaicin-evoked pain, and areas of mechanical hyperalgesia and allodynia. There was a dose-related reduction of pain, hyperalgesia, and allodynia.Allodynia and hyperalgesia were reduced by about half by the 1/3 MTD, a dose that had no greater side effects than placebo. This promising result led Eli Lilly to carry out further studies with superselective compounds, which suggested that the anti-hyperalgesic effect was due to blockade of GluR5 kainate-type receptors, while sedative effects result from GluR1-4 AMPA receptors. If current studies of LY 293558 in patients with clinical pain confirm these results, kainate antagonists may offer a powerful and nontoxic treatment for pain.GLUTAMATE RECEPTOR PLASTICITY IN THE HIPPOCAMPUS: IMPLICATIONS FOR AGING�John H. Morrison, Ph.D.�Fishberg Research Center for Neurobiology�Mount Sinai School of MedicineRecent immunohistochemical studies have demonstrated both a high degree of specificity in hippocampal circuits with respect to representation of glutamate receptor families and subunits, as well as a surprising degree of glutamate receptor plasticity in response to aging, deafferentation, and neuroendocrine status. We have hypothesized that such glutamate receptor plasticity underlies age-related functional impairment, as well as modifications in excitatory transmission and morphology that can be related to circulating estrogen levels. Three examples of such plasticity will be presented: 1) A subunit and circuit-specific decrease in NMDAR1 in the perforant path terminal zone of the dentate gyrus molecular layer in aged primates; 2) An increase in NMDAR1 protein and mRNA in the dentate gyrus molecular layer following perforant path lesions in rats; and 3) an estrogen-induced increase in NMDAR1 protein, but not mRNA, in CA1 and dentate gyrus following ovariectomy. These data will be discussed in the context of age-related memory impairment in the absence of neuron loss, as well as their relevance to neurodegenerative disorders such as Alzheimer's disease.THE NMDA/NITRIC OXIDE SYNTHASE CASCADE AND OPIOID ANALGESIA AND TOLERANCE�Gavril W. Pasternak, M.D., Ph.D.�Cornell University Medical CollegeThe NMDA receptor has been implicated in a wide variety of neurological functions, acting in many cases through the activation of neuronal nitric oxide synthase (nNOS). Work from a number of laboratories has implicated NMDA receptors in the production of tolerance to opioid analgesics, as shown by the prevention of morphine tolerance by noncompetitive NMDA antagonists such as MK801. Subsequent work has now extended these observations to various other classes of NMDA antagonists, including competitive antagonists and glycine-site antagonists. Tolerance to delta drugs also is sensitive to these same agents. The loss of analgesic potency by delta drugs with repeated administration is prevented by these NMDA antaognists. Kappa analgesics, however, yield a different picture. In our studies, we have not observed an effect of NMDA agents on either kappa1 or kappa3 tolerance, although there are some suggestive reports in the literature. In many situations, stimulation of NMDA receptors leads to the activation of neuronal nitric oxide synthase (nNOS). Inhibition of this enzyme also interferes with the production of mu and delta tolerance, without altering kappa tolerance. Many splice variants of nNOS exist, raising the question of whether the role of nNOS in morphine tolerance may be limited to a single isoform. Using antisense approaches, we have selectively downregulated the major form of nNOS and a minor nNOS splice variant and looked at their pharmacology. The predominant nNOS isoform is important in the development of morphine tolerance, resulting in a loss of morphine analgesic activity. However, the minor nNOS variant has an opposite action. Unlike the major isoform, the minor isoform facilitates morphine analgesia. These observations illustrate the complexity of the NMDA/nNOS system in pain perception and opioid tolerance.NMDA ANTAGONISTS MODIFY OPIATE DRUG-SEEKING: PRECLINICAL AND PRELIMINARY CLINICAL FINDINGS�Piotr Popik, M.D., Ph.D.�Institute of Pharmacology�Polish Academy of Sciences, PolandTraditional "anti-addictive" pharmacotherapies are "drug-targeted," despite the fact that all of the drugs of abuse produce the same reinforcing (rewarding) effects and their long term administration results in drug addiction. However, the same inhibitory actions of N-methyl-D-aspartate (NMDA) receptor antagonists on phenomena related to drug seeking behavior produced by all addictive substances suggest that glutamatergic receptors may be a final common pathway to all addictions and a possible therapeutic target. Presented are the data illustrating inhibitory effects of NMDA receptor antagonists on the expression and maintenance of physical and motivational aspects of morphine dependence in rats and mice. Next, the data concerning inhibitory effects of several (uncompetitive: memantine, glycine/NMDA: L-701,324 and competitive: NPC 17742) NMDA receptor antagonists on the acquisition, expression and extinction of morphine-induced conditioned reward are discussed. Brain areas sensitive to the treatment with NMDA receptor antagonists have been identified as the administration of NPC 17742 into the nucleus accumbens and ventral tegmental area produced the same, inhibitory effects on the expression of morphine-conditioned reward. These preclinical data are followed by presentation of preliminary clinical findings suggesting that the uncompetitive NMDA antagonist, dextromethorphan may facilitate detoxification from heroin and inhibit craving for this drug in human addicts. Despite the "bad reputation" of some NMDA receptor antagonists that produce ataxia, memory disturbances and psychotomimetic effects, some low affinity, highly voltage dependent uncompetitive antagonists like memantine and dextromethorphan as well as glycine/NMDA site antagonists may have beneficial effects on drug dependence and addiction.GLUTAMATE DURING THE NATURAL HISTORY OF PSYCHOSTIMULANT DEPENDENCE: SYNAPTIC PLASTICITY AND MEDICATIONS DEVELOPMENT�Luigi Pulvirenti, M.D.�University of Rome - Tor Vergata, ItalyThe natural history of drug dependence is characterized by phases of acquisition, maintenance, extinction and relapse of drug taking. All these phases have now been successfully mimicked using a rodent model of intravenous drug self-administration and the psychostimulant addiction cycle has been extensively investigated. Much evidence suggests that glutamate may play a critical role. During the first days of acquisition of cocaine-seeking behavior a glutamate-dependent enhancement of synaptic efficacy was found using evoked field responses in the rat nucleus accumbens, a critical neural substrate mediating cocaine self-administration. Furthermore, intact glutamatergic neurotransmission was shown to be essential for the full expression of the reinforcing properties of cocaine during the maintenance phase of cocaine self-administration. Later phases of cocaine dependence were also found to be affected by indirect glutamatergic manipulation. Inhibition of nitric oxide synthesis reduced the reinforcing properties of cocaine, cocaine craving during the extinction phase and later relapse into cocaine-seeking behavior. Therefore, a potential for medication development targeting glutamate neurotransmission exists and is further supported by preclinical observations showing that dextromethorphan, a clinically safe medication with glutamate antagonistic properties, reduced the absolute reinforcing properties of cocaine. Glutamate-dependent changes of synaptic efficacy within critical limbic circuits may therefore be part of the early events of the addiction cycle leading to the development of abuse and part of the long-lasting behavioral changes of the natural history of dependence, warranting further studies on pharmacological intervention at the glutamate level for the therapy of drug abuse.GLUTAMATE NEUROTRANSMISSION IN EPILEPSY: NEW TREATMENT STRATEGIES�Michael A. Rogawski, M.D., Ph.D.�National Institute of Neurological Disorders and Stroke�National Institutes of HealthSeveral lines of evidence establish the importance of glutamate-mediated neurotransmission in epilepsy and epileptogenesis. (i) Massive release of glutamate has been demonstrated in human brain during seizures. (ii) Glutamate and other agonists of glutamate receptors are powerful convulsants. (iii) Manipulations that enhance glutamate release or potentiate glutamate receptor function can result in epileptiform activity and seizures. (iv) Modification of glutamate receptor function in transgenic animals can lead to the development of epilepsy. Most importantly, however, antagonists of glutamate receptors have broad spectrum antiseizure activity in in vitro and in vivo model systems. The possible use of NMDA receptor antagonists in the treatment of seizures has been extensively investigated, but results to date have not been encouraging mainly because the NMDA receptor antagonists evaluated have had significant toxicities. There are a variety of novel approaches currently under investigation that may lead to NMDA receptor antagonists with improved side effect profiles, including selective antagonists of NMDA receptors containing the NR2B subunit, glycine site antagonists and low affinity channel blockers. Recently, selective antagonists of non-NMDA (AMPA/kainate) receptors have become available and provide a new direction for the development of epilepsy therapies. Potential approaches include 2,3-benzodiazepine selective allosteric AMPA antagonists, modulators of AMPA receptor desensitization and antagonists of Ca2+-permeable AMPA receptors (i.e., those lacking the GluR2 subunit). Recent studies have suggested that kainate receptors may be particularly promising targets for epilepsy therapy as they seem to play a dual role as inhibitors of GABA release as well as in mediating postsynaptic excitation. Emerging work on kainate receptor-selective antagonists has focused on drugs that target kainate receptors containing the GluR5 subunit.IS MODULATION OF GLUTAMATERGIC TRANSMISSION A VIABLE APPROACH FOR DEVELOPING NOVEL ANXIOLYTICS?�Phil Skolnick, Ph.D.�Lilly Research LaboratoriesMost currently prescribed antianxiety agents act by enhancing GABAergic neurotransmission. Moreover, converging lines of evidence suggest GABAergic dysfunction can contribute to the pathophysiology of anxiety. Nonetheless, both anxiolytic and anxiogenic actions can be produced by agents that affect other neurotransmitter systems indicating that like other psychiatric disorders, anxiety (and anxiolysis) is not mediated by a single neurotransmitter system. It has been proposed that disruption of the homeostatic balance between fast-acting, ligand-gated ion channels utilizing glutamate and GABA as transmitters can result in the development and expression of anxiety. Strategies that reduce transmission at the N-methyl-D-aspartate (NMDA) subtypes of glutamate receptor are effective in preclinical tests that predict anxiolytic activity in humans. For example, functional NMDA antagonists acting at the multiple, allosterically linked sites on this family of ligand-gated ion channels mimic the effects of clinically active agents in the elevated plus maze, ultrasonic vocalization, potentiated startle, and thirsty rat (Vogel's) conflict tests. Moreover, compounds that reduce glutamate release via presynaptic metabotropic glutamate receptors exhibit a similar, but not identical spectrum of activity. I will discuss the potential pitfalls and advantages of achieving an anxiolytic action through modulating glutamatergic transmission.GLUTAMATE-MEDIATED NEUROPLASTICITY: ROLE IN AMPHETAMINE ADDICTION�Marina E. Wolf, Ph.D.�The Chicago Medical SchoolWork from our laboratory and others has demonstrated that the development of sensitization requires glutamate transmission, suggesting mechanistic similarities to other forms of neuronal plasticity. More recently, we have shown that sensitization involves adaptations in glutamate transmission in the mesoaccumbens DA system. After repeated amphetamine, VTA DA cells are supersensitive to the excitatory effects of glutamate and AMPA. This is transient, present after 3 but not 14 days of withdrawal, and does not reflect increased expression of AMPA receptor subunits (measured at protein or mRNA levels). NAc neurons show subsensitivity to glutamate, NMDA and AMPA at both withdrawals. Decreased levels of mRNA and immunoreactivity for GluR1, GluR2 and NR1 subunits were found in NAc at the 14 day withdrawal time, which may in part explain the electrophysiological findings. We also examined PFC, a major source of glutamate projections to VTA. After 3 days' withdrawal, we found increased GluR1 expression and increased sensitivity of PFC cells to glutamate. This may contribute to transient increases in excitatory drive to VTA DA cells thought to mediate induction of sensitization. Increases in excitatory drive may also reflect effects of amphetamine within the VTA, since microdialysis studies have found a delayed increase in glutamate efflux after systemic or local amphetamine. This is prevented by agents that also prevent sensitization (MK-801 and SCH 23390), suggesting a link between increased glutamate efflux and induction. The link could reflect LTP-like mechanisms or mild excitotoxic damage to DA neurons, either of which could result in transient hyperexcitability. (Supported by DA09621.)ACAMPROSATE, A NOVEL ANTI-CRAVING COMPOUND ACTS VIA GLUTAMATERGIC PATHWAYS�Walter Zieglgänsberger, M.D., Ph.D.�Max Planck - Institute of Psychiatry, Munich, Germany��Acamprosate (calcium acetyl-homotaurinate) shows promise for treatment of alcoholism and is now registered for clinical use in the European Community. It reduces alcohol intake when administered to rodents and human alcoholics (Sass et.al 1996). This compound reduces the marked increase in expression of immediate-early-genes during alcohol withdrawal in a variety of brain regions. Acamprosate by itself increases expression of c-fos e.g. in the hippocampus (Putzke et al. 1997) and increases the expression of certain splice variants (e.g. NMDAR1-4 in the hippocampus) of the NMDAR1 (Putzke et al. in press). Acamprosate alters postsynaptic efficacy of excitatory amino acids: it attenuates postsynaptic activity of EAA agonists in neocortical neurons and enhances NMDA receptor mediated synaptic transmission (Madamba et al. 1997; Berton et al. 1998) in hippocampal and nucl. accumbens neurons. Acamprosate does not enhance Cl-currents following the activation of GABAA receptors in various preparations. In HEK 293 cells co-expressing NMDAR1 and NMDAR2A subunits nanomolar concentrations of acamprosate dose-dependently and reversibly reduced the NMDA-induced ion current. There is no indication from the current assessment of humans of any psychotropic side effects of acamprosate or any potential for abuse or dependence. Animals will self-administer MK-801, but not acamprosate, and cannot be trained to discriminate subjective effects of acamprosate or to substitute acamprosate for alcohol in a drug discrimination paradigm. Acamprosate has been shown to be devoid of hypnotic, anxiolytic or muscle relaxant properties. There is no evidence of any antidepressant or other psychotropic effect of acamprosate (see Spanagel and Zieglgänsberger, TIPS 18, 1997).SCHIZOPHRENIA: A GLUTAMATERGIC PERSPECTIVE�Stephen R. Zukin, M.D.�National Institute on Drug Abuse�National Institutes of HealthIn the late 1950s the ability of the dissociative anesthetic drug phencyclidine (1-(1-phenylcyclohexyl) piperidine; PCP) to elicit a prolonged psychotic state in surgical patients was recognized. Experimental studies then revealed the ability of single small doses of PCP to elicit brief schizophrenia-like symptoms and cognitive abnormalities in normal volunteers. Similar experiments in previously stabilized chronic schizophrenic subjects led to prompt rekindling and exacerbation of disease-specific symptoms persisting up to many weeks. In the 1970s PCP became a prominent drug of abuse; in many cases patients with PCP-induced psychotic reactions could not be clinically distinguished from patients with naturally-occurring schizophrenia. In 1979 a unique brain binding site, selective for drugs with PCP-like behavioral properties, was discovered and characterized. In the 1980s whole-animal electrophysiological evidence demonstrated that PCP-like drugs were potent antagonists of the N-methyl-D-aspartate (NMDA) class of glutamate receptors. This interaction was confirmed at the cellular and biochemical levels. Characterization of the mode of activation of the NMDA receptor complex revealed multiple regulatory and modulatory sites, including a PCP binding site located within the ligand-gated ionophore, and a non-strychnine-sensitive site at which glycine served as an obligatory co-agonist, the local glycine concentration determining the degree of agonist-induced channel activation. Several lines of evidence support the hypothesis that NMDA receptor-mediated neurotransmission is abnormal in schizophrenia. These include observations that 1) large oral doses of glycine diminish negative-symptom ratings in neuroleptic-treated schizophrenic patients; 2) neuroanatomical abnormalities reported in schizophrenia correspond to areas rich in NMDA receptors; 3) PCP-like drugs induce abnormalities in cortical evoked potentials similar to those seen in schizophrenia; 4) neuropsychological abnormalities in schizophrenia involve glutamatergic mechanisms; and 5) a variety of additional neurochemical, neuroanatomical and physiological findings. [Index] [Back to Program List]  
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Spectrum of Excitation by Glutamate at NMDA Receptors
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Neurodevelopmental Hypothesis of Schizophrenia:
Example: Dysconnectivity Caused by Early Excitotoxicity
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Neurodevelopmental Hypothesis of Schizophrenia:
Dysconnectivity Caused by Early Excitotoxicity
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Neurodevelopmental Hypothesis of Schizophrenia: Key 
Susceptibility Genes Causing Abnormal Synaptogenesis
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Neurodevelopmental Hypothesis of Schizophrenia: Key 
Susceptibility Genes Causing Abnormal Synaptogenesis
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Neurodevelopmental Hypothesis of Schizophrenia: Key 
Susceptibility Genes Causing Abnormal Synaptogenesis
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Neurodevelopmental Hypothesis of Schizophrenia: Key 
Susceptibility Genes Causing Abnormal Synaptogenesis


Glu


LTP
AMPA


NMDA


strengthened synapse–survival
(normal)


flawed genes not eliminated in adolescence


aberrant synaptic elimination in adolescence


Excessive synaptic 
elimination may leave 
you with your hands
tied clinically 
somewhat.  







NMDA Receptor Hypofunction Hypothesis of Schizophrenia: 
Role of Multiple Susceptibility Genes
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NMDA Receptor Hypofunction Hypothesis of Schizophrenia: 
Role of Multiple Susceptibility Genes
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NMDA Receptor Hypofunction Hypothesis of Schizophrenia: 
Role of Multiple Susceptibility Genes
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NMDA Receptor Hypofunction Hypothesis of Schizophrenia: 
Role of Multiple Susceptibility Genes
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NMDA Receptor Hypofunction Hypothesis of Schizophrenia:
Key Neurotransmitter Modulators and Multiple Susceptibility
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NMDA Receptor Hypofunction Hypothesis of Schizophrenia:
Key Neurotransmitter Modulators and Multiple Susceptibility
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Novel Glutamatergic Treatments for Schizophrenia: 
NMDA Antagonists
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Novel Glutamatergic Treatments for Schizophrenia: 
Free Radical Scavengers for Excitotoxicity
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Novel Glutamatergic Treatments for Schizophrenia:
Direct Acting Glycine Site Agonists
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Novel Glutamatergic Treatments for Schizophrenia: 
Glycine Transporter on Glial Cells Inhibited
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Novel Glutamatergic Treatments for Schizophrenia: 
Presynaptic Agonists
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Novel Glutamatergic Treatments for Schizophrenia: 
Presynaptic Agonists
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Memantine


Namenda® (memantine HCl)


Treats (Sometimes)
-Excitotoxicity
-Depression
-OCD
-Tourette
-Pain
-Dementia


Memantine is a low-affinity voltage-dependent uncompetitive
antagonist at glutamatergic NMDA receptors. By binding to the 
NMDA receptor with a higher affinity than Mg2+ ions, 
memantine is able to inhibit the prolonged influx of Ca2+ ions, 
which forms the basis of neuronal excitotoxicity.
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Magnesiumhttp://www.pdrhealth.com/drug_info/nmdrugprofiles/nutsupdrugs/mag_0167.shtml belowTRADE NAMESMagnacaps (The Key Company), M2 Magnesium (Miller Pharmacal), Magimin-Forte (The Key Company), Elite Magnesium (Miller Pharmacal), Mag Delay (Major Pharmaceuticals), Slow-Mag (Roberts Laboratories), Mag-SR (Cypress Pharmaceuticals), Magonate (Fleming and Company), Magtrate (Mission Pharmacal), Almora (Forest Pharmaceuticals), Mag-G (Cypress Pharmaceuticals), Mag-Tab SR (Niche Pharmaceuticals), Uro-Mag (Blaine Pharmaceuticals), Mag-Ox 400 (Blaine Pharmaceuticals)DESCRIPTIONMagnesium is an essential mineral in human nutrition with a wide range of biological functions. Magnesium is involved in over 300 metabolic reactions. It is necessary for every major biological process, including the production of cellular energy and the synthesis of nucleic acids and proteins. It is also important for the electrical stability of cells, the maintenance of membrane integrity, muscle contraction, nerve conduction and the regulation of vascular tone, among other things.Magnesium is an alkaline earth metal with atomic number 12 and an atomic weight of 24.31 daltons. Its chemical symbol is Mg. Magnesium exists under physiological conditions in its divalent (+2 or II) state. The total body magnesium content of an adult is about 25 grams. About 50%-60% exists in bone. Magnesium is the second most abundant intracellular cation; potassium is the most abundant. Approximately 1% of the body's magnesium is found extracellularly.Magnesium is intimately interlocked, biologically with calcium. In some reactions, such as the synthesis of nucleic acids and protein, calcium and magnesium are antagonistic. Magnesium is necessary for these processes, while calcium can inhibit them. Magnesium and calcium cooperate, however, in the production of adenosine triphosphate or ATP. Magnesium has been called "nature's physiological calcium channel blocker" since it appears to regulate the intracellular flow of calcium ions.Symptoms and signs of magnesium deficiency include anorexia, nausea and vomiting, diarrhea, generalized muscle spasticity, paresthesias, confusion, tremor, focal and generalized seizures, confusion, loss of coordination, cardiac arrhythmias, laboratory abnormalities, such as hypokalemia and hypocalcemia, muscle cramps, hypertension and coronary and cerebral vasospasms. Magnesium deficiency may be found in diabetes mellitus, malabsorption syndromes, alcoholism and hyperthyroidism, among other disorders. Use of certain drugs may also lead to magnesium deficiency. These drugs include thiazide diuretics (when used for long periods of time), loop diuretics, cisplatin, amphotericin, pentamidine (when used intravenously), aminoglycosides and cyclosporine. Magnesium deficiency itself is an important cause of hypokalemia.In addition to its use for the treatment of hypomagnesemia, magnesium is used for the treatment of certain cardiac arrhythmias, in particular torsade de pointes, and eclampsia. It is also used as a laxative and antacid. Magnesium may also have value for the prevention of osteoporosis and for the management of migraine headaches in some. There is preliminary evidence that magnesium may help some with premenstrual syndrome, type 2 diabetes mellitus and hypertension. The role of magnesium, if any, in the management of acute myocardial infarction remains controversial.Foods rich in magnesium include unpolished grains, nuts and green vegetables. Green leafy vegetables are particularly good sources of magnesium because of their chlorophyll content. Chlorophyll is the magnesium chelate of porphyrin. Meats, starches and milk are less rich sources of magnesium. Refined and processed foods are generally magnesium-poor. The mean daily magnesium intake in the U.S. in males nine years and older is estimated to be about 323 milligrams; for females nine years and older, it is estimated to be 228 milligrams. Some surveys report lower intakes, and some believe that the dietary intake for many may be sub-optimal.ACTIONS AND PHARMACOLOGYACTIONSMagnesium may have anti-osteoporotic activity. Magnesium has anti-arrhythmic activity. Magnesium has activity in the management of preeclampsia. Magnesium may have anti-hypertensive, glucose-regulatory and bronchodilatory activities. Magnesium has putative myocardial protective activity during an acute myocardial infarction and putative anti-migraine activity.MECHANISM OF ACTIONSignificant reductions in bone mineral content and serum magnesium have been reported in women with postmenopausal osteoporosis compared to age-matched controls. Bone mineral content and bone mineral density have been positively correlated with dietary magnesium in a few, but not all, studies of postmenopausal women. A couple of studies have demonstrated increased bone mineral density in postmenopausal women which was associated with intake of supplemental magnesium. Magnesium influences both matrix and mineral metabolism in bone. Magnesium depletion can cause cessation of bone growth, decrease dosteoblastic and osteoclastic activity, osteopenia and increased bone fragility. Bone mineral with decreased magnesium content results in larger and more perfect bone mineral crystals, which may be more brittle than amorphous crystals.Magnesium depletion is associated with a number of cardiac arrhythmias, including atrial fibrillation, premature atrial and ventricular beats, ventricular tachycardia and ventricular fibrillation. Magnesium is effective in treating these arrhythmias in those who are magnesium deficient. Magnesium may also be effective in treating cardiac arrhythmias in those who are not magnesium deficient. This is especially true for the treatment, by magnesium, of torsade de pointes. The mechanism of the anti-arrhythmic action of magnesium is not fully understood. The anti-arrhythmic effect of magnesium may be related to its role in maintaining intracellular potassium. It may also be related to its role as a natural calcium channel blocker.Magnesium sulfate is widely used to prevent eclamptic seizures in pregnant women with hypertension. Vasospasm in preeclampsia is thought to be a consequence of endothelial dysfunction. Magnesium has been found, both in vitro and in vivo, to increase production of the vasodilator prostacyclin. Magnesium may also protect against damage to the endothelium by reactive oxygen species. The action of magnesium sulfate in the treatment of eclampsia can be accounted for by the release of endothelial prostaglandin by magnesium, its protection against reactive oxygen species damage to the endothelium and by its possible inhibition of platelet aggregation. It may act as an anticonvulsant via neuronal calcium-channel blockade and antagonism of the glutamate N-methyl-D-aspartate (NMDA) receptor.Some studies have reported that some populations with low dietary intake of magnesium have increased incidence of hypertension. Another study reported dietary intake of magnesium in normotensives to be significantly greater than intake in untreated hypertensive subjects. Intervention studies with magnesium therapy for hypertensives have led to conflicting results. The mechanism of the possible anti-hypertensive activity of magnesium is unclear. A possibility is that magnesium, acting in a calcium channel blocking capacity, may have a vasodilatory action.A few studies have reported that magnesium depletion results in insulin resistance as well as impaired secretion of insulin. Insulin resistance and abnormal glucose tolerance may be accounted for, in part, by inadequate magnesium. Some studies have reported improved insulin response in elderly type 2 diabetics who received magnesium. The mechanism of the possible role of magnesium in improving glycemic control is unclear. Magnesium is a cofactor for phosphorylation reactions. Magnesium may affect insulin signal transduction. Magnesium may also alter insulin receptor binding. These are some speculative possibilities.Intravenous magnesium has been demonstrated to have bronchodilatory activity in some with asthma. The mechanism of this activity is unclear.The mechanism of the putative myocardial protective activity of magnesium during an acute myocardial infarction is also unclear. Speculative possibilities include magnesium's anti-arrhythmic activity, as well as its possible activity in inhibiting platelet aggregation. Magnesium's possible vasodilatory activity—via its acting as a calcium channel blocker—and possible reduction of reperfusion dysfunction are two additional speculative mechanisms for this putative activity. The mechanism of the possible anti-migraine activity is unknown.PHARMACOKINETICSThe efficiency of absorption of magnesium is inversely proportional to the amount of magnesium ingested. The fractional absorption of magnesium from 7 to 36 milligrams was found to be 65% to 70% in one study. The same study reported a fractional absorption of 11% to 14% with a magnesium intake of 960 to 1,000 milligrams. One study of magnesium absorption from food sources reported a fractional absorption of 40% to 60% of a daily intake of 380 milligrams of magnesium in healthy older men.Magnesium appears to be absorbed from both the small intestine and the colon. The sites of maximal magnesium absorption appear to be the distal jejunum and ileum. The efficiency of absorption (fractional absorption) of a magnesium salt appears to principally depend on its solubility in intestinal fluids, as well as on the amount digested. Enteric-coated magnesium salts are less efficiently absorbed than non enteric-coated preparations. Salts with high solubility, e.g., magnesium citrate, appear to be more efficiently absorbed than salts with poor solubility, e.g., magnesium oxide. There are a few reports that suggest that the counter anion of the magnesium salt may influence its absorption. Magnesium aspartate and magnesium orotate are reported by some to be more available forms of magnesium than other magnesium salts. However, there are no compelling data that indicate that the nature of the counter anion makes any significant difference on the availability of magnesium salt, independent of its possible effect on the solubility of the salt.Magnesium appears to be absorbed by both a saturable active transport mechanism and an unsaturable passive mechanism. The saturable active transport mechanism may account for the higher absorption efficiency at lower magnesium intakes. There is no good evidence that vitamin D and its active metabolite, 1, 25-dihydroxyvitamin D (1, 25(OH)2D) play a significant role in the absorption of magnesium, as some have suggested.Magnesium is transported to the liver via the portal circulation and to the rest of the body via the systemic circulation. A large fraction of ingested magnesium is taken up by bone. Magnesium transport into cells appears to require the presence of carrier-mediated transport systems. Magnesium is excreted by the kidneys, and the kidney is the principal organ involved in magnesium homeostasis. There is no tubular secretion of magnesium. Magnesium is filtered and reabsorbed. About 65% of filtered magnesium is reabsorbed in the loop of Henle and 20% to 30% in the proximal convoluted tubule.About 3% to 5% of filtered magnesium is excreted in the urine. The regulatory mechanisms of the kidney in maintaining magnesium homeostasis are unclear.There is much about the pharmacokinetics of magnesium that is not known. Research is ongoing.INDICATIONS AND USAGEMagnesium deficiency is associated with the pathogenesis of numerous serious disorders, notably ischemic heart disease, congestive heart failure, sudden cardiac death, cardiac arrhythmias, diabetes mellitus, pre-eclampsia/eclampsia and hypertension, among others. Treatment with supplemental magnesium is often helpful in these conditions. There is also evidence that it can be of benefit in some with osteoporosis, alcoholism, migraine, asthma, pre-menstrual syndromes, kidney stones and strokes. It may help prevent or reduce the incidence of cerebral palsy and mental retardation in early pre-term infants. There is little or no evidence to support claims that magnesium enhances athletic/exercise performance, that it is an effective antidepressant or that it is helpful in bipolar disorder.RESEARCH SUMMARYThere is considerable epidemiological data associating low magnesium intake with an increased incidence of cardiovascular disease. Some recent data have suggested the presence of serum magnesium abnormality in sick inpatient and outpatient populations ranging from 12% to 40%. Hypomagnesemia has frequently been associated with those suffering from various forms of cardiovascular disease.Magnesium's role as a cofactor in various crucial intracellular enzymatic reactions related to myocardial metabolism and contractility is well established. It is not surprising, then, that magnesium deficiencies, perhaps even borderline deficiencies, can negatively impact cardiovascular health. At the same time, due to lack of an accurate assay of intracellular magnesium, it has been difficult to assess the efficacy of supplemental magnesium in some of these conditions. "Also uncertain," two reviewers of the data have stated in an editorial, "is whether magnesium administration merely corrects an underlying deficiency state or exerts specific beneficial pharmacologic effects." That caveat can be applied equally not only to the possible cardiologic indications for the use of supplemental magnesium but to all other possible indications, as well.In addition to the epidemiological data, there are also some experimental and clinical data supporting the use of magnesium in some with cardiovascular disease. Frank magnesium deficiency has clearly been shown to induce vascular damage in the heart and kidneys and to promote atherosclerosis. In pharmacological concentrations, infusion of magnesium inhibits platelet aggregation, exerts anti-arrhythmic effects and induces vasodilatation of blood vessels. In animals it has protected against ischemia-reperfusion injury.In some randomized, double-blind, placebo-controlled studies, intravenous magnesium has significantly improved outcome in subjects with acute myocardial infarction. However, in a recent prospective study assessing the effects of early captopril, oral mononitrate and intravenous magnesium in 58,050 patients with suspected acute myocardial infarction, no beneficial effects were observed with magnesium. Some have argued that because the magnesium was administered after iatrogenic or spontaneous reperfusion this difference in timing might explain, at least in part, its poor performance. Reviewers of these data have concluded that there is, as yet, insufficient evidence of magnesium efficacy to recommend it for routine use in patients with suspected myocardial infarction. They have recommended further study. It should also be pointed out that, as of yet, there are no randomized studies showing a magnesium mortality benefit in congestive heart failure.Epidemiological data indicate that low dietary magnesium intake is associated with a higher incidence of hypertension. Magnesium supplementation has significantly reduced blood pressure in some, but not all, studies. Some of these positive studies have been criticized as being methodologically flawed. Larger, better designed studies are needed.Intravenous administration of magnesium has been effective in suppressing some, but not all, cardiac arrhythmias. It is the treatment of choice for controlling torsade de pointes and is an option for treating refractory or recurrent ventricular fibrillation or tachycardia.There is also an inverse association between dietary magnesium intake and risk of total stroke in men. In some animal experiments, magnesium has demonstrated significant neuroprotective effects. A large multicenter trial of intravenous magnesium's possible efficacy post-acute stroke is now underway.Magnesium's possible usefulness in protecting against atherosclerosis was suggested by findings in experimental animals that magnesium deficiency promotes vascular damage and other atherosclerotic processes. In addition, supplemental magnesium has lowered serum cholesterol and triglyceride levels and has inhibited atherosclerotic lesions in other animal studies. More research is needed.Magnesium was first used in 1906 to help prevent eclamptic seizures. It is now routinely used for this purpose in hypertensive pregnant women. It showed marked benefit in this condition and significant superiority over diazepam and phenytoin in the Collaborative Eclampsia Trial. There is also good evidence that treating pregnant women with magnesium pre-delivery may reduce the incidence of mental retardation and cerebral palsy in early preterm infants. Intravenous magnesium has also been used to inhibit premature labor with some success in one study.Magnesium deficiency has been implicated in increased insulin resistance and a higher incidence of cardiovascular disease among those with diabetes mellitus. Hypomagnesemia has been reported in 25% to 38% of diabetic patients; its incidence is highest in those with the poorest metabolic control. In a small early study of eight elderly subjects with NIDDM, supplementation with two grams of magnesium daily significantly improved insulin response and action, compared with placebo. Some other small studies have suggested benefits with daily doses as low as 100 milligrams of magnesium daily. Recently, however, the large, well-designed prospective Atherosclerosis Risk in Communities (ARIC) study found no relationship between low dietary magnesium intake and increased risk of type 2 diabetes in a middle-aged population. On the other hand, there was a significant inverse correlation between serum total magnesium levels and incidence in the caucasian subset of this study. The same correlation was not seen in the black subset. More study is needed.Magnesium has been used with some success in a few studies to promote bronchodilation and improve lung function in some asthmatic patients. In one recent meta-analysis, intravenous magnesium was found to significantly reduce the rate of hospital admissions and to improve pulmonary function in patients treated in emergency departments for severe acute asthma. The same benefit was not reported for those with mild to moderate asthma. Epidemiological data have also shown that higher dietary intakes of magnesium are associated with a lower incidence of airway reactivity and respiratory symptoms. More research is needed to further determine the relative value of supplemental magnesium in the prevention and treatment of asthma and related conditions.Alcoholics have a high incidence of magnesium deficiency. This deficiency contributes, some research indicates, to an increased incidence of osteoporosis and cardiovascular disease among chronic alcoholics. Alcohol is known to be a potent magnesium diuretic. Supplemental magnesium has shown benefit in some alcoholics. In one randomized study, supplemental magnesium improved a number of metabolic variables and muscle strength, compared with placebo, in chronic alcoholics. Alcohol consumption was the same before and during the trial. The favorable metabolic changes suggested that supplemental magnesium might improve liver cell function and electrolyte status, as well as muscle strength, in chronic alcoholics.Magnesium and phenobarbital have been reported to be effective in easing the symptoms of alcohol withdrawal. A double-blind, placebo-controlled trial of magnesium in the ethanol withdrawal syndrome, however, found no benefit from intramuscular injections of magnesium, compared with saline control. The researchers concluded that magnesium is not indicated for alcohol withdrawal unless withdrawal is characterized by cardiac arrhythmias.Other researchers, reviewing the literature on the use of magnesium in delirium tremens between 1954 and 1987, have similarly concluded that there is most likely no causal relationship between hypomagnesemia and delirium tremens. They cite more recent research findings showing that hypomagnesemia is not universal among chronic alcoholics and that magnesium concentrations return to normal in some alcoholics without use of magnesium supplements. They have recommended against the routine use of parenteral magnesium in patients with delirium tremens.Magnesium supplements may significantly protect post menopausal women from osteoporosis according to researchers who tested the supplement in a group of these women for two years. Magnesium's role in regulating active calcium transport has made its importance in bone metabolism manifest. Women in the two-year study received varying doses of magnesium, from 250 milligrams to 750 milligrams, and were compared with unsupplemented age-matched controls. The magnesium-treated women also had significantly increased bone density by the end of the study while the controls did not. Follow-up is needed.Magnesium levels have been found to be diminished in some with premenstrual syndrome (PMS). In one double-blind, randomized study, women with PMS received placebo or 360 milligrams of magnesium three times a day from day 15 of the menstrual cycle to the onset of menstrual flow. Magnesium performed better than placebo in some measures related to premenstrual mood changes. Both placebo and magnesium seemed to reduce pain associated with PMS. More rigorous studies are needed before any conclusion can be drawn with respect to magnesium's possible efficacy in alleviating symptoms of PMS. Finally, two double-blind, studies have suggested that chronic oral magnesium supplementation may reduce the frequency of migraine headaches. Refractory patients have, reportedly, been helped with intravenous magnesium. Magnesium concentrations have been shown to affect serotonin receptors, nitric oxide synthesis and release and NMDA receptors, all believed to play some role in migraine. In a multi-center, placebo-controlled, double-blind, randomized study, 81 patients, aged 18-65 years, with a mean migraine frequency attack of 3-6 per month, were given 600 milligrams of magnesium or placebo orally each day for 12 weeks. In weeks 9-12, attack frequency was reduced by 41.6% in the magnesium group and by 15.8% in the placebo group, compared with baseline. More research is warranted.CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONSCONTRAINDICATIONSMagnesium is contraindicated in those with renal failure. It is also contraindicated in those with high-grade atrioventricular (AV) blocks unless those with high-grade AV blocks have artificial pacemakers.Magnesium is contraindicated in those who are hypersensitive to any component of a magnesium-containing supplement.PRECAUTIONSPregnant women and nursing mothers should avoid magnesium doses greater than 350 milligrams daily (in supplementary form) unless higher doses are prescribed by their physicians.Those with myasthenia gravis should avoid the use of magnesium supplements. Magnesium supplements may exacerbate weakness and trigger a myasthenic crisis.ADVERSE REACTIONSThe most common adverse reaction from the use of magnesium supplements is diarrhea. Other gastrointestinal symptoms that may occur with the use of magnesium supplements are nausea and abdominal cramping. If magnesium supplements are taken with food, diarrhea and other gastrointestinal symptoms are less likely to occur. Diarrhea and other gastrointestinal symptoms typically occur with magnesium doses greater than 350 milligrams daily. Doses of 350 milligrams or lower are generally well tolerated.Those with renal failure may develop hypermagnesemia with use of magnesium supplements (see Contraindications). Serious adverse reactions with the use of oral magnesium supplements in those with normal renal function are rare but they have been reported. An eight week-old infant developed metabolic alkalosis, diarrhea and dehydration after receiving large amounts of magnesium oxide powder on each of two successive days. An adult woman developed metabolic alkalosis and hypokalemia from the repeated daily ingestion of 30 grams of magnesium oxide. Paralytic ileus has been reported in adults taking large, cathartic doses of magnesium. One suicide patient given 465 grams of magnesium sulfate as a cathartic to counteract an intentional drug overdose had a cardiopulmonary arrest. A few deaths have been reported in patients with renal failure who took very large doses of magnesium as magnesium sulfate or magnesium oxide.INTERACTIONSDRUGSBisphosphonates (alendronate, etidronate, risedronate): Concomitant intake of a bisphosphonate and magnesium may decrease the absorption of the bisphosphonate.Quinolones (ciprofloxacin, gatifloxacin, levofloxacin, lomefloxacin, moxifloxacin, norfloxacin, ofloxacin, sparfloxacin, trovafloxacin): Concomitant use of a quinolone and magnesium may decrease the absorption of the quinolone.Tetracyclines (doxycyline, monocycline, tetracycline): Concomitant intake of a tetracycline and magnesium may decrease the absorption of the tetracycline.NUTRITIONAL SUPPLEMENTSBoron: Boron may increase magnesium levels.Calcium: Concomitant intake of high doses of calcium—greater than 2 grams—may decrease the absorption of magnesium. Most studies have shown that concomitant intakes of typical doses of calcium and magnesium do not decrease the absorption of magnesium.Inositol Hexaphosphate: Concomitant intake of inositol hexaphosphate and magnesium may depress the absorption of magnesium.Iron: Concomitant intake of magnesium and iron may decrease the absorption of iron.Manganese: Concomitant intake of magnesium and manganese may decrease the absorption of manganese.Non-digestible oligosaccharides (fructo-oligosaccharides, inulin): Concomitant use of non-digestible oligosaccharides and magnesium may increase the colonic absorption of magnesium.Phosphate: Concomitant intake of phosphate and magnesium may decrease the absorption of both phosphate and magnesium.Sodium Alginate: Concomitant intake of sodium alginate and magnesium may decrease the absorption of magnesium.FOODSConcomitant intake of a magnesium supplement with foods rich in oxalic acid (spinach, sweet potatoes, rhubarb and beans) or phytic acid (unleavened bread, raw beans, seeds, nuts and grains and soy isolates) may decrease the absorption of magnesium.OVERDOSAGESee Adverse Reactions.There is a report of a patient having a cardiopulmonary arrest after ingesting 465 grams of magnesium sulfate, and there are a few reports of deaths in those with renal failure who took very large doses of magnesium.DOSAGE AND ADMINISTRATIONThere are several forms of magnesium used for nutritional supplementation. These include: magnesium oxide, magnesium gluconate, magnesium chloride, magnesium citrate, magnesium hydroxide, magnesium aspartate, magnesium orotate, magnesium arginate, magnesium pidolate and other amino acid and oligopeptide chelates of magnesium. Magnesium supplements are available as stand-alone supplements or in combination products. Some products contain mixtures of a few magnesium forms, e.g., magnesium oxide, magnesium chloride and magnesium gluconate. Many combination products are available.Typical doses of magnesium (expressed as elemental magnesium) range from 100 to 350 milligrams daily.Taking magnesium supplements with food is less likely to cause diarrhea.The Food and Nutrition Board of the Institute of Medicine of the United States National Academy of Sciences has recommended the following Adequate Intake (AI) and Recommended Dietary Allowance (RDA) values for magnesium: Infants(AI)0 through 6 months30 mg/day7 through 12 months75 mg/day  Children(RDA)1 through 3 years80 mg/day4 through 8 years130 mg/day  Boys 9 through 13 years240 mg/day4 through 18 years410 mg/day  Girls 9 through 13 years240 mg/day4 through 18 years360 mg/day  Men 19 through 30 years400 mg/day31 through 50 years420 mg/day51 through 70 years420 mg/dayGreater than 70 years420 mg/day  Women 19 through 30 years310 mg/day31 through 50 years320 mg/day51 through 76 years320 mg/dayGreater than 70 years320 mg/day  Pregnancy 14 through 18 years400 mg/day19 through 30 years350 mg/day31 through 50 years380 mg/day  Lactation 14 through 18 years360 mg/day19 through 30 years310 mg/day31 through 50 years320 mg/day  The Food and Nutrition Board has recommended the following upper limits (UL) for supplementary magnesium (i.e., nonfood source magnesium). Infants(UL)0 through 12 monthsNot possible to establish for supplementary magnesium  Children 1 through 3 years65 mg of supplementary magnesium4 through 8 years110 mg of supplementary magnesium  Pregnancy 14 through 50 years350 mg of supplementary magnesium  Lactation 14 through 50 years350 mg of supplementary magnesium  Adolescents and Adults350 mg of supplementary magnesium  The Food and Nutrition Board recognizes that those with certain clinical conditions, such as neonatal tetany, hyperuricemia, hyperlipidemia, lithium toxicity, hyperthyroidism, cardiac arrhythmias and digitalis intoxication, may benefit from the prescribed use of magnesium supplements exceeding the above ULs.HOW SUPPLIEDMagnesium chloride is available in the following forms and strengths for Rx use:Injection — 200 mg/mLMagnesium chloride is available in the following forms and strengths for OTC use:Tablet, Extended Release — 535 mgMagnesium gluconate is available in the following forms and strengths for OTC use:Liquid — 3.25 mg/mL, 1000 mg/5 mLTablet — 500 mgMagnesium Lactate is available in the following forms and strengths for OTC use:Tablet, Extended Release — 84 mgMagnesium Oxide is available in the following forms and strengths for OTC use:Capsules — 140 mg, 600 mgPowderTablets — 200 mg, 250 mg, 400 mg, 420 mg, 500 mgMagnesium Sulfate is available in the following forms and strengths for Rx use:Injection — 40 mg/mL, 80 mg/mL, 125 mg/mL, 500 mg/mLLITERATUREAbbott L, Nadler J, Rude RK. Magnesium deficiency in alcoholism: possible contribution to osteoporosis and cardiovascular disease in alcoholics. Alcohol Clin Exp Res. 1994; 18:1076-1082.Altura BM, Altura BT. Role of magnesium and calcium in alcohol-induced hypertension and strokes as probed by in vivo television microscopy, digital image microscopy, optical spectroscopy, 31P-NMR, spectroscopy and a unique magnesium ion-selective electrode. Alcohol Clin Exp Res. 1994; 18:1057-1068.Baxter GF, Sumeray MS, Walker JM. Infant size and magnesium: insights into LIMIT-2 and ISIS-4 from experimental studies. Lancet. 1996; 348:1424-1426.Britton J, Pavord I, Richards K, et al. Dietary magnesium, lung function, wheezing, and airway hyper-reactivity in a random adult population sample. Lancet. 1994; 344:357-362.Casscells W. Magnesium and myocardial infarction. Lancet. 1994; 343:807-809.Christiansen CW, Rieder MA, Silverstein EL, Gencheff NE. Magnesium sulfate reduces myocardial infarct size when administered before but not after coronary reperfusion in a canine model. Circulation. 1995; 92:2617-2621.de Lourdes Lima M, Cruz T, Carreiro Pousada J, et al. The effect of magnesium supplementation in increasing doses on the control of type 2 diabetes. Diabetes Care. 1998; 21:682-686.Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride. Washington, DC: National Academy Press; 1997.Durlach J, Durlach V, Bac P, et al. Magnesium and therapeutics. Magnes Res. 1994; 7:313-328.Elisaf M, Merkouropoulos M, Tsianos EV. Siamopoulos KC. Pathogenetic mechanisms of hypomagnesemia in alcoholic patients. J Trace Elem Med Biol. 1995; 9:210-214.Facchinetti F, Borella P, Sances G, et al. Oral magnesium successfully relieves premenstrual mood changes. Obstet Gynecol. 1991; 78:177-181.Gullestad L, Dolva LO, Soyland E, et al. Oral magnesium supplementation improves metabolic variables and muscle strength in alcoholics. Alcohol Clin Exp Res. 1992; 16:986-990.Herzog WR, Schlossberg ML, MacMurdy KS, et al. Timing of magnesium therapy affects experimental infarct size. Circulation. 1995; 92:2622-2626.Iseri LT, French JH. Magnesium: nature's physiologic calcium blocker. Am Heart J. 1984; 108:188-193.ISIS-4 (Fourth International Study of Infarct Survival) Collaborative Group. ISIS-4: a randomised factorial trial assessing early oral captopril, oral mononitrate, and intravenous magnesium sulfate in 58,050 patients with suspected acute myocardial infarction. Lancet. 1995; 345:669-685.Jermain DM, Crisman ML, Nisbet RB. Controversies over the use of magnesium sulfate in delirium tremens. Ann Pharmacother. 1992; 26:650-652.Kao WHL, Folsom AR, Nieto J, et al. Serum and dietary magnesium and the risk for type 2 diabetes mellitus (editorial). Arch. Int Med. 1999; 159:2151-2159.Lim R, Herzog WR. Magnesium for cardiac patients: is it a valuable treatment supplement? Contemp Int Med. 1998; 10:6-9.Lucas MJ, Leveno KJ, Cunningham FG. A comparison of magnesium sulfate with phenytoin for the prevention of eclampsia. N Engl J Med. 1995; 333:201-205.Martini LA. Magnesium supplementation and bone turnover. Nutr Rev. 1999; 57:227-229.Mauskop A, Altura BM. Role of magnesium in the pathogenesis and treatment of migraines. Clin Neurosci. 1998; 5:24-27.Orchard TJ. Magnesium and type 2 diabetes mellitus (editorial). Arch Int Med. 1999; 159:2119-2120.Peikert A, Wilimzig C, Kohne-Volland R. Prophylaxis of migraine with oral magnesium: results from a prospective, multi-center, placebo-controlled and double-blind randomized study. Cephalalgia. 1996; 16:257-263.Paolisso G, Sgamabato S, Pizza G, et al. Improved insulin response and action by chronic magnesium administration in aged NIDDM. Diabetes Care. 1989; 12:265-269.Rivlin RS. Magnesium deficiency and alcohol intake: mechanisms, clinical significance and possible relation to cancer development (a review). J Am Coll Nutr. 1994; 13:416-423.Roberts JM. Magnesium for preeclampsia and eclampsia. N Engl J Med. 1995; 333:250-251.Roffe C, Fletcher S, Woods KL. Investigation of the effects of intravenous magnesium sulphate on cardiac rhythm in acute myocardial infarction. Br Heart J. 1994; 71:141-145.Saris N-EL, Mervaala E, Karppanen H, et al. Magnesium. An update on physiological, clinical and analytical aspects (review). Clinica Chimica Acta. 2000; 294:1-26.Schendel DE, Berg CJ, Yeargin-Allsopp M, et al. Prenatal magnesium sulfate exposure and the risk for cerebral palsy or mental retardation among very low-birth-weight children aged 3 to 5 years. JAMA. 1996; 276:1805-1810.Shils ME. Magnesium. In: Shils M, Olson JA, Shike M, Ross AC, eds. Modern Nutrition in Health and Disease. 9th ed. Baltimore, MD: Williams and Wilkins; 1999:169-192.Sojka JE. Magnesium supplementation and osteoporosis. Nutr Rev. 1995; 53:71-80.Terblanche S, Noakes TD, Dennis SC, et al. Failure of magnesium supplementation to influence marathon running performance or recovery in magnesium-replete subjects. Int J Sports Nutr. 1992; 2:154-164.Toba Y, Kajita Y, Masuyama R, et al. Dietary magnesium supplementation affects bone metabolism and dynamic strength of bone in ovariectomized rats. J Nutr. 2000; 130:216-220.Tosiello L. Hypomagnesemia and diabetes mellitus. A review of clinical implications. Arch Intern Med. 1998; 156:1143-1148.Woods KL, Fletcher S. Long-term outcome after intravenous magnesium sulphate in suspected acute myocardial infarction: the second Leicester Intravenous Magnesium Intervention Trial (LIMIT-2). Lancet. 1994; 343:816-819. 







© Rakowski 2008


Magnesium protects the brain from 
excitotoxicity.







NMDA 
receptor


Ions of Excitation Ca, Na


Mg Natures Ca channel blocker Migraines, 
seizures, arrhythmia – Neuro protective used in 
acute stroke, pre eclampsia (bio available Mag 


Glycinate (glycine is excitatory)


Zinc Increases Ca, Na Influx –
can make seizures worse


Dehydration may 
shorten this channel 


“brain on fire”


Excitotoxicity (excess Glutamate) promoted 
by arachidonic acid, homocysteine, and 


mercury







“glutamate-mediated 
acute toxicity was 
enhanced two- to 


fivefold in the absence 
of Mg2+.”


“Elevating external 
Mg2+ to 20 mM 


completely protected 
against NMDA-mediated 


acute toxic effects.”
J Neurochem. 1992 Oct;59(4):1211-20. 


PMID: 1402878  below



Presenter

Presentation Notes

J Neurochem. 1992 Oct;59(4):1211-20. PMID: 1402878  below Evidence that the loss of the voltage-dependent Mg2+ block at the N-methyl-D-aspartate receptor underlies receptor activation during inhibition of neuronal metabolism.Zeevalk GD, Nicklas WJ.Department of Neurology, University of Medicine and Dentistry of New Jersey, Robert Wood Johnson Medical School, Piscataway 08854.In this study, the importance of the Mg2+ blockade of the N-methyl-D-aspartate (NMDA) receptor during metabolic stress was examined in embryonic day 13 chick retina. Retina exposed to mild conditions of metabolic stress (i.e., blockade of glycolysis with 1 mM iodoacetate for 30 min) underwent acute histological somal and neuritic swelling and an increase in gamma-aminobutyric acid (GABA) release into the medium. These acute signs of metabolic stress were eliminated by NMDA antagonists present during pharmacological blockade of glycolysis, occurred in the absence of a net increase in extracellular glutamate or aspartate, and were not affected by the presence or absence of Ca2+ in the incubation medium. One possible explanation for the activation of NMDA receptors in the absence of an increase in extracellular ligand is that NMDA sensitivity during metabolic stress may be governed at the receptor level. Depolarization of membrane potential during metabolic stress may result in the loss of the Mg2+ blockade from the NMDA receptor channel, resulting in an increased potency for glutamate. To test this, the dose-response characteristics for NMDA, glutamate, and kainate in the presence or absence of extracellular Mg2+ and the effects of Mg2+ on metabolic inhibition were examined. The potency for NMDA- or glutamate-mediated acute toxicity was enhanced two- to fivefold in the absence of Mg2+. Omission of Mg2+ greatly decreased the minimal concentration of agonist needed to produce acute excitotoxicity; 25 versus 5 microM for NMDA and 300 versus 10 microM for glutamate in 1.2 or zero Mg2+, respectively. Elevating external Mg2+ to 20 mM completely protected against NMDA-mediated acute toxic effects. In contrast, varying external Mg2+ had no effect on kainate-induced toxicity. Acute toxicity caused by inhibition of metabolism was not potentiated in the absence of Mg2+ but was attenuated by elevating extracellular Mg2+. The protective effect of Mg2+ during metabolic inhibition was not additive with NMDA antagonists, suggesting that the action of Mg2+ was at the level of the NMDA receptor. These findings are consistent with the hypothesis that the Mg2+ block is lifted during metabolic inhibition and may be the primary event resulting in NMDA receptor activation.PMID: 1402878 







“involvement of 
the NMDA / 
glutamate


pathway in the 
magnesium 


anxiolytic-like 
activity” 


Pharmacol Rep. 2008 Sep-Oct;60(5):655-63. PMID: 19066411 below



Presenter

Presentation Notes

Glutamate and Anxiety – NMDA – Magnesium is Anxiolytic Pharmacol Rep. 2008 Sep-Oct;60(5):655-63. PMID: 19066411   LinksNMDA/glutamate mechanism of magnesium-induced anxiolytic-like behavior in mice.Poleszak E, Wlaź P, Wróbel A, Fidecka S, Nowak G.Department of Pharmacology and Pharmacodynamics, Medical University of Lublin, Staszica 4, PL 20-081 Lublin, Poland. ewa.poleszak@am.lublin.pl.The anxiolytic-like activity of magnesium in mice during the elevated plus maze (EPM) has been demonstrated previously. In the present study, we examined the involvement of NMDA/glutamate receptor ligands on the magnesium effect on the EPM. We demonstrated that low, ineffective doses of NMDA antagonists (the competitive NMDA antagonist CGP 37849, 0.3 mg/kg; an antagonist of the glycineB sites, L-701,324, 1 mg/kg; a partial agonist of the glycine(B) sites, D-cycloserine, 2.5 mg/kg; and the non-competitive NMDA antagonist MK-801, 0.05 mg/kg) administered together with an ineffective dose of magnesium (10 mg/kg) evoked a significant increase in the percentage of time spent in the open arm of the maze (an index of anxiety). Moreover, magnesium-induced anxiolytic-like activity (20 mg/kg) was antagonized by D-serine (100 nmol/mouse), an agonist of glycineB site of the NMDA receptor complex. The present study demonstrates the involvement of the NMDA/glutamate pathway in the magnesium anxiolytic-like activity in the EPM in mice, and that this activity particularly involves the glycine(B) sites.PMID: 19066411 
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“uncontrollable outbursts of laughing and/or crying that are disproportionate to the emotions being experienced.” ((NMDA) receptor antagonist) helped to control their emotional outbursts Drugs Today (Barc). 2008 Sep;44(9):661-8. PMID: 19137121  belowDextromethorphan/quinidine sulfate for pseudobulbar affect.Rosen H.UCSF Department of Neurology, Memory and Aging Center, San Francisco, California, USA. hrosen@memory.ucsf.edu.A new agent containing a combination of dextromethorphan (DM) and quinidine (Q) is currently under development for the treatment of pseudobulbar affect (PBA). PBA is a disorder of emotional regulation, characterized by uncontrollable outbursts of laughing and/or crying that are disproportionate to the emotions being experienced. The pathophysiology of PBA is currently unknown, although the disorder is thought to occur exclusively in the setting of neurological disease. The most influential theory on PBA posits that emotional outbursts are being generated autonomously in the brain stem due to loss of regulatory control by the frontal lobe. Although rarely life-threatening, PBA can have significant impact on patient quality of life, and thus merits treatment. There are currently no approved treatments for PBA. Several agents have been found to be effective in small placebo-controlled trials and case series, with the most commonly used agents being tricyclic antidepressants and selective serotonin reuptake inhibitors. Both these treatments are inexpensive and relatively low-risk, although the quality and quantity of data available on their efficacy are not optimal. DM has several pharmacological mechanisms of action relevant to the brain. It is an N-methyl-D-aspartate (NMDA) receptor antagonist, which prompted investigators to study its potential for slowing progression in amyotrophic lateral sclerosis (ALS), where glutamate toxicity is thought to be a factor. The combination agent DM/Q was developed to slow the metabolism of DM by P450 2D6 enzymes in the liver. DM/Q was not effective in slowing ALS progression, but patients noted that it helped to control their emotional outbursts, suggesting it might be useful as a treatment for PBA. DM is also a sigma-1 receptor agonist. These receptors are widely distributed in the brain, but probably most heavily in the limbic system, suggesting that DM may exert its emotion-controlling effects via these receptors. The endogenous ligands for sigma-1 receptors are not altogether known, although they appear to include gonadal steroids. DM/Q was recently shown to be effective in reducing the severity of PBA in two large studies of ALS and multiple sclerosis, which are probably the most common neurological settings. These are the largest treatment studies of PBA ever done. The agent was safe and relatively well tolerated. Further studies are being conducted to see if efficacy can be maintained with lower doses of quinidine. If DM/Q is approved by the U.S. Food and Drug Administration for treatment of PBA, it would be the first agent approved for this purpose. Currently, the antidepressants are probably the most attractive pharmacologic options for treatment of PBA. The choice of whether to use DM/Q in this setting will likely depend on individual patient factors as well as cost. Copyright 2008 Prous Science, S.A.U. or its licensors. All rights reserved.PMID: 19137121  
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ALCOHOL AND NMDA RECEPTOR FUNCTIONhttp://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html below�Paula L. Hoffman, Ph.D.�University of Colorado Health Sciences CenterPhysical dependence on alcohol, which is one component of the alcohol dependence syndrome, is thought to result from an adaptation of the CNS to the chronic presence of alcohol, and is defined by the appearance of withdrawal signs and symptoms, including seizures (convulsions), upon cessation of alcohol intake. Neuronal systems that undergo adaptation to chronic ethanol exposure may be those that are sensitive to acute perturbation by ethanol. Acutely, ethanol is a potent inhibitor of the function of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptor. Following chronic exposure of animals to alcohol, there is evidence for an up-regulation of NMDA receptors, and/or a change in NMDA receptor subunit composition, in several brain areas. The time course of this up-regulation parallels the time course of alcohol withdrawal convulsions, and these convulsions can be attenuated by NMDA receptor antagonists. Prevention of the up-regulation of the NMDA receptor by ganglioside treatment also reduces withdrawal seizures, supporting the role of changes in the NMDA receptor in alcohol withdrawal/physical dependence. NMDA receptor function is also increased in neuronal cultures exposed chronically to ethanol in vitro, and these ethanol-exposed/withdrawn neurons show enhanced susceptibility to glutamate-induced excitotoxic death. This toxicity can be blocked with NMDA receptor antagonists, but not with diazepam. Withdrawal-induced glutamate excitotoxicity may underlie the neuronal damage observed in chronic alcoholics. These findings suggest the possibility of development of therapeutic agents to treat both alcohol withdrawal seizures and withdrawal-induced neuronal damage. (Supported by NIAAA and the Banbury Foundation.)
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Magnesium deficiency and stress – comprehensive articlehttp://www.mgwater.com/conseq.shtmlIn Journal of the American College of Nutrition, Vol. 13, No. 5, 429-446 (1994)Consequences of Magnesium Deficiency on the Enhancement of Stress Reactions; Preventive and Therapeutic Implications (A Review)Mildred S. Seelig, MD, MPH, Master ACNDepartment of Nutrition, Schools of Public Health and Medicine, University of North Carolina, Chapel HillThe section headers of this paper are as follows:ABSTRACTINTRODUCTIONMECHANISMS OF INTERACTIONS OF STRESS, STRESS HORMONES AND MAGNESIUMCARDIOVASCULAR REACTIONS TO STRESS INTENSIFIED BY MAGNESIUM DEFICITTOXEMIAS OF PREGNANCY, POSTPARTUM CARDIOMYOPATHY AND SIDSMIGRAINE , COAGULATION AND PROSTANOIDSNOISE STRESS , HEARING LOSS AND ACCELERATED AGINGOBESITY AND STRESS OF STARVATIONGASTROINTESTINAL STRESS REACTIONS; HISTAMINE RELEASEBRONCHIAL ASTHMAATHLETIC STRESS , PERFORMANCE AND MAGNESIUMTRANSPORTATION /SUDDEN DEATHCONCLUDING COMMENTSREFERENCESABSTRACTStress intensifies release of catecholamines and corticosteroids, that increase survival of normal animals when their lives are threatened. When magnesium (Mg) deficiency exists, stress paradoxically increases risk of cardiovascular damage including hypertension, cerebrovascular and coronary constriction and occlusion, arrhythmias and sudden cardiac death (SCD). In affluent societies, severe dietary Mg deficiency is uncommon, but dietary imbalances such as high intakes of fat and/or calcium (Ca) can intensify Mg inadequacy, especially under conditions of stress. Adrenergic stimulation of lipolysis can intensify its deficiency by complexing Mg with liberated fatty acids (FA). A low Mg/Ca ratio increases release of catecholamines, which lowers tissue (i.e. myocardial) Mg levels. It also favors excess release or formation of factors (derived both from FA metabolism and the endothelium), that are vasoconstrictive and platelet aggregating; a high Ca/Mg ratio also directly favors blood coagulation, which is also favored by excess fat and its mobilization during adrenergic lipolysis. Auto-oxidation of catecholamines yields free radicals, which explains the enhancement of the protective effect of Mg by anti-oxidant nutrients against cardiac damage caused by beta-catecholamines. Thus, stress, whether physical (i.e. exertion, heat, cold, trauma - accidental or surgical, burns), or emotional (i.e. pain, anxiety, excitement or depression) and dyspnea as in asthma increases need for Mg. Genetic differences in Mg utilization may account for differences in vulnerability to Mg deficiency and differences in body responses to stress.Key Teaching Points:Mg deficiency intensifies adverse reactions to stress that can be lifethreatening.Such reactions are mediated by excess release of the stress hormones: catecholamines and corticosteroids - which are increased by low Mg and high Ca levels, and which further lower tissue Mg.Low Mg/Ca levels favor excess release or formation of vasoconstrictive and platelet aggregating factors (derived from FA metabolism and endothelium).Low Mg/Ca levels also directly enhance intravascular blood coagulation - in microcirculation and in large blood vessels.Eclampsia is a coagulative microangiopathic disorder with high adrenergic activity; essential hypertension is also a stress-related disease.Low Mg levels are implicated in eclampsia, cardiac arrhythmias with and without AMI, and bronchial asthma, each of which is a stressful event that is favorably responsive to prompt (adjunctive) pharmacologic Mg treatment.AbbreviationsAMI acute myocardial infarction; Ca calcium; CVD cardiovascular disease; CS corticosteroid; e.c. extracellular; FA fatty acids; FFA free fatty acids; GCS glucocorticoid; i.c. intracellular; IHD ischemic heart disease; i.v. intravenous; K potassium; MCS mineralcorticoid; Mg magnesium; RDS respiratory distress syndrome; SCD sudden cardiac death; SIDS sudden infant death syndrome; PGI2 prostacycline; TXA thromboxane INTRODUCTIONStress, both physical and emotional, evokes release of the stress hormones: catecholamines and corticosteroids, which mediate release and utilization of substrates for energy production and for improved skeletal and cardiac muscle performance. However, their excesses, which cause Mg loss and inactivation can be implicated in cardiovascular disorders - involving thrombotic events and arrhythmias, when Mg intakes from imbalanced diets, and serum and tissue levels are sub-optimal (Fig. 1).Fig. 1. Stress and magnesium�Cardiac complications of stress often derive from the oxygen debt created by arterial constriction, usually of arteriosclerotic arteries, that reduces oxygen supply in the face of (stress-induced) increased energy consumption. There is suggestive evidence that Mg deficiency contributes to sudden cardiac death (SCD). Pain of acute myocardial infarction (AMI), angina pectoris, cancer, trauma, is stressful. In AMI especially when there is underlying Mg deficiency as is caused by diuretics, additional Mg loss induced by stress of pain and anxiety, might be a factor in its morbidity and mortality. Prompt intravenous (i.v.) pharmacologic treatment with Mg has improved AMI survival. Mg inadequacy of pregnancy might make additional Mg need during the stress of labor a factor in periand post-partum problems. Complications of bronchial asthma and of its drug treatment with Mg-wasters: beta-adrenergic agonists, corticosteroids (CS), and theophylline, resemble signs of Mg deficiency that can culminate in arrhythmia and sudden death. Providing i.v. Mg in doses comparable to that effective in eclampsia, is valuable adjunctive therapy in management of intractable bronchial asthma. Mg supplements have improved endurance and reduced cramps and fatigue in athletics; might they also protect against SCD of athletes?New findings on interactions of prostanoids with Mg provide insight into how intravascular coagulation is involved in the pathogenesis of thrombotic arterial lesions that increase vulnerability to acute changes caused by stress. The mutual enhancement by the anti-oxidant, vitamin E and by Mg, of their protective effects against stress-induced myocardial damage, that is intensified by Mg deficiency, is interrelated with catecholamine-release of free radicals, as well as with loss of tissue Mg.MECHANISMS OF INTERACTIONS OF STRESS, STRESS HORMONES AND MAGNESIUMStimulation by Stress of Secretion of Catecholamines and CorticosteroidsClassic studies of activation of the sympathetic system by emotional or sensory stimuli showed that pain, hunger, fear and rage increased epinephrine urinary excretion (1). During aggressive and violent action, norepinephrine release predominates (2). Isolation or overcrowding, forced exercise, cold or hot environments, noise, light flashes, electric shocks, or other anxiety-evoking stimuli, including frustration in access to food, or listening to recordings of fights involving the species under study - have increased secretion and/or release of catecholamines by the adrenal medulla, nerves and ganglia. The heart also synthesizes, stores and releases norepinephrine (2-5); almost immediately after a coronary occlusion, catecholamines are released from granules within the heart (5,6).Elevation of plasma CS and increased urinary excretion of CS and its metabolites have been reported in monkeys subjected to anxiety or aggression (7), and in humans under emotional and physical stresses (2,8-10).�Stress Reactions as Affected by Magnesium and CalciumInterrelations among Catecholamines, Magnesium and Calcium. Catecholamine-secreting granules from adrenal medulla or nerve endings, suspended in low Mg/high Ca or high Mg/low Ca solutions, release more catecholamine in low Mg and less in high Mg media; Ca has reciprocal effects(11-15). (Figure 2) The effect of verapamil, a Ca channel-blocker, on catecholamine release has been compared to that of Mg, a physiologic Ca-blocker (16). Hypomagnesemia occurs in patients with elevated blood catecholamines: in AMI, cardiac surgery and insulin-induced hypoglycemia stress tests (17). Epinephrine infused into healthy volunteers, with and without prior treatment with Ca-blocking agents, lowered both serum Mg and K (18). Infusion of pathophysiologic amounts of epinephrine, or a therapeutic dose of salbutamol (a beta 2-catecholamine agonist) lowered plasma Mg levels in normal subjects. Epinephrine, but not norepinephrine, significantly reduced plasma Mg in healthy men (19). Infused beta-blockers had no significant effect on plasma Mg in 15 sedentary, healthy young men when maximally exercised (20).Mg infusion (MgSO4, 60 mg/kg, i.v.) improved management of patients with pheochromocytoma prior to and during surgery to remove the catecholamine secreting tumor (21), and inhibited release of catecholamine produced by the stress of tracheal intubation (22). Experimental and clinical hyperadrenalemia caused elevated blood Mg levels, that fell to within normal limits after extirpation of an adrenal gland (23,24). The high erythrocyte (rbc) Mg (24) may be to the increased rbc Mg levels of most athletes, whose release of catecholamines increases during strenuous training (infra vide).�Corticosteroids during Stress; Interrelations with MagnesiumProlonged isolation and other emotional, but not physical, stress has increased serum CS in rats (25). Runners exhibited increased excretion of both catecholamines and CS; Mg supplements significantly decreased their CS excretion (9). A marathon runner, whose CS levels gradually increased during a race, attained twice pre-race values at the end of the race (26). A mixed CS, with glucocorticosteroid (GCS) and mineralocorticosteroid (MCS) activity, caused negative Mg balance in normal volunteers, mostly by interfering with intestinal Mg absorption (27).MCS hormones: aldosterone and desoxyycortosterone acetate (DOCA) affect Mg metabolism and are influenced by the Mg status. Each interferes with Mg absorption and increases urinary Mg excretion in experimental animals (28,29) and in humans with adrenal tumor-induced aldosteronism (30,31). Mg deficiency has increased MCS secretion in experimental animals, through induced juxtaglomerular hypertrophy (32,33). Anti-aldosterone agents reverse Mg deficiency of cardiac patients on long-term use of Mg-wasting diuretics, as reflected by restoration of depressed tissue Mg levels (34,35).There is substantial experimental evidence (2,26,36-49) that cardiac damage - induced by stress or exogenous catecholaminesis intensified by CS, beta-adrenergic agonists, and by Mg deficiency. The myocardial lesions are characterized by necrosis and Ca deposition; Mg administration is protective.�Catecholamines, Fatty Acid Release, Coagulation, and ProstanoidsFatty Acid release of Stress; Interrelations with Mg. Free fatty acids (FFA), an energy source during stress, are mobilized through lipolysis induced by beta-catecholamines (50,51). However, they bind and inactivate Mg in blood and heart, intensifying functional Mg deficiency. The stress of alcohol withdrawal increased serum FFA and lowered serum Mg (in dogs [52]). AMI increases catecholamine release and increases FFA levels (53,54), that is associated with a decline in serum Mg (55). Hyperexcitable (Type A) subjects, who are more vulnerable than Type B subjects to AMI, exhibit greater adrenergic release, have increased serum FFA and slight increase in plasma Mg and a small but significant decrease in rbc Mg (56).Among five marathon racers, four were well trained; an untrained racer had been taking a Mg supplement (370 mg/day) for a week before the run (57). Blood samples drawn 6 times during the race showed steady increase in mean FFA that peaked at 26 miles, and that was associated with a steady fall in serum Mg in the trained runners, but not in the untrained, Mg supplemented man.Fat and Magnesium/Calcium Ratios in Coagulation. Diets rich in saturated fats are implicated in hyperlipidemia and atherosclerosis, and increase thrombogenesis. Mg deficiency worsened both fat-induced intravascular hyper- coagulation (58-61) and atherogenesis; Mg was protective (42,46,59). It has prevented platelet aggregation on experimentally damaged endothelium (60,61), and has protected against spontaneous MI of rats, dogs and cocks on nutritionally imbalanced diets that caused Mg deficiency (42,62,63). Increased platelet aggregability increases myocardial vulnerability to ischemic injury in Mg deficient hamsters (64). The reciprocal effects of Ca and Mg on coagulation are considered elsewhere, re the need for Mg supplements of post-menopausal women taking both estrogen and Ca to slow osteoporosis (65), and in eclampsia, premenstrual syndrome, and migraine (66).Platelet Aggregation and the Prostanoids, Affected by Mg and Ca. Prostacycline (PGI2) and thromboxane (TXA or TXB2) also participate in platelet aggregation, PGI2 inhibiting aggregation; TXA enhancing it. PGI2 is also a potent vasodilator; TXA is a vasoconstrictor. Guenther et al have reported that increased prostanoid synthesis is linked to translocation of Ca into cells (67). Mg deficiency (which causes hypercalcemia in rats) caused increased levels of PGI2 and its metabolite PGF1, but to a far lesser extent than it increased TXA synthesis and release. Studies by Nadler et al (68-70) in normal men have shown that Mg infusion significantly increased excretion of the PGI2 metabolite 6-keto-PGF1a, without altering urinary output of PGI2, and reduced TXB2 synthesis. Franz et al (26) found that physical stress of marathon racing increased TXB2 levels, inversely related to serum Mg levels. Early in the race TXB2 fell slightly, but it rose 9-fold by the end of the race, in association with a fall in serum Mg. PGI2 mediates, at least in part, the hemodynamic (vasodilator) effects of infused Mg (71). Altura et al (72) showed that, in its absence, PGI2-induced relaxation in isolated rat aortic strips is prevented. PGI2 and Mg infusions elicit similar hemodynamic effects (73), and in vitro exposure of (umbilical) vascular endothelial cells to vasodilating concentrations of Mg stimulates release of PGI2 (74,75).Catecholamines, Free Radicals, Magnesium and Antioxidants. Recent work in the laboratories of Weglicki and Bloom (76-83) indicates that oxidative stress, induced by the beta-agonist isoproterenol, causes membrane damage of myocardium, endothelium, and erythrocytes in which release of free radicals participates. Mg deficiency and catecholamines each causes tissue Ca overload. Both beta-blockers and Ca-channel blockers cause degrees of membrane lipid anti-peroxidative activity (76-81). Furthermore, catecholamine auto-oxidation leads to generation of cytotoxic free radicals (84). That the cardiomyopathy of Mg deficiency, alone, also involves free radicals is indicated by the protective effects of vitamin E and anti-oxidant drugs in Mg-deficient hamsters (80-83). This is pertinent to the observation that high intakes of anti-oxidant nutrients, as well as of Mg, were cardioprotective in a large series of Indian cardiac patients (Singh et al [85,86]) .CARDIOVASCULAR REACTIONS TO STRESS INTENSIFIED BY MAGNESIUM DEFICITCardiac Synthesis and Release of Catecholamines; Cardiac Complications with Excess CatecholaminesRaab first reported very high catecholamine content in the myocardium of a young athlete who died in his sleep after a stressful event (3). The inotropic response to increased demands caused by stress increases the force of cardiac contraction and oxygen utilization (4). Resulting oxygen debt causes relative myocardial hypoxia that can contribute to a shift of Mg out of cells to the extracellular space and plasma, as occurs with local ischemia of skeletal muscle (87) and in infants with asphyxia (88). The inward shift of Ca, stimulated by catecholamines is important in cardiac contractility, but when excessive, as in patients with ischemic heart disease (IHD) - the chronotropic responses to catecholamines predominate, and there is increased risk of arrhythmia and myocardial damage (89). Even in normal subjects, especially if low in Mg, the chronotropic effect of stress-induced excessive catecholamines may cause arrhythmia and sudden cardiac death (SCD). The increase in FFA caused by stress plays an important role in reducing availability of myocardial Mg. Focal myocarditis and congestive heart failure (CHF), common in patients with pheochromocytoma (90), is the clinical counterpart of the focal myocardial lesions seen in rats given high dosage norepinephrine (91), and in those caused by injection of a beta-adrenergic agonist (isoproterenol), at a dose just sufficient to cause multifocal micronecrosis (40,92). Mg loss is the earliest electrolyte derangement, preceding loss of K and gain of Na and Ca.Functional stress tests, to which IHD patients are subjected, evoked significantly higher epinephrine and aldosterone levels in cardiac patients than in healthy controls (93). Pre-stress serum Mg levels were 1.6 mEq/L, and fell further at the test end.�Influence of Personality on Cardiovascular Responses to Stress and MagnesiumEmotion/anxiety, as well as ischemia, interfere with myocardial oxygen economy (2). Emotion evokes outpouring of catecholamines and CS, which deplete myocardial Mg, as the central cardio-damaging factor of stress, leading to tachycardia, arrhythmia, cardiomyopathy and even SCD. Nervous, emotional individuals who are most prone to cardiovascular disease (Type A) have far less stress tolerance than do Type B persons (94). Exposure to noise and mental stress results in excretion of more catecholamines by Type A than by Type B subjects, who have higher blood Mg (most marked in erythrocytes) than do Type A subjects (56,95). Henrotte et al have found that 70% of variance in rbc Mg levels is familial (56,95,96). Type A students, given a standardized test, had a statistically greater fall in rbc Mg than did Type B students, similarly stressed (56). The self-sustained stress and exaggerated response to external stresses of Type A persons might lead to subnormal Mg status.Patients with latent tetany of Mg deficiency, who have psychoneurotic complaints (97,98), may also be especially vulnerable to mitral valve prolapse (97,99,100). Children with "nervous" complaints related to psychosocial and school stresses are also prone to hypomagnesemia (101). Durlach (97) suggests that whether Mg deficiency is acute or marginal and chronic (as with long-term suboptimal Mg intake, genetic Mg malabsorption, renal-wasting, or maldistribution), it increases vulnerability to stress, and increases its harmful effects.�Hypertensive Responses to Emotional Stress; Mg/Ca EffectsEmotional stress is a factor in hypertension (2,102). Whether clinical hypertension is associated with low or high plasma renin activity (PRA), free i.c. Mg is low (103-107); there is negative correlation of PRA with serum Mg levels (103). In low PRA patients, whose blood pressure was reduced by Ca supplements, and high PRA patients who respond to Mg, free i.c. Mg was inversely correlated with degree of hypertension (104). Low free i.c.Mg was also seen in rats made hypertensive whether by MCS and salt loading, by nephrectomy or renal ischemia (107). Low i.c. free rbc Mg was found in thin and obese hypertensive patients, in hypertensive obese patients with or without diabetes mellitus, and in diabetics (106).In a study of total rbc Mg levels (a less sensitive parameter than the free rbc Mg) of middle-aged patients with labile hypertension, only those with low total rbc Mg had a blood pressure-lowering response to three months of Mg supplements (108). Workers in a high noise environment, and students preparing for their final examination experienced a rise in blood pressure during the work or study period (109) on diets providing about 5 mg/kg/day, which is above the current official American Recommended Dietary Allowance (RDA) (110). There was no rise in blood pressure in workers, or in students, given Mg supplementation that increased daily Mg intake to 6-7 mg/kg/day (109).TOXEMIAS OF PREGNANCY, POSTPARTUM CARDIOMYOPATHY AND SIDSMagnesium, Platelet Aggregation and Prostanoids of Toxemias of PregnancyAlthough only indirectly related to acute stress, aside from labor - which can intensify damage associated with toxemias of pregnancy, hypertension, that responds to Mg treatment, is characteristic of pre-eclampsia, as is greater than normal increase of blood pressure following catecholamine injection (111). Increased urinary epinephrine has been found in most patients with convulsive eclampsia (112).Elucidation of interrelations of Mg on PGI2, TXA and endothelial-derived factors provides insight into the hypertension and hypercoagulability of blood of toxemic pregnancy, and draws parallels to that of cardiovascular disease and diabetes mellitus (113). The reversal of increased blood coagulability of women, with toxemias of pregnancy, by infusions of Mg was demonstrated first by Weaver (114), His pregnant ewes on Mg-low diets had hypertension, renal glomerular endotheliosis, and placental infarcts (115,116).The increased Mg requirements of pregnancy, and the favorable response of complications of pregnancy to Mg treatment are well known (59). Mg deficiency during complicated pregnancy might be contributory to microvascular thromboses of severe toxemias. Pain from labor, as a stress factor that further increases Mg needs might be a factor in peripartal cardiomyopathy. It is provocative that Woods' rationale for extension of trials of Mg in AMI patients (71) derived partially from its efficacy in eclampsia, and from studies of Mg/PGI2 relations in pregnancy (74,75). Vascular endothelial damage (reflected by elevated fibronectin levels in preeclampsia), is associated with hyper-aggregability of platelets, and linked with prostanoid disturbances and microvascular thrombi in more severe toxemias (75,117). Watson et al (75) found that eclamptic patients have depressed PGI2 levels, whereas serum from MgSO4-treated eclamptic patients increased release of PGI2 by cultured (human umbilical vein) endothelial cells, and that it overcame thrombin induced- platelet adhesion to endothelium. Calvin et al (118) found that plasma fibronectin (released from damaged endothelium) was higher in 18 preeclamptic women than in 19 normal pregnant controls. However, the metabolite of PGI2 (6-keto-PGF1x: which they suggested is possibly a poor index of PGI2 at the microvascular level) was also higher. In vitro studies of the effect of Mg on platelet aggregation in umbilical cord vessel showed that elevated Mg levels increased PGI2 release from the vessels, and increased the anti-aggregating response of platelets to PGI2 (75).�Relationships of Perinatal Mg Deficiency to Infantile Reactions to StressLow birth weight (LBW) infants are more commonly born after complicated pregnancies, that are associated with Mg loss, and to Mg deficient mothers than after Mg-replete pregnancies (59). Not only are such infants more prone to early infantile complications, they are subject to serious reactions to stress. Dietary Mg deficiency of ruminants has caused birth of low birth weight young (115,116). Rats born to Mg deficient dams are less tolerant of stress, even after infancy (119). Pregnant Mg deficient cows and ewes exhibited 3-fold more clumping of platelets than did controls, and six of 18 lambs, that died in tetany after being fed low Mg diet for 2-12 months, had heart and lung lesions very similar to those produced by collagen-activation of platelets (120). Miller et al (120) suggest that abnormal blood platelet activation may be a significant mortality risk factor in severe gestational and infantile Mg deficit, and draw a parallel between the pathologic findings in Mg deficient lambs with those in the sudden infant death syndrome (SIDS). Caddell proposes that neonatal and postneonatal apnea and respiratory distress syndrome (RDS) are premonitory findings in infants who are later victims of SIDS, and advises Mg treatment in doses low enough not to constitute a risk (0.4 -1 mEq/kg/d for about 2 weeks) in RDS infants with immature kidneys (121-123). Infants with RDS are most commonly born to mothers subject to hypomagnesemia (59,124). SIDS has pathogenic features analogous to sudden cardiac death (SCD) of adults, in which stress and Mg deficiency have been implicated as factors (59,125-127).MIGRAINE , COAGULATION AND PROSTANOIDSAmong the conditioning factors considered in migraine is stress, with its induced intravascular coagulability, associated with hypomagnesemia, platelet hyperaggregability and decreased cerebral blood flow (66,115,128-130). Weaver (115) has correlated the high incidence of migraine in patients with eclampsia (131) with the platelet hyperaggregation seen in both conditions (132). Altura (128) hypothesizes that the Ca-blocking effect of Mg might justify its trial in migraine, to prevent or ameliorate the initiation of migraine attacks.NOISE STRESS , HEARING LOSS AND ACCELERATED AGINGAmong the stresses that increase vulnerability to cardiac damage in rats is noise. It increased Mg loss from the heart, and myocardial Ca and collagen deposition (133). Franz found impaired hearing of surviving Mg deficient litter-mates, some of whom had died of sound-induced seizures (134).Noise stress damaged the inner ear; Mg deficiency intensified ear damage; high Mg intake was protective (133,135-138). Ising and Joachim et al have negatively correlated hearing loss with perilymph and rbc Mg levels (133,138), and suggest that energy requirements of the inner ear are compromised by Mg deficiency-induced increased catecholamine secretion and arteriolar constriction. Mg deficient rats exposed to noise over a long period (i.e. 30 months), age rapidly (133). Cold stressed rats, made Mg deficient enough to cause adverse reactions and death of some in infancy, but to which adaptation took place in survivors, experienced both reduced tolerance of cold stress (as reflected by cardiac damage), and shortened life span (139).OBESITY AND STRESS OF STARVATIONVoluntary starvation to reduce obesity is not the severe stress of famine, or of concentration camps - which has been associated with myofibrillar disruption (140) and SCD (141). During refeeding of surviving victims, strongly negative Mg balances persisted for months on Mg intakes as high as 800 mg/day (142). Even starvation to lose weight has caused arrhythmias and sudden death, possibly associated with lipolysis of ample fat stores, which as with catecholamine released during stress, inactivates available Mg (supra vide). DeLeeuw et al (143), commenting that sudden deaths of total starvation and some low-calorie diets are probably cardiac, showed that total starvation in an obese animal model caused severe myocardial Mg depletion.Shortand long-term fasting of normal volunteers has caused Mg loss, but not necessarily hypomagnesemia (144,145). Balance studies of grossly obese men who were fasted up to 3 months showed urinary losses to be responsible for loss of 20% of the body Mg, that resulted in development of carpal spasms requiring MgSO4 infusions for relief (146). Although the Mg status was not explored in the patient whose death after fasting had been preceded by lactic acidosis (147), it is pertinent that high lactate increases urinary Mg loss (148). A healthy young woman developed refractory hypokalemia during starvation for obesity, taking amino acid and protein supplements, despite high dose K treatment (149). Her plasma Mg was normal at the time of death from ventricular fibrillation after elongated QT interval and persistent arrhythmias (seen with hypomagnesemia or hypocalcemia) were treated with Ca infusion. Gross myofibrillar destruction was found, like that described with experimental Mg deficiency (150) and in starvation victims (140). Comparable myocardial lesions were seen in a 38 year-old woman who died in ventricular fibrillation after a liquid protein diet, supplemented with multivitamins, Ca and K (151); i.v. Mg treatment of her refractory ventricular tachycardia had not increased her serum Mg above 1.6 mEq/L. Potentially life-threatening and fatal cardiac arrhythmias have been reported in patients taking liquid protein reducing diets (152-154). Most striking, in a study in which the Mg levels were followed, was persistent magnesuria and normal serum Mg levels despite low intake (153); three of the subjects developed arrhythmia (154).GASTROINTESTINAL STRESS REACTIONS; HISTAMINE RELEASEClassen's studies of the alarm reaction are pertinent to gastrointestinal (GI) reactions to stress (155). Peptic ulcers in rats are characteristic of the early stress reaction, which sensitizes the mucosa to irritants and other stimuli, especially in Mg deficiency (156-157). Their incidence and extent were decreased by Mg administration. The effect of Mg deficiency on intestinal motility (157) may help to explain the stomach aches and acute abdominal pain in nervous children with marginal Mg deficiency and the beneficial effects of Mg supplementation in these patients (157,158).How Mg inhibits stress-induction of peptic ulcers is uncertain. Several biochemical changes (decrease of ATP, ADP, and extent of phosphorylation reactions, and increase of cAMP, AMP) preceded the macroscopic appearance of stress ulcers in normal stressed rats (159). The Mg status was not explored, but it is noteworthy that ATP synthesis is Mg-dependent, as is phosphorylation (160), while cAMP levels are low in Mg deficiency (161). In view of the classic use of histamine to test for gastric acid secretion, and the usefulness of histamine receptor-antagonists in management of peptic ulcer disease, it seems plausible that Mg deficiency intensifies stress ulcers through its stimulation of histamine secretion. Mg deficiency in rats increases degranulation of mast cells with histamine release (162-164).BRONCHIAL ASTHMABronchial asthma (165,166), which is very stressful when seriously impeding respiration, has long been associated with hypomagnesemia. Itevokes adrenergic and corticosteroid secretion, which lower tissue Mg levels (supra vide) and it is characterized by histamine release, which has been correlated with hypomagnesemia (supra vide). It is noteworthy that the toxicity of theophylline- a phosphodiesterase inhibitor that lowers myocardial Mg levels, is intensified by beta-adrenergic agonists and CS (167), and resembles the effects of experimental Mg depletion: early tremor, later convulsions, and tachycardia, arrhythmia, myocardial necrosis and death (168-170). The favorable effect of Mg in counteracting toxic theophylline reactions has been attributed to the Ca-blocking effect of Mg (168,169), and to the membrane-stabilizing effect of Mg (169). In addition to counteracting adverse effects of standard drug therapy of asthma, Mg solutions (i.v. or aerosol) have been reported effective, at intervals from 1934 to 1973 (165,171-173), and more frequently in the past ten years (168,169,174-190). Since the early anecdotal reports, there have been case reports on the ameliorative and even life-saving effect of Mg in intractable asthma (179,182-184,186-188) and favorable double blind studies (174,180). The usefulness of Mg in bronchial asthma, however, has been disputed (191-193). When effective for bronchodilatation and to reduce bronchial reactivity to administered histamine (justifying its adjunctive use with standard drug therapy), doses of Mg sufficient to achieve pharmacologic serum Mg levels were usually used (176-183,185-188,194-196). The need for higher than physiologic levels of Mg to counteract bronchial spasms induced in vitro had been shown by Classen et al (197) for serotonin, acetyl choline or histamine, and by Spivey et al (198) and Lindeman et al (199) for bethanechol, electrical stimulation or histamine. Pertinent to Mg and stress interrelationships in this disease, is the increased stress hormone secretion effected by low Mg/Ca ratios (supra vide). Mathew and Altura (200) have suggested that Mg should have value as an adjunct in treating asthma because it modulates smooth muscle contraction through its Ca-blockage or competition. In their recent review, Landon and Young (201) point out that the increased dietary Ca/Mg ratio of recent years, and loss of Mg caused by diuretics and other drugs, may be a factor in bronchial asthma, in view of Ca-binding to sites that increase acetyl choline release which initiates smooth (bronchial) muscle contraction.ATHLETIC STRESS, PERFORMANCE AND MAGNESIUMMagnesium Deficiency and Supplementation in Strenuously Exercised AnimalsA series of studies by Keen and Lowney et al (202-206) with rats, fed diets providing 50 and 100 ppm and half the adequate intake of 400 ppm for 22 days, determined their endurance when they were run on a treadmill to exhaustion. They showed that decreased exercise capacity can be an early effect of Mg deficiency. Analysis of plasma and muscle levels of Mg of rats that had decreased endurance, sacrificed 2 days or immediately after the stress test, showed slightly lower plasma Mg at both times, and markedly lower muscle Mg immediately after exhaustion (203). Mineral water containing 85 ppm Mg restored endurance (202). Treadmill exercised, Mg deficient rats were shown by Laires et al (207) to have reduced exercise capacity, increased plasma lactate and FFA levels, and decreased plasma and rbc Mg levels. In a test of endurance with the stress of fear (of drowning), Hirneth and Classen (208) showed that Mg intake had to be increased ten-fold (to 4000 ppm) in rats made to swim with a weight attached to their tails, to significantly improve duration of swimming before submersion.�Human Endurance Exercise, Magnesium, and MetabolismRefsum et al (210), in 1973, attributed transiently lowered serum Mg and slightly increased rbc Mg, of cross-country skiing racers, to shift of Mg from e.c. to i.c. fluid. Well trained athletes were found by Casoni et al (210) to have significantly increased mean rbc Mg and slightly decreased serum Mg after a 25-km marathon, compared to pre-race levels. Serum Mg decreased and rbc Mg increased in 40 trained long-distance runners, 19 to 71 years of age, studied by Hoffmann and Boehmer (211) after each of two 25 km marathon races. Lijnen et al (212) found lower rbc and plasma Mg in teen-aged marathon runners just after the race than before, that returned to pre-race values 12 hours later. Urinary Mg decreased immediately after the race, and increased 12 hours later. Joborn et al found that long-term steady state exercise had little effect on Mg levels, but there was a decrease during the first hour of recovery (20).High altitude intensive training resulted in negative Mg balance, in Mader et al's study (213). Hypomagnesemia sufficient to cause convulsions was seen in a man subjected to 4 hours intense exertion under conditions of heat (Jooste et al [214]). Non-supplemented marathoners lost muscle protein (Bertschat et al [215]).Important studies of long-term Mg loss by trained adults undergoing sustained heavy exercise have been reported by Stendig-Lindberg et al (216-219). Apparently healthy young subjects who underwent a 7-month graded physical training program before undertaking a 120-km march (of 22 hours duration) had Mg intakes of 340 mg in food and 364 mg Mg in water (216). Despite the higher than usual intake, the mean serum Mg pre-march (1.66 mEq/L) fell significantly 1 hour after the march ended to (1.4mEq/L). After rising to almost pre-march levels at 24 hours, it fell again, at 72 hours to 1.3 mEq/L; 89% had hypomagnesemia. They exhibited elevated serum creatine kinase (CK) activity, suggesting that the serum Mg rise at 24 hrs resulted from exertional rhabdomoyolysis or loss of membrane integrity. Significantly lowered serum Mg (1.51 mEq/L) persisted for 3 months (217). A study after a 70 km march extended the findings to aspartate amino transferase (S-AST), alanine amino transferase (S-ALT), creatine kinase activity (S-CK), and VO2 ml/min-1. kg-1 (VO2 max) (218). Maximal aerobic power, hemoglobin, hematocrit, total protein and albumin were unchanged throughout. Immediately after the march, serum Mg did not change, but S-AST, S-ALT, hours after the march, serum Mg fell significantly; it remained low after 18 days, with no intervening marches or dietary changes. The means of S-ALT and S-CK rose & S-CK rose slightly. At 72significantly. For the first time there was a significant rise of blood sugar, and of serum triglycerides, and a second rise of total cholesterol. In a long-term follow-up of two additional groups of young men subjected to the same training and 120 km march as reported in 1985 (260), significant depression of serum Mg persisted as long as 10-11 months after the march in the two test groups; serum triglycerides showed a delayed rise (219).�Short-term Intensive Exercise and MagnesiumPlasma Mg was unchanged, but rbc Mg decreased significantly during exercise on an ergometer in a study by Golf et al (10). Boehmer (220), however found that an hour's strenuous exercise sharply lowered serum Mg in a large group of well-trained athletes, whose resting serum Mg values were normal. On the other hand, increased plasma Mg, attributed to reduction of plasma volume and influx of Mg to the vascular pool during short-term intense exercise on a bicycle ergometer, was reported by Joborn et al (19) and Ansquer (221), who commented that when there was a fall in serum Mg, it was accompanied by increased rbc Mg, the total blood Mg remaining constant, indicating an intercompartmental shift. Treadmill running until exhaustion was shown by Deuster et al (222) to transiently decrease plasma Mg significantly, with over 85% of the loss caused by shift to rbc. There was significantly increased urinary Mg on exercise, and of post-exercise blood lactate and oxygen consumption during recovery versus a control period. Exercise-induced inter-compartmental Mg shifts in blood Mg returned to pre-exercise values in 2 hours; urinary Mg loss on the exercise day returned to baseline the next day. They suggested that the exercise-induced loss of urinary Mg might depend on exercise intensity and relative contribution of anaerobic metabolism to total energy expended during exertion. Lukaski et al (223), who treadmill-tested 44 healthy male university athletes and 20 untrained men, observed that athletes' average maximum oxygen consumption was greater than in non-athletes, and was significantly correlated with plasma Mg, suggesting that Mg may enhance O2 delivery to working muscles in trained subjects. Conn et al (224) found that VO2max was significantly higher in pre-adolescent swimmers than in controls for both sexes, despite comparable plasma, rbc and whole blood Mg. Laires et al (225) assessed the effect of swimming for 30 minutes on plasma Mg and lipids in 6 well-trained swimmers before, just after, 30 minutes after, and 24 hours after exercise. Serum Mg decreased significantly shortly after exercise, returning to base line the next day; rbc Mg did not change. Plasma total cholesterol decreased significantly 30 minutes after exercise, with a significant positive correlation between plasma Mg and plasma HDL-cholesterol that disappeared after exercise but reappeared 24 hours later.�Magnesium Supplementation and Dietary Magnesium Intakes of AthletesMg Supplements and Athletic Performance. The effect of K + Mg aspartate supplements on the capacity for intense exercise (90 minutes) was reported in 1968 by Ahlborg et al (226) in six young men, the day before, and daily on four days of testing on a bicycle ergometer until complete exhaustion and/or muscle pain required stopping. Those supplemented on day 3 exhibited 50% increased work capacity before muscle pain developed, versus those given placebo. It was postulated that Mg accelerated glycogen synthesis or spared glycogen in muscle, thereby sparing energy. That premise was justified by the demonstrated fall in muscle glycogen and increase in lactate after 20 minutes of heavy exercise on a bicycle ergometer, without supplementation, shown by Bergstrom et al in 1971 (227).Endurance (power) athletes under constant strain, given Mg supplements by Boehmer in 1979 (228) did not exhibit the declining Mg levels seen in the power athletes not so supplemented, and had better performance and endurance. In the study of de Haan et al (229), K and Mg aspartate supplementation did not improve muscle performance during short intensive exercise, as Vieth et al (230) had shown it to do in endurance athletes. In a double-blind study of marathon racers, whom Terblanche et al (231) described as Mg-replete, 365 mg/d of Mg had no effect on performance or recovery. In another double-blind study, of Mg supplemented athletes, Wodick and Grunert-Fuchs (232) used a running board and bicycle ergometry and found that 480 mg of Mg as the aspartate-HCl salt/day for 4 weeks significantly improved physical capacity. Four weeks of supplementation with Mg aspartate-HCl was found to increase rbc Mg and decrease maximal ventilation by 11% as compared to a pre-Mg test in 14 male rowers in maximal-tests on a rowing ergometer (Golf et al [233]). Plasma and urinary lactate increased from 1 mM/l to 15 mM/l, and blood oxygen content decreased.The effect on blood coagulation and fibrinolytic factors of supplementing male swimmers for a month with 480 mg of Mg/day or with a placebo before a 1500 meter race was studied by Pohlmann et al (234). Those receiving Mg had both increased serum and rbc Mg levels, and showed anti-coagulating effects.�Dietary Mg Intake of AthletesSurveys of dietary intakes of athletes have shown that as many as half consumed diets delivering less than the 1980 RDA (235) estimated for sedentary adults, which was lowered in the current edition(110). Those undergoing active anabolism and/or subjected to stress have substantially higher Mg needs. Studies of diets of athletes have shown that such needs are commonly not met by their diets (222,236-242). Supplementation of athletes to keep their Mg status optimal, to ensure their best performance without interfering muscle cramps and premature fatigue, and to prevent muscle damage, has been recommended or implied by those reporting improvement in the Mg-treated group in placebo-controlled studies (supra vide). Since athletes undergo severe physical stress, as well as the psychological drive to win, and most ingest sub-optimal amounts of Mg, they are vulnerable to Mg deficiency. Diets very rich in Mg, or prophylactic use of Mg supplements should be advised to be sure of Mg intake of not less than 6 to 10 mg/kg/day, and possibly more (97,221,236-238,243-246).TRANSPORTATION /SUDDEN DEATHSudden death of pigs and cattle being transported under the stressful conditions of crowding has been reduced in incidence by Mg supplementation with Mg aspartate HCl or MgCl2 in sufficient dosage to raise serum Mg (247). Calmer behavior of Mg treated animals was observed in 49.5% of groups during fattening and in 37.6% during transport and in the slaughterhouse. (248,249). Up to half of losses of young chickens (broilers) have been attributed to a sudden death syndrome, possibly from stress. A study of 5180 broilers whose high protein and carbohydrate diets were supplemented with Mg aspartate HCl, for 40 days during their fattening period, disclosed significant reduction of losses from sudden death (250).CONCLUDING COMMENTSStress-intensification of Mg inadequacy may well be to blame for the SCD associated with stress, even in young healthy athletes. This report has evaluated data implicating high Ca/Mg ratios in increased adverse responses to stress. Stress hormone intensification of Mg loss, and stimulation of their secretion by high Ca/Mg constitute a self-reinforcing loop. High Ca/Mg ratios lead to increased blood coagulation and vasotonus, which are also influenced by prostaglandins and fibronectin, that are affected by low Mg levels. It is provocative that pharmacologic doses of Mg, are therapeutic in conditions that are intensified by loss of Mg, and in which Mg inadequacy might well be a contributory factor. High serum Mg levels, such as are required to control eclampsia, have been shown to be effective adjunctive therapy in bronchial asthma unresponsive to standard therapy; prompt high dosage i.v.Mg has prevented or reduced the incidence of post-AMI complications and significantly improved survival in double-blind trials (251-256).Worth consideration and trial is the possibility that higher than usual Mg intake - whether from a Mg-rich diet or from supplementing the usual diet with Mg salts, possibly with anti-oxidant nutrients, might be protective against damage caused by the usual vicissitudes of life and unusual stresses. Might higher Mg (and vitamin E) intakes decrease the risk of arrhythmias and SCD in humans? Large intervention studies, like those undertaken to elucidate the effects of lowering saturated fat intake on cardiovascular disease and cancer, are needed to determine the extent to which adding Mg (and anti-oxidant nutrients) to already recommended dietary changes, might further improve health and increase stress-tolerance. Such studies are particularly urgent in view of the recent National Institute of Health recommendation (257) that the optimum Ca intake be further increased to 1500 mg/day (to prevent osteoporosis), which disregards the low American Mg intake, less than 300 mg/day. This would bring the Ca/Mg ratio to 5/1 - which is above the 4/1 ratio of Finland, the land with the highest ischemic heart disease death rate for young to middle-aged men (258,259).REFERENCES1. Cannon WB: Bodily Changes in pain, hunger, fear, and rage. Publ Appleton Century, NY, NY, 1920.2. Raab W: Cardiotoxic effects of emotional, socioeconomic, and environmental stresses. In RECENT ADVANCES IN STUDIES ON CARDIAC STRUCTURE AND METABOLISM I, Myocardiology, eds E. Bajusz, & G. Rona, University Park Press, Baltimore, MD, pp. 707-713, 1972.3. Raab W: Sudden death of a young athlete with an excessive concentration of epinephrine-like substances in the heart muscle. Arch Path 36:488-492, 1943.4. Raab W: Myocardial electrolyte derangement: crucial feature of pluricausal so-called coronary heart disease. Ann NY Acad Sci 147:629-686, 1969.5. Braunwald E, Harrison DC, Chidsey CA (Editorial): The heart as an endocrine organ. Am J Med 36:1-4, 1964.6. Shahab L, Wollenberger A, Krause EG, Genz S: Effect of acute ischaemia on catecholamines and cyclic AMP levels in normal and hypertrophied myocardium. in EFFECT OF ACUTE ISCHEMIA ON MYOCARDIAL FUNCTION, eds MF Oliver, DG Julian, & KW Donald, Churchill Livingstone Press, London, UK, pp 97-107, 1972.7. Mason JW, Mangan G, Brady JV, Conrad D, Rioch D McK: Concurrent plasma epinephrine, norepinephrine, and 17-hydroxycorticosteroid levels during conditioned emotional disturbances in monkeys. Psychosom Med 23:344-000, 1961.8. Basowitz H, Persky H, Korchin SJ, Grinker RR: Anxiety and stress. Blakiston Div, McGraw-Hill Book Co, NY, NY, 1955.9. Persky H: Adrenocortical function during anxiety. in PHYSIOLOGIC CORRELATES OF PSYCHOLOGICAL DISORDERS, eds R Roessler & NS Greenfield, Univ of Wisconsin Press, Madison WI,1962.10. Golf SW, Happel O, Graef V, Seim KE: Plasma aldosterone, cortisol and electrolyte concentrations in physical exercise after magnesium supplementation. J Clin Chem Clin Biochem 22:717-721, 1984.11. Douglas WW, Rubin RP: The effects of alkaline earths and other divalent cations on adrenal medullary secretion. J Physiol 175:231-241, 1964.12. Boullin DJ: The action of extracellular cations on the release of the sympathetic transmitter from peripheral nerves. J Physiol 189:85-99, 1967.13. Kirpekar SM, Misu Y: Release of noradrenalin by splenic nerve stimulation and its dependence on calcium. J Physiol 188:219-234, 1967.14. Euler US v, Lishajko F: Effects of Mg2+ and Ca2+ on noradrenaline release and uptake in adrenergic nerve granules in different media. Acta Physiol Scand 89:415-422, 1973.15. Baker PF, Rink TJ: Catecholamine release from bovine adrenal medulla in response to maintained depolarization. J Physiol 253:593-620, 1975.16. Iseri LT, French JH: Magnesium: nature's physiologic calcium blocker. Am Heart J 108:188-193, 1984.17. Whyte KF, Addis GJ, Whitesmith R, Reid JL: Adrenergic control of plasma magnesium in man. Clin Sci 72:135-138, 198718. Johansson BW, Juul-Moller S, Ruter G, Soes-Pedersen U: Effect of i.v. adrenaline infusion on serum electrolytes, including S-Mg. Magnesium Bull 8:259-260, 1986.19. Joborn H, Akerstrom G, Ljunghall S: Effects of exogenous catecholamines and exercise on plasma magnesium concentrations. Clin Endocrinol Oxford 23:219-226, 1985.20. Fletcher GF, Sweeney ME, Fletcher BJ: Blood magnesium and potassium alterations with maximal treadmill exercise testing: effects of beta-adrenergic blockade. Am Heart J 121 (Pt 1)):105-110, 1991.21. James MF: Use of magnesium sulphate in the anaesthetic management of phaeochromocytoma: a review of 17 anaesthetics. Br J Anaesth 62:616-623, 1989.22. James MF, Beer RE, Esser JD: Intravenous magnesium sulfate inhibits catecholamine release associated with tracheal intubation. Anesth Analg 68:772-776, 1989.23. Milewicz A: An attempt at evaluation magnesium metabolism in experimental hyperadrenalaemia in rabbits and in cases of phaeochromocytoma treated surgically. Materia Med Pol 4:267-271, 1978.24. Cohen L, Kitzes R: Pheochromocytomaa rare cause of hypermagnesemia. Magnesium 4:165-167, 1985.25. Balazs T: Cardiotoxicity of isoproterenol inexperimental animals. Influence of stress, obesity and repeated dosing. in RECENT ADVANCES IN STUDIES ON CARDIAC STRUCTURE AND METABOLISM. I. MYOCARDIOLOGY, eds E Bajusz & G Rona, University Park Press, Baltimore MD, pp 770-778, 1972.26. Franz KB, Rueddel H, Todd GL, Dorheim TA, Buell JC, Eliot RS: Physiologic changes during a marathon, with special reference to magnesium. J Am Coll Nutr 4:187-194, 1985.27. Lutwak L, Hurt C, Reid JM: Effect of corticoids on magnesium metabolism in man. Clin Res 9:184, 1961.28. Hanna S, MacIntyre: The influence of aldosterone on magnesium metabolism. Lancet 2:348-350, 1960.29. Care AD, Ross DB: The role of the adrenal cortex in magnesium homeostasis in the aetiology of hypomagnesaemia. Res Vet Sci 4:24-63, 1963.30. Mader IJ, Iseri LT: Spontaneous hypopotassemia, hypomagnesemia, alkalosis and tetany due to hypersecretion of corticosterone-like mineralocorticoid. Am J Med 19:976-988, 1955.31. Horton R, Biglieri EG: Effect of aldosterone on the metabolism of magnesium. J Clin Endocrin Metab 22:1187-1192, 1962.32. Cantin M: Relationship of juxtaglomerular apparatus and adrenal cortex to biochemical and extracellular fluid volume changes in magnesium deficiency. Lab Invest 22:558-568, 1970.33. Care AD, McDonald IR: Plasma magnesium concentration as a possible factor in the control of aldosterone secretion. Biochem J 87:2P-3P,1963.34. Ryan MP, Ryan MF, Counihan TB: The effect of diuretics on lymphocyte magnesium and potassium. Acta med Scandinav Suppl 647:153-161, 1981.35. Widman L, Dyckner T, Wester PO: Effect of moduretic and aldactone on electrolytes in skeletal muscle in patients on long-term diuretic therapy. Acta med Scandinav Suppl 661:33-35, 1982.36. Bajusz E, Selye H: Conditioning factors for cardiac necrosis. Trans N Y Acad Sci Ser II 1:659-667, 1959.37. Chappel CI, Rona G, Gaudry R: The influence of adrenal cortical steroids on cardiac necrosis produced by isoproterenol. Acta Endocr 32: 419-424, 1959.38. Bajusz E: The terminal electrolyte-shift mechanism in heart muscle; its significance in the pathogenesis and prevention of necrotizing cardiomyopathies. in ELECTROLYTES AND CARDIOVASCULAR DISEASE. I. FUNDAMENTAL ASPECTS. ed E Bajusz, Williams & Wilkins Press, Baltimore MD, pp 274-322, 1965.39. Rona G, Kahn S, Chappel CI: The effect of electrolytes on experimental infarct-like myocardial necrosis. IBID, pp 181-191.40. Lehr D: The role of certain electrolytes and hormones in disseminated myocardial necrosis. IBID, pp 248-273.41. Selye H: The evolution of the stress concept. Am J Cardiol 26:289-299, 1970.42. Seelig MS, Heggtveit HA: Magnesium interrelationships in ischemic heart disease. A review. Am J Clin Nutr 27:59-79, 1974.43. Vormann J, Guenther T, Leder O: Effect of isoproterenol and phenylephrine on the heart of normal and Mg-deficient rats. Magnesium Bull 3:130-134, 1981.44. Guenther T: Cardiovascular biochemistry. Magnesium Bull 8:136-144, 1986.45. Vormann J, Fischer G, Classen HG, Thoni H: Influence of decreased and increased magnesium supply on the cardiotoxic effects of epinephrine in rats. Arzneimittelforschung 33:205-210, 1983.46. Ebel H, Guenther T: Role of magnesium in cardiac disease. J clin Chem clin Biochem 21:249-265, 1983.47. Classen HG, Fischer G, Jacob R, Marx J, Schimatschek H, Stein C: Prenecrotic electrolyte alterations of the adrenergic cardiopathy: Potentiation by magnesium depletion and prevention by high dietary magnesium levels and verapamil. Magnesium Bull 8:82-92, 1986.48. Bloom S: Effects of magnesium deficiency on the pathogenesis of myocardial infarction. Magnesium 5:154-164, 1986.49. Bloom S: Magnesium deficiency cardiomyopathy. Am J Cardiovasc Pathol 2:7-17, 1988.50. Vormann J, Forster R, Guenther T, Ebel H: Lipolysis-induced magnesium uptake into fat cells. Magnesium Bull 5:39-41, 1983.51. Rayssiguier Y: Hypomagnesemia resulting from adrenaline infusion in ewes: its relation to lipolysis. Horm Metab Res 9:309-314, 1977.52. Flink EB, Shane SR, Scobbo RR, Blehschmidt NG, McDowell P: Relationship of free fatty acids and magnesium in ethanol withdrawal in dogs. Metabolism 28:858-865, 1979.53. Oliver MF, Kurien VA, Greenwood TW: Relation between serum free fatty acids and arrhythmias and death after acute myocardial infarction. Lancet 1:710-715, 1962.54. Opie LH: Metabolism of free fatty acids, glucose and catecholamines in acute myocardial infarction. Relation to myocardial ischemia and infarct size. Am J Cardiol 36:938-953, 1975.55. Flink EB, Brick JE, Shane SR: Alterations of long-chain free fatty acid and magnesium concentrations in acute myocardial infarction. Arch Intern Med 141:441-443, 1981.56. Henrotte JG, Plouin PF, Levy-Leboyer C, Moser G, Sidoroff-Girault N, Franck G, Santarromana M, Pineau M: Blood and urinary magnesium, zinc, calcium, free fatty acids, and catecholamines in type A and type B subjects. J Am Coll Nutr 4:165-172, 1985.57. Pratt K, Moody ML, Cinlee RK, Rueddel H, Franz KB: Changes in serum free fatty acids and magnesium during a marathon. Magnesium 4:207-208, 1985.58. Durlach J: [Physiologic antithrombotic role of magnesium. Concerning magnesium deficient phlebothrombotic disease.] Coeur Med Interne 6: 213-232, 1967. (in French)59. Seelig MS: MAGNESIUM DEFICIENCY IN THE PATHOGENESIS OF DISEASE. EARLY ROOTS OF CARDIOVASCULAR, SKELETAL, AND RENAL ABNORMALITIES. Plenum Medical Book Co, NY, NY 1980.60. Kurgan A, Gertz D, Wajnberg RS, Eldor A, Jersky J, Nelson E: Effect of magnesium sulfate on platelet deposition in rabbits following temporary arterial occlusion with surgical clips. Surgery 87:390-396, 1980.61. Gertz SD, Wajnberg RS, Kurgan A, Uretzky G: Effect of magnesium sulfate on thrombus formation following partial arterial constriction: implications for coronary vasospasm. Magnesium 6:225-235, 1987.62. Sos J: An investigation into the nutritional factors of experimental cardiopathy. in ELECTROLYTES AND CARDIOVASCULAR DISEASE I. FUNDAMENTAL ASPECTS. ed E Bajusz, Williams & Wilkins Press, Baltimore MD, pp 161-180, 1965.63. Rigo J: The relationship between magnesium and the vascular system. in Proc 1st Intl Mg Sympos, Vittel, France I. ed J Durlach, pp 215-228, 1971. 64. Rishi M, Ahmad A, Makheja A, Karcher D, Bloom S: Effects of reduced dietary magnesium on platelet production and function in hamsters. Lab Invest 63:717-721, 1990.65. Seelig MS: Increased need for magnesium with the use of combined oestrogen and calcium for osteoporosis treatment. Magnesium Res:3:197-215, 1990.66. Seelig MS: Interrelationship of magnesium and estrogen in cardiovascular and bone disorders, eclampsia, migraine and premenstrual syndrome. J Am Coll Nutr 12:442-458, 1993.67. Nigam S, Averdunk R, Guenther T: Alteration of prostanoid metabolism in rats with magnesium deficiency. Prostaglandins Leukotrienes Med 23:1-10, 1986.68. Nadler JL, Goodson S, Rude RK: Evidence that prostacyclin mediates the vascular action of magnesium in humans. Hypertension 9:379-383, 1987.69. Nadler J, Kuong H, Ehrlich L, Ryzen E, Frances R, Rude R: Magnesium plays an important role in the regulation of thromboxane release and platelet aggregation. 1989 Natl Mtg of Am Fed Clin Res, Washington DC, 1989.70. Nadler J, Ilwang D, Yen C, Rude R: Magnesium plays a key role in inhibiting platelet aggregation and release reaction. Am Heart Assoc Sci Session, Anaheim CA, 1991.71. Woods KL: Possible pharmacological actions of magnesium in acute myocardial infarction. Brit Clin Pharmacol 32:3-10, 1991.72. Altura BM, Altura BT, Waldemar Y: Effects of magnesium on prostaglandin responses in arterial and venous smooth muscle. in MAGNESIUM IN HEALTH AND DISEASE. eds M Cantin, MS Seelig, (Proc of 2nd Intl Mg Sympos, Quebec, 1976), Spectrum Press, NY, pp 687-694, 1980.73. Bergman G, Daly K, Atkinson L, Rothman M, Richardson PJ, Jackson G, Jewett DE: Prostacyclin: haemodynamic and metabolic effects in patients with coronary artery disease. Lancet 1:569-572, 1981.74. Briel RC, Lippert TH, Zahradnik HP: [Changes in blood coagulation, thrombocyte function and vascular prostacyclin synthesis caused by magnesium sulfate]. Geburtsh Frauenheilkd 47:332-336, 1987. (in German)75. Watson KV, Moldow CF, Ogburn PL, Jacob HS: Magnesium sulfate: rationale for its use in preeclampsia. Proc Natl Acad Sci USA 83:1075-1078, 1986.76. Mak IT, Weglicki WB: Comparative antioxidant activities of propranolol, nifedipine, verapamil, and diltiazem against sarcolemmal membrane lipid peroxidation. Circulation Res 66:1449-1452, 1990.77. Weglicki WB, Mak IT, Simic MG: Mechanisms of cardiovascular drugs as antioxidants. J Mol Cell Cardiol 22:1199-1208, 1990.78. Freedman AM, Atrakchi AH, Cassidy MM, Weglicki WB: Magnesium deficiency-induced cardiomyopathy: protection by vitamin E. Biochem Biophys Res Commun 170:1102-1106, 1990.79. Freedman AM, Cassidy MM, Weglicki WB: Magnesium-deficient myocardium demonstrates an increased susceptibility to an in vivo oxidative stress. Magnes Res 4:185-189, 1991.80. Weglicki WB, Freedman AM, Bloom S, Atrakchi AH, TM, Cassidy MM, Dickens BJ: Antioxidants and the cardiomyopathy of Mg Deficiency. Am J Cardiovasc Path 4:210-215, 1992.81. Mak IT, Boehme P, Weglicki WB: Antioxidant effects of calcium channel blockers against free radical injury in endothelial cells. Circulation Res 70:1099-1103, 1992.82. Atrakchi A, Weglicki W B, Bloom S: Beta blockers protects against magnesium-deficiency-induced cardiac injury. FASEB J 3:A921, 1989.83. Atrakchi AH, Bloom S, Dickens BF, Mak IT, Weglicki WB: Hypomagnesemia and isoproterenol cardiomyopathies: protection by probucol. Cardiovasc Pathol 1:155-160, 1992.84. Singal PK, Kapur N, Dillon KS, Beamish RE, Dhalla NS: Role of free radicals in catecholamine-induced cardiomyopathy. Can J Physiol Pharmacol 60:1390-1397, 1982.85. Singh RB, Rastogi SS, Ghosh S, Niaz MA: Dietary and serum magnesium levels in patients with acute myocardial infarction, coronary artery disease and noncardiac diagnoses. J Am Coll Nutr 13:139-143, 1994.86. Singh RB, Sircar AR, Rastogi SS, Garg V: An Indian experiment with nutritional modulation in acute myocardial infarction. Am J Cardiol 69:879-885, 1992.87. Whang R, Wagner R: The influence of venous occlusion and exercise on serum magnesium concentration. Metabolism 15:608-612, 1966.88. Engel RR, Elin RJ: Hypermagnesemia from birth asphyxia, J Pediatrics 77:631-637, 1970.89. Nayler WG: The heart cell: some metabolic aspects of cardiac arrhythmias. Acta med Scand Suppl 647:17-31, 1981.90. Van Vliet PD, Burchell HB, Titus JL: Focal myocarditis associated with pheochromocytoma. New Engl J Med 27:1102-1108, 1966.91. Ferrans VJ, Hibbs RG, Cipriano PR, Buja LM: Histochemical and electron microscopic studies of norepinephrine-induced myocardial necrosis in rats. In RECENT ADVANCES IN STUDIES ON CARDIAC STRUCTURE AND METABOLISM. I, Myocardiology eds E Bajusz, & G Rona, University Park Press, Baltimore, MD, pp 495-525, 1972.92. Lehr D, Blaiklock R, Brown A, Dapson S: Magnesium loss as a reliable indicator of acute myocardial injury. in MAGNESIUM IN HEALTH AND DISEASE, eds M Cantin, MS Seelig, (Proc of 2nd Intl Mg Sympos, Quebec, 1976), Spectrum Press, NY. pp 499-506, 1980.93. Smetana R, Brichta A, Glogar D, Meisinger V, Gotsauner-Wolf M, Spona J: Magnesium profile under stress conditions in coronary artery disease. Magnesium Res 2:41-42. 198994. Jenkins CD: The coronary prone personality. in PSYCHOLOGICAL ASPECTS OF ASPECTS OF MYOCARDIAL INFARCTION AND CORONARY CARE, ed W Gentry, CV Mosby Press, St. Louis MO, pp 5-21, 1975.95. Henrotte JG: Type A behavior and magnesium metabolism. Magnesium 5:201-210, 1986.96. Henrotte JG: Recent advances on genetic factors regulating blood and tissue magnesium concentrations; relationship with stress and immunity. In Itokawa Y, Durlach J (eds): MAGNESIUM IN HEALTH AND DISEASE, eds Y. London: John Libbey Press, pp. 285-289, 1989.97. Durlach J: MAGNESIUM IN CLINICAL PRACTICE. (transl by D Wilson), John Libbey & Co, London, UK, 1988.98. Fehlinger R: Therapy with magnesium salts in logical diseases. A critical appraisal. Magnesium Bull 12:35-42, 1990.99. Durlach J, Durlach V: Idiopathic mitral valve prolapse and magnesium. State of the art. Magnesium Bull 8:156-169, 1986.100. Galland LD, Baker SM, McLellan RK: Magnesium deficiency in the pathogenesis of mitral valve prolapse. 5:165-174, 1986.101. Schimatschek HF, Hickl R, Classen HG: [Magnesium, calcium, and phosphorus levels in the serum of children with functional disorders. Preliminary data of a multicenter epidemiologic study with special emphasis on magnesium.] Magnesium Bull 10:105-113, 1988. (in German)102. Schroeder HA: HYPERTENSIVE DISEASES. CAUSES AND CONTROL. Lea & Febiger Press, Philadelphia, PA, 1953.103. Resnick LM, Laragh JH, Sealey JE, Alderman MH: Divalent cations in essential hypertension. Relations between serum ionized calcium, magnesium and plasma renin activity. N Engl J Med 309:888-891, 1983.104. Resnick LM, Gupta RK, Laragh JH: Intracellular free magnesium in erythrocytes of essential hypertension: relation to blood pressure and serum divalent cations. Proc Natl Acad Sci USA 81:6511-6515, 1984.105. Resnick LM, Laragh JH: Renin, calcium metabolism and the pathophysiologic basis of antihypertensive therapy. Am J Cardiol 56:68H-74H, 1985.106. Resnick L, Gupta R, Gruenspan H, Laragh J: Does decreased intracellular free magnesium mediate the peripheral insulin resistance of hypertension and obesity? Endocr Soc Sympos, 1988.107. Resnick LM, Gupta RK, Sosa RE, Corbett ML, Sealey JE, Laragh JH: Effects of altered dietary calcium intake in experimental hypertension - Role of intracellular free magnesium. J Hypertension 4 (Suppl 5):S182-S185, 1986.108. Rueddel H, Baehr M, Schaechinger H, Schmieder R, Ising G: Positive effects of magnesium supplementation in patients with labile hypertension and low magnesium concentration. Magnesium Bull 11:93-98, 1989.109. Kuti V: A study of some clinical effects of chronic Mg supplementation in humans. Magnesium Res 2:229, 1989.110. Food and Nutrition Board, Natl Res Council: RECOMMENDED DIETARY ALLOWANCES. 10th Ed, Washington, DC, Natl Acad Press. pp 187-194, 1989.111. Raab W, Schroeder G, Wagner R, Gigee W, Adams MC, Diorio NG, Feely DA, Starczewski YK, White P: Vascular reactivity and electrolytes in normal and toxemic pregnancy. J Clin Endocrin Metab 16: 1196-1216, 1956.112. Zuspan FP: Adrenal gland and sympathetic nervous system response in eclampsia. Am J Obstet Gynecol 114:304-313, 1972.113. Seelig MS, Altura BT, Resnick LM, Handwerker SM, Altura BM: Low magnesium, a common denominator in pathologic processes in diabetes mellitus, cardiovascular disease, and eclampsia. abstr: Plenary Session presentation, 33rd Ann Sympos of ACN, J Am Coll Nutr 11:608, 1992.114. Weaver K: A possible anticoagulant effect of magnesium in pre-eclampsia. in MAGNESIUM IN HEALTH AND DISEASE. eds M Cantin, MS Seelig, (Proc of 2nd Intl Mg Sympos, 1976), NY, Spectrum Press. pp 833-838, 1980.115. Weaver K: Pregnancy-induced hypertension and low birth weight in magnesium-deficient ewes. Magnesium 5:191-200, 1986.116. Weaver K: Magnesium and fetal growth. Tr Subst in Environm Health 22:136-142, 1988.117. Roberts JM, Taylor RN, Musci TJ, Rodgers GM, Hubel CA, McLaughlin MK: Preeclampsia: an endothelial cell disorder. Am J Obstet Gynecol 161:1200-1204, 1989.118. Calvin S, Weinstein L, Witte MH, Finley PR: Plasma levels of fibronectin and prostacyclin metabolite in peripartum preeclamptic women. Am J Perinatol 7:125-129, 1990.119. Massow S, Fehlinger R, Seidel K, Hecht K, Glatzel E: [Influence of sub-optimal Mg of rats during gestation and lactation on stress sensitivity of their adult offspring.] Magnesium Bull 4:182-188, 1982. (in German)120. Miller JK, Schneider MD, Ramsey N, White PK, Bell MC: Effects of hypomagnesemia on reactivity of bovine and ovine platelets: possible relevance to infantile apnea and sudden infant death syndrome. J Am Coll Nutr 9:58-64, 1990.121. Caddell JL: Magnesium therapy in premature neonates with apnea neonatorum. J Am Coll Nutr 7:5-16, 1988. [erratum in J Am Coll Nutr 7:189,1988].122. Caddell JL: Reply to an editorial concerning magnesium therapy in premature infants with apnea neonatorum. J Am Coll Nutr 7:185-191, 1988.123. Caddell JL: Magnesium therapy in infants with postneonatal apnea. Magnesium 7:103-116, 1988.124. Caddell JL: Hypothesis: the role of magnesium deficiency in the idiopathic respiratory distress syndrome of prematurity; links between RDS and sudden infant death syndrome. abst., presentation at 33rd Annual ACN symposium, J Am Coll Nutr 11:627, 1992.125. Altura BT, Altura BT, Carelle A, Prasad Turlapaty DMV: Hypomagnesemia and vasoconstriction: possible relationship to etiology of sudden death ischemic disease and hypertensive vascular disease. Artery 9:212-213, 1981.126. Altura BM, Altura BT: New perspectives on the role of magnesium on the pathophysiology of the cardiovascular system. I. Clinical aspects. Magnesium 4:226-244, 1985.127. Seelig MS: Cardiovascular consequences of magnesium deficiency and loss; pathogenesis, prevalence and manifestations - magnesium and chloride loss in refractory potassium repletion. Am J Cardiol 63:4G-21G, 1989.128. Altura BM: Calcium antagonist properties of magnesium: implication for antimigraine actions. (Editorial) Magnesium 4:169-175, 1985.129. Swanson DR: Migraine and magnesium: eleven neglected connections. Perspectives in Biol & Med 31:526-557, 1988.130. Weaver K: Magnesium and migraine [letter]. Headache 30:168, 1990.131. Rotton WN, Sachtleben MR, Friedman EA: Migraine and eclampsia. Obstet Gynecol 14:322-330, 1959.132. Hannington E: Migraine, a blood disorder. Lancet 2:501-503, 1978.133. Ising H, Nawroth H, Guenther T: Accelerated aging of rats by Mg deficiency and noise-stress. Magnesium Bull 3:142-145, 1981.134. Franz K: Hearing thresholds of rats fed different levels of magnesium for two weeks. Abstr, presentation at 33rd Annual Sympos of ACN, J am Coll Nutr 11:612, 1992.135. Ising H: Interaction of Noise-Induced Stress and Magnesium. Artery 9:205-211, 1981.136. Ising H, Handrock M, Guenther T, Fischer R, Combrowski: Increased noise trauma in guinea pigs through magnesium deficiency. Arch Otorhinolaryngol 236:139-146, 1982.137. Guenther T, Ising H, Joachim Z: Biochemical mechanisms affecting susceptibility to noise-induced hearing loss. Am J Otol 10:36-41, 1989.138. Joachim Z, Babisch W, Ising H, Guenther T, Handrock M: Dependence of noise-induced hearing loss upon perilymph magnesium concentration. J Acoust Soc Am 7:104-108, 1983.139. Heroux O, Peter D, Heggtveit A: Long-term effect of suboptimal dietary magnesium on magnesium and calcium contents of organs, on cold tolerance and on lifespan, and its pathological consequences in rats. J Nutr 107:1640-1652, 1977.140. Keys A, Brozek J, Henschel A et al: The BIOLOGY OF HUMAN STARVATION. Univ Minnesota Press, Minneapolis, MN, pp 185-186, 200-202, 1950.141. Zimmer R, Weill J, Dubois M: The nutritional situation in the camps of the unoccupied zone of France in 1941 and 1942 and its consequences. New Engl J Med 230:303-314, 1944.142. Mellinghoff K, Van Lessen W: [Magnesium-calcium balance in starvation.] Dtsche Arch klin Med 194:285-293, 1949. (in German)143. DeLeeuw IH, vanGaal L, Vanroelen W: Magnesium and obesity: Magnesium and obesity; effects of treatment on magnesium and other parameters. Magnesium 6:40-47, 1987.144. Sunderman FW: Studies in serum electrolytes. XIV. Changes in blood and body fluids in prolonged fasting. Am J Clin Path 17:169-180, 1947.145. Consolazio CF, Matoush LO, Johnson HL, Nelson RA, Krzywick HJ: Metabolic aspects of acute starvation in normal humans (10 days). Am J Clin Nutr, 20:672-683, 1967.146. Drenick EJ, Hunt IF, Swendseid ME(): Magnesium depletion during prolonged fasting of obese males. J Clin Endocrinol 29:1341-1348, 1969.147. Cubberley PT, Polster SA, Schulman CI: Lactic acidosis and death after the treatment of obesity by fasting. New Engl J Med 272:628-630, 1965.148. Lindeman RD: Nutritional influences on magnesium homeostasis with emphasis on renal factors. in MAGNESIUM IN HEALTH AND DISEASE, eds M Cantin & MS Seelig, Spectrum Press, NY (Proc of 2nd Intl Sympos on Magnesium, Quebec, 1976), pp 381-399, 1980.149. Garnett ES, Barnard DL, Ford J, Goodbody RA, Woodehouse MA: Gross fragmentation of cardiac myofibrils after therapeutic starvation for obesity. Lancet 1:914-916, 1969.150. Heggtveit HA, Herman L, Mishra RK: Cardiac necrosis and calcification in experimental magnesium deficiency. Am J Path 45:757-782, 1964.151. Michiel RR, Sneider JS, Dickstein RA, Hayman H, Eich RH: Sudden death in a patient on a liquid protein diet. New Engl J Med 198:1005-1007, 1978.152. Frattali VP: Deaths associated with the liquid protein diet. Natl Clearing House for Poison Control Cente rs Bull 23:4-11, 1979.153. Licata AA, Lantigua R, Amatruda J, Lockwood D: Adverse effects of liquid protein fast on the handling of magnesium, calcium and phosphorus. Am J Med 71:767-772, 1981.154. Licata AA: Magnesium handling during a liquid protein fast. J Am Coll Nutr 2:315, 1983.155. Classen HG: Stress and Magnesium. Artery 9:182-189, 1981.156. Mangler B, Fischer G, Classen HG: The influence of magnesium deficiency on the development of gastric stress ulcers in rats. Magnesium Bull 4:9-12, 1982.157. Classen HG: Stress and magnesium with special regard to the gastrointestinal tract. in MAGNESIUM IN HEALTH AND DISEASE. eds Y Itokawa, J Durlach, John Libbey Press, London, UK, pp 271-278, 1989.158. Nowitzki S, Lehner M, Schimatschek HG, Classen HG: [Marginal magnesium deficiency in children with acute abdominal pain.] Magnesium Bull 10:114-118, 1988. (in German)159. Mozsik G, Garamszegi M, Javor T, Nagy L, Patty I, Suto G, Vincze A: A biochemical and pharmacological approach to the genesis of ulcer disease II. A model study of stress-induced injury to gastric mucosa in rats. Ann NY Acad Sci 597:264-281, 1990.160. Wacker WEC: MAGNESIUM AND MAN. Harvard Univ Press, Cambridge MA, 1980.161. Guenther T: Biochemistry and pathobiochemistry of magnesium. Artery 9:167-181, 1981.162. Belanger LF, Van Erkel GA, Jakerow A: Behavior of the dermal mast cells in magnesium deficient rats. Science 126:29-30, 1957.163. Bois P, Gascon A, Beaulnes A: Histamine-liberating effect of magnesium deficiency in the rat. Nature 197:501-502, 1963.164. Hungerford GF: Role of histamine in producing the eosinophilia of magnesium deficiency. Proc Soc Exp Biol Med 115:182-185, 1964.165. Haury VG: Blood serum magnesium in bronchial asthma and its treatment by the administration of magnesium sulfate. J Lab Clin Med 26:340-344, 1940.166. Chyrek-Borowska S, Obrzut D, Hofman J: The relation between magnesium, blood histamine level and eosinophilia in the acute stage of the allergic reactions in humans. Arch Immunol Ther Exp Warsz 26:709-712, 1978.167. Lehr D: Studies on the Cardiotoxicity of alpha- and beta-adrenergic amines. in CARDIAC TOXICOLOGY, Ed T Balazs, Publ CRC Press Inc, Boca Raton, FL. pp 75-112, 1981.168. Chevalier B, le-Heuzey JY, Colombel B, Lavergne T, Guize L, Rozensztajn L, Valty J: [Ventricular tachycardia during theophylline overdose. Apropos of a case of reduction by magnesium chloride.] Arch Mal Coeur 83:569-573, 1990. (in French)169. Golf SW, Enzinger D, Temme H, Graef V, Katz N, Roka L, Friemann E, Lasch H-G, Friemann S, Tross H, Morr H: Effects of magnesium in theophylline treatment of chronic obstructive lung disease. in MAGNESIUM - A RELEVANT ION, eds B Lasserre & J Durlach, Publ J Libbey, pp 443-451, 1991.170. Shannon M: Predictors of major toxicity after theophylline overdose. Ann Intern Med 119:1162-1167, 1993.171. Rosello JC, Pla JC: [Magnesium sulfate in asthma crisis.] Prensa Med Argent 23:1677-1680, 1936. (in Spanish)172. Haury VG: The bronchodilator action of magnesium and its antagonistic action (dilator action) against pilocarpine, histamine, and barium chloride. J Pharmacol 64:58-64, 1938.173. Vidal-Freyre A: [Magnesium and allergy.] In Proc 1st Intl Mg Sympos, Vittel, France, 1971, Ed J Durlach, pp 415-416, 1973 (In French)174. Brunner EH, Delabroise AM, Haddad ZH: Effect of parenteral magnesium on pulmonary function, plasma cAMP, and histamine in bronchial asthma. J Asthma 22:3-11, 1985175. Rolla G, Bucca C, Bugiani M, Arossa W, Spinaci S: Reduction of histamine-induced bronchoconstriction by magnesium in asthmatic subjects. Allergy 42:186-188, 1987.176. Rolla G, Bucca C, Caria E, Arossa W, Bugiani M, Cesano L, Caropreso A: Acute effect of intravenous magnesium sulfate on airway obstruction of asthmatic patients. Ann Allergy 61:388-391, 1988.177. Okayama H, Aikawa T, Okayama M, Sasaki H, Mue S, Takishima T: Bronchodilating effect of magnesium sulfate in bronchial asthma. JAMA 257:1076-1078, 1988.178. Rolla G, Bucca C, Caria E: Dose-related effect of inhaled magnesium sulfate on histamine bronchial challenge in asthmatics. Drugs Exp Clin Res 14:609-612, 1988.179. McNamara RM, Spivey WH, Skobeloff E, Jacubowitz S: Intravenous magnesium sulfate in the management of acute respiratory failure complicating asthma. Ann Emerg Med 18:197-199, 1989.180. Skobeloff EM, Spivey WH, McNamara RM, Greenspan L: Intravenous magnesium sulfate for the treatment of acute asthma in the emergency department. JAMA 262:1210-1213, 1989.181. Rolla G, Bucca C, Caria E: The effect of magnesium on bronchial hyperreactivity of asthmatics. Magnesium Res. 2:82, 1989. Abstr (5th Intl Mg Sympos, Kyoto, Japan, 8/8-12/88)182. Rolla G, Bucca C: Hypomagnesemia and bronchial hyperreactivity. A case report. Allergy 44:519-521, 1989.183. Noppen M, Vanmaele L, Impens N, Schandevyl W: Bronchodilating effect of intravenous magnesium sulfate in acute severe bronchial asthma. Chest 97:373-376, 1990.184. Rolla G, Bucca C, Bugiani M, Oliva A, Branciforte L: Hypomagnesemia in chronic obstructive disease; effect of therapy. Magnes Trace Elem 9:132-136, 1990.185. Spivey WH, Greenspon L, McNamara R, Skobeloff EJ: JAMA 263:517, 1990. 186. Kuitert LM, Kletchko SL: Intravenous magnesium sulfate in acute, life-threatening asthma. Ann Emerg Med 21:1243-1245, 1991.187. Neves MC, Brito U, Miguel MJP, Vivente O, Barros F, Silva JR: Evaluation of Mg2+ aspartate HCl in asthmatic crises. Magnesium Bull 13:88-93, 1991. 188. Okayama H, Okayama M, Aikawa T, Sasaki M, Takishima T: Treatment of status asthmaticus with intravenous magnesium sulfate. J Asthma 28:11-17, 1991.189. Hauser SP, Braun PH: Intravenous magnesium in asthmatic patients. A clinical trial and review of the literature. in MAGNESIUM - A RELEVANT ION. Eds B Lasserre & J Durlach, Publ John Libbey, London, Engl, pp 435-190. Manzke H, Thiemeier M, Elster P, Lemke J: [Magnesium sulfate as adjuvant in beta-2-sympathicomimetic inhalation therapy of bronchial asthma.] Pneumologie 44:1190-1192, 1990. LA:GERMAN; EnglAbstr191. Kufs WM (letter): Intravenous magnesium sulfate in acute asthma. JAMA 263:516-517, 1990.192. Green SM, Rothrock SG: Intravenous magnesium for acute asthma: failure to decrease emergency treatment duration or need for hospitalization. Ann Emerg Med 21:260-265, 1992.193. Tiffany BR, Berk WA, Todd IK, White SR: Magnesium bolus or infusion fails to improve expiratory flow in acute asthma exacerbations. Chest 104:831-834, 1993.194. Skobeloff EM, McNamara RM (letter): Intravenous magnesium for acute asthma. Ann Emerg Med 22:617-618, 1993.195. Spivey WH (letter): Intravenous magnesium for acute asthma. Ann Emerg Med 22:617, 1993.196. Fesmire FM (letter): Intravenous magnesium for acute asthma. Ann Emerg Med 22:616-617, 1993.197. Classen HG, Scherb H, Scherb I: [In-vitro studies on the broncholytic efficacy of magnesium.] Magnesium Bull 11:80-84, 1989. (in German)198. Spivey WH, Skobeloff EM, Levin RM: Effect of magnesium chloride on rabbit bronchial smooth muscle. Ann Emerg Med 19:1107-1112, 1990.199. Lindeman KS, Hirshman CA, Freed: Effect of magnesium sulfate on bronchoconstriction in the lung periphery. J Appl Physiol 66:2527-2532, 1989.200. Mathew R, Altura BM: The role of magnesium in lung diseases: asthma, allergy and pulmonary hypertension. Magnes Trace Elem 10:220-228, 1991-92201. Landon RA, Young EA:Role of magnesium in regulation of lung function. J Am Dietet Assoc 93:674-677, 1993.202. Keen CL, Lowney P, Gershwin ME, Hurley LS, Stern JS: Dietary magnesium intake influences exercise capacity and hematologic parameters in rats. Metabolism 36:788-793, 1987.203. Lowney P, Gershwin ME, Stern JS, Keen CL: Magnesium intake and endurance capacity in rats. Fed Proc 46:1020, 1987.204. Lowney P, Gershwin ME, Hurley LS, Stern JS, Keen CL: The effect of variable magnesium intake on potential factors influencing endurance capacity. Biol Trace Elem Res 16:1-18, 1988.205. Gershwin ME, Lowney P, Hurley LS, Keen CL: Effect of variable magnesium intake on hematological and immunological parameters in the rat. Abstr of presentation at Intl Sympos on Mg, Arlington, VA, Sept, 1986. Magnesium 6:153, 1987.206. Lowney P, Stern JS, Gershwin ME, Keen CL: Magnesium deficiency and blood 2,3-diphosphoglycerate concentrations in sedentary and exercised male Osborne-Mendel rats. Metabolism 39:837-841, 1990.207. Laires MJ, Rayssiguier Y, Guezennec CY, Alves F, Halpern MJ: Effect of magnesium deficiency on exercise capacity in rats. Magnesium Res 2:136, 1989.208. Hirneth HD, Classen HG: Swimming performance of rats in relation to magnesium intake. Magnesium Res 1:98-99, 1988.209. Refsum HE, Meen HD, Stromme S: Whole blood, serum and erythrocyte magnesium concentrations after repeated heavy exercise of long duration. Scand J Clin Lab Invest 32:123-127, 1973.210. Casoni I, Guglielmini C, Graziano L, Reali MG, Mazzotta D, Abbasciano V: Changes of magnesium concentrations in endurance athletes. Intl J Sports Med 11:234-237, 1990.211. Hoffmann G, Boehmer D: [Magnesium concentrations in whole blood, serum and erythrocytes in trained long distance runners before and after 25 kilometer race with and without four weeks oral electrolyte intake.] Magnesium Bull 10:56-63, 1988. (in German)212. Lijnen P, Hespel P, Fagard R, Lysens R, Vanden-Eynde E, Amery A: Erythrocyte, plasma and urinary magnesium in men before and after a marathon. Europ J Appl Physiol 58:252-256, 1988.213. Mader A, Hartmann U, Fischer HG, Reinhards-Mader G, Bohnert KJ, Hollmann W: [The substitution of magnesium during towing team's altitude training in the offing of the Olympic games--results of a controlled study.] Magnesium Bull 12:69-78, 1990. (in German)214. Jooste PL, Wolfswinkel JM, Schoeman JJ, Strydom NB: Epileptic-Type Convulsions and Magnesium Deficiency. Aviation, Space Environm Med 50:732-745, 1979.215. Bertschat F, Golf S, Riediger H, Graef V, Ising H: Protective effects of magnesium on release of proteins from muscle cells during a marathon run. Magnesium Bull 8:310-313, 1986.216. Stendig-Lindberg G, Epstein Y, Galun E, Shapiro Y, Graff E, Schonberger E: Persistent hypomagnesaemia following strenuous effort. Abstr Magnesium 4:212-213, 1985.217. Stendig-Lindberg G, Shapiro Y, Epstein Y, Galun E, Schonberger E, Graff E, Wacker WEC: Changes in serum magnesium concentration after strenuous exercise. J Am Coll Nutr 6:35-40, 1987.218. Stendig-Lindberg G, Shapiro Y, Graff E, Schonberger E, Wacker WEC: Delayed metabolic changes after strenuous exertion in trained young men. Magnesium Res 2:211-218, 1989.219. Stendig-Lindberg G, Wacker WE, Shapiro Y: Long term effects of peak strenuous effort on serum magnesium, lipids, and blood sugar in apparently healthy young men. Magnes Res 4:59-65, 1991.220. Boehmer D: [Reaction on magnesium serum level of athletic performance.] Magnesium Bull 1:109-110, 1979. (in German)221. Ansquer D: The influence of sports activity on magnesium metabolism. Ph D Thesis, abstr in Magnesium Res. 1:122, 1988.222. Deuster PA, Dolev E, Kyle SB, Anderson RA, Schoomaker EB: Magnesium homeostasis during high-intensity anaerobic exercise in men. J Appl Physiol 62:545-550, 1987.223. Lukaski HC, Bolonchuk WW, Klevay LM, Milne DB, Sandstead HH: Maximal oxygen consumption as related to magnesium, copper, and zinc nutriture. Am J Clin Nutr 37:407-415, 1983.224. Conn CA, Schemmel RA, Smith BW, Ryder E, Heusner WW, Ku PK: Plasma and erythrocyte magnesium concentrations and correlations with maximum oxygen consumption in nine- to twelve-year-old competitive swimmers. Magnesium 7:27-36, 1988.225. Laires MJ, Alves F, Halpern MJ: Changes in serum and erythrocyte magnesium and blood lipids after distance swimming. Magnesium Res 1:219-222, 1988.226. Ahlborg B, Ekelund LG, Nilsson CG: Effect of potassium-magnesium-aspartate on the capacity for prolonged exercise in man. Acta Physiol Scand 74:238-245, 1968.227. Bergstrom J, Guarnieri G, Hultman E: Carbohydrate metabolism and electrolyte changes in human muscle tissue during heavy work. J Appl Physiol 30:122-125, 1971.228. Boehmer D: [Influence of endurance training on sodium, potassium and magnesium homeostasis in swimmers: girls and boys]. Magnesium Bull 1:74-76, 1979. (in German)229. deHaan A, vanDoorn JE, Westra HG: Effects of potassium + magnesium aspartate on muscle metabolism and force development during short intensive static exercise. Intl J Sports Med 6:44-49, 1985.230. Veith J, Beuker F, Spannaus W: Magnesium-substitution in runners and endurance athletes. Magnesium Res 1:99, 1988.231. Terblanche S, Noakes TD, Dennis SC, Marais D, Eckert M: Failure of magnesium supplementation to influence marathon running performance or recovery in magnesium-replete subjects. Intl J Sport Nutr 2:154-164, 1992.232. Wodick R, Grunert-Fuchs M: [The influence of long term magnesium administration in different parameters of physical performance.] Magnesium Bull 7:51-55, 1985.233. Golf S, Munch J, Graef V, Temme H, Brustle A, Roka L, Beuther G, Heinz N, Buhl C, Nowacki PE: [Influence of magnesium supplementation over 4 weeks on lactate elimination of rowers during exhausting competition-specific performance.] Magnesium Bull 10:124-130, 1988. (in German)234. Pohlmann U, Schmidt M, Golf S, Graef V, Roka L, Temme H, Riediger H, Neppel H, Baumgaertner Bortz C: [Effects of magnesium on hemostasis in competitive swimmers before and after maximal exercise.] Magnesium Bull 12:47-51, 1990. (in German)235. Food and Nutrition Board, Natl Res Council: RECOMMENDED DIETARY ALLOWANCES, 9th Ed. Washington, D.C., Natl Acad Press. pp 134-136, 1980.236. Moffatt RJ: Dietary status of elite female high school gymnasts: inadequacy of vitamin and mineral intake. J Am Diet Assoc 84:1361-1363, 1984.237. Deuster PA, Kyle SB, Moser PB, Vigersky RA, Singh A, Schoomaker EB: Nutritional survey of highly trained women runners. Am J Clin Nutr 44:954-962, 1986.238. Boggio V, Guilland JC, Moreau D, Durlach J, Klepping J: Dietary magnesium intake among male athletes in France. Magnesium Bull 8:275, 1986.239. Singh A, Deuster PA, Day BA, DeBolt JE, Doubt JT. Mineral and electrolyte status of U.S. Navy divers. Fed Proc 46:592, 1987.240. Keith R.E., O'Keeffe K.A., Alt L.A., Young K.L.(1989): Dietary status of trained female cyclists. J Am Diet Assoc 89:1620-1623.241. Singh A, Day BA, DeBolt JE, Trostmann UH, Bernier LL, Deuster PA: Magnesium, zinc, and copper status of US Navy SEAL trainees. Am J Clin Nutr 49:695-700, 1989.242. Singh A, Deuster PA, Day BA, Moser-Veillon PB: Dietary intakes and biochemical markers of selected minerals: comparison of highly trained runners and untrained women. J Am Coll Nutr 9 65-75, 1990.243. Durlach J: Recommended dietary amounts of magnesium: Mg RDA. Magnesium Res 2:195-203, 1989.245. Seelig MS: Adverse stress reactions in magnesium deficiency; preventive and therapeutic implications. abstr of poster presentation, 33rd Annual Sympos of ACN, J Am Coll Nutr 11:609, 1992.246. Rayssiguier Y, Guezennec CY, Durlach J: New experimental and clinical data on the relationship between magnesium and sport. Magnes Res 3: 93-102, 1990.247. Niemack EA, Stoeckli F, Husmann E, Sonderegger J, Classen HG, Helbig J: [The effect of magnesium aspartate hydrochloride on cannibalism, transport stress and electrolyte content in the heart of pigs.] Magnesium Bull 1:195-198, 1979. (in German)248. Schumm H: [The effect of magnesium-1-aspartate-hydrochloride on transport losses with fattening pigs and piglets as well as on the meat quality of carcasses.] Magnesium Bull 6:23-29, 1984. (in German)249. Niemack EA: [Magnesium. Mineral--trace element--therapeutic substance? A review.] Schweiz Arch Tierheilkd 127:597-604, 1985.(in German)250. Grashorn M, Schimatschek HF, Hickl R, Scholtyssek S, Classen HG: [The influence of monomagnesium-L-aspartate-hydrochloride on the "sudden death syndrome" and electrolyte distribution in broilers.] Magnesium Bull 10:9-14, 1988. (in German)251. Rasmussen HS: Justification for intravenous magnesium therapy in acute myocardial infarction. Magnesium Res 1:59-73, 1988.252. Rasmussen HS: Clinical intervention studies on magnesium in myocardial infarction. Magnesium 8:316-325, 1989.253. Shechter M: Beneficial effects of magnesium in acute myocardial infarction. A review of the literature. Magnesium Bull 12:1-6, 1990.254. Woods KL, Fletcher S, Roffe C, Haider Y: Intravenous magnesium sulphate in suspected acute myocardial infarction: results of the second Leicester Intravenous Magnesium Intervention Trial (LIMIT-2). Lancet 339:1553-1558, 1992.255. Woods KL, Fletcher S: Long-term outcome after intravenous magnesium sulphate in suspected acute myocardial infarction: the second Leicester Intravenous Magnesium Intervention Trial (LIMIT-2). Lancet 343:816-819, 1994.256. Casscells W: Magnesium and myocardial infarction. Lancet 343:807-809, 1994.257. NIH Consensus Development Conference on Optimal Calcium Intake. Bethesda, MD, June 6-8, 1994.258. Karppannen H, Pennanen R, Passinen L: Minerals, coronary heart disease and sudden coronary death. Adv Cardiol 25:9-24, 1978.259. Karppannen H: Epidemiologic evidence for considering magnesium deficiency as a risk factor for cardiovascular diseases. Mg Bull 12:80-86, 1990.(This article has been placed on this web site with the permission of the Journal of the American College of Nutrition. We thank Dr. Mildred S. Seelig for providing us the information on a diskette.)This page was first uploaded to The Magnesium Web Site on October 18, 1995 
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Magnesium loss due to stress‘Stress can greatly increase magnesium loss.”http://web.mit.edu/london/www/magnesium.htmlThe Role of Magnesium in FibromyalgiaAn investigatory paper by Mark London    Please report any links that are not working to mrl@psfc.mit.eduThis web page was the result of my research regarding magnesium, and why it's important not only for the average person, but especially for people with fibromyalgia.  If you aren't interested in reading lots of studies, and are already convinced of magnesium's importance, then just click here to get to my recommendations.  Please note, magnesium is only one of many possible treatments that can help fibromyalgia.  It, by itself, cannot effectively treat it.��Magnesium deficiency is very common in the general US population.  Not only is our daily intake low, but we eat a diet which increases the demand for magnesium.  And unfortunately, urinary magnesium loss can be increased by many factors, both physical and emotional.  Magnesium loss increases in the presence of certain hormones.  Stress can greatly increase magnesium loss. Even loud noises can cause magnesium loss.  One article on the web goes so far as to say that that almost everyone is the United States is at least marginally deficient in magnesium.  So there is an excellent chance that a person with fibromyalgia has a magnesium deficiency.  But since people with fibromyalgia often have high levels of stress, and a disrupted hormonal system, they are more likely to be candidates for magnesium deficiency.  Magnesium utilization is also increased by the presence of estrogen, and this might explain why many women are diagnosed with fibromyalgia after menopause, when estrogen levels would decrease.  Additionally, the sleep disruption which occurs in fibromyalgia might also affect magnesium utilization, as sleep deprivation has been shown to cause lower magnesium levels. http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9068914&dopt=Abstract The reason lack of sleep causes a magnesium deficiency is probably due to the lower amounts of growth hormone secretion which occurs due to a sleep disturbance, especially the type that is found in people with fibromyalgia.  Growth hormone is responsible for creating a substance known as IGF-1, or insulin growth factor.  IGF-1 has been found to have many uses by the body.  It's especially known for tissue repair.  However, it can influence intracellular levels of magnesium, as the following studies show: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9851785&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9828151&dopt=Abstract Also, IGF-1 affects excretion of magnesium by the kidneys: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381152&dopt=Abstract Magnesium deficiency is therefore one of many problems in people with fibromyalgia which is due to or influenced by the sleep disturbance.  So while it's possible to attain some benefit from taking magnesium, treating any sleep disorder is just as helpful, if not more so. Magnesium is extremely important to many functions in the body, which is why a deficiency can cause many different symptoms.  It is most widely known for being needed for proper bone formation.  With a deficiency, bones will be soft, and it can play a role in osteoporosis   However, magnesium is also the activating mineral for at least 350 different enzymes in the body, more than any other mineral, so it is crucial for many of the metabolic functions in the body.  Magnesium is necessary for almost all the enzymes that allow the glycolytic and Krebs cycles to turn the sugar and fat we eat into ATP.  Low levels of ATP have commonly been found in people with fibromyalgia, and it is believed that this plays an important role in many of the fibromyalgia symptoms.  Thus, a magnesium deficiency would definitely be a factor in worsening those symptoms. Magnesium is extremely necessary for proper ATP synthesis, because ATP is stored in the body as a combination of magnesium and ATP, which is known as MgATP.  ATP requires magnesium in order to be stable.  Without magnesium, ATP would easily break down into other components, ADP and inorganic phosphate. The brain heavily relies ATP for many functions.  In fact, 20% of total body ATP is located in the brain.  Thus, low levels of ATP can diminish brain cognitive functions, a common problem in people with fibromyalgia. Adequate magnesium is necessary for proper muscle functioning.  Magnesium deficiency promotes excessive muscle tension, leading to muscle spasms, tics, restlessness, and twitches.  This is due to an imbalance of the ratio of calcium to magnesium, as calcium controls contraction, while magnesium controls relaxation.  Plus, in fibromyalgia, changes are seen in the muscles, such as "significantly lower than normal phosphocreatine and ATP levels" and "values for phosphorylation potential ... also were significantly reduced": http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9506567&dopt=Abstract But all of these same changes are found also in magnesium deficiencies: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8988330&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7847586&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8399369&dopt=Abstract Magnesium may also help Myofascial Pain Syndrome.  According to Devin Starlanyl's web page "Myofascial trigger points can be identified and documented electrophysiologically by characteristic spontaneous electrical activity (SEA).  They may also be identified histologically (which means that the structure of the cells have changed) by contraction knots-- the lumps and bumps we know only too well.  Both of these phenomenon seem to result from excessive release of the neurotransmitter acetylcholine (ACh) from the nerve terminal of the motor endplate (the complex end formation of the nerve)."  But magnesium is well known for being able to inhibit ACh release: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2812517&dopt=Abstract And in fact, intravenous magnesium sulfate is used in emergency situations because of this effect on acetylcholine: Magnesium is known to regulate or inhibit many nerve receptors, such as NMDA or 5-HT3, which have been considered as sources of certain types of fibromyalgia pain.  Neurontin, for example, is used because inhibits NMDA activity.  Since magnesium also blocks NMDA receptors, studies have used intravenous magnesium therapy to try and treat similar types of neuropathic pain: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10687324&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9785788&dopt=Abstract And it's because of magnesium's ability to regulate nerve functions that other fibromyalgia symptoms occur.  Migraine headaches, mitral valve prolapse, and Raynaud's phenomenon, all problems commonly found in people with fibromyalgia, are also problems that have been associated with a magnesium deficiency.  Without enough magnesium, nerves fire too easily from even minor stimuli.  Noises will sound excessively loud, lights will seem too bright, emotional reactions will be exaggerated, and the brain will be too stimulated to sleep, all symptoms commonly found in fibromyalgia.  And if the oversensitivity to light and noise reminds you of someone suffering from a hangover, they are one and the same problem, as alcohol is known for decreasing magnesium levels, and magnesium supplementation has been found to relieve hangover symptoms. Another commonly found condition in fibromyalgia which has nervous related symptoms is reactive hypoglycemia.  Anxiety related symptoms occur after carbohydrate intake, and this is believed to be due to either an excess release of adrenaline, or a higher sensitivity to adrenaline.   In either case, a deficiency of magnesium could be a factor, as magnesium deficiency appears to associated with anxiety and high levels of adrenaline. Not only that, but magnesium also affects carbohydrate metabolism in a different manner, as a magnesium deficiency appears to create resistance to insulin,  Insulin resistance increases levels of insulin, which may result in  a form of diabetes.  Additionally, insulin resistance by itself can distrupt intracellular magnesium levels, as the following web page explains. http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8861135&dopt=Abstract Thus, "insulin resistance and magnesium depletion may result in a vicious cycle of worsening insulin resistance and decrease in intracellular Mg(2+) which may limit the role of magnesium in vital cellular processes." Magnesium also appears to be able to also affect the nervous system by regulating the release of hormones, which occurs due to many different forms of stress.  However, this hormonal activity is disrupted in fibromyalgia.  Often there is an exaggerated release or high levels of noradrenaline (also known as norepinephrine), as the following studies show: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2532682&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10765933&dopt=Abstract However, magnesium appears to play a role in regulating noradrenaline levels.  For example, in the following study on mitral valve prolapse, magnesium supplementation not only relieved symptoms, but also reduced the high level of urinary noradrenaline excretion: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9070556&dopt=Abstract And genetically bred mice with low magnesium levels have also been found to have high noradrenaline levels: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&llst_uids=7545412&dopt=Abstract And ,as was previously mentioned, sleep deprivation appears to lower magnesium levels.   However, in another study, sleep deprivation was found to raise noradrenaline levels: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10372697&dopt=Abstract Thus, there appears to be a strong link between high noradrenaline levels, and low magnesium levels.  And this imbalance of hormones could play a role in exercise tolerance in fibromyalgia.  High noradrenaline levels are associated with low exercise tolerance.  This might be due to the fact that noradrenaline causes constriction in blood vessels, and this could reduce oxygen flow during exercise.  This is made worse by the lower than normal adrenaline levels in fibromyalgia,  as adrenaline is able to dilate blood vessels in the skeletal muscles and the liver.   However, magnesium is able to relax smooth muscles around blood vessels, and thus has a strong vasodilatory effect, which could counteract the vasoconstriction effect of the hormones. Related to this is the previously mentioned study of patients that were sleep deprived which resulted in low magnesium levels.  They were also found to have lower levels of exercise tolerance.  But in a subsequeent study, it was found that magnesium supplementation was able to raise that tolerance: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9626901&dopt=Abstract Respiratory problems such as asthma have also been associated with high levels of noradrenaline, and thus magnesium might be of help for those conditions. A magnesium deficiency also increases levels of substance P, a chemical which has been implicated as being responsible for increased pain levells in FMS.  Several studies, such as the following, show this: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1384353&dopt=Abstract However, even just as important is the fact that this study also shows a rise in inflammatory cytokines.  Cytokines are part of the immune system.  However, raised levels of certain cytokines have been implicated in many health problems and diseases, and some researchers feel that they may be responsible for many of the symptoms of FMS and CFS, as these cytokines play a role in metabolic and many other functions. Sleep deprivation studies also show an increase these cytokines, not surprising since we have shown that sleep deprivation can cause a magnesium deficiency.  The following study showed a significant increase in one of these cytokines, interleukin-6.  This cytokine appears to play a role in the fatigue and other health symptoms that directly result from lack of sleep: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10443646&dopt=Abstract Since a sleep disturbance could cause a rise in these cytokines, and since this study also postulates that these cytokines themselves play a role in regulating sleep, a spiraling effect could occur, as the high levels of these cytokines could cause sleep to be constantly disturbed  Such a circular effect has been proposed for the cause of FMS. Magnesium is thus involved in many functions in the body, and so it's no wonder that the chemical brain imbalances in fibromyalgia somehow seem connected to processes involving magnesium.  Surprisingly, little is known about magnesium, as compared to other minerals in the body.  So it could be that magnesium even has more effects that we are not yet aware of.  And it's because magnesium is involved in so many processes in the body, that a deficiency has a spiraling effect.  Low magnesium levels causes metabolic functions to decrease, causing further stress on the body, reducing the body's ability to absorb and retain magnesium.  A marginal deficiency could easily be transformed into a more significant problem.  Any stressful event could trigger magnesium loss. So one could postulate that stressful events which trigger fibromyalgia are doing so by creating a high loss of magnesium.  Perhaps people in a fibromyalgia flare could be helped by additional magnesium. Unfortunately, magnesium deficiency is not easily detected, as serum levels do not reflect the levels of magnesium in tissues.  This is the reason why it is so overlooked and ignored, both by doctors and by studies.  And unfortunately, oral magnesium supplementation can be difficult because of absorption problems.  Digestion and diet play a key role in absorption.  People with fibromyalgia often have conditions like Irritable Bowel Syndrome, gluten intolerance, or other problems that might limit absorption.   Excess amounts of certain substances, such as fructose, may interfere with magnesium absorption.  Phosphate can bind to magnesium in the gut, creating magnesium phosphate, an insoluble salt that can't be utilized.  Many forms of oral magnesium supplements are hard to assimilate.  The most common, magnesium oxide and citrate, happen to be the worst to assimilate, which is why both have a strong laxative effect.  If you suffer from that effect when you take magnesium, it is often not because you are taking too much, but because you are not assimilating it well.  And it may take long term use of supplements before magnesium levels are raised in all the tissues, and for damaged cell functions to be restored. A magnesium deficiency increases cell membrane permeability, and this condition is believed to lead to a decrease in the intracellular antioxidant system, shown in the following study, one of several in MEDLINE: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10192096&dopt=Abstract Changes in cell membranes and subsequent intracellular imbalance in cells reduces the body's defenses against toxins such as heavy metals.  A long term magnesium deficiency may lead to many other secondary problems that have their own host of symptoms. A magnesium deficiency causes an increase in intracellular calcium levels, which may lead to calcification and cell death.  And a few more studies for those interested on the effects of a magnesium deficiency on cell disturbances and mitochondria damage: http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9529585&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9641824&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7738680&dopt=Abstract �http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8988330&dopt=Abstract And if you are still skeptical of the importance of magnesium, I suggest you read the following: http://www.mgwater.com/dur30.shtml  While most symptoms which are directly due to a magnesium deficiency are reversible, magnesium deficiency indirectly causes problems that may not be reversible.  "With a high aluminum diet alone, aluminum content in the nervous system in rats showed no difference with a control group aluminum serum aluminum was high.  However, with an insufficient intake of magnesium the same aluminum load induced an increase in aluminum and calcium concentrations in the nervous system and neurodegeneration with precipitation of insoluble hydroxyapatites."  Combined aluminum intoxication with calcium-magnesium deficiencies is not reversible through physiological oral magnesium supplementation.  And also from that web page: "nervous consequences of magnesium deficiency" ... "are completely reversible since they can be restored to normal with simple oral physiological magnesium supplementation but it should also be pointed out that a prolongation of untreated chronic magnesium deficiency can produce irreversible lesions with histological changes.Magnesium Supplement SuggestionsIf you are considering taking magnesium, I would suggest looking for a form that allows to you start with a low amount, and then slowly increase that dose.  Unabsorbed magnesium will cause a laxative effect, so the amount that you can tolerate will be limited by this effect.  This effect often isn’t seen until a day later, which is why you should only slowly increase the dose.  The RDA for magnesium is 400mg.  If this amount helps any of your symptoms, then you may be helped by taking more than that.  Magnesium is often better absorbed when taken with food.  Also, you can absorb more magnesium, if you take it in small doses, such as some with each meal. This is what I do.  And if possible, you might also want to avoid taking magnesium with foods that are high in phytic acid, such as whole wheat, as this might bind to the magnesium.Taking magnesium with calcium is often suggested, because the 2 minerals work together in buildling bones.  Another good reason for taking the calcium, is that calcium (especially calcium carbonate) can offset some of the laxative effect from the magnesium.  Traditionally, it's been recommended to take calcium and magnesium in a ratio of 2/1, as that is the ratio of the RDA of calcium and magnesium.  However, magnesium is often poorly absorbed, so many doctors believe the ratio should be closer to 1/1. Please note that not all forms are the same.  Magnesium oxide is one of the most common, but studies have shown it to be poorly absorbed, due to low solubility.  Studies show that other common forms, such as citrate, chloride, aspartate, are all better absorbed.  However, some people instead recommend chelated forms, believing that they are the best absorbed..  Although in theory this might be true, surprisingly there are no published studies to back up this claim. .If one brand of magnesium does not work for you, or if you experience a side effect, consider switching to a different brand, as the substance which is combined with the magnesium may be the cause of the side effect.  Many people have found that liquid forms of magnesium help when pills do not help..  This is probably due to increased solubility.  There are various forms of liquid magnesium, i.e. magnesium chloride, gluconate, and citrate.  Magnesium chloride is well absorbed, although the liquid form has to be kept refrigerated.  Liquid gluocate (magonate) contains not only a lot of glucose, but several additives to make it taste better, and also a perservative to keep it from spoiling.  Liquid magnesium citrate is the most common liquid form..  Some people believe that magnesium citrate is not well absorbed, and point to the fact that magnesium citrate is marketed as a laxative.  On the other hand, almost any form of magnesium, taken in excess, will cause a laxative effect.  Magnesium citrate is probably used as a laxative, simply because it's an inexpensive form, and very soluable.Another form which some people find very useful is the time released version.  Having a steady source of magnesium has been found to help in cases where plain magnesium did not help.  One can do this by taking lots of small doses, especially if one uses a liquid form, but this is inconvenient.  Time released supposedly is absorbed over a 8-10 hour period.  There are 2 available forms, magnesium chloride and magnesium lactate  Two brands are available which contain magnesium chloride, Slow Mag and Pro-Mag.  Slow Mag contains several additives that Pro-Mag does not.  Plus, Slow Mag is enteric coated, which is done to avoid a stomach upset..  However, one study suggests that this may prevent proper absorption.  Pro-Mag is made by Douglas Laboratories, and I personally have had good results with it.  Another good alternative is Mag-Tab.  It contains magnesium lactate, and has been reported by some people to be even better absorbed than the magnesium chloride, possibly because it is released over a longer period of time.  Time released forms are more expensive, so many people recommend a combination of pills and time released, and it may be more effective to combine a slow acting form with a quickly acting form. Also note that B vitamins are necessary for proper utilization of magnesium.  Some people with fibromyalgia might have B vitamin deficiencies, especially B12.  One study, has shown that homocysteine levels are high in the cerebrospinal fluid, and this indicates low levels of B12 in the brain.  Additionally, homocysteine causes a depletion of intracellular free magnesium:, and according to the following study, only a combination of B6, B12, and folate acid can stop this depletion of magnesium.  Thus, some people with fibromyalgia might benefit from B vitamin supplementation.  (However, certain B12 deficiencies require B12 shots, as some people are unable to orally absorb enough B12.)��In some people, the problem might not be enough magnesium, but instead might be not enough vitamin D, which has an effect on magnesium absorption.  Up until recently, doctors only associated a vitamin D deficiency with weak bones, and they believed that a vitamin D deficiency in young people was rare in countries like the US.  However, both of these beliefs have been proven false.  Not only does it occur in young people, but sometimes a vitamin D deficiency can manifest itself mainly as pain.  Initial symptoms in adults can often appear as vague musculoskeletal pains, muscle weakness, and fatigue, symptoms commonly found in fibromyalgia.   Also, studies on the muscles of vitamin D deficient patients, show a reduction of ATP levels, similar to that of fibromyalgia patients.In some cases, the deficiency leads to myopathy, with quite severe muscle weakness, especially affecting the legs and ability to walk.  On the other hand, sometimes the symptoms are less severe, in which case it could be easily overlooked in fibromyalgia patients.  In fact, several small studies have shown that at least 40% of patients with fibromyalgia have a vitamin D deficiency.��http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12810939�http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11708429��And while some blood tests can possibly indicate a vitamin D deficiency, often a deficiency can exist without any other biochemical changes.   Thus, the only definite way to tell if you have this problem, is by testing vitamin D levels.  Unfortunately, very few doctors do this.  So It's quite possible that some people who have fibromyalgia, might also have a vitamin D deficiency.  Or perhaps they never had fibromyalgia to begin with.  In the following study from Canada, only 12% of patients referred to rheumatologists with the diagnosis of fibromyalgia, actually had fibromyalgia:��http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12595620��I personally started taking magnesium for spasms and facial tics, only doing so on my own after neurologists simply told me to either get better sleep or take a prescription drug.  The magnesium helped almost immediately, and I then slowly increased the dose to about 225% the RDA (balanced with 100% calcium RDA) At that point, all spasms and tics stopped completely, and they have not returned since starting that dose several years ago.  I doubt any traditional doctor would have been willing to prescribe that much magnesium. The RDA is 400mg, but many people believe this is too low.  Traditionally, it's been recommended to take calcium and magnesium in a ratio of 2/1.  But magnesium is less easily absorbed than calcium, so this ratio may not be valid for a lot of people, and in fact many cal-mag combinations found in health food stores often have additional magnesium. Magnesium is just one of many helpful remedies and/or supplements for that might be helpful for fibromyalgia.  It's not a cure, but it may be helpful in relieving some of the symptoms. For more information about magnesium, click here to read Sandy Simmons's web page on magnesium. Copyright (c) 2007�Contents of this article are the property of Mark R. London, MRL@PSFC.MIT.EDU  Contents can be forwarded to other people and posted on the internet, as long as it is forwarded in full.  Contents cannot be used in any way in any other media, without permission of the author. Mark London  MRL@PSFC.MIT.EDU 







NMDA Receptor Summary


• What helps control NMDA receptors.
– Activation 
– Genetics
– EEE / Mitochondrial function / BBB / Inflammation
– Stress (Catecholamine levels). 
– Immune modulation.
– Homocysteine levels – B vitamins – EFA’s 
– Heavy metal modulation
– Mg
– Drugs: Memantine, Amantidine, Ketamine, d-cycloserine, L calcium 


channel blockers.  


We will discuss how the NMDA pathway ties into glutamate and other 
transmitters as we progress through the lecture.  







Practical


• What is the purpose of understanding NMDA 
receptors?


• What conditions related to dysregulation?
• Outline a plan of action to regulate healthy 


NMDA receptor function.







Basic Pathway Principles







Pathways


• We must review some basic pathways before 
we progress though each transmitter.


• As we discuss each transmitter, the 
information about each pathway will increase.


• If you cant work through these, you are going 
to have difficulty with drugs and supplements 
to help your patients.  
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Some Key Behaviors Hypothetically Linked to 
Specific Brain Regions


executive function
attention
concentration
emotions
impulses
obsessions
compulsions
motor
fatigue
ruminations
worry
pain 
negative symptoms
guilt
suicidality


delusions
hallucinations
pleasure
interests
libido
fatigue
euphoria
reward
motivation


motor
critical relay site from PFC


pain
sensory relay to and from cortex
alertness


motor


pain
sleep
appetite
endocrine 


memory
reexperiencing


fear
anxiety
panic


memory
alertness







Match Each Symptom Associated with Mania
to Hypothetically Malfunctioning Brain Circuits
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Dopamine Projections from Neurotransmitter Centers
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Norepinephrine Projections from Neurotransmitter Centers
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Serotonin Projections from Neurotransmitter Centers
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Acetylcholine Projections from Neurotransmitter Centers
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Acetylcholine Projections from the Basal 
Forebrain
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The histamine center is in the hypothalamus (TMN, 


tuberomammillary nucleus), which provides input to most 
brain regions and the spinal cord.


Histamine Projections from the Hypothalamus







Cortico-Cortical Interactions


PFC area 
1


PFC area 
2


Association fibers and inter-hemispheristic connections







Neurotransmitter Nodes Influence Prefrontal Cortical Nodes 
and Their Cortico-Cortical Interactions
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Some Important Circuits and Connections
Involving the Prefrontal Cortex


A


H


OFC


DLPFC


Prefrontal Circuits
Striatal loops
Direct and Indirect loops







Cortico-Striatal-Thalamic-Cortical (CSTC) Loop


prefrontal
cortex


striatal 
complex
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A must know circuit
-Behavior
-movement
-cognition
Major player with therapy







Neurotransmitter Nodes Influence
CSTC Loops and Their Interactions
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Cerebral cortex
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Hypothetical CSTC Loop for Executive Functions
DLPFC         Striatum            Thalamus           DLPFC







Dorsal ACC         Bottom of Striatum         Thalamus              ACC


Hypothetical CSTC Loop for Attention







Subgenual ACC           Nucleus Accu Thalamus            Cortex


Hypothetical CSTC Loop for “Emotions”







Limbic Loop
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Anterior cingulate gyrus
Temporal cortex
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Hypothetical CSTC Loop for Impulsivity/Compulsivity
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Cocaine binds dopamine reuptake in VTN
Amphetamines are dopamine releasing agents
Nicotine excites plasma excitatory receptors
Opiates increase mesolimic and mesocortical 
projections







Prefrontal Putamen (Lateral Striatum) Thalamus         Cortex
Motor Cortex


Hypothetical CSTC Loop for Motor Activity







The motor loop
Primary motor cortex
Premotor / Supplementary Motor
Primary Sensory cortex


Striatum / Putamen
D2              D1 


GPI 
Internal segment
Lateral and medial
SNPr


Thalamus
VA 
MD
VL


GPE


STN


SN
PC







Layers of the Cortex


• The actual functional part of the cortex involves a thin layer of neurons 2 to 5 mm 
thick which covers all of the convolutions of the cortex.  


• The surface area of the cortex is about one square meter and contains around one 
billion neurons.  


• There are essentially six layers of the cortex, with the sixth layer essentially being 
divided into two layers.  


• Most of the cells in these layers are of three different varieties, granular (also 
called stellate), fusiform and pyramidal.


• The granular cells in general have short axons and therefore serve as intracortical
interneurons.  Some are excitatory (Glutamate) and some are inhibitory (GABA) in 
nature.  


• The sensory areas and the association areas of the cortex have large 
concentrations of these types of neurons due to a significant amount of 
intracortical processing of incoming sensory signals and cognitive analytical signals 
in the association areas.


• The pyramidal and fusiform cells give rise to the output fibers of the cortex.  The 
pyramidal cells are the most numerous and the largest and comprise the pyramidal 
pathways and the large association fibers pass from one major part of the brain to 
another.  







Function of Cortical Layers


• The most outer layer is the molecular layer and is 
considered to be layer number one.  


• The second layer, or one layer lower from the surface 
is the external granular layer.  


• The third layer is the layer of pyramidal cells and the 
next layer or the fourth layer is the internal granular 
cells.  


• The next which is the fifth is the large pyramidal cell 
layer.  The last which is the sixth is the layer of 
fusiform or polymorphic cells.







There is some understanding of basic functions of 
these layers.


• Incoming sensory signals are what drives our neuraxis and 
these synapse onto layer 4 (Internal granular layer) for 
excitation and the signal spreads rostral and caudal.  


• At the same time layers one and two (Molecular and external 
granular) are receiving diffuse, nonspecific input from lower 
brain centers that can facilitate a specific region to give a 
resultant desired response of that region.  


• These areas basically create a certain level of regional 
excitation.







Layer functions cont.


• The neurons in layers two and three (External granular and pyramidal) 
send axons to other areas or portions of  the cortex, including those fibers 
that traverse through the corpus callosum.  


• Now neurons in layers 5 and 6 (large pyramidal layer and fusiform and 
polymorphic) send projections to the more distant and deeper areas of 
the nervous system.  For example, those in layer five (large pyramidal cell 
layer) send projections to the basal ganglia, brainstem and spinal cord for 
control signals in these areas.  The sixth layer (fusiform and polymorphic) 
cells send projection to the thalamus for feedback signals from the 
cerebral cortex to the thalamus.







Output from Cortical Pyramidal Neurons
lamina


1


2


3


4


5


6


white matter


other 
cortical areas


striatum brainstem thalamus
glu glu glu glu glu







Interneuron Input to Cortical Pyramidal Neurons
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Input to Cortical Pyramidal Neurons
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Two Molecular Sites Critical for the Efficiency of Cortical 
Circuits


monoamine 
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Matching the Symptom to a 
Hypothetically Malfunctioning Circuit
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Considering the Key Neurotransmitters Regulating
the Hypothetically Malfunctioning Circuit
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concentrating
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anxiety


GABA5HT


norepinephrine
dopamine reuptake
inhibitor (e.g., bupropion)


stimulant / 
modafinil


SSRI
SNRI


cognitive behavioral
therapy


benzodiazepine


Selecting or Combining Treatments that
Act Upon Key Neurotransmitters Regulating Hypothetically


Malfunctioning Circuits


Diet – Activation – Nutrition can affect all areas.
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Endocrine Output of Fear
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Breathing Output
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Autonomic Output of Fear
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Practical


• Discuss the pyramidal cell and transmitter 
interaction.


• Discuss pathways for motor.
• Discuss pathways for attention.
• Discuss pathways for  fear, avoidance and 


autonomic related symptoms. 
• Discuss the ventral tegmentum.   











Transition time


• We have discussed the basics of metabolism, 
NMDA receptors, receptor types and 
pathways.


• Its time to progress to the individual 
transmitters.


• We will discuss supplements and drugs that 
relate to each transmitter.


• We will discuss some conditions.  That will be 
further evaluated next module.  







GABA / Glutamate
A story about the brains chemical foundation







Glutamine


“The most abundant amino acid in the 
bloodstream, L-glutamine fulfills a number 


of biochemical needs.


It operates as a nitrogen shuttle, taking up excess 
ammonia and forming urea. It can contribute to the 


production of other amino acids, glucose, nucleotides, 
protein, and glutathione. 


Glutamine is primarily formed and 
stored in skeletal muscle


and lungs, and is the principal metabolic fuel for small 
intestine enterocytes, lymphocytes, macrophages, and 


fibroblasts.”
Altern Med Rev 1999;4:239-248.  


ABSTRACT Below


ATP



Presenter

Presentation Notes

AbstractThe most abundant amino acid in the bloodstream, L-glutamine fulfills a numberof biochemical needs. It operates as a nitrogen shuttle, taking up excess ammonia andforming urea. It can contribute to the production of other amino acids, glucose,nucleotides, protein, and glutathione. Glutamine is primarily formed and stored in skeletalmuscle and lungs, and is the principal metabolic fuel for small intestine enterocytes,lymphocytes, macrophages, and fibroblasts. Supplemental use of glutamine, either inoral, enteral, or parenteral form, increases intestinal villous height, stimulates gut mucosalcellular proliferation, and maintains mucosal integrity. It also prevents intestinalhyperpermeability and bacterial translocation, which may be involved in sepsis and thedevelopment of multiple organ failure. L-glutamine use has been found to be of greatimportance in the treatment of trauma and surgery patients, and has been shown todecrease the incidence of infection in these patients. Cancer patients often developmuscle glutamine depletion, due to uptake by tumors and chronic protein catabolism.Glutamine may be helpful in offsetting this depletion; however, it may also stimulate thegrowth of some tumors. The use of glutamine with cancer chemotherapy andradiotherapy seems to prevent gut and oral toxic side-effects, and may even increasethe effectiveness of some chemotherapy drugs.Altern Med Rev 1999;4:239-248.IntroductionL-glutamine is the most prevalent amino acid in the bloodstream, accounting for 30-35







GABA Creation


• GABA synthesis is highly concentrated in the brain.
• Glucose – pyruvate – citric acid cycle.
• Shunt


– Succinyl COA is converted to A-keto-glutarate
– AKG converted to glutamate via pyridoxal-5-phosphate.  
– Glutamate is converted to GABA (glutamic acid decarboxylase)
– GABA is converted back to succinyl COA via GABA transaminase.    
– The shunt is created to be energy efficient.







http://www.scholarpedia.org/article/Gamma-
aminobutyric_acid
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http://www.scholarpedia.org/article/Gamma-aminobutyric_acid







GABA is Produced
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GABA Action is Terminated
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Glutamate from mammalian brain can be obtained from 
glutamine (glutaminase) or from a –ketoglutarate. 


Reference:http://www.bioscience.org/1998/v
3/d/palmada/5.htm below


GABA is derived from Glutamate.
Without GLUTAMATE GABA would 


not exist.
B6, taurine


Crisis – IL1, IL6, Cortisol
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Glutamine, Glutamate, GABAhttp://www.bioscience.org/1998/v3/d/palmada/5.htm[Frontiers in Bioscience, d701-718, July 20, 1998] �Reprints �PubMed �CAVEAT LECTOR ����EXCITATORY AMINO ACID NEUROTRANSMISSION. PATHWAYS FOR METABOLISM, STORAGE AND REUPTAKE OF GLUTAMATE IN BRAIN Monica Palmada and Josep Joan Centelles Departament de Bioquímica i Biologia Molecular, Facultat de Química, Universitat de Barcelona, Martí i Franquès, 1, 08028-Barcelona, Spain Received 5/7/98 Accepted 5/23/98 5. METABOLIC INTERACTIONS BETWEEN NEURONS AND ASTROCYTES If one tries to envisage the metabolic capabilities required to maintain glutamatergic, aspartatergic, and GABA-ergic transmission (Glu, Asp, and GABA) in a simple cell type residing behind a blood-brain barrier through which there is rapid exchange of CO2, H2O, and NH3 and a rapid net influx of glucose, but no net accumulation of either glutamate, aspartate, GABA, or glutamine (73), one would end up with a cell like that sketched in figure 4. Neurons are able to synthesize both glutamate and GABA from glutamine, and astrocytes form and release glutamine (which has no transmitter activity) after accumulation of either glutamate or GABA. Figure 4. Schematic diagram of glutamate/glutamine and GABA/glutamine cycles. In neurons, glutamate and g -aminobutyric acid (GABA) are synthesized from glucose or glutamine. Neurotransmitter released in synaptic cleft can then interact with receptor sites. To terminate this effect, transport to astroglial cells is performed with higher affinity than to neuron cells. In astroglial cells there is a higher glutamine synthase activity and glutamate and GABA are metabolized to glutamine, which has no neurotransmitter effects and can be recycled to neurons to form glutamate or GABA. Extracellular glutamate is, to a larger extent, accumulated into astrocytes both in the intact brain (74) and in cultured cells (75,76), but much of the accumulated glutamate (how much probably depends upon the experimental conditions) is degraded as a metabolic fuel to CO2 and H2O in astrocytes and thus not converted to glutamine (75,77). New glutamate and GABA precursor molecules will, therefore, have to be synthesized from glucose. Since carboxylation of pyruvate to oxaloacetate, an intermediate of the TCA cycle, occurs in astrocytes, net synthesis of a -ketoglutarate in the TCA cycle can also take place in these cells. The rate of glutamate metabolism to CO2 is high in astrocytes but not in the two neuronal types, especially not in the glutamatergic cerebellar granule cells. The rapid CO2 formation in astrocytes from glutamate appears to represent mainly a net utilization of glutamate (78), not just an isotope exchange between glutamate and a -ketoglutarate. Utilization of glutamate or glutamine as a metabolic substrate is not restricted to cultured cells but has also been observed in brain slices and dissociated cell preparations (79,80). As long as the glutamate utilized as a metabolic fuel originally is produced from glucose behind the blood-brain barrier, this is not a violation of the well-established fact that the entire adult brain in vivo under normal conditions almost exclusively utilizes glucose as its substrate for energy metabolism (81). Exposure to very high potassium concentrations (> 20 mM) causes depolarization and a depolarization-induced increase in free intracellular calcium concentration in synaptosomes (82), neurons, and astrocytes (83) and enhances metabolic interactions between these two cell types by facilitating glutamate (and GABA) release from neurons and CO2 fixation in astrocytes, which in turn promotes astrocytic formation of transmitter precursors for neurons. During exposure to slightly elevated potassium. In the following section, we describe some properties of the enzymes involved in the glutamic acid metabolism (figure 5). Figure 5. Glutamate metabolism. Glutamate from mammalian brain can be obtained from glutamine (glutaminase) or from a -ketoglutarate (glutamate dehydrogenase and glutamate oxalacetate transaminase). Degradation of glutamate can generate a -ketoglutarate by reversible reactions, GABA (glutamate decarboxylase) or glutamine (glutamine synthetase). 5.1. Glutamine synthetase (E.C. 6.3.1.2.) Glutamine synthetase catalyzes several reactions (84), although the main reaction is the following one: Glu + NH3 + ATP <-----> Gln + ADP + Pi The enzyme has two important functions: assimilation of ammonia and biosynthesis of glutamine. The enzyme from brain has been studied in rat, ox, sheep, pig and human. It has been isolated from a variety of sources and the proteins vary greatly in their ability to catalyze the reverse reaction. With the mammalian enzyme, however, the forward rate relative to the reverse rate is about 10 to 1 (85). The purification of the enzyme usually proceeds through four steps consisting on an acetone powder extract, precipitation by acid, hydroxylapatite and DEAE-cellulose column chromatography (86); with a yield of 15-30% and a purification of about 200-fold. Glutamine synthetase is composed of eight subunits which are identical (44,000-50,000 daltons) showing rather similar amino acid composition (84). The enzyme has a molecular weight of 400,000 daltons, distributed in two tetramers (87). Distribution of glutamine synthetase and glutaminase are uneven in central nervous system. Berl (88) determined the distribution of glutamine synthetase in 16 brain areas of the adult rat. The site of glutamine synthesis, from glutamate amidation via glutamine synthase (GS), is in glial cells (89); and with a cytosolic location (9). Additionally, glia cells contain carbonic anhydrase, which catalyzes the CO2 hydration reaction and HCO3- formation. Therefore, glia cells could be important in acid-base regulation and related amino acid metabolism in CNS. Glutamine formed by GS can move into adjacent nerve endings where it is utilized either in metabolic pathways unrelated or not directly related to neurotransmitter glutamate and GABA synthesis or in formation of neurotransmitter glutamate and GABA via glutaminase and glutamate decarboxylase, respectively. The enzyme is irreversibly inhibited by methionine sulfoxamine (MSO) (90). ATP and magnesium are necessary for the binding of glutamate to the enzyme, whereby it becomes activated. Tate et al. (84) calculated in rat liver Km for ATP = 2.3 mM; and Deul et al. (86) Km for ammonia = 0.3 mM. Certain anions, particularly bicarbonate and chloride, activate the enzyme when nonsaturating concentrations of L-glutamate are used. Although liver glutamine synthase is activated by 2-oxoglutarate, brain enzyme is less affected by this compound (84). The mammalian enzymes are inhibited by inorganic phosphate and carbamyl phosphate (91). This effect can be due to the reaction of ATP synthesis from ADP and carbamyl phosphate, catabolized also by glutamine synthetase. 5.2. Glutaminase (E.C. 3.5.1.2.) The reverse reaction of glutamine synthase is catalyzed by the ubiquitous enzyme glutaminase, which is present in both neurons and astrocytes (92). Nevertheless, glutaminase is predominantly a neuronal enzyme and it has been localized in mitochondria (93,94). Pig brain mitochondria have been shown to contain two major forms of glutaminase, one soluble located in the matrix and one membrane-bound enzyme located in the inner membrane and both activated by phosphate (95). Soluble glutaminase has been purified from pig brain (96,97) and some other sources (98-100). The soluble enzyme is present as a dimer (101) with a relatively low specific activity and a highly aggregated form of the enzyme with a considerably greater specific activity. By an incubation with phosphate, the soluble enzyme is reversibly and slowly aggregated (101-103). Because of this complicated regulatory behavior, some evidences have been suggested that the membrane-bound and soluble enzyme may have different function in the brain (95). Kinetic studies of the two enzymes have been performed by Nimmo and Tipton (101) and they show Km values for glutamine of about 0.8-1.4 mM and 3.4-9.7 mM. One of the products, glutamate, inhibits the enzyme strongly, whereas the other product ammonia has only a slight inhibitory action on the enzyme. Glutamate inhibition is mixed (Kislope= 1.6 mM and Kiintercept= 3.3 mM). In astrocytes exposed to 1.2 mM valproate, glutaminase activity increased 80% in primary culture by day 2 and remained elevated by day 4; glutamine synthetase activity was decreased 30% (104). 5.3. Glutamate dehydrogenase (E.C. 1.4.1.2.-4.) Glutamate dehydrogenases catalyze the following reversible reaction: L-glutamate + H20 + NAD(P) <-----> a -ketoglutarate + NH3 + NAD(P)H although it appears that the reaction velocity is higher when the formation of glutamate is studied. Three different enzymes are considered depending on the use of NAD/NADH (E.C. 1.4.1.2.), NADP/NADPH (E.C. 1.4.1.4.) or both (E.C. 1.4.1.3.) as coenzymes. Neural glutamate dehydrogenase (E.C. 1.4.1.3.) can use both coenzymes, although it has been shown that NAD is used more effectively than NADP (105). The direction of neural glutamic dehydrogenase (E.C. 1.4.1.3.) activity appears to be regulated in part by the tissue NAD(P)/NAD(P)H concentration ratio (105, 106). In rat brain GDH activity exists in two distinct forms differing in solubility, kinetic parameters, resistence to heat inactivation and allosteric properties (107). These forms have been designed soluble and particulate GDH (107,108). When the ratio is high, e.g., in the absence of glucose, oxidative deamination of glutamate occurs. In the presence of glucose, when the ratio falls, and a -ketoglutarate is not rate limiting, reductive amination of a -ketoglutarate is favored. Kinetic parameters have been studied for both directions of the reaction (105). GDH’s from various organs of the same species are similar, if not identical. Complete cross-reaction occurs between antibodies induced by bovine liver GDH and extracts of bovine spleen, brain and heart. Most animal GDH are inhibited by GTP and activated by ADP (109). GDH from bovine brain has been partially purified by Grisolia et al. (106) and shows a specificity either for NAD or NADP. This enzyme has a molecular weight of 332,000 daltons, as judged from the amino acid sequence of the six identical subunits (110). As compared with other enzymes, the Vmax of GDH in synaptic mitochondria from rat brain is 20-40% lower than Vmax of aspartate aminotransferase, but 4-5fold higher than Vmax of phosphate dependent glutaminase (111). 5.4. Transaminases Transaminases play an important role in the aminoacid metabolism, as they are able to catabolize a reversible transference of an amino group from an aminoacid to a ketoacid acceptor. Those enzymes use pyridoxal phosphate as a coenzyme, which will perform the transference of the amino group. Among those transaminases, aspartate aminotransferase or glutamate oxalacetate transaminase (E.C. 2.6.1.1.) catabolizes the reversible transference of amino group of Asp to a -ketoglutarate and generates oxalacetate and glutamate. There have been found two isoenzymes of aspartate aminotransferase in animals: a citoplasmic and a mitochondrial. Both are dimeric proteins of 45,000 daltons and 2,000 daltons subunits (112). Aspartate amino transferase (AAT) activity seems to be higher than glutamate dehydrogenase (GDH). The ratio AAT/GDH is between 10 and 20 in rat brain (113) or in squid giant nerve (114). Transamination of glutamate by using aspartate amino transferase generates aspartate, which is also a neurotransmitter; whereas glutamate dehydrogenase yields ammonia but not another neurotransmitter. The higher activity of AAT can be therefore due to prevent the toxic action of ammonia. Another transaminase is alanine aminotransferase (E.C. 2.6.1.2.), an enzyme which transfers amino from alanine to a -ketoglutarate to yield pyruvate and glutamate. This enzyme presents also a cytoplasmic and a mitochondrial isoenzymes. 5.5. Glutamic acid decarboxylase (E.C. 4.1.1.15.) The enzyme removes the a -carboxyl group of glutamate to produce a g -carboxyl amino acid called g -amino butyric acid (GABA). This decarboxylation of glutamate to GABA is not very different from decarboxylation of L-DOPA or tryptophan to dopamine and serotonin. Like those enzymes, glutamic acid decarboxylase requires the cofactor pyridoxal phosphate (vitamin B6). The enzyme is highly substrate specific, although Homola and Dekker (115) showed that some glutamate analogs can also be decarboxylated.http://www.scielo.br/img/fbpe/bjmbr/v36n2/html/4678i02.htmFigure 2. Overview of glutamine and glutamate metabolism in mammalian cells. Glutamate is produced from glutamine through glutaminase activity. Glutamate can then be converted to g-amino butyric acid (GABA), ornithine, 2-oxoglutarate, glucose or glutathione. The probable functions of the glutamate products are indicated as well as the cells or organs where the metabolic pathway preferentially occurs. NO, nitric oxide; iNOS, inducible nitric oxide synthase; glutamate Dh, glutamate dehydrogenase. 
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J Neurosci Res. 2007 Nov 15;85(15):3347-58. PMID: 17847118  below LinksThe glutamate-glutamine cycle is not stoichiometric: fates of glutamate in brain.McKenna MC.Department of Pediatrics, University of Maryland School of Medicine, Baltimore, MD 21201, USA. mmckenna@umaryland.eduAlthough glutamate is usually thought of as the major excitatory neurotransmitter in brain, it is important to note that glutamate has many other fates in brain, including oxidation for energy, incorporation into proteins, and formation of glutamine, gamma-aminobutyric acid (GABA), and glutathione. The compartmentation of glutamate in brain cells is complex and modulated by the presence and concentration of glutamate per se as well as by other metabolites. Both astrocytes and neurons distinguish between exogenous glutamate and glutamate formed endogenously from glutamine via glutaminase. There is evidence of multiple subcellular compartments of glutamate within both neurons and astrocytes, and the carbon skeleton of glutamate can be derived from other amino acids and many energy substrates including glucose, lactate, and 3-hydroxybutyrate. Both astrocytes and neurons utilize glutamate, albeit for cell-specific metabolic fates. Glutamate is readily formed in neurons from glutamine synthesized in astrocytes, released into the extracellular space, and taken up by neurons. However, the glutamate-glutamine cycle is not a stoichiometric cycle but rather an open pathway that interfaces with many other metabolic pathways to varying extents depending on cellular requirements and priorities.PMID: 17847118 
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Signs and Symptoms
• Low levels of GABA


– Anxiety
– Insomnia 
– Depression


• Subjective findings of low GABA
– Feeling anxious or panic for no reason
– Feeling a sense of dread
– Feeling of a nervous stomach
– Feeling restless for no reason
– Cannot turn off mind when desired
– Worry and panic that is exaggerated
– Inner tension and excitability.  
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http://dinamehta.com/blog/2007/10/18/social-media-strategies-lets-remember-maslow/Motivational Model originally developed in the 40’s and 50’s with adaptations from the 1970’s (cognitive and aesthetic needs added) and 1990’s (transcendence needs added). The basic premise of the model is:Each of us is motivated by needs. Our most basic needs are inborn, having evolved over tens of thousands of years. Abraham Maslow’s Hierarchy of Needs helps to explain how these needs motivate us all. Maslow’s Hierarchy of Needs states that we must satisfy each need in turn, starting with the first, which deals with the most obvious needs for survival itself. Only when the lower order needs of physical and emotional well-being are satisfied are we concerned with the higher order needs of influence and personal development. Conversely, if the things that satisfy our lower order needs are swept away, we are no longer concerned about the maintenance of our higher order needs.
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Unstable and Excessive Neurotransmission in Bipolar Disorder
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Two Types of GABA-A Mediated Inhibition
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Benzodiazepine Agonist Spectrum in Panic Disorder
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Potential Therapeutic Effects of GABA-ergic Agents
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Long-Term Effects of GABA-A PAMs (“Z” drugs)
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depression with insomnia/
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SSRI alone
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treatment







Benzodiazepines
• Xanax, alprazolam
• Lexotan, bromazepam
• Librium, chlordiazepoxide
• Klonopin, clonazepam
• Tranxene, clorazepate
• Valium, diazepam:
• Rohypnol, flunitrazepam
• ProSom, estazolam
• Dalmane, flurazepam
• Paxipam, halazepam
• Dormonoct, loprazolam
• Ativan, lorazepam
• Versed (Hypnovel, Dormicum), midazolam
• Mogadon, nitrazepam
• Serax, oxazepam
• Doral, quazepam
• Restoril, temazepam
• Halcion, triazolam







Short-Acting Benzodiazepines
• Two types of short-acting benzodiazepines are available on the market, according 


to the DEA. 
• The first type of short-acting benzodiazepine treats insomnia patients who do not 


have daytime anxiety. Examples of short-acting benzodiazepines for insomnia 
include ProSom (estazolam), Dalmone (flurazepam), Restoril (temazepam) and 
Halcion (triazolam). 


• The other type of short-acting benzodiazepine is used for sedation and treating 
anxiety and amnesia; however, this type of short-acting benzodiazepine is used in 
critical care settings and prior to anesthesia. Versed, or midazolam, is an example 
of the second type of short-acting benzodiazepine.


Long-Acting Benzodiazepines
• Long-acting benzodiazepines, on the other hand, treat insomnia in patients who 


also have daytime anxiety. 
• According to the DEA, long-acting benzodiazepines include Xanax (alprazolam), 


Iibrium (chlordiazepoxide), Tranxene (clorazepate), Valium (diazepam), Paxipam
(halazepam), Ativan (lorazepam), Serax (oxazepam), Centrax (prazepam) and Doral 
(quazepam). 


• Some of the long-acting benzodiazepines also act as anticonvulsants. These long-
acting benzodiazepines include clorazepate, diazepam and Klonopin (clonazepam).







Benzodiazepine-Like Drugs


• Zolpidem [Ambien]
– Sedative-hypnotic
– Short-term management of insomnia


• Zaleplon [Sonata]
– New class of hypnotics, pyrazolopyrimidines
– Short-term management of insomnia
– Prolonged use does not appear to cause tolerance


• Eszopiclone [Lunesta]
– Is the S-isomer of zopiclone
– For treating insomnia
– No limitation on how long it can be used
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Drug Name Common Brand 
Names*


Elimination Half-Life
(h)† [active 
metabolite]


Primary Effects Approximate 
Equivalent Dose‡


Clobazam Frisium, Urbanol 8–60 hours anxiolytic, 
anticonvulsant 20 mg


DMCM ? ? anxiogenic, 
convulsant Non-applicable


Flumazenil Anexate, Lanexat, 
Mazicon, Romazicon 1 hour antidote Typical dose 0.2 -


0.6 mgð


Eszopiclone Lunesta 6 hours hypnotic 3 mg


Zaleplon Sonata, Starnoc 1 hours hypnotic 20 mg


Zolpidem
Ambien, Nytamel, 
Stilnoct, Stilnox, 
Zoldem, Zolnod


2.6 hours hypnotic 20 mg


Zopiclone


Imovane, Rhovane, 
Ximovan; Zileze; 
Zimoclone; 
Zimovane; Zopitan; 
Zorclone,
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How Sleepy is Sleepiness? MSLT Ratings
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Mechanism of Action of Modafinil
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Prefrontal Motor Cortex Regulates Motor Hyperactivity
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Arousal Spectrum of Cognitive Dysfunction in ADHD with Deficient Arousal
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Inability to Activate ACC and Aberrant Activation
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Treating ADHD by Desensitizing Arousal in Prefrontal Cortex
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Mechanism of Action of Slow Dose Stimulants Amplifies 
Tonic NE and DA Signals
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Mechanism of Action of Atomoxetine (Norepinephrine Transport Inhibitor)
in ADHD with Weak Prefrontal NE and DA Signals
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Mechanism of Action of Slow-Dose Stimulants Amplifies 
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Chronic Treatment with Atomoxetine in ADHD with Excessive Prefrontal
NE and DA Signals, Chronic Stress, and Comorbidity
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-? reverses stress-related brain 
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- decreases heavy drinking
- decreases anxiety
- social/emotional symptoms
- ? reduces relapse
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Practical


• Describe the mechanism that explains anxiety.
• Describe the mechanism of action of various 


medications that reduce neuronal over 
excitation or anxiety.


• Describe arousal.  What can decrease arousal?
• What causes insomnia, what treats it?  
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INTENDED USE STATEMENT


The content of this course is intended for informational purposes only. The medical information in this


course is intended as general information only and should not be used in any way to diagnose, treat, cure,


or prevent any disease. The goal of this course is to present and highlight nutritionally significant


information, and offer suggestions and protocols for nutritional support and health maintenance.


Homeopathic protocols are intended for use in symptom relief and OTC indications only.


It is the sole responsibility of the user of this information to comply with all local and federal laws regarding


the use of such information, as it relates to the scope and type of user’s practice.


The nutritional protocols and suggestions presented in this course are based on the presenter’s clinical


experience and research and are not intended to represent any claims regarding product performance or


benefits by the manufacturer, its distributors, or the sponsors of this seminar.


Statements regarding nutritional products in this seminar have not been evaluated by the Food and Drug


Administration. Nutritional products presented in this seminar are not intended to diagnose, treat, cure, or


prevent any disease.







References


• You have copies of many of the articles and 
references as part of your notes in the 
neurodegeneration PDF portfolio.  Use this, 
the portfolio is full of amazing stuff. 


• Your portfolio has all the articles referenced, 
the full version, intake forms, websites and 
notes.    











Why are we degeneration so FAST!


“We live in a world that is progressively 
becoming more and more about all things 
hydrolyzed, synthesized, modified, stressed, 
processed over worked, inflamed, drugged up, 
sedentary, under educated, misdirected and 
polluted ---- topped off with a heaping helping 
of allergies that is sweetened with a load of 
excitotoxins all packed into a gut that is 
damaged and full of infectious agents”.  







Basic Module Outline


• Day One:  Stories related to 
Pathophysiology.


• Day Two:  Stories related to disease 
specific conditions.


• Day three:  Review, treatment options, 
evaluations and summarizations.  







Goals of the Class 
• Understand terminology.


• Understand physiology and the stories related to dysfunction.


• Learn terms that are relevant.


• Learn to diagnose and determine “the condition”.


• Learn to layer and develop treatment plans and options.


• Learn to monitor the patient for changes.  


• Never stop learning.


• Next module will deal more with neurological circuitry and 
medications.   


• The class will also contain some practice management, office 
organization, treatment protocols and business strategies.   
The course will also contain practicals.  


• There is a test online that you can take to test your knowledge 
over the topic material.     







The Plan


• The next two courses are going to be part of a 
continuous series.  


• The material may contain information that is useful 
to you and some that you may not be as interested 
in.  All of it is important to get the big picture we are 
trying to establish.  I will try to keep it as clinical as 
possible.


• The material given will vary regarding its degree of 
difficulty.  


• I will teach the course in multiple short stories to 
allow you better memorization of the content.







Terms and Concepts to Get Us 
Started







Terminology Review 


• Plasticity (Multiple theoretical causes).


• L.T.P. (How it applies clinically and pathologically).


• T.N.D. (How it looks clinically).


• C.I.S. (What it means to survival).


• Synaptogenesis (What happens if it stops).


• Neurogenesis (Does it exist).


• Neurodegeneration (Multiple theoretical causes).


– I will be using these terms throughout the module without 
defining them over and over so get used to their meaning.







Who are the players in the first stories?    


• Receptors: (Surface and peripheral).


• Cytosol: (Intracellular reactions).


• Organelles: (Mitochondria – lysosomes – E.R. – Tubules).


• Nucleus: (RNA / DNA).


• Cytokines: (The good and the bad).


• Blood brain barrier: (Does it work).


• Glial cells: Microglia, Oligodendrocytes, Astrocytes).


• Neurochemicals: (Dopamine,sorotonin, ACH, GABA, Glutamate, Nepi).


• Peripheral nerves: (Myelin, axons, vasculature).


• Metabolic disorders: (GI, blood sugar, thyroid, adrenal,  infection, 
paraneloplastic, lipid). 







Huge Questions to Ask


• What are your clinical strengths?


• What are your clinical weaknesses?


• Can you Diagnose?


• Do you understand pathophysiology?


• Do utilize all of your available tools?


• Are you cross training?


• Can you formulate treatment 
strategies?


• Can you recognize and monitor clinical 
failure and success?







MedicineNutrition


Neurological 


Dysregulation


Autoimmunity 


will screw this 


whole story







Treatment thoughts


• Do I utilize receptor based therapy?


• Do I utilize nutrition based therapy?


• Do I utilize or refer for medicinal treatment?


• Do I utilize a combination approach?


• Do I utilize labs?


• Do I utilize ancillary diagnostics?


• Do I refer to another practitioner?







Conditions that Apply







What are we dealing with?


• Every 70 seconds someone is 
diagnosed with Alzheimer's 
disease....


• In 2009, Alzheimer's caregivers 
provided 12.5 billion hours of 
unpaid care, this healthcare 
service contribution to the 
country is worth almost $144 
billion. 


• In 2009, Alzheimer's caregivers 
provided 12.5 billion hours of 
unpaid care, this healthcare 
service contribution to the 
country is worth almost $144 
billion. 







Condition Total cases (million) Costs/year ($ billion)


Neurological Illnesses 50 400


Mental disorders (in addition to 44 148


neurological illnesses)
Hearing Loss 28 56 


Alzheimer’s Disease (AD) 5.3 100


All depressive disorders 20.5 44


Schizophrenia 2 32.5


Multiple Sclerosis  (MS) 2.5 9.5 


Parkinson’s Disease (PD) 1 5.6 


Huntington’s Disease (HD) 0.3 2 


Amyotrophic lateral sclerosis (ALS) 0.03 -


(Lou Gehrig’s disease)


Stroke 4.7 57


Traumatic Head Injury (TBI) 5 56.3 


Spinal Cord Injury (SCI) 0.25 10 


* National Institutes of Health and voluntary organizations.
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White White Black Black Hispanic Hispanic


Year 92-'93"03 - 04" 92-'93"03- 04" 92-'93 "03 - 04"


Depression 
Diagnosis 10.90% 15.40% 4.20% 7.60% 4.80% 7.00%


Antidepressant 
Drug RX 6.50% 11.40% 2.60% 5.20% 3.00% 5.60%


From 1992-1993 to 2003-2004, the annualized rate of visits documenting a diagnosis of 
depression increased from 10.9 to 15.4 per 100 US population for whites, from 4.2 to 7.6 
for blacks, and from 4.8 to 7.0 for Hispanics. A concomitant diagnosis of depression and 


antidepressant use increased from 6.5 to 11.4 per 100 for whites, from 2.6 to 5.2 for 
blacks, and from 3.0 to 5.6 for Hispanics. 


Int Clin Psychopharmacol. 2008 Mar;23(2):106-9. PMID: 18301125 below


1 in 6.5 white U.S. adults diagnosed with depression 


1 in 8.8 white U.S. adults take antidepressants







Enemies of a Healthy Brain 
Toxins, malnutrition, physical laziness, mindlessness, lack of sun, stress, sleep 
deprivation, Infection, Heredity, Immune dysregulation



http://images.google.com/imgres?imgurl=http://img.dailymail.co.uk/i/pix/2007/11_03/illhealthDM1811_468x514.jpg&imgrefurl=http://www.dailymail.co.uk/news/article-545309/Why-lack-sleep-makes-women-grumpier-men.html&usg=__Fy4Lnq_hm1AUKPjha1Cl6Tg1eJ8=&h=514&w=468&sz=47&hl=en&start=20&tbnid=weKDnxKd04iCaM:&tbnh=131&tbnw=119&prev=/images?q=sleep+deprivation&gbv=2&hl=en&sa=G&ie=UTF-8
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Patient presentation (Subjective complaints)


Structural 


Imbalance


Neurophysiological


Imbalance


Environmental 


Inputs


Inflammatory and 


Immune Imbalance


Energy 


production


G.I 


Imbalance


Biotransformation


Detoxification


Neuroendocrine Mind 


Spirit


Nine sectors of 


The Neuromatrix


Receptor lesion


Peripheral lesion


Cord lesion


Brainstem lesion


Cerebellar lesion


Basal ganglia 


Cortical lesion


Subluxation


Sprain


Strain


Entrapment


Trauma


Congenital


Degeneration


Surgery


Diet


Exercise 


Nutrition


Toxic exposure


Heavy metals


Drugs


Alcohol


Malnutrition


Hospitalization


Arthritic condition


Autoimmune


Inflammatory disease


Infection


Cancer


Degenerative diseases


Oxidative stress


Adrenal function


Thyroid function


Mitochondrial function


Infection


Cancer


Food allergies


Infection


Dysbiosis


Inflammation


GI disease


Prescription drugs


Detox dysfunction


Inborn errors


Endocrine imbalance


Tumors


Systemic illness


Neurotransmitters


Thyroid


Stress


Abuse


Relationship


Religion


Meditation


Life balance


All confirmed by the physical examination, intakes and laboratory studies and ancillary studies







Mitochondrial failure, Excito-toxicity, Neuron 
death, Neurofibrillary tangle, DNA damage, 
Apoptosis, TND, Cellular failure, synaptic 
transmission failure, CIS changes. Protein 
Folding  


Amyloid,


Tauopathy


Inflammation.


Cytokine elevation,


Molecular mimicry


Autophagy


Autophago-


lysosome


synucleinopathy


Blood sugar pathology, heavy metal disease, oxidative stress, infection, 


malnutrition, gut pathology, anemia, mental stress, immune dysfunction, 


Endocrine pathology, genetic factors, sedentary lifestyle, structural 


imbalance, ischemia 
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Optimal Function 
A BIG picture perspective







Optimal Function


Fuel for delivery and related factors


• Glucose (Nutrients).
– Example: Diabetes / malabsorption, etc.


• Oxygen (O2 and carrier components).
– Example: Anemias, COPD, etc.


• Activation.
– Example: Disuse, injury, myopathy, peripheral nerve damage, 


subluxation, etc.


• Transmitter levels / Neurochemical environment.
– Example: TND – changing dopamine, serotonin, ACH, etc.   


• An environment that is “synaptic friendly.”
– Example: Inflamed, infected, avascular, etc.  


• Genetic “epigenetic” factors.
– Example: Heredity, triggered mutations, etc.  







A Functional Nervous System


Fuel
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Kinase activation
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Cellular health
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Receptor Activation 
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Hebbian Process


• Repeated stimulation of specific receptors 
leads slowly to the formation of cell 
assemblies.


• Lack of long term stimulation leads to loss of 
function and cell death.  







Treatment tips as it pertains to 
optimal function


• If your training is not well rounded, you will fail your patients.


• You must have good intake forms and you must be able to do 
a good exam and you must me able to look at labs.  If you use 
one and not the others, you will fail your patients.  If you lack 
training in neurology and you rely on intake forms, you are 
doing a huge disserve to your patients.  


• Medicine is not all bad, stop thinking that way if you do.


• If you underestimate chiropractic and receptor based therapy 
as a viable form of care and component of treatment then 
you are foolish.  


• Nutrition is the link and backbone of prevention and wellness.  
If you are not using it or underestimating its power, then your 
patients should find another doctor if they want to stay well.  







LIFE and DEATH







LIFE
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The Big Picture / Receptors  


• Some stimulate Neurotrophism


– Neuronal survivability


• Some stimulate Apoptosis


– Energy failure


– Swelling


– Membrane Rupture


– Inflammation


– Programmed cell death


– Nucelar and cytoplasmic disentegration







The Bigger Picture


• There is a constant battle between the good 
receptors and the bad receptors or a battle 
between life and death.


• When a person is healthy and “free of 
triggers” then things tip towards life, not 
death.  


• You job as the clinician is to make the battle 
move towards life – so the journey of life can 
be the best it can be for that patient – period!















Receptors
• Who are we dealing with regarding receptors.


– NMDA


– AMPA


– Kainate


– FAS


– TNRF


– P75


– TRAIL


– Cytokine


– p75NTR


– RTK (Receptor tyrosine kinase)


– Neutrophic


• Trk A, Trk B, Trk C







Neurotrophic Factors / Receptors


• NGF (Nerve Growth Factor)


– Trk A / p75NTR


• BDNF (Brain Derived Neurotrophic Factor)


– Trk B / p75NTR


• NT-3 (Neurotrophin 3)


– Trk C / p75NTR


• GF (Growth factor) 


– RTK


• Cytokines 
– Can be good and bad, depends on which we talk about!!!!
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Tang YP, et al.


Genetic enhancement of learning and memory in 


mice.


Nature 1999 Sep 2;401(6748):63-69


Over-expression of NMDA receptor 2B (NR2B) in the forebrains of transgenic 


mice:


 Enhanced activation of NMDA receptors, facilitating Long-Term 


Potentiation (LTP);


superior ability in learning and memory in various behavioural tasks, 


showing that NR2B is critical for plasticity and memory formation.







late phase of LTP


early phase of LTP


Positive feedback







DeAtH
It’s a very long story







Apoptotic Signals
Now things start to go BAD


• Fas Receptor (Death induced signaling 
complex.)


• TNFR (Tumor Necrosis Factor Receptor) 


• P75 (This Guy plays both sides)


– If things are healthy, this receptor does good, if 
things are unhealthy, this receptor turns on death.


• TRAIL (Tumor Necrosis factor –related 
apoptosis inducing ligand)


• Don’t forget the NMDA – AMPA system







Glutamate and Aspartate







Glutamate synthesis







Glutamate
• Astrocytes support neuronal glutamate metabolism. 


• Glutamate (Glu) released during neurotransmission is taken up primarily by 
neighboring astrocytes through excitatory amino acid transporters (EAAT). 


• A fraction of astrocyte Glu is converted to glutamine (Gln) by glutamine 
synthetase, which is abundant in astrocytes and absent from neurons. 


• Gln is released from astrocytes via system N transporters (SN1) and taken up by 
neurons through sodium-coupled amino acid transporters (SAT). 


• Gln is deaminated to Glu by mitochondrial glutaminase in neurons. Neuronal Glu is 
also formed from  -ketoglutarate ( -KG), which is derived in part through a second 
astrocyte−neuron shuttle system. 


• Astrocytes take up leucine (Leu) and other branched-chain amino acids through a 
Na+-independent neutral amino acid transporter. 


• The amino group of Leu is transferred to  -KG by branched-chain amino acid 
(BCAA) transaminase to yield Glu and  -ketoisocaproate (KIC). 


• KIC can then be transferred to neurons for formation of  -KG by the reverse 
reaction. Pyr, pyruvate; Ala, alanine; Pi, phosphate.







Glutamine transporter


• Gln is released from astrocytes via system N 
transporters (SN1) and taken up by neurons 
through sodium-coupled amino acid 
transporters (SAT).


• Dysfunction in neurons, mitochondria, 
astrocytes, the immune system or surface 
receptors will create pathology.   







Physiological/pathological roles of glutamate 
receptors


• The generation of slow excitatory and inhibitory 
synaptic potentials


• Modulation of synaptic transmission
• Synaptic integration and plasticity.  
• Addiction
• Parkinson's disease
• Anxiety disorders
• Schizophrenia











Glutaminase


TCA cycle











Ionotropic Glutamate Receptors


NMDA


AMPA KAINATE


Non-NMDA


AMPA and Kainate


receptors generally 


allow the passage of 


Na+ and K+


NMDA receptors allows 


the passage of both Na+


and Ca++ ions. More 


permeable to Ca++


Ligand-gated ion channels



http://rds.yahoo.com/S=96062883/K=glutamate+receptors/v=2/l=IVI/*-http:/webvision.med.utah.edu/imageswv/GLU6.jpeg





AMPA Receptors


AMPA Rc subunit


85-90% of the AMPA receptors


have a GluR2 subunit, which


is Ca++-impermeable (after


RNA editing - replacement of


Arg for Gln in the membrane


segment 2)


Combination of four subunits form Receptor 


subtypes-homo/heterotetramers


N-terminal domain


C-terminal domain (variable region-mediates interactions with proteins)


4 hydrophobic membrane domains


Postsynaptic location - mediation of the


majority of the fast excitatory synaptic


transmission


Int


Ext











AMPA and kainate receptor


Desensitization


*  Desensitization is defined as a long-


lasting ligand-bound, yet closed state. 


Desensitization of AMPA and kainate


receptors occurs within a few 


milliseconds; a value found to be on the 


time scale of the postsynaptic response.







NMDA receptor (Double edged Sword)















































AMPA receptorsNMDA
receptor


Na+Na+Na+Na+
Ca2+


synaptic
strengthening With low presynaptic activity only some of  the AMPA


receptors are activated, giving rise to a weak EPSP.


Under these circumstances the NMDA receptor is 
inactive despite binding of glutamate because its 
channel is blocked by Mg . 2+


With high presynaptic activity most of  the AMPA
receptors are activated and the EPSP is strong.


Mg2+


The Ca  signal ultimately leads to synaptic 
strengthening.


2+


The strong EPSP (or back-propagated action potential)
lifts the Mg  block of the NMDA  receptor.2+







Physiological/pathological roles


• AMPA receptors
– mediate most fast EPSPs in the CNS


• Kainate receptors
– Regulation of neuronal excitability 


– epilepsy, excitotoxicity and pain


• NMDA receptors
– mediate most fast EPSPs in the CNS


• Anaesthesia
• Learning and memory
• Developmental plasticity
• Epilepsy
• Excitotoxicity (eg stroke)
• Schizophrenia







Apoptotic Pathways


• There are basically two pathways


– Glutamanergic calcium receptors (NMDA)


• Excitotoxicty


– Death Receptors


• Fas


• TNFR


• P75


• TRAIL







Growth or Death







Disturbances in Calcium levels


• Seen in virtually every disease in the central nervous 
system that is considered to be related to 
“neurodegeneration”. Virtually all other mechanisms 
that occur have this as a cornerstone to its 
pathophysiological model.  


• If the homeostatic control mechanism of calcium is 
disturbed, a disease process will occur.  







Calcium Control
Calcium levels – control and concentrations determine whether a cell will grow or 


degenerate


1. Action potentiation


2. Calcium receptors activated 


1. Voltage gated calcium channels


2. NMDA receptors


3. ACH / glutamate receptors


3. Calcium levels rise via influx into the cytosol


4. Calcium levels rise via influx from the endoplasmic reticulum.


5. This influx must happen to create learning and memory. (ie – hippocampus)


6. LTP is divided into three temporal phases


1. STP (Short term): Activated via protein kinase and protein synthesis 
independent


2. E-LTP (Early long term potentiation): Activated via protein kinases and the 
insertion of glutamate receptors into the post synatptic membrane.  


3. This will recycle the activation of the AMPAR.  







Calcium Induced Excito-toxicity


• Apoptotic (Pathway One)
– Remember NMDA receptor story!!!


– Intracellular calcium dysregulation


– Induces DNA degredation via endonucleases


– Induces phospholipase activation


– Induces protein degredation via calpain


– Induces mitochondrial failure. (Inhibits Krebs) 


– Induces lipid peroxidation via nitration via calcium –
calmodulin and NOS.


• NO reacts with superoxide anions producing perioxy
nitrite which is a free radical which activates lipid 
peroxidation which activates polyADP-ribose 
polymerases which activates proapoptotic NF-KB p53







ACH / 


Glutamate


AMPAR


Threonine / tyrosine







Calcium
Calcium levels – control and concentrations determine whether a cell will grow or 


degenerate


1. Action potentiation


2. Calcium receptors activated –


1. Voltage gated calcium channels


2. NMDA receptors


3. ACH / glutamate receptors


3. Calcium levels rise via influx into the cytosol


4. Calcium levels rise via influx from the endoplasmic reticulum.


5. This influx must happen to create learning and memory. (ie – hippocampus)


6. LTP is divided into three temporal phases


1. STP (Short term): Activated via protein kinase and protein synthesis 
independent


2. E-LTP (Early long term potentiation): Activated via protein kinases and the 
insertion of glutamate receptors into the post synatptic membrane.  


3. This will recycle the activation of the AMPAR.  







Calcium


7. One major pathway related to NMDA related calcium influx is the MAPK (Mitogen activated 
protein kinase pathway).  Phosphorylation of threonine and tyrosine are required to allow 
MAPK to be converted to ERKs (Extracellular signal regulated kinases).  


8. What mediates the MAPK / MEK system.  There are three.


1. The RAS system (One family of GTPases)


2. The switching signal between a an inactive GDP and an inactive GTP.  This allows as a 
switch to release a phosphate that is needed for the phosphorylation of threonine and 
tyrosine in the creation of extracellular signal regulated kinases.


3. This whole cascade regulated by by (GEFS) guanine nucleotide exchange factors which 
activates (GAPS) GTPase activating activating proteins.


4. RASgrf1, which is a calcium / calmodulin regulated GEF interacts with the NR2B subunit 
of the NMDA receptors which activates the calcium channel which activates the RAS –
ERK cascade in the neuron.  


5. In addition to RAS, we have the PKA and the PKC systems.  Both allow for MAPK 
activation and nuclear translocation of ERK.  


6. When ERK is reduced, there is a reduction in cortical thickness and   


brain volume.  


Protein synthesis in the cytosol drives CREB (c-AMP responsive element binding).











Excitotoxicity-Role of Glu and GluR


Excitotoxicity is thought to be a major mechanism contributing to neuronal


degeneration in many acute CNS diseases, including ischemia, trauma and epilepsy


Presynaptic neuron Opening of ion channel-


Ca++ influx and release of


Ca++ from ER


Glutamate


Glu Rc


Postsynaptic neuron


Activation of lipases, 


proteases, endonucleases


Glutamate 


vesicles


Direct cell damage


Cell death


Formation of ROS















Calcium Induced Excitotoxicity


• Mitochondrial failure leads to Energy linked 
Perpetuation.  
– ADP – P / without ATP production due to ETC failure.


– Phosphorylation of bi-lipid membranes. Membrane fragility. 


– Excess Phosphate which opens NMDA channel. Excess calcium influx 
(Dysregulation)


– NA / K ATP dependant pumps fail. (Osmotic changes)


– Intracellular NA accumulates (Cell becomes more positive inside)


– Neuron Changes threshold (TND – Frequency of firing)


– Neuron swells (May rupture or metabolically fail)


– CIS changes.  







Energy-Linked Excitotoxic Model of Neurodegneration


↓mitochondrial oxidative phosphorylation


Change in neuronal transmembrane
potential gradient


Removal of Mg block on NMDA receptors 
causes influx of Ca into the cytosol


Activation of iNOS
(inducible Nitric Oxide Synthase)


which produces Nitric Oxide


Nitric oxide & Superoxide Anion
lead to the creation of a potent 


free radical: Peroxynitrate


↑Production of  
Xanthine Oxidase


resulting in 
Superoxide Anion formation


Peroxynitrate damages:
-Mitochondrial DNA 


-Complex I and II


↑mitochondrial
Free Radical Production







Energy-Linked Excitotoxic Model of Neurodegneration


↓mitochondrial oxidative phosphorylation


Change in neuronal transmembrane
potential gradient


Removal of Mg block on NMDA receptors 
causes influx of Ca into the cytosol


Activation of iNOS
(inducible Nitric Oxide Synthase)


which produces Nitric Oxide


Nitric oxide & Superoxide Anion
lead to the creation of a potent 


free radical: Peroxynitrate


↑Production of  
Xanthine Oxidase


resulting in 
Superoxide Anion formation


Peroxynitrate damages:
-Mitochondrial DNA 


-Complex I and II


↑mitochondrial
Free Radical Production


CoQ10, phosphatidylserine, acetly-L-carnitine, vitamin E, alpha-lipoic acid and ginko biloba


ADRENACALM, ATP-ZYME, GLYSEN


Silymarin Blocks:
Metacrine-DX & Bilemin


Genestein Blocks:
Estrovite


Antioxidants:
Oxicell


Milk Thistle inhibits


Xanthine Oxidase production







Neurodegeneration


• Glutathione levels will quench super oxide anions so 
that mitochondrial uncoupling does not occur.  


• This allows for super oxide anions to get converted to 
hydrogen peroxide.


• SOD does the same thing.  


• Super oxicell is a good source of both.  







Calcium


N.O


Super oxide anion


Peri-oxy nitrate















Apoptotic Pathway Two
• Caspase Cascade


– Remember the death receptors (Fas / TNFR / p75 
/ TRAIL)??


– Intracellular caspases are activated and lead to 
lipid peroxidation.  Same common pathway as 
perioxynitirite.  


– Activates apotosis via activation of NF-KB.


– Abnormal – Proinflammatory cytokines will 
activate straight into this pathway that ultimately 
activates NF-KA and ultimately leads to cellular 
death.  







Promoters of Inflammation


Nuclear Factor-


KappaB







NF-KappaB


Subunit protein


Subunit protein







Alleviate NF-KB activation


Treatment for the inhibition of NF-kappaB (Inflammation) and 
pathways it triggers. 


• Anti-Inflammatory Diet
• Decrease excitotoxins
• Glutathione
• SOD
• Fatty Acids
• Vitamin D
• Multivitamin / multimineral
• Pancreatic and Proteolytic enzymes
• Glucosamine and Chondroitin Sulfates
• Niacinamide
• Analgesic botanical (Harpagophytum / Boswellia / Willow Bark)
• Curcumin (Tumeric)
• Lipoic Acid
• Green tea extract
• Rosemary
• Grape seed extract
• Propolis
• Resveratrol
• Phytolens







Treatment Continued 


• Other supplements (Therapies) I would add to 
help reduce neuronal and cellular damage 
includes:


– CoQ10


– Possible neurotransmitter supplementation if 
necessary.


– Air purifiers


– Be careful of plastics / heavy metals / mold 
exposure / stress 







Anti-inflammatory diet


Anti-inflammatory Diet


• Foods to avoid


– Sources of arachadonic acid


• Beef / liver / pork / lamb / dairy


– Sources of linoleic acids


• Vegetable oils / nut oils / corn oil


– Sugars


• Sucrose / fructose / desserts / pastries / cookies / 
candy / soda / coke / wheat / rice / potatoes / fries / 
chips / all junky or refined food







Anti-inflammatory diet


Food to consume


– Low glycemic index / low glycemic load / 
phytonutrient-rich foods / fruits vegetables / nuts 
/ seeds / berries / herbal teas (Green tea)


– Whey protein isolates (High filtered)


– Soy protein


– Lean protein (Fish / turkey / chicken / buffalo)


• Be careful for allergies.  Common allergies are gluten, 
eggs, dairy, soy, shellfish, citrus and some nuts.  







Fatty acids


• What do we typically supplement with for 
broad spectrum EFA intake.


– ALA (Alpha-linolenic acid) 3000 mg/day


• From flax


• Potent anti-inflammatory component


• Profoundly reduces prostaglandins E2


• Cardioprotective


• Helps with migraine







Fatty Acids


– EPA (Eicosapentaenoic acid) 600 mg/day


• Dosage is 1-2 grams, can be as high as 12000 mg


• Used clinically as antidepressant and anti-inflammatory.


• Major source is fish oil


• Reduces the TNF / Prostaglandins / Thromboxanes / IL-
1 / Cytokines / 


• May reduce stone formation


• Helps with mental illness / lupus / osteoporosis







Fatty Acids


– DHA (Docosahexaenoic acid) 600 mg/day


• Dosages are 1-2 grams (3000 mg but can be as high as 
12000 mg)


• Antidepressant and anti-inflammatory


• Found only in plants of the sea / fish


• Helps with bipolar disorder / crohns / RA / Lupus / CV 
disease / psoriasis and cancer


• DHA will drastically reduce plasma catecholamines (Epi
and Norepi) in adrenal stress.


• Upregulates BNDF.  







Fatty Acids
– GLA (Gamma linoleic acid) Found in evening primrose oil / hemp seed oil / 


black current seed oil
– PE-E1 is produced from GLA
– Decreases platelet aggregation
– Inhibits vascular smooth muscle proliferation
– Causes vasodilation (Helps blood pressure)
– Inhibits cholesterol synthesis
– Potent anti-inflammatory agent
– Promotes bronchodilation
– Elevates mood


» 15-HETrE is the second metabolite of GLA/DGLA
» It inhibits the conversion of arachidonic acid to leukotrines.  


Prevents asthma / allergies and cancer
» Helps with prostate cancer / breast cancer
» Helps with premenstrual syndrome / RA / Diabetic neuropathy 


/ Migraine / Respiratory distress
» Helps with eczema







Pancreatic and Proteolytic Enzymes


Pancreatic and Proteolytic Enzymes
• Anti-inflammatory / analgesic / immune stimulating / 


reduces edema / reduces metastatic spread / 
reduces infection


• Pancreatin / Bromelain / Papain / Trypsin / Alpha-
chymotrypsin


• Helps with tumor regression
• Reduces PG-E2 production 
• Reduces Substance P
• Modulates cell adhesion molecules
• Reduces cytokine production 
• Reduces series 2 thromboxanes







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Curcumin (Tumeric)


– Co-administered with piperine for absorption.







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Lipoic Acid


– Inhibits NF-kappaB







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Green tea extract


– Effective inhibitor of IKK activity.


– Inhibits activation of NF-kappaB


– Anti-inflammatory effect and anti-cancer effect







Anti-inflammatory formulation to 
inhibit NF-kappaB


Rosemary


• Inhibits NF-kappaB activation 







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Grape seed extract


– Potent antioxidant


– Inhibits NF-kappaB







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Propolis


– Honey bee resin


– Inhibits NF-kappB


– Good with the treatment of asthma







Anti-inflammatory formulation to 
inhibit NF-kappaB


• Resveratrol


– Inhibits NF-kappaB


– Anti cancer / anti - inflammation


– More powerful than dexamethosone


– Likely inhibits the COX-2 system







Common Excitotoxins


• The VAST majority of patients must get off of 
these, or else treatment fails.  If patients have 
TND, neuronal fatigue or signs of over 
excitation, consider this imformation
– MSG / Aspartame – Artificial sweetners. Be careful of “nutrients, foods 


and other products that have to many amino acid precursors that lead 
to over excitation. These chemical go straight through the blood brain 
barrier. Excitotoxins open the blood brain barrier.     


– Do not dose single amino acids on an empty stomach.  Balance amino 
acids.  


• Look in your notes portfolio for some great websites to reference.  







Careful of additives that ALWAYS 
have MSG


• Hydrolyzed protein


• Hydrolyzed plant protein


• Plant protein extract


• Sodium caseinate


• Yeast extract


• Textured protein


• Autolyzed yeast


• Hydrolyzed oat flour


• Malt extract 


• Malt flavoring


• Bouillon


• Broth


• Stock


• Natural beef or chicken 
flavoring


• Some spices


• Carageenan


• Soy protein concentrate


• Soy protein isolate


• Why protein concentrate


• Careful with shellfish


• Hydrolyzed vegetable 
protein actually has 
aspatate, glutamate and 
cysteic acid and some 
carcinogens.  A very 
dangerous combination


• It you eat out, eat it out 
of a can, eat it out of a 
box or have 
preservatives – get ready, 
you have been exposed. 







Summary on Receptors


• In order to be regulated there must be the 
following:


– Elevated homocysteine will activate excito-toxicity.


– Adequate activation.


• Receptor based therapy


– Regulated intracelluar phosphorylation


• Receptor based therapy


• Nutrition


– Environment free of sensitization.


• Receptor based therapy


• Nutrition


• Medication 







Treatment tips as it pertains to 
cellular receptors!!!


• Careful with over stimulation, you can do to much or 
to little.


• If a patient has TND and you do not remove 
excitotoxins, your treatment will fail, ultimately.


• If you do not educate your patients, your treatment 
will fail, ultimately.


• Clear excitotoxins and allergens before you do any 
other form of treatment.  If your patients won’t 
comply, be sure that they know that they will 
continue to get worse, ultimately.  







Treating over excitation 
• Namenda


• Reduction of homocysteine. 


• Zinc


• Magnesium (Serum levels may be normal, nut red blood cell 
levels may be deficient.  


• Do not allow blood sugar to become dysregulated.  Doing so 
will allow the pumping mechanisms to fail that get Ca out of 
the cell.  


• Various other supplements that I will discuss later as I tie all 
the concepts together. 


• Do an excitotoxicity challenge!!







Clinical Picture


• Suzie – Q is experiencing anxiety, insomnia 
and tinnitus.  


• Suzie was fasted and all excito-toxins and 
allergens were removed. 


• Without any other treatment, Suzies
symptoms resolved.  







Practical


• Name the receptor types we just discussed. 


– Neurotrophic and apoptotic.  


• Discuss the interactions of NMDA and AMPA 
receptors.


• Why is NMDA receptor activation important and 
what does it have to do with treating the brain?


• What happens when NMDA receptors are not 
activated enough verses over activated?  Why is it 
important that we consider this?


• What happens when you nutritionally support 
pathways that are pathologically efficient??????







The Story of Mitochondria
A story of ENERGY production







Survival Depends on 
FUEL & ACTIVATION
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Glutamate signaling to Ras-MAPK in striatal neurons: 
mechanisms for inducible gene expression and plasticity.


Mol. Neurobiol. 2004 Feb;29(1):1-14
Wang JQ, Tang Q, Parelkar NK, Liu Z, Samdani S,


Choe ES, Yang L, Mao L.


• This publication discusses how glutamate activation can activate mitogen-
activated protein kinase (MAPK), NMDA and AMPA receptor activity which 
promotes kinase activation which mediates specific nuclear transcription 
contributing to neuronal plasticity.


• These gene responses then produce various types of proteins that are 
shipped through the cell for basically all functions including adequate 
mitochondrial function for the generation of cellular energy.


• Protein is also made that travels back to the initial receptors that were 
activated and creates a stabilization of the connections and essentially 
creates synaptic efficiency. This is the basis of the creation of 
synaptogenesis, plasticity and long term potentiation.







Oxygen


Oxidative 


Phosphorylation:


donate electrons to 


eventually form ATP


e- donor


e-acceptor: O2


ETC:


Electron Transport Chain


Complex I-IV


are proteins. Complex V


is ATP-synthase.


YouTube:


Electron Transport Chain Animation Overview (Chemiosmosis) 


Redox Reaction:


all chemical reactions in which atoms 


have their oxidation number


(oxidation state) changed.


Oxidation: loss of electron


Reduction: gain an electron
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An Excitotoxic Nervous System
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Promoters of Neuronal Degeneration


• Poor Fuel Supply
– Anemia (iron, B12, pernicious, inflammation)


– Dysglycemia (reactive hypoglycemic, insulin resistant, diabetic)


– Nutritional (S.A.D., no EFA, food sensitivities, leaky gut)


– Excitotoxins (MSG, environmental chemicals, heavy metals)


• Lack of stimulation
– Subluxations


– Sedentary living


– Minimal brain engagement


• Inflammatory responses
– Microglia activation, cytokines


• Methylation imbalances
– ↓ glutathione, uncouples mitochondria, alters Phase II liver detox


• Hormone imbalances
– Cortisol, estrogens, testosterone, etc.







Oxygen


Oxidative 


Phosphorylation:


donate electrons to 


eventually form ATP
e- donor


e-acceptor: o2 which is 


reduced to H2O


Metabolism Creates


Reactive Oxygen Species


(ROS) which promote


Oxidative Stress


ETC:


Electron Transport Chain


Complex I-IV


are proteins.  Complex V


is ATP-synthase.


YouTube:


Electron Transport Chain Animation Overview (Chemiosmosis) 


Oxidative Stress 


uncouples Complex I & II


&


damages mitochondrial DNA


X
X


When some H+ leaks prematurely


to oxygen, the y produce the Superoxide


Free Radical.







Mitochondrial Support


• Co-Q10


– Free radical scavenger & transporting electrons for ATP production


• Phosphatidyle Serine


– reduce mitochondrial free radical production and stabilize the mitochondria


• Acetyl L-Carnitine


– helps maintain the mitochondrial trans-membrane potential and enhances 
NAD/NADH electron transfer


• Vitamin E and alpha Lipoic acid


– prevent electrochemical gradient changes by defending the mitochondrial 
from oxidative stress


• Ginko Biloba


– neuroprotective properties on the neuronal trans-membrane potential, the 
ability to reduce inflammation and oxidative stress.


• Glutathione & Super Oxide Dismutase (SOD)


– Glutathione quenches Super Oxide anions and converts to hydrogen peroxide







Mitochondrial Support


• Alpha Lipoic Acid


• Alpha Ketoglutarate


• N-Acetyl Cysteine


• Creatine Monohydrate


• Milk Thistle


• Genistein







Be careful


• Be careful with up-regulating citric acid cycle 
function with alpha ketoglutarate.  If you do 
this and the patient has symptoms of 
excitotoxicity, think problems in GABA 
shunting.  


• GAD antibodies can become a real problem.  
Do the challenge.


• Do the challenge test!!!!   







Energy-Linked Excitotoxic Model of Neurodegneration


↓mitochondrial oxidative phosphorylation


Change in neuronal transmembrane
potential gradient


Removal of Mg block on NMDA receptors 
causes influx of Ca into the cytosol


Activation of iNOS
(inducible Nitric Oxide Synthase)


which produces Nitric Oxide


Nitric oxide & Superoxide Anion
lead to the creation of a potent 


free radical: Peroxynitrate


↑Production of  
Xanthine Oxidase


resulting in 
Superoxide Anion formation


Peroxynitrate damages:
-Mitochondrial DNA 


-Complex I and II


↑mitochondrial
Free Radical Production


CoQ10, phosphatidylserine, acetly-L-carnitine, vitamin E, alpha-lipoic acid and ginko biloba


Silymarin Blocks:Genestein Blocks:


Antioxidants:
Oxicell


Milk Thistle inhibits


Xanthine Oxidase production







↓Fuel/Activation & ↑Inflammation Promote…


• Transneural Degeneration (TND)
– Decrease oxidative phosphorylation in mitochondria
– Decrease ATP so decrease energy to all points of cell (nucleus decreases 


cIEG, ribosomes can’t create protein for repair, etc.)
– Na/K pumps fail, shift t/w Na equilibrium (innate survival mechanism to 


continue to perform its function)
– Cellular swelling (Na hydrophilic)
– Nucleus eccentric (decrease tubulin)
– Anaerobic metabolism and lactic acid
– More acid = lower pH
– Retrograde chromatolysis (dissolution of Nissl)
– Cell cannot repair itself, cannot create NT, receptors, etc.
– Ca influx activates neutral proteases and phospholipases which liberates 


arachidonic acid, inflammation, and free radicals. 







Increasing Fuel (O2)
• Ginko Biloba


– Neuroprotective – vasoprotective – celluar redox and NO


• Vinpocetine


– Increases nitric oxide / Protects against ischemia / 


• Butcher’s Broom


– Strengthens blood vessels.  Also reduces NFKB activation.


• Feverfew


– Inhibits the proinflammatory signaling pathways involved with 
vascular tone irregularity.


• Cayenne


– A potent vasodilator. 


• Decrease smoking


• Treat COPD / Asthma / Anemia / Breathing exercises


• Cardio activity and keeping a healthy pump.







Practical


• Discuss the Role of the Mitochondria as it pertains to 
cellular function?


• What happens with the Mitochondria starts to shut 
down.  Discuss energy production, membrane 
integrtiy, cellular osmolarity, energy dependent 
pumps and cell survivability? 


• How can you upregulate mitochondrial function?


• Are there any problems with upregulating
mitochondrial function?


• Discuss how Mitochondria related to TND, CIS, LTP, 
Plasticity and excito-toxicity.  







Folate







Can Treatment Prevent or Reverse the Damage?


5-HT=serotonin; NE=norepinephrine; ECT=electroconvulsive therapy.


1. Duman RS, et al. Neuronal plasticity and survival in mood disorders. Biol Psychiatry. 2000;48(8):732-739.


2. Sapolsky RM. Glucocorticoids and Hippocampal Atrophy in Neuropsychiatric Disorders Arch Gen Psychiatry. 2000;57(10):925-935.
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Microglia
Activation


Neuronal
Damage


Peroxynitrate


Superoxide


Citrulline + NO


0 
B


H
4


1 
B


H
4


2 
B


H
4


Arginine


Ornithine


Urea Ammonia


NOS


MAO A MAO B


DopamineSerotonin 


Tryptophan Tyrosine


MTHFR


MTR
MTRR


BH2


BH4


THF


5 Methyl
THF


dUMP


Thymidine
synthesis


BHMT


CBS


Homocysteine


Cystathionine


B6, P5P
Ammonia


TMG


DMG Guanido Ac


Creatine Creatinine


adenosine


Methionine


SAMe


1


2


3
4


DNA, RNA
Protein, lipds


5


1 Urea Cycle
Neurotransmitter (BH4) cycle


Folate cycle


Methionine (methylation) cycle
Transulfuration cycle


2


5


3


4


Methylation Pathway Cycles
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compromise critical functions in the body
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InflammationInflammation


A Story that spread like wildfire







Inflammation…


• Any successful treatment plan for degeneration of 
the nervous system, regardless of the specific 
diagnosis, must address this issue.


• Inflammatory conditions do not just relate to the 
nervous system. They affect the vascular system, 
cardio system, musculoskeletal system, cancers, 
diabetes and many more.…







Who are the cast of players.







Blood Brain Barrier







Blood Brain Barrier


• Endothelial Protective Barrier


• Allows entrance of O2, CO2, fatty acids, ethanol, steroid 
compounds, sugars and amino acids.


• Neurotransmitters cannot cross with the exception of Epi and 
Norepi near the hypothalamus.  


• Restricts B cell entry and protects against infection.


• Loss of BBB integrity will lead to infiltration of dietary 
proteins, environmental compounds or pathogenic antigens.


• Hypothalamic – stress / inflammatory responses lead to 
damage of the BBB.    







Blood Brain Barrier


• If this guy breaks down – things get through 
that should not get through.  


• Things that break down the blood brain 
barrier include the following:
– Excitotoxins


– Elevated homocysteine


– Stress response


– Glycosolated end products


– Inflammation


– Alcohol


– Trauma







Blood Brain Barrier


• What repairs the blood brain barrier?


– Proper methylation


– Modulation of stress


– Antioxidants


– Alpha lipoic acid


– Brain activation and modulation of inflammation 
and excitotoxicity.


– Reduction of inflammatory triggers







Caution – Intruder


• If the BBB breaks down – things get in that 
activate Microglial cells.


• Microglial cells do the following:
– Scavengers


– Phagocytosis


– Cytotoxicity


– Antigen Presenters


– Synaptic Stripping


– Extracellular signaling


– Promotes repair











BBB info











BBB challenge


• Do the blood brain barrier challenge..


• Determine the change or presence of 
symptoms.


• Treat accordingly if you need to!!!







Glial Cell Activation


• Glial cells get activated and do not shut down 
well.  


• Proinfloammatory cells get released.


• This increases N.O  --- Perioxynitrate levels.


• This leads to apoptosis. 


• This can also lead to plaque formation, gliosis, 
Dystrophic neurite growth and perpetuate 
cytokines that kill neurons.   







Glial Cells



















Cytokines


• Abnormal cytokine levels or an imbalance 
along with an imbalance in the Th-1 / Th-2 
immune system are likely a big component of 
the beginning of all component of neuronal 
death / apoptosis.


• Autoimmunity and immune imbalance will be 
further evaluated in your last module.  .  







Glial Cytokine Signaling


• Myeloid Progenitor cells go to the brain during 
embryologic development.  These settle in 
clusters.  


• These clusters cannot provide a substantial 
source of immune cells in the brain.


• To compensate, the microglial cells have will 
rapidly produce cytokines to activate and 
sound the alarm to surrounding microglial
cells. 







Glial Cytokine Signaling


• Microglial cells send extracellular cytokines (IL-1, IL-8, IL-10, 
TGF, TNF). 


• This stimulates astrocytes, neurons, myeloid progenitor cells 
to coordinate and deal with the immune response.  


• These cytokines will cross the BBB.  This can lead to adaptive 
immunity.


• If the BBB breaks down, the brain can become inflamed due 
to peripheral inflammation. 


• An example of this would be gut inflammation that leads to 
inflammatory cytokines which crosses the BBB which activates 
microglial cells which causes neuronal damage.  























Kharrazian







Astrocytes


• Secretes and uptakes glutamate / GABA.


• Regulate extracellular concentration of K.


• Dysfunction of astrocytes can lead to an 
accumulation of extracellular K.


• Elevated extracellular K will cause neuronal 
depolarization and epileptiform activity.


• Only cells in the CNS with insulin receptors.  
Can be altered by dysglycemia.  







Astrocytes


• An increase in extracellular K will activate 
Microglial cells.


• Will lead to neuronal depolarization.


• Causes spontaneous firing.


• Leads to exceeded metabolic rate.


• Causes neuronal degeneration.  



















Blood Brain Barrier / Oxidative stress / homocysteine / stress / inflammation / glucose


Microglial Cell Astrocyte


Oligondendrocyte
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p75/TRAIL


NO – Perioxynitrate – lipid peroxidation –


NF KB activation – Apoptosis –
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Calming down the Inflammation 


• Apigenin


– Modulates cytokine, NO, prostaglandin, 
lipopolysaccharide and mitogen protein kinase
activation of microglial cells during the 
neuroinflammatory process.  


– Inhibits microglial proliferation and it also protects 
against neuronal cell loss from artery occlusion.







Calming down the Inflammation 


• Luteolin


– Inhibits Microglial activation


– Inhibits cytokine signaling pathways.


– Inhibits lipopolysaccharide induced nitric oxide 
mediated and phosphorylation pathways.  


– Protects neurons from inflammation induced 
injury through inhibition of microglial activation. 











Calming down the Inflammation 


• Curcumin


– Can protect against the lipopolysaccharide
induced neurotoxicity.


– Protects against N.O cytotoxic mediators.  


– Protects activation of various death receptors that 
are activated by TNF, IL-1, IL-6 and NF-KB


– May possibly inhibit the amyloid peptide peptide
induced gene expression which means it could be 
protective against inflammation and progression 
of Alzhemiers.  











Calming down the Inflammation 


• Baicalein


– Exerts anti-inflammatory and control microglial
system.  


– Helps BBB.


– Protects neurons in parkinsonian damage.


– Protects cortical neurons during beta amyloid
induced toxicity.


– Protects from mitochondrial damage.


– Helps protect from dementia during ischemia. 







Calming down the Inflammation 


• Resveratrol


– Reduces the activation of microglia.


– Reduces the microglial N.O induced neuro-
inflammation. 


– Reduces Microglial induced beta amyloid toxicity 
through inhibition of NF KB.  


– Also inhibits the lipopolysaccharide induced NO 
and TNF related neuronal damage.  











Calming down the Inflammation 


• Rutin


– Attaches to iron ion Fe2+ which prevents it from 
binding to hydrogen peroxide and becoming a free 
radical.


– Quenches lipid peroxidation.


– Modulates microglial induced mediators TNF 
alpha and Nitric oxide.


– Protects hippocompal injury by suppression 
microglial activation.  







Calming down the Inflammation 


• Catechin


– Protects neurons from DNA damage by oxidative 
stress.  


– Reduces activation of NF KB.


– Has divalent metal chelating abilities.


– Has antioxidant and anti-inflammatory abilities.


– Protects the BBB from penetration


– Protects against microglial activation.  







Other factors to Consider


• Optimize Methylation


• Modulate stress


• Control diabetes and glucose levels


• Optimize Prostaglandin balance.


• Provide antioxidants


• Control inflammation


• Control all associated lymphoid tissue responses.


• Optimize and control T and B cell activity.


• Control and optimize transmitter levels.


• DO an INFLAMMATORY CHALLENGE…  







Summary of Challenges


• Excitotoxicity


• Mitochondrial (GAD)


• Inflammatory


• Allergens







Practical


• Discuss how the blood brain barrier will affect the 
neuron.


• Discuss glial cells and the basics of inflammation.


• Discuss astrocytes and their involvement as it 
pertains to neuronal dysfunction.


• How do your treat inflammation.  


• Put the whole picture together as it pertains to 
receptors – mitochondria – glial cells – BBB –
astrocytes – cytokine balance – appropriate brain 
activation and intracellular calcium regulation.  







Triggers







Triggers


• Now that we have the basic picture of 
neurodegeneration, we have to discuss the 
things that we must look for and consider that 
might start or trigger the whole cascade of 
events we just discussed.  


Trigger Neurodegeneration
Disease 
Process







Gastrointestinal







GI Information


• GALT activation – Inflammatory cytokine 
release this leads to energy linked 
excitotoxicity.  


• Altered GI function will upregulate the HPA 
axis.  This leads to oxidative stress which cane 
lead to suppressed pituitary function.  


• Alterations of the HPA axis can lead to 
suppressed immunity.  







HPA (Adrenal – cortisol)
• Elevated CRH  - elevated ACTH which elevates cortisol which 


causes hippocampus destruction.


• An increase in inflammatory cytokine expression will alter the 
signal of the paraventricular nucleus which will alter the HPT 
axis.


• This will downregulate 5’deiodinase which diminishes T3, 
increases reverse T3 with normal TSH.


• The patient will have thyroid symptoms but be “Euthyroid.  


• An increase in HPA will increase IML activity which will 
increase catecholamine levels which will depolarize C fibers 
thus releasing neuropeptide substance P which causes tissue 
inflammation.


• An increase in cortisol will lead to a decrease in melatonin.  







Posterior hypo 


PVN / In Mesencephalon (A lot of IL-6 rec)


+ IML
+ CRH+ TRH


+ Vaso


Cortex (-)
TH-1 (-) TH-2 (+)


Limbic (+)


IIL-4 / IL-6 / 
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IL-12 / 
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Cortico loops
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HGB


HCT


RBC


If Increased, Run MC 
Series.   If MC-Series 


Dec/ Nml
POLYCYTHEMIA


If normal, and  MC 
Series Dec/ Nml


Iron Sat INC/ Ferritin INC Serum 
Iron Inc/ TIBC & Transferrin Dec HEMOCHROMATOSIS


MC Series


MC Serices Increase:  Run IF 
Ab’s


IF Antibodies present: 
PERNICIOUS ANEMIA


NO IF Antibodies:  B-12 
FOLATE ANEMIA 


MEGALOBLASTIC ANEMIA


MC Series – nml BUN Dec Anemia of Protein 
Depletion


MC Series Decresed:  Look 
at Transferrin levels


Transferrin Inc


Serum Iron Iron Saturation


Serum Iron  & Iron Sat Inc 
HEMOLYTIC ANEMIA


Seerum Iron/ & Iron Sat Nml
ANEMIA OF CHRONIC 
DISEASE/ ANEMIA OF 


INFLAMMATION


Serum Iron & Iron Sat Dec 
Tx: Chronic Disease


SGPT/ SGOT/ GGTP


SGTP/SGOT/GGTP Inc 
AMEMIA SECONDARY TO 


LIVER DISEASE


SGTP/SGOT/GGTP Dec


SIDEROBLASTIC ANEMIA 


Transferrin Dec
IRON ANEMIA/ INTERNAL 


BLEEDING


STAGE I: Depleted Iron Stores


FerritinDecresed


TIBC/ Transferrin Normal


Erythrocyte Protophyrin Normal


MCV Normal 


HGB Normal


STAGE II: Iron Deficiency


Ferritin Decreased


TIBC/ TransferrinIncreased


Erythrocyte 


ProtophyrinIncreased


MCV Normal


HGB Normal


STAGE III:  IRON ANEMIA


FerritinDecreased


TIBC/ Transferrin Increased


ErthrocyteProtophyrinIncreased


MCV Decreased


HGB Decreased


ANEMA 


FLOWCHAR


T







Glucose 


• Altered fuel equals bad brain.


• The brain must have fuel and O2.  Glucose is 
the most important fuel of all.


• Failure of fuel equals mitochondrial failure. 


• Insulin dysreguylation equals inflammation.  



















Neurotransmitters


• We are not going to talk about them that 
much this module.  


• Next module is going to be loaded with 
neurotransmitter information, medication and 
supplements that deal with transmitters and 
all the pathways that deal with transmission.  











Practical


• Discuss the HPA axis and neurodegeneration.


• Discuss insulin and neurodegeneration.


• Discuss GI distress and neurodegeneration.


• Discuss various alterations in fuel for delivery 
and how they lead to neurodegeneration. 







Specific Disorders







Specific Disorders


• We have looked at the mechanisms and 
triggers, now it is time to look specifically at 
some named diseases and problems that will 
manifest with symptoms and be lumped into 
syndromes.  


Triggers Neurodegeneration Conditions







Degenerative Disorders
• Alzheimer’s (Amyloid / tau pathology)


• Dementia with Lewy bodies (Alpha-synuclein
pathology)


• Parkinson dementia (Alpha-synuclein pathology


• Protein folding


• Multi-system atrophy (Alpha-synuclein
pathology


• Fontotemporal Dementia (Tau pathology)


• Progressive supranuclear palsy (Tau Pathology)


• Corticobasilar degeneration (Tau Pathology)


• Huntingtons Disease (Trinucleotide repeat)


• Spinocerebellar ataxia (Trinucleotide repeat) 


• Wilsons Disease (Copper)


• Hallervorden-Spatz (Iron)


• Metachromatic Leukodystrophy
(Leukodystrophy)


• Prion related diseases 











Amyotrophic Lateral Sclerosis



















Dementia• Causes
– Amyloid Cascades


– Apo-E / Oxidative stress


– Cholinergic deficiency


– Synucleinopathies


– Autophagy


– Vascular ischemia 


– Inflammation / Immune


– Toxicity / Nutrient loss


• Predementia States


– Amnestic Mild Cognitive Impairment


– Depression


• Treatments


– Nutrition / Lifestyle / activation


– Drugs


• Cholinesterase inhibitors


• Memantine


Dementiaa







Degenerative Disorders
• Vascular 


– Infarct – small vessel disease


• Infectious


– HIV, Syphilis, TB


• Demyelinating


– Multiple sclerosis 


• Endocrine


– Thyroid / Adrenal / Parathyroid pathology


• Injury


– Subdural, blunt trauma, post anoxia 


• Vitamin Related


– B12, B1, Folate and Niacin


• Vasculitides


– Autoimmune and inflammatory


• Toxicities


– Heavy metal, medications, alcohol and drug usage recreationally (W-K syndrome)


• Organ Failure


– Hepatic, Uremic and Pulmonic


• Others


– Hydrocephalus, pophyria







Dementia Clinical 
Features


• Alzheimer’s Disease


– Memory deficit


– Aphasia


– Apraxia


– Agnosia


• Projections say that the condition will quadruple over the 
next 40 years to include 1 in every 85 people on the Earth.  


• This will include over 100 million by 2050 (Stahl, 2008)
– Treatment will aim at treating amyloid plaque, neurofibrillary


tangles and neurodegeneration while promotion of LTP is the goal. 
Lots to this.    







Dementia with Lewy Bodies


• Memory deficit


• Speech / language 
disorders


• Fluctuating attention


• Extrapyramidal signs


• Psychosis 
(Hallucinations)







Frontotemporal Demise


• Memory Deficit


• Speech Language Disorders


• Disinhibition


• Hyperorality







Huntington’s Disease


• Memory deficit


• Executive dysfunction


• Chorea







Creutzfeldt-Jakob Disease


• Memory Deficit


• Ataxia


• Myoclonus


• Language Disturbance







Earliest signs of Dementia


• Saccadic abnormality


• OPK abnormality


• Memory Loss (Maybe mild, maybe extreme)


• Loss in speech and affect


• Executive function loss


• Mood swings


• Difficulty learning


• Loss in smell


• Motor changes







A great Question???


• Does degeneration have to 
equal a “degenerative” 
condition?  


• What about depression, 
psychosis, hallucination, 
anxiety, behavioral 
disorders, poor executive 
performance.  Think about 
it………… 







© Rakowski 2008


“many neurodegenerative diseases have some clinical 
characteristics in common.”


“Sleep-wake disorders, delusions, psychiatric disturbances, and memory 
loss occur in all of these diseases.” 


http://www.nia.nih.gov/Alzheimers/Publications/ADProgress2004_2005/Part3/part3a.htm below











Amyloid cascade


• Created by abnormal Phosphorylation of tau proteins 
in neuronal microtubules.


• Situation called amyloid cascade hypothesis.


• Toxic amyloid plaque is created due to abnormal 
processing of amyloid peptides from amyloid
precursor protein (APP).


• Amyloid initially attacks the cholinergic neurons in 
the basal forebrain (Meynert) early in the disorder.


• Ach facilitates dopamine and glutamine release by 
activating alpha 7 nicotinic receptors on dopamine 
and glutamine releasing neurons.  (Why does that 
matter?)  







Amyloid Precursor Protein


• Likely an abnormality in a gene that code for APP or problems 
with the enzyme that cuts in into smaller peptides.  


• Alpha secretase cuts APP close to membrane proteins into small 
soluble proteins.  These are not amyloidogenic. 


• Beta Secretase cuts APP a little further away from where APP 
comes out of the membrane an also forms two peptides.  One is 
soluble and the shorter piece left over is later cut by gamma 
secretase.  


• This causes a release of A-beta peptides which is amyloidogenic.   



















A beta 42 Oligomers


• The oligomers eventually interfere with synaptic 
transmission.  Specifically transmission of Ach.


• The oligomers are not lethal to neurons at this point.  


• These oligomers will start to clump together and form 
amyloid plaques.  


• The plaques create glial cell activation, cause 
inflammation by triggering cytokines, and activate 
astrocytes.


• Free radical production is created. (Neurodegeneration)  















Tau Phosphorylation


• Amyloid activation on the neuron cause 
neurodegenetation as discussed.  


• It also causes hyperphosphorylation of tau proteins.  


• This converts neurotubules in neurofibrillary tangles.


• Death occurs of the neuron due to the plaques 
outside of the neuron and tangles on the inside.


• The death leads to symptoms. 


• Early onset of this process has been linked to 
chromosomal abnormalites on 21, 14 and 1.     















Apo-E
• Good Apo-E binds to beta amyloid to remove it.


• Bad Apo-E is developed when there is a genetic 
defect in Apo-E formation.


• Apo-E is also involved in cholesterol transport, myelin 
synthesis, neuronal repair and maintenance.


• Know your lipids – this will come in handy for your 
patients and it will come in handy when we talk 
about the vasculature. 


• Elevated in 50% of patients with Alzheimer disease.  
Does not completely suggest disease present, but 
may suggest the speed of progression.       







Have to boost ACh


• ACh is made in cholinergic neurons.  Made by 
ingestation of choline.


• You can supplement N-Acetyl L-Carnitine and Alpha 
GPC (L-alpha phosphorylcholine).


• Remember though!!!  Amyloid levels can suppress 
synaptic transmission of Ach, as a result, taking in 
more choline is not always more productive at 
improving symptoms.







Terminal Enzymes


• Acetylcholinesterase


• Butyrylcholinesterase







Post synaptic receptors


• Post synaptic ACh nicotinic receptors on 
dopamine and glutamine neurons rely on 
adequate ACh production.


• ACh is a vestibular stimulant.  Many people take 
muscarinic blockers for dizziness.  The problem is 
they cause short term memory loss.  


• Cholinesterase inhibitors are used for treatment 
in dementia patients at times. 


– Excelon and Aricept 











Acetylcholine Projections


Amygdala


Arousal


Controls Autonomic Responses 


Associated with Fear


Emotional Responses


Hormonal Secretions


Decision Making
Higher functions







“Although choline is not by strict definition a vitamin, it is an essential 
nutrient. Despite the fact that humans can synthesize it in small 


amounts, choline must be consumed in the diet to maintain health (1).”
http://lpi.oregonstate.edu/infocenter/othernuts/choline/ below


“Milk, eggs, liver, and 
peanuts are especially rich 


in choline.” 







Acetylcholine Support


Vitamin E 12 IU 
(as d-alpha tocopherol)


Folate 400 mcg 
(as L-5-methyl tetrahydrofolate†)


Huperzine A 100 mcg  
(from Huperzia serrata)


tocotrienol/tocopherol (40 mg) 
Full Spectrum Palm Fruit 


Extract†† 210 mg 


N-Acetyl L-Carnitine and Alpha GPC (L-alpha 
phosphorylcholine).







“the neuroprotective effects 
of huperzine A beyond its 


acetylcholinesterase
inhibition. These effects 
include regulating beta-


amyloid precursor protein 
metabolism, protecting
against beta-amyloid-


mediated oxidative stress 
and apoptosis.”


Cell Mol Neurobiol. 2008 
Feb;28(2):173-83. Epub 2007 Jul 


27.  PMID: 17657601 below


Huperzine –


Multiple Mechanisms







Induced Neurodegeneration


• Amyloid and other triggers can produce 
neurodegeneration.  


• Degeneration sensitizes cells to glutamate and 
aspartate and there is more glutamate 
released in an excito-toxic model and amyloid
and inflammatory model. 


• This throws off the delicate balance of NMDA 
receptor function and activation.   







“Aβ (amyloid beta) has been found in mitochondria in 
postmortem AD brain” 


Proc Natl Acad Sci U S A. 2008 September 2; 105(35): 13145–13150.  doi: 10.1073/pnas.0806192105. PMCID: PMC2527349







“Epigallocatechin-
3-gallate or 
curcumin


significantly 
attenuated beta 


amyloid
- induced radical 


oxygen species 
production and beta-


sheet structure 
formation.”


Neuroreport. 2008 Aug 


27;19(13):1329-33. PMID: 
18695518


Let’s get some green tea







Beta Secretase inhibitors Green Tea 


and Curcumin











“ (DHA) 
decreased Abeta 


amyloid beta-
peptide (Abeta)


levels”
“DHA diet also 
decreased the 


number of activated 
microglia in 


hippocampus”
Neurobiol Dis. 2006 Sep;23(3):563-


72 PMID: 16765602  below


Microglia (immune cells)







“neuro-protective
action of the ß-


amino acid 
taurine against 


the neurotoxicity
of Aß.” (Amyloid 


Beta)
(The FASEB Journal. 2004;18:511-518.)  


PMID: 15003996 below







“Orally administered CLN 
showed 


significant stabilizing 
effect on cognitive 


functions in improving 
the conditions of patients 
suffering from mild and 


moderate AD 


(Alzheimer's disease).”
The Journal of Nutrition, Health & 


Aging
Volume , Number , 2009 1-7 below


Proline-Rich Polypeptide 


Complex Formula







30 week trial, 105 patients with mild to moderate AD (median age 72.1 y/o, 2/3 women) 


PRP found to be significantly better than placebo in this 30 week trial of 105 mild to 
moderate AD patient. *Cognitive and **functional changes in daily living scores were 


significantly improved.   Bilikiewicz, et al.,Journal of Alzheimer’s Disease 6 (2004) 17-26







Alzheimer’s Progression Chart
http://www2f.biglobe.ne.jp/~boke/improvingad.htm below


Mild to Moderate


Proline-Rich Polypeptide Formula 







Amyloid Plague –
no treatment


21 days of PRP 


Treatment







http://litemind.com/study-matrix-mind-map-showcase/







Practical


• Discuss amyloid and tau pathology.


• Discuss symptoms of Alzheimers.


• Discuss synaptic alterations in Alzheimers.


• Discuss treatment options.  







The story of synucleinopathy and 
protein folding problems.  











When dopamine levels go very bad!!


• Aggregate formation of α-synuclein is 
cytoprotective and that its precursor oligomer
(protofibril) may be cytotoxic.


• The cellular membranes are shown to be the 
primary targets injured by mutant α-
synucleins, and the mitochondrial dysfunction 
seems to be an initial step in the neuronal 
death.







α-synuclein


• In the subgroup of neurodegenerative disorders termed 
“synucleinopathies,” α-synuclein is known to polymerize into 
fibrils and to accumulate in pathologic hallmark inclusions, 
such as lewy body (LB), lewy neuritis (LN), and glial
cytoplasmic inclusions (GCIs).


• The LB and LN are characteristic of Parkinson's disease (PD), 
and point mutations or gene multiplications of α-synuclein are 
responsible for familial PD. 


• Moreover, transgenic flies overexpressing mutated human α-
synuclein showed progressive locomotor disability with 
dopaminergic neuronal cell death with intra-cytoplasmic
inclusions







Synuclein


• 70% neuron death in the straital pars compacta
occur before symptoms begin.


• Projections from the ventral tegmentum to the 
N.A is much less affected than the projections 
from the compacta to the cuadate.


• Cholinergic cells in the vagal nucleus also die.  
These are non dopamine related. In fact, all cells 
are vulnerable, not just cholinergic and 
dopaminergic. Nigral cell death does define the 
condition however.        







Lewy bodies


• Lewy bodies are intracellular deposits of proteins and lipids.  


• They are an intracellular hallmark of the disease process of 
parkinson like symptoms.  


• They start first in the olfactory bulb.  Then the progression 
goes to the ventral mesencephalon and then to the locus 
coeruleus and the nuceus basalis of Meynert.


• Lewy bodies can also be seen in Lewy body dementia, which 


is a diffuse disease process.  (DLBD).







A - synucelin


• Three types. 


• Synuclein is part of the fibrillary structure of the Lewy body.  


• Deposited pathological forms aggregate and have lower 
solubility than normal proteins. 


• These are modified post translation by truncation, truncation, 
ubiquination and phosphorylation.


• There is one problem.  Parkinsonian cells grafted that were 
functional formed Lewy bodies as a likely protective 
mechanism.  







Synucelin


• A recent discovery suggested that a mutation 
in the A53T a-synuclein gene was responsible 
for the pathology of PD.  


• This mutation causes a reversion of the 
alanine to the ancestral threonine gene found 
in rodents and other species.  


• Two other mutations including E46K and A53T 
have been noted and relate to difuse
deposition of synuclein.  







Synuclein


• There is also another group of cases that have a 
multiplications of the normal wild type allele of SNCA which if 
the gene that encodes for synnuclein protein.  


• Cases with duplications have a brainstem predominant PD and 
cases of triplications have a Lewy body disease that involves 
several regions.


• Synuclein varants likely have a role in inherited and sporadic 
PD.  The genetic data suggests this.  Synuclein is likely the 
toxic protein link that fulfills the causative agent criteria for 
triggering.  


• The biggest question, how and why is synuclein responsible.    







Synuclein


• Mutated synuclein and oligometric forms of 
synuclein trigger calcium influx into the cell.  
This can lead to energy linked excito-toxicity 
and cellular failure.  


• Synuclein is typically in an unfolded monomer 
fashion.   These monomers can aggregate into 
small oligomeric species that can be stabilized 
by beta sheet interactions which then turn 
into higher molecular weight insoluble fibers.  







Synucelin


• With activation of the calpain proteases 
truncation occurs to synuclein.  


• Nitration through N.O and other reactive nitrogen 
species that are present during inflammation and 
cellular failure also modify synuclein. 


• Phosphorylation also distorts synuclein.


• The net result is protein folding and aggregation


• Adding Ubiquitin is the added key to deposition 
of the folded, higher molecular weight proteins.  







Synuclein


• The accumulation of Lewy bodies with folded, 
higher weight synuclein leads to more 
intracellular pathology.
– ER and golgi transporting blocked along with 


fragmentation of reticulum.


– Decreased synaptic vesicle release.  


– Impaired energy production (mitochondrial 
failure).


– Impaired lysosomes and proteolytic machinery.  
This lowers the clearing of truncated synuclein. 







Synuclein


• Phosphorylation causes oligimer aggregation.


• Calpain enhances that aggregation and 
truncates the protein into aggregating pieces.


• Inflammatory induced nitration solidifies the 
aggregation.


• Ubiquitin folds and distorts the oligomer
aggregation.


• This causes pathological Lewy bodies.  







Synucelin


• Over expression of heat shock proteins can 
also mitigate the aggregation and oligomer
formation.


• It is likely that mutated synuclein
phosphorylates easier.  Mutations also 
increase the amount of synuclein.  







Synucelin


• One BIG problem.  Dopamine increases the 
oxidative stress that leads to synuclein
aggregation.  


• Synuclein aggregation and expression 
increases the sensitivity to oxidative stress and 
now the things that cause oxidative stress 
become more lethal.  It is a vicious cycle.  







What else does synuclein do?


• It associates with lipids.  Likely membranes.  
• Synuclein reaction with bi-lipid membranes creates greater 


permeability to cations.  
• This can impact and enhance over and under excitation.
• Synuclein inhibits activity at complex one of the 


Mitochondria.  
• Binding to lysosomes limits the cells ability to clear out 


cellular waste.  
• Multiple systems arophy is a possible condition related to 


the whole encompassing process.  
• Synucelin inhibits proteosomes.   







Treatment


• Decrease excito-toxicity.


• Stabilize membranes.


• Decrease cytokine based inflammation.


• Support the mitochondria.


• Support antioxidant levels.  
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Hypokinetic Disorders.
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Hyperkinesia


• These typically happen when the thalamus is 
allowed to be uninhibited and it essentially 
escapes.
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Drugs


• Drugs that control hyperkinesis are D2 antagonists.  This 
reduces the uptake of the inhibitory affects to D2 cells 
so the indirect pathway becomes dominant over the 
direct pathway and this reduces the symptoms 
associated with hyperkinetic disorders.
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Practical


• Discuss synuclein formation and Lewy body 
formation.


• Discuss the neurons that die with dopamine 
depletion.


• Discuss hypo and hyper kinetic disorders.


• Discuss supranuclear palsy.







Standard Thyroid Testing 
performed
TSH
TT4
FT4
T3U
FT3
rT3


TPO, TBG, TSH 
Antibodies may 
be included.  


TSH Level
1.8-3.0


Elevated TSH Decreased TSH


Normal TSH


T4 Dec / T3 
Dec/Norma = 1 
hypothyroid
-----------------
TPO/TBG + = 
Hashimoto


T3/T4 elevated = Pit 
hyperfunction
Run Serum Prolactin
Consider Adenoma


T4 / T3 may be normal or low with 
hypothyroidism.
If TPO  positive do TH1/TH2 cytokine panel, 
progesterone , Vit D levels.  Consider 
gluten reaction and cerebellar Ab


Thyroid Breakdown


Ele T4 / T3
TPO/TBG + is Hashimotos.
TSH Ab is Graves.
Rule out exogenous excess.
Rule out iodine usage.  


If T4 is increased with suppressed TSH then 
consider thyroid hyperfunction or thyroid 
replacement overdose.   If the T4 is decreased 
with elevated TSH then consider a primary 
hypothyroidism.  If the T4 is decreased with 
supppresion of TSH, consider Pituitary 
hypofunction secondary to  hypothyroidism.  


If free T3 is low with decreased free T4 then consider 
increased binding proteins from oral contraceptives or 
high estrogen.  If free T3 is low with normal bound or free 
T4 then consider thyroid underconversion secondary to 
adrenal hyperfunction or maladaption.  If free T3 is 
elevated with suppressed TSH it is likely thyroid 
hyperfunction or to much thyroid medication.  


If T3 uptake is decrease consider estrogen 
excess.  May be from drug usage.  
If T3 uptake is high, consider androgen 
excess from usage of drugs or PCOS.  


Decreased serotonin due to insulin 
resistance, hypoglycemia or insulin 
resistance.  May have depression with 
thyroid changes. Physiological stress may 
cause adrenal changes which can 
promote serotonin loss.   Can lower TSH   


Decreased dopamine due to insulin 
resistance, diabetes or hypoglycemia.   
Adrenal dysregulation and methylation
need to be addressed.   Can lower TSH 


Inflammatory cytokines from gut, viral, 
bacterial  and Lyme infections.  Food, 
mold and environmental intolerance can 
cause  problems. Cytokine upregulation.
Can lower TSH.


Paraventricular
Hypothalamic
Dysregulation


TSH may be normal with 
T3 uptake problems, 
increased T3 uptake, 
underconversion, 
increased binding 
globulins, 
overconversion, and 
Hashimotos. 


SSRI. SNRI, dopamine, glutamate / GABA 
meds.
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EFAs, vitamins, O2, Glucose in right amounts make a healthy cell
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The Story of Autophagy







Autophagy (Cells in Poverty)


• The degradation of a cell's own components through the 
lysosomal machinery. It is a tightly-regulated process that plays a 
normal part in cell growth, development, and homeostasis, 
helping to maintain a balance between the synthesis, 
degradation, and subsequent recycling of cellular products. It is a 
major mechanism by which a starving cell reallocates nutrients 
from unnecessary processes to more-essential processes.


• Studies have shown that autophagy plays a role in the removal of 
misfolded proteins which accumulate in the cell. It could be the 
case though, that a disproportionate autophagic response could 
contribute to the pathology seen in many disorders.







Cells have to 
clean house, 
its when the 
dirt inside is 
so great the 


cells starts to 
become 
injured.























Practical


• Discuss the need for autophagy.


• Discuss what happens with autophagy
dysregulation.







Lobe specific diseases


• From named conditions to functional deficits.  







Frontal Lobes
Welcome to Humanity







Frontal Lobes Cont.


• The frontal lobe is approximately 1/3 of the human cortex and is very 
unique in regards to human kind.  


• This area is important for making up many of the aspects of humanism 
and personality.


• The frontal lobe is made of three surfaces, the lateral, medial and orbito-
frontal. 


• The particular lobes are the following: 
– Orbito-frontal cortex (11) 
– Frontal eye fields (8) 
– Broca’s speech area (44, 45)
– Prefrontal cortex (8,9,10,11) which is comprised of a 


• dorsolateral and a dorsomedial sections.  


– Supplemental / premotor cortex (6) 
• In the supplementary motor area there is also a micturition center.


– Primary motor cortex (4).  







Frontal Lobes Cont.


• In particular the frontal lobes deal with 
restraint, initiative and order.  
– Restraint deals with judgment, foresight, 


perseverance, delaying gratification, inhibiting 
socially inappropriate responses, self governance 
and concentration.


– Initiative deals with curiosity, spontaneity, 
motivation, drive, creativity, shifting cognitive set, 
mental flexibility and personality.  


– Order deals with abstract reasoning, working 
memory, perspective taking, planning, insight, 
organization, sequencing and temporal order.







Frontal Lobe Syndromes


• Frontal lobe syndromes will give you apparent 
contradictive behavior.  


• For example, 


– (Apathetic indifference verses explosive emotional 
lability), 


– (Abulia verses environmental dependency), (Akinesia
verses Distractibility), 


– (Perserevation verses Impersistence), 


– (Mutisms verses Confabulation), (Depression verses 
mania), Hyposexuality verses Hypersexuality).







Terms


• Abulia: Diminished motivation, lack of drive.


• Perseveration: Repeating a word, phrase or gesture despite 
being cued or stimulated to do so.  


• Apathetic: Suppressed emotions, concerns, excitement, 
motivation.


• Impersistence: Inability to sustain something – behavior, 
emotion. 


• Mutism: Cannot talk


• Confabulation: Speech that has no meaning or makes little 


sense in light of a given conversation or topic. 







Speech


• Expressive aphasia (No-fluent)
– http://www.youtube.com/watch?v=1aplTvEQ6ew


– http://www.ebaumsworld.com/video/watch/80748758/


• Receptive aphasia
– http://www.youtube.com/watch?v=67HMx-TdAZI&feature=related 


– http://www.youtube.com/watch?v=aVhYN7NTIKU&feature=related


• Dysarthria
– http://www.youtube.com/watch?v=CqKUcaVOSwg&feature=related


– http://www.youtube.com/watch?v=_sHfaJZq8TQ&feature=related



http://www.youtube.com/watch?v=1aplTvEQ6ew
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Prefrontal lobe


• Homotypic heteromodal cortex in every area.


• Brodmann areas 8,9,10,11  


• Three regions comprise the prefrontal cortex


– Dorsolateral prefrontal cortex


– Orbitofrontal cortex


– Medial frontal and anterior cingulate cortex 







Dorsolateral Prefrontal (9-10) 


• Integrates with other heteromodal areas, basal ganglia and 
dorsomedial thalamus.  


• Executive function, planning and judegement.
• Lesions: Summary


– Poor abstract thought: Ability to modify actions and thoughts when 
necessary.


– Poor planning: Inability to sequence activities.
– Poor judgment: Inability to evaluate a situation and act accordingly. 
– Poor problem solving: Cannot deal with complicated situations.
– Psychomotor retardation: Slowing of thoughts and physical 


movement.  See often with depression as well.  
– Motor impersistance: Inability to sustain a movement. 
– Perseveration: Repeat of activity without reason.
– Poor executive function: Difficultly with organization and thought
– Dysexecutive synrome: Difficulty with high level function. 







Medial Frontal Cortex and 
Cingulate Cortex


• Connect intricately with the limbic system.  
• Has a major role with initiation, motivation and 


goal oriented behavior.
• Impairment:


– Abulia
– Indifferent
– Poor speech output
– Impaired initiation of behavior or motor movement
– Urinary incontinence 
– Gait disturbance
– Severe lesion will cause akinetic mutism
– Epilepsy here can cause complex motor and gestural automatisms


• Automatism – Brief period of consciousness loss.  







Orbital Prefrontal Cortex (10 11)


• Widespread interactions with the limbic system.  
• Located at the frontal poles
• Connects with basal ganglia.
• Responsible the following:


– Social behavior.
– Inhibition of inappropriate behavior (social context).
– Visceral activities.
– Judgement
– Conscious perception of smell (Receives input from 


the piriform cortex – via thalamus.  







Orbital Prefrontal Cont.


• This area of the prefrontal cortex is connected with 
the temporal lobe, amygdala thus this area provides 
interpretation of limbically related information that 
can be used in a way to formulate an appropriate 
motoric response.  


• It mediates arousal and also helps regulate the 
experience or anxiety.  


• This area also deals with taste and convergence of 
other sensory information for flavor.  







Orbital Frontal Syndrome Cont.
• The patient shows hyperactivity, and is unable to inhibit 


spontaneous actions and to react to the extraneous stimuli 
(hyperreactivity). 


• The affects of the orbital patient are labile and unpredictable. 
Euphoria is often the dominant affect, at least more often 
than in other prefrontal syndromes. Together with it, the 
patient commonly exhibits inappropriate and childish humor. 


• In addition, he is unable to inhibit instinctual drives and tends 
to make displays of belligerence, hypersexuality, and 
hyperphagia.  Difficulty achieving orgasm as well is present.   


• Disinhibition of instincts, in the absence of good moral 
judgment, often drives the patient to unruly behavior and to 
break the law. 


• Sociopathy is almost a hallmark of the orbitofrontal
syndrome. Many of these abnormalities seem to be the result 
of a deficit in the inhibitory control cortex. 







Orbital Frontal Syndrome Cont.


• Similarities between ADD and the orbital-prefrontal 
syndrome 


– Hyperkinesia, and unruly behavior. Thus it is 
reasonable to conclude that the ADD has 
something to do with a disorder of the 
orbitofrontal cortex (Fuster, 1997). 


– Furthermore, because ADD is often outgrown in 
late adolescence, it is also reasonable to suppose 
that the ADD is the clinical manifestation of a lag 
in the maturation of the orbital-prefrontal cortex. 


• (miller and cummings the human frontal lobes 
functions and disorders the guilford press 1999)







Frontal Lobes (Simple Summary)


• The dorsolateral prefrontal cortex, mediates 
executive behavior. 


• The orbitofrontal cortex, mediates social behavior 


• The mediofrontal cortex, mediates motivation. 


• Three areas therefore, process the what, when and 
how when these are not completely specified by a 
situation if an action is to be undertaken (Deeke, et 
al. 1985).
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Questions about Frontal Lobes


• Trouble Listening


• Distractibility


• Poor planning skills


• Boredom


• Lethargy


• Lack of Motivation


• Excessive daydreaming


• Conflict Seeking


• Difficulty waiting turn


• Restlessness


• Impulsivity 


• Talking to much or to little







Frontal Lobe Questions Cont.


• Trouble sustaining attention in routine situations.


• Inability to give close attention to details.


• Lack of clear goal or forward thinking.


• Difficulty expressing feelings.


• Difficulty following through on things started.  


• Difficulty expressing empathy for others.


• Being in a fog.


• Trouble learning from mistakes.


• Difficulty remaining seated when expected to do so.


• Intrusion and interruption on others very often.


• Blurting our answers without clear control.  







Frontal Lobe Testing


Exam
• Stroop
• Wisconsin Card Sorting


– Physical
• Pathologic reflexes
• Gagenhalten (Paratonia)
• Frontal (Magnetic gait disturbance)
• Skull shape
• All cranial nerves


– Family questions
– Mini mental exam (SAGE)
– Ocular examination


• Vertical OPK
• Horizontal OPK
• Vertical saccades
• IML changes (Autonomic)


– Tie in all the other aspects of the examination







Frontal Lobe Testing


• Behavioral Observations
– Abulia


– Inappropriately jocular


– Confabulation


– Language changes


– Motor changes


– Perseverance


– Incontinence


• All the other things we have talked about in regards to each area


– Motor / coordination / executive behavior / motivation / control of emotions 
and other higher human functions.  







Frontal Lobe Testing
• Mental Status Examination


– Attention
• Digit span forward and backward


• Months forward and backward


– Perseveration and set-shifting ability
• Luria alternating sequencing tasks


• Wisconsin Card Sorting Test


– Ability to suppress inappropriate response
• Auditory go no testing (Stroop)


• Stroop testing


– Word generation, figure generation
• Figure generation


• FAS test (verbal fluency)


– Abstract reasoning
• Proverb interpretation


• Logic problems


– Judgment / influence of current behavior on current behavior
• Questions about situations


– Language testing


– Testing for hemineglect


– Summary of all testing
• http://www.brainsource.com/nptests.htm







Practical


• Discuss the frontal lobes. What do they do?


• Name some symptoms of frontal lobe 
dysfunction.







Primary Cortex







Parietal lobes


• Receives projections from the VPL and the 
VPM of the thalamus from the contra-lateral 
body.  


• Contains multiple regions:
– Primary somatosensory cortex (S1)


• Idiopathic primary cortex


– Secondary somatosensory (S2)
• Homotypic unimodal
• Provides somatosensory input to the motor cortex
• Projects to limbic areas for tactile learning


– Dorsal M pathway
• Occipitoparietal visuospatial pathway responsible for 


visuomotor tasks.  







Primary somatosensory cortex (S1)


• Lesions here create deficits in touch, vibration, 
joint position sense, stimulus localization.  


• This area spares pain and temperature which 
project to the secondary somatosensory
cortex.  


• Lesion of SII at the parietal operculum







Superior Parietal Lobe Cont.


• Lesions in the dominant lobe will give you dysphasia and 
slowness to speak in regards to phonation.
– http://www.youtube.com/watch?v=PbnCcJ-tHxA  


• This may give grammer errors and may make the patient 
seem uncooperative and confused.  


• A lesion here can also produce a tactile agnosia in which 
the patient cannot recall the name of an object by touch 
alone.  


• They may have an astereoagnosia in which they cannot tell 
the difference in an object based on weight and three 
dimensional characteristics of an object.  The patient will 
also have the inability feel a number written on the skin 
(agraphesthesia).


– http://www.youtube.com/watch?v=dG8JGg-d2Pk
– http://www.youtube.com/watch?v=fYYiZB8rQnQ
– http://www.youtube.com/watch?v=eCITnfTG57g&feature=related
– http://www.youtube.com/watch?v=6fyiGUAg2GY&feature=related
– http://www.youtube.com/watch?v=kUjiZFkSGe0&feature=related
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Superior Parietal Lobe
• Lesions on the nondominant parietal lobe may 


produce a lack of appreciation of spatial aspects of 
the opposite side of the body, (sensory neglect 
syndrome). 


• The patient does not recognize the opposite side of 
their body and may not dress the opposite side of 
their body, (dressing ataxia).  


• They are often unaware of the loss and this is called 
an anosoagnosia.  If objects cannot be attended to, 
they are often ignored. 


• Bilateral parietal involvement may give you the 
inability to see moving objects, (movement agnosia), 
however the ability to see stationary objects remains 
normal.  Sometimes lesions here can alleviate the 
ability to perceive pain. 







Summary of non-Dominant / Dominant lesions


Non-dominant lesion
• Anosognosia:  Patient has disability but is unaware.
• Dressing apraxia: Inattention to left side when dressing.
• Geopgrahic agnosia: Cannot find a place. 
• Constructional apraxia: Cannot copy pictures or manipulate objects 


into patterns. 
• Hemispatial sensory neglect: Neglect one whole side.  


Dominant lesion
• Finger agnosia: Cannot identify own or others fingers.
• Acalculia: Math problems
• Agraphia: Cannot write, despite the ability to read.
• Alexia: Cannot read
• Aphasia: Cannot talk right. 







Inferior Parietal Lobe


• A nondominant inferior parietal lobe lesion may give 
the inability to appreciate aspects of a verbal 
message such as tone and loudness and timing of 
words.  This is called aprosodia.


• Bilateral changes to the posterior inferior parietal 
lobe may produce a balints syndrome which makes 
the eyes stay fixed on a visual target, this is an optic 
apraxia.  


• There may be a loss in guidance to grasp an object, 
(Optic ataxia).  There may be only various parts of a 
visual object, or unable to see the object as a whole, 
this is a simultanagnosia.







Practical


• Discuss the parietal lobes. What do they do?


• Name some symptoms of parietal lobe 
dysfunction.







Temporal Lobes







Temporal Lobes
• What is contained in the temporal lobe


– Primary auditory cortex


• Idiopathic primary cortex


– Auditory association cortex


• Homotypic unimodal cortex


– Wernicke’s area:


• Part of language.


– Middle and inferior temporal lobes


• Memory and learning


– Limbic area


• Inferior and medial temporal areas.


– Uncus


• Receives olfactory and gustatory input


– Insular cortex


• Taste


– Optic radiations (Meyers loop)







Temporal lesions


• Superior homonymous quadrantanopsia


• Cortical hearing loss


• Auditory agnosia


• Dyacusis


• Pure word deafness


• Expressive aphasia


• Kluver Bucy Syndrome


• Amnesia


• Amusia


• Aguesia


• Semantic Dementia


• Prosopagnosia


• Complex visual hallucinations


• Auditory hallucinations


• Olfactory Hallucinations


• Alternations of memory


• Palinopsia







Temporal lesions


• Auditory agnosia: Difficulty recognizing different sounds.


• Dyacusis: Perception of certain sounds as unpleasant.


• Pure word deafness: Verbal agnosia due to auditory – verbal 
disconnection.


• Amnesia:


– Nondominant hemisphere: Amnesia for non-verbal, 
visiospatial information.


– Dominant hemisphere: Amnesia for verbal information 







Temporal lesions


• Amusia: Cannot recognize songs.  Left side the 
patient will have problems with recognizing 
lyrics.


• Aguesia: Loss in taste.


• Semantic dementia: Dominant anterior 
temporal lobe lesion that gives problems with 
word meaning.


• Prosopagnosia: Posteroinferior temporal-
occipital region.  Cannot recognize faces.


– http://www.youtube.com/watch?v=vwCrxomPbtY







Alterations of memory


• Déjà vu:
– Familiarity of a previous familiar event, place or event.


• Déjà entendu:
– Familiarity with a previously familiar auditory experience.


• Jamais vu:
– Familiarity of a previous unfamiliar event, place or event.


• Déjà entendu:
– Familiarity with a previously unfamiliar auditory 


experience.


• Palinopsia:
– Recurrence of an image no longer present in a visual field







Practical


• Discuss the temporal lobes. What do they do?


• Name some symptoms of temporal lobe 
dysfunction.







Hemisphere specific Functions







Right Hemipshere


• Sensory – Tactile sensation from both the left side and right of 
the body


• Olfactory discrimination (orbital frontal)
• Modulation and filtering of sensory input.
• Hue discrimination 
• Olfactory function (Zatorre &; Jones-Gotman,1991).
• Vision – Visual input from left half of both eyes.
• Specialized for lower frequency,
• Global processing, 
• Depth perception
• Recognizes facial emotions.
• Can recognize out of focus visual input.







Right Hemisphere Cont.


• Audiometry – Hears sound from left ear, 


• Specialized for music,


• Pitch, 


• Tones, 


• Timbre, 


• Recognizes emotional tone of conversation, 


• Specialized for low frequency sounds, 


• Environmental sounds.







Right Hemisphere Cont.


• Cognitive – Attention, impulse control, 
• Visual images, 
• Memory for locating, 
• Direction,
• Responds to novel or new stimulus,
• Understands the context (the big picture of the meaning of a phrase or 


word).
• Nonverbal forms of communication. 
• Implicit learning (subliminal learning). 
• Recognizes objects when rotated from unusual perspective.
• Abstract thought.
• Spacial intelligence.







Right Hemisphere Cont.


• Procedural Learning/Memory – Recognizes 
humor,


• Recognizes metaphors.


• Temporal organization of memory (Milner et 
al., 1985; MacAndrews & Milner, 1991)


• Activations during working memory (like those 
from episodic retrieval)  


• Nonverbal working memory activations 


• Activation from spatial processing tasks 







Right Hemisphere Cont.


• Emotional – Withdrawal behavior,
• Produces negative emotions,
• Very cautious, part of the brain
• Give us our conscience
• Executive response preparation and inhibition 


(supplementary motor area)* 
• Cognitive estimation 
• Design fluency 
• Motor sequence generation (ventral lateral or orbital cortex)* 
• Hooper Visual Organization test 
• Picture arrangement 
• Graphic pattern generation 







Right Hemisphere Cont.


• Attention 
• Auditory sustained attention (dorsolateral prefrontal 


cortex) 
• Simple continuous performance task 
• Nonverbal continuous performance task 
• Visuospatial
• Visual organization test 
• Visuospatial learning 
• Construction and design copying 
• Memory 
• Nonverbal subject-ordered tasks 
• Verbal and nonverbal judgment tasks 







Right Hemisphere Cont.


• Emotions 


• Primary emotions 


• Emotional expression 


• Facial gestures 


• Body gestures 


• Speech intonation 


• Memory retrieval (Buckner et al., 1995; 
Fletcher et al., 1995) 







Motor functions (Right 
Hemisphere)


• Gross motor activity, mid-line posture, control center 
of gravity,


• Moves both eyes together (stereopsis).
• Muscle tone on the right side of the body.
• Muscle tone of right soft palate.
• Complex motor functions (Supplementary motor 


area)”’ 
• Motor impersistence
• The right frontal lobe also has been implicated in 


attention to extrapersonal space, particularly when 
exploratory motor movements are required (Daffner, 
Ahern, Weintraub, & Mesulam, 1990; Spiers et al., 
1990







Autonomic functions (Right 
Hemisphere)


• Slow heart rate.


• Decreased blood pressure on the right side.


• Controls the size of the pupil on the right, 
generally will make the pupil smaller. 


• Controls sweating on the right side of the 
body


• Controls the release of stress hormones, like 
cortisol. 







Immune Functions (Right 
Hemisphere)


• Controls immune suppression.


• Controls the stress response and prevents 
auto-immune diseases.







Neuro/Endocrine (Right 
Hemisphere)


• Has a greater population of receptors for 
serotonin and norepinephine.







SYMPTOMS THAT ARE BELIEVED TO 
BE ASSOCIATED


WITH DEFICITS OF RIGHT BRAIN 
FUNCTION:







Right deficit (General)


• Difficulty focusing attention (ADD)
• Impulsivity
• Obsessive or repetitive thoughts or actions (OCD)
• Poor spatial orientation and memory
• Difficulty remembering directions 
• Gets lost easily
• Inappropriate or poor social behavior/does not read or 


interpret social cues (facial expression, body language, etc.)
• Difficulty-recognizing objects when seen from an unusual 


perspective.


• Tend to neglect or ignore the left side of space or body.







Right side deficit cont.


• Tend to drawer or write on the right side of paper.
• Poor geometry skills.
• Poor math reasoning skills.
• Poor reading comprehension
• Poor time estimation (underestimates)
• Tone deafness or poor musical ability.
• Does not seem to respond or recognize emotional tone of 


voice.
• Tends to focus on small details.
• Cannot easily identify out of focus pictures or incomplete 


pictures.
• May rush to name something or to explain something, even 


when they are presented with ambiguous information.
• Lack of understanding context or meaning of words.







Right side deficit cont.
• Difficulty recognizing environment sounds or low frequency 


sounds.
• Spacial dislocation of where things are happening around 


them.
• Dislocation of where the person is.
• Body image distortion.
• Feel as they have fused with objects or the universe.
• Unable to identify voices with cues, especially within crowds.
• Confuse their internal voice as coming from an external voice.
• Believe they are hearing a voice from God.
• See things that are not there (delusions).
• Extremely religious or strongly believe in U.F.O.’s 
• Hallucinations or delusions/increased speech/may have 


thought disorders (derailment, tangentially of speech and 
clanging).







Right side deficit cont.


• Stringing words together that rhyme.
• Difficult choosing the right interpretation of a work or situation.
• Unable to tune out irrelevant stimuli (distractable).
• Tends to over analyze.
• Disorders of awareness/confabulation or make up reasons for their 


behavior.
• Inability to decide or quickly grasp something.
• Over interpretation of isolated bits of reality.
• Seeing patterns where there are none.
• Feel as if they do not understand their purpose or what they are meant to 


do.
• Difficulty decoding the emotions of other people.
• Difficulty with perceiving meaning and intonation in others speech.
• Poor understanding of indirect meaning or metaphors.
• Poor block design and picture arrangement ability.







Right side deficit cont.


• Extremely literal.
• Lack of imagination and pretense in play.
• Treats people as objects and treats body parts as if they were independent things.
• Notices great detail about the environment.
• Avoid eye contact.
• Act awkwardly or inappropriately.
• Competent or superior intelligence with calculations or puzzle solving.
• Lack of social intelligence to understand other’s minds and feelings (mind reading ability).
• Cannot predict what others will do.
• Does not enjoy reading books.
• Cannot pretend play as normal 18 to 24 month old children would.
• Does not monitor.
• Do not point to direct others attention.
• Do not speak to direct others attention.
• Do not show or share interest with another.
• Do not understand false beliefs.
• Does not understand jokes.







Right side deficit cont.


• Cannot reflect on their own mental processes.
• May not realize they have their own mind.
• Do not understand false perceptions.
• Cannot update their understanding of a situation, given new context or 


surrounding.
• Cannot ascribe correct mental state in story.
• Autism.
• Alexethymia.
• Increased abstract thought ability.
• No understanding of symbolism.
• Do not see the whole picture.
• Their own thoughts can come out of the mouths intiminate objects or animals (TV 


or dogs). 
• Preservations.
• Difficulty stopping of movement once started.
• Pyramidal weakness on the right side of body
• Hyperactivity







Right side deficit cont.


• Motor and/or vocal tics (Tourette’s)
• Impaired musical pitch and rhythm (Frontal lobe).
• Low muscle tone of the muscles of the back of the arm & upper back and 


neck on the right side.
• Low muscle tone of the muscles in the front and inside of the leg and foot 


on the right side.
• Stomach muscle weakness on the right side.
• Preservation of muscle tone of the muscles in the front of the arm and 


chest on the right.  Also, the muscles involving the superficial lower back, 
outside and back of entire leg and foot muscles on the right.


• Poor postural muscle tone, especially on the right.
• Left-hemisphere neglect/decreased leftward exploration 
• Visuoconstructional apraxia







Language Syndromes of the Right 
Hemisphere


• Right lower motor cortex and posterior operculum 
• Decreased prosodic contours in voice 
• Decreased prosodic gestures of face and body 
• Right anterior operculum/lower motor cortex (can also occur with 


subcortical lesions involving the anterior limb of the internal capsule, 
striatum, and periventricular white matter) 


• Decreased prosodic contours in voice 
• Decreased prosodic gestures of face and body 
• Amelodic singing 
• Disturbed comprehension of paralinguistic domains 
• Nonliteral verbal humor 
• Sarcasm 
• Affect 
• Temporary hemineglect and impaired constructions 







Right dorsolateral frontal


• Impaired language pragmatics 


• Poor organization of dialogue 


• Impaired use of analogy, irony, and related 
types of language 


• Blunt and impolite discourse 


• Discourse may seem confabulatory due to 
poor social awareness and speech 
organization 







Medial frontal


• Loss of affective prosody, but intact prosodic 
imitation 


• Pervasive reduction in speech output 







Right anterior frontal (including basal forebrain, medial orbital surface, frontal pole, superior 
medial brain, supplementary motor area, and cingulated gyrus)


• Loss of affective prosody
• Socially inappropriate
• Impulsive responses 
• Confabulation 
• Poor social awareness 
• Impaired performance on nonverbal self-ordered tasks (Petrides & Milner, 1982).
• Poor retention of visually presented letters or geometric designs (Butters, Samuels, Goodglass, & Brody, 


1970). 
• Impairment retrieval of retrograde memories (Kopelman, 1991). 
• In humans, odor memory is impaired after right orbitofrontal or temporal lesions (Jones-Gotman & 


Zatorre, 1993)
• A greater effect of right frontal lesions on memory span for visually presented patterns (Pigott & Milner, 


1994).
• Mania (Jorge et al, 1993), 
• Negative, avoidance-related reactions (Davidson, 1992; Davidson & Sutton, 1995). 
• Deficits in categorization (Incisa della Rocchetta, 1986; Incisa della Rocchetta & Milner, 1993; Milner & 


Petrides, 1984).
• Poor Noun retrieval (Damasio & Tranel, 1993). 
• Poor use and representation of visuospatial data 
• Poor performance in design fluency tasks (Benson & Stuss, 1986).
• Attentional deficits specifically associated with RHD. 







Commonly observed left neglect behaviors in RHD patients with moderate to severe 
neglect. 


Problems:


• Responding to people and objects to the left of their body midline 
• Attending to the left while conducting self-care activities (grooming, bathing, eating,      dressing) 
• Moving, attending to, and recognizing their left limbs 
• Navigating through halls and doorways without bumping into left-sided walls 
• Reading the left half of printed materials 
• Appropriate use of margins and spacing when writing 
• Following presentations in films, videos, or on TV 
• Localizing sounds emanating from the left 
• Insight into and awareness of deficits including hemiplegia and neglect
• Actively participating in the rehabilitation process 
• Visuospatial
• Hemispatial neglect ( right temporal-parietal lesions) ( right frontal lobe lesions) 
• Heilman &: Valenstein, 1972; Heilman, Watson, & Valenstein, 1993)
• Problems in Accessing Semantic Relationships 
• Collective noun naming: reduced ability to produce category names for groups of objects 
• Lexical judgment tasks: 
• Reduced ability to determine if two items are related 
• Verbal fluency tasks: increased production of central, prototypical, dominant items 
• Increased production of items sharing common attributes within a semantic category 
• More difficulty with goal-derived than semantic categories 
• Initial activation of dominant category members with decreasing production of items 







Motor


• Weakness of muscles of speech.


• Incoordination and weakness of gross motor activity.


• Tired or burning neck muscles when reading.


• Right sided head tilt.


• Tends to hook legs on chair when reading.  


• Poor posture, especially when sitting.


• Weak soft palate on the right side.


• Extreme right handedness.


• Monotone rigid postures.


• Lack of fluid movement, robotic movements.


• Incoordination with left (nondominant hand)







Cont.


• Clinical signs of motor neglect. 


– Inappropriate placement of left extremities 


– Dragging left arm or leg 


– Feeble participation of left limbs in bilateral 
movements 


– Failure to use left limbs for balance 


– Failure to withdraw extremities from painful 
stimuli 







Emotional


• Irritability/anxiety/risk taker/lack of fear/overly positive or optomistic/silly 
or giddy 


• Self images as a machine controlled by others.  
• Sense of being lost while a larger system controls them.
• Decoding the emotions of other people.
• Poor social intelligence or emotional intelligence (EQ).
• Cannot verbally express feelings or fantasies.
• Tend to have alcohol or drug addiction.
• Tendency towards post-traumatic stress disorders.
• Sociopathic personalities.
• Confused by questions related to feelings.
• Difficulty handling feelings of themselves or others.
• Limited ability to cry or be spontaneous.







Sensory (RHD)


• Headache.
• Poor visual processing.
• Motion sickness.
• Decreased tactile sensory perception from both sides 


of the body, especially the left.
• Postural body distortion or disorientation of center 


of gravity.
• Decreased hearing ability in the left ear.
• Larger blind spot in the left eye.
• Sensory difficulties and problems with external 


stimulation







Autonomic (RHD)


• Insomnia.


• Tends to deposit fat easily around the waist.


• Right side may sweat more.


• Larger pupil on the right.


• Prone to sudden tachycardia.


• Higher blood pressure on the right arm and right leg 
as compared to the left.


• Higher pulse rate.







Immune RHD


• Prone to autoimmune disorders and allergies.


• Over reactive immune system responses.







Functions associated with left 
brain activity







Sensory (Left Hemisphere)


• Sensation right side of the body only.


• Sounds right ear preferences for words, 
sequencing.


• Repetitive High frequency.


• High pitch sounds.


• Can discern small details and separate 
syllables and phonemes.







Vision (Left hemisphere)


• Right half of both eyes


• Color


• Detail


• In focus vision.







Cognition (Left Hemisphere)


• Speech
• Vocabulary
• Auditory processing
• Extremely literal brain
• Looks at content as opposed to context. 
• General intellect or IQ.
• Calculating
• Sequencing.  
• Memory, especially for facts or figures (Declarative memory.)
• Explicit learning (conscious learning).
• Solving algebra problems  
• Step-by-step instruction skills 
• Applying well-practiced, routinized codes and strategies in a quick and 


efficient way







Cognitive cont. (Left)


• Left frontal lesions are more likely to result in disordered memory for 
episodic information 


• Left prefrontal cortex in programming strategies
• Control of executive functions, 
• Motor responses 
• Analytical problem solving,
• Language,
• Computational skills,
• Logic  
• What most people think of as demonstrations of intelligence.
• (In fact, they largely define what it means to be human.) 
• Arranges abstract symbols into patterns that represent reality







Emotion (Left brain)


• Generates positive emotions.


• Approach behavior


• Curious.


• Motivation.


• Optimistic.







Motor (Left brain)


• Mostly controls right side, but partly controls 
left


• Controls muscle tone mostly on the left side of 
body. 


• Fine motor coordinative skills. 


• Control extremity muscles, especially fingers 
and toes. 


• Grasp objects, or imagine grasping objects, 







Autonomic (Left brain)


• Controls rhythm of heartbeat,


• Has less effect on autonomic control.







Immune (Left brain)


• Increases immune responsiveness,


• Helps to prevent infections 


• Produces natural killer cells or anti-tumor 
producing cells.







Neuroendocrine (Left brain)


• Has greater receptor population for dopamine 
and acetocholine.







SYMPTOMS BELIEVED TO BE 
ASSOCIATED 


WITH DEFICITS OF LEFT HEMISPHERE







Left deficit (Cognition)


• Poor reading ability.
• Poor speech development.
• Difficulty with understanding words or receptive speech.
• Poor auditory processing or central auditory processing deficits.
• Poor memory for facts and figures.
• Acalculia or difficulty with math calculations.
• Poor sequencing ability.
• Poor academic ability.
• Lower IQ test results.
• Poor verbal memory.
• Poor object identification.
• Cannot focus on small details
• Focus on the big picture.
• Poor verbal communication skills.







Cognition cont


• Decreased speech in general.
• Uses mostly nonverbal forms of communication.
• Knows what they want to say, but cannot find the 


words.
• Lack of speech or speech content.  Blocking (inability to 


express thoughts).
• Poor grooming.
• Poor performance on verbal tests.
• Lack of ordered sequence of thoughts.
• Decreased intellectualization or analytical thought.
• Dyslexia (difficulty reading).
• Need to be told things several times before they 


understand.







Cognition cont.


• They like to draw pictures.
• They enjoy music.
• Difficulty initiating a response without prompting.
• Inappropriate syllable stress,
• Rhythm disturbances, 
• Pauses occur, changing a patient’s accent, (Monrad-Krohn, 1947)
• The foreign accent syndrome, 
• Profound verbal recall deficits than right (frontal lobe)
• Deficits in the retrieval of verbal material 
• Specific to certain lexical categories 
• Deficit in verbs 
• Encoding  
• Verbal categorical recall (della Rocchetta, 1986). 







Left deficit cont


• Dysphonia
• Dysprosody (Foreign dialect syndrome).
• Stuttering 
• Persistent nonfluency
• Disturbance of syntactic function and agrammatism (Nadeau, 1988).
• Transcortical motor aphasia (TMA)Wernicke (1886), 
• Significantly reduced fluency with relatively normal repetition.
• Writing is impaired to the same extent as spontaneous speech 
• Unable to produce a narrative, drawing: a picture
• Deficits in word fluency occur in aphasic syndromes and in dementia
• A deficit in initiation which may result after lesions of either frontal lobes. 


The linguistic component of the as tested by word fluency, however, would 
be left-hemisphere sensitive.


• Aphasia, the loss of some part of language ability, 







Left deficit cont.


• Paraphasia, a tendency to paraphrase a word they just can’t think of.
• They cannot recall nouns (anomid).
• Damage to Broca’s area affects grammar and fluency 
• Damage to the temporal pole can impair retrieval of he names of people.
• Damage to Wernicke’s area a comprehension of word meaning, not 


fluency of speech. 
• Damage to the rear of the temporal lobe can impair retrieval of the names 


of tools. 
• Damage to the lower part of the temporal lobe can impair retrieval of the 


names of animals.
• Damage to the angular gyrus, a region behind Wemicke’s area, can result 


in alexia (inability to read) and agraphia (inability to write). 
• Left brain sometimes over interprets events to create false memories







Left deficit (Motor)
• Slow or lack of movement.
• Hyperactivity.
• Inability to start an inactivity without prompting.
• Poor fine motor coordination.
• Poor hand writing.
• Pyramidal weakness on the left side.
• Pyramidal weakness is defined a weakness of the left facial muscles.
• Lower muscle tone of the posterior arm muscles and back of the shoulder muscles.
• Preserved muscle tone or tightness of the muscles in the anterior portion of the arm of the front of the arm and chest on 


left.
• Weakness of the muscles in the front of the leg and foot on the left.
• Imbalance of intrinsic muscle tone (core muscles).
• Left side head tilt.
• Poor motor coordination of both sides of the body.
• Poor athletic ability.
• Weakness of one eye.
• Scoliosis.
• May be left handed or ambidextrous.
• Generally low muscle tone.
• Low motor tone of muscles of speech, such as tongue and mouth.
• Clumsiness 
• Incoordination
• Cramping of hands and feet with fine coordinative movements, such as writer’s cramp.
• Weakness of soft palate on the left.
• Dyspraxia.







Left deficit cont.


• Urinary incontinence
• Contralateral leg and proximal arm weakness.
• Sensory loss may be restricted to the contralateral lower 


extremity,
• Facial weakness may only be present during spontaneous 


emotional expression.
• Stimulation of the supplementary motor cortex of either 


hemisphere in man has produced arrest of speech or 
repetitive involuntary vocalization (Brickner, 1940; Erickson & 
Woolsey, 1951; Penfield & Roberts, 1959). 


• Epileptogenic tumors in the left SMA can also induce 
vocalization and speech arrest during seizures (Arseni & 
Botez, 1961; Sweet, 1951). 


• Milner (1964) reported reduction of spontaneous speech in 
patients 







Emotional left deficit


• Depression, sadness, angry.


• Lack of motivation.


• Withdrawn and shy.


• Excessively cautious or pessimistic.


• Extremely negative.


• Lack affect or lack of emotion.


• Lack of pleasure. 


• Social withdrawal.







Sensation left deficit


• Headaches, neck pain.


• Decreased tactile sensation on the right side 
of body.


• Decreased vision from the right half of both 
eyes.


• Large blind spot on the right.


• Decreased hearing from the right ear.







Autonomic left deficit


• Tends to have irregular heartbeats, may be prone to 
sudden cardiac death (S.I.D.S. – Sudden Infant Death 
Syndrome).


• Large pupil on the left side.


• Higher blood pressure on the left arm in comparison 
to the right.


• Higher blood pressure on the left leg as compared to 
the right.


• Prone to arrhythmias/murmurs.


• Left side of the body may sweat more.







Immune deficit left side


• Chronic infections in general.


• Prone to tumors or cysts.


• Chronic ear infections.


• Poor immune system.







From CNS to PNS



















Sunderland Classification of Nerve Injury


Grade Injury Recovery Potential


I Demyelination or ischemia Excellent


II Axon loss Good


III Endoneurial tube disruption Moderate


IV Perineurium disrupted Poor


V Epineurium severed No chance of recovery


Seddon Classification of Nerve Injury


Grade Injury Recovery Potential


Neuropraxia


Comparatively mild.


Motor and sensory loss.


No axonal degeneration.


Nerve conducts normally distally.


Focal demyelination and/or ischemia


Recovers within hours to months


Excellent


Axonotmesis


Common to crush injuries.


Axon and myelin sheaths are broken.


Surrounding stroma is partially 


intact.


Wallerian degeneration occurs.


Dependent on axonal re-growth, internal derangement, 


and distance from the muscle.


Neurotmesis
Nerve is completely severed.


Due to penetrating injury or traction.
Prognosis is very poor without microsurgery.







Wallerian degeneration







Nerve Injury


• After the initial injury the severed axonal ends respond to transection and retract 
secondary to elastic properties of the endoneurium.  


• Within two hours after the injury there is endoneurial edema, swelling and 
hyperemia as a result of mechanical compromise to the capillary beds.  


• Synaptic transmission fails within two hours and myelin particles and cellular 
debris are removed from the injury site by macrophages.  Mast cells also help with 
the inflammatory process.


• Within several hours the axon begins to swell.  This causes large amounts or 
axoplasmic volume build up and the cell body has to prepare for replacement of 
the lost axoplasm.  


• These changes include swelling of the cell body, displacement of the nucleus to 
the periphery and dissappearance of basophilic material or nissl substance from 
the cytoplasm.  


• With enough injury the cell body cannot recover and dies as a result of the injury.







Nerve Injury Cont.


• Within 24 hours multiple sprouts occur from a single severed axon if the neuron 
does not die.  


• Myelin will continue to retract distally and within 72 hours the myelin and axonal 
remnants have been digested and there is left an endoneurial sheeth ready to 
accept regenerating axonal sprouts.  


• The distal portion of the neurite develops an area of swelling and with microspikes 
or filopodia that are constantly moving trying to find the appropriate area to 
connect and bridge the gap so that axonal sprouts may organize and move towards 
a distal stump.


• Within two to four weeks the schwann cells and cellular debris aligns to form 
tubes that will allow for surface molecules to be present to redirect or guide the 
growth of axonal sprouts.  


• These are called the bands of Bunger.  There is a 1 to 1.5 year window for 
complete axonal regeneration to occur.  Should axonal growth fail in this time 
frame, connective tissue will engulf the endoneurial tube and terminate the 
process.  


• Axonal regeneration typically occurs at a rate of 1 mm per day, 1 cm per week, 2.5 
to 3 cm per month.







Peripheral Nerve Injury


• The neurite may have disorganization and grow into 
surrounding connective tissue thus forming a 
neuroma.  It is typicall understood that there are 
neurite promoting factors present the guide the 
growth of the growing axon.
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Flowchart.  Central Control over Autonomics
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Figure: Once again; the cortical, basal ganglionic, hypothalamic, reticular 
formation, and cerebellar interactions on the Thoracic IML
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What do we examine?
• Motor examination


– Manual muscle testing, gait, atrophy, tone, (spastic / rigid)


• Reflexes
– Pathological, MSR


• Light touch / Deep pressure
– Wisp of cotton, tissue or wool.  Dorsal columns / some Spinothalamic


• Vibration
– Tuning fork, stay off of bone.  Dorsal columns


• Two point touch
– 4 mm on fingertips, 3 cm on the back.  Typically 15 mm on the limbs.  When peripheral nerves are 


intact but two point is not, think parietal cortex.


• Pain (Pinprick)
– Spinothalamic tract


• Joint position sense
– Dorsal Coumns


• Graphesthesia
– Parietal


• Stereognosis
– Parietal lobe


• Barognosis
– Parietal lobe


• Tactile extinction
– Parietal lobe







What can we have?
• Paresthesia


– Spontaneous sensations (Burning, tingling, pins and needles)


• Dysesthesia
– Any unpleasant sensation produced by a usually painless stiumulus.


• Numbness
– Undefined, may mean heavy, weak, dead or sensory impaired.


• Anesthesia
– Complete sensory loss of sensation during examination.


• Hypesthesia
– Partial sensory loss during examination.


• Hyperesthesia
– Increased sensory sensitivity during examination. 


• Allodynia
– Perceived pain when there is little or no stimulus.  (Trivial)







What can we have cont.


• Agraphesthesia


– Inability to identify numbers traced on the skin.


• Astereognosis


– Inability to identify or distinguish between various 
shapes or textures.  


• Abarognosis


– Cannot establish between weights







Mechanism of understanding


Peripheral nerve involvement


Mono-neuropathy


Poly-neuropathy 


Severity / pattern 


Motor / sensory / small fibers / large fibers


Axonal / myelin Traumatic / Infectious / 


Systemic / Hereditary / 


Autoimmune / Vascular / 


Metabolic 







Polyneuropathy differentials


Nutritional Disease


• Alcoholism


• B12, folate and thiamine deficiency


• Post gastrectomy or bypass


• Whipple’s disease







Differentials


Connective Tissue Diseases


• Rheumatoid diseases


• Polyarteritis nodosa


• Systemic lupus erhthematotosus


• Churg-Strauss Vasculitis


• Cryoglobulinemia


• Additional
– Amyloidosis


– Gout







Differentials


Infectious disease


• AIDP


• Lyme disease


• Leprosy







Differentials


Autoimmune


• MAG


• Sulfatide


• GM1


• GALOP







Differentials 


Toxic Neuropathy


• Acrylamide


• Carbon disulfide


• Dichlorophenoxyacetic acid


• Hexacarbons


• Carbon Monoxide


• Organophosphorus esters


• Glue sniffers







Differentials 


Metal Neuropathy


• Chronic arsenic


• Mercury


• Gold 


• Thallium







Differentials 
Medications
• Vincristine


• Taxol


• Nitrous oxide


• Colchicine


• Isoniazid


• Hydralazine


• Flagyl


• Pyridoxine


• Didanosine


• Lithium


• Alpha interferon


• Dapsone


• Dilantin


• Tagamet


• Antabuse


• Aralen


• Amitriptyline


• Ethambutol







Pathophysiology (Metabolic Theory)


• This theory proposes that hyperglycemia causes increased levels of 
intracellular glucose in nerves, leading to saturation of the normal 
glycolytic pathway. 


• Extra glucose is shunted into the polyol pathway and converted to sorbitol
and fructose by the enzymes aldose reductase and sorbitol
dehydrogenase. 


• Accumulation of sorbitol and fructose lead to reduced nerve myoinositol, 
decreased membrane Na+/K+-ATPase activity, impaired axonal transport, 
and structural breakdown of nerves, causing abnormal action potential 
propagation. 


• This is the rationale for the use of aldose reductase inhibitors to improve
nerve conduction.







Pathophysiology (Ischemic Hypoxic Theory)


• According to this theory, endoneurial ischemia develops 
because of increased endoneurial vascular resistance to
hyperglycemic blood.


• Various metabolic factors, including formation of advanced 
glycosylation end products, also have been implicated. 


• The end results are capillary damage, inhibition of axonal 
transport, reduced Na+/K+-ATPase activity, and finally axonal 


degeneration.







Pathophysiology (Altered Neurotrophic Support Theory)


• Neurotrophic factors are important in the maintenance, 
development, and regeneration of responsive elements of 
the nervous systems. 


• Nerve growth factor (NGF) is the best studied. This protein 
promotes survival of sympathetic and small- fiber neural 
crest derived elements in the peripheral nervous system. 


• In animals with diabetes, both production and transport 
of NGF are impaired. Antioxidants have been used to 


enhance the effects of NGF.







Pathophysiology (Laminin Theory)


• Laminin is a large, heteromeric, curariform glycoprotein 
composed of a large alpha chain and two smaller beta 
chains, beta 1 and beta 2. 


• In cultured neurons, laminin promotes neurite extension. 


• Lack of normal expression of the laminin beta 2 gene may 


contribute to the pathogenesis of diabetic neuropathy.







Pathophysiology (Autoimmune Theory)


• Autoimmune diabetic neuropathy is postulated to 
result from immunogenic alteration of endothelial 
capillary cells. 


• This is the basis for the use of intravenous 
immunoglobulin (IVIg) to treat some variants of 


diabetic neuropathy.







Demographics


• Diabetic neuropathy can occur at any age but is more 
common with increasing severity and duration of diabetes.


• Symptomatic presentation is most common in patients older 
than 50 years.


• Some theories suggest that diabetic neuropathy begins early 
in the hyperglycemic process, often before the clinical 


diagnosis of diabetes is made.







Typical Sensory Symptoms


• Sensory symptoms may be negative or positive, diffuse or 
focal. 


• Negative sensory symptoms include feelings of numbness 
or deadness, which patients may describe as being akin to 
wearing gloves or socks.


• Loss of balance, especially with the eyes closed, and 
painless injuries due to loss of sensation are common. 


• Positive symptoms may be described as burning, prickling 
pain, tingling, electric shocklike feelings, aching, tightness, 


or hypersensitivity to touch.







Motor Symptoms 


• Motor problems may include distal, proximal, or more focal weakness. In 
the upper extremities, distal motor symptoms include impaired fine hand 
coordination and difficulty with tasks such as opening jars or turning keys. 


• Foot slapping and toe scuffing or frequent tripping may be early symptoms 
of foot weakness.


• Symptoms of proximal limb weakness include difficulty climbing up and 
down stairs, difficulty getting up from a seated or supine position, falls 
due to the knees giving way, and difficulty raising the arms above the 
shoulders.







Autonomic Symptoms


• Autonomic symptoms may be: 


– sudomotor (dry skin due to lack of sweating or excessive sweating in
defined areas)


– pupillary (poor dark adaptation 


– sensitivity to bright lights) 


– cardiovascular (postural lightheadedness, fainting) 


– urinary (urgency, incontinence, dribbling) 


– gastrointestinal (diarrhea, constipation, nausea, or vomiting)


– sexual (erectile impotence and ejaculatory failure in men 


– loss of ability to reach sexual climax in women)







Diabetes Information


• A generally accepted classification of diabetic neuropathies 
divides them broadly into symmetric and asymmetric
neuropathies. 


• Development of symptoms depends on total hyperglycemic 
exposure and other risk factors such as elevated lipids, blood 
pressure, and increased height. 


• Establishing the diagnosis requires careful evaluation, since 5-
10% of patients with diabetes have neuropathy from another 
cause.







Insulin Dependent & Independent Tissues


• Neurons and endothelial cells are insulin 
independent


– The glucose flows in and out of these cells based 
on concentration differences. No insulin needed.


• Hepatocytes and muscle are insulin 
dependent


– Insulin need to open glucose channels







Pathology in Diabetes


• In the polyneuropathies there are two 
processes at work


– Osmotic cell injury


– Decreased myelin synthesis







Incr Blood Glucose Incr Intracellular Glucose


Incr Intracellular 


Sorbitol
Osmotic Cell Injury


Insulin Independent Tissues - 1


Increase in intracellular glucose leads to increased conversion to 


sorbitol increasing osmolarity of intracellular environment leading 


to cell taking on water leading to increased cell volume


This process is called osmotic cell injury


C fibers, with little to no myelin support may be more at risk of 


osmotic cell injury than larger diameter fibers with myelin wraps
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In Insulin Independent Tissues - 2


The combination of 


a decreased amount of diacylglycerol 


and 


decreased energy production due to decreased 
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formation 


leads to decreased myelin synthesis and promotes 


conduction block in long large diameter afferents 


serving the lower limbs.







Neuropathy Scale


Page 11 of 23 http://www.emedicine.com/neuro/TOPIC88.HTM A common 
staging scale of diabetic polyneuropathy follows.9/9/08 10:53 PM eMedicine 
-


Diabetic Neuropathy : Article by Dianna Quan


• NO - No neuropathy


• N1a - Asymptomatic neuropathy detected as nerve conduction abnormality in 
at least 2 nerves


• N1b - N1a and abnormal neurologic examination


• N2a - Symptomatic mild diabetic polyneuropathy; sensory, motor, or 
autonomic symptoms; patient able to heel walk


• N2b - Severe symptomatic diabetic polyneuropathy (as in N2a, but patient 
unable to heel walk)


• N3 - Disabling diabetic polyneuropathy







Treatment


Medications:


• Amitriptyline (Elavil)


• Nortriptyline (Pamelor, Aventyl HCl)


• Gabapentin (Neurontin)


• Carbamazepine (Tegretol, Carbatrol, Epitol)


• Phenytoin (Dilantin)


• Lamotrigine (Lamictal)


• Pregabalin (Lyrica)


• Duloxetine (Cymbalta)


• Lidocaine (Anestacon, Dermaflex gel, Dilocaine, Lidoderm)


• Capsaicin cream (Dolorac, Capsin, Zostrix)


•







Neuropathy Prevention


How do you prevent neuropathy from diabetes.
• Try to keep blood sugar at a normal level.  Eat earlier in the evening.


• Maintain normal blood pressure.


• Take your meds and supplements the right way


• Exercise regularly, according to the healthcare provider's recommendation.


• Stop smoking.


• Limit the amount of alcohol intake because excessive alcohol also can cause neuropathy or
make it worse.


• Eat a healthy diet.


• Diabetic shoes.  


• Keep follow-up appointments with the healthcare provider.  EDX study once per year.  Dilated 
retinal exam once per year.  Labs done every quarter.   


•







Education and complications


Symptoms and signs of complications include:


• Low blood pressure and dizziness when rising quickly from 
sitting or lying down


• Rapid or irregular heartbeats


• Trouble having an erection


• Nausea or vomiting


• Excessive drinking, eating and weight loss.  


• Cardiovascular disease.  







Pulling things together


• A good history


• Good patient intakes


• Evaluate the nine sectors. Look for metabolic factors.


• Determine neurological involvement.  Look for excitotoxicity, 
mitochondrial failure, inflammation, immune dysregulation, 
hemisphere imbalance, peripheral nerve changes, autonomic 
changes.


• Determine if labs or imaging is necessary.


• Determine treatment protocol.


– Nutrition , activation, medication 











Next module


• Circuitry (Neurological)


• Neurotransmitters.


• Medications


• Review of this module.  
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From Medscape Medical News


August 24, 2010 — A new review of 4 meta-analyses of efficacy trials submitted to the US Food and Drug Administration (FDA)
suggests that antidepressants are only "marginally efficacious" compared with placebo and "document profound publication bias
that inflates their apparent efficacy."


In addition, when the researchers also analyzed the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial, "the
largest antidepressant effectiveness trial ever conducted," they found that "the effectiveness of antidepressant therapies was
probably even lower than the modest one reported...with an apparent progressively increasing dropout rate across each study
phase.


"We found that out of the 4041 patients initially started on the SSRI [selective serotonin reuptake inhibitor] citalopram in the
STAR*D study, and after 4 trials, only 108 patients had a remission and did not either have a relapse and/or dropped out by the
end of 12 months of continuing care," lead study author Ed Pigott, PhD, a psychologist with NeuroAdvantage LLC in Clarksville,
Maryland, told Medscape Medical News.


Sustained Benefit "Jaw Dropping"


"In other words, if you're trying to look at sustained benefit, you're only looking at 2.7%, which is a pretty jaw-dropping number,"
added Dr. Pigott.


Overall, "the reviewed findings argue for a reappraisal of the current recommended standard of care of depression," write the study
authors.


"I believe there are likely some people where [antidepressants] are truly beneficial beyond placebo. The problem right now is that
we simply have no way of knowing who those people are," noted Dr. Pigott. "My hope is that this kind of analysis creates 'more
oxygen' for looking at other kinds of approaches to treatment."


The study was published in the August issue of Psychotherapy and Psychosomatics.


When registering new drug application trials with the FDA, drug companies must prespecify the primary and secondary outcome
measures, the investigators report. "Prespecification is essential to ensure the integrity of a trial and enables the discovery of when
investigators selectively publish the measures that show the outcome the sponsors prefer following data collection and analysis, a
form of researcher bias known as HARKing or 'hypothesizing after the results are known'," they write.


For this article, Dr. Pigott and his team reviewed the following meta-analyses:


1. Rising and colleagues (reviewed all efficacy trials for new drugs between 2001 and 2002)
2. Turner and colleagues (reviewed 74 past trials of 12 antidepressants)
3. Kirsch and colleagues, 2002 (reviewed 47 trials of 6 FDA-approved antidepressants)
4. Kirsch and colleagues, 2008 (reviewed depression severity and efficacy in 35 trials)


Authors and Disclosures
Journalist


Deborah Brauser


is a freelance writer for Medscape.


Deborah Brauser has disclosed no relevant financial relationships.
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The researchers also sought to reevaluate the methods and findings of STAR*D, a randomized, controlled trial of patients with
depression. Its prespecified primary outcome measure was the Hamilton Rating Scale for Depression (HRSD), whereas the
Inventory of Depressive Symptomatology–Clinician-Rated (IDS-C30) was secondary for identifying remitted and responder patients.


"STAR*D was designed to identify the best next-step treatment for the many patients who fail to get adequate relief from their initial
SSRI trial," the study authors write.


"When I first read about STAR*D's step 1 phase, it just seemed biased to me," explained Dr. Pigott. "I thought of it as the 'tag,
you're healed' research design. Patients who were scored as having a remission during the first 4 to 6 weeks of up to 14 weeks of
acute care treatment were counted as remitted, taken out of the subject pool, and put into the follow-up care phase. In other
words, they didn't have the ability to have a relapse. But as most people know, depression ebbs and flows.


"So what made me want to continue to follow this study was that it became clear that the only way that people were really going to
be able to evaluate the antidepressants' effectiveness was to wait for the publication of the follow-up findings," he added. "After
their major final summary study was published, I felt as though the results weren't really being portrayed in a manner that was
consistent with the study's prespecified criteria."


High Dropout, Low Remission Rates


In addition to reporting on low efficacy of antidepressants compared with placebo, the 4 meta-analyses "also document a second
form of bias in which researchers fail to report the negative results for the prespecified primary outcome measure submitted to the
FDA, while highlighting in published studies positive results from a secondary or even a new measure, as though it was their
primary measure of interest," the investigators write.


For example, they note, the meta-analysis from Rising and colleagues found that studies with favorable outcomes were almost 5
times more likely to be published and that over 26% of primary outcome measures were left out of journal articles. Turner and
colleagues found that antidepressant studies were 16 times more likely to be published if favorable compared with those with
unfavorable outcomes.


In reanalyzing the STAR*D methods, the researchers found that the high dropout rate resulted in frequently missed exit HRSD and
IDS-C30 interviews. So the revised statistical analytical plan dropped the IDS-30 for the Quick Inventory of Depressive
Symptomatology-Self Report (QIDS-SR), which was given at each visit.


"Even with the extraordinary care of STAR*D, only about one fourth of patients achieved remission in step 1 [and] the dropout rate
was slightly larger than the success rate," the study authors write. Steps 2 through 4 also each showed increasingly fewer success
rates and larger dropout rates.


Of the 4041 patients at the study's initiation, 370 (9.2%) dropped out within 2 weeks, and only 1854 patients (45.9%) obtained
remission "using the lenient QIDS-SR criteria." Of these, 670 dropped out within a month of their remission, and only 108 "survived
continuing care" and underwent the final assessment.


Dr. Pigott described reanalyzing STAR*D as being "a bit like an onion. Each time we thought we understood the results, we found
another layer. It wasn't until about a year and a half ago that we discovered that the secondary outcome measure, the QIDS-SR,
was not originally supposed to be used as a research measure. What was particularly disconcerting to me was that in their
summary article, they basically used the QIDS-SR to report all of the results, which clearly had an inflationary effect on the
outcome."


He also noted that STAR*D did not have a placebo design. "Because the patients knew they were receiving the active medication,
I would have expected a higher remission rate than what you'd find normally in a placebo-controlled study.


"The inescapable conclusion from the STAR*D results is that we need to explore more seriously other forms of treatment (and
combination thereof) that may be more effective. This effort will require developing new service delivery models to ensure that as
treatments are identified, they are widely implemented," the investigators conclude.


Need for Biomarkers
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"For STAR*D, we wanted to do a study that other people could then reanalyze and look at. So I'm very glad that these authors
reexamined it and saw it slightly differently, which came mainly from ways of analyzing data," Maurizio Fava, MD, STAR*D trial
investigator and executive vice chair of the Department of Psychiatry at Massachusetts General Hospital in Boston, told Medscape
Medical News.


"I think their analysis is reasonable and not incompatible with what we had reported," added Dr. Fava, who was not involved with
this review.


He noted that the review's message for clinicians is that "there's been a failure of the field to demonstrate robust advantages of
antidepressants over placebo. It's doesn't mean that clinicians shouldn't use antidepressants, but they should recognize that there's
a limitation. On the other hand, we have very plausible, reasonable explanations for such failure, including the fact that patients
who don't actually have the disease have often been enrolled in the studies. Therefore, this failure may have to do with imperfect
clinical trial design and conduct."


In addition, Dr. Fava said that the review points to a lack of long-term efficacy for antidepressants, although "this may be due to
things such as inadequate management of patients without dose adjustments and other things that can increase the likelihood of
remaining well.


"Regardless of how you look at it, this study suggests the importance of developing biomarkers to identify patients who really need
these antidepressants both in the short and the long term," concluded Dr. Fava. "I'd say there's a real opportunity here for that."


Dr. Pigott reports consulting in the past 3 years for CNS Response, Midwest Center for Stress and Anxiety, and SmartBrain
Technologies. Dr. Fava reports several disclosures, which are listed in the original STAR*D papers.


Psychother Psychosom. 2010;79:267-279. Article available online.


Medscape Medical News © 2010 WebMD, LLC
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Pharmacogenetics of Selective Serotonin Reuptake Inhibitor Response in
Major Depression


Shih-Jen Tsaia,b* and Chen-Jee Honga,b


aDepartment of Psychiatry, Veterans General Hospital-Taipei, Taiwan, ROC and b Division of Psychiatry, School of
Medicine, National Yang-Ming University, Taiwan, ROC


Abstract: As with all antidepressant therapies, there is variability among major depressed patients in terms of response to
selective serotonin reuptake inhibitor (SSRI) treatment. Of the factors causing this inter-individual variability in response,
differences in genetic components may play a major role. Some very recent research has focused on the associations
between genetic polymorphisms in candidate genes related to SSRI therapeutic action. Several genetic polymorphisms
have been associated with therapeutic SSRI response, including genetic variants of the serotonin transporter, serotonin-
2A-receptor, tryptophan hydroxylase, brain-derived neurotrophic factor, G-protein beta3 subunit, interleukin-1beta and
angiotensin-converting enzyme, however, these positive findings have not been replicated in all studies. In this article, the
SSRI pharmacogenetic studies for major depression are reviewed, and recommendations proposed for future study.


Key Words: selective serotonin reuptake inhibitors, major depression, serotonin transporter, pharmacogenetics, polymorphism


INTRODUCTION


The development of the selective serotonin-reuptake
inhibitors (SSRIs), including fluoxetine, sertraline, fluvo-
xamine, paroxetine, and citalopram, represents an important
advance in the pharmacotherapy of major depressive
disorders (MDD). Since SSRIs are as effective as tricyclic
antidepressants, but with fewer safety and tolerability
problems, they are currently first-line pharmacotherapy for
MDD. As with all antidepressant treatments, however, about
30-40% of MDD patients do not respond sufficiently to
SSRIs. Further, efficient clinical predictors have not, as yet,
been identified and it usually takes up to six weeks for the
clinician to identify patient response to SSRI treatment. As
evidence from two earlier studies has indicated that genetic
factors may play a substantial role in antidepressant response
[Pare et al. 1971; O'Reilly et al. 1994], in recent years
several pharmacogenetic SSRI studies have attempted to
identify the genetic markers which predict therapeutic
response.


Pharmacogenetics is the study of variability in drug
response due to heredity, generally focusing on genetic
variations (polymorphisms) of the drug metabolizing-enzyme,
receptor and transporter genes [Nebert, 2000]. As it has been
demonstrated that MDD has a strong, but complex, genetic
component, pharmacogenetic study of this disorder offers
great promise for the individualization of antidepressant
therapy. Thus, the purpose of this article was to review
recent pharmacogenetic SSRI studies of MDD treatment from
pharmacokinetic and pharmacodynamic perspectives, and,
based on these, several recommendations for future pharma-
cogenetic SSRI studies are proposed.
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Veterans General Hospital-Taipei, No. 201 Shih-Pai Road, Sec. 2, 11217,
Taipei, Taiwan, ROC; Tel: +886-2-28757027 ext. 276; Fax: +886-2-
28725643; E-mail: sjtsai@vghtpe.gov.tw


GENES RELATED TO SSRI ACTION OR MDD
PATHOPHYSIOLOGY


The SSRIs appear to share similar pharmacodynamic
properties, which translate to MDD-treatment efficacy. The
primary mode of SSRI action is binding to the serotonin
transporter (5-HTT), inhibiting its capacity to transport
serotonin and, thus, raising the synaptic serotonin level, with
consequently increased stimulation of one or more types of
serotonergic (5-HT) receptor. Since the amount of serotonin
increases relatively rapidly after administration of SSRIs or
other antidepressants and the antidepressant effect is delayed,
it is suggested that down-regulation of 5-HT receptors,
particularly the 1A and 2 subtypes, may be linked to the
antidepressant action of SSRIs and related pharmaceutical
agents [Charney et al. 1981; Stahl, 1994]. Recently, it has
also been proposed that the therapeutic action of anti-
depressants involves regulation of the receptor-coupled,
intracellular signal-transduction pathways [Duman, 1998].
An overview of recent pharmacogenetic SSRI studies of the
genes related to SSRI action or MDD pathophysiology is
presented below.


Serotonin Transporter


Since the serotonin system is the target of SSRI action,
genes related to this system are candidates for pharmaco-
genetic study. The primary target for SSRI action is 5-HTT,
and it has been determined that, in terms of transcriptional
activity, the long (l) variant in the 5-HTT gene-linked
polymorphic region (5-HTTLPR) is more than twice as
active as the short (s) analog [Heils et al. 1996]. Thus, most
of the recent pharmacogenetic SSRI studies have focused on
the 5-HTTLPR polymorphism (Table 1). In 1998, Smeraldi
et al. first demonstrated an association between therapeutic
fluvoxamine response and the 5-HTTLPR polymorphism,
with better response to fluvoxamine demonstrated for the l-
allele carriers (l/l and l/s) in comparison to s-variant (s/s)
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homozygotes. Five subsequent western studies outlined
below have also produced similar findings.


In a sample of late-life depression patients, Pollock et al.
[2000] demonstrated that improvement in depressive
symptoms for paroxetine-treated individuals bearing the l/l
genotype was significantly more rapid than for s-allele
analogs. Further, analysis of another paroxetine-treated
sample demonstrated that l/l-genotype patients had a
significantly better response to this antidepressant than s/s-
genotype analogs, with those bearing the heterozygote (l/s)
falling between the two [Zanardi et al.  2000]. A third study
of 155 patients treated with six weeks of fluvoxamine was
reported by the same research group [Zanardi et al. 2001],
with carriage of the s variant associated with poor response
to fluvoxamine treatment, independent of other clinical
variables. The sample population for the fourth report
included 102 Spanish MDD patients [Arias et al. 2001]. In
that study, it was demonstrated that carriage of the s/s
genotype was significantly more frequent for the non-
remission group than for a group consisting of patients in
remission (Hamilton Depression Rating Scale-score < 7 at
three months after citalopram treatment). The fifth study
included 51 fluoxetine-treated MDD patients, however, with
two effects demonstrated for 5-HTTLPR: in comparison to
the s-allele group, the l-allele analog was more responsive to
both the placebo and fluoxetine [Rausch et al. 2002].


Although the five western studies outlined above have
replicated the findings of Smeraldi et al.  [1998], contrasting
results were reported in two Asian studies. In the study of
Kim et al. [2000], it was demonstrated that the frequency of
carriage of the s-variant homozygote was significantly higher


for SSRI responders than for non-responders in a Korean
population. In a Japanese report, Yoshida et al. [2002] also
demonstrated that s-allele frequency was significantly higher
for responsive individuals than for non-responsive analogs.
Comparing the findings of these seven studies, it seems
reasonable to suggest that the discrepancy is the result of
ethnic differences. In our recent study of a Chinese sample,
however, the findings were similar to those of western
reports [Yu et al. 2002]. In our study, 121 patients (male/
female: 70/51; mean age: 44.7 (SD: 16.7) years) with
moderate-to-severe depression (minimum baseline score of
18 on the 21-item Hamilton Depression Rating Scale) were
recruited from a psychiatric clinic. Patients were fresh cases
or had quit antidepressant for more than two weeks and all
the 121 patients took fluoxetine (range: 20 to 60 mg/day;
mean 29.4+10.4 mg/day) during the study. Treatment efficacy
was evaluated by administering the Hamilton Depression
Rating Scale before and after the four-week antidepressant
treatment. ‘Responders’ were defined as at least 50%
decrease in the Hamilton Depression Rating Scale total score
after four weeks of mediation. To evaluate specific cluster
depressive symptoms, the Hamilton Depression Rating Scale
items were grouped according to the following factors: core
(Items 1, 2, 7, 8, 10, 13), sleep (Items 4, 5, 6), activity (Items
7, 8), psychic anxiety (Items 9, 10), somatic anxiety (Items
11, 12, 13), and delusion (Items 2, 15, 20), as described by
Serretti et al. [1999]. Our result showed a significantly better
response noted for SSRI-treated patients bearing the l/l
genotype in comparison to s-allele carriers (Table 2).
Furthermore, as evaluated from Hamilton Depression Rating
Scale score-percentage change, an association between the 5-
HTTLPR genotypes and improvement for anxiety-cluster
symptoms was demonstrated (Table 2).


Table 1. Summary of Studies of the Serotonin Transporter Gene-Linked Polymorphic Region Genetic Polymorphism and SSRI
Response in Major Depression


Authors Sample type; nation Drug; study period Result


Smeraldi et al. (1998) 30 BP & 69 MDD; Italy fluvoxamine; 6 weeks l allele carriers showed better response (p = 0.017)


Zanardi et al. (2000) 18 BP & 46 MDD; Italy paroxetine;
4 weeks


l allele carriers showed better response and faster onset (p < 0.001)


Pollock et al. (2000) 51 aged MDD; USA paroxetine;
12 weeks


l allele carriers had faster onset (p = 0.028)


Kim et al. (2000) 120 MDD; Korea paroxetine or fluoxetine;
6 weeks


s/s genotype group showed better response (p = 0.007)


Zanardi et al. (2001) 47 BP & 108 MDD; Italy fluvoxamine;
6 weeks


l allele carriers showed better response (p = 0.029)


Arias et al. (2001) 102 MDD; Spain citalopram;
>12 weeks


s/s genotype patients were more common in non-remission group (p =
0.006)


Rausch et al. (2002) 51 MDD; USA fluoxetine;
18 weeks


l allele carriers showed better placebo and drug response (p < 0.005)


Yoshida et al. (2002) 66 MDD, Japan fluvoxamine; 6 weeks s/s genotype was more common in responsive group (p = 0.010)


Yu et al. (2002) 121 MDD; Taiwan fluoxetine;
4 weeks


l/l genotype group had better response (p = 0.013)


BP: bipolar disorders; MDD: major depressive disorders.
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In addition to pharmacogenetic study of the relationship
between 5-HTTLPR polymorphism and therapeutic SSRI
response, a recent study has also demonstrated that, for
manic patients (depressed state), this polymorphism may be
associated with adverse effects related to antidepressant-
induced mania [Mundo et al. 2001]. In that report, patients
with antidepressant-induced manic symptoms had an excess
of the s allele relative to their asymptomatic analogs,
suggesting that 5-HTTLPR polymorphism may become an
important predictor of abnormal response to antidepressants
for manic patients.


Our studies, and the analogous western research, have
demonstrated that MDD patients with the l allele of the 5-
HTTLPR polymorphism are more responsive than those
bearing the s allele, both to placebos and SSRIs
(investigations have included therapeutic onset, and response
and remission rates), although two studies of Asian patients
have produced contrasting findings. There are several
possible explanations for this discrepancy. Firstly, the 5-
HTTLPR polymorphism may be in linkage disequilibrium
with another variant that directly affects SSRI response.
Given that the extent of this putative linkage disequilibrium
may not be similar for all ethnic populations, however, the
association between 5-HTTLPR genetic variants and SSRI
treatment response may be ethnicity-dependent. This is less
likely, however, since it seems reasonable to assume that the
Chinese, Japanese and Koreans are more likely to be similar
genetically, given the geographical proximity. Secondly, this
discrepancy may have resulted from the enrolment criteria,
with MDD severity and subtype inclusion varying between
studies. Thirdly, compared with western populations,
carriage of the l allele is much less frequent for Asian
populations [Kim et al.  2000; Yoshid et al.  2002; Yu et al.
2002]. Further, the s/s populations are five and two times
larger than the l/l and heterozygous analogs, respectively, in
these Asian studies. Only 13 of our 121 patients, and four of
66 Japanese and five of 120 Korean analogs were l/l
homozygotes. Thus, it is likely that the results are influenced


by a chance finding, and further study, with a larger sample,
is needed. Fourthly, differences in therapeutic-response
assessment, duration of treatment, and choice of SSRI drug
may affect the results. For example, some MDD patients
may need longer to develop a therapeutic response. Over a
longer follow-up period, therefore, stratification of the
sample into responders and non-responders may lead to the
reclassification of some of the latter. Finally, it should be
noted that as about one half of the “antidepressant
responders” are really “placebo responders” [Walsh et al.
2002], this classification/diagnostic overlap could greatly
confound the results of pharmacogenetic SSRI studies.


In addition to the 5-HTTLPR polymorphism, there is
another variant of the 5-HTT gene, a 17-base pair variable
number tandem repeat region (5-HTTVNTR) within the
second intron, which has been investigated less frequently in
pharmacogenetic SSRI studies. Although this polymorphism
is in the intron, study using transgenic mice has demonstrated
that these polymorphic variable number tandem repeat
regions act as transcriptional regulators within the brain, and
that the 12-repeat allele is stronger in terms of transcription-
inducing ability than the 10 repeat analog [MacKenzie and
Quinn, 1999]. The only report of this polymorphism in SSRI
pharmacogenetic study has demonstrated better response for
patients homozygous for the 10/10 repeat in comparison to
other patients [Kim et al. 2000].


Serotonin-2A Receptor


Down regulation of the serotonin-2A (5-HT2A) receptor
is a common mechanism of antidepressant action, and
increased densities of this receptor have been reported in the
brains of depressed patients [Mann et al. 1986; McKeith et
al. 1987]. The only SSRI pharmacogenetic study of 5-HT2A
polymorphisms is by Minov et al. [2001] who examined two
polymorphisms of this receptor (T102C and His452Tyr) in
MDD patients treated with SSRIs or tricyclic anti-
depressants. These workers observed a different treatment


Table 2. Fluoxetine Therapeutic Response Among Three 5-HTTLPR Genotype Groups


5-HTTLPR Genotypes


l/l l/s ss P


(n = 13) (n = 36) (n = 72)


Responders/ non-responders


HAM-D score change (%)


9/4 10/26 21/51 0.019


Core 51.3 (21.8) 35.8 (21.4) 30.7 (23.2) 0.011


Sleep 65.4 (30.8) 52.8 (31.4) 48.1 (31.3) 0.181


Activity 47.4 (35.1) 36.3 (32.8) 29.3 (30.3) 0.140


Psychic anxiety 56.5 (13.3) 32.6 (23.9) 30.5 (28.9) 0.005


Somatic anxiety 44.8 (23.3) 21.2 (22.2) 20.8 (22.8) 0.002


Delusion 32.3 (29.5) 27.4 (30.3) 21.8 (34.0) 0.468


HAMD total 52.4 (17.6) 36.4 (20.3) 32.7 (23.1) 0.013
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response for patients with one or two C-alleles of the T102C
polymorphism.


Serotonin-6 Receptor


The serotonin-6 (5-HT6) receptor may be a good
candidate for SSRI pharmacogenetic study because of its
relative abundance in certain limbic areas and its high
affinity for several antidepressants [Monsma et al. 1993].
We have tested the association between a 5-HT6 receptor
genetic polymorphism (C267T) and response to the
antidepressants, fluoxetine or venlafaxine (serotonin and
noradrenaline-reuptake inhibitor), for a sample of 57 MDD
patients, with 34 subjects completing the four-week
treatment and evaluation [Wu et al. 2001]. Analysis of the
results of this study of MDD patients suggests that the 5-
HT6 C267T genetic variant does not play a major role in
producing antidepressant response, however.


Tryptophan Hydroxylase


Tryptophan hydroxylase (TPH) is the rate-limiting
enzyme in serotonin biosynthesis and, as such, it plays a vital
role in serotonin metabolism. Thus, the TPH gene may have
pleiotropic effects with respect to MDD that include
therapeutic response. In a recent study of a sample of major
and bipolar depressives with or without psychotic features,
Serretti et al. [2001] tested the relationship between the TPH
gene variant, A218C, and therapeutic response to
fluvoxamine. These workers found that carriage of the TPH
218A homozygote was associated with slower response to
fluvoxamine treatment for subjects not taking pindolol, with
this effect independent of the previously reported influence
of the 5-HTTLPR polymorphism. In another study by the
same group, it was also determined that carriage of the TPH
218A allele was associated with poorer response to
paroxetine treatment in comparison to carriage of other
variants [Serretti et al. 2001]. To date, these findings have
not been replicated by other study groups, however.


Brain-derived Neurotrophic Factor


Chronic administration of antidepressants up-regulates
the production of cAMP response element binding protein
and brain-derived neurotrophic factor (BDNF), and it has
been suggested that this mechanism underlies the therapeutic
effects of antidepressants [Duman et al. 1997]. We have
tested the hypothesis that the BDNF-gene Val66Met poly-
morphism is associated with fluoxetine therapeutic response
[paper submitted], demonstrating a trend to improved
therapeutic response for heterozygous patients in comparison
to homozygous analogs. This finding suggests that this
BDNF polymorphism may also be associated with SSRI
response.


G-protein Beta3 Subunit


It has been suggested that the signal-transduction
pathways are involved in the therapeutic effect of anti-
depressants [Vaidya and Duman, 2001]. G-proteins are the


key elements in these pathways, which regulate cellular
responses by transmitting signals from the receptors to the
effector proteins. A recent study of 88 MDD patients by Zill
et al. [2000] has tested the association between carriage of a
G-protein beta3 subunit genetic polymorphism (C825T) and
response to SSRIs and tricyclic antidepressants. A statistically
significant association between T/T homozygosity and
response to four weeks of antidepressant treatment was
demonstrated.


Interleukin-1beta


It is known that interleukin (IL)-1beta, one of the pro-
inflammatory cytokines, plays a role in MDD pathogenesis,
and a relationship has also been demonstrated between levels
of this cytokine and the therapeutic effects of antidepressants
[Connor and Leonard, 1998; Castanon et al. 2001]. We have
studied a biallelic polymorphism in the promoter region
(position -511) of the IL-1beta gene in a sample of 119 MDD
patients, and found that those who were homozygous for the
-511T allele of the IL-1beta gene (associated with higher
production of IL-1beta) had a more-favorable therapeutic
response to fluoxetine treatment than -511C carriers [paper
submitted].


Angiotensin-converting Enzyme


Angiotensin-converting enzyme (ACE) inhibitor has
mood-elevating effects [Zubenko and Nixon, 1984], and
substance P, which is degraded by ACE, has been implicated
in MDD [Kramer et al. 1998]. These findings suggest that
there may be a relationship between ACE and the efficacy of
antidepressant-treatment. A recent study of MDD patients
has determined better therapeutic outcomes for ACE D-allele
carriers than for bearers of the I/I genotype [Baghai et al.
2001]. By contrast, our study did not demonstrate an
association between this ACE variant and antidepressant
response (venlafaxine or fluoxetine) [Hong et al. 2002].


Dopamine Receptors


Although it has been demonstrated that the serotonergic
system is the major site of SSRI action, further evidence
indicates that SSRIs may increase dopamine release, with
this neurotransmitter also involved in the therapeutic action
of SSRIs [Clark et al. 1996]. The association between
dopamine receptor D2 and D4 genetic polymorphisms (Ser
311Cys and a 48 base pair repeat in exon 3, respectively),
and SSRI antidepressant activity has been investigated by
Serretti et al. [2001]. Analysis of the results of this study
suggests, however, that these two genetic variants do not
appear to play a major role in the antidepressant activity of
SSRIs.


GENES RELATED TO SSRI METABOLISM


All SSRIs are metabolized in the liver by various
cytochrome P450 (CYP) isoenzymes, including CYP2D6,
CYP1A2, CYP3A4 and CYP2C19 [Brosen, 1993; Hiemke
and Hartter, 2000]. Further, each P450 isoenzyme is the
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product of a separate gene, and a number of these P450
polymorphisms result in dysfunctional or inactive enzymes.
As SSRI response reflects an extensive metabolism
characterized by high inter-individual variability, therefore,
the resulting blood concentrations are also extremely
idiosyncratic. These individual differences in SSRI meta-
bolism are largely due to the genetic composition of the
cytochrome P450 isoenzymes. For example, the polymorphic
CYP2C19 isoenzyme appears to play a major role in the N-
demethylation of sertraline and fluoxetine, and both
extensive and poor metabolizers have marked differences in
disposition to both drugs [Wang et al. 2001; Liu et al. 2001].
Another study has measured serum concentration of
fluvoxamine 48 hours after oral administration of a single
50-mg dose to poor metabolizers of either or both of the
CYP2D6 and CYP2C19 isoenzymes. Analysis of the results
indicates the possibility of a minor-to-moderate role for
CYP2D6, but not CYP2C19, in fluvoxamine metabolism
[Spigset et al. 1997]. Moreover, Sallee et al. [2000] have
reported the fluoxetine-related death of a child, caused by a
confirmed genetic polymorphism of the CYP2D6 gene,
which resulted in impaired drug metabolism.


At the time of writing, there has been no genetic
association study of the P450 isoenzyme genetic polymor-
phisms and SSRI therapeutic response. Though no clear
relationship has been established between serum drug
concentrations and therapeutic effect in several fixed-dosage
SSRI studies [e.g., Burke and Preskorn, 1999], it is possible,
if not likely, that there are genetic variations related to SSRI
metabolism that are masking the expected relationship
between drug level and response. For example, patients with
reduced 5-HTT function may have a different dose response
curve. It should also be noted that the five SSRIs (fluoxetine,
fluvoxamine, paroxetine, sertraline, and citalopram) differ in
their pharmacokinetic properties, including half-life and
interaction with P450 isoenzyme [Greenblatt et al.  1999]. It
should be taken into account when using various SSRIs in a
pharmacogenetic study. Moreover, in addition of the P450
isoenzyme genes that are associated with SSRI oxidation,
other genes related to SSRI reduction, hydrolysis and
conjugation also could be candidate gene for SSRI
pharmacogenetic study.


RECOMMENDATIONS FOR FUTURE PHARMACO-
GENETIC SSRI STUDY


This article has reviewed the pharmacogenetic SSRI
studies. Given the pronounced inter-individual differences in
SSRI response, both in terms of the therapeutic benefits and
the adverse effects, and the introduction of novel
antidepressants, it seems reasonable to suggest that
pharmacogenetic study will continue to be of substantial
assistance in the field of antidepressant therapy. Several
recommendations for future pharmacogenetic studies of both
SSRIs and other antidepressants are proposed. Firstly, since
the mechanisms of antidepressant action may involve
polygenic interaction, individual genes are likely to play only
a relatively minor role in therapeutic response, affecting
particular depressive symptoms. For example, it has been
determined that the 5-HTTLPR polymorphism accounts for
5-7% of the variance in SSRI response [Smeraldi et al. 1998;


Yu et al. 2002]. Moreover, the tryptophan hydroxylase
genetic polymorphism, A218C, accounts for approximately
5% of the variance in SSRI efficacy, with the effect
independent of that of the 5-HTTLPR polymorphism,
suggesting an additive effect [Serretti et al. 2001]. Further
studies of multiple candidate genes (for example genes
related to the serotonergic system or to intracellular
signaling) are needed to determine the polymorphism
combination that provides the best predictive efficacy for
SSRI response. Secondly, previous pharmacogenetic SSRI
studies of 5-HTT gene have focused on 5-HTTLPR and 5-
HTTVNTR polymorphisms, where too little consideration is
given to the possibility of other 5-HTT genetic variants that
may be related to SSRI response. A recent article had
reported many more 5-HTT genetic variants [Kim et al.
2002]. In addition, for genes containing multiple polymor-
phisms, haplotype distribution represents the best approach
to the pharmacogenetics of drug response and adverse
events. Therefore, a haplotype consisting of these 5-HTT
genetic polymorphisms may have better predictive efficacy
for SSRI response. Thirdly, demonstration of a genetic effect
for specific symptom-clusters may also facilitate selection of
antidepressants suitable for particular MDD subtypes. For
example, we have demonstrated an association between 5-
HTTLPR genotype and improvement in anxiety-cluster
symptoms for MDD patients [Yu et al. 2002]. Fourthly,
SSRI use is sometimes limited by adverse effects, including
gastrointestinal and sexual problems. The studies of
candidate genes, carriage of which is related to occurrence of
these adverse effects, may also help the clinician in the initial
selection of an antidepressant treatment. Fifthly, another
point that needs to be considered is that differences in the
design of pharmacogenetic antidepressant studies may have a
great impact on the result. These differences may include the
lead-in placebo design or exclusion of the placebo effect,
assessment method, response definition, duration of
evaluation, antidepressant type, inclusion criteria for MDD
patients, and interactions involving food or other drugs. It is
also recommended that, in order to facilitate comparison and
verify the initial positive findings, replication studies be
conducted using independent samples and comparable
designs. Sixthly, it should be noted that part of the
“antidepressant responders” are really “placebo responders”
[Walsh et al.  2002] and placebo response may be related to
genotype. This issue is in need of more attention. It is likely
that placebo response will reduce power of these SSRI
pharmacogenetic studies to detect an interaction of genotype
and SSRI response. However, there is a possibility that there
may be a genotype effect on a quantitative trait loci related to
susceptibility to placebo effect, particularly at a locus related
to response to mood disorder. It should also need to take into
consideration that an interpretation of an existing study
showing placebo response-genotype interaction may be a
chance finding (not unlike many of the other relatively weak
associations that are covered relatively uncritically).


Finally, although SSRIs are prescribed principally for
MDD, members of this drug family have also been proven
effective for treatment of other psychiatric disease such as
panic, obsessive-compulsive, premenstrual dysphoric and
eating disorders, and social phobia [Masand and Gupta,
1999]. It seems reasonable to suggest, therefore, that study of
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the pharmacogenetic effects of SSRIs for treatment of these
diseases may be of further interest.
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MEDLINE Abstracts: Panic Disorder Review


What's new concerning the issues and treatment of panic disorder? Find out in this easy-to-navigate collection of recent MEDLINE
abstracts compiled by the editors at Medscape Psychiatry & Mental Health.


General Issues in Panic Disorder


Current Concepts in the Treatment of Panic Disorder


Sheehan DV 
J Clin Psychiatry 1999;60 Suppl 18:16-21


Panic disorder is a prevalent psychiatric condition that often is chronic and rarely resolves without medical intervention. Many
patients with panic disorder initially present with a variety of somatic symptoms, including chest pain, nausea, or dizziness, and
patients frequently seek care in ambulatory care settings. Although panic disorder is classified as a single entity, it can have many
dimensions and may be associated with significant morbidity. During the past 2 decades, there have been significant advances in
the treatment of panic disorder, and a range of therapeutic choices is now available. Four classes of medications, including the
selective serotonin reuptake inhibitors (SSRIs), high-potency benzodiazepines, tricyclic antidepressants, and monoamine oxidase
inhibitors, may be considered for the management of patients with panic disorder. Emerging clinical data favor the SSRIs as first-
line treatment for patients with panic disorder, and paroxetine and sertraline have been approved by the U.S. Food and Drug
Administration for use in panic disorder. This article reviews the efficacy and safety of these treatments, as well as their relative
merits and disadvantages, and assists the practicing clinician in choosing among the various pharmacotherapies to tailor therapy to
each patient's individual needs.


Quality of Life in Patients With Panic Disorder


Candilis PJ; McLean RY; Otto MW; Manfro GG; Worthington JJ 3rd; Penava SJ; Marzol PC; Pollack MH 
J Nerv Ment Dis 1999 Jul;187(7):429-34


In this study we assessed the quality of life of patients with panic disorder, with particular attention to the influence of anxiety and
depression comorbidity on quality of life. Findings were compared with established general population norms as well as norms for
patients with chronic medical conditions and major depression. The Medical Outcomes Study Short-Form Health Survey (SF-36)
was administered to panic disorder patients entering clinical trials or treatment in an outpatient anxiety disorders program. Subjects
were 73 consecutive patients with a primary diagnosis of panic disorder without current substance abuse or contributory medical
illness. Their quality of life scores were compared with population mean estimates using single-sample t-tests, and the influence of
comorbidity was examined with between-group comparisons. All SF-36 mental and physical health subscale scores were worse in
patients with panic disorder than in the general population. This was true regardless of the presence of comorbid anxiety or mood
disorders, although the presence of the comorbid conditions worsened select areas of functioning according to subscale analyses.
SF-36 scores in panic patients were at approximately the same level as patients with major depression and tended to be worse in
specific areas than patients with select medical conditions. This study provides evidence of the pervasive negative effects of panic
disorder on both mental and physical health.


Suicidality in Panic Disorder: A Comparison With Schizophrenic, Depressed, and Other Anxiety Disorder
Outpatients


Friedman S 
J Anxiety Disord 1999 Sep;13(5):447-461


Recent findings by Weissman, Klerman, Markowitz, and Ouellette (1989) that subjects with panic disorder, with and without
comorbid conditions, may be at increased risk for suicide attempts have been controversial. In an attempt to further investigate this
finding, we utilized the original National Institute of Mental Health Epidemiological Catchment Area (ECA) suicide questions in an
outpatient psychiatric clinic. We examined patients with panic disorder (n = 101). other anxiety disorders (n = 47), schizophrenia (n
= 22). and major depression (n = 19). No significant differences were found among all four groups on any of the ECA suicide
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ideation questions. Only two (2%) of the panic disorder patients and none of the other groups made a suicide attempt in the past
year. While 17% of patients with panic disorder and 9% of patients with other anxiety disorders reported having made a suicide
attempt at some other time in their life, the schizophrenic (33%) and depressed groups (40%) reported significantly greater histories
of suicide attempts. In a forward stepwise regression analysis for panic disorder patients, a history of substance abuse and
comorbid depression predicted suicidality. The actual clinical risk for suicide attempts in panic disorder patients appears to occur
when they suffer with comorbid diagnoses. These results highlight the need to aggressively treat panic disorder patients so they do
not suffer the all-too-common sequelae of depression and substance abuse.


A 5-Year Follow-up Study of Generalized Anxiety Disorder and Panic Disorder


Woodman CL; Noyes R Jr; Black DW; Schlosser S; Yagla SJ 
J Nerv Ment Dis 1999 Jan;187(1):3-9


To examine the course and outcome of subjects with generalized anxiety disorder (GAD) and panic disorder, we compared 64
patients with GAD and 68 patients with panic disorder who had participated in drug treatment studies and were interviewed an
average of 5 years earlier. At baseline GAD subjects were significantly older, had an earlier onset, and longer duration of illness
than panic subjects. GAD subjects also had less severe symptoms. At follow-up, diagnostic stability was observed for both GAD
and panic disorder. Significantly fewer GAD subjects achieved full remission at follow-up (18% vs. 45%, p < .01). Subjects with
GAD were significantly less anxious at baseline than the panic disorder comparison group, but at follow-up there were few
significant differences between groups on most severity of illness variables. This change was due in great part to improvement in
the panic disorder group with a concomitant lack of change in the GAD group.


Pharmacological Issues in Panic Disorder


Serotonin and Drug-Induced Therapeutic Responses in Major Depression, Obsessive-Compulsive and Panic
Disorders


Blier P; de Montigny C 
Neuropsychopharmacology 1999 Aug;21(2 Suppl):91S-98S


The therapeutic effectiveness of antidepressant drugs in major depression was discovered by pure serendipity. It took over 20
years before the neurobiological modifications that could mediate the antidepressive response were put into evidence. Indeed,
whereas the immediate biochemical effects of these drugs had been well documented, their antidepressant action generally does
not become apparent before 2 to 3 weeks of treatment. The different classes of antidepressant treatments were subsequently
shown to enhance serotonin neurotransmission albeit via different pre- and postsynaptic mechanisms. Clinical trials based on this
hypothesis led to the development of treatment strategies producing greater efficacy and more rapid onset of antidepressant action;
that, is lithium addition and pindolol combination, respectively. It is expected that the better understanding recently obtained of the
mechanism of action of certain antidepressant drugs in obsessive-compulsive and panic disorders will also lead to more effective
treatment strategies for those disorders.


Antidepressants in Panic Disorder


Wade AG 
Int Clin Psychopharmacol 1999 May;14 Suppl 2:S13-7


Panic disorder is a serious and common illness affecting 1% of the population at any one time. Comorbidity with depression may be
as high as 40%. The illness has been recognized as a separate entity since the 1960s and treatment with tricyclics being used
since that time. Tricyclics, monoamine oxidase inhibitors, benzodiazepines, beta-blockers and anticonvulsants have all been used
with varying degrees of success. Until recently, tricyclics and benzodiazepines were the treatments of choice but selective serotonin
reuptake inhibitors (SSRIs) have recently been studied intensively and, based on studies of citalopram and paroxetine, must now
be considered first line therapy. Both SSRIs and tricyclics suffer from a long latency period, possibly as long as 12 weeks before
maximal benefit is obtained, which is in contrast to the benzodiazepines that produce almost instant symptom relief. The
dependency potential of the benzodiazepines, however, limits their usefulness. Paroxetine and citalopram have good efficacy data
over both the short and long term and are effective at standard dosages, the most effective for citalopram being 20-30 mg. Both
drugs performed better than the comparator tricyclic antidepressant (chlomipramine) and must now be considered current drugs of
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choice. Despite the superior efficacy of these drugs, however, many patients are poorly controlled and investigation of combination
therapies for resistant panic disorder is needed.


Psychotherapy Issues in Panic Disorder


Theory and Technique in Psychodynamic Treatment of Panic Disorder


Busch FN 
J Psychother Pract Res 1999;8(3):234-242


The authors elaborate psychodynamic factors that are relevant to the treatment of panic disorder. They outline psychoanalytic
concepts that were employed to develop a psychodynamic approach to panic disorder, including the idea of unconscious mental
life and the existence of defense mechanisms, compromise formations, the pleasure principle, and the transference. The authors
then describe a panic-focused psychodynamic treatment based on a psychodynamic formulation of panic. Clinical techniques used
in this approach, such as working with transference and working through, are described. Finally, a case vignette is employed to
illustrate the relevance of these factors to panic disorder and the use of this treatment.(The Journal of Psychotherapy Practice and
Research 1999; 8:234-242).


Psychosocial Treatment Prescriptions for Generalized Anxiety Disorder, Panic Disorder, and Social Phobia, 1991-
1996


Goisman RM; Warshaw MG; Keller MB 
Am J Psychiatry 1999 Nov;156(11):1819-21


Objective: Pharmacologic prescriptions for anxiety disorders have changed significantly in the last decade. This article investigates
whether psychosocial treatments, as reported by 362 subjects in the Harvard/Brown Anxiety Disorders Research Program from
1991 to 1996, changed as well.
Method: Subjects were interviewed in 1991 and 1995-1996 to determine which psychosocial treatments (behavioral, cognitive,
dynamic, or relaxation or meditation) they had received.
Results: The percentage of subjects who received each type of psychosocial treatment either declined or remained the same from
1991 to 1995-1996. Dynamic psychotherapy remained the most frequently used method of these four. The percentage of subjects
receiving any such method declined.
Conclusions: Behavioral and cognitive treatment, two empirically validated forms of psychotherapy, were less frequently used than
dynamic psychotherapy, which lacks such validation. All use of verbal treatment methods declined from 1991 to 1995-1996.


Effects of Psychological Intervention on Panic Attack Patients in the Emergency Department


Dyckman JM; Rosenbaum RL; Hartmeyer RJ; Walter LJ 
Psychosomatics 1999 Sep-Oct;40(5):422-7


For patients initially seen in the emergency department (ED) for panic attack, this study evaluated the effect of two brief
psychological interventions in the ED on later utilization of emergency, psychiatric, and nonpsychiatric medical department services.
Each of the two intervention groups received usual ED care, a brochure on panic disorder, and a referral to treatment at the
psychiatry department; one of the two groups also received 20-30 minutes of contact with a representative from the psychiatry
department. Both intervention groups were compared with a historical control group. The contact condition reduced ED use after
the initial visit to the ED, although all three groups had more visits to the psychiatry department and to all nonpsychiatric
departments. This decrease was statistically significant (P = 0.0017) when compared with the brochure condition but not when
compared with the historical control group (P = 0.0672). The decrease seen in ED use is an important therapeutic and economic
finding.


Group Cognitive-Behavior Therapy for Patients Failing to Respond to Pharmacotherapy for Panic Disorder: A
Clinical Case Series


Otto MW; Pollack MH; Penava SJ; Zucker BG 
Behav Res Ther 1999 Aug;37(8):763-70
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The last decade has brought exciting advances to the treatment of panic disorder and agoraphobia, and a variety of cognitive-
behavioral and pharmacologic treatment strategies offer clear benefit to patients. Nonetheless, treatment nonresponse continues to
be a chronic problem, and additional strategies are needed to aid patients who do not respond fully to initial interventions. In the
present study, we use 'services' research to document the clinical response of pharmacotherapy nonresponders to a standard
program of brief, group cognitive-behavioral therapy. Patients responded well, regardless of whether they had received a full,
adequate trial of pharmacotherapy. In addition to its application as an initial treatment for panic disorder, routine application of
cognitive-behavioral therapy in pharmacologic treatment algorithms is encouraged, with attention to referral of pharmacotherapy
nonresponders to cognitive-behavioral therapy.


Brief Cognitive Therapy for Panic Disorder: A Randomized Controlled Trial


Clark DM; Salkovskis PM; Hackmann A; Wells A; Ludgate J; Gelder M 
J Consult Clin Psychol 1999 Aug;67(4):583-9


Cognitive therapy (CT) is a specific and highly effective treatment for panic disorder (PD). Treatment normally involves 12-15 1-hr
sessions. In an attempt to produce a more cost-effective version, a briefer treatment that made extensive use of between-sessions
patient self-study modules was created. Forty-three PD patients were randomly allocated to full CT (FCT), brief CT (BCT), or a 3-
month wait list. FCT and BCT were superior to wait list on all measures, and the gains obtained in treatment were maintained at
12-month follow-up. There were no significant differences between FCT and BCT. Both treatments had large (approximately 3.0)
and essentially identical effect sizes. BCT required 6.5 hr of therapist time, including booster sessions. Patients' initial expectation of
therapy success was negatively correlated with posttreatment panic-anxiety. Cognitive measures at the end of treatment predicted
panic-anxiety at 12-month follow-up.


Randomised Placebo-Controlled Trial of Moclobemide, Cognitive-Behavioural Therapy and Their Combination in
Panic Disorder With Agoraphobia


Loerch B; Graf-Morgenstern M; Hautzinger M; Schlegel S; Hain C; Sandmann J; Benkert O 
Br J Psychiatry 1999 Mar;174:205-12


Background: In the treatment of panic disorder with agoraphobia, the efficacy of pharmacological, psychological and combined
treatments has been established. Unanswered questions concern the relative efficacy of such treatments. AIMS: To demonstrate
that moclobemide and cognitive-behavioural therapy (CBT) are effective singly and more effective in combination.
Method: Fifty-five patients were randomly assigned to an eight-week treatment of: moclobemide plus CBT; moclobemide plus
clinical management ('psychological placebo'); placebo plus CBT; or placebo plus clinical management.
Results: Comparisons between treatments revealed strong effects for CBT. Moclobemide with clinical management was not
superior to placebo. The combination of moclobemide with CBT did not yield significantly better short-term results than CBI with
placebo. The CBT results remained stable during a six-month follow-up, although a substantial proportion of patients treated with
placebo plus CBT needed additional treatment.
Conclusions: CBT was highly effective in the treatment of panic disorder with agoraphobia and reduced agoraphobia to levels that
were comparable to those of non-clinical controls.


Combined Pharmacotherapy and Cognitive Behavior Therapy in the Treatment of Panic Disorder


Gelder MG 
J Clin Psychopharmacol 1998 Dec;18(6 Suppl 2):2S-5S


Cognitive behavior therapy (CBT) has been combined with pharmacotherapy in the treatment of panic disorder in three ways: (1) to
treat agoraphobic symptoms in the condition of panic with agoraphobia; (2) to reduce withdrawal effects during drug taper; and (3)
to treat panic attacks. Exposure treatment and pharmacotherapy have a modest additive effect, although more patients drop out of
exposure therapy combined with imipramine treatment compared with exposure therapy alone. CBT reduces symptoms of
withdrawal from alprazolam and other benzodiazepines and improves the outcome of drug treatment. At present, sufficient data are
not available to determine whether the effects of CBT combined with drug therapy are additive in treating panic disorder. The
results of a large trial are awaited. Current CBT consists of 12 sessions and is not widely offered to patients because of cost
considerations. Efforts are being made to decrease the number of sessions necessary by improving cognitive techniques. One of
these models is the subject of an ongoing trial. Finally, efforts to educate and counsel patients in the clinical setting regarding the
psychopathology of panic attacks may improve the outcome of pharmacotherapy.
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Medical Issues in Panic Disorder


Smoking and Panic Attacks: An Epidemiologic Investigation


Breslau N 
Arch Gen Psychiatry 1999 Dec;56(12):1141-1147


Background: Epidemiologic studies have reported a lifetime association between smoking and panic disorder. In this study, we
examine potential explanations for this association.
Methods: Analysis was conducted on data from 2 epidemiologic studies, the Epidemiologic Study of Young Adults in southeast
Michigan (N = 1007) and the National Comorbidity Survey Tobacco Supplement (n = 4411). Cox proportional hazards models with
time-dependent covariates were used to estimate the risk for onset of panic attacks associated with prior smoking and vice versa,
controlling for history of major depression. The role of lung disease in the smoking-panic attacks association was explored.
Results: Daily smoking signaled an increased risk for first occurrence of panic attack and disorder; the risk was higher in active
than past smokers. No significant risk was detected for onset of daily smoking in persons with prior panic attacks or disorder.
Exploratory analyses suggest that lung disease might be one of the mechanisms linking smoking to panic attacks.
Conclusions: The evidence that the association between smoking and panic disorder might result primarily from an influence in
one direction (i.e., from prior smoking to first panic attack) and the possibility of a higher risk in active than past smokers suggest a
causal hypothesis for the smoking-panic attacks relationship.


Relationship Between Clinical Pain Complaints and Pain Sensitivity in Patients With Depression and Panic
Disorder


Lautenbacher S 
Psychosom Med 1999 Nov;61(6):822-827


Objective: There is evidence that depression and panic disorder are both associated with an increased frequency of clinical pain
complaints. A change in pain sensitivity is alleged to be involved in this phenomenon. However, few studies have assessed clinical
pain complaints and pain sensitivity in the same group of patients.
Methods: Thirteen patients with a major depressive disorder, 13 patients with a panic disorder (diagnoses based on the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition), and 13 healthy control subjects were investigated. None of the subjects
were taking medications. Body maps were used to measure the number of painful sites as well as the intensity and unpleasantness
of pain complaints in the previous 6 months. Furthermore, pain thresholds for pressure, cold, and heat were assessed at the
forearm or hand.
Results: Patients with depression and panic disorder had significantly more frequent, more intense, and more unpleasant pain
complaints than healthy control subjects. Despite this similarity, patients with depression had significantly higher pain thresholds
than patients with panic disorder in two (pressure and cold) of three stimulus modalities and significantly higher pressure pain
thresholds than the healthy control subjects. There were no differences between the pain thresholds of patients with panic disorder
and healthy control subjects. The correlations between clinical pain measures and pain thresholds were generally weak.
Conclusions: These findings suggest that the clinical pain complaints of patients with depression and panic disorder cannot simply
be explained by changes in pain sensitivity.


Association of Panic Disorder and Panic Attacks With Hypertension


Davies SJ; Ghahramani P; Jackson PR; Noble TW; Hardy PG; Hippisley-Cox J; Yeo WW; Ramsay LE 
Am J Med 1999 Oct;107(4):310-6


Purpose: Previous studies of the association between hypertension and panic disorder were uncontrolled or involved small
numbers of patients.
Patients and Methods: We compared the prevalence of panic disorder and panic attacks in 351 patients with documented
hypertension who were randomly selected from all hypertensive patients registered in one primary care practice with age- and
gender-matched normotensive patients from the same practice and with hypertensive patients attending a hospital clinic. All three
groups completed questionnaires for panic disorder based on standard criteria, as well as the Hospital Anxiety and Depression
scale.
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Results: The prevalence of current (previous 6 months) panic attacks was significantly greater in primary care patients with
hypertension (17%, P <0.05) and hospital-based hypertensive patients (19%, P <0.01) than in normotensive patients (11%). Similar
results were seen for lifetime panic attacks (35% versus 39% versus 22%; both P for comparisons with normotensive patients
<0.001). The prevalence of panic disorder was significantly greater in primary care patients with hypertension (13%) than
normotensive patients (8%, P <0.05). Anxiety scores were significantly higher in both hypertensive groups than in normotensive
patients. Depression scores were significantly higher in hospital-based hypertensive patients than in the other two groups. The
reported diagnosis of hypertension antedated the onset of panic attacks in a large majority of patients (P <0.01).
Conclusions: Physicians caring for patients with hypertension should be aware of the significantly greater prevalence of panic
attacks in these patients.


Prevalence of Headache Syndromes in Panic Disorder


Marazziti D; Toni C; Pedri S; Bonuccelli U; Pavese N; Lucetti C; Nuti A; Muratorio A; Cassano GB 
Int Clin Psychopharmacol 1999 Jul;14(4):247-51


We investigated the prevalence of headache in a group of patients attending a psychiatric clinic because suffering from panic
disorder, according to DSM-IV criteria. The psychopathological assessment was performed with the 'Panic Disorder/Agoraphobia
Questionnaire' and the presence of headache was evaluated according to the criteria of the International Headache Society. The
results showed that two-thirds of patients met the criteria for a diagnosis of headache, with migraine without aura being the most
frequent form, followed by tension headache, while two patients only were affected by migraine with aura. When we compared
panic patients with and without headache, those with headache had a longer duration of panic disorder, a higher number of attacks
and a heavier family loading for panic disorder and headache. This suggests that the comorbidity of headache with panic disorder
renders this condition more severe and possibly responsive to different treatments compared to panic disorder alone.


Panic Disorder in the Primary Care Setting: Comorbidity, Disability, Service Utilization, and Treatment


Roy-Byrne PP; Stein MB; Russo J; Mercier E; Thomas R; McQuaid J; Katon WJ; Craske MG; Bystritsky A; Sherbourne CD 
J Clin Psychiatry 1999 Jul;60(7):492-9; quiz 500


Background: Increased medical service utilization in patients with panic disorder has been described in epidemiologic studies,
although service use in primary care panic patients relative to other primary care patients is less well characterized. Inadequate
recognition of panic has been shown in several primary care studies, although the nature of usual care for panic in this setting has
not been well documented. This study aimed to document increased service use in panic patients relative to other primary care
patients and to characterize the nature of their usual care for panic and their outcome.
Method: Using a waiting room screening questionnaire and follow-up telephone interview with the Composite International
Diagnostic Interview, we identified a convenience sample of 81 patients with panic disorder (DSM-IV) and a control group of 183
psychiatrically healthy patients in 3 primary care settings on the West Coast and determined psychiatric diagnostic comorbidity,
panic characteristics, disability, and medical and mental health service use, including medications. A subsample (N = 41) of panic
patients was reinterviewed 4-10 months later to determine the persistence of panic and the adequacy of intervening treatment
received using the Harvard/Brown Anxiety Disorders Research Program study criteria for cognitive-behavioral therapy (CBT) and
an algorithm developed by the authors for medications.
Results: Seventy percent of panic patients had a comorbid psychiatric diagnosis. Patients had more disability in the last month
(days missed or cut down activities) (p < .01), more utilization of emergency room and medical provider visits (p < .01), and more
mental health visits (p < .05). Despite the latter, only 42% received psychotropic medication, 36% psychotherapy, and 64% any
treatment. On follow-up, 85% still met diagnostic criteria for panic, and only 22% had received adequate medication (type and/or
dose) and 12% adequate (i.e., CBT) psychotherapy.
Conclusion: These findings suggest a need for improved treatment interventions for panic disorder in the primary care setting to
decrease disability and potentially inappropriate medical service utilization.


Development of a Brief Diagnostic Screen for Panic Disorder in Primary Care


Stein MB; Roy-Byrne PP; McQuaid JR; Laffaye C; Russo J; McCahill ME; Katon W; Craske M; Bystritsky A; Sherbourne CD


Psychosom Med 1999 May-Jun;61(3):359-64


Objective: The purpose of this study was to determine the utility of a brief screening tool for panic disorder in the primary care
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setting.
Methods: A total of 1476 primary care outpatients in three primary care medical clinics on the West Coast of the United States
were studied. Patients completed a brief self-report measure, the five-item Autonomic Nervous System Questionnaire (ANS), while
in the waiting room. The presence of DSM-IV panic disorder was subsequently determined in groups of "screen-positive" and
"screen-negative" subjects using the Composite International Diagnostic Interview. A subset of patients (N = 511) also completed
the 21-item Beck Anxiety Inventory. Indices of diagnostic utility were calculated using receiving operating characteristic analyses to
guide the selection of optimal cutoff levels.
Results: The two-question version of the ANS had excellent sensitivity (range = 0.94-1.00 across the three clinic sites) and
negative predictive value (0.94-1.00) but low specificity (0.25-0.59) and positive predictive value (range 0.18-0.40). The three- and
five-question versions of the ANS had only modestly improved specificity, and this was achieved at the cost of reduced sensitivity
and increased respondent burden to complete the questionnaire. The 21-item Beck Anxiety Inventory had maximal clinical utility at
a cutoff level of > or =20, but sensitivity was lower than desirable for a screening instrument (0.67).
Conclusions: The two-question version of the ANS shows promise as a screening instrument for panic disorder in the primary
care setting.


Panic Disorder Patients and Their Medical Care


Barsky AJ; Delamater BA; Orav JE 
Psychosomatics 1999 Jan-Feb;40(1):50-6


The goal of the study was to examine the functional status and medical care of general medical outpatients with panic disorder.
One hundred patients completed self-report questionnaires and a diagnostic interview for panic disorder. They were compared with
a random sample of patients without panic disorder. Medical morbidity was assessed from the medical record, and the patients'
clinic physicians completed a questionnaire about them. The prevalence of current (1 month) panic disorder was 6.7%-8.3%. The
panic disorder patients had fewer serious medical diagnoses, but more medical utilization and more role impairment than the
comparison group. The clinic physicians rated the panic patients as more anxious, more depressed, more hypochondriacal, and
more difficult to care for. Sixty-one percent of the panic disorder patients recalled receiving an anxiety disorder diagnosis. These
findings add to a growing body of evidence that panic disorder imposes a significant burden on those with this illness and that it is
a seriously underdiagnosed condition in primary care practice.


Panic Disorder and Asthma


Carr RE 
J Asthma 1999;36(2):143-52


The presence of asthma is a risk factor for the development of panic disorder. The co-occurrence of panic disorder and asthma is
greater than would be expected based on their individual prevalence rates. This may be due in part to the important role of
respiratory factors in panic disorder. Panic and anxiety can directly exacerbate asthma symptoms through hyperventilation, and are
associated with patients' overuse of as-needed asthma medications, with more frequent hospital admissions and longer hospital
stays, and with more frequent steroid treatment, all of which are independent of degree of objective pulmonary impairment. This
paper reviews the literature on the relationship between panic and anxiety on the one hand, and the experience and management
of asthma on the other.


Genetic Issues in Panic Disorder


Neuropharmacological and Genetic Study of Panic Disorder


Akiyoshi J 
Nihon Shinkei Seishin Yakurigaku Zasshi 1999 Jul;19(3):93-99


A study on the biology of 'panic disorder,' which I have classified under the category of 'anxiety disorder,' made progress recently.
In a genetic study, the hereditary of panic disorder was checked by a 'linkage and twins' study, and the anticipation of panic
disorder was recognized as being the same as that which is also found in the psychiatric conditions known as schizophrenia and
manic depression. A panic disorder patient regards the anxious sign of a model as ruinous, and this weakness in recognition has
been duly noted. Therefore, I studied a patient showing a continuance state of 'hyper-sensitivity,' and compared this to a patient
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showing a 'sleep disorder.' Noradrenaline plays an important role in anxiety as suppression of the locus ceruleus (LN), the major
NE-containing nucleus of the noradrenaline nervous system, brings on a calming effect. Yohimbine, however, which is an alpha 2
antagonist, is found to induce panic attacks. The fact that selective serotonin reuptake inhibitor (SSRI) suppresses panic attacks
suggests that serotonin is connected with panic disorders. It is also thought that the 'raphe nucleus' is the site of origin of the
serotonin nervous system, which participates in the control of anxiety. This suggests the participation of a gamma-aminobutyric
acid (GABA) nervous system in which the administration of benzodiazepine at a high potency would be an effective agent against
panic disorder. Cholecystokinin (CCK) is also suggested to have a connection with panic disorder as CCK-4 causes panic attacks.
There has been no CCK antagonist found effective for an object- or time-oriented panic disorder at the present. It is thought that
corticotropin-releasing factor (CRF) is released during a panic attack. The development of a new CRF receptor antagonist is
needed. In addition to the studies on the neurotransmitters of the traditional type, such as noradrenaline, serotonin and GABA,
studies on the neuropeptides, such as CCK and CRF have become important for future consideration. Understanding this, image
studies such as MRI, SPECT, fMRI and PET have become highly desirable.


Genetic Linkage Study of Panic: Clinical Methodology and Description of Pedigrees


Fyer AJ; Weissman MM 
Am J Med Genet 1999 Apr 16;88(2):173-81


This paper describes the clinical methodology and currently collected pedigrees from an ongoing genetic study of panic disorder.
The main objectives are to (1) document the clinical aspects of the study for current [Knowles et al., 1998: Am. J. Med. Genet.
(Neuropsychiatr. Genet.) 81:138-147] and future reports of genetic analysis; (2) assist other investigators working on the genetic
aspects of panic disorder who wish to compare results; and (3) illustrate the numerous judgment calls required in such studies that
may lead to methodological variability and could account for differences in findings between studies. We also describe initial
strategies to identify more genetically homogeneous panic disorder subtypes. Families were recruited through letters to magazines,
word of mouth referral, and screening in anxiety disorder clinics and were asked to participate if at initial diagnostic screening they
appeared to have at least three members (in two generations) affected with panic disorder. Diagnostic evaluations included a
lifetime clinician-administered semistructured psychiatric interview, family history assessment, and pertinent medical records.
Diagnoses for linkage analysis are derived from a best-estimate procedure that includes independent review of all materials by two
senior investigators. All clinical evaluations were done blind to genotypes. Fifty-five pedigrees including 679 individuals have been
collected to date. DNA is available from 500 family members of whom almost half (48%) are definitely or probably affected with
panic disorder. Most (93%) of these subjects were directly interviewed, and the clinical data include not only lifetime psychiatric and
medical diagnoses and but also detailed narrative histories describing sequence and context of symptoms. Family sizes range from
4-36 individuals (mean = 12.3) and the number of affected individuals per family from 2-12.


Genetic Epidemiology and Psychiatry (I): Scope and Limitations of Familial Studies. Case of Panic Disorder


[Epidemiologie genetique et psychiatrie (I): Portees et limites des etudes de concentration familiale. Exemple du trouble panique.]


Gorwood P; Feingold J; Ades J 
Encephale 1999 Jan-Feb;25(1):21-9


Genetics epidemiology shed new light on multifactorial disorders for which genes are partly involved, for example on numerous
psychiatric diseases. Nevertheless, each epidemiological technic has it's caracteristics and limitations. This review discuss the
impact of aggregation studies, on the bases of an example, namely all aggregation studies on panic disorder. We detected through
Medline thirteen studies, comparing 3,700 relatives of 780 probands affected with panic disorder, with 3,400 relatives of 720
unaffected controls. It is computed that relatives of patients with panic disorder have an increased risk (10.7%) for panic disorder
than relatives of controls (1.4%), relatives from affected probands having a high relative risk (6.8) for panic disorder according to
the meta-analysis. On the basis of these 13 aggregation studies, there is an important attribuable risk (78.3%) of "having a familial
history of panic disorder" in the risk for panic disorder. Furthermore, the estimated heritability is 73% (73% of the total variance
would be explained by additive genetic effects), if Reich's conditions are fulfilled for a valid estimation of the heritability on the basis
of aggregation families. These studies can also be used to highlight the variability of expression according to gender, to show the
relevance of quantitative approaches (versus the qualitative approach which is nearly systematically used), to underline the
informations raised by experimental technics (such as panic disorder induced by lactate), and to raise the potential existence of
phenocopies. Lastly, aggregation studies on panic disorder can help to understand the high comorbidity of this disorder, with other
anxiety disorders and mood disorder.
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Neurobiological Issues in Panic Disorder


The Noradrenergic System in Pathological Anxiety: A Focus on Panic With Relevance to Generalized Anxiety and
Phobias


Sullivan GM 
Biol Psychiatry 1999 Nov 01;46(9):1205-1218


Over the past three decades of psychiatric research, abnormalities in the noradrenergic system have been identified in particular
anxiety disorders such as panic disorder. Simultaneously, neuroscience research on fear pathways and the stress response have
delineated central functions for the noradrenergic system. This review focuses on the noradrenergic system in anxiety spectrum
disorders such as panic disorder, generalized anxiety disorder, and phobias for the purpose of elucidating current
conceptualizations of the pathophysiologies. Neuroanatomic pathways that are theoretically relevant in anxiogenesis are discussed
and the implications for treatment reviewed.


Brain Circuits in Panic Disorder


Coplan JD; Lydiard RB 
Biol Psychiatry 1998 Dec 15;44(12):1264-76


This paper reviews the pathophysiology of panic disorder (PD), within the context of newly described "fear circuitries," which have
been well characterized in preclinical models. Substantial advances in the neurosciences have made it possible for clinical
neuroscientists to refine our understanding of the pathophysiology of PD and the mechanisms of currently effective treatment.
These advances have in turn helped generate testable hypotheses for future neurobiological and psychopharmacologic research.
Perturbation of mutual modulation ("cross talk") between key brain transmitter systems (serotonin, norepinephrine, gamma-
aminobutyric acid, corticotropin-releasing factor, and others) may underlie the pathogenesis of panic-anxiety. Restoration of normal
homeostasis may be an important therapeutic component of antipanic therapy and may provide information about underlying
neurocircuits. Neuroimaging, an important new tool, has already begun to bridge the gap between the preclinical and clinical
neurosciences through confirmation of hypothesized dysfunction of the complex human prefrontal cortex and its subcortical
components. In higher species, such as humans, dysfunction of cortical inhibition or excessive cortical activation of caudal limbic
structures is postulated to lead to activation of the phylogenetically conserved amygdalofugal pathways. Consistent with probable
subtypes of PD, overlapping theoretical models of panic neurocircuitries are proposed, including ventilatory dysregulation, which is
coupled with neurovascular instability in a critical area of the panic neurocircuitry--the amygdalohippocampus. Neuroimaging
appears a critical tool in guiding further elaboration of the interaction of cortical and subcortical components of the panic
neurocircuitry, whereas challenge studies appear crucial in gathering further information regarding brain stem dysfunction.


Ethnic and Gender Issues in Panic Disorder


Clinical and Sociocultural Differences in African American and European American Patients With Panic Disorder
and Agoraphobia


Smith LC; Friedman S; Nevid J 
J Nerv Ment Dis 1999 Sep;187(9):549-60


Much attention has been paid to the study of panic disorder symptomatology among primarily European American populations.
However, such research has not adequately generalized to include minority groups. The present study examined phenomenological
differences between African American and European American patients with panic disorder with or without agoraphobia. African
American (N = 48) and European American (N = 33) patients with panic disorder were assessed by structured interview and self-
report questionnaires upon presentation to an anxiety disorders clinic for treatment. African Americans evidenced a higher rate of
comorbid posttraumatic stress disorder (16% vs. 0%). European Americans reported having their initial panic attack at an earlier
age than African Americans (21 vs. 29). In terms of discrete panic attack symptoms, African Americans reported more intense
levels of numbing/tingling in extremities (4.3 vs. 2.5) as well as greater fear of dying (6.3 vs. 4) or going crazy (4.6 vs. 3) than
European Americans. African Americans evidenced less satisfaction with social support (2.7 vs. 3.2), especially financial support
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(2.3 vs. 3.2), than European Americans. African Americans employed coping strategies such as counting one's blessings (1.9 vs.
1.4) and religiosity (1.9 vs. 1.2) more often than European Americans but evidenced less self blame (1.7 vs. 2). This study extends
previous findings by showing that African Americans have a later age of onset as well as different coping strategies than European
American patients with panic disorder.


The Impact of Pregnancy and Puerperium on Panic Disorder: A Review


Hertzberg T; Wahlbeck K 
J Psychosom Obstet Gynaecol 1999 Jun;20(2):59-64


There is little known about the effect of pregnancy and the puerperium on the risk for, and course of anxiety disorders. Initial case
reports concerning the relationship between panic disorder (PD) and pregnancy/puerperium suggested that pregnancy protected
against PD, while the postpartum period seemed to increase the risk for onset or exacerbation of PD. Later studies have offered a
more mixed picture. A computerized search identified eight relevant studies in this area. All were non-controlled and all but one
retrospective. Out of the total 215 pregnancies that were described in these studies, 89 (41%) were associated with improvement of
PD symptoms during the pregnancy, while 38% of the described pregnancies exhibited onset or exacerbation of PD in the
postpartum period. No definite conclusions regarding the effect of pregnancy and puerperium on PD can be drawn from these
reviewed studies.


Is the Course of Panic Disorder the Same in Women and Men?


Yonkers KA; Zlotnick C; Allsworth J; Warshaw M; Shea T; Keller MB 
Am J Psychiatry 1998 May;155(5):596-602


Objective: Panic disorder with or without agoraphobia has a chronic relapsing course. Factors associated with poor outcome
include early onset of illness and phobic avoidance. Several, but not all, authors have found a worse clinical course for women.
Using observational, longitudinal data from the Harvard/Brown Anxiety Disorders Research Program, the authors analyzed
remission and symptom recurrence rates in panic patients with respect to sex.
Method: Male and female patients (N=412) in an episode of panic with or without agoraphobia were assessed by structured
interview and prospectively followed for up to 5 years. Data on remission, symptom recurrence, and comorbid psychiatric conditions
for each sex were compared.
Results: There were no significant differences between men and women in panic symptoms or level of severity at baseline.
Women were more likely to have panic with agoraphobia (85% versus 75%), while men were more likely to have uncomplicated
panic (25% versus 15%). The rates of remission for panic with or without agoraphobia at 5 years were equivalent in men and
women (39%). Of the subjects who achieved remission, 25% of the women and 15% of the men reexperienced symptoms by 6
months. Recurrence of panic symptoms continued to be higher in women (82%) than men (51%) during the follow-up period and
was not influenced by concurrent agoraphobia.
Conclusions: This study extends previous findings by showing that not only are women more likely to have panic with concurrent
agoraphobia, but they are more likely than men to suffer a recurrence of panic symptoms after remission of panic.


Clinical Features in Panic Disorder With Agoraphobia: A Comparison of Men and Women


Turgeon L; Marchand A; Dupuis G 
J Anxiety Disord 1998 Nov-Dec;12(6):539-53


This study compared 96 women and 58 men suffering from panic disorder with agoraphobia. Participants completed questionnaires
assessing various clinical features associated with panic disorder with agoraphobia (PDA), general adjustment, and drug/alcohol
use. Results showed that PDA is a more severe condition in women. Women reported more severe agoraphobic avoidance when
facing situations or places alone, more catastrophic thoughts, more body sensations, and higher scores on the Fear Survey
Schedule. Also, women more often had a comorbid social phobia or posttraumatic stress disorder. The lower agoraphobic
avoidance of men was associated with their alcohol use. However, there were no differences between genders in other
dimensions, including depression, situational and trait anxiety, stressful life events, social self-esteem, marital adjustment, and drug
use.


Characteristics of Agoraphobia in Women and Men With Panic Disorder With Agoraphobia


Starcevic V; Djordjevic A; Latas M; Bogojevic G 
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Depress Anxiety 1998;8(1):8-13


We compared female and male patients with panic disorder with agoraphobia (PDA) in terms of characteristics of agoraphobia
(AG). Ninety-five patients (73 women and 22 men) with the SCID-based diagnosis of PDA were administered the National Institute
of Mental Health Panic Questionnaire (NIMH PQ), and women and men were compared on the items of the NIMH PQ that pertain
to AG and symptoms of panic attacks. Male and female patients did not differ significantly with respect to demographic
characteristics, age of onset of panic disorder and AG, duration of PDA, and severity and frequency of symptoms experienced
during panic attacks. Women avoided more situations than did men, but this difference was not statistically significant. Women
avoided buses and being in unfamiliar places alone significantly more often. The only situation that was avoided more often by
men, although not significantly, was staying at home alone. Women were significantly more likely to stay at home to avoid
agoraphobic situations and significantly less likely to go outside of home alone. When going outside, women required a companion
significantly more often. There were significantly more married women than married men who required a spouse as a companion,
and significantly more women with children than men with children who required a child as a companion. Women thought that AG
had affected the overall quality of their lives significantly more adversely. Whereas the overall "profile" of agoraphobic situations
does not seem to distinguish between female and male patients with AG, females may be more impaired and appear more
dependent than men in terms of requiring companions to move outside of the home. Cultural and psychological factors may be
most likely to account for these findings.


Panic Disorder: The Ultimate Anxiety


Sansone RA; Sansone LA; Righter EL 
J Womens Health 1998 Oct;7(8):983-9


Panic disorder, an intense exacerbation of anxiety accompanied by a variety of physical symptoms, is twice as common among
women as among men. Onset is bimodal (teens/20 s and mid-30 s/40 s), 50% of cases are accompanied by agoraphobia, and the
etiology is probably multifactorial. Treatment in the primary care setting includes pharmacologic (selective serotonin reuptake
inhibitors) and cognitive-behavioral intervention. Medication is initiated at low doses, and the drug-evaluation trial is of 6 weeks
duration. Psychiatric referral is helpful in nonresponders and in those with comorbid psychiatric conditions. Outcome varies, with
most patients experiencing relief with treatment. For some people, however, the disorder is chronic, with ongoing exacerbations and
remissions.


Comparing Emergency Department and Psychiatric Setting Patients With Panic Disorder


Fleet RP; Marchand A; Dupuis G; Kaczorowski J; Beitman BD 
Psychosomatics 1998 Nov-Dec;39(6):512-8


In a recent study, the authors reported that 25% (108/441) of consecutive emergency department (ED) chest pain patients had
panic disorder (PD). As part of this study, the authors sought to answer the question: How do ED patients with PD compare with
patients with PD who seek treatment in a psychiatric setting? PD patients from an ED (n = 108) and psychiatric clinic (n = 137)
were compared with respect to comorbid Axis I diagnoses, self-report scores, and recent suicidal ideation. The group of psychiatric
patients was younger (36.5 vs. 52.3 years) (P < 0.0001) and consisted of proportionally more women (63% vs. 39%) (P = 0.0001)
than the ED patients. The psychiatric patients had significantly higher rates of comorbid agoraphobia (100% vs. 15%) (P < 0.0001),
social phobia (23% vs. 3%) (P = 0.0001), specific phobia (12.3% vs. 4.6%) (P = 0.03), and posttraumatic stress disorder (16.9% vs.
5.6%) (P = 0.006), compared with the ED patients, and displayed significantly higher scores on all of the self-report panic
measures. However, the patients in both groups had similar rates of comorbid generalized anxiety disorder (41.2% vs. 33.3%) (P =
0.17), major depression (8.8% vs. 11.1%) (P = 0.54), and obsessive-compulsive disorder (1.5% vs. 2.8%) (P = 0.7). Both groups
also did not differ on the Beck Depression Inventory and in their rate of report of recent suicidal ideation (32% vs. 25%) (P = 0.23).
Both psychiatric and ED patients with PD appear to be highly distressed patients who require treatment. Early intervention for ED
patients may prevent both chronic patient distress and development of the significant phobic avoidance observed in psychiatric
patients.


Course of Mood and Anxiety Disorders During Pregnancy and the Postpartum Period


Altshuler LL; Hendrick V; Cohen LS 
J Clin Psychiatry 1998;59 Suppl 2:29-33
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Because the onset of mood and anxiety disorders often occurs during the childbearing years, many women may be taking
psychotropic medications for these disorders when they conceive. These medications easily diffuse across the placenta, and their
impact on the fetus is of concern. But discontinuation may lead to relapse, in which case psychiatric symptoms may affect the
fetus. Thoughtful treatment planning presents a dilemma to the clinician. Limited data suggest heightened vulnerability to relapse of
mood and anxiety disorders in women during the postpartum period. Pregnancy appears to exacerbate symptoms of obsessive-
compulsive disorder, while panic disorder patients may remain well after discontinuing medication. Future studies should address
the prevalence and relapse rates of mood and anxiety disorders, particularly after medication discontinuation, among pregnant
women.


Child/Adolescent Issues in Panic Disorder


Panic Attacks and Suicide Attempts in Mid-adolescence


Pilowsky DJ; Wu LT; Anthony JC 
Am J Psychiatry 1999 Oct;156(10):1545-9


Objective: The aim of this study was to investigate the association of panic attacks and suicide attempts in a community-based
sample of 13-14-year-old adolescents.
Method: The data are from a survey of 1,580 students in an urban public school system located in the mid-Atlantic region of the
United States. Logistic regression methods were used to estimate associations between panic attacks and suicidal ideation and
suicide attempts.
Results: Controlling for demographic factors, major depression, the use of alcohol, and the use of illicit drugs, the authors found
that adolescents with panic attacks were three times more likely to have expressed suicidal ideation and approximately two times
more likely to have made suicide attempts than were adolescents without panic attacks.
Conclusions: This new epidemiologic research adds to the evidence of an association between panic attacks and suicide attempts
during the middle years of adolescence.


Use of Selective Serotonin Reuptake Inhibitors for the Treatment of Childhood Panic Disorder: A Pilot Study


Renaud J; Birmaher B; Wassick SC; Bridge J 
J Child Adolesc Psychopharmacol 1999;9(2):73-83


This preliminary study examines the effectiveness and safety of selective serotonin reuptake inhibitors (SSRIs) for the treatment of
panic disorder in children and adolescents. In a prospective open label study, 12 children and adolescents with panic disorder were
treated with SSRIs, and if necessary, with benzodiazepines, for a period of 6-8 weeks and were followed for approximately 6
months. During the trial, clinician-based and self-report rating scales for anxiety and depression, functioning, and side effects, were
administered. Using the Clinical Global Impression Scale (CGIS) 75% of patients showed much to very much improvement with
SSRIs without experiencing significant side effects. After controlling for changes in depressive symptoms, self-report and clinician-
based anxiety scales also showed significant improvement. At the end of the trial, 67% of patients no longer fulfilled criteria for
panic disorder and 4 patients remained with significant residual symptoms. In conclusion, SSRIs appear to be a safe and promising
for the treatment of children and adolescents with panic disorder, however, randomized controlled trials evaluating the effects of
SSRIs and other interventions (e.g., cognitive therapy) for treating panic disorder in children and adolescents are warranted. It
appears that until the SSRIs begin to exert their effects, a benzodiazepine adjunct treatment might be helpful for patients with
severe panic disorder.


Frequency of Panic Attacks and Panic Disorder in Adolescents


Essau CA; Conradt J; Petermann F 
Depress Anxiety 1999;9(1):19-26


By using data from the Bremer Adolescent Study, this report presents findings on the frequency, comorbidity, and psychosocial
impairment of panic disorder and panic attacks among 1,035 adolescents. The adolescents were randomly selected from 36
schools in the province of Bremen, Germany. Panic disorder and other psychiatric disorders were coded based on DSM-IV criteria
using the computerized-assisted personal interview of the Munich version of the Composite International Diagnostic Interview.
Panic disorder occurred rather rare, with only 0.5% of all the adolescents met the DSM-IV criteria for this disorder sometimes in
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their live. Panic attack occurred more frequently, with 18% of the adolescents reported having had at least one panic attack.
Slightly more girls than boys had panic attack and panic disorder. The occurrence of panic attack and panic disorder were the
greatest among the 14-15 year olds. The experience of having a panic attack was associated with a number of problems, the most
frequent being avoiding the situation for fear of having another attack. Four most common symptoms associated with a panic
attack were that of palpitations, trembling/shaking, nausea or abdominal distress, and chills or hot flushes. Panic disorder comorbid
highly with other psychiatric disorder covered in our study, especially with that of major depression. Among those with a panic
disorder, about 40% of them were severely impaired during the worst episode of their illness. Only one out of five adolescents with
panic disorder sought professional help for emotional and psychiatric problems. The implication of our findings for research and
clinical practice are discussed.


Panic Disorder in Children and Adolescents


Masi G; Favilla L; Romano R 
Panminerva Med 1999 Jun;41(2):153-6


Panic disorder (PD) is a well-known and frequently described psychiatric disorder in adults, that can cause clinically significant
distress and impairment of social and occupational functioning. It is characterized by a discrete period of intense fear and
discomfort, that develops abruptly and reaches a peak in 10 minutes or less, with other somatic and cognitive symptoms. PD in
prepubertal children and early adolescents in rarely reported, but 18% of adult patients with PD indicate onset of PA before 10
years of age. Probably many of the prepubertal cases are being misdiagnosed, and/or they can have a different clinical expression
from adults. The lack of identification of these affected subjects can have serious consequences on social and academic
development. The aim of this paper is to review clinical literature describing PD in children and adolescents. Prevalence, specificity
of clinical features, comorbidity, instruments for diagnosis are described. Directions in pharmacological, psychotherapeutic and
educational management of PD in children and adolescents are suggested.


Medscape Psychiatry & Mental Health. 2000;5(1) © 2000 Medscape
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From Medscape Psychiatry & Mental Health


Introduction


With the introduction of fluoxetine, the treatment of depression was revolutionized. Selective for the serotonergic reuptake
mechanism, it was easy to administer and had an excellent safety profile compared with the tricyclic antidepressants (TCAs) and
monoamine oxidase inhibitors (MAOIs). This medication, as well as similar serotonin-selective agents, quickly became the treatment
of choice for depression as well as a variety of other disorders.


Several new classes of antidepressants have since been introduced or are in the process of development. As we learn about the
therapeutic profile of these newer agents, our understanding of the role of serotonin and norepinephrine in the psychiatric disorders
is being both challenged and refined. Atomoxetine and reboxetine are specific norepinephrine reuptake inhibitors that have not yet
been introduced. Venlafaxine and, more recently, duloxetine are dual reuptake inhibitors that inhibit both noradrenergic as well as
serotonergic reuptake mechanisms. This symposium at the American Psychiatric Association 155th Annual Meeting focused on our
new conceptual understanding of these neurotransmitters and the evolving role of these medications in treatment.


 


Basic Mechanisms of Antidepressant Actions


Gerard Sanacora, MD, PhD,[1] Director of the Yale University School of Medicine Depression Research Program, discussed the
ways in which the antidepressants exert their clinical effect. The monoamine theory of depression evolved from several clinical
observations.[2,3] Catecholamine-depleting drugs such as reserpine and tetrabenazine were known to induce depression.
Alternatively, MAOIs were able to alleviate depression through the blocking of enzymes that degrade the monoamines. TCAs, by
blocking reuptake sites for the monoamines, were also noted to be efficacious.


Despite evidence supporting the monoamine deficit hypothesis, there were discrepant findings as well. Only a minority of patients
given reserpine or tetrabenazine became depressed. The findings on cerebrospinal fluid (CSF) metabolite findings were
inconsistent as well. Furthermore, reuptake inhibition would occur within hours to days, yet the time course to therapeutic effect
was several weeks. In order to accommodate these discrepant data, other mechanisms of action have been posited, including
presynaptic alpha-2 supersensitivity and beta-receptor abnormalities.[4] The 5-HT-1A and 5-HT-2A serotonergic receptors may also
be involved in antidepressant actions. Yet synaptic adaptation alone does not appear to explain all of the therapeutic effects, and
other factors have been implicated.


One method for testing the specificity of the different antidepressants is the monoamine depletion paradigm. The essential amino
acid tryptophan is the sole precursor for serotonin. Utilizing tryptophan-free drinks, 70% to 80% of plasma serotonin can be
depleted within 5 hours.[5] This can also induce a 90% reduction in CSF tryptophan and 35% reduction in CSF 5-HIAA, the primary
metabolite of serotonin. When tryptophan depletion was carried out in patients with depression who had responded to the selective
serotonin reuptake inhibitor (SSRI) fluoxetine, increased depression scores were noted within several hours. In contrast, the
depletion of tryptophan in patients who had responded to the selective noradrenergic reuptake inhibitor (SNRI) desipramine did not
result in a reversal of the antidepressant effect.[6] Administration of the tyrosine hydroxylase inhibitor alpha-methylparatyrosine
(AMPT) results in depletion of catecholamines. This agent reversed the antidepressant response to noradrenergic reuptake
inhibitors, but had no significant effect on patients who responded to serotonergic reuptake agents.[7] If serotonergic and
noradrenergic depleting agents are administered in individuals with no history of depression, no increased depressive symptoms
occur.[8]


There are several possible ways of interpreting the data relevant to the role of the 2 neurotransmitters in psychiatric disorders:
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Common actions. Both noradrenergic and serotonergic agents have been shown to be efficacious in some common
disorders such as depression and panic disorder.  
Disease specificity. In some disorders, only one class of medications is effective. For example, serotonergic agents are only
helpful with obsessive compulsive disorder (OCD), while noradrenergic agents are only effective in attention deficit
hyperactivity disorder (ADHD).  
Different target symptoms. Although both neurotransmitters may be involved in depression or anxiety, each may target
specific symptoms. For example, noradrenergic agents may be more effective in focusing attention and increasing motivation
in the depressed individual. Alternatively, serotonin may be more helpful with obsessive symptoms.  
Converging pathways. Since both neurotransmitters have some differential effects, combining the 2 may result in additive
synergistic effects.  


There are several possible secondary targets that may be affected by the reuptake inhibitors. Some of these include amino acid
neurotransmitter systems, second messenger systems, and mediators of neuronal plasticity. Antidepressants have demonstrated
effects on glutaminergic neurotransmission[9] as well as GABAergic neurotransmission.[1] Antidepressants activate secondary
messenger systems, including cAMP, and this, in turn, leads to the regulation of target genes and increases in neurotrophic
factors.[10] One of the neurotrophic factors expressed is the brain-derived neurotrophic factor (BDNF), especially in some areas of
the hippocampus and cerebral cortex. Stress, alternatively, decreases the expression of BDNF and may lead to atrophy in some
areas of the brain such as the hippocampus. Theories concerning these mechanisms may help to explain some of the more
complex aspects of the psychiatric disorders that cannot be understood by simplistic synaptic transmission and receptor models.


 


Clinical Spectrum of Action of the Antidepressants


Although depression has often been viewed as a unified disease process, there is great diversity in clinical presentations. As more
sophisticated neurotransmitter and neuroanatomic theories evolve, our clinical conceptions of affective syndromes are also evolving.
Pedro Delgado, MD,[11] Chairman, Department of Psychiatry, Case Western Reserve University, Cleveland, Ohio, presented the
varied presentations of depressive syndromes.


Emotional responses consist of both positive as well as negative affects. Some of the positive emotions include pleasure,
happiness, enthusiasm, interest, surprise, and creativity. Negative affects include anger, irritability, sadness, guilt, and worry. In
order to adequately assess depressive states, both of these affective states must be considered. The monoamines act as
neuromodulators and act on different aspects of brain function. Norepinephrine is more involved in motivation, energy, interest, and
concentration. Serotonin is more involved in impulsivity, sexual function, and appetite. The 2 neurotransmitters overlap in mood,
sleep, stress, and pain. Treatment with SSRIs may result in emotional blunting, which is not seen with the drugs effecting
norepinephrine.


Although pain complaints are increased in depression, some of the most frequent complaints in nondepressed individuals are
related to pain. Kellner and colleagues[12] noted that 64% of depressed patients complained of headaches compared with 48% of
controls. Muscle aches and "rheumatism" were reported in 53% of psychiatric patients and 27% of controls. Stomach and chest
pain complaints were similarly high. The dual reuptake inhibitor duloxetine was effective in reversing neuropathic pain as well as
pain in the formalin model of persistent pain.[13-15] Relief of pain is not restricted to this antidepressant, however, as TCAs,
venlafaxine, and bupropion have also been shown to be effective. Each of these agents has dual reuptake properties. SSRIs with
single neurotransmitter efficacy have not been shown to be effective in chronic pain.


Given the differing profiles of each of the neurotransmitters, it is expected that therapeutic as well as side effect profiles will differ.
This has been observed with bupropion, a dual noradrenergic and dopaminergic reuptake inhibitor that has less sexual dysfunction
than agents acting on the serotonergic system. The combination of several neurotransmitters may result in synergistic actions not
achieved with a single neurotransmitter acting agent. For example, venlafaxine has been shown to produce greater remission rates
compared with some of the SSRIs.[16]


Unfortunately, the scales currently used in depression studies do not measure the necessary psychological traits to determine if
there is differential effect. For example, scales such as the Hamilton Depression Rating scales and the Beck Depression Scale
measure a restricted range of symptoms directly related to the depressive syndrome. They do adequately measure traits such as
motivation and impulsivity that may also be regulated by antidepressant therapy.
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The Spectrum of Serotonin Responsive Disorders


Serotonergic agents have proven efficacy for a broad range of disorders, and John Greist, MD,[17] of the University of Wisconsin,
reviewed this spectrum of disorders. The SSRIs have been found to be efficacious in all of the anxiety disorders, depression, and
eating disorders. There is a wide area of overlap between anxiety and depressive disorders. Two thirds of patients with depression
have symptoms of anxiety. Furthermore, many of the symptoms of depressive disorders are also common to anxiety disorders.
Some of these common symptoms include agitation, problems in concentration, insomnia, irritability, fatigue, and somatic symptoms,
among others. Other clinical syndromes that have been responsive to the SSRIs include premenstrual dysphoric disorder,[18]


bulimia,[19] and impulse disorders, as well as other syndromes.


Although medications acting on the serotonergic system are effective in many disorders, there are indications that psychotropic
agents with a broader spectrum of activity may have greater therapeutic impact. In a study by Greist and colleagues[20] the
serotonergic agents fluoxetine, fluvoxamine, and sertraline were equally efficacious in OCD. Alternatively, the noradrenergic
reuptake inhibitor desipramine is not effective in OCD. However, Greist and associates found that the dual reuptake inhibitor
clomipramine was more effective then any of the SSRIs. Furthermore, McDougle and associates[21] found that addition of the D2
receptor blocker haloperidol also resulted in significant improvement of OCD. Eleven of 17 patients responded to the combination of
agents compared with 0 of 17 patients given placebo. In a second study, McDougle and colleagues[22] found that risperidone
augmentation was also helpful in patients with OCD. Of the patients treated with risperidone, 7 of 14 were responders, compared
with a 0 of 14 response rate for placebo.


With regard to generalized anxiety disorder (GAD), paroxetine was shown to be more efficacious than placebo.[23] The agent was
not significantly better until week 7, however. When the dual reuptake agent venlafaxine was compared with placebo, efficacy
began at week 1 and continued throughout the 28 weeks of the trial.[24] The dual reuptake mechanism appeared to confer some
additional therapeutic benefit, although head-to-head comparison between the 2 agents would have to be carried out to test this
hypothesis.


 


Norepinephrine Responsive Disorders


James J. Hudziak, MD,[25] Director, Behavioral Genetics, University of Vermont, discussed the emerging data concerning the role
of norepinephrine in the psychiatric disorders. The use of noradrenergic medications in the treatment of ADHD has highlighted the
role of this monoamine in maintaining focus, alertness, and augmenting executive functioning. The current development and testing
of more specific noradrenergic agents like atomoxetine and reboxetine will further highlight and define the role of noradrenaline.


Noradrenergic and dopaminergic agents have been shown to be effective in depression and some of the anxiety disorders.
However, medications acting on these monoamines also are useful in the treatment of ADHD, oppositional defiant disorder,
smoking, obesity, and some addictive behaviors (Table).[25] It has been estimated that 10 million people in the United States suffer
from ADHD, 45 million people in the United States smoke, and 93 million have problems with obesity.[26] Since the noradrenergic
and dopaminergic systems are involved in the pathogenesis in these disorders, more attention to the role of these monoamines in
psychiatry is warranted. The Table shows the specificity of the various neurotransmitters in behavioral disorders.


 


Table. Neurotransmitters in Various Disorders


 MDD GAD Panic OCD PMDD Phobia Smoking ADHD Obesity


Serotonin X X X X X X    


Norepinephrine X X X   X X X X


Dopamine X      X X X
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Although methylphenidate and other stimulant medications have been the mainstay of treatment for ADHD, nonstimulant
medications have also shown efficacy.[27] The noradrenergic TCA desipramine was shown to be efficacious by Biederman and
colleagues,[28] as was the dual noradrenergic and dopaminergic reuptake inhibitor bupropion.[29] A new specific noradrenergic
inhibitor, atomoxetine, improved the symptoms of ADHD in a study by Michelson and associates.[30] In addition to enhancement of
attention and lessening of hyperactivity, family and social functioning also improved with this agent.


 


Maximizing Antidepressant Response


As discussed above, despite the proven efficacy of the SSRIs, numerous studies have shown greater efficacy with dual
neurotransmitter antidepressants. James Nelson, MD,[31] of Yale University School of Medicine, discussed the advantages of
multiple neurotransmitter treatment for affective disorders.


In review of 15 double-blind studies consisting of more than 1500 patients, the rate of response was equal for SSRIs (61.4%) and
NRIs (59.5%).[32] Alternatively, in a 6-week study in treatment-resistant patients with unipolar depression, a combination of
fluoxetine and desipramine was much more efficacious than either agent used alone. The dual reuptake antidepressant
clomipramine was shown to be significantly better in depressed patients when compared with the SSRI paroxetine.[33] Similarly,
the dual reuptake agent venlafaxine was more effective compared with fluoxetine in melancholic inpatients.[34] Thase and
colleagues[16] confirmed this superiority in a meta-analysis of 8 studies including more than 1600 patients comparing venlafaxine
with a variety of SSRIs. Venlafaxine was superior in producing remission compared with the SSRIs in all of the studies. The dual
acting agent mirtazapine (15-45 mg), was superior compared with paroxetine (20-40 mg) in depressed patients older than aged 65
years.[35] The response rate to mirtazapine was significantly better as early as week 1.


The dual reuptake inhibitor duloxetine was found to be significantly superior to placebo at a dose of 60 mg.[36] When compared in
a head-to-head study with fluoxetine,[37] duloxetine was numerically superior to the SSRI on most outcome measures. The rate of
remission was 56% in duloxetine-treated patients, 30% in fluoxetine-treated patients, and 32% in patients treated with placebo.
The remission rate was significantly better for duloxetine compared with placebo, but not fluoxetine, however.


 


Conclusion


Numerous studies have demonstrated that the neurotransmitters serotonin, norepinephrine, and dopamine have a different clinical
spectrum of action. For example, serotonergic agents are effective in OCD, while noradrenergic medications are not. In contrast,
patients with ADHD respond to noradrenergic but not serotonergic agents. In addition, emerging data indicate that there is a
synergistic effect when dual neurotransmitter actions are combined. Greater remission rates have been noted in depressed patients
treated with dual acting agents, and chronic pain responds best to combined noradrenergic and serotonergic medications. The
introduction of more specific medications targeting the noradrenergic system as well as dual acting agents are both broadening our
therapeutic reach as well as enhancing therapeutic responses.


*This section mentions off label uses for some medications. These may describe clinical uses for medications that have not been
approved by the FDA.
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From Current Opinion in Psychiatry


Abstract and Introduction


Abstract


Purpose of Review: Akathisa is one of the most common and distressing neuroleptic-induced extrapyramidal side effects.
Although it is well recognized in the context of conventional antipsychotic medications, there have been recent concerns raised by
clinicians and researchers that this syndrome is overlooked in relation to second-generation or atypical antipsychotics. This review
examines the recent literature relevant to second-generation antipsychotic (SGA)-induced akathisia.
Recent Findings: Recent studies using large databases clearly indicate that extrapyramidal side effects, in particular akathisia, do
occur with the SGAs, although the frequency is not as high as with the conventional antipsychotics. Risk factors include use of high
doses, high potency SGAs, or combinations of SGAs with other psychotropic drugs, bipolar depression, palliative care settings, and
comorbid substance abuse in psychosis. The dopamine hypothesis remains plausible for understanding the pathophysiology of
akathisia. There is emerging evidence that mirtazapine may be useful in the treatment of acute akathisia.
Summary: Even though akathisia is less prevalent with SGAs than with the first-generation drugs, it remains clinically important
and all clinicians should be conversant with its recognition and management.


Introduction


Second-generation antipsychotics (SGAs), now the mainstay of antipsychotic treatment in most countries, have the shared feature
that they produce fewer extrapyramidal side effects (EPSEs) than the conventional or first-generation antipsychotics (FGAs).[1] In
fact, this relative lack of EPSEs is considered to be the defining feature of their 'atypicality'.[2] However, SGAs are not free of
EPSEs and the whole range of EPSEs generally associated with FGAs has also been associated with the SGAs. In order to better
understand the differential rates of EPSE production by the SGAs, a new classification has been suggested based on the dopamine
D2 receptor binding affinity concept.[3] In this classification, clozapine and quetiapine are included in the low affinity group,
olanzapine in the middle affinity group, and risperidone, ziprasidone, and aripiprazole in the high affinity group. Furthermore, it is
suggested that olanzapine and risperidone at higher doses have high D2 occupancy, whereas quetiapine and clozapine do not.


We agree with a recent editorial[4] that the widespread and appropriate attention to metabolic effects with SGAs should not be a
reason to ignore the problem of EPSEs, even though they may be mild or less frequent. In this update, we focus on akathisia (from
Greek, literally 'not to sit'), one of the most common and disabling side effects of antipsychotics and some other drugs.[5,6] The
various forms of akathisia have been well characterized in earlier studies, which include acute, chronic, withdrawal and tardive
subtypes.[7,8] Because akathisia differs from Parkinsonian symptoms such as rigidity, bradykinesia, and tremor in its risk factors
and treatment response, its pathogenetic mechanisms are also likely to be different, suggesting that drugs that do not produce
significant EPSEs may yet cause akathisia. We examine the recent empirical evidence relating akathisia to SGAs and examine the
risk factors, pathophysiology, and recent attempts at its treatment.


Prevalence


Previous meta-analyses of randomized double-blind controlled studies[9,10] found that atypical antipsychotics were less likely to
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produce EPSEs than FGA drugs. As a result of such informative accounts, several clinical guidelines have been developed and
recommended that atypical antipsychotics should be used as first-line agents in the treatment of schizophrenia and related
disorders.[11] One major criticism of such studies has been the use of high doses of haloperidol as a comparator drug, thus
overstating an advantage for atypical over conventional antipsychotic drugs. Rates of akathisia are available from a number of
treatment studies using SGA drugs, both in comparison with placebo and with other SGAs and some FGAs.


Clozapine


In an older study,[12] clozapine was compared with chlorpromazine in 151 hospitalized patients with schizophrenia. Twelve percent
of clozapine patients developed EPSE-related adverse effects compared with 25% in the chlorpromazine group. A later study[13]


used the Extrapyramidal Rating Scale (ERS) and extracted the akathisia items from it in 29 patients receiving FGAs and 23
patients receiving clozapine. All patients had a diagnosis of a psychotic disorder. Akathisia was reported to be present in 39% of
clozapine-treated patients compared with 45% of patients treated with FGAs. A rare case of acute nocturnal akathisia induced by
clozapine has been reported recently in a 43-year-old man with a diagnosis of schizophrenia.[14] The condition was successfully
treated with propranolol 40 mg/day while the patient continued 350 mg/day of clozapine. So it is clear that, although clozapine does
not increase the risk of Parkinsonism over placebo, akathisia still occurs at a higher frequency. A caveat in relation to clozapine
studies is that patients have previously been treated with other antipsychotics and some may have persistent akathisia attributable
to the earlier drugs.


Risperidone


In a Cochrane review, it was reported that about 33% of patients with schizophrenia developed EPSEs on risperidone or
olanzapine.[15] However, 25% of patients receiving risperidone required medication to alleviate the akathisia, which was significantly
higher than those receiving olanzapine during a 12-week to 12-month trial period. The average dose of risperidone ranged from 1.5
to 10 mg/day and from 5 to 30 mg/day for olanzapine. The generally recommended dose for risperidone (up to 6 mg/day) is much
less than the upper range of 10 mg/day, with the drug losing its EPSE advantage at the higher doses. A similar rate of 27.5%
EPSEs was reported in another review in comparison with 12.8% of placebo-treated patients with autism spectrum disorders.[16] A
review based on published studies on the safety and efficacy of risperidone augmentation of clozapine in clozapine treatment-
resistant patients showed that 9.3% of patients reported EPSEs or akathisia.[17] The low rate of akathisia could be attributed to the
use of low-dose risperidone.


Olanzapine


A pooled analysis of four randomized open-label studies in the Middle East and North Africa on olanzapine versus chlorpromazine
in the treatment of schizophrenia was reported recently.[18] The dose ranged from 5 to 20 mg/day for olanzapine (n = 83) and from
200 to 800 mg/day for chlorpromazine (n = 40). Akathisia was reported in 2.4% of the olanzapine group compared with 10% in the
chlorpromazine group. The European Mania in Bipolar Longitudinal Evaluation of Medication (EMBLEM) observational study[19]


reported the effectiveness and tolerability of olanzapine monotherapy and olanzapine combination therapy with other antipsychotics,
anticonvulsants, and/or lithium in the treatment of mania after a 12-week trial. The incidence of akathisia was 3% in the olanzapine
monotherapy group compared with 6% in the olanzapine combination group, a statistically significant difference.


Quetiapine


Prevalence of EPSEs and akathisia in quetiapine-treated bipolar manic patients has been reported based on four randomized
placebo-controlled double-blind trials.[20] Studies evaluated quetiapine monotherapy (800 mg/day), versus placebo, with lithium or
haloperidol monotherapy as controls, quetiapine in combination with a mood stabilizer (lithium or divalproex) compared with placebo
and a mood stabilizer. Studies used the Simpson-Angus Scale (SAS) and Barnes Akathisia Scale (BAS) for assessment of EPSEs
and akathisia, respectively. There was no difference in the incidence of EPSEs between quetiapine monotherapy and placebo (12.9
versus 13.1%), quetiapine in combination with lithium/divalproex and placebo in combination with lithium/divalproex (21.4 versus
19.2%). The incidence of akathisia was 3.3% with quetiapine monotherapy compared with 6.1% with placebo. Even the
combination of quetiapine with lithium/valproex showed an incidence of only 3.6% compared with 4.9% with placebo and
lithium/divalproex combination. The study concluded that quetiapine treatment was similar to placebo in terms of the occurrence of
akathisia in bipolar patients. In a study of switching from previous antipsychotics to quetiapine in patients with schizophrenia and
preexisting EPSEs,[21] the authors noted a significant reduction in Parkinsonism and akathisia.
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Iloperidone and Ziprasidone


A large 4-week, randomized, placebo-controlled, multicentre study comparing the efficacy and safety of iloperidone with ziprasidone
and placebo[22] showed that iloperidone was associated with lower incidence of EPSEs, particularly akathisia compared with
ziprasidone. These findings suggest that drugs such as iloperidone with mixed D2/5-HT-2 antagonism may be superior to other
SGAs in terms of their EPSE profile. Sudden emergence of akathisia following ziprasidone dose reduction has been reported in
four female patients with bipolar disorder, alerting the clinicians that SGAs may be associated with sudden EPSEs while they are
taking or discontinuing their drugs.[23] Although withdrawal akathisia has been reported with FGAs, controlled studies are lacking
with SGAs.


Aripiprazole


The efficacy and safety of aripiprazole as an adjunct therapy in major depressive disorder showed that akathisia occurred in 4.5%
of those patients who took an antidepressant and an adjunct placebo, compared with 23.1% of those who took an antidepressant
and adjunct aripiprazole,[24] although only one patient discontinued due to akathisia. A Cochrane systematic review of aripiprazole
versus FGAs showed that aripiprazole was superior to typical antipsychotics in terms of occurrences of EPSEs and tolerability.[25]


The relative risk (RR) of akathisia in 897 patients from three randomized controlled trials was calculated as RR 0.39 [confidence
interval (CI) 0.3-0.6], number needed to treat (NNT) 11 (CI 14-9). In an open-label, rater-blinded, aripiprazole augmentation study
on treatment-resistant depression,[26] akathisia was reported in 20% of patients, suggesting that antidepressants in combination
with FGAs may increase the incidence of akathisia. Another study using aripirazole in refractory bipolar depression[27] found that
42% of patients had treatment-related akathisia, again suggesting that SGAs in combination with other psychotropic medications
will increase the risk of development of akathisia.


Amisulpride


The effectiveness and tolerability of amisulpride was compared with that of risperidone for the treatment of behavioural and
psychological symptoms in patients with Alzheimer's disease.[28] EPSEs were reported to be 20% in the amisulpride group
compared with 38.4% in the risperidone treatment group. The average dose for amisulpride was 85 mg/day and for risperidone 1.8
mg. There was no statistically significant difference between amisulpride and risperidone in terms of the occurrence of akathisia as
measured by BAS (0.3 ± 0.5 versus 0.2 ± 0.4). It is worth noting that the study used very low doses of risperidone and
amisulpride.


Naturalistic and Large Studies Using Several Second-generation Antipsychotics and Low Potency First-
generation Antipsychotics


FGAs were compared with SGAs in a naturalistic setting in Finland.[29] The authors studied 100 patients with psychosis who were
attending a polyclinic. Akathisia was rated using BAS and antipsychotic doses were converted to chlorpromazine equivalents. A
total of 17 patients (17%) were detected to have akathisia. Of particular importance is that none of the patients in the SGA groups
had akathisia. In the FGA groups, the prevalence of akathisia was marked with the highest rate of 44% in the depot FGAs and
selective serotonin reuptake inhibitor (SSRI) group. Unfortunately, the names of individual FGAs or SGAs were not provided in this
study. Additionally, the conversion of drug doses to chlorpromazine equivalents can be questioned for its accuracy.


The Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) study is a major advance in the study of efficacy and
tolerability of antipsychotics in a real-life clinical setting. An earlier report on this study showed no difference in the prevalence of
drug-induced Parkinsonism, akathisia, or any abnormal movements in patients receiving olanzapine, quetiapine, risperidone,
ziprasidone, or perphenazine.[30] However, it did show that akathisia still was a problem and occurred at a frequency of 5% in
patients treated with olanzapine or quetiapine, 7% for risperidone or perphenazine, and 9% for ziprasidone. The comparable rates
of akathisia with perphenazine and SGAs could be related to a sampling bias in the CATIE study, in which patients with tardive
dyskinesia were not included in the perphenazine group. A subsequent more rigorous analysis of the CATIE data also showed that
the incidence of treatment emergent Parkinsonism, akathisia, and tardive dyskinesia was not significantly different between
moderate dosages of perphenazine (an intermediate potency conventional antipsychotic) and the four newer forms of atypical
antipsychotics.[31] However, it is worth noting that there was a trend towards more patients on risperidone and perphenazine
receiving medications for treatment of akathisia. In a recent double-blind comparison study of FGAs and SGAs (Treatment of Early
Onset Schizophrenia Spectrum Disorders - TEOS study),[32] researchers compared the efficacy and safety of olanzapine (2.5-20
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mg/day), risperidone (0.5-6 mg/day), or molindone (10-140 mg/day), and 1 mg/day of benztropine for 8 weeks. The adverse effects
profile of these drugs showed that 18% of patients on molindone, 13% on olanzapine, and around 8% on risperidone had akathisia
rated using the BAS.


The differential effects of EPSEs with SGAs were studied in patients with bipolar disorders.[33] The authors classified the SGAs into
low potency (quetiapine, olanzapine) and high potency (risperidone, ziprasidone, aripiprazole) groups. They assessed 51 individual
patient trials for a mean duration of 25.5 weeks. EPSEs were assessed using the Abnormal Involuntary Movements Scale (AIMS),
BAS, and SAS. Results showed that 62.7% of trials resulted in moderate-to-severe EPSEs. There were no differences between
high and low-potency agents in terms of EPSE frequencies or discontinuation rates. However, in a multiple regression model,
akathisia was found to be less common in low-potency drugs. In addition, patients in the younger age group were more likely to
have akathisia. This important study highlights the fact that EPSEs occur at a higher frequency than reported by clinical trials.


Longitudinal studies focusing on akathisia, both for its longitudinal course and delayed or tardive onset with SGAs, are generally
lacking. In a recent longitudinal study, Modestin et al.[34] reported an interesting trend of akathisia occurring at a rate of 14% during
both their baseline assessment in 1995 and follow-up in 2003/04. However, they noted that patients who took clozapine improved
remarkably, whereas the condition of patients on other atypicals (olanzapine, risperidone, quetiapine, and sertindole) became
worse. Although there are methodological issues in interpreting the results, the study underscores the fact that atypical
antipsychotics continue to produce significant akathisia during long-term use, with the likelihood that although some patients
improve, others develop akathisia with a delayed onset. A number of methodological issues need to be considered in studies that
assess akathisia. First, comparing EPSE rates from different trials cannot adequately account for population (e.g. age, sex,
diagnosis, ethnicity, etc.) and methodological differences. Pooling data from multiple studies can further complicate this issue.
Second, most studies are designed to have adequate power to detect clinical effectiveness rather than side effects, thus creating
underpowered studies for the evaluation of side effects. Third, akathisia can often be mistaken for agitation related to the
underlying psychiatric disorder, thereby creating an underreporting bias. It is known that akathisia can be intermittent or have a
delayed onset, thereby missing the diagnosis during office visits or in short duration trials. Finally, randomized controlled trials do
not usually reflect real-life clinical settings. Patients enrolled in the studies are highly selected and patients with various risk factors
that can potentially increase the risk of EPSEs are often excluded.


Risk Factors


We systematically looked at the recently published studies related to risk factors for SGA-induced akathisia. In a systematic review
conducted by Gao et al.[35] of studies on the frequency of occurrence of EPSEs induced by antipsychotics in patients with bipolar
disorder and schizophrenia, it was concluded that bipolar-depressed patients are at increased risk of acute antipsychotic-induced
movement disorders. The authors used number needed to harm (NNTH) to estimate the risk. In regard to akathisia, the NNTH was
7 for haloperidol in patients with schizophrenia compared with 17 for aripiprazole, 19 for olanzapine, 17 for quetiapine, and 35 for
ziprasidone. In mania, the NNTH in relation to akathisia was 4 for haloperidol and 9 for aripiprazole, both suggesting an increased
risk. However, the NNTH for quetiapine and ziprasidone was much higher. Of particular note was that a NNTH of 5 was observed
for aripiprazole in patients with bipolar depression. These findings suggest that patients with bipolar mood disorders, in particular
bipolar depression, are at increased risk of developing akathisia with both conventional and atypical antipsychotics. These findings
are relevant because several atypical antipsychotics are currently used for the treatment of bipolar disorders.


Patients in palliative care units may develop several neuropsychiatric syndromes that include delirium, agitation, and other
behavioural disturbances due to various types of neurological and neuropsychiatric conditions. In addition, they also develop
nausea and other general medical disturbances. Clinicians use a number of medications in the palliative care setting, which include
antiemetics (metoclopramide, prochlorperazine), antipsychotics, antidepressants (tricyclics, SSRIs) and calcium channel blockers
(cinnarizine, flunarizine, diltiazem), all of which can cause significant akathisia.[36] If the akathisic symptoms are misdiagnosed in
these settings, patients might be further treated for agitation and subsequently be prescribed antipsychotics, which would further
aggravate akathisia. An association between akathisia and acculturation has been reported in an Australian study,[37] in which the
authors found a 60% prevalence of akathisia in a community sample of patients treated with olanzapine, risperidone, fluphenazine,
zuclopenthixol, trifluperazine, and haloperidol. The association between smoking and akathisia was reported in a recent study.[38]


The authors explored the self-medication hypothesis, whereby smoking would reduce akathisia in a sample of 250 outpatients with
schizophrenia. Using the BAS, the authors noted that heavy smoking was not associated with akathisia (41% of patients with
akathisia were heavy smokers versus 39% of patients without akathisia), arguing against the hypothesis. Psychoactive substances
may interact with antipsychotics causing EPSEs or worsening of EPSEs. The results so far have been inconsistent and this may be


[39]
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partly due to methodological limitations. In a recent study, Potvin et al.  addressed this issue by investigating the effects of
psychoactive substances on EPSEs in a sample of 41 patients with dual diagnosis schizophrenia. All patients were treated either
with clozapine or quetiapine for at least 4 weeks. EPSE instruments used were the Extrapyramidal Symptoms Rating Scale (ESRS)
and the BAS. In this well controlled study, patients with dual diagnosis were more likely to show higher scores on subjective EPSE
complaints and higher ESRS scores than the schizophrenia only group. Of note, patients with a dual diagnosis had more
Parkinsonian signs, and a subgroup analysis showed that patients abusing cocaine had more EPSE complaints, EPSEs,
Parkinsonism, and signs of akathisia. As this was a cross-sectional study, one cannot determine the directionality of the cause and
effect.


The Subjective Experience of Akathisia


Some recent studies have looked at the subjective experience of akathisia. Sixty-seven outpatients with schizophrenia treated with
risperidone or haloperidol were assessed for akathisia (BAS) and their subjective cognitive dysfunction (Frankfurt Compliant
questionnaire).[40] The results showed that akathisia was significantly correlated with a number of subjective cognitive-perceptual
deficits. These included anxiety, disorder of selective attention, perceptual disorder, and disorder of coping responses. The authors
highlighted the importance of early therapeutic interventions for akathisia to reduce subjective cognitive dysfunction and impairment
of coping. The subjective experience of akathisia was further highlighted in a series of four cases reported recently.[41] The author
emphasized that side effects such as akathisia can be misinterpreted by the patients and adequate attention should be paid to the
patients' experiences and supportive as well as cognitive behaviour therapy should be used to reduce such experiences. It has also
been noted that akathisia occurring early in treatment or after increases in doses may be more troublesome and distressing for the
patents.[42] Chronic akathisia from risperidone has been reported recently as a reason for a patient to become extremely irritable,
easily agitated, and sometimes violent.[43]


Second-generation Antipsychotic-induced Akathisia in Children and Adolescents


In a large naturalistic sample of adolescent patients with schizophrenia treated predominantly with SGAs, Gebhardt et al.[44]


reported that akathisia assessed by BAS significantly correlated with the subscale items of hostility and suspiciousness suggesting
that movement disorders and psychopathology may have shared anatomical/pathophysiological mechanisms. However, this may be
related to problems in the diagnosis of akathisia and distinguishing it from other symptoms. In an open-label, randomized
comparison of olanzapine versus risperidone in the treatment of childhood onset schizophrenia, 25 children were assessed for
efficacy and tolerability.[45] The average dose range for risperidone was 0.25-4.5 mg/day and 2.5-20 mg/day for olanzapine.
Akathisia assessed by the BAS was not significantly different in the two groups, suggesting that the two drugs did not differ in
terms of their EPSEs in children with schizophrenia.


Pathophysiology of Akathisia


Although there are many possible hypotheses for the pathophysiology of acute akathisia, none is completely satisfactory. So far the
most attractive hypothesis is dopamine receptor blockade in the mesocortical and mesolimbic regions of the brain. It is unlikely that
a single neurotransmitter hypothesis will explain all the complex features of the disorder, and the interaction of several
neurotransmitters may be involved. There have been some recent imaging, genetic, and neurotransmitter depletion studies that
have looked at the pathophysiology of akathisia. Striatal dopamine-2 (D2) receptor occupancy by antipsychotics has been
implicated in the pathophysiology of EPSEs. In this regard, a recent study using single photon emission computed tomography
(SPECT) and ligand iodobenzamide showed that bipolar patients receiving 5-45 mg/day of olanzapine for 2 weeks did not show
any EPSEs at a D2 occupancy level of 28-80%, suggesting that, at clinically relevant doses, it is unlikely that bipolar patients would
develop EPSEs.[46] In a recent study,[47] dopamine depletion using the administration of alphamethyl paratyrosine (AMPT) resulted
in subjective changes in a group of patients with schizophrenia, including dysphoria, social withdrawal, and personal distress
followed by akathisia, akinesia, and rigidity.


In a single case study,[48] olanzapine-induced akathisia was studied using 18F-fluoro-deoxyglucose-positron emission tomography
(FDG-PET) during akathisia and after recovery. Results showed that akathisia was associated with reduced metabolic activity in
the thalamus and cerebellum. More importantly, the metabolic activity recovered when akathisia disappeared after discontinuation
of olanzapine. The role of the serotonin system was also explored in a study on the role of serotonin transporter promoter
genotypes in acute antipsychotic efficacy and side effects in schizophrenia.[49] The authors used the SAS, BAS, and abnormal
involuntary movement scale for assessment of EPSEs. There was no significant association between EPSEs and the serotonin
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transporter promoter gene polymorphism.


Treatment


Although there has not been any major advance in the treatment of SGA-induced akathisia, all akathisia treatment trials are
relevant, as the findings may be applicable to SGA-induced akathisia. So far the established treatments for neuroleptic-induced
akathisia include anticholinergic and antiadrenergic drugs in addition to a dose reduction strategy if possible. A recent Cochrane
review on the evidence of anticholinergics in neuroleptic-induced akathisia concluded that there was insufficient data based on
good quality research to support the use of anticholinergics.[50] However, we suggest that anticholinergics should not be
abandoned in the treatment of akathisia.[6] One randomized trial of multiple doses of diphenhydramine as a prophylactic agent in
metoclopramide-induced akathisia in an emergency setting has been reported.[51] The results of the trial indicated that there was
no advantage of routine prophylactic use of diphenhydramine, but for patients who took 20 mg of metoclopramide, less subjective
restlessness was reported. The role of mirtazapine in the treatment of akathisia was reviewed recently based on a limited number
of publications.[52] So far there have been three case reports, one placebo-controlled trial, and one placebo and propranolol-
controlled study. Pooled results showed that mirtazapine demonstrated an overall response rate of 53.8% compared with a 7.7%
response rate for placebo and a 30% response rate for propranolol. One of the above studies was a randomized, double-blind,
placebo-controlled and propranolol-controlled study, which needs some attention.[53] Ninety patients with antipsychotic-induced
akathisia were randomly assigned to mirtazapine, (n = 30, dose 15 mg/day), propranolol (n = 30, dose 80 mg/day), or placebo (n =
30). A reduction of two points on the BAS was used as the primary outcome measure. Twenty-six percent of patients dropped out
due to lack of response or adverse events. A reduction in the BAS score was found in 34% of patients in the mirtazapine group
and in 29% of those in the propranolol group compared with placebo, which showed a reduction in 11%. Forty-three percent of
patients in the mirtazapine-treated group and 30% in the propranolol-treated group responded to treatment compared with 6.7% in
the placebo group. Five patents from the propranolol group dropped out due to hypotension or bradycardia compared with none in
the mirtazapine group. The authors concluded that mirtazapine should be considered as a first-line treatment option for acute
antipsychotic-induced akathisia, especially when propranolol is contraindicated in some patients. However, it is important to keep in
mind that antidepressant medications, including mirtazapine, have been implicated in the genesis of akathisia. Another interesting
trial compared the efficacy of intramuscular biperiden with isotonic saline in a double-blind randomized design[54] and noted that
intramuscular biperiden had no advantage over isotonic saline in treating acute neuroleptic-induced akathisia. On the basis of the
above trials, no firm conclusions can be drawn. Perhaps, the best approach now is to follow previously established clinical practice
in the management of acute akathisia, which includes dose reduction and the use of drugs such as anticholinergics, antiadrenergic
drugs, mianserin or ritanserin, and possibly mirtazapine. A case of aripiprazole-induced tardive akathisia responding to the
dopamine agonist ropinirole has been reported recently.[55]


Conclusion


There is clear evidence that akathisia is a side effect of SGAs, though less frequently than with the conventional antipsychotics.
The presence of akathisia can lead to noncompliance, personal distress, and increased suicide risk for the patients. Along with
management of other side effects of SGAs, such as the metabolic syndrome, adequate attention should be paid to EPSEs, in
particular akathisia.
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WIC NUMBER ITEM DESCRIPTION


501493 ALLERGY TABLETS M/S 24ct


692632 ANTACID TABS FRUIT 150ct PPR


692672 ANTACID TABS FRUIT ASMT 165ct (DISC)


692633 ANTACID TABS ORIGINAL 150ct PPR


692673 ANTACID TABS PEPERMINT 165ct (DISC)


685482 APAP 80MG CHILD BBGM SUSP 4 OZ


690981 APAP 80MG CHILD CHRY SUSP 4 OZ


500888 APAP 80MG CHILD GRP SUSP 4 OZ


684592 APAP 80MG INFANT CHRY DROPS 1 OZ


500991 APAP 80MG INFANT GRP DROPS 0.5 OZ


500995 APAP CC CHILD CHRY SUSP 4 OZ


501990 APAP COLD CHILD GRP SUSP 4 OZ


501025 APAP COLD CPLT 24'S


502056 APAP COLD INFANT BBGM DROPS 0.5 OZ


501589 APAP COLD SEVCONG CPLT 24'S


501579 APAP FLU CHILD BBGM SUSP 4 OZ


500990 ASPIRIN PLUS TABLETS  100ct 


500851 ASPIRIN TABLETS (BOX) 100ct


500852 ASPIRIN TABLETS (BOX) 300ct


501012 ASPIRIN TABLETS (BTL) 100ct PPR


501013 ASPIRIN TABLETS (BTL) 500ct PPR


500982 ASPIRIN TABLETS (white label) 1000ct PPR


501002 ASPIRIN TABLETS (yellow label) 1000ct PPR


690987 AWAKE CAFFEINE CAPLETS 36ct PPR


505398 A-Z ADVANTAGE TB 120CT WAL


505399 A-Z ADVANTAGE TB 45CT WAL


505400 A-Z ADVANTAGE TB 75CT WAL


504818 A-Z HI POTENCY CPLT 100/30/30CT WAL


505333 A-Z HI POTENCY CPLT 100/30CT WAL


505335 A-Z HI POTENCY CPLT 100CT WAL


505334 A-Z HI POTENCY CPLT 180CT WAL


505337 A-Z HI POTENCY CPLT 365CT WAL


505332 A-Z SELECT CPLT 100/30CT WAL


505339 A-Z SELECT CPLT 100CT WAL


505341 A-Z SELECT CPLT 150CT WAL


WALGREENS GLUTEN FREE PRODUCT LIST







WIC NUMBER ITEM DESCRIPTION


WALGREENS GLUTEN FREE PRODUCT LIST


505338 A-Z SELECT CPLT 240CT WAL


505340 A-Z SELECT CPLT 60CT WAL


504938 B-1 100 MG


504912 B-12 100 MCG


504913 B-12 50 MCG


505831 B-12 500 MCG


692837 BACKACHE RELIEF CAPLETS 24ct  


505825 B-COMPLEX WITH VITAMIN C


502007 CHILD APAP CC CHEW 24'S


684624 CHILD N/A SOFT CHEW-BUBBLEGUM 30ct PPR


500868 CHILD N/A SOFT CHEW-FRUIT 30ct PPR


500867 CHILD N/A SOFT CHEW-GRAPE 30ct PPR


500847 CHILDREN'S 36ct ASPIRIN TABS - CHERRY 3pk


689759 CHILDREN'S 36ct ASPIRIN TABS - ORANGE 3pk


689774 CHILDREN'S ASPIRIN TABS - CHERRY 36ct


500850 CHILDREN'S ASPIRIN TABS - ORANGE 36ct


611225 CHOCOLATE NUTRITIONAL SUPPLEMENT ADVANCED FORMULA


611250 CHOCOLATE NUTRITIONAL SUPPLEMENT LIGHT FORMULA


611222 CHOCOLATE NUTRITIONAL SUPPLEMENT PLUS FORMULA


667348 CHOICE DM NUTRITION DRINK CHOCOLATE


667349 CHOICE DM NUTRITION DRINK VANILLA


512039 CHROMIUIM PICOLINATE 200 MCG 400'S


504918 CHROMIUM PICOLINATE 200 MCG


510279 COD LIVER OIL 100'S


510280 COD LIVER OIL 300'S


501585 COLD TABLETS 48ct PPR


692160 COMFORT GELGAPS 50ct  PPR


502005 COUGH FM DECONG LIQ 4 OZ


502006 COUGH FM DECONG LIQ 8 OZ


680073 DAIRY DIGESTIVE RS CPLT 120'S


503612 DAIRY DIGESTIVE ULTR CPLT 60'S


502104 DAY/NIGHT COLD RELIEF 20 ct


501495 DAYHIST ALRGY TAB 16'S


692079 DAYTIME LIQ 10 OZ


689724 DAYTIME LIQ 6 OZ
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692008 DAYTIME LIQGL 12'S


692009 DAYTIME LIQGL 20'S


689660 DAYTIME LIQGL 36'S


501901 DIBROMM DM GRP ELIXIR 4 OZ


502061 DIBROMM GRP ELIXIR 4 OZ


502060 DIBROMM GRP ELIXIR 8 OZ


691806 DIPHEDRYL CHRY ELIXIR 4 OZ


691702 DIPHEDRYL CHRY ELIXIR 8 OZ


634392 EFFER ANTACID PAIN TAB 36'S


639900 EFFER ANTACID PAIN TAB 72'S


689679 EFFER COLD TAB 20'S


689662 EFFER COLD TAB 36'S


637558 ENSURE BUTTER PECAN


633697 ENSURE CHEWY CHOCOLATE PEANUT BUTTER BAR


637905 ENSURE CHOCOLATE


633695 ENSURE CHOCOLATE MAPLE NUT BAR


633696 ENSURE CINNAMON OAT BAR


633694 ENSURE COFFEE LATTE


633698 ENSURE COOKIES N CREAM BAR


637400 ENSURE FIBER CHOCOLATE


637401 ENSURE FIBER VANILLA


639652 ENSURE HIGH CALCIUM CHOCOLATE


639653 ENSURE HIGH CALCIUM VANILLA


637520 ENSURE HIGH PROTEIN CHOCOLATE


637524 ENSURE HIGH PROTEIN VANILLA


637550 ENSURE HIGH PROTEIN WILDBERRY


638423 ENSURE LIGHT CHOCOLATE


638424 ENSURE LIGHT STRAWBERRY


638422 ENSURE LIGHT VANILLA


637925 ENSURE PLUS BUTER PECAN


637906 ENSURE PLUS CHOCOLATE


638943 ENSURE PLUS CHOCOLATE 32 OZ


637907 ENSURE PLUS STRAWBERRY


637901 ENSURE PLUS VANILLA


638942 ENSURE PLUS VANILLA 32 OZ
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637904 ENSURE STRAWBERRY


637900 ENSURE VANILLA


638940 ENSURE VANILLA 32 OZ


637382 ENSURE VANILLA POWDER


635188 ENSURE VANILLA PUDDING


504922 FERROUS GLUCONATE


504923 FERROUS SULFATE


692785 FIBER LAX 140ct PPR


503679 FIBER LAX 60ct PPR


503680 FIBER LAX 90ct PPR


632198 FIBER THERAPY ORG PWD 16 OZ


510277 FISH OIL 100's


510272 FISH OIL 200'S


505757 FLAX SEED OIL 100'S


691899 FLU CC MS NDRW POUCH 6'S


691780 FLU CC MS TAB 6'S


689720 FLU CC RS POUCH 6'S


510271 FNST C-1000MG TR W/RH TB 100CT WAL


505784 FNST C-1000MG W/RH TB 100CT WAL


505761 FNST C-1000MG W/RH TB 300CT WAL


510266 FNST C-250MG CHW TB 100CT WAL


505781 FNST C-250MG W/RH TB 100CT WAL


510270 FNST C-500MG CHW TB 100CT WAL


510269 FNST C-500MG CHW TB 50CT WAL


505783 FNST C-500MG RH TB 300CT WAL


510268 FNST C-500MG TR W/RH CPLT 100CT WAL


505782 FNST C-500MG W/RH TB 100CT WAL


505769 FNST CAL MAG ZINC TB 100CT WAL


505778 FNST CAL+MAG TB 100CT WAL


505777 FNST CAL250MG W/D TB 100CT WAL


505776 FNST CAL250MG W/D TB 375CT WAL


505775 FNST CAL500MG TB 250CT WAL


505774 FNST CAL500MG W/D TB 100CT WAL


505773 FNST CAL500MG W/D TB 250CT WAL


505772 FNST CAL500MG W/D TB 375CT WAL
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505771 FNST CAL600MG TB 100CT WAL


505770 FNST CAL600MG W/D TB 100CT WAL


505764 FNST CORAL CALCIUM CP 90CT WAL


505765 FNST CORAL CALCIUM SG 90CT WAL


510262 FNST E-1000 IU BL SG 100CT WAL


510263 FNST E-1000 IU BL SG 50CT WAL


510265 FNST E-1000 IU NAT SG 100CT WAL


510264 FNST E-1000 IU NAT SG 50CT WAL


510254 FNST E-200 IU BL SG 100CT WAL


510255 FNST E-200 IU NAT SG 100CT WAL


510256 FNST E-400 IU BL SG 100CT WAL


510257 FNST E-400 IU BL SG 180CT WAL


510258 FNST E-400 IU BL SG 60CT WAL


505779 FNST E-400 IU MX TOCO SG 100CT WAL


510250 FNST E-400 IU MX TOCO SG 30CT WAL


510260 FNST E-400 IU NAT SG 100CT WAL


510259 FNST E-400 IU NAT SG 180CT WAL


510261 FNST E-400 IU NAT SG 60CT WAL


510249 FNST ESTER C-1000MG TB 90CT WAL


510248 FNST ESTER C-500MG CPLT 180CT WAL


510267 FNST ESTER C-500MG CPLT 90CT WAL


505762 FNST NAT BL E-400 IU WAT DISP SG 100CT WAL


505759 FNST NAT CAL CIT W/D TB 100CT WAL


505760 FNST NAT CAL MAG ZINC TB 250CT WAL


505768 FNST NAT SOURCE CAL500MG TB 60CT WAL


510281 FOLIC ACID 400 MCG


510278 FOLIC ACID 400 MCG 400'S


505789 GARLIC AND PARSLEY 200'S


505806 GARLIC OIL 100'S


513214 GELATIN


692811 GENTLE LAX 100ct PPR


503654 GENTLE LAX 25ct PPR


506130 GINKGO MEMO 150 ct


506105 GINZING 100 mg 120 ct


504878 GLDSEAL C-1000MG CPLT 100CT WAL
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504879 GLDSEAL C-1000MG CPLT 180CT WAL


504870 GLDSEAL C-250MG CHW ORNG TB 100CT WAL


504871 GLDSEAL C-250MG TB 100CT WAL


504872 GLDSEAL C-500MG CHW ORNG TB 100CT WAL


504875 GLDSEAL C-500MG TB 100CT WAL


504876 GLDSEAL C-500MG TB 250CT WAL


504874 GLDSEAL C-500MG TB 400CT WAL


504877 GLDSEAL C-500MG TR TB 100CT WAL


504873 GLDSEAL C-500MG+ECH CPLT 130CT WAL


504821 GLDSEAL CAL CIT PLUS MAG+D TB 150CT WAL


504851 GLDSEAL CAL CITRATE TB 100CT WAL


504850 GLDSEAL CAL CITRATE TB 200CT WAL


504849 GLDSEAL CAL CITRATE W/D TB 120CT WAL


504848 GLDSEAL CAL CITRATE W/D TB 60CT WAL


642145 GLDSEAL CAL500MG TB 60CT WAL


504844 GLDSEAL CAL500MG W/D TB 200CT WAL


642144 GLDSEAL CAL500MG W/D TB 400CT WAL


504845 GLDSEAL CAL500MG W/D TB 60CT WAL


504837 GLDSEAL CAL600MG TB 200CT WAL


504843 GLDSEAL CAL600MG TB 400CT WAL


504838 GLDSEAL CAL600MG TB 60CT WAL


504839 GLDSEAL CAL600MG W/D TB 200CT WAL


504842 GLDSEAL CAL600MG W/D TB 400CT WAL


504841 GLDSEAL CAL600MG W/D TB 60CT WAL


642143 GLDSEAL CAL600MG+SOY TB 60CT WAL


504847 GLDSEAL CALCIUM W/MINS TB 400CT WAL


504846 GLDSEAL CALCIUM W/MINS TB 60CT WAL


504863 GLDSEAL E-100 IU SG 100CT WAL


504869 GLDSEAL E-1000 IU SG 50CT WAL


504864 GLDSEAL E-200 IU SG 100CT WAL


504866 GLDSEAL E-400 IU SG 100CT WAL


504865 GLDSEAL E-400 IU SG 250CT WAL


504867 GLDSEAL E-400 IU SG 400CT WAL


504868 GLDSEAL E-400 IU WAT DISP SG 100CT WAL


632302 GLUCERNA BUTTER PECAN 6 pk
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666998 GLUCERNA CHOCOLATE 6 pk


667000 GLUCERNA LEMON BAR


666162 GLUCERNA STRAWBERRY 6 pk


666997 GLUCERNA VANILLA 6 pk


662845 HEMORRHOIDAL CRM 1.8 OZ


504820 HEMORRHOIDAL OINT 2 OZ


642076 HEMORRHOIDAL SUPPOS 12'S


642075 HEMORRHOIDAL SUPPOS 24'S


642074 HEMORRHOIDAL SUPPOS 48'S


505754 HI POTENCY GARLIC 60'S


689732 IBUPROFEN 100MG CHILD BBGM SUSP 4 OZ


501053 IBUPROFEN 100MG CHILD BRY SUSP 4 OZ


689712 IBUPROFEN 100MG CHILD FRT SUSP 4 OZ


689735 IBUPROFEN 100MG CHILD GRP SUSP 4 OZ


689873 IBUPROFEN 50MG INFANT BRY DROPS 0.5 OZ


690896 IBUPROFEN CAPLETS 100ct (orange) PPR


689523 IBUPROFEN CAPLETS 500ct (orange) PPR


501042 IBUPROFEN CAPLETS 50ct (orange) PPR


690771 IBUPROFEN GELCAP 100 ct


690772 IBUPROFEN GELCAP 50 ct


689521 IBUPROFEN TABLETS 1000ct (orange) PPR


690897 IBUPROFEN TABLETS 100ct (orange) PPR


685031 IBUPROFEN TABLETS 500ct (orange) PPR


690898 IBUPROFEN TABLETS 50ct (orange) PPR


502057 INFANT APAP CC CHRY DROPS 0.5 OZ


684623 JR. STR. N/A SOFT CHEW - FRUIT 24ct. PPR


684622 JR. STR. N/A SOFT CHEW - GRAPE 24ct. PPR


504583 LAXATIVE PILLS 30ct  PPR


503000 LIQ ANTACID FSTACT RS ORIG LIQ 12 OZ


502920 LIQ ANTACID RS MNT LIQ 12 OZ


502921 LIQ ANTACID RS MNT LIQ 26 OZ


692618 LOPERAMIDE CPLT 24'S


692821 LOPERAMIDE CPLT 30'S


692726 LOPERAMIDE CPLT 48'S


630176 LOPERAMIDE CPLT 6'S
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634407 LOPERAMIDE LIQ 4 OZ


500999 LORATADINE D 24HR TAB 10'S


500846 LORATADINE D 24HR TAB 15'S


500860 LORATADINE D 24HR TAB 5'S


501003 LOW STR. ENTERIC ASPIRIN TABS 120ct PPR


501004 LOW STR. ENTERIC ASPIRIN TABS 300ct PPR


500977 LOW STR. ENTERIC ASPIRIN TABS 500ct PPR


501499 M/S ALLERGY/SINUS CAPLETS 24ct


501035 M/S ENTERIC ASPIRIN TABLETS 60ct  PPR


692007 M/S FLU NON-DROWSY GELCAPS 24ct


689522 M/S MENSTRUAL RELIEF CAPLETS 40ct 


689708 M/S MENSTRUAL RELIEF GELCAPS 24ct 


691686 M/S N/A ALLERGY/SINUS GELCAPS 24ct PPR


501586 M/S N/A ALLERGY/SINUS GELCAPS 48ct PPR


691999 M/S NON-DROWSY SINUS CAPLETS 24ct.


501500 M/S SINUS NON-DROWSY CAPLETS 24ct


501005 M/S SINUS NON-DROWSY CAPLETS 48ct


501487 M/S SINUS NON-DROWSY GELCAPS 24ct


501488 M/S SINUS NON-DROWSY GELCAPS 48ct


501166 MAX STR. AWAKE TABLETS 100ct PPR


689761 MAX STR. AWAKE TABLETS 16ct PPR


689760 MAX STR. AWAKE TABLETS 40ct PPR


692824 MAX. STR. LAXATIVE PILLS 24ct


512027 MELATONIN 3 mg 160 ct


692835 MIGRAINE CPLT 100'S


692836 MIGRAINE CPLT 24'S


692707 MILK OF MAGNESIA TABS 200ct PPR


501008 MULTI-SYM. COLD COMPLETE CAPL. 24ct PPR


501583 MULTI-SYMPTOM COLD RELIEF TABS 48ct


501034 N/A PAIN RELIEVER PM TABLETS 100ct  PPR


500989 N/A PAIN RELIEVER PM TABLETS 24ct  


681206 NAPROXEN SODIUM 220MG CPLT 100'S


609993 NAPROXEN SODIUM 220MG CPLT 120'S


610062 NAPROXEN SODIUM 220MG CPLT 200'S


610070 NAPROXEN SODIUM 220MG CPLT 24'S
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610000 NAPROXEN SODIUM 220MG CPLT 50'S


690725 NAPROXEN SODIUM 220MG TAB 100'S


609992 NAPROXEN SODIUM 220MG TAB 120'S


610071 NAPROXEN SODIUM 220MG TAB 24'S


610001 NAPROXEN SODIUM 220MG TAB 50'S


618682 NASAL SPRAY MULTI SYM LIQ 1 OZ


505282 NATURAL B-100


506152 NATURAL B-50


505832 NATURAL B-6 100 MG


505821 NATURAL BETA CAROTENE 25,000 IU


505810 NATURAL MAGNESIUM 250 MG


505814 NATURAL ZINC 50 MG


504911 NIACIN 100MG


609984 NIGHTTIME SLEEP AID MINI-CAPLETS 24ct


609985 NIGHTTIME SLEEP AID MINI-CAPLETS 48ct


690217 NITETIME CHILD CHRY LIQ 4 OZ


501998 NITETIME CHRY LIQ 10 OZ


501996 NITETIME CHRY LIQ 16 OZ


501980 NITETIME CHRY LIQ 6 OZ


501988 NITETIME COUGH CHRY LIQ 10 OZ


501989 NITETIME COUGH CHRY LIQ 6 OZ


501999 NITETIME ORIG LIQ 10 OZ


501995 NITETIME ORIG LIQ 16 OZ


501981 NITETIME ORIG LIQ 6 OZ


620621 NOSE DROPS DECONG LIQ 1 OZ


510251 ONE DAILY 50+ FORMULA TB 80CT WAL


510252 ONE DAILY MEN'S FORMULA TB 100CT WAL


510253 ONE DAILY TODAY WOMEN TB 55CT WAL


504823 ONE DAILY WEIGHT TB 100CT WAL


504824 ONE DAILY WEIGHT TB 50CT WAL


673362 ORANGE GLUCOSE TABLETS 50'S


504934 PAPAYA ENZYME


502027 PEDIA CC LIQ 4 OZ


502068 PEDIA COUGH DECONG DROPS 0.5 OZ


503974 PINK BISMUTH MS LIQ 12 OZ
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503975 PINK BISMUTH RS LIQ 16 OZ


503973 PINK BISMUTH RS LIQ 8 OZ


510396 POTASSIUM 99 MG


504917 PROTEGRA EQUIVALENT


501597 PSEUDOEPHEDRINE 12HR TAB 10'S


501596 PSEUDOEPHEDRINE 12HR TAB 20'S


618951 PSEUDOEPHEDRINE CHILD DECONG LIQ 4 OZ


501598 PSEUDOEPHEDRINE SEV COLD NDRW CPLT 24'S


501497 PSEUDOEPHEDRINE SINUS MS NDRW TAB 24'S


501037 R/S ENTERIC ASPIRIN TABLETS 100ct  PPR


501036 R/S ENTERIC ASPIRIN TABLETS 250ct  PPR


500870 R/S ENTERIC ASPIRIN TABLETS 500ct  PPR


500988 R/S N/A TABLETS 100ct PPR


692674 S/S ANTACID TABS FRUIT 80ct (DISC)


505869 SAM-e 200 mg 20 ct


505811 SELENIUM 100 MCG


640156 SELENIUM 200 MCG


690779 SLEEP AID TAB 48'S


500983 SLEEP II TABLETS 16ct


501001 SLEEP II TABLETS 72ct


633719 SLIM FOR LE$$ BAR OAT/RAI  1.97OZ


633211 SLIM FOR LE$$ CHOC DELUXE


633208 SLIM FOR LE$$ CHOCOLATE


633209 SLIM FOR LE$$ STRAWBERRY


633210 SLIM FOR LE$$ VANILLA


503092 SOOTHE CHEW TABS 30ct PPR


503093 SOOTHE CHEW TABS 48ct PPR


618954 SORE THROAT SPRAY CHRY LIQ 6 OZ


618953 SORE THROAT SPRAY MENTH LIQ 6 OZ


632085 STARCH CATCHER TB 120CT WAL


632084 STARCH CATCHER TB 60CT WAL


611233 STRAWBERRY NUTRITIONAL SUPPLEMENT ADVANCED FORMULA


611234 STRAWBERRY NUTRITIONAL SUPPLEMENT PLUS FORMULA


504935 STRESS WITH ZINC


504915 SYNTHETIC B-6 100 MG
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504916 SYNTHETIC B-6 50 MG


504963 SYNTHETIC VITAMIN C 1000 MG


504970 SYNTHETIC VITAMIN C 250 MG


504966 SYNTHETIC VITAMIN C 500 MG


504965 SYNTHETIC VITAMIN C 500 MG 250'S


504967 SYNTHETIC VITAMIN C 500 MG 400'S


505829 TIMED RELEASE B-100


505830 TIMED RELEASE B-12 1000 MCG


504964 TIMED RELEASE SYNTHETIC VITAMIN C 500 MG


505855 TIMED RELEASE VITAMIN C 1000 MG WITH ROSE HIPS


505858 TIMED RELEASE VITAMIN C 500 MG WITH ROSE HIPS


632317 TIOCONAZOLE 1DAY OINT DISAPP 0.28 OZ


501899 TRIACTING COLD ALRGY LIQ 8 OZ


619223 TRIACTING NITETIME GRP LIQ 4 OZ


500848 TRI-BUFFERED ASPIRIN TABLETS 130ct 


618956 TUSSIN CC MS LIQ 4 OZ


618644 TUSSIN CF LIQ 12 OZ


689630 TUSSIN CF LIQ 4 OZ


689629 TUSSIN CF LIQ 8 OZ


501987 TUSSIN CS LIQ 4 OZ


501986 TUSSIN CS LIQ 8 OZ


689721 TUSSIN DM CLR LIQ 4 OZ


689722 TUSSIN DM CLR LIQ 8 OZ


689631 TUSSIN DM LIQ 12 OZ


689633 TUSSIN DM LIQ 4 OZ


689632 TUSSIN DM LIQ 8 OZ


502113 TUSSIN PEDIA CC LIQ 4 OZ


611226 VANILLA NUTRITIONAL SUPPLEMENT ADVANCED FORMULA


611251 VANILLA NUTRITIONAL SUPPLEMENT LIGHT FORMULA


611221 VANILLA NUTRITIONAL SUPPLEMENT PLUS FORMULA


504910 VITAMIN A 8,000 IU


505834 VITAMIN A 8,000 IU WITH VITAMIN D 400 IU


505856 VITAMIN C 1000 MG WITH ROSE HIPS


510301 VITAMIN C 250 MG WITH ROSE HIPS


504968 VITAMIN C 500 MG WITH ECHINACEA







WIC NUMBER ITEM DESCRIPTION


WALGREENS GLUTEN FREE PRODUCT LIST


510299 VITAMIN C 500 MG WITH ROSE HIPS


510298 VITAMIN C ESTER 500 MG


689763 WAL-ACT TABLETS 24ct  PPR


689762 WAL-ACT TABLETS 48ct  PPR


501197 WAL-DRAM II LESS DROWSY TABLETS 16ct 


689963 WAL-DRAM TABLETS 24ct  PPR


502124 WAL-DRYL ALERGY / SIN / HEAD 24ct PPR


691159 WAL-DRYL ALERGY / SIN / HEAD 48ct PPR


502075 WAL-DRYL CAPSULES 200ct  PPR


502058 WAL-DRYL CAPSULES 24ct  PPR


502002 WAL-DRYL CAPSULES 48ct  PPR


618893 WAL-DRYL MINITABS 100ct  PPR


619325 WAL-DRYL MINITABS 24ct  PPR


618892 WAL-DRYL MINITABS 48ct  PPR


501494 WAL-FINATE ALLERGY TABLETS 50ct 


619430 WAL-FINATE D TABLETS 48ct  PPR


501581 WAL-FLU NIGHT TIME GELCAPS 24ct  PPR


206690 WALG C/DROP ORANGE CRUSH VIT C DROP 28ct


206743 WALG C/DROP S/F BLACK CHERRY 25ct


206751 WALG C/DROP S/F MENTHOL 25ct


206940 WALG COUGH DROP CHERRY 30ct


258620 WALG COUGH DROP DAD'S ROORBEER 28ct


258758 WALG COUGH DROP HERBAL 21ct


206939 WALG COUGH DROP HONEY LEMON 30ct


208956 WALG COUGH DROP HONEY LEMON 80ct


209034 WALG COUGH DROP HONEY LEMON TEA 25ct


206938 WALG COUGH DROP ICE BLUE 30ct


206784 WALG COUGH DROP MENTHOL 30ct


258621 WALG COUGH DROP STRAWBERRY 30ct


504885 WALG SUPER AYTINAL 50+ PPR   300S


504886 WALG SUPER AYTINAL 50+ PPR30W/130


505322 WALG SUPER AYTINAL PPR       300S


505323 WALG SUPER AYTINAL PPR 30W/130 CP


691959 WALG THROAT LOZ BLACK CHERRY B19418ct


691960 WALG THROAT LOZ CHERRY 18ct
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691961 WALG THROAT LOZ MENTHOL 18ct


505805 WALG UL SUPER AYTINAL TABS PPR130


503966 WALGREEN MILK OF MAGNESIA MINT 12OZ


503968 WALGREEN MILK OF MAGNESIA MINT 26OZ


503967 WALGREEN MILK OF MAGNESIA REG 12OZ


503969 WALGREEN MILK OF MAGNESIA REG 26OZ


619077 WAL-PHED COLD & ALLERGY TABS 48ct PPR


501600 WAL-PHED TABLETS 24ct PPR


501577 WAL-PHED TABLETS 48ct PPR


501578 WAL-PHED TABLETS 96ct PPR


685028 WAL-PROFEN CAPLETS 100ct (brown) PPR


685030 WAL-PROFEN CAPLETS 24ct (brown) PPR


685029 WAL-PROFEN CAPLETS 50ct (brown) PPR


683179 WAL-PROFEN CAPLETS 750ct (brown) PPR


690341 WAL-PROFEN TABLETS 100ct (brown) PPR


690343 WAL-PROFEN TABLETS 24ct (brown) PPR


690340 WAL-PROFEN TABLETS 300ct (brown) PPR


690342 WAL-PROFEN TABLETS 50ct (brown) PPR


501020 WAL-PROFEN TABLETS 750ct (brown) PPR


689534 WAL-PROFEN TABS TWIN 200ct (brown) PPR


684584 WG XS Arthritis Caps PPR 100s


684586 WG XS Arthritis Caps PPR 24s


684582 WG XS Arthritis Caps PPR 250s


684585 WG XS Arthritis Caps PPR 50s


504855 WOMAN'S WAY MULTI TB 100CT WAL


504854 WOMAN'S WAY MULTI TB 200CT WAL


504581 WOMENS LAXATIVE 30ct  PPR


504582 WOMENS LAXATIVE 90ct  PPR


692669 X/S ANTACID TAB TROPICAL 110ct (DISC)


692668 X/S ANTACID TAB WINTRGRN 110ct (DISC)


692671 X/S ANTACID TABS FRUIT 110ct (DISC)


500980 X/S ASPIRIN CAPLETS (500mg) 100 ct.


692840 X/S HEADACHE RELIEF TABLETS 100ct 


692842 X/S HEADACHE RELIEF TABLETS 24ct 


692841 X/S HEADACHE RELIEF TABLETS 50ct 
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500976 X/S N/A CAPLETS 1000ct PPR


685074 X/S N/A CAPLETS 100ct PPR


685073 X/S N/A CAPLETS 175ct PPR   (DISC 3/03)


685076 X/S N/A CAPLETS 24ct PPR


684673 X/S N/A CAPLETS 250ct PPR   (DISC 3/03)


685072 X/S N/A CAPLETS 500ct PPR


685075 X/S N/A CAPLETS 50ct PPR


500979 X/S N/A CAPLETS TWINPACK 200ct PPR


501057 X/S N/A GELCAPS 100ct PPR


501055 X/S N/A GELCAPS 150ct PPR


501063 X/S N/A GELCAPS 24ct PPR


501049 X/S N/A GELCAPS 400ct PPR


501062 X/S N/A GELCAPS 50ct PPR


501030 X/S N/A PM CAPLET 100ct  PPR


501021 X/S N/A PM CAPLET 200ct  PPR


501029 X/S N/A PM CAPLET 50ct  PPR


500974 X/S N/A PM GELCAPS 100ct  


501032 X/S N/A PM GELCAPS 50ct  PPR


501031 X/S N/A PM TABLETS 50ct  PPR


501066 X/S N/A TABLETS 100ct PPR


501068 X/S N/A TABLETS 60ct PPR


501017 X/S WAL-NADOL CAPLETS 24ct


501016 X/S WAL-NADOL PM CAPLETS 24ct


501018 X/S WAL-NADOL TABLETS 24ct


689871 X/S WOMEN'S MENSTRUAL CAPLET 24ct PPR
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ABSTRACT
By using a monoclonal antibody to serotonin (5-HT), an immunohistochemical study was


undertaken to provide a comprehensive description of the 5-HT-containing neurons and of
the distribution of their axonal processes in the cat brain and spinal cord. The localization of
cell bodies was comparable to that previously reported in studies using formaldehyde-induced
fluorescence and other 5-HT antibodies, with a large proportion of labeled neurons in the
raphe nuclei and a minor, yet not negligible number, in the ventral, lateral, and dorsal
reticular formation. The ascending efferent non-varicose axons were best visualized in
sagittal sections and mainly seen taking a rostroventral direction through the tegmentum.
The varicose axons could be grossly classified into thin and large fibers, according to the size
and shape of the immunoreactive varicosities, which were elongated (up to 2 mm in length
and 1 mm in width) or round (2–4 mm in diameter). Varicose axonal arborizations invaded
almost every region of the gray matter and avoided large myelinated bundles except in the
spinal cord. Variations in the density of the plexuses of immunoreactive fibers generally
followed the anatomical divisions and were also observed within nuclei, especially in lami-
nated structures. Only the superior olivary complex could be regarded as devoid of 5-HT-
containing axons. A few areas contained extremely rich fiber plexuses. These were the
olfactory tubercle, nucleus accumbens, ventral mesencephalon, periventricular gray from the
hypothalamus to the pons, facial nucleus, subdivisions of the inferior olive, and the interme-
diolateral nucleus in the spinal cord. Varicose axons formed tight pericellular arrays in the
neocortex, mainly the ectosylvian gyrus, and in the lateral septum and medullar magnocel-
lular nucleus. These data, combined with those of the literature concerning the synaptic
versus non-synaptic mode of termination of the 5-HT-immunoreactive varicosities and the
high number of distinct receptors, are indicative of the multiple possible actions of serotonin
in the central nervous system. J. Comp. Neurol. 433:157–182, 2001. © 2001 Wiley-Liss, Inc.


Indexing terms: 5-hydroxytryptamine; efferent bundles of axons; immunohistochemistry; raphe


nuclei; varicose axons


Serotonin (or 5-hydroxytryptamine [5-HT]) is a small mol-
ecule of the indoleamine family, which has been identified as
a neurochemical messenger (Bloom, 1988). It has a wide
distribution across animal species and is present in several
tissues (Douglas, 1967; Parent, 1981). Central 5-HT is
known to be involved in different physiological functions,
such as waking and sleeping, motor activity, thermoregula-
tion, and control of nociception and cardiovascular parame-
ters (Myers, 1980; Le Bars, 1988; Cespuglio et al., 1990;
Vayssettes-Courchay et al., 1993; Jacobs and Fornal, 1999;


Portas et al., 2000). Some behaviors such as food consump-
tion and sexual behavior are also regulated by 5-HT (Baez et
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al., 1995; Griebel, 1995). In addition, 5-HT neurotransmis-
sion is altered in psychiatric disorders like depression, anx-
iety, and compulsive behaviors (Keane and Soubrié, 1997).


5-HT also plays a role during neuronal development, for
example, in the formation of barrels in the somatosensory
cortex (Cases et al., 1996).


Abbreviations


Ac accumbens nucleus
AON anterior olfactory nucleus
AP area postrema
Ar arcuate nucleus
AEg anterior ectosylvian gyrus
AES anterior ectosylvian sulcus
AV anteroventral nucleus
bc brachium conjunctivum
BL basolateral nucleus
BM basomedial nucleus
C central division (dorsal tegmental nucleus)
ca anterior commissure
CA Ammon’s horn
cc central canal
Ce cerebellum
Cg cingulate gyrus
Cl claustrum
Cru cruciate sulcus
Cu cuneate nucleus
DB diagonal band of Broca
df dorsal funiculus
DG dentate gyrus
dlf dorsolateral funiculus
DMV dorsal motor nucleus of the vagus
DN dorsal nucleus (column of Clarke)
EC external cuneate nucleus
EN entopeduncular nucleus
Ent entorhinal cortex
EW Edinger-Westphall nucleus
f fornix
Gc gigantocellular field
gl glomerular layer (olfactory bulb)
GL granular layer (cerebellum)
GLd dorsal lateral geniculate nucleus
GLv ventral lateral geniculate nucleus
GP globus pallidus
gr granular layer (olfactory bulb)
Gr gracile nucleus
g7 genu of the facial nerve
H pituitary gland
HL lateral habenula
HM medial habenula
HP posterior hypothalamus
ic internal capsule
IC inferior colliculus
IL infralimbic cortex
IML intermediolateral nucleus
In interposed nucleus
IO inferior olivary complex
IP interpeduncular nucleus
IPI posterior inner division (interpeduncular nucleus)
IPO posterior outer division (interpeduncular nucleus)
IPP paramedian division (interpeduncular nucleus)
IS insular cortex
L lateral nucleus (amygdala)
La lateral nucleus (cerebellum)
LaS lateral sulcus
LC locus coeruleus
LD laterodorsal nucleus
lf lateral funiculus
Lg lateral gyrus
LH lateral hypothalamus
LI nucleus linearis intermedius
LP lateral posterior complex
LS lateral septum
LT Lissauer tract
LV lateral ventricle
m motoneuron (spinal cord)
M medial nucleus (cerebellum)
MB mammillary bodies
MD mediodorsal nucleus


MEg medial ectosylvian gyrus
MG medial geniculate complex
ml stratum lacunosum-moleculare
ML molecular layer (cerebellum)
mlf medial longitudinal fasciculus
MN motor nucleus (spinal cord)
MS medial septum
MZ marginal zone (spinal cord)
NA nucleus ambiguus
NC caudate nucleus
NP pontine nuclei
NTS nucleus of the solitary tract
o stratum oriens
OS superior olivary complex
p stratum pyramidale (hippocampus)
P pineal gland
PA periamygdaloid area
PAG periaqueductal grey
Pc Purkinje cell layer
PC pericentral division (dorsal tegmental nucleus)
PG paragigantocellular nucleus
PL prelimbic cortex
Po posterior complex
PP prepiriform areas
PR perirhinal cortex
Pro gyrus proreus
PT pretectum
Pu putamen
PV paraventricular nucleus (thalamus)
PVH paraventricular nucleus (hypothalamus)
py pyramid
r stratum radiatum
RCS nucleus raphe centralis superior
RD nucleus raphe dorsalis
rf habenulo-interpeduncular tract
RM nucleus raphe magnus
RO nucleus raphe obscurus
RP nucleus raphe pallidus
RSg retrosplenial gyrus
Rt reticular nucleus
Sb subiculum
SC superior colliculus
SCN suprachiasmatic nucleus
SG substantia gelatinosa (spinal cord)
SM submedial nucleus
SMM supramammillary nucleus
SNC substantia nigra, pars compacta
SNR substantia nigra, pars reticulata
SON supraoptic nucleus
SPg suprasplenial gyrus
SS suprasylvian sulcus
SSg suprasylvian gyrus
ST nucleus of the stria terminalis
Su subthalamic nucleus
ts solitary tract
Tu olfactory tubercle
VA ventroanterior nucleus
VBC ventrobasal complex
vf ventral funiculus
VL lateral vestibular nucleus
VM ventromedial nucleus (hypothalamus)
VTA ventral tegmental area
V3 third ventricle
X layer X (spinal cord)
3 oculomotor nucleus
4 trochlear nucleus
5M motor trigeminal nucleus
5SL spinal trigeminal complex (laminar portion)
5SP spinal trigeminal complex (principal sensory nucleus)
7 facial nucleus
12 hypoglossal nucleus
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The anatomical organization of the 5-HT-containing
neurons and their projections in the brain and spinal cord
have been extensively studied in the rat (Steinbusch,
1984). A peculiar organization was found, with a limited
number of cell bodies located in the brainstem (particu-
larly concentrated in the raphe nuclei), and extensive
axonal arborizations invading almost every part of the
gray matter. This pattern of organization was confirmed
with observations made in the guinea pig (Warembourg
and Poulain, 1985), rabbit (Bjarkam et al., 1997), mouse
(Ishimura et al., 1988), dog (Kojima et al., 1983), marsu-
pial (Ferguson et al., 1999), and monkey (for review, see
Azmitia and Gannon, 1986). In the cat, the location of cell
bodies in the raphe nuclei and other brain structures has
been reported in detail (Poitras and Parent, 1978; Léger et
al., 1979; Wiklund et al., 1981; Takeuchi et al., 1982a;
Jacobs et al., 1984). In this species, the regional distribu-
tion of the 5-HT-containing axons has been studied in a
number of areas in the brain (Table 1). However, large
areas like most of the neocortex, the paleocortex, septum,
and amygdala, most of the thalamus, the brainstem retic-
ular formation, and adjacent nuclei were not covered.


Because many functions of 5-HT have been studied in
the cat (Le Bars, 1988; Cespuglio et al., 1990; Jacobs and
Fornal, 1999; Portas et al., 2000), the present study was


designed to provide a comprehensive analysis of the to-
pography of the 5-HT-immunoreactive axons in the cat
brain, with emphasis on nuclei, regions and zones of tran-
sition not previously described. The different morpholog-
ical characteristics of individual 5-HT-immunoreactive
axons will also be described. In the Results section, refer-
ences to the work of other authors are given systemati-
cally after the description of our own observations.


In this work, it was found that 5-HT-immunoreactive
axons and varicosities arborize in every part of the gray
matter in the brain and spinal cord, with the exception of
the superior olivary complex. As in the rat and monkey
central nervous system (Kosovsky and Molliver, 1987;
Hornung et al., 1990), two types of varicose axons were
distinguished on morphological criteria. The relevance of
a separate origin of each type of axons in individual raphe
nuclei is discussed in view of the available literature for
the cat. A survey of the literature is also given regarding
the mode of termination (synaptic and/or non-synaptic) of
the serotonergic varicosities in the cat brain and spinal
cord. Finally, functional implications are briefly discussed
in view of the great diversity of the serotonergic receptors.


MATERIALS AND METHODS


Preparation of tissue and
immunohistochemistry


Seven adult cats of both sexes (body weight 2–5 kg) were
used. Use of these cats was approved by French Ministry
of Agriculture and followed the NIH Guidelines for the
Care and Use of Laboratory Animals. To increase the
intraneuronal 5-HT content, two animals were pharmaco-
logically pretreated by intraperitoneal injection of pargy-
line (50 mg/kg) 1 hour before sacrifice followed 30 minutes
later by L-tryptophan methylester (50 mg/kg; Wiklund et
al., 1981). The other animals received no pharmacological
pretreatment. The animals were deeply anesthetized with
sodium pentobarbital (30 mg/kg, i.v.) and perfused via the
ascending aorta with 500 ml of Ringer-lactate at room
temperature followed by 2 liters of ice-cold 4% paraformal-
dehyde in 0.1 M phosphate buffer, pH 7.2. Transverse and
longitudinal sections of the brain were made on a stereo-
taxic device, and transverse stubs of the spinal cord were
taken at representative levels. The 8–10-mm-thick slices
obtained were kept in the same fixative for up to 1 week.
The slices were rinsed for 1–2 days in 0.1 M phosphate
buffer with 10% sucrose added. They were frozen by using
expanding carbon dioxide and sectioned at 25 mm on a
cryostat. The sections were collected on poly-L-lysine-
coated slides and kept at 220°C until used. To preserve as
much as possible the morphology of the 5-HT-
immunoreactive neurons and get in-depth images of the
organization of the 5-HT networks, three brains were not
frozen and cut on a Vibratome at 70 mm, two transversally
and one longitudinally. In this case the sections were
collected in ice-cold phosphate-buffered saline (PBS) and
stored in the same buffer.


Slide-mounted or free-floating sections were incubated
with a monoclonal anti-5-HT antibody (either supernatant
diluted 1:5 to 1:10 or ascitic fluid diluted 1:100,000 to
1:300,000 [Léger et al., 1998] for development and char-
acterization of the antibody) in PBS containing 0.3% Tri-
ton X-100 and 3% bovine serum albumin (BSA) overnight
at 4°C. The sections were sequentially exposed to goat


TABLE 1. Descriptions of Serotonin Innervation in the Cat
Central Nervous System


Area Reference


Supraependymal plexus Matsuura et al., 1985
Olfactory bulb Takeuchi et al., 1982c
Cerebral cortex


Prefrontal Vu and Törk, 1992
Posterior part Mulligan and Törk, 1988
Visual Gu et al., 1990


Striatum Mori et al., 1985b
Hippocampal formation Ihara et al., 1988
Hypothalamus Ueda et al., 1983b


Suprachiasmatic nucleus Ueda et al., 1983a
Neurohypophysis Sano et al., 1982b
Thalamus


Subthalamic nucleus Mori et al., 1985a
Submedial nucleus Matsuzaki et al., 1993
Ventral posterior nucleus Liu and Jones, 1991
Lateral geniculate nucleus Ueda and Sano, 1986


de Lima and Singer, 1987
Mize and Payne, 1987
Fitzpatrick et al., 1989


Superior colliculus Ueda et al., 1985
Mize and Horner, 1989


Red nucleus Bosler et al., 1983
Substantia nigra Mori et al., 1987
Oculomotor and other cranial motor nuclei Takeuchi et al., 1983


May et al., 1987
Fort et al., 1989
Nagase et al., 1997


Dorsal raphe nucleus Chazal and Ralston, 1987
Medullary reticular formation Luppi et al., 1988


Fort et al., 1994
Ambiguus and retrofacial nucleus Holtman, 1988


Arita et al., 1993
Inferior olive Wiklund et al., 1977


Takeuchi and Sano, 1983b
Sensory trigeminal complex Matthews et al., 1987, 1989
Solitary tract nucleus Maley and Elde, 1982


Voss et al., 1990
Area postrema Newton et al., 1985
Dorsal column nuclei Pearson and Goldfinger, 1987


Blomqvist and Broman, 1993
Cerebellum Takeuchi et al., 1982b


Kerr and Bishop, 1991
Spinal cord Ruda et al., 1982


Kojima and Sano, 1983
Krukhoff et al., 1985
Arvidsson et al., 1990
Ramirez-Leon et al., 1994
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anti-mouse IgG (1:100, 1 hour at 20°C) and mouse
peroxidase-anti-peroxidase (1:800, 1 hour at 20°C; DAKO
Diagnostics, Zug, Switzerland). The immunoreaction was
revealed in a mixture containing 0.02% 3,39-diamino-
benzidine, 0.5% nickel ammonium sulphate, and 0.002%
H2O2 in 0.05 M Tris-HCl buffer, pH 7.6, for 20 minutes at
20°C. Some of the sections were counterstained with neu-
tral red to identify the anatomical structures. Finally all
sections were dehydrated, mounted in Entellan (Merck,
Darmstadt, Germany), and coverslipped. The sections
were analyzed on a Leica DMRB microscope equipped
with a MPS 28 photographic system.


Mapping of the 5-HT-immunoreactive
neurons and fibers


All mapping was done manually. Two of the Vibratome
transversally sectioned animals provided the bulk of the
sections mapped. Representative sections from these cats
were selected according to the atlas of Reinoso-Suarez
(1961), every 2 mm, and observed with 43 and 6.33 ob-
jectives. The immunoreactive fibers were drawn by hand
as short lines and, when possible, an effort was made to
give an idea of their orientation. Their relative density
was later checked with a camera lucida by drawing the
totality of those visible with a 253 objective in 300 3
300-mm squares randomly laid over different regions of
the brain and over different domains within the same
area. The drawings were digitalized by using a Kontron
(Progress 3008) camera and displayed with Adobe Photo-
shop software. The nomenclature used for the anatomical
structures was adapted from the atlases of Reinoso-
Suarez (1961), Berman (1968), and Berman and Jones
(1982). The parcellation of the cortex was based on the
report by Scannell et al. (1995). The report by Rexed
(1952) was consulted for the spinal cord.


RESULTS


Distribution of 5-HT immunoreactivity


By comparing brain sections from pharmacologically
pretreated and non-pretreated animals, it was noted that
the pharmacological treatment had no prominent effect on
the pattern of 5-HT immunoreactivity. There was no dra-
matic increase in the number of either the labeled nerve
fibers or cell bodies. The only difference concerned the
intensity of the reaction in the neuronal perikarya. All
were filled with a very dark precipitate after administra-
tion of pargyline and L-tryptophan, whereas they showed
quite variable degrees of reaction without the drugs. This
could be best appreciated in large collections of immuno-
reactive cell bodies, such as the nuclei raphe dorsalis and
pallidus.


Distribution of cell bodies


The distribution of 5-HT-containing neurons will be
briefly described because it matched previous descriptions
made by using either formaldehyde-induced fluorescence
or immunohistochemical techniques (Wiklund et al., 1981;
Takeuchi et al., 1982a; Jacobs et al., 1984). Immunoreac-
tive cell bodies were observed within and outside the ra-
phe nuclei (Figs. 1b,c, 2A,B,E,F). The rostralmost immu-
noreactive cell bodies lay in the mesencephalon in the
medially located nucleus linearis intermedius (Fig. 1b,
A4). The caudalmost immunoreactive cell bodies were


found in the caudal medulla oblongata, as isolated cells
associated with the decussating pyramidal tracts, medi-
ally, and on the ventral surface of the brain, ventrolater-
ally (Fig. 1c, P16). Between these two extremes, all raphe
nuclei contained immunolabeled neurons. The largest ag-
gregation of labeled cells was in the nucleus raphe dorsalis
(Fig. 1b,c, A2-AP0).


Outside the raphe nuclei, 5-HT-containing cell bodies
seldom formed conspicuous groups but were rather iso-
lated. They formed lateral extensions from the ventral
raphe nuclei in the ventral reticular formation, from the
nucleus raphe centralis superior in the rostral pons down
to the nucleus raphe pallidus in medulla oblongata (Fig.
1c, AP0-P12). Some were found in the lateral and dorsal
reticular formation of the pons in a “ring-like” position
(Fig. 1c, AP0-P2). Others were consistently observed in
close proximity to or intermingled with the thick immu-
nolabeled fibers emerging laterally from the nuclei raphe
dorsalis and centralis superior (Fig. 1b, A2). Finally, a
group of small immunoreactive neurons occupied the dor-
sal and lateral parts of the interpeduncular nucleus (Fig.
1b, A2).


Distribution of nerve fibers


Morphology. As described in the rat brain (Sano et
al., 1982a; Molliver, 1987) and the cat and monkey neo-
cortex (Mulligan and Törk, 1988; Hornung et al., 1990),
the 5-HT-immunoreactive nerve fibers observed in our
immunohistochemical preparations exhibited different as-
pects in their morphology and orientation. A first distinc-
tion could be made between varicose and non-varicose
immunoreactive nerve fibers. The non-varicose axons had
a more or less consistent diameter ranging from less than
1 to 2 mm. They usually had long and relatively straight
courses (Fig. 2C,D). A large contingent of such axons was
observed in the brainstem, in both transverse and sagittal
sections, in what corresponds, as is known from studies in
the rat (Parent et al., 1981; Steinbusch, 1984), to the
ascending serotonergic bundles (Fig. 2A,F). In this case,
the axons were grouped in fascicles. A substantial number
of non-varicose axons was also encountered in areas dis-
tant from the 5-HT-containing cell bodies and were then
usually running individually (Fig. 2D). Among the vari-
cose axons, two more or less distinct types could be further
distinguished. In the first type (Figs. 2D, 7B), the varicos-
ities were of small size and pleomorphic, having fusiform
or round shapes, with all intermediary configurations
sometimes observed along individual fibers. The dimen-
sions of the small varicosities were about 1 mm in width
and up to 2 mm in length when they were elongated. In the
second type of axon (Fig. 2D, 5B), the varicosities had a
round shape and were intensely stained. Their diameter
ranged from 2 to 4 mm.


Varicose axons were by far the most frequent type of
5-HT-containing nerve fibers and were typical of terminal
areas. Axons of the small varicose type were present in all
areas colonized by 5-HT-immunoreactive fibers, without
exception, and they were always more numerous than
those of the large varicose type. The large varicose axons
were present in addition to the small varicose ones in a
large number of areas and with a density somewhat inde-
pendent of these. The regions and nuclei containing a high
density of them are listed in Table 2. Except for very
limited zones, it appeared that the thalamus was poor in
large varicose axons. The pericellular baskets (see below),
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typical of several telencephalic areas, were mostly com-
posed of large varicose axons.


Efferent pathways. The trajectory of the ascending
non-varicose immunolabeled fibers at the exit of the pon-
tine cell groups is illustrated in Figure 2A, which is taken
from a sagittal section about 1 mm lateral to the midline.
It was seen that several more or less distinct bundles
emerge from the cell groups. First, there were isolated but
distinct thick immunolabeled axons running horizontally
through the periaqueductal gray, apparently issuing from
the rostral portion of the nucleus raphe dorsalis. Second,
emerging from the 5-HT-immunoreactive neurons in at
least the rostral two-thirds of this nucleus was a compact
bundle of thick, smooth fibers arching around the rostral
pole of the trochlear nucleus (Fig. 2A). This bundle was
joined by fascicles of equally thick fibers issuing from the
5-HT-labeled cells in the nucleus raphe centralis superior


through a horizontal course below the medial longitudinal
fascicle. After mixing of the fibers, the whole bundle
adopted an oblique course in the ventrorostral direction,
following the rostral edge of the brachium conjunctivum.
Along this oblique trajectory, small fascicles of axons
emerged and passed horizontally through the mesence-
phalic reticular formation. In the ventral mesencephalon,
the bundle was joined by another component of a more
caudal trajectory. This fourth component displayed a long
caudorostral extension in the tegmentum, with an oblique
course across and rostral to the nucleus raphe centralis
superior; this probably issued from the neurons grouped
in this nucleus and the caudal pontine periventricular
grey.


In the mesencephalon and diencephalon, the trajectory
of the bundle was best appreciated in frontal sections.
After passing along each side of the interpeduncular nu-


Fig. 1. a–d: Schematic representation of the distribution of 5-HT-
immunoreactive cell bodies and axons as seen on transverse sections
of the brain and spinal cord of the cat. Cell bodies are represented
with dots and axons with small points or lines. In the brain, the
distance from the interaural plane is indicated in millimeters (A for


rostral and P for posterior planes). In the spinal cord, the illustrated
levels are the second and eighth cervical (C2, C8), fourth thoracic (T4),
first and sixth lumbar (L1, L6), and third sacral (S3) segments. Scale
bars 5 6 mm for the brain and 1.3 mm for the spinal cord. See the list
of abbreviations.
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cleus, the bundle occupied part of the ventral tegmental
area, pars compacta of the substantia nigra, and red nu-
cleus (Fig. 6B). In the caudal hypothalamus, the bundle
was seen just lateral to the mammillothalamic tract, at its
exit from the mammillary bodies. From this position it
moved slightly dorsally in the lateral hypothalamic area.
There, it occupied the medial and dorsal parts of the
medial forebrain bundle and could be followed as a bundle
as far rostrally as midlevels of the hypothalamus. At all
levels of the ventral course of this bundle, numerous,
smooth non-varicose axons could be seen leaving the bun-
dle in dorsal and dorsolateral directions. More rostrally,
the bundle was seen in sagittal sections, with some fibers
arching dorsally to enter the septum and others moving
rostrally to pass through the internal capsule.


In the rostral pons and mesencephalon, apart from the
rostrally coursing bundles, a loose group of thick non-
varicose axons was seen at midheight of the reticular
formation. The axons adopted a horizontal lateralward
course, as if emerging from the previous medial bundle or
directly from the raphe centralis superior cell group, and


arched dorsal- and rostralwards to the area of the internal
medullary lamina in the caudal thalamus.


The trajectory of the descending 5-HT-immunolabeled
fibers was less easily appreciated than that of the ascend-
ing ones. In the medulla oblongata, axons were followed
laterally above the superior olivary complex and ventro-
laterally until the paragigantocellular nucleus. Caudally,
at the level of the nucleus raphe pallidus, they were sep-
arated into two contingents, one dorsal and the other
ventral to the inferior olivary complex. Both contingents
seemed to converge ventrolaterally near the brain surface,
at caudal levels of the medulla oblongata. At all levels of
the spinal cord (Fig. 1d), transversally sectioned immuno-
reactive fibers were seen in the ventral, lateral, and dor-
solateral funiculi. These fibers presumably contribute to
the serotonergic innervation of the ventral and dorsal
horns (Hylden et al., 1985).


Terminal areas. The distribution of the immunoreac-
tive nerve fibers in terminal areas will be described from
rostral to caudal levels, mostly as observed in frontal
sections and as shown in the schematic drawings of Figure


Figure 1b
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1a–d. The prominent supraependymal plexuses were de-
scribed in detail by Matsuura et al. (1985) and will not be
reported here again.


Telencephalon. In the olfactory bulb (Fig. 1a, A30), the
5-HT-immunoreactive axons exhibited a laminar distribu-
tion that corresponded closely to that of the bulb itself.
Numerous tortuous fibers were seen running between and
within the glomeruli, whereas only rare fibers were ob-
served in the external plexiform layer and between the
mitral cells. More deeply, the immunolabeled nerve fibers
became gradually more numerous in the internal plexi-
form layer and the granular cell layer (Takeuchi et al.,
1982c).


The cortical areas related to the olfactory pathways
showed various patterns of innervation. In the anterior
olfactory nucleus, more richly innervated than the olfac-
tory bulb, there was a gradient of decreasing density from
the outer molecular layer toward the internal ventricular
region (Fig. 1a, A27-A24). The olfactory tubercle counted
among the most densely innervated areas of the cat brain.
It displayed a particularly high number of immunolabeled
fibers throughout its three layers (Figs. 1a, A22-A18 and


4D). The fibers were slightly less numerous within the
islands of Calleja. As in other very densely innervated
areas of the anterior parts of the cat brain, the intervari-
cose segments were not always seen, yielding images with
a multitude of independent punctate varicosities.


The pattern of innervation was different in the other
olfactory cortical areas, namely, the anterior and posterior
prepiriform areas and the periamygdaloid area. Through-
out these areas, the pattern was the same and presented
some similarities with that of the neocortex. All layers
contained 5-HT-immunoreactive fibers, but the plexuses
were most developed in the molecular layer. In both the
deep and pyramidal layers, the 5-HT-containing axons
displayed a preferential vertical or radial orientation.


The entorhinal cortex (Figs. 1b,c, A8-AP0 and 5A) con-
tained a high number of 5-HT-immunolabeled axons with
a particularly dense plexus in the thick layer I. In the
dorsolateral subdivision, the network of immunoreactive
fibers was dense and uniform across the other layers. In
the ventrolateral and ventromedian subdivisions, the im-
munoreactive fibers were less numerous among the
densely packed counterstained neurons in layer II and


Figure 1c
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present in a slightly higher number in layer V. At caudal
levels of the entorhinal cortex, axons formed typical
basket-like figures around non-immunoreactive cell bod-
ies. Such baskets were not very numerous and were usu-
ally present at the outer and inner limits of layer II.


In the neocortex, noticeable variations occurred among
gyri and/or functional areas, but it was striking to note
that a general principle governed, with few exceptions, the
organization of the 5-HT-immunoreactive axons across
the six cellular layers: their number decreased progres-
sively from layer I down to layer VI, according to a gradi-
ent pattern. The areas showing a substantial number of
fibers in layer I contained few axons in layer VI, whereas
the regions poorly innervated in layer I were almost de-
void of immunolabeled axons in layer VI. Another common
feature was the orientation of the immunolabeled fibers in
the different layers. Although the axons were organized in
plexuses, it was readily seen that the superficial part of
layer I was occupied by axons running mainly parallel to
the cortical surface, with many contacting the outer edge
of the cortex (Figs. 3, 4). In contrast, in layer II the im-


Fig. 2. Photomicrographs of cell bodies and axons exhibiting 5-HT
immunoreactivity in the cat brain. A: Sagittal section, 1 mm lateral to
the midline, showing the efferent pathways issuing from the dorsal
raphe nucleus (simple arrow, cell bodies in the upper right corner) and
nucleus raphe centralis superior (double arrow, cell bodies not visible
in this section). Rostral is to the left. B: Sagittal section through the
nucleus raphe magnus showing the long rostrocaudal extent of this
nucleus. Numerous capillaries penetrate the pyramids (py) and the
nucleus. C,D: The different types of 5-HT-immunoreactive axons are
visible on these sagittal views taken from the lateral hypothalamus.
Arrows in C point to thick non-varicose axons (fascicles indicated by
short arrows and isolated axons indicated by long arrows). Thick
arrows in D indicate large varicose axons, and fine arrows point to
small varicose axons. E,F: Immunoreactive cell bodies as seen in
coronal sections of the dorsal raphe nucleus (E) and nucleus centralis
superior (F). In F the midline is to the left and the efferent axons
passing among the paramedian myelinated fiber bundles are visible
at right (double arrow). G: Numerous pericellular baskets (arrows)
are present in the dorsolateral septum. Coronal section from level A
20. Scale bars 5 400 mm in A,B; 100 mm in C; 40 mm in D; 125 mm in
E,F; 80 mm in G.


Figure 1d
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munoreactive fibers tended to be perpendicular to the
surface. In layer IV, it was interesting to note the presence
of thin immunoreactive axons, again parallel to the sur-
face. Layers V and VI were traversed by fibers taking
preferential orientations either parallel or perpendicular
to the surface. Long fibers with straight trajectories were
also observed crossing several layers.


In the prefrontal cortex, differences were noted between
the lateral and medial aspects. In the lateral side (gyrus
proreus), the 5-HT-containing nerve fibers occurred in
modest numbers and were organized according to the gen-
eral cortical principle, with a gradient of decreasing den-
sities from the cortical surface. In the medial aspect, the
number of fibers was higher than laterally, and a lami-
nated pattern was apparent (Fig. 1a, A27-A24). Layer II
and upper layer III were more densely innervated than
the other layers. This laminated pattern was abruptly
interrrupted dorsally, at the border of area 6 when enter-
ing the motor cortex. The motor cortex, including areas 6
and 4 located along the banks of the cruciate sulcus, was
enriched with 5-HT-containing axons (Figs. 1a, A22, 3A).
The organization of these axons was according to the
gradient.


In the parietal cortex where polysensory and the so-
matosensory areas are located, the organization of the
5-HT-immunoreactive arborizations was generally similar
to that of the motor cortex. However, there were marked
differences among areas. The primary somatosensory cor-
tex (areas 1, 2, and 3) received a number of immunola-
beled fibers comparable to that of the motor cortex,
whereas areas 5 and 7 were the least innervated areas of
the entire cortex. Thus, at anterior levels (Fig. 1a, A20),
the number of immunolabeled axons decreased in the
fundus of the lateral sulcus when passing from area 2
laterally to area 5 medially. The low density of the plex-
uses in areas 5 and 7 was most apparent in the middle


suprasylvian gyrus (Figs. 1a, A16-A14, 3B). This low num-
ber of 5-HT-containing fibers, also visible in the medial
wall of the suprasylvian sulcus (ventral part of area 5 or
anterior suprasylvian area) contrasted with the dense
plexus of immunoreactive axons observed in the lateral
wall of the same sulcus (secondary somatosensory cortex;
Figs. 1a, A16-A14, 3C). There, the axons with large round
varicosities were numerous in layers I and II and formed
some pericellular baskets. In the remainder of the second
somatosensory area and in the fourth somatosensory area
(anterior ectosylvian gyrus), the number of immunoreac-
tive nerve fibers tended to decrease, so that the border
with the areas associated with the insular cortex was easy
to draw in the fundus of the anterior ectosylvian sulcus
(Fig. 1a, A16-A14).


In the temporal cortex, occupied in part by the auditory
fields, the pattern of distribution of the 5-HT-containing
axons was reminiscent of that seen in the parietal cortex.
The primary auditory areas, or “core” areas, were more
richly innervated than the secondary areas forming the
auditory “belt.” For example, in the ectosylvian gyrus, the
transition between the second somatosensory area, ante-
riorly, and the adjacent anterior auditory field, caudally,
was without apparent modification in the number of im-
munoreactive axons (Fig. 1b, A12-A10). However, there
was a slight increase in the number of these axons in the
part of anterior auditory field located in the lateral bank of
the suprasylvian sulcus. The density in the ectosylvian
gyrus was maintained caudally in the primary auditory
field (Figs. 1b, A10-A6, 3D). The narrow posterior and
ventroposterior auditory fields, occupying the banks of the
posterior ectosylvian sulcus, were also innervated by a
rich plexus of 5-HT-containing nerve fibers. In all these
areas the axons with large round varicosities were numer-
ous, especially in layers I and II, and often formed peri-
cellular baskets (Fig. 5B) (Mulligan and Törk, 1988). In
the fundus of the posterior ectosylvian sulcus, the baskets
could be as many as four in a 100-mm square taken in a
70-mm-thick section.


In the occipital cortex, where the visual areas are lo-
cated, the average number of 5-HT-immunolabeled axons
was modest to low. The organization of the fibers followed
the gradient observed elsewhere in the neocortex, except
in areas 17 and 18 (lateral and suprasylvian gyri; Fig. 1b,
A12-P8), where a clear laminated pattern was observed
(Fig. 4A). In these two areas, layers IV and upper V were
very poor in immunolabeled axons, whereas layers I–III,
deep V, and VI showed varicose axons (Gu et al., 1990). In
the deep layers, the axons were less numerous than in the
superficial layers and preferentially oriented parallel to
the surface. Overall, areas 17 and 18 contained a low
number of immunoreactive fibers. Among these, very few
were large varicose axons. In area 19 and all the other
visual areas (20a, 20b, 21a, 21b, in the posterior part of
the suprasylvian gyrus, and posteromedial, posterolat-
eral, anterolateral, ventrolateral, and dorsolateral supra-
sylvian areas located along the dorsal and ventral banks
of the suprasylvian sulcus; Fig. 1a,b, A14-P8), the gradi-
ent of decreasing density was made up of a moderate
number of 5-HT-immunoreactive axons, which prevented
a precise delineation of these areas.


The pre- and infralimbic (Fig. 1a, A22-A20), insular
(Fig. 1a,b, A16-A10), and perirhinal (areas 35 and 36) (Fig.
1b, A10-A2) cortical areas were populated with a high
number of immunoreactive axons, many of which bore


TABLE 2. Areas With a High Number of Large Varicose 5-HT Axons
in the Cat Brain


Telencephalon
Neocortex: ectosylvian gyrus (baskets)
Infra- and prelimbic cortex
Olfactory cortex: entorhinal (baskets) and prepiriform
Olfactory tubercle
Dorsolateral septum (baskets)
Accumbens nucleus
Hippocampus: stratum lacunosum moleculare
Amygdala: basolateral nucleus


Diencephalon
Medial preoptic area
Suprachiasmatic nucleus
Paraventricular nucleus, hypothalamus
Paraventricular nucleus, thalamus
Periventricular zone


Mesencephalon
Ventral tegmental area
Substantia nigra, pars reticulata
Interpeduncular nucleus
Periventricular grey, subependymal zone


Pons
Periventricular grey, subependymal zone
Locus coeruleus
Lateral and medial parabrachial nuclei
Dorsal tegmental nucleus
Motor trigeminal nucleus


Medulla oblongata
Facial nucleus
Retrofacial and ambiguus nuclei
Nucleus raphe pallidus
Sensory trigeminal complex
Nucleus of the solitary tract


Spinal cord
Intermediolateral nucleus
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Fig. 3. Photomicrographs of 5-HT-immunoreactive axons in the
cat primary motor cortex (A), area 5 (B), secondary somatosensory
area (C), and primary auditory cortex (D). Differences in density of
the immunoreactive plexuses of fibers, among areas and layers, are
readily seen in this figure. The general organization of the fibers


shows a gradient, with upper layers containing more fibers than lower
layers. Pericellular arrays (arrows), made up of strongly immunore-
active large varicose axons, are seen in layer II in the secondary
somatosensory (C) and primary auditory areas (D). Scale bars 5 65
mm.
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large varicosities, sometimes forming pericellular arrays.
In addition, a laminated organization of the axons was
observed, with layers III and V receiving a higher number
of immunolabeled axons than the other layers (Fig. 4C).
However, in the insular cortex, only the agranular area
along the banks of the anterior rhinal sulcus showed a
lamination. In the rest of the insular cortex and associated
areas (orbital and anterior sylvian gyri), the 5-HT-
immunoreactive axons were organized according to the
classical gradient. This was also the case of the cingulate
(Fig. 4B) and retrosplenial areas, but with a lower number
of axons than in the areas just mentioned.


The distribution of the 5-HT nerve fibers observed in the
hippocampal formation (Fig. 1b, A10-A2) corresponded to
the description of Ihara et al. (1988). The topography of
the fibers showed a conspicuous lamination, the stratum
lacunosum moleculare of the Ammon’s horn being the
most densely innervated and the pyramidal (Ammon’s
horn) and granular cell layers (dentate gyrus) displaying
the lowest number of axons (Fig. 5D). In densely inner-
vated layers, a high number of axons with large round
varicosities were present amid axons with small varicosi-
ties. The plexus lying in the stratum lacunosum molecu-
lare was continuous ventrally with a plexus of lower but
still noticeable density in the lateral part of the subiculum
(Fig. 1b, A6-A4). Medial to the subiculum, the presubicu-
lum was very richly innervated in its superficial layers. In
the parasubiculum, the plexus of 5-HT-immunoreactive
axons did not correspond to the lamination of the struc-
ture and was rather rich, with a density decreasing from
the superficial layer toward the deep layers.


In the basal telencephalon, the plexuses of 5-HT-
containing fibers were of relatively high density. They
covered the substantia innominata and the diagonal band
of Broca (Fig. 1a, A16). In the depth of the diagonal band,
thin non-varicose axons were present, arching from a hor-
izontal course in the horizontal limb to a vertical course in
the vertical limb and becoming progressively more numer-
ous and seen over longer distances in the coronal plane.
These long axons continued their course dorsally in the
medial septum and fanned out around the medial pole of
the nucleus accumbens into the lateral septum, avoiding
its dorsal and lateral edges, however. In the dorsolateral
part of the septum were observed the most striking peri-
neuronal baskets formed by 5-HT-immunoreactive axons
in the cat brain. With more precision than in the cortex,
the perikarya and dendrites were outlined by densely
packed varicosities (Fig. 2G). The number of such baskets


per surface area was also higher than in the cortex. Here,
as many as 40–45 underlined neurons could be distin-
guished per dorsolateral septum and per 70-mm-thick sec-
tion, compared with 6–8 for a corresponding cortical sur-
face area in the posterior ectosylvian sulcus. In the
septum, secondary branches were usually underlined by
large varicosities. Similar but less numerous pericellular
arrays were observed in the dorsal cap of the medial
septum.


In the caudate nucleus (Fig. 1a,b, A20-12), the pattern
of innervation was very different. The images were those
of tortuous immunolabeled fibers, which could be followed
over long distances (up to 300 mm). In addition, there was
a gradient in the number of axons from the densely inner-
vated dorsomedial ventricular and ventral parts, toward
the moderately innervated ventrolateral part (Mori et al.,
1985b). A noticeable number of large varicose axons was
distinguished among the small varicose ones. The puta-
men (Fig. 1a, A16-A14) was well delimited by its 5-HT
innervation, which had a density slightly higher than that
of the ventrolateral caudate nucleus. In contrast, the glo-
bus pallidus (Fig. 1a, A16-A14), at least in its lateral part,
was the recipient of a low number of immunoreactive
axons. In the medial part of this nucleus, the immunola-
beled axons were more numerous and grouped among the
fascicles of the transversely sectioned myelinated fibers of
the internal capsule (Fig. 5C; Mori et al., 1985b). The
same distribution also occurred in the entopeduncular
nucleus (Fig. 1a,b, A14-A12).


The nucleus accumbens contained a particularly high
number of interwoven 5-HT-immunoreactive axons (Figs.
1a, A16, 5C). The curved medial pole of this nucleus was
remarkable even at low magnification, due to a high num-
ber of punctate varicosities. The pattern observed in the
central part of the nucleus accumbens was also found in
the nuclei of the anterior commissure and the stria termi-
nalis, making it difficult to distinguish the border of these
nuclei.


At all rostrocaudal levels of the amygdaloid complex,
the nuclei were delineated by their 5-HT innervation (Fig.
1a,b, A14-A10). The axons had tortuous courses and visi-
ble intervaricose segments, except in the medial nucleus,
where only the varicosities were apparent. The basolat-
eral nucleus displayed a very dense plexus of immunola-
beled fibers. In the lateral nucleus, there was a gradient of
decreasing density from the lateral part toward the me-
dial part, so that the border was sharp between its medial
part and the basolateral nucleus. Many immunolabeled
axons had a vertical orientation. The same orientation
and low number of axons was noted in the basomedial
nucleus. The central nucleus was uniformly and moder-
ately innervated. The small medial nucleus received a
high number of axons, as did the adjacent transitional
amygdalo-hippocampal area.


The claustrum contained a moderate number of 5-HT-
containing axons (Fig. 1a, A18-A16). These were long and
tortuous and present in higher density in its laterodorsal
head than in its ventromedial tail.


Diencephalon. In the diencephalon, the hypothalamus
was globally much richer in 5-HT-containing nerve fibers
than the thalamus (Fig. 1b, A12-A8). Our observations
matched the detailed description made by Ueda et al.
(1983b). Overall, the number of 5-HT axons increased
caudally and reached a maximum in the caudal half of the
periventricular region (Fig. 1b, A10-A8). In the anterior


Fig. 4. Photomicrographs of 5-HT-immunoreactive axons in the
cat cerebral cortex (A–C) and olfactory tubercle (D). A: Note the
laminated organization of the 5-HT fibers in area 17. Deep layer III,
layer IV, and upper layer V contain very few immunoreactive axons
compared with layers I–II, upper layer III, and deep layer V. This
section was counterstained with neutral red. Coronal section from
level P 5. B: In the anterior cingulate cortex, the number of immuno-
reactive axons decreases progressively from layer I to layer VI. Coro-
nal section from level A 20. C: This figure was rotated by 90° so that
the medial surface of the brain is up and the surface of the lateral
ventricle is down. The infralimbic cortex shows high numbers of
5-HT-labeled axons displaying a laminated arrangement. Coronal
section from level A 22. D: In the olfactory tubercle, the 5-HT-
immunoreactive axonal arborizations are very numerous and intri-
cately arranged. Scale bars 5 50 mm in A; 60 mm in B; 130 mm in C;
45 mm in D.
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hypothalamus, the presence of long and thick non-varicose
axons with a characteristic vertical or oblique orientation
was noted among interwoven small varicose axons. These
axons were funneled toward the supraoptic decussation. It
is possible that they are decussating fibers, probably issu-
ing from the raphe efferent pathways, and reaching more
medial and dorsal targets, possibly in the dorsal hypothal-
amus and thalamus, after crossing the midline. The su-
prachiasmatic nucleus was remarkable by the important
concentration of immunoreactive axons in its ventral half
(Ueda et al., 1983a). The supraoptic nucleus was bordered
dorsally by a dense plexus but was itself the recipient of a
very low number of immunolabeled axons. The paraven-
tricular nucleus (Fig. 1a,b, A14-A12) was moderately in-
nervated and not distinct from its surrounding rostrally
and was populated by a high number of immunolabeled
axons, caudally. This was best seen in sagittal sections.


At hypothalamic midlevels, the number of 5-HT-
immunoreactive fibers was high, but differences were
noted among areas, sometimes corresponding to anatom-
ically defined nuclei (Fig. 1b, A12-A10). Only the periven-
tricular part of the arcuate nucleus showed a very low
content of immunoreactive axons (Fig. 5F).


Numerous axons were observed in the median eminence
in both the internal and external layers. From there, they
ran to the pituitary stalk, forming a denser plexus in the
dorsal than in the ventral part of the stalk. Finally, many
invaded the neural lobe of the pituitary toward its outer
border (Sano et al., 1982b). Immediately beneath the sur-
face they became more abundant and tortuous. Some pen-
etrated the intermediate lobe, either individually or in
patches. The anterior lobe contained a very low number of
isolated immunoreactive axons.


At the same coronal level, the most heavily innervated
regions were the small elongated dorsomedial nucleus and
the ventralmost part of the lateral hypothalamus. The
ventromedial nucleus received a moderate number of im-


munoreactive fibers. Aside of its ventral fringe, the lateral
hypothalamus (Fig. 1b, A12-A10) was occupied by the
thick non-varicose efferent axons from the raphe (see
above). Among these thick axons it was possible to distin-
guish the presence of small varicose fibers. In contrast, the
mammillary bodies contained only a limited number of
long, mainly small varicose immunoreactive processes in
the medial mammillary nucleus (Fig. 5G). The immuno-
reactive fibers were more numerous in the lateral mam-
millary and supramammillary nuclei.


The thalamus was moderately innervated by 5-HT-
containing axons, although marked differences existed
among nuclei. Except for noticeable aggregations of im-
munoreactive fibers in some of the medially located nuclei
and in the ventral lateral geniculate nucleus, the number
of immunolabeled axons was low (Fig. 1b, A12-A6). In the
rostral thalamus (Fig. 1b, A12), a very high number of
immunolabeled varicosities was seen in the paraventricu-
lar nucleus (Fig. 5E) and, without transition, in the small
anterodorsal nucleus. The anteromedial nucleus received
a low number of immunoreactive fibers. A loose group of
long immunoreactive axons followed the border of the
anteroventral nucleus. In the lateral anterior nucleus, the
plexus was loose rostrally and quasi-absent caudally. In
the reticular nucleus, a moderate number of immunola-
beled axons was intertwined among the myelinated fibers.


At mid-levels of the thalamus, a clear-cut pattern of
distribution of the 5-HT-containing fibers was visible in
the medial third (Fig. 1b, A10). The core of the mediodor-
sal nucleus contained a rather high number of immuno-
reactive fibers, whereas its thin semicircular outer edge
contained a very low density of fibers. This edge was itself
encircled by a narrow zone displaying a noticeable number
of immunolabeled fibers and corresponding to the in-
tralaminar nuclei. The central medial nucleus showed
crossed immunolabeled axons, especially in the most me-
dial part of the nucleus. Dorsolaterally, in the paracentral
nucleus, immunoreactive axons adopted a parallel course
waving amid myelinated fibers of the internal medullary
lamina. They kept a similar course in the central lateral
nucleus, and some of them continued more dorsally to-
ward the anteroventral and ventral anterior nuclei. The
submedial nucleus contained a high number of immuno-
reactive axons (Fig. 1b, A10) (Matsuzaki et al., 1993). The
numerous fibers found in the central medial nucleus were
continuous with those in the rhomboid nucleus. The im-
munolabeled fibers were very numerous in the paratae-
nial nucleus, and their number abruptly decreased at the
border of and within the laterodorsal nucleus. The lateral
posterior complex (Fig. 1b, A10-A6) was moderately inner-
vated in its lateral and rostral parts and weakly inner-
vated in its caudal region. In contrast, the ventrobasal
complex was more intensely labeled than surrounding
areas.


The pulvinar contained a moderate number of axons,
exclusively located in the stripes of gray matter wedged
among the myelinated fibers of the thalamic radiations
(Fig. 1b, A8-A6). Ventrally, the number of fibers decreased
in the posterior nucleus of Rioch and increased again in
the posterior complex (Liu and Jones, 1991) to reach a
level slightly superior to that of the adjacent ventrobasal
complex.


In the caudal thalamus, the habenulo-interpeduncular
tract, itself devoid of immunolabeled fibers, passed dor-
sally through a rather dense network of immunoreactive


Fig. 5. Photomicrographs of 5-HT-labeled axons in the cat fore-
brain and hypothalamus. A: The density of the immunoreactive plex-
uses is strikingly higher in the lateral entorhinal (Ent) than in the
perirhinal cortex (PR) bordering the posterior rhinal sulcus. Coronal
section from level A6. B: Pericellular basket in layer II of auditory
cortex bordering the posterior ectosylvian sulcus. The basket is com-
posed of large varicose axons encircling the soma and closely following
the dendrites. Numerous small varicose axons interdigitate in the
background. C: The nucleus accumbens around the medial cap of the
anterior commissure (ca) contains a very high number of intricate
5-HT-immunoreactive axons. Laterally, the mesh-like appearance of
the labeling clearly identifies the medial part of the globus pallidus
(GP). Coronal section from level A16. D: This view of the dorsal
hippocampus shows that the stratum lacunosum-moleculare (m) con-
tains a very high number of 5-HT-immunoreactive fibers in contrast
to the pyramidal layer (p). Stratum oriens (o) and stratum radiatum
(r) also contain a noticeable number of fibers. Coronal section from
level A6. E: In the caudal and dorsal thalamus, the lateral habenula
(HL) is homogeneously populated with 5-HT varicose axons whereas
these form patches in the medial habenula (HM). A very dense plexus
of axons covers the paraventricular nucleus (PV). Coronal section
from level A8. F: In the mediobasal hypothalamus, a zone of very low
density of 5-HT-immunoreactive axons corresponds to the arcuate
nucleus (Ar). Coronal section from level A12. G: The medial mammil-
lary nucleus (MB) contains a very low number of 5-HT-
immunolabeled axons, which contrasts with the dense plexus in the
supramammillary region (upper right corner). Coronal section from
level A8. Scale bars 5 100 mm in A; 50 mm in B; 400 mm in C,F; 500
mm in D; 250 mm in E; 200 mm in G.
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axons corresponding to the caudal pole of the mediodorsal
nucleus (Fig. 1b, A8). The tract continued its course ven-
trally through the moderately innervated parafascicular
nucleus, associated laterally to the lightly innervated
centre médian nucleus. In the medial habenular nucleus
(Fig. 5E), some of the immunolabeled fibers were isolated,
whereas others were grouped in patches and very tortu-
ous. In the lateral nucleus (Fig. 5E), the plexus of fibers
was of medium density and had a homogeneous distribu-
tion. In the pineal gland, all pinealocytes showed strong
5-HT immunoreactivity. A few immunolabeled nerve fi-
bers were visible in the habenular commissure.


In the dorsal lateral geniculate nucleus (Fig. 1b, A8-A4),
the 5-HT-immunoreactive axons were in relatively modest
numbers (Fig. 6A). They were crossing the laminar orga-
nization of the complex and were slightly more numerous
in the ventral and medial aspects (Ueda and Sano, 1986;
de Lima and Singer, 1987; Mize and Payne, 1987; Fitz-
patrick et al., 1989). Separated from the dorsal nucleus by
the intergeniculate leaflet, containing relatively few im-
munolabeled fibers, the ventral lateral geniculate nucleus
was distinguished from the rest of the lateral thalamus by
its very high number of immunoreactive fibers (Figs. 1b,
A8, 6A). Ventrally to the ventral lateral geniculate nu-
cleus, numerous immunolabeled fibers had a vertical tra-
jectory and formed a bundle that is possibly connected to
the main ascending 5-HT-containing bundle in the ventral
mesencephalon. Immediately after their parting from the
main bundle, these immunoreactive fibers passed above
the subthalamic nucleus, which contained very few 5-HT-
labeled axons (Mori et al., 1985a).


Adjacent to the mesencephalon, the medial geniculate
complex displayed a moderate number of 5-HT-containing
axons (Fig. 1b, A6-A4), comparable in their morphology
and trajectory to those in the dorsal lateral geniculate
nucleus. The brachium of the inferior colliculus had few
immunoreactive fibers. Lateral to it, the principal medial
geniculate nucleus was the recipient of a slightly higher
number of immunoreactive axons than the medially lo-
cated magnocellular medial geniculate nucleus.


Mesencephalon. The periaqueductal gray was very
richly innervated by 5-HT-immunoreactive fibers (Fig.
6E). There was a continuum of immunolabeled fibers bor-
dering the ventricle from rostral levels of the hypothala-
mus to caudal levels of the pons. In the hypothalamus and
thalamus, these fibers merged laterally with plexuses of
equal or lower densities (Fig. 1a,b, A14-A8). In contrast, in
the mesencephalon and pons there was a sharp border
between the periaqueductal gray and surrounding areas
(Fig. 1, A4-A2).


The oculomotor nucleus was poorly innervated by 5-HT-
immunolabeled axons (Fig. 6E) (Takeuchi et al., 1983). In
the thinner counterstained frozen sections, it was ob-
served that some of them converged and apparently ter-
minated in the immediate vicinity of the large perikarya of
the motoneurons. Only a few perikarya were contacted in
this way in any one section. However, a given perikaryon
could be the recipient of more than one immunoreactive
varicosity.


The specialized ependymal cells of the subcommissural
organ were bordered at their basal pole by a dense line of
5-HT-containing axons. Some penetrated between the
pseudostratified cells but did not reach their apical pole.


The pretectum was delineated by its high number of
immunoreactive fibers, comparable to that in the periven-


tricular gray, except in the posterior nucleus (Fig. 1b, A6).
The plexuses of immunoreactive axons were denser in the
olivary and medial nuclei than in the anterior nucleus,
where most fibers had a preferential vertical orientation.


In the superior colliculus, the laminar organization of
the nerve cells and myelin was only partially matched by
the distribution of 5-HT-immunolabeled axons. Except for
the superficial layer, which was heavily innervated, the
subjacent layers were rather uniformly and less densely
innervated (Fig. 1b,c, A4-AP0) (Ueda et al., 1985; Mize
and Horner, 1989).


Most of the reticular formation was occupied by a low
number of immunolabeled fibers. Their number was
slightly higher in the ventrolateral quadrant of the retic-
ular formation than in the central core. In the red nucleus,
numerous axons came close to the magnocellular neurons
of the nucleus, following their proximal dendrites or part
of their perikaryon (Bosler et al., 1983).


The substantia nigra and the ventralmost part of the
ventral tegmental area (Figs. 1b, A6-A4, 6B) were among
the most densely innervated regions of the brain, although
this innervation was not uniform. The pars compacta and
pars lateralis displayed a somewhat lower number of im-
munoreactive axons than the pars reticulata and ventral
part of the ventral tegmental area (Mori et al., 1987). The
rest of the ventral tegmental area was mainly populated
with thick smooth efferent axons.


In the interpeduncular nucleus, the distribution of the
5-HT-immunoreactive axons was very contrasted and cre-
ated subdivisions within the known cytoarchitectonic com-
ponents (Figs. 1b, A4-A2, 6F). The most conspicuous of
these separations divided the so-called central interpe-
duncular nucleus into a medial, very densely innervated
zone and two lateral, lightly innervated parts. Caudally,
the medial richly innervated zone was displaced dorsally
and merged with the densely innervated outer division of
the posterior interpeduncular nucleus (Fig. 6F), itself
transformed in the apical interpeduncular nucleus at cau-
dalmost levels. In the paramedian and apical divisions,
the immunoreactive axons were running among small im-
munolabeled cell bodies. The interpeduncular nucleus was
covered at its rostral pole by a distinct cap composed of a
high number of immunolabeled fibers corresponding to the
interfascicular nucleus (Fig. 1b, A4). Dorsal to the inter-
fascicular nucleus, a low number of varicose axons was
distinguished in the nuclei raphe linearis rostralis and
intermedius.


Pons. In the pons, 5-HT immunoreactivity was domi-
nated by the continuation, in the periventricular and peri-
aqueductal gray, of the very dense innervation observed in
the mesencephalic periaqueductal gray (Fig. 1c, AP0- P4).
Non-varicose fibers, most probably issuing from the local
immunolabeled cell bodies, had a roughly horizontal
course, and ran together in the lateral direction, travers-
ing first the mesencephalic root of the fifth nerve and then
the cuneiform nucleus. They could be followed in the lat-
eral parabrachial nucleus and, for some of them, further
in the lateral lemniscus until the lateral surface of the
pons. The trochlear nucleus (Fig. 1c, AP0) had a low con-
tent in immunolabeled fibers (Takeuchi et al., 1983). Cau-
dally, the ventral pontine periaqueductal gray was
marked by the presence of a very high number of axons in
the dorsal tegmental nucleus, particularly in its central
and pericentral divisions (Figs. 1c, P2, 6C). Among the
immunolabeled cell bodies of the nucleus raphe dorsalis,
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varicose axons could be distinguished, in spite of the pres-
ence of other immunoreative processes seemingly corre-
sponding to dendrites and thick and thin non-varicose
axons. The same was true for the raphe centralis superior,
which was covered by an array of vertical and horizontal
non-varicose axons (Fig. 2F).


The nuclei located around the brachium conjunctivum
in the caudal two-thirds of the pons (locus coeruleus, para-
brachial, and Kölliker-Fuse nuclei) contained a high or
very high number of immunoreactive fibers (Fig. 1c, P2).
The pontine reticular formation contained a consistent
number of immunoreactive axons amid small myelinated
bundles (Fig. 1c, AP0-P4). A denser accumulation of axons
was noted in the ventral tegmental nucleus. The motor
trigeminal nucleus was the recipient of a large number of
immunolabeled axons that apparently did not contact the
large neurons (Takeuchi et al., 1983; Nagase et al., 1997).


The pontine nuclei were characterized by the presence
of a very low number of immunolabeled axons, avoiding,
although not always strictly, the large myelinated bundles
of the pyramidal tract. The lateral lemniscus and its ven-
tral and dorsal nuclei were penetrated by immunoreactive
axons. The plexuses were more developed in the ventral
than in the dorsal nuclei and invaded most spaces avail-
able among the myelinated fibers of the lateral lemniscus
itself. Finally, the inferior colliculus was not very rich in
5-HT-containing axons (Fig. 1c, AP0-P2). There was a
slightly higher concentration of fibers in a vertical band
corresponding to the external nucleus. The central nu-
cleus was moderately innervated in its dorsomedial half
and very poorly supplied in its ventrolateral part.


Medulla oblongata. In the medulla oblongata, few ar-
eas displayed a density of 5-HT-immunolabeled axons as
high as those encountered in more rostral parts of the
brain. Ventrally and rostrally, the superior olivary com-


plex (Fig. 1c, P4) was the only area of gray matter almost
devoid of fibers in the cat brain. This was best appreciated
in sagittal sections and contrasted with the heavy inner-
vation of the facial nucleus (Fig. 6D) (Takeuchi et al.,
1983; May et al., 1987; Fort et al., 1989). In this nucleus,
the medial subdivision contained a slightly higher number
of immunoreactive fibers than the lateral subdivision. As
in many other cranial motor nuclei, the large neurons
were closely contacted by immunoreactive varicosities.
Dorsally, the abducens nucleus received very few immu-
noreactive axons (Takeuchi et al., 1983; May et al., 1987).


The vestibular nuclei received a rather low number of
5-HT-immunolabeled axons along their entire rostrocau-
dal extent (Fig. 1c, P6-P11), particularly the dorsal part of
the lateral vestibular nucleus.


In the cochlear complex, the very low number of immu-
noreactive fibers observed in the anteroventral and pos-
teroventral nuclei, constituting the core of the complex,
contrasted with the rather rich innervation observed su-
perficially in the granular layer and dorsal nucleus (Fig.
1c, P6-P8).


In the reticular formation, the density of innervation
was comparable to that in the pons. In the medial part, the
gigantocellular field rostrally and the paramedian nucleus
caudally contained a moderate number of immunoreactive
fibers. Elsewhere in the reticular formation and especially
in its peripheral regions, the number of axons was sub-
stantially higher. This was the case in the rostrolateral
part of the lateral tegmental field (Fort et al., 1994), the
entire magnocellular tegmental field (Luppi et al., 1988),
and especially the ventrolateral domain of the reticular
formation including the retrofacial (Arita et al., 1993)
and paragigantocellular nuclei (Fig. 1c, P6-P11). In
the nucleus ambiguus, some of the varicose axons
closely followed the contour of the large non-
immunoreactive cell bodies (Arita et al., 1993; Holtman,
1988). The magnocellular tegmental field showed clear
examples of basket-like terminals (Fig. 7B), composed of
thin varicose axons, in contrast to those observed in tel-
encephalon. Long immunolabeled fibers were wrapped
around non-immunoreactive medium- and large-sized cell
bodies and around their proximal dendrites. In the para-
gigantocellular nucleus, varicosities came into contact
with 5-HT-containing perikarya. These appositions were
also observed in other aggregations of 5-HT perikarya,
such as the raphe nuclei (Fig. 7C) (Chazal and Ralston,
1987). In addition, individual immunoreactive axons were
visible in the medullary raphe nuclei. Numerous axons
were easily observed among the scattered perikarya in the
nucleus raphe magnus and among the more concentrated
perikarya in the nucleus raphe pallidus. Dorsally, the
immunoreactive axons were few in the nucleus raphe ob-
scurus and among the paramedian bundles of myelinated
fibers.


The inferior olivary complex was sharply delineated by
its 5-HT innervation (Fig. 1c, P8-P13). However, the den-
sity of the immunolabeled networks was highly uneven
within and among the subnuclei (Wiklund et al., 1977;
Takeuchi and Sano, 1983b). The number of immunola-
beled axons was very high and equalled that observed in
more rostral regions such as the mesencephalic periaque-
ductal gray, in the dorsal accessory nucleus and the me-
dialmost and caudolateral parts of the medial accessory
nucleus. Within the principal and the rest of the medial
accessory nuclei, the numbers of immunolabeled axons


Fig. 6. Photomicrographs of 5-HT-immunoreactive axons in the
cat brain. A: In the lateral and caudal thalamus, the crescent-shaped
dorsal lateral geniculate nucleus (GLd) contains a modest number of
5-HT-immunolabeled axonal processes compared with the ventral
nucleus (GLv). Coronal section from level A6. B: A plexus of very high
density covering the substantia nigra pars reticulata (SNR), a plexus
of lower density in this plane over the ventral tegmental area (VTA),
and thick fibers of the ascending bundle, medially (thin arrow). The
thick arrows point to accumulations of varicose axons among the
myelinated fibers of the cerebral peduncles.Coronal section from level
A6. C: In the rostral pontine gray, the dorsal tegmental nucleus is
characterized by a very high number of 5-HT-immunoreactive axons
in its central (C) and pericentral (PC) divisions. Cell bodies in the
caudalmost part of the dorsal raphe nucleus are visible on the mid-
line. Coronal section from level P2. D: The contrast between the heavy
innervation of the facial nucleus (7) and the absence of 5-HT-
immunolabeled processes in the superior olivary complex (OS) is
illustrated on this sagittal section taken 4 mm from the midline.
E: The oculomotor nucleus (3) is the recipient of a low number of
5-HT-immunoreactive axons compared with the adjacent periaque-
ductal grey (PAG) and Edinger-Westphal nucleus (EW). Coronal sec-
tion from level A4. F: The posterior inner division (IPI), posterior
outer division (IPO), and paramedian division (IPP) subdivisions of
the interpeduncular nucleus at mid-rostrocaudal levels. Coronal sec-
tion from level A2. G: In this photograph from the dorsomedial me-
dulla oblongata, the motor nucleus of the vagus (DMV) is less densely
innervated than the medial part of the nucleus of the solitary tract
(NTS) and the nucleus of the hypoglossal nerve (12). A few 5-HT-
immunoreactive fibers are visible in the area postrema (AP). Coronal
section from level P13. Scale bars 5 500 mm in A,B; 125 mm in C; 200
mm in D; 125 mm in E; 250 mm in F; 300 mm in G.
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were moderate and low, respectively. Lateral to the infe-
rior olive, the lateral reticular nucleus displayed a very
low number of immunoreactive axons.


In the lateral medulla oblongata, the spinal trigeminal
complex was the recipient of a high number of 5-HT-
immunoreactive axons (Fig. 1c, P6-P18) (Matthews et al.,
1987, 1989). Rostrally, the principal trigeminal sensory
nucleus was populated with a homogeneous and highly
intricate plexus of axons. More caudally, the innervation
became progressively heterogeneous, so that when the
magnocellular division of the alaminar spinal trigeminal
nucleus was reached, dense patches were apparent beside
a moderately innervated background. The dense patches
were located in the dorsal part and medial edge of the
nucleus. At caudalmost levels of medulla oblongata, the
transition with the laminar portion of the spinal trigemi-
nal nucleus was easily recognized because the 5-HT-
immunoreactive axons adopted a gradient of distribution
(Fig. 1c, P16-P18). The thin crescent-shaped superficial
layers contained a very high number of immunoreactive
fibers. The internal layer was less densely innervated,
especially its central core.


In the dorsomedial medulla oblongata, a narrow band of
gray matter bordering the fourth ventricle at rostral levels
was the continuation of the pontine periventricular gray
and, similarly to it, contained a particularly high number
of immunolabeled fibers. Medially, the nucleus prepositus
hypoglossi was embedded in this very dense network.
More caudally, the nucleus of the solitary tract (Maley and
Elde, 1982; Voss et al., 1990) showed a high number of


5-HT-immunoreactive axons, especially in its medial sub-
division (Figs. 1c, P11-P13, 6G). Many of these were large
varicose axons. The number of immunoreactive axons was
lower in the dorsal motor nucleus of the vagus (Fig. 6G).
The area postrema was penetrated by a moderate number
of axons (Fig. 6G) (Newton et al., 1985). The nucleus of the
hypoglossal nerve was the recipient of a relatively high
number of 5-HT-containing fibers (Fig. 6G), which were
not particularly encircling the large non-immunoreactive
soma (Takeuchi et al., 1983).


In the caudal and dorsalmost medulla oblongata, the
three nuclei forming the dorsal column complex displayed
three different densities of 5-HT innervation (Fig. 1c, P13-
P18) (Pearson and Goldfinger, 1987; Blomqvist and Bro-
man, 1993): the external cuneate nucleus received a low
number of axons, the cuneate nucleus received a moderate
number of immunoreactive axons, and the gracile nucleus
contained a high number of immunoreactive fibers, nearly
as high as the adjacent caudal end of the medial nucleus of
the solitary tract. At the caudal pole of the gracile nucleus,
the innervation became abruptly sparse.


Cerebellum. The cerebellum showed highly contrast-
ing patterns of innervation in the deep nuclei and in the
cortex. In the deep nuclei, the 5-HT-immunolabeled axons
were homogeneously distributed, whereas they clearly
adopted a layered organization in the cortex (Fig. 1c, P4-
P10) (Takeuchi et al., 1982b; Kerr and Bishop, 1991). The
medial, interposited, and lateral nuclei received very
sparse, low, and moderate numbers of immunoreactive
fibers, respectively. Isolated immunoreactive axons con-


Fig. 7. Photomicrographs of 5-HT-immunoreactive axons and cell
bodies in the cerebellum and medulla oblongata. A: Fine varicose and
tortuous axons are numerous in the granular layer (GL) of the cere-
bellum; some run through the Purkinje cell layer (Pc) but very few
reach the molecular layer (ML). B: In the medullary magnocellular
nucleus, fine varicose axons closely surround the large non-


immunoreactive cell bodies and their dendrites (arrow). Coronal sec-
tion from level P9. C: Examples of close contacts between 5-HT-
immunoreactive varicose axons (arrow) and 5-HT-immunoreactive
cell bodies in the nucleus raphe pallidus in a midline sagittal section.
Scale bars 5 80 mm in A; 40 mm in B; 25 mm in C.
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tinued their course vertically among the myelinated fibers
above these two nuclei, laterally to the lateral nucleus,
and probably toward the cortex. In the cortex, only the
granular layer contained a substantial amount of immu-
noreactive axons (Fig. 7A). They seldom passed through
the Purkinje cell layer and even more rarely penetrated
the molecular layer, where they usually ended half way
from the surface. Immunoreactive axons were exception-
ally observed in the white matter of the cerebellar folia.
The distribution of immunoreactive axons in the granular
layer showed some regional variations. As observed in
frontal sections, the lateralmost lobules of the cerebellar
hemispheres contained few or very few immunoreactive
fibers, as did the medial part of the vermis, dorsally.
Between the two was a zone containing a moderate num-
ber of immunolabeled fibers. Ventrally, the lobules of the
vermis were also moderately innervated. Only the later-
ally located paraflocculus displayed a slightly higher num-
ber of immunolabeled axons.


Spinal cord. As illustrated in Figures 1d and 8, 5-HT-
immunolabeled fibers were mainly detected through the
gray, although a noticeable labeling was seen across the
dorsolateral, lateral, and ventral funiculi of the white
matter. The highest density in 5-HT-immunoreactive,
mostly large varicose fibers was observed in the interme-
diolateral nucleus at thoracic and upper lumbar levels
(Figs. 1d, L1, 8C) (Krukoff et al., 1985). At these levels,
long converging axons connected the lateral funiculus
with the intermediolateral nucleus. At all levels of the
spinal cord, dense networks of immunolabeled fibers, a
number of which were large varicose, were visualized in
layer I (marginal zone; Fig. 8A) (Ruda et al., 1982), in
layers III–IV, laterally to the central canal (Fig. 8B), and
in the ventral horn within the motor nuclei (Fig. 8D)
(Kojima and Sano, 1983; Arvidsson et al., 1990; Ramirez-
Leon et al., 1994). Converging axons were also observed
connecting the ventral and lateral funiculi to these re-
gions. Other areas of the spinal cord including the Lis-
sauer tract, layer II (substantia gelatinosa; Fig. 8A), lay-
ers V–VIII, and the dorsal and ventral commissures
displayed a moderate number of 5-HT-immunoreactive
axons. The column of Clarke (dorsal nucleus; Fig. 8C)
contained a very low number of axons (Pearson et al.,
2000), and the dorsal funiculus was virtually devoid of
immunolabeling.


DISCUSSION


Cell bodies


The distribution of 5-HT-immunoreactive cell bodies ob-
served here is generally comparable to that visualized
with formaldehyde-induced fluorescence (Wiklund et al.,
1981) and other 5-HT antibodies (Takeuchi et al., 1982a;
Jacobs et al., 1984). In previous in situ hybridization ex-
periments, we have observed that these cell bodies express
the messenger RNA for the 5-HT membrane transporter
(Charnay et al., 1996).


In the cat, 22% of the serotonergic cell bodies lie outside
the raphe nuclei, reaching laterally located structures at
all rostrocaudal levels of the raphe nuclei (Wiklund et al.,
1981). The number of the extra-raphe located serotonergic
cells was estimated to be 33% in the mouse (Ishimura et
al., 1988). From the drawings made by authors in the rat
(Takeuchi et al., 1982a; Steinbusch, 1984), mouse (Ish-


imura et al., 1988), rabbit (Bjarkam al., 1997), cat (Wik-
lund et al., 1981), and dog (Kojima et al., 1983), it appears
that their lateral extension would be larger in carnivores
than in rodents. This lateralization would even be more
pronounced in monkeys (Azmitia and Gannon, 1986) and
human (Baker et al., 1991). In fact, in primates, the sero-
tonergic neurons of the midline show a paramedian local-
ization, and the number of the laterally located cells seems
to be higher than in the cat.


The neuropeptides enkephalins, substance P, and
thyrotropin-releasing hormone were shown to coexist with
5-HT in some neurons of the raphe nuclei and adjacent
structures (Léger et al., 1986; Arvidsson et al., 1992, 1994;
Dean et al., 1993; Fung et al., 1994). The coexistence is
found mainly, if not exclusively, in the medullary raphe
nuclei (raphe magnus, pallidus, and obscurus) and their
lateral extensions around the inferior olive. The fibers of
projection of these neurons in the spinal cord colocalize
5-HT and one or two of the peptides (enkephalins, sub-
stance P, and thryrotropin-releasing hormone), suggest-
ing that the two or three transmitters might exert com-
plementary effects on the activity of the motoneurons
(Fung et al., 1994; Hökfelt et al., 2000).


Ascending pathways


In our immunohistochemical preparations, the trajec-
tory of the efferent serotonergic pathways at their exit
from the raphe nuclei was distinct up to the diencephalon.
More rostrally, the large size of the cat brain, the diver-
gence of the efferent axons, and the simultaneous pres-
ence of intricate plexuses of varicose axons prevented
their discrimination.


The fibers running longitudinally in the periaqueductal
gray and those coursing ventrally across the medial teg-
mentum in the brainstem were previously demonstrated
by Bobillier et al. (1976) in the cat after the injection of
tritiated leucine in the nuclei raphe dorsalis or centralis
superior. They were named “dorsal” and “ventrolateral”
systems, respectively. The “medial” bundle of these au-
thors, better seen after injections in the nucleus centralis
superior, might correspond in part to the loose group of
thick immunoreactive axons coursing horizontally and lat-
eralward through the rostral pontine reticular formation.
We suggest here that this bundle proceeds forward up to
the thalamus, whereas Bobillier et al. (1976) viewed it as
responsible for the innervation of the medial two-thirds of
the mesencephalic reticular formation. The labeling of
non-serotonergic neurons in addition to serotonergic ones
in the tritiated leucine experiments could contribute to the
observed differences.


Our observations add to the work of other authors sug-
gesting a common organization of the ascending projec-
tions of the serotonergic neurons across mammalian spe-
cies. A number of efferent pathways, up to six in the rat
(Azmitia and Segal, 1978), have been described. However,
the existence of a dorsal periventricular and a ventral
transtegmental system has been recognized by all authors
in the rat and macaque monkey brains (Parent et al.,
1981; Azmitia and Gannon, 1986). The latter is assumed
to represent the major ascending pathway for the seroto-
nergic neurons. It occupies the ventral tegmental area and
then the medial forebrain bundle and innervates, through
different branches, the entire diencephalon and telenceph-
alon. Azmitia and Gannon (1986) suggest, however, that
in the macaque monkey the tract located dorsally to the
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medial forebrain bundle and conveying serotonergic axons
toward the cerebral cortex is more developed than the
medial forebrain bundle itself, because of the large devel-
opment of the cortex in primates.


Little is known about the trajectory of the axons ema-
nating from the serotonergic cells located outside the ra-
phe nuclei, although this contingent represents more than
one-fifth of the total number of serotonergic neurons in the
cat brain (Wiklund et al., 1981). Whether the axons join
the main serotonergic pathways or travel together with
their non-serotonergic neighbors remains to be investi-
gated. The fact that the serotonergic innervation of the
cerebellar cortex originates exclusively outside the raphe
nuclei (Kerr and Bishop, 1991), whereas that of the deep
cerebellar nuclei issues from both the raphe nuclei and
lateral locations (Kitzman and Bishop, 1994), may be an
indication that some of the axons of the serotonergic extra-
raphe locations travel independently from those in the
raphe nuclei.


Distribution of serotonergic axonal
arborizations


The present data show that 5-HT-immunolabeled ax-
onal arborizations are present in almost every part of gray
matter in the cat central nervous system and absent from
large myelinated fiber bundles, except in the spinal cord.
Only one restricted area in the ventral brainstem, the
superior olivary complex, can be considered devoid of
5-HT-immunolabeled fibers. These results agree with
those of other authors (see references in Table 1). The
regions and subregions described in the literature as
densely or poorly innervated in the cat brain were found to
contain similar densities of serotonergic axonal arboriza-
tions in our materials. For example, in the caudate nu-
cleus, we found a gradient of decreasing density in the
number of immunoreactive axons from the dorsomedial
and ventral parts to the ventrolateral part. Mori et al.
(1985b) observed the highest concentrations of 5-HT-
immunoreactive fibers in the medial and ventral divisions.
In the olfactory bulb and cerebellar cortex, a conspicu-
ously layered organization of 5-HT-immunoreactive axons
was described by us and other authors, the glomerular
and granular layers being more densely innervated than
the other layers (Takeuchi et al., 1982b,c; Kerr and
Bishop, 1991). In the spinal cord, Krukoff et al. (1985)
described a very dense plexus of 5-HT-labeled axons in the
intermediolateral nucleus, as observed here.


Comparative studies point to a common general organi-
zation of serotonergic systems among mammals (Parent,
1981). However, when considering particular areas and
subareas, differences can be found among species. This is
illustrated by examples taken in the cortex, where both
the density of the immunoreactive plexuses and their lam-


Fig. 8. Photomicrographs showing 5-HT-immunoreactive fibers in
coronal sections of the spinal cord. Micrographs were taken from
cervical (A, B, and D) and thoracic levels, respectively. A: In the dorsal
gray, note the presence of immunoreactive fibers in the marginal zone
(MZ) (arrows). B: Several 5-HT-labeled axons are detected across the
gray commissure and laterally to the central canal (cc; arrows). C: At
thoracic and lumbar levels, the intermediate gray displays the highest
density in 5-HT-immunolabeled fibers, especially in the intermedio-
lateral nucleus (IML). D: Varicose immunoreactive axons run among
the motoneurons (m). Scale bars 5 50 mm in A,B,D; 250 mm in C.
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inar organization vary from one species to another.
Whereas in the cat the serotonergic innervation of motor
areas is dense and comparable to that of the primary
somatosensory and auditory areas, in the macaque mon-
key motor areas receive a rather loose serotonergic inner-
vation compared with primary sensory areas (Takeuchi
and Sano, 1983a; Berger et al., 1988; Wilson and Molliver,
1991). Among the primary sensory areas, the primary
visual cortex (area 17) is moderately supplied in seroto-
nergic nerve fibers in the cat and very richly supplied in
the monkey (Morrison and Foote, 1986). In this particular
area, another striking dissimilarity exists between cat and
monkey in that layers IV and upper V, which are almost
devoid of 5-HT-immunoreactive axons in the cat, are pop-
ulated by a very high number of such axons in the monkey
(Morrison and Foote, 1986; de Lima et al., 1988). In this
species, in which sublaminar patterns are visible, the
density of the serotonergic plexuses varies across these
subdivisions (de Lima et al., 1988). In contrast, no layered
pattern or gradient of the serotonergic network exists in
the rat visual cortex (Papadopoulos et al., 1987a).


In some cases, differences are apparent in brain areas
that share a common anatomical organization, at least at
the light microscopic level. Such an example is given by
the cerebellar cortex. In the rat, the molecular layer dis-
plays a higher number of 5-HT-immunoreactive axons
than the granular layer (Bishop and Ho, 1985), whereas in
the cat the reverse pattern occurs (Takeuchi et al., 1982b
and present results). This implies that 5-HT is not in-
volved at the same level(s) of the cortical cerebellar cir-
cuitry in these species. Serotonin was shown to inhibit the
release of glutamate in the cerecellar molecular layer of
the rat, presumably from parallel and/or climbing fibers
(Maura and Raiteri, 1996). In the cat, it might be more
influent on the inhibition of glutamate release at the junc-
tion of the mossy fibers and granule cells (Thellung et al.,
1993). In the suprachiasmatic nucleus, differences were
noted between macaque monkey and other mammalian
species. Whereas the ventral portion of the nucleus is very
poor in 5-HT immunoreactive fibers in the macaque mon-
key (Ueda et al., 1983a), it is densely innervated in the rat,
hamster, and cat (Ueda et al., 1983a and present results).


In a previous investigation of the serotonergic systems
in the cat, we had undertaken an autoradiographic label-
ing of the 5-HT membrane transporter with tritiated par-
oxetine, a selective 5-HT uptake inhibitor (Charnay et al.,
1997b). In addition to the strong signal detected over all
the raphe nuclei, a delicate and heterogeneous pattern of
labeling was observed throughout the brain. It is striking
to see that a close correspondence exists between this
pattern and the distribution of the 5-HT-immunoreactive
axons described here (compare Fig. 2 in Charnay et al.,
1997b with Fig. 1 of the present study). For example, in
the amygdala the heavy autoradiographic signal and the
very dense plexus of immunoreactive fibers are confined to
the basolateral nucleus and contrast with the low signal
and loose plexus in the medial half of the lateral nucleus.
Only in a very few areas was the distribution somewhat
different. For example, the trilaminar pattern observed
with paroxetine in several neocortical gyri does not find a
correspondence in the immunohistochemical prepara-
tions, except in areas 17 and 18. These differences cannot
be readily explained, although it is possible that varia-
tions in the relative density of the 5-HT binding sites occur
along the axonal fibers among areas.


Like the axons emanating from serotonergic neurons,
axonal processes issuing from other monoaminergic neu-
rons, especially those synthesizing noradrenaline, display
a profusion of branches throughout the central nervous
system (Björklund and Lindvall, 1984; Moore and Card,
1984) by way of a high degree of collateralization (Imai et
al., 1986; Lyons and Grzanna, 1988). In some areas, like
the spinal cord, the distributions of noradrenaline and
especially dopamine are very similar to that of 5-HT (Hol-
stege et al., 1996). However, in many other areas each
system has its own distribution and specific subnuclear
pattern, e.g., in the cerebellum (Liu and Cynader, 1994
and present results). In some cases, like the primary vi-
sual cortex of the monkey (Morrison et al., 1982), comple-
mentary patterns across layers have been observed.This
implies that each system influences different sets of neu-
rons in the same area.


Origin of the two morphologically distinct
systems of varicose axons


As mentioned before, the intricacy of the plexuses of
varicose and non-varicose 5-HT-immunoreactive axons all
over the gray matter precludes any determination of the
final destinations of serotonergic efferent axons. In their
autoradiographic study, Bobillier et al. (1976) were able to
follow the transport of radioactive material from the raphe
nuclei to distant sites of termination, but, as mentioned by
the authors themselves, the injected amino acid might
have been incorporated into non-serotonergic cells as well.
By using more specific techniques such as the combination
of retrograde tracing and 5-HT immunohistochemistry,
several authors determined the origin of the serotonergic
innervation for a number of areas in the cat brain. It
appears that, as in the rat, the innervation of a given area
takes its origin in more than one group of 5-HT neurons.
In addition, the innervation of regions rostral to the pons
originates almost exclusively in the rostral raphe nuclei,
and the innervation of regions in the pons and caudally
comes from all the raphe nuclei and locations outside the
raphe, as well.


The results of retrograde tracing experiments can be
contrasted to the observations, in rat (Kosovsky and Mol-
liver, 1987), marmoset monkey (Hornung et al., 1990), and
cat (Mulligan and Törk, 1988), and in the present study, of
the existence of two morphologically distinct types of se-
rotonergic varicose axons. By using anterograde tracing,
double labeling with 5-HT, and administration of toxins of
the serotonergic system, Molliver and colleagues found
that, in rats, serotonergic axons bearing small pleomor-
phic varicosities and those showing large round varicosi-
ties have distinct origins in the rostral raphe nuclei. The
first type would be issued from the dorsal and the second
type from the median (corresponding to the centralis su-
perior in the cat) raphe nuclei, (see review in Molliver,
1987). In the present study we have observed that both
types are visible in every region containing serotonergic
arborizations, although in very different proportions
among areas.


If we compare these observations with data from retro-
grade tracing experiments, the posterior hypothalamus,
superior colliculus, and locus coeruleus contain a substan-
tial number of large varicose axons and receive serotoner-
gic afferents from the nucleus centralis superior (Mize and
Horner, 1989; Sakai et al., 1990; Sakai, 1991). The abdu-
cens nucleus, gigantocellular medullary reticular forma-
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tion, and cerebellar cortex, which contain very few large
varicose axons, do not receive serotonergic afferents from
the nucleus centralis superior (May et al., 1987; Kerr and
Bishop, 1991; Kobayashi et al., 1994). However, a discrep-
ancy exists for several other areas. The motor trigeminal
and facial nuclei, shown here to contain a particularly
high number of large varicose axons, do not apparently
receive serotonergic afferents from the raphe centralis
superior (Fort et al., 1989, 1990). Moreover, regions that
contain very few large varicose axons, such as the dorsal
lateral geniculate and cerebellar nuclei, receive a number
of serotonergic axons from this nucleus (de Lima and
Singer, 1987; Kitzman and Bishop, 1994). This clearly
suggests that, in the cat, the origin of the two types of
axons cannot be readily ascribed to either the raphe dor-
salis or raphe centralis superior. The possibility that other
raphe nuclei give rise to large varicose axons cannot be
excluded. In this respect, the morphology of the serotoner-
gic axons issuing from the nuclei raphe pallidus and ob-
scurus and contributing to the innervation of the motor
trigeminal and facial nuclei (Fort et al., 1989, 1990) is not
known. Another hypothesis, based on observations made
in the hamster (Morin and Meyer-Bernstein, 1999), is that
the morphology of the 5-HT axons would not depend on
their origin but rather on their targets.


Independent of their origins, the large and small sero-
tonergic axons represent two separate subsystems, mor-
phologically and probably functionally. The small varicose
axons have a ubiquitous distribution, whereas the large
varicose ones have a more restricted distribution. In ad-
dition, it was shown that during the postnatal develop-
ment of the cerebral cortex of the cat, the large varicose
axons appear 1 week after the small varicose ones and
that they are the only to form pericellular baskets (Vu and
Törk, 1992 and our results). In double-labeling experi-
ments, the surrounded somas were identified as
g-aminobutyric acid (GABA)ergic interneurons (DeFelipe
et al., 1991). These data suggest that the projections from
serotonergic neurons bearing small varicosities may have
a more diffuse influence in the brain than the axons with
large varicosities (Hornung et al., 1990).


Mode of termination of the serotonergic
axons and relationships with receptors


Whereas for the early observers (Descarries et al., 1975,
1977) monoamine varicosities in the rat cerebral cortex
established a very limited number of synaptic contacts, for
subsequent authors (Papadopoulos et al., 1987b) nearly all
these varicosities were characterized by a specialized
junction. Ultrastructural serial sections analysis have re-
cently revealed that the percentage of synaptic mono-
amine varicosities varies from area to area (Descarries et
al., 1991). Differences also occur among species. Whereas
most serotonergic varicosities in the visual cortex of the
macaque monkey possess a synaptic complex (de Lima et
al., 1988), only 37% of them form a synapse in the homol-
ogous area of the rat cortex (Descarries et al., 1991).


In the cat, relatively few studies have been performed,
and all of them, carefully done on serial sections, indicate
that the serotonergic swellings would mainly be of the
non-synaptic type. The percentage of varicosities making
a clearly identifiable synapse varies from 3% in the pri-
mary auditory cortex (DeFelipe et al., 1991) to 27% in the
motor trigeminal nucleus (Nagase et al., 1997). The syn-
apses are most often asymmetric and on dendritic shafts


or spines. Interestingly, the lowest percentage concerns
the large round varicosities participating in the tightly
arranged pericellular baskets in the auditory cortex, a
configuration in which a large number of synapses was to
be expected. Although further studies are needed in other
regions of the cat brain, the collected observations rein-
force the theory developed by Agnati et al. (1995) on the
existence of “volume” transmission, in addition to “wiring”
transmission in the brain. In volume transmission, mono-
amines and other neurochemical signals would diffuse
from their site of release and influence distant targets in
the surrounding tissue.


The receptors encountered by 5-HT after its release
from synaptic and non-synaptic sites belong to one (or
several) of the 14 classes and subclasses of 5-HT receptors
identified up to now (Hoyer and Martin, 1997). In the cat,
only the distribution of 5-HT1a receptors has been thor-
oughly investigated (Charnay et al., 1997a). The descrip-
tion of 5-HT1c and 2 receptors has been restricted to the
visual cortex (Dyck and Cynader, 1993). The mismatch
between the patterns of distribution of 5-HT-
immunoreactive axons and 5-HT receptors, well described
in the rat brain, is also found in the cat. Some areas
receiving a dense 5-HT input, such as the caudate-
putamen, nucleus accumbens, most of the hypothalamus,
substantia nigra, dorsolateral pons, and inferior olivary
complex, are very poor in 5-HT1a receptor binding sites
(Charnay et al., 1997a). In addition, the striking laminar
pattern found throughout the cerebral cortex for these
sites has no clear correspondence in the immunohisto-
chemical preparations, except in areas 17 and 18. A sim-
ilar situation is noted in the hippocampal formation,
where both patterns do not follow the same lamination.
However, in other areas rich in 5-HT-immunoreactive
plexuses an abundance of 5-HT1a receptors is observed
such as the dorsolateral septum, basolateral nucleus of
amygdala, superior colliculus, interpeduncular nucleus,
and solitary complex.


Physiological investigations performed in the cat have
shown that 5-HT1a receptors mediate some of the effects
of 5-HT in cardiovascular control (Vayssettes-Courchay et
al., 1993) and sleep regulation (Portas et al., 2000). The
mediation by other receptor types, e.g., 5-HT1B/1D and -2
is also likely (Shaikh et al., 1997; Storer and Goadsby,
1997). Interestingly, it was shown that 8-OH-DPAT, a
5-HT1a agonist, has opposite effects on paradoxical sleep
when locally infused in different brainstem sleep centers.
Microdialysis of the drug in the dorsal raphe nucleus leads
to a strong increase in paradoxical sleep (Portas et al.,
1996), whereas its infusion in the pedunculopontine nu-
cleus, an area containing cholinergic neurons, yields a
reduction in this state of sleep (Sanford et al., 1994). This
was interpreted as the result of a stimulation of autore-
ceptors in the dorsal raphe nucleus, inducing an inactiva-
tion of 5-HT neurons similar to that normally occurring
during paradoxical sleep and of postynaptic receptors
leading to an inactivation of cholinergic neurons involved
in sleep mechanisms. Anatomical studies allowing for the
visualization of other types of receptors in the cat are
needed in order to make better correlations with the dis-
tribution of the axons and understand the cellular and
physiological effects of 5-HT in the cat brain.
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Charnay Y, Léger L, Vallet PG, Greggio B, Hof PR, Jouvet M, Bouras C.
1997b. Autoradiographic distribution of [3H] paroxetine binding sites
in the cat brain. Biogenic Amines 13:39–54.


Chazal G, Ralston III HJ. 1987. Serotonin-containing structures in the
nucleus raphe dorsalis of the cat: an ultrastructural analysis of den-
drites, presynaptic dendrites, and axon terminals. J Comp Neurol
259:317–329.


Dean C, Marson L, Kampine JP. 1993. Distribution and co-localization of
5-hydroxytryptamine, thyrotropin-releasing hormone and substance P
in the cat medulla. Neuroscience 57:811–822.


DeFelipe J, Hendry SHC, Hashikawa T, Jones EG. 1991. Synaptic rela-
tionships of serotonin-immunoreactive terminal baskets on GABA neu-
rons in the cat auditory cortex. Cereb Cortex 1:117–133.


de Lima A, Singer W. 1987. The serotonergic fibers in the dorsal lateral
geniculate nucleus of the cat: distribution and synaptic connections
demonstrated with immunocytochemistry. J Comp Neurol 258:339–
351.


de Lima A, Bloom FE, Morrison JH. 1988. Synaptic organization of
serotonin-immunoreactive fibers in the primary visual cortex of the
macaque monkey. J Comp Neurol 274:280–294.


Descarries L, Beaudet A, Watkins KC. 1975. Serotonin nerve terminals in
adult rat neocortex. Brain Res 100:563–588.


Descarries L, Watkins KC, Lapierre Y. 1977. Noradrenergic axon termi-
nals in the cerebral cortex of rat. III. Topometric ultrastructural anal-
ysis. Brain Res 133:197–222.
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A Story About the Good – the Bad – and the Crazy







Dopamine Facts
• Made in the periphery (Does not cross into CNS).


– Made by the adrenal medulla, renal system and T cells. (Sympathetic responses)


• Made in the CNS (Does not cross into the PNS).
– Synthesized in the substantia nigra pars compacta, ventral tegmental area and some in 


the hypothalamus.  Modulates motor and personality.  


• “Arousal and Pleasure” transmitter for physical and psychological function.


• Activate multiple receptor types and functions in multiple pathways to 
control multiple functions and is associated with a lot of different mental 
illness and conditions.  
– Five receptor types (D1-D5)


– Five pathways (Nigrostriatal, Mesolimbic, Mesocortical, tuberinfundibular and 
hypothalmic - pituitary projections.  







Dopamine Formation


• Begins with tyrosine.  Non-essential, but essential to brain 
because it does not make it. 


• Phenyalanine is essential however and the liver converts 
phenylalanine to tyrosine via phenylalanine hydroxylase.  


• Tyrosine can be converted in the periphery by the adrenal 
glands to make dopamine in the PNS or it can be carried 
across the BBB via transporters to make dopamine in the CNS. 


• Once in the CNS, tyrosine is converted to DOPA 
(Dihydroxyphenylalanine) and then eventually converted to 
Dopamine.


• Dopamine can be converted to norepinephrine and eventually 
to epinephrine.   
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“St. John's wort has 
been found to be 


superior to placebo 
and equivalent to 


standard 
antidepressants for 


the treatment of mild 
to moderate 
depression”


http://www.aafp.org/afp/20051201
/2249.html below 800 mg St. John’s Wort as effective as 20 mg 


Prozac for mild to moderate depression.



http://www.aafp.org/afp/20051201/contents.html
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“Tyrosine 
Raises 


Dopamine”
Montgomery AJ, et al.  Reduction of brain 


dopamine concentration with dietary 
tyrosine plus phenylalanine depletion: an 


[11C]raclopride PET study. Am J Psychiatry. 
2003 Oct;160(10):1887-9. PMID: 14514507 


PUBMED BELOW


“This is the first demonstration of an effect 
of a dietary manipulation on brain dopamine 


release in humans.”


Tyrosine and dl Phenylalanine







Tyrosine Metabolim
http://www.genome.ad.jp/kegg/pathway/map/map00350.html
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“direct 
admin-
istration of 
theanine into 
the rat brain 
striatum 
enhanced the 
release of 
dopamine”
Amino Acids. 2008 
Jan 15. PMID: 
18196445 full article 
below
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Dopamine catabolism


• Extracellular dopamine is catabolized by the enzyme 
COMT  (Catechol – O – methyl transferase) as well as 
MOA (Monoamine oxidase).  


– Things that alter COMT clearance of dopamine include 
anti-acids, B12 loss.  Methyl donor loss is perpetuated by 
oral contraceptives, Estrogen replacement therapy, 
H.Pylori infections, hypothyroidism.   


• COMT Requires magnesium, Folic acid, b12 and 
methyl donors.  







Problems with synthesis


• Dysglycemia can alter LNAA.
– Insulin and glucose dysregulation.  Gotta watch for it.  


• Anemia can alter tyrosine hydroxylase.
– I.D.A can decrease dopamine


• Alcoholism can promote B6 deficiency.


• SSRI usage alone can promote B6 deficiency.


• Liver disease can promote phenyalanine hydroxylase levels.


• Dysbiosis and methylation problems can alter THB levels thus 
altering tyrosine hydroxylase.
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Dopamine Projections from Neurotransmitter Centers







Symptoms


Low Dopamine
• A feeling of worthlessness.
• Feeling of hopelessness. 
• Feeling self destructive. 
• Poor stress handling skills.
• Anger and aggression under stress. 
• Fatigue, even after sleep.
• Need to isolate.
• Lack of concern for family and loved ones.
• Easily distracted, ADD.
• Procrastinator and poor follow through on projects.
• Needs stimulants or recreational drugs or food to be happy
• Low libido
• Quick temper and easily angered.  







Associated conditions


Low levels


• Depression


• Movement disorders (Classic Parkinson’s) Hypokinesia


• Lack of pleasure


• Anxiety syndromes (Social agoraphobia)


• Female and male hormonal changes.  Heavy menstrual 
cycles and male hypogonadism.


• Depressed libido


• Learning disorders (Behavioral disorders)


• Addiction







Symptoms


High levels of dopamine
• Hearing, seeing or feeling things that in reality are 


not present.
• Sexual aggressiveness or desire that is considered 


excessive or inappropriate.
• Being excessively social, promiscuous or needing 


to fit in.
• Having anxiety
• Hyperactivity 
• Having bursts of anger or behavior.  







Associated Conditions


• Mental illness as stated.  Part of 
schizophrenia.  Psychosis.


• Depression.


• Hyperkinetic movement disorders.  
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“Our results provide the 
first in vivo evidence that 


chronic exposure to 
unregulated cytosolic


dopamine 
alone 


is sufficient to 
cause 


neurodegeneration.”
J Neurosci. 2008 Jan 


9;28(2):425-33. PMID: 
18184785 below


Our L-DOPA treatment data indicate that under 
conditions of compromised defense mechanisms, 
dopamine replacement therapies will accelerate


neurodegeneration. 


What about other Dopamine Stimulants??????
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“People short on 
dopamine 


receptors have 
difficulty feeling 


joy. 


biochemistry of classic 
addictions, such as


alcoholism and drug 
abuse,


is strikingly


similar 
to that of compulsive 
activities, including 


gambling and 
overeating.” 


http://www.popsci.com/scite


ch/article/2002-03/whos-


addict below


Dopamine – Neurotransmitter of Addiction
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The Reactive Reward System
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Turning Reward into Goal-Directed Behavior 
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Compulsive Use / Addiction
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Actions of Nicotine on Reward Circuits
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Nicotine and DA Release
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NPA and DA Release


ACh
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VTA
DA neuron


= NPA


= Ca++


= DA
sustained small increase in
frequency of      
channel opening


4ß2


sustained,
small increase in
frequency of
action potentials
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Dopamine and 


opioid gene 
variants are 


associated 
with increased 


smoking 
reward 


and reinforcement 
owing to negative 


mood.
Behav Pharmacol. 


2008 Sep;19(5-6):641-
9. PMID: 18690118 


below 







“simultaneous changes 
in dopamine 


(Increased) and 
serotonin (Decreased) 


“acute anorexia of 
nicotine infusion and 
acute hyperphagia of 


nicotine 
cessation.” 


Nutrition , Volume 16, Issue 10, Pages 
843 - 857 M  abstract below







Smoke Virginia Slims
http://www.quitsmokingpro.com/2006_09_01_archive.html







“Adolescent 
neurobehavioral 


development
may be altered by


nicotine
self-administration in a 


way that


persistently 
potentiates
addiction.”


Neurotoxicol Teratol. 2007; 29(4): 458–
465. below


All drugs have a greater impact on the developing 
brain







Mechanism of Action of Bupropion in 
Smoking Cessation
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Mechanism of Action of Bupropion in 
Smoking Cessation
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Mechanism of Action of Bupropion in 
Smoking Cessation
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Where’s my 
dopamine?
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Actions of Alcohol on Reward Circuits
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Detail of Alcohol Actions in the VTA
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Actions of Naltrexone in the VTA: Reducing the Reward 
Associated with Drinking
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Actions of Acamprosate in the VTA: Reducing Excessive 
Glutamate Release to Relieve Withdrawal


acamprosate







Actions of Opiates on Reward Circuits
nucleus accumbens (NA)


VTA


opiates







Endogenous Opiate Neurotransmitters


beta 
endorphin


enkephalin


proenkephalin
prodynorphin


dynorphin


POMC


receptor
receptor
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Choose your addictions wisely! Rakowski







Methadone Buprenorphine


opiate partial agonist (OPA)opiate full agonist


PA







Actions of Stimulants on Reward Circuits
nucleus accumbens (NA)


VTA
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DA







Cocaine
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NE
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d


DA
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“Our findings clearly 
demonstrate that


intense 
sweetness can 


surpass cocaine 
reward,


even in drug-sensitized and -
addicted individuals.”


http://www.plosone.org/article/fetchArticl


e.action?articleURI=info%3Adoi%2F10.1


371%2Fjournal.pone.0000698 below


94 percent of rats who were allowed to 
choose mutually-exclusively between sugar 


water and cocaine, chose sugar. Even rats who 
were addicted to cocaine quickly switched their 


preference to sugar,







amphetamine


cocaine


C  reverse 
tolerance/
addicted
“brain-
washed”


amphetamine


cocaine


A  fun


Progression of Stimulant Abuse
D


A
 f


ir
in


g


time


B  craving


“Where’s
my dopamine?”


D  
anhedonia
sleepiness


withdrawal


amphetamine


cocaine


E  compulsive use 


marathon sex 
paranoia 
HIV 
violence


F  
enduring 
cognitive loss
“burn-out”







“They found the 
prevalence of the disorder 
in this sample to be 33%


and hypothesize that 
attention deficit disorder 


in childhood (and 
adulthood) may be 
associated with an 


increased risk for the 
development of 


alcoholism.”
http://www.ajp.psychiatryonline.org/cgi/conte


nt/abstract/140/1/95 below


Dopamine  & Addiction







“As an alternative to 


drugs, the 
researchers point out 
a natural, safe, and
inexpensive method 


of increasing 
dopamine levels in 


the brain—exercise.”
http://www.pnl.gov/energyscience/03-


01/brf.htm
ARTICLE BELOW


Exercise is my 
DRUG!


I sniff 
amphetamines







Lighter areas are thinner, darker areas thicker.


“the (ADHD) brain matures in a normal pattern 
but is delayed three years in some regions, on 


average, compared to youth without the 
disorder”


http://www.nih.gov/news/pr/nov2007/nimh-12.htm/ below
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These positron emission tomography (PET) scans show that patients 
with ADHD had lower levels of dopamine transporters in the nucleus 
accumbens, a part of the brain's reward center, than control subjects. 


(Image courtesy of DOE/Brookhaven National Laboratory) 
http://www.sciencedaily.com/releases/2006/11/061129151028.htm below
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“All stimulants 
work by 


increasing 
dopamine 


levels in the 
brain. 


Dopamine is a brain 
chemical (or 


neurotransmitter) 
associated with 


pleasure, movement, 
and attention.”


http://www.nida.nih.gov/info
facts/ADHD.html below


“Amphetamines rank fourth among 12th graders for past-year 
illicit drug use.”



http://www.nida.nih.gov/index.html





“Roughly seven 
percent of all 


college students, 
and up to 20 


percent of 
scientists, have 


already used Ritalin 
or Adderall.”


Nature. 2008 Dec 11;456(7223):702-5. PMID: 
19060880 


Towards responsible use of cognitive-
enhancing drugs by the healthy. 


http://blog.wired.com/wiredscience/mental_
health/index.html below


"Mentally competent adults 
should be able to engage in 


cognitive enhancement using 
drugs."







Rapid increases in Dopamine can produce Paranoia


“The prolonged use of amphetamines (speed) or steroids can produce a 
loss of reality and sudden paranoia.”


Joseph M. Carver, Ph.D.http://www.enotalone.com/article/4114.html below







“stress increased Fos protein expression in a distinct subset of DA neurons 
projecting to the prefrontal cortex.” (FOCUS AND CONCENTRATION) “In 


contrast, Fos expression was not increased in any DA neurons projecting to the 
nucleus accumbens.” (JOY)


Cereb Cortex. 1991 Jul-Aug;1(4):273-92.  PMID: 1668366 below and Brain, Vol. 122, No. 5, 994-995, May 1999 below


Stress increases dopamine for concentration ONLY, 
joy-related dopamine is not increased
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Actions of Sedative Hypnotics and Benzodiazepines
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Binding Sites for Sedative Hypnotic Drugs
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benzodiazepine receptors:
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benzodiazepine receptors:
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(alpha 4, alpha 6)
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Actions of Marijuana and THC on Reward Circuits
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Actions of Sedative Hypnotics and Benzodiazepines
on Reward Circuits
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Serotonergic Hallucinogens
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Actions of Club Drugs on Reward Circuits
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Psychopharmacology of Sex
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Stage Three:
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neurotransmitter
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Sexual Desire and Reward Circuits
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Sexual Arousal and Neurotransmitters


lubrication,
swelling


erection


NO
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Nitric Oxide (NO) and Sexual Arousal


L-arginine


L-citrulline


NO (nitric oxide) 
NOS


A. synthesis of NO


HEME


cGMP


GC GC


lubrication,
swelling


erection


B. synthesis of cGMP with sexual arousal


lubrication,
swelling


erection


PDE
V


C. enzymatic destruction of cGMP with loss of 
sexual arousal







“CONCLUSIONS: The 
common mechanism by 


which 
folic acid,


H4B (tetra-


hydrobiopterin),
vitamin C,


omega-3 fatty acids, 
and 


L -arginine
bring about their 


beneficial actions in 
various vascular 


diseases is by 
enhancing eNO 


production.” 
Nutrition 2003;19: 686–


692. below







Neurotransmitters and Orgasm
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Some Key HSDD Symptoms Hypothetically Linked to Specific 
Brain Regions
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MPOA


ZI


raphe
GABA 
neuron


5HT 
neuron


DA neuron


5HT2A


5HT2C


5HT2A
5HT2C


5HT1A


overactivation
normal
baseline
hypoactivation


“I have a 
headache”







nucleus accumbens (NA)


VTA
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“The images showed that 


the former anorexia
patients had increased 


activity in brain areas that 
make dopamine.”


Obesity was linked to 
decreased activity in the 
brains' dopamine reward 
centers, write Kaye and 


colleagues.” 
Hiti, M. Brain Differences in Women With 


Anorexia? WebMD Medical News, July 08, 2005 
Original article:  (Below)


The image at right (above) shows 
dopamine metabolism in vivo in a 


normal human subject. 
http://bic.berkeley.edu/jagustlab/tools.php
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“Consumption of sweet solutions turns on midbrain dopamine cells that projects to 
the ventral striatum, possibly through a short, two-relay circuit in the brain stem [80]. 


In contrast, cocaine directly increases dopamine levels in the ventral striatum by 
blocking dopamine uptake.”


http://www.plosone.org/article/fetchArticle.action?articleURI=info%3
Adoi%2F10.1371%2Fjournal.pone.0000698 below







What Makes an Antipsychotic Conventional?


D2 Antagonist Actions


D2







Mesolimbic Pathway –Untreated 
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Which Antipsychotics are Conventional?
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What Makes an Antipsychotic Atypical?
Adding 5HT2A Antagonist / Inverse Agonist Actions
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Inhibition of DA Release by 5HT2A Somatodendritic Postsynaptic Receptors
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Nigrostriatal Pathway: 
Blocking D2 Receptors


SDA


block
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receptor


Nigrostriatal Pathway: Blocking 5HT2A 
Receptor Disinhibits DA Release and 
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“people with PD 
(Parkinson’s Disease) 


have inexplicably 
lost more than 80 


percent of 
dopamine-producing 


cells in the 
substantia nigra”


http://www.sfn.org/index.cfm?page
name=brainbriefings_parkinsonsand


dopamine below







“A study by researchers in Italy has found that men are twice as likely to develop 
symptoms of Parkinson's compared with women.”  “One theory is that estrogen 


protects women from the disease.” “Previous studies have shown that 


Parkinson's appears to be less common in countries closer to the 
equator”


http://news.bbc.co.uk/2/hi/health/1021487.stm below







“A higher prevalence and 
incidence of Parkinson 


disease (PD) is observed in 
men and beneficial motor 


effects of estrogens are 
observed in parkinsonian
women.” “Estrogens, but 
not androgens, are active 
neuroprotectants as well 


as progesterone and 
dehydroepiandrosterone.”


Mol Cell Endocrinol. 2008 Aug 
13;290(1-2):60-9. Epub 2008 Apr 


22.  PMID: 18515001







“The data obtained indicate 
that the potential of 


homocysteine to be toxic to 
the dopaminergic system.
Consequently, long-term 
levodopa therapy for PD 


may accelerate the 
progression of PD, at least 


in part by elevated 
homocysteine.”


Neurotoxicology. 2005 Jun;26(3):361-71.  
PMID: 15935208 below







“Do you think that SSRI’s may 
have contributed to this 


Parkinson’s?
“Some of the 


selective serotonin 
reuptake inhibitors 


(SSRI)-induced motor 
side effects are 


mediated by 
stimulating 5-HT2 
receptors in the 


basal ganglia, 
probably because 


serotonin inhibits the 
subsequent neuronal 
dopamine release.”


Avila A - J Clin 
Psychopharmacol - 01-


OCT-2003; 23(5): 509-13 
below







“Impaired olfaction 
can predate clinical PD 


in men by at least 4 
years and may be a 


useful screening tool 
to detect those at high 
risk for development 


of PD in later life.”
Ann Neurol. 2008 Feb;63(2):167-73. 


PMID: 18067173


Brain extension







conventional antipsychotic:
90% of striatal D2 receptor occupied


serotonin-dopamine antagonist:
70-80% of striatal D2 receptor occupied
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5HT2A and 5HT1A Receptors: Opposite Actions at Pyramidal 
Neurons on Glutamate Release
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5HT2A and 5HT1A Receptors: Opposite Actions at Pyramidal 
Neurons on Glutamate Release
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Antagonist


5HT 
neuron


DA neuron


5HT2A


glu neuron


raphe
VTA


positive 
symptoms







overactivation
normal
baseline
hypoactivation


Possible Reduction of Positive Symptoms by 5HT2A 
Antagonist


positive 
symptoms


5HT2A
antagonist


reduces glutamate release
which reduces mesolimbic DA release







pituitary
lactotroph


prolactin


DA


5HT
5HT2A 


receptor


D2 
receptor







pituitary
lactotroph


prolactin


5HT2A 
receptor







pituitary
lactotroph


prolactin


D2 antagonist







pituitary
lactotroph


prolactin


SDA


5HT2A
receptor 


antagonist







Dopamine Output - Untreated Schizophrenia
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Which Antipsychotics are SDAs?
(Serotonin Dopamine Antagonists)
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New SDAs in Development
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What Makes an Antipsychotic Atypical?
Rapid Dissociation of D2 Antagonism
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Receptor Binding Properties of Conventional Antipsychotics


conventional 
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D2 receptor
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Receptor Binding Properties of Conventional Antipsychotics


tight, long-lasting binding by 
conventional antipsychotics







Receptor Binding Properties of Atypical Antipsychotics
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Receptor Binding Properties of Atypical Antipsychotics


first stage of hit and run binding:
the hit







Receptor Binding Properties of Atypical Antipsychotics


second stage of hit and run binding:
the run
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Dopamine Output - Untreated Schizophrenia







What Makes an Antipsychotic Atypical?
D2 Partial Agonist Actions (DPA)
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antipsychotic EPS
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Abstract & Introduction


Abstract


We surveyed 400 psychiatrists to assess depressive relapse during ongoing selective serotonin reuptake inhibitor (SSRI) treatment
and the common strategies to regain remission. Among 119 respondents, most (89%) had observed re-emergent depressive
symptoms after a favorable SSRI response, despite continued treatment. Depressive symptoms typically recurred in up to 25% of
cases, usually within 6 months of remission. Over half of respondents eventually needed to increase SSRI dosages. Respondents
associated relapse with prior depression or SSRI failure, substance abuse, and atypical depression. Dosage increases, alternative
SSRIs, and non-SSRI antidepressants were typical maneuvers to regain remission. Loss of antidepressant response to SSRIs may
be common in clinical practice, but appears pharmacologically surmountable by a number of tactics.


Introduction


Relapses of depression after a successful response to antidepressant medication have been reported in a number of recent studies
of ongoing treatment. During routine pharmacotherapy for depression, it is unknown how common it is for psychiatrists eventually to
find a need to raise medication dosages after achieving a marked remission. The purpose of the current study is to determine the
extent to which practicing psychiatrists who treat depression encounter relapse of depressive symptoms after initial remissions
during ongoing antidepressant pharmacotherapy using selective serotonin reuptake inhibitors (SSRIs).


Numerous randomized clinical trials have demonstrated the efficacy of SSRIs in the acute treatment of depression. However, little
is known about their long-term effectiveness in the maintenance treatment of depression. Because unipolar depression frequently
recurs after an initial episode resolves,[1] investigators have sought to identify the optimum duration and dosage of antidepressant
treatment.[2] Furthermore, it remains an open question whether relapse rates during maintenance treatment for depression are the
same for different classes of medication.


Depressed patients treated with some antidepressant classes, such as monoamine oxidase inhibitors (MAOIs), have been shown to
become tolerant to the antidepressant effect during long-term treatment.[3,4] The literature contains few studies examining whether
a similar phenomenon, involving the loss of antidepressant efficacy after initial improvement, may also be true of SSRIs.


A mechanism to explain relapse unique to SSRI antidepressant treatment remains uncertain. Recently, McGrath and colleagues[5]


proposed that relapse during SSRI maintenance may arise from the SSRI-induced depletion of dopamine in the striatum and limbic
forebrain. In a preliminary open study of SSRI augmentation with the dopamine agonist bromocriptine, 6 of 12 (intent-to-treat)
patients fully regained remissions from depressive symptoms.


Evidence suggests that relapse rates in depression may range from 20%[6] to as high as 44%, depending on the length of
treatment, with maintained use of SSRIs.[7] In contrast, with tricyclic antidepressants (TCAs), relapse during ongoing treatment to
maintain remission from depression appears relatively rare. For example, Kocsis and coworkers[8] reported 46 chronically
depressed patients who fully responded to acute tricyclic antidepressant treatment, of whom only 11% of cases subsequently lost
remission during continuation phases of therapy (up to 20 weeks' duration). These reports would initially suggest that relapse in
major depression may occur more often with SSRIs than with TCAs.


Several open studies and case reports have described instances of successfully regaining remission, following relapse on an SSRI.
Fava and associates[9] reported significant improvement after a dosage increase in 66% of depressed patients who relapsed while
continuing to take fluoxetine. Cain,[6] by comparison, observed clinical improvement after lowering fluoxetine dosages when initial
responders failed to sustain an initial response. We recently reported the case of a woman with major depression who failed to
sustain an initial improvement while continuing an SSRI, despite a number of pharmacologic attempts to recapture her initial
remission.[10]


Augmentation strategies have also been used to enhance a partial response to SSRI antidepressant therapy. These include
combinations of SSRIs with TCAs,[11,12] psychostimulants,[12,13] and pindolol, a 5-HT1A partial agonist.[14,15] Systematic treatment
studies for the loss of antidepressant response to an SSRI during ongoing treatment have not been described.
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The current research was designed to estimate, based on the observations of a large number of practicing clinicians, the incidence
of re-emergent depressive symptoms in depressed patients who initially responded and were then maintained on an SSRI. A large
cohort of psychiatrists affiliated with the New York Hospital-Cornell University Medical College were surveyed regarding their
experiences using SSRIs, TCAs, and other treatments for depression. Clinicians were asked about how frequently they observed
breakthrough signs or symptoms of depression after achieving a marked remission, and therapeutic methods for regaining a
remission.


The following specific clinical questions were addressed:


 


1. How frequently do psychiatrists observe the re-emergence of depressive symptoms after remission during ongoing
pharmacotherapy for depression using SSRIs?


2. Do clinicians perceive a difference in relapse rates during ongoing SSRI versus TCA treatment for depression?
3. Among depressed patients who experience a loss of antidepressant response to an SSRI, what factors do clinicians


associate with the risk for relapse?
4. What therapeutic maneuvers do psychiatrists view as most effective in regaining a remission of depressive symptoms after


an attenuation of antidepressant response to an SSRI?


Methods and Demographics


Four-hundred psychiatrists affiliated with the New York Hospital-Cornell University Medical College were sent a 2-page, 14-item
survey regarding their experiences treating depression and their use of SSRIs and other antidepressant somatotherapies during the
preceding 2 years.


Of the 400 questionnaires sent out, 119 (30%) were included in the study. Five respondents returned but did not complete
questionnaires, citing a lack of current experience in the somatic treatment of depression. Data are presented for the remaining 114
respondents who all indicated an active clinical role in the treatment of depression.


Respondents had a mean age of 48.2 +/- 12.6 (SD) years. Thirty-six percent were female. Seventy percent had been in clinical
practice after residency for 10 years or longer. The majority of the sample (87%) was engaged primarily in outpatient treatment,
and 21% identified themselves as treating children/adolescents as well as adults. Ten percent of respondents worked in
consultation-liaison settings, 19% worked at least part-time in research or academic psychiatry, 76% functioned mainly as
clinicians, and the remaining 5% worked primarily in other activities (eg, administration, managed care). Seventy-three percent of
the respondents identified themselves as active psychopharmacologists; 81% of the respondents reported that they included
individual or group psychotherapy as part of their treatment modalities for depression. The respondents reported seeing a mean of
16 +/- 8 (SD; range: 4-60) depressed outpatients whom they had treated with an SSRI in the preceding year. Survey respondents
were asked to review their clinical records for the preceding year in order to determine (1) the number of patients who showed a
marked improvement after beginning SSRI treatment and (2) the number of patients who had a clinically significant recurrence of
depressive symptoms while continuing SSRI pharmacotherapy.


Demographic data available on the entire sample of 400 psychiatrists indicated no significant differences in age, sex, or race
among questionnaire respondents and nonrespondents.


Results


All 114 respondents who completed questionnaires reported having prescribed SSRIs in the preceding 2 years. The group reported
a median efficacy rate of 73% in using SSRIs for major depression during this time. When asked about the extent to which they
observed any salient re-emergence of symptoms after a marked improvement, almost all (89%) had observed some degree of
relapse despite continuing antidepressant treatment. Most clinicians (41%) estimated the incidence of recurrent depression as being
between 11% to 25% of cases in a 1-year period.


Most respondents (28%) judged relapse of depression to occur usually between 3 and 6 months in patients taking SSRIs, after an
initial marked improvement. Relapse while continuing an SSRI was thought to be relatively rare (15% of cases) after 1 year of
stable remission. Respondents uniformly expressed confidence in their ability to regain a remission after breakthrough symptoms of
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depression recur; only 1 (2%) viewed such recovery as an uncommon event.


When asked about the need to raise SSRI dosages following an initial remission, about half the sample found this often to be
necessary during long-term SSRI pharmacotherapy.


Clinicians were asked whether they agreed or disagreed with the statement: "Failure to sustain a clinical response to SSRIs during
continued treatment for depression is a relatively rare event in my experience." Nearly half the sample disagreed with this
statement, suggesting that many practitioners commonly observe some loss of SSRI antidepressant efficacy over time.
Respondents were also asked to indicate whether they noted any differences in their experiences of relapse using fluoxetine versus
sertraline versus paroxetine. Partial or complete relapse was noted to occur using all 3 medications, with no statistical differences
in the reporting of any individual SSRI.


When asked to compare observations of relapse using SSRIs versus TCAs, 40% of the sample expressed the belief that
depressive symptoms were more likely to recur with SSRIs than TCAs; however, one third of respondents expressed uncertainty
about whether differences exist in this area.


Table I provides information on different somatic therapies that respondents reported using in efforts to regain an attenuating
response to SSRIs. Increasing the dosage of SSRI was the most commonly reported strategy attempted, followed by changing
medications to a different SSRI or to a non-SSRI antidepressant. Among augmentation strategies, the addition of a tricyclic
antidepressant to the existing SSRI was the most frequently reported addition, followed by lithium. Respondents believed that of
the clinical strategies listed in Table I, increasing the dose of SSRI was most often likely to result in an improved antidepressant
response.


Other effective strategies noted by clinicians, along with those described in Table I, included lowering the dose of SSRI or drug
washouts (n = 3), additions of bupropion (n = 3), anxiolytics (n = 2), trazodone (n = 1), valproic acid (n = 1), carbamazepine (n = 1),
or more frequent psychotherapy visits (n = 1).


Finally, clinicians were asked to identify clinical features they believed to be associated with cases of relapse during long-term
SSRI antidepressant treatment. As described in Table II, the most frequently cited factors included: none (n = 29), histories of
dysthymia (n = 25) or chronic major depression (n = 16), prior SSRI failure (n = 17), atypical depressive features (n = 14), and
substance abuse (n = 14).


Discussion


The present survey data provide preliminary evidence to suggest that while clinicians widely regard SSRIs as efficacious in the
acute treatment of depression, many observe some degree of relapse during ongoing treatment. Respondents cited a modal
frequency of relapse with SSRIs as being between 11% to 25% of cases over 1 year. This group of clinicians believed that
depressive symptoms most often re-emerged at approximately 6 months after achieving an initial remission. SSRI dosage
increases seem necessary at some point in the course of ongoing treatment in half of cases observed by respondents. Only 29% of
the sample believed that long-term treatment with SSRIs and TCAs had a comparable course of remission, and 40% regarded
relapse as being more likely with SSRIs.


These findings are consistent with data by Fava and colleagues[9] and Nirenberg and associates[7] in suggesting that loss of
antidepressant efficacy with SSRIs is a distinct and common occurrence in the long-term treatment of depression, relative to lower
relapse rates reported for long-term pharmacotherapy for depression with TCAs.[8]


Clinicians appear to view this attenuated antidepressant response as resolvable in almost all instances. Although a majority
indicated that SSRI dosage increases may be the most often-tried and efficacious maneuver, a number of other pharmacologic
strategies were reported to be effective; changes to other antidepressants were often cited as effective.


Investigators have speculated as to possible mechanisms that may underlie relapse during SSRI treatment. Cain[6] suggested that
fluoxetine may have a therapeutic window, above which the patient may be clinically nonresponsive. This has been linked to the
eventual build-up of fluoxetine's N-demethylated active metabolite, norfluoxetine, which may directly impede the antidepressant
effect of fluoxetine.[16] Hence, antidepressant response may attenuate over time but could theoretically return following a drug
washout or dosage decrease. However, such a mechanism would not readily account for regaining a lost SSRI response by raising







Relapse During SSRI Treatment for Depression (printer-friendly)


http://www.medscape.com/viewarticle/431524_print[12/28/2010 3:50:47 PM]


the dose.


We previously suggested the possibility that eventual drug tolerance could result from serotonin saturation after prolonged drug
administration, leading to down-regulation of CNS serotonin receptors.[10] In line with this possibility, strategies that facilitate the
release of presynaptic serotonin (eg, pindolol augmentation with TCAs) may be worthy of further exploration.


A number of limitations must be noted regarding the current questionnaire data: First, the response rate of only 30% among those
surveyed raises the possibility for significant nonresponse bias. Although major demographic variables did not separate those who
did or did not participate in the survey, the possibility exists that those who responded may have held a particular interest in the
pharmacology of affective disorders or relapse in depression, and hence may have drawn upon clinical experiences with less
representative patient populations. All practitioners were drawn from a single, large, urban institution, which may not reflect
treatment outcomes in other types of clinical settings. In addition, many of the respondents were senior psychiatrists in well-
established, full-time clinical practices who saw new patients much less often than long-term, established patients. Thus the
relatively low number of patients treated with an SSRI in the study year (16 +/- 8) may not reflect the clinical experience of
practitioners who see and treat larger numbers of new patients presenting at or near the onset of their illness. Together, these
factors could limit the generalizability of the findings. Patients' impressions of relapse might also differ from those of their
physicians, and corroborative data from patients themselves would strengthen the findings. Additionally, all clinicians' observations
were culled from their individual experiences working with depressed patients; the retrospective nature and nonsystematic recall of
relevant cases leave these observations impressionistic.


Despite those constraints, these survey results point to a prominent awareness among many psychiatrists that relapse in the
course of depressive illness is common. Given the current trend among many clinicians to favor SSRIs over TCAs for long-term
use, due largely to lesser toxicity and better side-effect profiles, further investigation of the long-term efficacy of SSRIs is warranted.


Directions for future study to elucidate the phenomenon of attenuated response might include greater exploration of the
serotonergic basis for depression. In this regard, neurobiologic markers such as tryptophan depletion[17,18] may prove useful for
identifying patients whose depressive symptoms arise largely as a consequence of low CNS levels of serotonin. It would be
interesting to observe whether patients whose depressive symptoms intensify following tryptophan depletion may be at greater risk
for relapse after remission from using an SSRI, based on supersensitivity of serotonergic neurotransmission.


Further prospective studies might also examine whether associated clinical factors, such as those identified by respondents in the
current survey, (eg, prior dysthymia or major depression, atypical depressive features, comorbid substance abuse) successfully
predict future relapse with SSRIs. Depressive features such as melancholia, for example, have been reported to respond less well
initially to SSRIs than to TCAs.[19] It remains to be determined whether characteristics like this, or other symptom-constellations in
depression, are predictive of the longevity of a successful treatment response.


Online Resources


 


Treatment: A discussion of treatment options for depressive disorder.
Selective Serotonin Reuptatke Inhibitors: A review describing the significant differences between the currently available
SSRIs and their role in the treatment of psychiatric disorders.
Psychotropic Drug Interactions: A reference document concerning psychotropic drug interactions. Under Specific Drug
Interactions, there is a section concerning SSRIs.
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From Current Opinion in Psychiatry


Abstract and Introduction


Abstract


Purpose of Review: The aim is to review studies published between August 2004 and July 2005, which address selected
conceptual and treatment issues regarding various anxiety states.
Recent Findings: It remains unclear whether anxiety states are to be better conceptualized as several putatively distinct diagnostic
entities or as one broadly conceived syndrome within which there are no clear boundaries between various manifestations of
anxiety. The efficacy of selective serotonin reuptake inhibitors and venlafaxine in the treatment of anxiety states has been
demonstrated by recent studies, but the comparisons between these agents did not show consistent advantages of one over the
other. Novel medications for anxiety states, especially pregabalin, hold promise, but require further study. Cognitive-behavioural
therapy for panic disorder is not only efficacious in controlled trials, but appears effective in routine clinical settings. A novel
approach to the combined treatment of anxiety states may involve adding to behaviour therapy a medication that enhances
associative learning.
Summary: There is a need for further studies to improve conceptualization and classification of anxiety states. Optimal treatment
approaches to anxiety states continue to involve cognitive-behavioural therapy and pharmacotherapy. Under certain circumstances,
careful combinations of these basic treatment modalities may produce further benefits.


Introduction


Anxiety states, usually referred to as anxiety disorders, can be defined as conditions primarily characterized by pathological anxiety.
This anxiety must not be a part of or better explained by a more severe psychiatric disorder (e.g. psychotic illness), it is not
associated with substance use (e.g. alcohol), and is not caused by physical illness (e.g. hyperthyroidism). Anxiety states
encompass panic disorder (with or without agoraphobia), generalized anxiety disorder (GAD), social anxiety disorder (SAD; social
phobia, generalized and non-generalized subtypes), and specific phobias. In the Text Revision, Fourth Edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV-TR), obsessive-compulsive disorder (OCD) and posttraumatic stress disorder are
also included among the anxiety states, but in the Tenth Revision of the International Classification of Diseases (ICD-10), they are
classified separately from the other anxiety disorders.


This review will focus on the recently published studies addressing selected conceptual and treatment issues in panic disorder,
GAD, SAD (generalized subtype), and specific phobias.


Distinguishing Features and Boundaries


The conceptualization and classification of anxiety disorders have been dominated by the 'splitters'. That is, previous diagnostic
entities have undergone division into subtypes and 'smaller' diagnostic categories. Several studies have addressed directly or
indirectly the issues of the characteristic features of various anxiety disorders and boundaries between them.


In a long-term follow-up study,[1*] a poor stability of the diagnoses of panic disorder and GAD was reported: after 12 years, 3% of
patients with GAD retained this diagnosis, 28% were diagnosed with dysthymic disorder or major depressive episode, and 11%
received diagnoses of other anxiety disorders. Among patients with panic disorder, 10% retained this diagnosis, 8% were
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diagnosed with agoraphobia without panic, 26% received a diagnosis of major depressive episode or dysthymic disorder, and 12%
were diagnosed with other anxiety disorders. These findings were interpreted to provide support for a broad concept of 'general
neurotic syndrome',[2] which includes mixed anxiety-depression and personality disorder, and within which there are no clear
boundaries between various anxiety states.


In contrast, one study[3*] compared patients with 'pure' GAD to patients with 'pure' panic disorder with agoraphobia, and found that
intolerance of uncertainty was specifically associated with the diagnosis of GAD, and that this cognitive construct could therefore
reliably differentiate one condition from the other. Intolerance of uncertainty might not be specific for GAD, however, as it was found
to characterize OCD patients with compulsive checking[4] and analogue OCD in a sample of undergraduate students.[5]


Another cognitive construct, anticipation of specific catastrophic consequences, may not be consistently associated with the
corresponding anxiety disorders. While panic disorder was reported to be distinguishable from other anxiety disorders on the basis
of the intensity of physical catastrophe cognitions (e.g. anticipation of a life-threatening illness or death), it was the intensity of
social catastrophe cognitions (e.g. anticipation of embarrassment or humiliation) - otherwise typical of SAD - that was most closely
associated with a poorer treatment outcome.[6*]


Taking a different approach, Hoehn-Saric et al.[7] compared patients with panic disorder and GAD in terms of their physiologic
recordings and self-report during daily activities. The study found similarities between the two groups (diminished autonomic
flexibility and less precise perception of bodily states), and reported that GAD patients were less sensitive to bodily changes and
that they experienced a less severe and less frequent anxiety. The heart rate increase was associated with both panic attacks and
a heightened tension and anxiety. Taken together, these findings do not provide a very strong support for the notion that panic
disorder and GAD are distinct conditions.


Another study[8**] found that panic disorder and GAD shared a very similar genetic risk structure. Agoraphobia and, to a lesser
extent, SAD were also reported to be genetically related to panic disorder and GAD, which may explain a high rate of co-
occurrence of these disorders. The study found a different genetic predisposition for specific phobias (except for the blood-injury
phobia). These results suggest that the anxiety states may be divided into a group consisting of panic disorder, GAD, agoraphobia
and perhaps SAD, and a group comprising most of the specific phobias.


Treatment Issues


Pharmacotherapy and cognitive-behavioural therapy (CBT) remain the mainstays of treatment for various anxiety states.


Pharmacotherapy


One of the main problems with the pharmacotherapy of anxiety states is a high rate of relapse upon discontinuation of the
medication. Two strategies have been proposed to improve this situation. The first advocates a longer pharmacological treatment,
specifically a continued treatment with paroxetine for up to 12 months.[9] There is evidence to suggest that the longer the
pharmacotherapy, the more likely it is for remission to occur; achieving full remission, however, does not necessarily decrease the
likelihood of relapse. The other strategy involves prevention of a full-blown relapse by detecting it early. A recent study[10] identified
high levels of general anxiety and phobic fear and greater functional impairment at work and at home as fairly accurate predictors
of relapse in remitted panic disorder patients after cessation of antidepressant treatment. These predictors might indicate a need to
recommence treatment with the same medication.


Which Selective Serotonin Reuptake Inhibitor to Choose? With several selective serotonin reuptake inhibitors (SSRIs) approved
for use in panic disorder, GAD and SAD, studies have investigated whether some of the SSRIs might have advantage over the
others. Two studies compared sertraline and paroxetine, one in the treatment of panic disorder,[11] the other in the treatment of
GAD.[12] Neither study reported a difference in efficacy; one study,[12] however, found medications equally tolerable, whereas the
other[11] reported that paroxetine was significantly less tolerable and that it was more often associated with weight gain.


Controlled comparisons of escitalopram and paroxetine also reported conflicting results. In one study,[13] escitalopram (20 mg/day)
was more efficacious than paroxetine (20 mg/day) for generalized SAD, with no significant differences in side effects and
tolerability. The other study[14] found the opposite pattern: while there were no differences in efficacy between escitalopram (10-20
mg/day) and paroxetine (20-50 mg/day) for GAD, patients treated with paroxetine reported significantly more side effects (e.g.
insomnia, constipation, sexual dysfunction, weight gain).







Anxiety States: A Review of Conceptual and Treatment Issues (printer-friendly)


http://www.medscape.com/viewarticle/519711_print[12/28/2010 3:48:16 PM]


The inconsistent findings of these studies might have been partly due to the different doses of medications being compared. More
problems, however, seem to arise in the course of paroxetine taper and discontinuation than after discontinuation of other
SSRIs.[11,14]


Use of Venlafaxine in Social Anxiety Disorder. The efficacy of the serotonin and noradrenaline reuptake inhibitor venlafaxine for
generalized SAD has been investigated in several controlled trials. The extended-release venlafaxine (75-225 mg/day) was more
efficacious than the placebo in two 12-week studies[15,16] and in a 6-month study,[17*] while its efficacy was comparable to that of
paroxetine (20-50 mg/day).[15,16] Most improvement was found in the first 12 weeks of treatment, with improvement unlikely to
occur in patients who have not responded by then.[17*] A somewhat faster onset of therapeutic effect was found in patients treated
with venlafaxine than in those who received paroxetine,[15,16] but the more frequent side effects and higher drop-out rates in the
first week of treatment prompted a suggestion[17*] to initially use low doses (e.g. 37.5 mg/day). The noradrenaline reuptake
blockade of venlafaxine may not be essential for efficacy in the treatment of SAD, because venlafaxine and paroxetine were
equally effective,[15,16] as were low and higher doses of venlafaxine.[17*]


Novel Pharmacological Agents for Anxiety States. Antidepressants have many shortcomings in the treatment of anxiety states.
They do not work quickly, they often have significant side effects (e.g. nausea, agitation, sexual dysfunction), and may be
associated with distressing symptoms upon discontinuation. Therefore, a search for new pharmacological agents for anxiety states
continues.


Pregabalin appears to hold promise as a novel agent for anxiety disorders. It binds to the α2δ subunit of voltage-gated calcium
channels, which reduces calcium flow and decreases the release of several neurotransmitters, including glutamate, noradrenaline,
and substance P; this produces anxiolytic and other effects. The efficacy of pregabalin in the treatment of GAD and SAD had
previously been demonstrated. One placebo-controlled study[18*] in patients with GAD found no differences in the efficacy and
tolerability between the three doses of pregabalin (200, 400 and 450 mg/day), administered two or three times a day. The study
reported findings of particular clinical relevance: early onset of efficacy (after 1 week of treatment), significant effects on both
psychological and somatic symptoms of GAD, marked improvement in the co-occurring symptoms of depression, and absence of
significant withdrawal symptoms upon discontinuation. The main drawback of this study was its duration of only 6 weeks.


Two preliminary, open-label studies showed some efficacy for the anticonvulsants levetiracetam[19] and topiramate[20] in the
treatment of generalized SAD. While levetiracetam was apparently well tolerated, the side effects of topiramate were quite frequent.
These medications might be used as augmentation agents for treatment-resistant SAD.


Cognitive-Behavioural Therapy


Although the efficacy of CBT for anxiety disorders is well established, there are unresolved issues regarding its delivery and
underlying mechanisms. There is an ongoing debate about which component or 'version' of CBT to use. A recent study[21*]


comparing exposure in vivo to a combined cognitive therapy and exposure in vivo for panic disorder patients with moderate and
severe agoraphobia did not find significant differences between the two treatments. The authors concluded that addition of
cognitive therapy to exposure did not improve treatment outcome, but a more fundamental question may be about the mechanisms
of change that account for the efficacy of CBT. Should the treatments focus mainly on changing behaviours, or should they target
maladaptive thinking patterns? Should the two be separated at all? While habituation, extinction and improved self-efficacy had all
been postulated to explain the efficacy of exposure and other CBT techniques, a cognitive mechanism, decrease in the fear of fear,
was found to largely mediate the efficacy of CBT in panic disorder.[22*]


Effectiveness of Cognitive-Behavioural Therapy. How effective is CBT for anxiety disorders in the 'real world'? The randomized
controlled trials showing efficacy of CBT are often criticized because they are conducted under 'artificial' circumstances: in highly
specialized settings, by highly experienced therapists, and with many exclusion criteria and other problems that make their results
difficult to generalize to ordinary clinical settings. For example, a trial of CBT in GAD[23*] excluded patients with any co-occurring
disorders, did not allow medications to be used, and was conducted by experienced therapists; on the effectiveness 'side', however,
the social setting of this trial was the German general health insurance system.


Two effectiveness studies of CBT for panic disorder have recently been published. The first study[24*] compared CBT-based panic
control treatment (PCT) to 'treatment as usual' in a clinical practice setting in the USA. To better reflect clinical practice, patients
with various co-occurring disorders were included (44% had at least one additional anxiety disorder and 39% were currently
depressed); in addition, 65% were taking psychotropic medications prior to commencing treatment. The therapists were relatively
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inexperienced and PCT was modified so that use of the treatment protocol was not required and the number, frequency and
sequence of sessions were somewhat flexible. The 'treatment as usual' included supportive therapy, CBT, stress reduction
techniques and exploration of the family and interpersonal issues. While patients in both groups demonstrated a significant
improvement, the PCT group improved more. One of the unresolved issues, however, was an unspecified, concomitant use of
medications; the authors could not ascertain whether medications played a role in treatment outcome.


Another treatment effectiveness study[25*] was conducted in primary care settings in a sample of panic disorder patients of whom
more than 70% had at least one co-occurring mood or anxiety disorder. The study compared 'usual care' (pharmacotherapy) with a
combination of the shortened version of 'evidence-based' CBT and pharmacotherapy, and found that patients who received the
latter fared significantly better. These findings may not be easily generalized to other primary care settings because of the complex
design of the study: 'behavioural health specialists' (with little experience in CBT) delivered CBT and coordinated care, while
primary care physicians prescribed medications under guidance from a psychiatrist. In addition, patients received CBT free of
charge, but had to pay for medication; this might have influenced compliance and favoured CBT, so it is not surprising that there
was a tendency for pharmacotherapy not to be provided in accordance with the guidelines.


One of the main findings of these effectiveness studies was that it was difficult to achieve optimal adherence. Treatments for
anxiety disorders should be made more acceptable to both patients and therapists.


Combined Cognitive-Behavioural Therapy and Pharmacotherapy


One randomized, double-blind study[26*] compared fluoxetine, placebo, group CBT, and combinations of fluoxetine and group CBT
and placebo and group CBT in the treatment of generalized SAD for 14 weeks. At the end of the study, all active treatments were
superior to placebo, but did not differ from each other, prompting a conclusion that combined, parallel treatment is not
advantageous to either CBT alone or medication alone. Fluoxetine showed efficacy faster, and it was suggested that adding CBT
after 4-8 weeks of initial treatment with an SSRI might be a promising strategy for combining them.


A novel approach to combining CBT and medication is exemplified by a preliminary study[27**] in which D-cycloserine or placebo
was administered to 27 patients with acrophobia prior to each of the two sessions of the virtual reality exposure to heights. D-
cycloserine, which acts as a partial agonist at the N-methyl-D-aspartate glutamatergic receptor, enhances the extinction of fear.
Patients treated with D-cycloserine improved significantly more than those who received placebo. Apparently, D-cycloserine does
not act as an anxiolytic by itself, but accelerates associative learning that occurs in the course of exposure therapy. Further trials
are needed to establish the feasibility of using D-cycloserine in conjunction with behaviour therapy (or full CBT) for other anxiety
disorders.


Conclusion


Regardless of whether anxiety states are conceptualized as one or several distinct and separate diagnostic entities, their treatment
is similar. Effective treatment modalities include CBT, pharmacotherapy (such as SSRIs and venlafaxine), and their combinations.
The focus of ongoing research is on introducing novel pharmacological agents for anxiety states, improving the delivery of CBT-
based treatments, and combining these two basic treatment approaches so that the benefits of each are maximized.
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From Current Opinion in Pulmonary Medicine


Abstract and Introduction


Abstract


Purpose of review Restless legs syndrome (RLS) and periodic limb movements of sleep (PLMS) are common neurological
disorders in childhood which are usually underdiagnosed. As many pediatricians and pediatric pulmonologists with interest in sleep
medicine will be encountering children with RLS and PLMS in their practice, we feel a comprehensive review of these disorders
from a pediatric perspective would be very important in understanding basic pathophysiology, clinical features in early diagnosis,
and effective management.
Recent findings There has recently been increased awareness about these disorders in children, and the American Academy of
Sleep Medicine has recently published pediatric specific diagnostic criteria. There have also been exciting discoveries into the basic
pathophysiology of these conditions which have helped to better understand these disorders. Genetics plays a very important role
in their development, and current management strategies have been very successful in treatment of these conditions.
Summary RLS occurs in 1 out of 120 school-age children. In many children, diagnosis is not even suspected as these children
present with atypical symptoms and associated comorbid conditions. In this review, we will discuss RLS and PLMS in the pediatric
population and briefly review their pathophysiology, clinical presentation, risk factors, neurobehavioral consequences, and newer
diagnostic criteria along with recent advances in their management.


Introduction


Although restless legs syndrome and periodic limb movement disorder symptoms overlap, we have described them separately so
that we can better characterize each entity and help differentiate one from another.


Restless Legs Syndrome


Restless legs syndrome (RLS) is a primary central nervous system (CNS) sensori-motor network disorder. The diagnostic criteria
include an urge to move the extremities associated with unpleasant sensations, symptoms that are worst at rest, relieved by
movement, and most severe at night.[1,2] Some patients present predominantly with unpleasant sensations (paresthesias), whereas
others manifest with a significant urge to move their legs, and children may appear 'fidgety'. As RLS symptoms occur during
bedtime they are most likely to interfere with sleep onset. These symptoms may be confused with bedtime resistance and limit
setting-type behaviors. RLS along with periodic limb movements of sleep (PLMS) together can impact total sleep duration and
quality, leading to impaired cognition, daytime functioning, mood and overall quality of life.[3–6]


Periodic Limb Movement


Periodic limb movements (PLMs) were first reported by Symonds[7] and initially thought to be nocturnal myoclonic epilepsy. PLMS


Authors and Disclosures
Umakanth Khatwaa and Sanjeev V. Kothareb 


aDepartment of Medicine, Division of Respiratory Diseases, USA and bDepartment of Neurology, Center for Pediatric Sleep
Disorders, Children's Hospital Boston, Harvard Medical School, Boston, Massachusetts, USA


Correspondence to 
Sanjeev V. Kothare, MD, Children's Hospital Boston, Fegan 9, 300 Longwood Ave, Boston, MA 02115, USA Tel: 
              +1 617 355 5606      ; fax: +1 617 730 0463; e-mail: sanjeev.kothare@childrens.harvard.edu


Restless Legs Syndrome and Periodic Limb Movements Disorder in the
Pediatric Population
Umakanth Khatwa; Sanjeev V. Kothare


Posted: 11/03/2010; Curr Opin Pulm Med. 2010;16(6):559-567. © 2010 Lippincott Williams & Wilkins



http://www.medscape.com/

http://www.medscape.com/index/list_4763_0

mailto:sanjeev.kothare@childrens.harvard.edu





RLS and Periodic Limb Movements Disorder in the Pediatric Population (printer-friendly)


http://www.medscape.com/viewarticle/730015_print[12/28/2010 4:00:17 PM]


is characterized by brief, repetitive, and highly stereotypical jerky limb movements occurring during sleep. These are more
commonly seen in the legs, feet, and toes than in the upper extremities.[8,9] The typical movement involves extension of the big
toe and dorsiflexion of the ankle. They are sometimes, but not necessarily, associated with an electroencephalographic arousal or
an awakening resulting in sleep fragmentation. Patients are usually unaware of their own symptoms and often reported by their bed
partner or parent. Nocturnal periodic limb movements without any associated consequence of sleep fragmentation are called PLMS.
Periodic limb movements occurring while awake are called periodic limb movement of wakefulness (PLMW). If PLMS is associated
with symptoms of sleep disturbances and/or daytime functioning then it is called periodic limb movement disorder (PLMD). Whereas
PLMS is merely a polysomnography (PSG) finding, PLMD is a clinical syndrome. Not all patients with PLMS manifest with PLMD.
Up to 80% of patients with RLS have PLMS;[10] however, most patients with isolated PLMS may not experience RLS. PLMS is
considered as a supportive diagnostic criterion for RLS in adults and an essential criterion for RLS in children.[1]


History


The term 'restless legs' was coined by Karl-Axel Ekbom.[11,12] In 1944, he reported eight patients with restless legs and later
published his doctoral thesis on this entity.[12] There were no detailed pediatric studies reported until the mid-1990s. The
consensus criteria for the diagnosis of RLS in children and adolescents were published at a workshop at the National Institute of
Health (NIH) in 2003.[1] These new pediatric RLS criteria were subsequently included in the International Classification of Sleep
Disorders (ICSD) Diagnostic Manual (2nd edition).[9]


Prevalence


The prevalence of RLS and PLMS is described below.


Restless Legs Syndrome


Population-based studies in adults using the four main diagnostic criteria for RLS found a prevalence of 5–10% in the US and
Western Europe.[5,13–16] It is usually more common in women. However, preliminary studies have found a much lower prevalence
of RLS in certain Asian countries such as Singapore[17] and India.[18,19] Studies have reported that, in adults with RLS, 25% of
them had onset of their symptoms between 10 and 20 years of age and 18% of them had onset before 10 years of age.[10,20] A
study from the Mayo clinic pediatric sleep disorders clinic reported a pediatric RLS prevalence of 5.9%.[21] Different studies have
reported a prevalence of RLS in children of between 1 and 6% using various RLS definitions.[22,23] In a 2007 landmark study
(Pediatric 'REST' study) employing a telephonic survey of over 10 000 families, about 1.9% of 8–11-year-olds and 2% of 12–17-
year-olds met the criteria for diagnosis of RLS using 2003 National Institute of Health Pediatric RLS consensus criteria.[24] About
0.5–1% of these children reported severe RLS symptoms (moderate-to-severe symptoms ≥2 days per week). This study indicates
that about one million school-age children in the US are likely to be affected by RLS. RLS symptoms are thus common in children
and adolescents, occurring more commonly than epilepsy or diabetes!


Periodic Limb Movements of Sleep


The prevalence of PLMS is about 4–11% in the general population and increases with age, reaching 25–58% in the elderly. [22] No
sex difference has been described. Picchietti and Walters[23] were the first to report that PLMS were seen in children and
adolescents. Various pediatric studies have revealed a 5–25% prevalence rate of PLMS (>5 per hour) in children referred for sleep
studies.[25–28]  Some studies have reported that PLMS appear to be more common in Caucasians than African–American
children.[29]


Pathophysiology


The specific pathophysiology of idiopathic RLS[30••] as well as PLMS is not well understood. As they may share common
pathogenesis, prevailing causative hypotheses are considered together in this section.


Neurotransmitters Theory


Dopaminergic medications have been shown to dramatically alleviate symptoms of RLS, whereas dopaminergic antagonists
aggravate RLS, suggesting dopaminergic dysfunction in patients with RLS. The possible mechanisms include dysfunction in
dopaminergic neurotransmission and/or a potential neuro-anatomical alteration in the dopaminergic neurons. In addition, alteration
and redistribution in binding of the endogenous opioid system[31] and altered central processing of pain in patients with RLS have
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also been reported.[32]


Neuroanatomy


Restless legs syndrome may be the consequence of sensori-motor dysfunction. Several studies recently have reported that the
principal dopaminergic pathology in human RLS may be in a diencephalon–spinal pathway originating from A11 dopaminergic
neurons.[33–35]


Iron Deficiency Theory


Iron has been implicated in the pathophysiology of RLS and PLMS. Brain MRI studies and transcranial ultrasound using special
techniques have detected low brain iron, particularly in the subtantia nigra.[36–39]  Other imaging studies of the brain have also
revealed changes in brain iron metabolism in patients with RLS, along with reduced ferritin levels in cerebrospinal fluid (CSF) and
abnormalities in the circadian pattern of dopamine metabolites in CSF.[40,41] The 'iron–dopamine model' suggests that iron
deficiency in the brain causes an abnormality in the dopaminergic system leading to manifestation of RLS. The mechanism
proposed is related to the fact that iron is a co-factor for tyrosine hydroxylase, an important enzyme in the synthesis of dopamine.
Various hypotheses indicating abnormalities in the pathway of iron metabolism, storage and transfer of iron into the central nervous
system, and abnormalities in the ferritin subunits, hepcidin and transferrin receptor expression have been proposed.[42–45]  There
are a number of studies documenting low iron (serum ferritin <50 ng/ml) in both the adult and pediatric population with symptoms
of RLS as well as PLMS.[21,46] Whereas hemoglobin synthesis is affected and anemia usually develops when ferritin level falls
below 10–12 ng/ml, patients with RLS or PLMS are usually not anemic at presentation. Serum ferritin below 50 ng/ml is considered
an indication for using supplemental iron treatment in symptomatic patients.


Circadian Link


Restless legs syndrome is a circadian disorder in that it mainly occurs in the late evening or night and usually resolves by midnight
to 2 a.m..[47–50]  However, the circadian rhythmicity is lost with increasing severity and during 'augmentation', when symptoms may
be present during the daytime, or throughout the 24 h in extreme cases. Iron, dopamine and dopamine metabolism also exhibit a
circadian pattern, whose nadir in the late evening and early night might coincide with severity of RLS symptoms.[51]


Genetics


The pediatric 'REST' study reported that, in more than 70%, at least one biological parent, and, in 16%, both parents were
affected, indicating a strong genetic component.[24] Familial aggregation of RLS has been well reported.[52] The postulated mode of
inheritance is autosomal dominant,[53,54] but is likely more complex. Genome-wide association studies have identified variants
within the intronic or intergenetic regions of MEIS1 (2p), LBXCOR1/MAP2K5 (15q), BTBD9 (6p), neuronal nitric oxide synthase
(NOS1) (12q) and protein tyrosine phosphatase receptor type delta (9p) genes.[55] BTBD9 accounts for 50% of the genetic
abnormality in RLS and PLMS.[56] Overall, disturbances in iron metabolism, the central dopaminergic system, and genetics seem
to be the primary factors in the pathophysiology of RLS.


Risk Factors


The risk factors for RLS and PLMS have been shown in Table 1.[57,58] These conditions can potentially worsen the underlying RLS
and PLMS and hence need to be taken into consideration.


Table 1. Risk factors for RLS and PLMS


Risk factors for RLS Risk factors for PLMS


1. Sleep deprivation 1. Obstructive sleep apnea


2. Caffeine and nicotine intake 2. Autism and ADHD


3. Pregnancy 3. Narcolepsy


4. Peripheral neuropathy and myelopathy 4. REM behavior disorder


5. Thyroid dysfunction and diabetes mellitus 5. William syndrome and Tourette syndrome
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Clinical Presentation


The clinical presentations of RLS and PLMS are described separately.


Restless Legs Syndrome


The common symptoms of RLS can be broadly categorized into sensory, motor, sleep-related and daytime symptoms.[57] As the
diagnosis of RLS is mostly clinical, it is challenging to diagnose it in children who present with atypical symptoms and are unable to
describe them. Establishing a good rapport with the child will greatly enhance chances of accurately assessing sensory symptoms,
while other symptoms can be given by the parents. It is very important to avoid leading questions and facilitate expression of the
sensation in the child's own words. Sensory symptoms are difficult to explain by children and simple description such as a funny
feeling, pain, hurting, tickling, bugs, spiders, ants, goose bumps in the legs can be accepted.[57,58] Most children will not describe
an 'urge to move' per se, but parents may report frequent stretching, kicking, pacing and running around and/or requests for leg
massage. These symptoms may be perceived by parents as bedtime resistance behaviors. They may also have difficulty falling
asleep; these children avoid being in bed and lying still as these symptoms may worsen by inactivity. Sometimes children may draw
pins, needles, tiny sand particles, bugs, or a saw over their legs when asked to depict their symptoms. It is very important to
assess the severity of RLS by determining the frequency, duration, and intensity of symptoms, along with the impact on daytime
functioning, mood, school performances and learning.


Periodic Limb Movement Disorder


Periodic limb movement disorder in children may present with nonspecific clinical symptoms such as restless sleep, 'growing pains',
frequent awakening at night and daytime hyperactivity. Up to 80% of patients with RLS also have PLMS. Once asleep, parents may
report that these children are very restless, tend to kick, twitch and jerk during sleep and have a tendency to fall off their bed. As a
consequence of sleep fragmentation and sleep deprivation, they may present with excessive daytime sleepiness, fatigue, the
feeling of nonrestorative sleep, and difficulty waking up in the morning. Poor attention span, learning difficulties, mood changes,
anxiety, depression and irritability may also be seen. In addition some children may develop aggressive behavior, hyperactivity and
impulsivity and are misdiagnosed as having attention deficit hyperactivity (ADHD).


'Growing pain' may be described as recurrent discomfort in the legs at bedtime which may lead to sleep disturbances. RLS and
PLMS are frequently misdiagnosed as growing pain.[46] Although it is a common complaint in children with RLS, it is a nonspecific
symptom and does not necessarily suggest RLS. In the pediatric 'REST' study, a history of 'growing pain' was reported in 77–85%
of children meeting diagnostic criteria for RLS, but was also found in 64% of children without RLS.[24]


Comorbid Conditions


These include ADHD, depression, anxiety and chronic renal failure.[59–61]  Of all these, ADHD has been best characterized. About
25% of adults, as well as school-age children, with RLS meet the criteria for ADHD, whereas 12–35% of children with ADHD met
the criteria for RLS.[59,62] Children with ADHD are more likely to have iron deficiency,[63–66]  and treatment with supplemental iron
has been reported to help reduce their PLMD symptoms, improve sleep quality and subsequently decrease ADHD symptoms.[65]


History and Physical Examination


Although diagnosis of RLS is based entirely on clinical history, diagnosis of PLMS requires documenting PLMS by overnight PSG.
Hening coined the acronym 'URGE' to help remember the key features of RLS, which are listed below.[30••,67,68]


1. U = Urge to move legs, usually associated with unpleasant sensation
2. R = Rest induces symptoms
3. G = Getting active (physically and mentally) brings relief


6. End-stage renal disease 6. Medications: SSRIs, lithium, tricyclic antidepressants


7. Medications: SSRIs, lithium, tricyclic antidepressants


PLMS, periodic limb movements of sleep; REM, rapid eye movement sleep; RLS, restless legs
syndrome; SSRI, selective serotonin reuptake inhibitor. Reproduced with permission from.[56,57]
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4. E = Evening and night make symptoms worse


In most cases, the clinical examination is normal, except when associated with comorbidities. Various diagnostic criteria that would
aid in making a diagnosis of RLS (333.94) in adults and children are listed below.[9]


Diagnosis in adult patients (age >12 years):


1. The patient reports an urge to move the legs, usually accompanied or caused by uncomfortable and unpleasant sensations
in the legs.


2. The urge to move or the unpleasant sensations begin or worsen during periods of rest or inactivity, such as lying or sitting.
3. The urge to move or the unpleasant sensations are partially or totally relieved by movement, such as walking or stretching,


at least as long as the activity continues.
4. The urge to move or the unpleasant sensations are worse, or only occur, in the evening or night.
5. The condition is not better explained by another current sleep disorder, medical or neurological disorder, mental disorder,


medication use, or substance use disorder.


Diagnosis in pediatric patients (age 2–12 years) (1 alone or 2 and 3 satisfy the criteria):


1. The child meets all four essential adult criteria for RLS listed below and relates description in his or her own words that is
consistent with leg discomfort (the child may use terms such as 'leg pain', 'hurts', 'tickle', 'spider', 'boo-boos' 'want to run' to
describe symptoms. Use of age-appropriate descriptors is encouraged).


a. An urge to move the legs.
b. The urge to move begins or worsens when sitting or lying down.
c. The urge to move is partially or totally relieved by movement.
d. The urge to move is worse in the evening or night than during the day or only occurs in the evening or during the


night.
2. The child meets all four essential adult criteria for RLS listed above and does not relate description in his or her own words


that is consistent with leg discomfort.
3. Two of three following supportive criteria are met.


a. Sleep disturbance for age.
b. A biological parent or sibling has definite RLS.
c. The child has a polysomnographically documented periodic limb movement syndrome index of greater than 5 per


hour of sleep.


In addition these children should be screened for any associated comorbid medical conditions and associated sleep disorders such
as obstructive sleep apnea syndrome (OSAS),[69] narcolepsy[70] and rapid eye movement sleep (REM) behavior disorder.[71]


Daytime symptoms related to the report of sleep disturbance should be assessed in every patient. A detailed medication history is
also important. Family history of RLS in a first-degree relative is very common and should be inquired about in every patient. A
thorough clinical examination (of the upper airway to evaluate risk for OSAS, pallor for anemia, knee and ankle joints examination
for arthritis, skin examination for dermatitis, leg muscles for cramps, and a thorough neurological examination to evaluate a
peripheral neuropathy and polyradiculopathy) is also very important.


Laboratory Testing


Due to the association of RLS/PLMS with iron deficiency, a complete blood count, serum ferritin and transferrin saturation should
be measured. A serum ferritin below 50 ng/ml indicates need for treatment with supplemental iron. In patients who are thought to
have secondary RLS, screening for renal disease, thyroid dysfunction, vitamin B12 and folic acid deficiency (peripheral neuropathy)
should be considered.[33]


Polysomnography


Although PSG helps to evaluate for PLMS, this is usually not necessary to make a diagnosis of RLS; however, documentation of
PLMS of more than 5 per hour on PSG is important as a supportive criteria for diagnosis of RLS in children. New approaches to
define RLS-specific PLM patterns have been described.[72] PLMW are now increasingly being taken into account and are being
considered as an indicator of RLS..[73] PLMS are commonly seen in stage N2 sleep and decrease in stage N3 sleep and are
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usually reduced or absent in REM. Figure 1 demonstrates the polysomnographic features of PLMS. The diagnostic criteria for
PLMS (327.51) are listed below.[9]


Figure 1.   This 2 min epoch of the sleep study demonstrates periodic limb movement during stage N3 sleep 
There are seven periodic leg movements noted in 2 min.


1. Polysomnography demonstrates repetitive, highly stereotyped, limb movements that are
a. 0.5–5 s in duration.
b. Of amplitude greater than or equal to 25% of toe dorsiflexion during calibration.
c. In a sequence of four or more movements.
d. Separated by an interval of more than 5 s (from limb-movement onset) and less than 90 s (typically there is an


interval of 20–40 s).
2. The periodic limb movements (PLMs) index exceeds 5 per hour in children and 15 per hour in most adult cases. Of note,


the PLMs index must be interpreted in the context of a patient's sleep-related complaint. In adults, normative values higher
than the previously accepted value of 5 per hour have been found in studies that did not exclude respiratory event-related
arousals (using sensitive respiratory monitoring) and other causes for PLMs. New data suggest a partial overlap of PLM
index values between symptomatic and asymptomatic individuals, emphasizing the importance of clinical context over an
absolute cutoff value.


3. There is clinical sleep disturbance or a complaint of daytime fatigue. Of note, if PLMS are present without clinical sleep
disturbance, the PLMS can be noted as a polysomnographic finding, but criteria are not met for a diagnosis of periodic limb
movement disorder PLMD.


4. The PLMS are not better explained by another current sleep disorder, medical or neurological disorder, mental disorder,
medication use, or substance use disorder (e.g. PLMS at the termination of cyclically occurring apneas should not be
counted as true PLMS or PLMD).


Periodic limb movements of sleep may be associated with cortical or subcortical (autonomic) arousals. PLMS is considered
significant when the PLM index (PLMs/hour during sleep) is at least 15 per hour in adults and at least 5 per hour in children.[74]


PLMS is not diagnosed if the leg movements are associated with an obstructive event. Like adults, children also show considerable
individual night-to-night variability of PLMS, and PSG may not always reflect the true severity of this condition.[75]


Differential Diagnosis
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Table 2 [60,76] lists various differential diagnoses for RLS as well as for PLMS. Sometimes the differentiation may be difficult and
may warrant further testing.


Consequences of Restless Legs Syndrome and Periodic Limb Movements of Sleep


Restless legs syndrome and PLMS can potentially lead to cardiovascular and neurocognitive consequences in adults and
children[77,78] due to sleep fragmentation. Studies have reported that there is a nocturnal surge in autonomic activity (autonomic
arousals) with accompanying nocturnal elevations in blood pressure in adults[79,80] as well as children[81•] with PLMS. They can
also present with impaired cognitive abilities, attention, memory, and emotional regulation in children,[82–84]  hyperactivity, and may
be misdiagnosed as ADHD. Depression and anxiety are also common in RLS and PLMD and occur more frequently than in the
general population.[60,85–87] Studies have reported increased frequency of parasomnias related to sleep fragmentation in children
with RLS and PLMD, with resolution of these parasomnias after treatment of RLS and PLMD.[88]


Management


The clinical decision to treat RLS depends on the severity of symptoms, sleep disturbances and consequences for daytime
functioning. Similarly, the threshold to treat PLMS depends on the overall severity of PLMS (PLM index), associated sleep
disturbances (PLM arousal index) and daytime functioning. A recent population survey revealed that only 6.2% of children and 6.4%
of adolescents with definitive RLS received ongoing prescription medication.[24]


Treatment Options


The various treatment options for RLS and PLMS are described below. It is important to note that various combinations of these
measures may be required to successfully treat these conditions.


Good Sleep Hygiene


Although there is no evidence to suggest that good sleep hygiene is beneficial to patients with RLS, it is well known that sleep
deprivation aggravates RLS. Hence adequate sleep duration, regular bed timings and routine principles of good sleep hygiene are
important in their management.[58,89] Diet containing caffeine should be avoided in the late afternoon. Daily exercises in the
daytime (avoid vigorous exercise and mind-stimulating activities around bedtime) can improve sleep quality and help reduce RLS
symptoms. In certain milder cases, biofeedback and relaxation techniques may be helpful.[57] However, if symptoms are more
severe some form of pharmacological intervention may be required.


Iron Supplementation


Treatment with iron supplementation is indicated if serum ferritin is below 50 ng/ml. The usual recommended dose is 3–6
mg/kg/day of elemental iron for 3 months, with repeat serum ferritin levels to assess response and avoid iron overload.[90] Iron


Table 2. Differential diagnosis of RLS and PLMS


Differential diagnosis of RLS Differential diagnosis of PLMS


1. Growing pain 1. Hypnic jerks (sleep starts)


2. Nocturnal cramps (charley horse) 2. Normal phasic REM activity


3. Peripheral neuropathy 3. Limb movements due to arousals


4. Chronic arthritis 4. OSAS


5. Dermatitis 5. Nocturnal seizure disorder


6. Akathasia


OSAS, obstructive sleep apnea syndrome; PLMS, periodic limb movements of sleep; RLS,
restless legs syndrome. Reproduced with permission from.[60,93]
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supplementation is repeated for an additional 3 months if ferritin level continues to be below 50 ng/ml. If ferritin levels are very low
or levels fail to improve after treatment with iron, these children may require referral to hematology for evaluation of their iron
deficiency (e.g. occult blood loss, malabsorption). There are some data in adults showing that intravenous iron therapy is effective
in treatment of severe iron deficiency or with iron malabsorption.[91] However, no such data exist in children.


Pharmacological Treatment


Treatment with pharmacological agents may be indicated in children with moderate-to-severe RLS symptoms and PLMD who did
not respond to the above measures. Currently there is no Food and Drug Administration (FDA) approval for the use of
pharmacological agents in children and all medications are used 'off-label'. A few case series have reported success in the
cautious use of certain pharmacological agents in pediatric RLS and PLMD.[76,88,93,94] Medication should be combined with
nonpharmacological measures noted above to achieve optimum results. It is prudent to start them at the lowest possible doses and
slowly titrate upwards with close monitoring for adverse effects. Most of the children who need medications need to be referred to a
sleep specialist. Table 3 lists the various medications that can be used in treatment of RLS and PLMS in children.[57,92]


Of all these medications, treatment response to dopaminergic agents is so dramatic that, in certain patients, these agents are used
as a 'therapeutic test' to confirm the diagnosis of RLS.[95] Dopaminergic medications are considered the first line of treatment for
RLS.[96] The common adverse effects of these medications are also listed in Table 3. Other important adverse effects reported with
these agents include augmentation,[97] characterized by the paradoxical worsening of RLS symptoms after starting dopaminergic
medication; as the dose is increased, the symptoms of RLS worsen and start appearing earlier than the anticipated time of onset,
sometimes occurring in the daytime and at times also appearing in the upper extremities. Augmentation is often seen with
associated iron deficiency. Augmentation occurs very frequently with levodopa (up to 70–80%) but can also occur with other
dopamine agonists such as pramipexole and ropirinole (up to 15–40%).[76,98] The management of augmentation consists of
reducing and maintaining low doses of dopaminergic agents along with iron supplements. Switching to an alternate medication, for
example nondopaminergics or opiates, may also be considered, especially when one experiences augmentation with more than
one dopaminergic agent.


Table 3. Commonly used medications for treatment of RLS and PLMS in children


Drug Mechanism of
action Dosage Adverse effects Safety profile


Clonidine
Central α-2
adrenergic receptor
agonist


0.05–0.3 mg
Hypotension, bradycardia, dry
mouth


Rebound night terror, REM
suppression


Clonazepam
GABA-A receptor
agonist


0.01 mg/kg
Daytime sedation, cognitive
difficulties, antegrade amnesia


Respiratory depression,
tolerance, worsening of OSA,
abuse


Levodopa/carbidopa
Metabolic precursor
of dopamine


25/100mg tab (1/2
to 3 tab per day)


Hallucination, confusion,
orthostatic hypotension


Augmentation


Pramipexole
Nonergot dopamine
receptor agonist


0.125–0.75 mg
Headaches, hypotension,
insomnia, daytime somnolence


Impulse control behavior,
gambling, augmentation


Ropinirole
Nonergot dopamine
receptor agonist


0.5–4 mg
Headaches, hypotension,
insomnia, daytime somnolence


Impulse control behavior,
gambling, augmentation


Gabapentin
May potentiate
neuronal GABA
synthesis


100–500 mg
Drowsiness, irritability,
worsening behaviors


Blurred vision, tremors, weight
gain, sleepiness


OSA, obstructive sleep apnea; PLMS, periodic limb movements of sleep; REM, rapid eye
movement; RLS, restless legs syndrome. Original, but data obtained from reference.[56,92]
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Prognosis


There are no data on long-term consequences and outcomes of RLS and PLMD in children. A pattern of slow progression has
been reported in children, as about 40% of adults with RLS report a history of onset in childhood.[46]


Conclusion


1. RLS and PLMD are common in children and may present with sleep disturbances, and daytime symptoms mimicking ADHD.
2. Diagnosis of RLS and PLMD require specific diagnostic criteria published by the American Academy of Sleep Medicine.


Symptoms in children are atypical and family history is very important.
3. RLS is a clinical diagnosis. Consider a sleep study for evaluation of associated PLMS due to the strong association of RLS


with PLMS. PLMW may be an indicator of RLS and should be scored during PSG if diagnosis of RLS is suspected.
However, PLMD requires PSG for a diagnosis.


4. Screening for risk factors and associated co-morbid conditions such as ADHD is important.
5. All children with RLS and PLMD should be screened for iron deficiency and treated if serum ferritin is below 50 ng/ml.
6. Dopaminergic medication should be considered in symptomatic children with normal iron levels or who fail iron treatment.


The direction for future research should focus on genotype/phenotype correlation and its link between overlapping comorbid
conditions including ADHD. Studies to identify biomarkers as a screening tool for RLS and PLMS may be useful particularly in
children, as they may present with atypical symptoms and as early diagnosis and treatment would be likely to promote improved
neurocognitive development and overall academic performance. Clinical trials of effective medications in children to identify their
long-term safety profile and efficacy are needed.


Drug Mechanism of
action Dosage Adverse effects Safety profile


Clonidine
Central α-2
adrenergic receptor
agonist


0.05–0.3 mg
Hypotension, bradycardia, dry
mouth


Rebound night terror, REM
suppression


Clonazepam
GABA-A receptor
agonist


0.01 mg/kg
Daytime sedation, cognitive
difficulties, antegrade amnesia


Respiratory depression,
tolerance, worsening of OSA,
abuse


Levodopa/carbidopa
Metabolic precursor
of dopamine


25/100mg tab (1/2
to 3 tab per day)


Hallucination, confusion,
orthostatic hypotension


Augmentation


Pramipexole
Nonergot dopamine
receptor agonist


0.125–0.75 mg
Headaches, hypotension,
insomnia, daytime somnolence


Impulse control behavior,
gambling, augmentation


Ropinirole
Nonergot dopamine
receptor agonist


0.5–4 mg
Headaches, hypotension,
insomnia, daytime somnolence


Impulse control behavior,
gambling, augmentation


Gabapentin
May potentiate
neuronal GABA
synthesis


100–500 mg
Drowsiness, irritability,
worsening behaviors


Blurred vision, tremors, weight
gain, sleepiness


OSA, obstructive sleep apnea; PLMS, periodic limb movements of sleep; REM, rapid eye
movement; RLS, restless legs syndrome. Original, but data obtained from reference.[56,92]
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Cognitive-Behavioral Percent of total cases 


confusion/disorientation 54%  


agitation/irritability 35%  


coma/unresponsive 28%


anxiety 16%  


hypomania 15%  


lethargy 15%  


seizures 14%  


insomnia 0%  


hallucinations  6%  


dizziness 6%  


Neuromuscular   


Autonomic Nervous System   


salivation 5%


Administrative (801) 581-7504 Emergency  (800) 222-1222


Introduction
Serotonin syndrome was first described in 1959 in a
patient with tuberculosis who received meperidine. His
death was described as “fatal toxic encephalitis.” The
patient exhibited clonus, severe muscular hyperactivity,
and rigidity. It was later discovered that patients on a
monoamine oxidase inhibitor (MAOI) who took
tryptophan developed an unsteady gait, clonus, tremor,
incoordination, lightheadedness, paresthesias, CNS
excitation, dilated pupils, and hyperactive reflexes.1 In
1982, the term Serotonin Syndrome was used to describe
the constellation of symptoms observed with
administration of two or more medications that elevated
serotonin concentrations.


Pharmacology and Physiology
Serotonin is formed in biologic systems from the amino
acid L-tryptophan. Once formed, it is stored or rapidly
inactivated by monoamine oxidase. Serotonin is one of
three monoamine neurotransmitters most often associated
with depression. Although serotonin is generally associated
with clinical depression, there are over 10 known serotonin
receptor subtypes found throughout the body in many
organ systems other than the CNS. Over 90% of the
serotonin in the body is found in enterochromaffin cells in
the GI tract. It is also found in platelets. Serotonin is found
in plant and animal tissues as well as in many venoms.2
Vomiting, sleep, temperature regulation, appetite, mood,
regulation of blood pressure, and the perception of pain are
functions that involve brain serotonergic neurons.
Serotonin may also be associated or involved in conditions
such as migraine headaches and anxiety. While correct
serotonin concentrations can greatly improve quality of life,
too much serotonin can have deleterious effects manifested
as Serotonin Syndrome.  


Serotonin Syndrome results from an acute
hyperserotonergic state. The patient does not develop
serotonin syndrome by natural processes alone.
Abnormally elevated concentrations of serotonin and
clinical signs and symptoms of serotonin syndrome
develop because of drug induced serotonin augmentation.
Table 1 summarizes the most common cognitive-


behavioral, neuromuscular and autonomic signs and
symptoms associated with serotonin syndrome.3 Ideally,
the patient should have at least one or two manifestations
from each category.
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Serotonin Syndrome


Table 1. Signs and symptoms associated with Serotonin Syndrome


myoclonus 57%  


hyperreflexia 55%  


muscle rigidity 49%  


tremor 49%  


ataxia/incoordination 38%  


shivering/chills 25%  


nystagmus 13%  


Babinski’s sign (bilateral) 14%  


hyperthermia 46%  


diaphoresis 46%  


sinus tachycardia 41%  


hypertension 33%  


tachypnea 28%  


dilated pupils 26%  


non-reactive pupils 18%  


flushed skin 14%  


hypotension 14%  


diarrhea 12%  


abdominal cramps 5%  







Feature Serotonin Syndrome
Neuroleptic Malignant
Syndrome


Mechanism
Metabolic serotonin precursor 


Drug
L-tryptophan 


Inhibit serotonin metabolism  MAOIs 


Increase serotonin release amphetamines  


lithium 


MDMA (Ecstasy)


Inhibit serotonin reuptake cocaine  


dextromethorphan


merperidine 


SSRIs


tricyclic antidepressants 


trazodone  


venlafaxine 


serotonin receptor agonists buspirone  


lysergic acid diethylamide(LSD) 


dopamine agonists l-dopa 


Treatment
Serotonin syndrome can be life threatening. The most
important treatment is to discontinue the offending
agent(s).  The syndrome usually resolves within 24 hours
after the withdrawal of the offending medication(s).  If
serotonin syndrome has occurred as a result of an acute
overdose, activated charcoal may be beneficial soon after
the ingestion.  Supportive care is the mainstay of treatment.
Hyperthermia should be treated with aggressive external
cooling measures such as ice, mist, fans, and a cooling
blanket.  Rigidity, seizures, and agitation are treated with
benzodiazepines. Severe symptoms have been successfully
treated with cyproheptadine (a 5-HT2 antagonist) 4-8 mg
PO every 1-4 hours (max 32mg/day) or 0.25mg/kg/day
divided every 1-4 hours in children.  It is available in 4-mg
tablets and a syrup (2mg/5mL) . No parenteral product is
available. Once the symptoms resolve there does not
appear to be a need for continued medical monitoring.  


Summary 
Serotonin syndrome is a potentially life-threatening syndrome
that usually occurs when more than one serotonergic
medication has been ingested.  Rapid onset of altered mental
status, autonomic instability and myoclonus are hallmarks of
the syndrome.  Resolution of symptoms usually occurs within
24 hours after cessation of the offending agent(s) and the
treatment is primarily supportive. The Utah Poison Control
Center staff are available to assist you in evaluating the
differential diagnosis of serotonin syndrome versus
neuroleptic malignant syndrome or stimulant toxicity.  


Susan Sorenson, Pharm D
Pharmacy Practice Resident, IHC


Physiologic serotonin concentrations are altered by
several mechanisms. The removal of serotonin from
synapses is blocked by serotonin reuptake inhibitors or
monoamine oxidase inhibitors (inhibits the metabolism of
serotonin). Serotonin concentrations are increased by
substances that release serotonin from the vesicles in the
synapse or by serotonin agonists.  Dopamine agonists may
indirectly increase CNS serotonin activity. Table 2 provides
a summary of drugs that may elicit serotonin syndrome. 


Diagnosis
There is no laboratory test for the diagnosis of serotonin
syndrome. The onset of clinical effects is relatively rapid
and occurs within minutes to a few hours following a drug
interaction that leads to an increase in serotonin
concentration. Before a diagnosis of serotonin syndrome
can be made, other toxidromes that may mimic serotonin
syndrome must be excluded.  Neuroleptic malignant
syndrome (NMS) and stimulant toxicity share similar
features to serotonin syndrome (Table 3). Once these
diagnoses are excluded, patients that exhibit at least three
clinical effects noted in Table 1 suggests the diagnosis of
serotonin syndrome.
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Table 2. Drugs that increase serotonin.


Meet the UPCC Staff
Francine Goitz
Francine joined the UPCC in February
1999. Prior to that, she worked in Neuro
ICU at University of Utah Hospitals and
Clinics. Francine received a bachelors
degree in nursing from the University of
Florida (Go Gators!) in 1991. Before coming
to Utah, she worked as a travel nurse in
various ICUs throughout the country. She
came to Utah as a traveler and liked the


snow and mountains so much that she decided to stay. Favorite
Poisons: Recreational drugs and aspirin. Hobbies: mountain biking,
skiing/snowboarding, cooking and hiking with her dog.


1 Brent J. Monoamine Oxidase Inhibitors and the Serotonin Syndrome. In: Haddad LM, Shannon MW,
Winchester JF,eds. Clinical Management of Poisoning and Drug Overdose. 3rd ed. Philadelphia, PA:
W.B. Saunders Company; 1998:459-463.


2 Burkhalter A, Julius DJ, Katzung BG. Histamine, Serotonin, & the Ergot Alkaloids. In: Katzung
BG.Basic and Clinical Pharmacology,7th ed. Stamford, Connecticut. Appleton and Lange;1998:273-277.


3 Mills KC. Serotonin syndrome. A clinical update. Crit Care Clin 1997 Oct;13(4):763-83
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Nationwide 
Toll-Free Number
The new national toll-free number is here! Calling
this number anywhere in the US will connect you
with the poison control center for that area. The
UPCC hotline can be accessed by this number


when calling from within the state. Our other number remains operational.


Mechanism Serotonin excess Dopamine antagonism 


Onset of Symptoms Minutes to hours Days to weeks 


Less than 24 hours 5-14 days 


Neuromuscular Myoclonus, hyperreflexia “lead pipe” rigidity 


Rhabdomyolysis Rare Common 


Metabolic acidosis Rare Common 


Elevated transaminases Rare Common 


Table 3. Comparison of Serotonin Syndrome and NMS.


Resolution of symptoms 
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Physostigmine (abstract 202)
All cases of physostigmine administration at a poison treatment
center over a 28-month period were reviewed. Patient ages ranged
from 2-86 years (n=255) and 66% involved single substance
ingestions. One patient (0.5%) with co-ingestants of sertraline and
valproic acid had a single seizure five minutes after physostigmine
was administered.  It was concluded that physostigmine was safe
and rarely associated with adverse effects. (O’Donnell SJ, et al.
Safety of physostigmine use for anticholinergic toxicity. Pg 684)


Drug Interactions-Elderly (abstract 6)
A case –control study of patients over 65 years old treated with
digoxin, an ACE inhibitor, or glyburide and admitted for
hypoglycemia (n-909), hyperkalemia (n=523), or digoxin toxicity
(n=1051) were evaluated.  Patients on glyburide given co-
trimozaxole and patients on digoxin given clarithromycin in the
preceding week had a tenfold risk of hypoglycemia and digoxin
toxicity respectively. Patients receiving ACE inhibitors admitted for
hyperkalemia were approximately twenty times more likely to have
recently received a potassium sparing diuretic. Predictable and
avoidable drug-drug interactions still commonly cause morbidity in
the elderly. (Juurlink DN. Adverse events following drug interactions
in the elderly. Pg. 601)


“Chasing the Dragon” (abstract 131)
An increasingly popular method among heroin abusers is to heat
heroin on aluminum foil and inhale the vapor (pyrolysate) and thus
avoid the use of needles. A 43-year-old woman developed bizarre
behavior, choreoathetoid movements, restless legs and pseudobulbar
speech after “chasing the dragon”.  She was diagnosed with heroin
pyrolystae-induced leukoencephalopathy and treated with coenzyme
Q. Similar cases have been reported in the literature and it may be
fatal. (Long H, et al. Heroin-induced leukoencephalopathy due to
chasing the dragon. Pg. 654)


Digital Epinephrine Injection (abstract 38)
Treatment recommendations for unintentional injection of digits by
epinephrine auto-injectors vary widely. Supportive therapy (warmth
and range of motion) was compared to more aggressive therapies of
phentolamine, digital blocks, or vasodilators (nitroglycerine paste).
Forty-four cases were evaluated, 37 received supportive care only
and 7 received more aggressive care. No tissue necrosis occurred in
either group. Only one patient (phentolamine treatment) had
prolonged morbidity of pain for seven days. Most patients suffering
intra digital injections of epinephrine appear to do well with
supportive care only. (Von Derau K, Martin TG. Supportive treatment
for intra digital epinephrine injections. Pg. 614-615.)


Update from the 
Utah Poison Control Center
Toxicology Clinic at University Hospital
Outpatient evaluations or follow-ups for patients with drug toxicity
or poisoning, heavy metal, toxic gas or hazardous chemical
exposures, and envenomations are available at University Hospitals
and Clinics by physician referral. Referrals can be made by calling
the Utah Poison Control Center at 800-222-1222 or 581-2151.


2002 Clinical Toxicology Meeting Highlights
The North American Congress of Clinical Toxicology (NACCT) met
in Palm Springs on September 24-29, 2002. There were 234 abstract
presentations that are published in J Toxicol Clin Toxicol
2002;40:599-698.


Droperidol (abstracts 4,167)
Data from 270 MedWatch reports between November 1997 and
January 2002 was reviewed and found a total of 99 deaths associated
with droperidol use. Only 3 deaths (5%) were associated with doses
< 2.5 mg. Most of the deaths were from foreign cases (83%), often
involving doses more that ten times that used in the US. (Mullins M,
et al. Unexpected cardiovascular deaths with droperiol: A smoking
gun or just smoke and mirrors? Pg 600-601) Only 19 cases (7%) had
documented prolongation of the QT interval or torsades de pointes
(Mieckowski A, Burns M. Droperidol and the black box. Pg 669-670).


Tramadol (abstract 24)
Over 600 cases of tramadol overdose reported to the California
Poison Control System were reviewed. The most frequent clinical
effects were CNS depression, nausea/vomiting, tachycardia and
seizures. Naloxone was administered to 11 patients and seven
“responded” with improved mental status. The smallest dose
associated with seizures was 200 mg and 15% of seizures occurs
more than 6 hours post-ingestion. (Marquardt K, et al. Retrospective
Review of tramadol cases reported over 2.5 years. Pg 609)


Activated Charcoal (abstract 31)
A prospective study was conducted to 1) determine the incidence of
vomiting after administration of activated charcoal to overdose
patients and 2) assess the efficacy of using accupressure to prevent AC-
induced emesis.  The incidence of vomiting after AC (1 gm/kg) was 26%
in the control group (n=81). The treatment group had accupressure
bands placed at the Nei-Guan P6 point of both wrists prior to AC and
vomiting occurred in only 14% (n=106). The rate of emesis was 46%
lower in the accupressure group (p=0.04). (Eizember F, et al.
Accupressure to prevent emesis due to activated charcoal. Pg 612)


HOLIDAY SAFETY TIPS – REMIND YOUR PATIENTS!
Toxic Decorations:  
- Mistletoe and holly berries may be poisonous if swallowed. 
- Old tinsel may contain lead, discard if composition is unknown.
- Lamp oils are colorful and attractive to children and extremely toxic.


Keep holiday lamps out of reach.


Coughs & Colds:
The onset of winter brings the cough and cold seasons. There may be
more medicines in the home than at other times of the year.
Remember: - Keep all medicines in a locked cupboard, out of reach of


children.
- There is no such thing as childproof! Child-resistant lids


delay access to medicines, but children can often open
the lids.


- Always keep medicine in the original container. Don’t
transfer to a food container or plastic bag.


Holiday Visitors:
- Children are home from school, relatives are visiting and daily routines


are disrupted.  Greater parental supervision is necessary to prevent
poisonings.


- Remind visitors to keep pills in a secure location, away from children.


Food, Drink & Parties:
- Improper handling, preparation, cooking or storage of food can result in


food poisoning. Keep hot foods hot and cold foods cold!
- Clean up immediately after parties. Leftover alcohol or cigarette butts


sitting on tables are toxic to children and pets.


For more information call the specialists at 
Utah Poison Control Center at 1-800-222-1222 or visit 


our new website at www.uuhsc.utah.edu/poison.
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The Utah Poison Control Center expresses its sincere thanks to


MCNEIL CONSUMER & SPECIALTY PHARMACEUTICALS
for their generous contribution that 


allowed us to produce and distribute this newsletter.


We need your feedback!
The UPCC would like your help in ensuring that we are meeting your education
needs.  A Needs Assessment Survey was developed by a group of University of Utah
MBA Students and is now posted on our website at (http://uuhsc.utah.edu/poison).
Follow the link for Health Professionals and select Needs Assessment Survey.  We are
interested in your feedback about Utox Update and would like to hear from you
about other education needs you might have related to toxicology.  Please take a
moment and fill out the survey. You may return the survey by facsimile (801-581-
4199) or by mail.  We are close to having a version that you can submit electronically,
so stay tuned for more details.  Thank you in advance for your help in providing high
quality clinical toxicology education to health professionals in Utah. 


And speaking of feedback…
Thank you very much for the tremendous response to our customer satisfaction
surveys.  Surveys are sent to clinicians for each case that we have contact
information.  Some of you have probably received several of these surveys.  We do
appreciate your feedback related to each case.  If you have not received a survey
but would like to provide us with feedback on a particular case or in general, please
contact Barbara Insley Crouch (barbara.crouch@hsc.utah.edu) or Martin Caravati
(martin.caravati@hsc.utah.edu). Thank you again for your feedback!
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Summary and Introduction


Summary


Schizophrenia is a debilitating mental disorder affecting up to five in every thousand people. Although specialist psychiatrists are
initially responsible for treating patients suffering from acute schizophrenia, the current structure of mental healthcare in the UK
puts the onus for the delivery of maintenance therapy of discharged patients on to the general practitioner. It is crucial, therefore,
that the general practitioner is aware of all available therapies for the effective, long-term, community-based treatment of patients
with schizophrenia. The so-called typical antipsychotics effectively treat the positive but not the negative symptoms of
schizophrenia, and up to 40% of patients are non-responders. These antipsychotics, however, are associated with high levels of
extrapyramidal side-effects (EPS), which are the main cause of patient non-compliance and their subsequent relapse and hospital
readmission. Clozapine, the first atypical antipsychotic, may cause severe agranulocytosis and patients must undergo regular
haematological monitoring, which is both costly and a factor unlikely to foster patient compliance. In contrast, newly developed
atypical antipsychotics, such as olanzapine and quetiapine, are not only efficacious in treating the symptoms of schizophrenia, but
also give rise to fewer EPS and are generally better tolerated than clozapine. In particular, olanzapine and quetiapine are not
associated with severe agranulocytosis. Atypical antipsychotics, therefore, have the potential to enhance patient compliance and
thus ease the general practitioner's problems of providing long-term and effective treatment for patients with schizophrenia.


Introduction


Schizophrenia is a common psychiatric disorder. The lifetime risk of developing the condition is considered to be about 1%[1], and
the point prevalence is 3-5 per 1000 of the general population[2]. In a UK group general practice caring for 15 000 persons there
will be, at any one time, between 45 and 75 schizophrenic patients on the list[3]. Many of them will be living outside hospital and
will, therefore, require the services of primary care providers. Thus it is important that general practitioners and other allied
professionals are aware of the positive and negative attributes of those drugs which are likely to be used to control the symptoms
of schizophrenia. They should be conscious of the shortcomings of traditional anti-psychotics and of the opportunities for treatment
improvement, which are now appearing in the form of the new, atypical antipsychotics.


Treatment of Schizophrenia: Standard 'Typical' Antipsychotics


There are four aspects to the drug treatment of schizophrenia:


1. The management of the first acute episode.
2. The treatment of further acute exacerbations.
3. The management of the 'resistant' patient.
4. The maintenance therapy of the controlled patient[3].


Although the first three aspects essentially fall within the province of psychiatric services, primary care providers may well be
involved in the fourth. Traditionally, schizophrenia has been treated with the now well-established antipsychotic drugs which are
often referred to as standard or 'typical' antipsychotic drugs. These are effective in relieving the acute, florid (positive) symptoms
such as thought disorder, hallucinations and delusions, in about two-thirds of patients


[4]


, and include the various phenothiazines; the butyro-phenones (benperidol, droperidol and haloperidol); the diphenyl
butylpiperidines (fluspiriline and pimozide); substituted benzamides (sulpiride); oxypertine; and loxapine. However, there is no
convincing evidence that, from within these groups, any one standard antipsychotic is more effective than any other. Moreover, it
has been estimated that up to a third of patients do not respond to the drug of first choice 5 - the so-called 'therapy resistant'
patients. Nevertheless, once the acute symptoms have been satisfactorily controlled, typical anti-psychotics are effective in many
instances in preventing relapse, although approx- imately 40% of patients will experience further acute exacerbations


[5,6]
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. In addition to the positive symptoms, many patients with schizophrenia also experience a variety of so-called 'negative' symptoms,
especially over the long term. These include restricted emotional experi-ence, low social drive, alogia, anhedonia and anergia


[7]


. Typical antipsychotics have only a limited therapeutic effect on negative symptoms (and may even be the cause) - an important
consideration in long-term treatment or successful maintenance of patients with schizophrenia. There are still many unresolved and
controversial issues concerning negative symptoms, in particular whether they are primary or secondary in origin, i.e. whether they
are features of the illness itself, the consequence of comorbid depression, or the side-effects of treatment with neuroleptic drugs


[8]


.


Side-effects of Typical Antipsychotics


Antipsychotic drugs are thought to act in schizophrenia by blocking dopaminergic receptors, thereby interfering with dopaminergic
transmission. There is, however, growing evidence to suggest that typical antipsychotics also affect other neurotransmitter systems
such as the cholinergic (muscarinic), alfa-adrenergic, histaminergic and serotonergic mechanisms. Typical antipsychotics are,
therefore, essentially pharmacologically 'dirty' drugs and their use may consequently increase the risk of a wide variety of
undesirable side-effects. For example, their anticholinergic side-effects include dry mouth, urinary hesitancy (and even retention),
constipation and visual disturbance, while their effects on noradrenergic mechanisms lead to postural hypotension, disturbances of
sexual functions and nasal congestion. As a consequence of their antihistaminic action, many of these compounds are sedative.
Furthermore, their prolonged use may lead to weight gain. Interference with dopaminergic transmission can lead to both
endocrinological side-effects such as hyperprolactinaemia, which may manifest itself as galactorrhoea, amenorrhoea and
gynaecomastia, and extrapyramidal side-effects (EPS). Although the side-effects involving the extrapyramidal system are the most
important for typical anti-psychotics, the combination of all those mentioned above is very likely to affect the patients' qualities of
life adversely and their desire to continue with, and adhere to, therapy.


There is a variable relationship between the types of side-effect produced by typical antipsychotics. For example, the British
National Formulary [9] divides the pheno-thiazines into three main groups:


1. Group 1 includes chlorpromazine, methotrimeprazine and promazine. These compounds are very sedative, but have only
moderate anti-muscarinic and extrapyramidal side-effects.


2. Group 2 includes pericyazine, pipothiazine and thioridazine. Sedative effects are only moderate, antimuscarinic effects
marked, but EPS occur less frequently than with drugs in Groups 1 and 3.


3. Group 3 contains fluphenazine, perphenazine, prochlorperazine and trifluoperazine, and is characterised by less sedation,
fewer antimuscarinic effects, but pronounced EPS.


Drugs belonging to other groups, such as the butyrophenones, diphenylbutyl piperidines, thioxanthenes and substituted
benzamides, resemble the phenothiazines of Group 3.


EPS


As already indicated, the most important side-effects of typical antipsychotics are those involving the extrapyramidal system. There
are four types of EPS, namely parkinsonian symptoms, dystonia, akathisia and tardive dyskinesia (TD). Drug-induced parkinsonism
typically manifests in tremor, rigidity and brady-kinesia, and usually occurs within days or weeks of the initiation of therapy.
Although these symptoms commonly remit upon withdrawal of treatment, they can be treated with anticholinergic drugs. The routine
administration of anticholinergic drugs is not advised since they may worsen TD, and drugs such as procyclidine and benzhexol
have, unfortunately, become substances of abuse by some patients.


The classical signs of acute dystonia (occurring within a few days of com-mencing treatment) are sustained muscular conditions
that produce abnormal postures (opisthotonos, torticollis), difficulty in swallowing and oculogyric crisis[10]. The chronic form is more
difficult to recognise, often co-existing with TD with a mixture of choreoathetoid and dystonic features. Akathisia is a particularly
distressing aspect of the extrapyramidal syndrome, often starting within a few days of the initiation of treatment. Patients experience
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a sense of inner restlessness, mental unease, unrest or dysphonia. Restless movements, such as rocking from foot to foot, walking
on the spot, shuffling and swinging one leg on the other while sitting, may be associated with the subjective experience. Rapid
pacing up and down is characteristic of severe cases; such patients may find it impossible to sit, lie or stand in any one position for
more than a few minutes[11]. Akathisia is very common, and some estimates suggest that it can occur in as many as 49% of
patients treated with typical antipsychotics[11]. It can become chronic, affecting about a third of patients receiving maintenance
neuroleptic treatment. Unfortunately, akathisia is sometimes misdiagnosed as psychotic agitation, with a consequent increase in the
dose of antipsychotic, which only leads to further deterioration.


TD is a late onset adverse effect of standard antipsychotic therapy. It is typified by involuntary hyperkinetic, choreo-athetoid
movements of the orofacial, limb and truncal regions, and occurs in 15-20% of predisposed patients. Risk factors for TD include
age, previous drug-induced parkinsonism, affective disorder, diabetes mellitus and female gender (especially after the
menopause)[10]. Dopamine D 2 -receptor hypersensitivity has been postulated as the underlying pathophysiology of TD.


The Need for New Antipsychotics


The combination of treatment resistance, a limited effect on negative symptoms, the broad spectrum of undesirable side-effects
and, especially, the likely precipitation of extrapyramidal syndromes, mean that currently available standard, typical anti-psychotics
are far from being satisfactory treatments. Considerable effort has therefore been directed towards the search for more effective
and better-tolerated compounds.


Clozapine and the Concept of the Atypical Antipsychotic


Because of their reduced liability to induce EPS, it has been suggested that loxapine, sulpiride and thioridazine might not be typical
antipsychotics. However, the description 'atypical' has been most often used to describe the action of clozapine, and in fact this
compound has been regarded as the prototype for a new class of antipsychotic drug. Clozapine is distinguished from the
antecedent standard antipsychotics by virtue of its higher affinity for D 1 -dopaminergic receptors, rather than D 2 -dopaminergic
receptors, its higher affinity for 5HT 2A -serotonergic receptors, and its high affinity for the D 4 -dopaminergic receptor[12]. These
pharm-acological properties may explain its somewhat different clinical profile.


Clozapine is as effective as standard antipsychotics in relieving the positive symptoms of schizophrenia. Moreover, it seems to be
effective in approximately 30- 61% of patients who are resistant to the typical antipsychotics[13]. In contrast, it does not appear to
have any effect on negative symptoms, but since these may be secondary symptoms, the superior effect of clozapine on positive
symptoms and the reduced likelihood of developing an extrapyramidal syndrome may in turn reduce the incidence of negative
symptoms. Low levels of treatment-emergent extra-pyramidal symptoms are central to the concept of the atypical antipsychotic, and
the results of a number of clinical studies suggest that the use of clozapine is associated with lower rates of EPS[14]. Indeed, EPS
are the greatest cause of poor or non-compliance, with resulting relapse, and are therefore a major factor in treatment failure.
Clozapine rarely causes TD and may even have a beneficial effect on pre-existing TD[15].


Clozapine does not appear to cause hyperprolactinaemia, but it does show the same spectrum of antiadrenergic and anticholinergic
side-effects as the typical antipsychotics. Unfortunately, however, there is one important adverse effect of clozapine which limits its
use. Cumulative evidence suggests that it causes agranulocytosis in between 0.05% and 2% of patients treated[16-18]. This rate is
ten times higher than that associated with the use of phenothiazines[19,20]. For this reason, regular haematological monitoring of all
patients receiving clozapine is essential.


The Search for New Atypical Antipsychotics


There has been an intensive search for new antipsychotics offering the benefits of clozapine without its attendant risk of causing
agranulocytosis. The objective has been to discover compounds which effectively control the positive symptoms of schizophrenia,
but which are less likely to cause the undesirable acute and chronic side-effects, especially those affecting the extrapyramidal and
endocrine systems. An additional aim has been to attempt to achieve greater control of negative symp-toms. This effect, coupled
with the absence of undesirable side-effects, should, one would hope, ensure better patient compliance, higher response rates and
an improved quality of life for sufferers from schizophrenia.


The list of compounds currently available includes risperidone, quetiapine, olanzapine and ziprasidone[21]. To date, no reports of
agranulocytosis have been associated with the administration of any of these compounds. There has been some debate, however,
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as to whether or not risperidone meets the criteria of a truly atypical anti-psychotic [21] since there have been reports of treatment-
emergent EPS at higher doses [20] as well as elevated levels of serum prolactin. On the other hand, there is evidence to suggest
that risperidone is effective in some 'treatment-resistant' patients.


Data on quetiapine, olanzapine and ziprasidone are not yet complete, although the data that are available suggest that they have a
very low propensity to cause EPS[22]. Furthermore, while quetiapine does not cause a sustained increase in levels of prolactin[23],
olanzapine and ziprasidone probably do. At present, no evidence is available regarding the efficacy of any of these compounds in
treatment-resistant patients.
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From Current Opinion in Psychiatry


Abstract and Introduction


Abstract


Purpose of Review: To provide a critical update of the literature linking depression and inflammation, together with possible
underlying mechanisms and longer term risk of cardiovascular disease.
Recent Findings: The current literature lends further support to the view that major depression is associated with a
proinflammatory response, as indexed by elevation in C-reactive protein and cytokines such as interleukin 6 and tumour necrosis
factor-α. Antidepressants suppress the inflammatory response, whereas electroconvulsive therapy acutely increases
proinflammatory cytokine levels. Most, though not all, studies support a link between depression, inflammation and cardiovascular
events.
Summary: Depression is an inflammatory state that may increase the risk of cardiac disease. Whether or not the immune system
is an appropriate target for antidepressant development has yet to be established.


Introduction


There is overwhelming evidence to indicate that adaptation to chronic stress involves response from both the neuroendocrine and
immune systems. Stress results in alterations of the hypothalamic-pituitary-adrenal axis (HPA) with changes in the release of
cortisol, while at the same time altering both innate and adaptive immunity. Major depression has long been recognized as a
disorder, frequently driven by psychosocial stress and associated with modification in both immunity and the HPA. Here we review
the immune changes observed in patients with major depression and examine the possible consequences of such changes.


Innate and Adaptive Immunity


Immune defence mechanisms originated as a protection against microbial invasion and consist of both an innate and adaptive arm.
The initial protection against infection is provided by innate immunity, while adaptive immunity mediates delayed and more effective
protection against infection. The first line of defence in innate immunity is provided by epithelial barriers. If these barriers are
breached microbes are attacked by phagocytes (monocytes/macrophages and neutrophils) and proteins including those of the
complement system. The components of innate immunity are capable of recognizing structures that are shared by various microbes
but are not present on host cells. The major players in the detection of pathogens are the toll-like receptors (TLRs), which are
pattern recognition receptors.[1••] Ten transmembrane TLRs have been identified in humans. Of these, TLR4 is the best
characterized as the lipopolysaccharide recognition site (for Gram-negative bacteria).[2•] Expression of inflammatory cytokines
subsequent to stimulation of TLR4 is dependent on the transcription factor NF-κB.[3•] TLR2 detects components of Gram-positive
bacteria, while TLR3 recognizes double-stranded RNA produced by many viruses. TLR5 recognizes bacterial flagella from both
Gram-positive and Gram-negative bacteria. TLR7 and 8 recognize single-stranded RNA and TLR9 recognizes unmethylated CpG
DNA. All 10 TLRs are expressed on macrophages and phagocytosis is a major function of these cells. They remove both apoptotic
and necrotic cells and produce the cytokines tumour necrosis factor (TNF), interleukin (IL)-1 and IL-12.


The acute-phase proteins are a group of proteins that increase as part of the innate immune response. They include C-reactive
protein (CRP), fibrinogen, albumin and serum amyloid A protein. They are synthesized in the liver.


In contrast to innate immunity, the adaptive immune system is antigen-specific and operates through T and B cells.[4•] Defence
against intracellular microbes is termed cell-mediated immunity and is provided by T lymphocytes. B lymphocytes manufacture
antibodies, which are secreted into the circulation and mucosal fluids and neutralize microbes and their toxins. Cytokines produced
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by the innate response determine the type of adaptive response. These are large polypeptide mediators (8-60 kDa) that regulate
growth, differentiation and function of many cell types. Several cytokines are available in more than one form, as they are a product
of more than one gene. Most commonly cytokines have been classified into families of interleukins, TNFs, interferons (INFs),
chemokines, haematopoietins and colony-stimulating factors (CSFs). As many cytokines exert a number of different actions, they
may in fact belong to more than one cytokine family.


In innate immunity, cytokines are produced by macrophages and natural killer cells while in adaptive immunity they are produced
by the T lymphocytes. In the broadest terms, the cytokines can be classed as proinflammatory or anti-inflammatory. IL-1, IL-6 and
TNF act as proinflammatory cytokines. Their actions include stimulating immune cells to exert their effects locally or through a
remote site usually of cell injury. Anti-inflammatory cytokines include IL-4, IL-10 and IL-13. Anti-inflammatory cytokines serve to
dampen the immune response and to hinder the production of further cytokines.[5]


Naive T cells activate either a Th1 or Th2 phenotype.[6] Th1 cells primarily produce IFN-γ, IL-2, IL-12, IL-18 and TNF-β. Th2 cells
secrete IL-4, IL-5, IL-6, IL-10, IL-13 and tranforming growth factor (TGF)-β. The Th1 system produces cell-mediated immunity
against intracellular pathogens, whereas the Th2 system helps B-cell maturation and humoral immune responses against
extracellular pathogens. Th3 cells secrete TGF-β while TH17 cells were characterized as a novel CD4(+) subset that preferentially
produce IL-17, IL-17F and IL-22 as the primary cytokines.[7] Th17 cells appear to play a major role in sustaining the inflammatory
response and their presence is associated with autoimmune disease.[8•] They are induced by a combination of TGF-β and IL-6,
while they are maintained by IL-23. Induction is dependent on the orphan nuclear receptor RORγt, which is expressed in response
to either TGF-β or IL-6.


Tregs are cells that suppress immune responses of other cells and express CD4, CD25 and Foxp3.[9••] These cells are involved in
closing down immune responses after an invading organism has been eliminated and also in preventing autoimmune responses.
Like Th3 cells they secrete TGF-β.


Acute-phase Proteins in Depression


The majority of patients with major depression develop the syndrome within the context of chronic psychosocial stress and show
activation of the inflammatory response. These changes include increased numbers of peripheral leucocytes including monocytes
and neutrophils.[10] Positive acute-phase proteins including CRP are increased,[11] whereas negative acute-phase proteins are
decreased, for example albumin.[12] We examined CRP levels before and after a course of sertraline, a selective serotonin
reuptake inhibitor (SSRI), therapy.[11] Antidepressant treatment resulted in a significant drop in CRP levels irrespective of whether
or not patients showed a clinical improvement. This acute-phase response is an integral part of the inflammatory response and its
purpose is to enable protein mobilization. Kling et al. [13••] measured CRP and serum amyloid A in 18 nonmedicated remitted
women with major depression and 18 matched healthy controls. Both serum amyloid A and CRP were significantly elevated in the
remitted depressives. Comparing the results from both studies leads to a conclusion that depressives have a proinflammatory
profile even when in remission, but this profile may be suppressed by antidepressant medication.


Cytokines in Depression


Kim et al. [14•] examined the cytokine balance in patients with major depression. They found an activation of monocytic
proinflammatory cytokines and inhibition of both Th1 and Th2 cytokines and speculated that TGF-β may play a key role in
association with the regulation of monocytic cytokines as well as Th1 and Th2 in depression. We examined proinflammatory and
anti-inflammatory cytokine levels in patients who were SSRI resistant.[15•] Patients with SSRI-resistant depression had significantly
higher production of the proinflammatory cytokines IL-6 and TNF-α than normal controls. Euthymic patients who were formerly
SSRI resistant had proinflammatory cytokine levels that were similar to the healthy individuals group. Anti-inflammatory cytokine
levels did not differ across the three groups. The suppression of proinflammatory cytokines does not occur in depressed patients
who fail to respond to SSRIs and is necessary for clinical recovery.


Eller et al. [16•] examined the impact of escitalopram on proinflammatory cytokines in major depression. They followed 100 patients
through a course of therapy with escitalopram 10-20 mg daily. The main finding was the fact that higher basal levels of TNF-α
were associated with nonresponse. A similar study reported the effects of another SSRI, namely sertraline, over 8 weeks of
treatment.[17•] At the baseline, proinflammatory cytokines were elevated while anti-inflammatory cytokines were suppressed.
Sertraline treatment resulted in a significant decrease in IL-12 and an increase in IL-4 and TGF-β.
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Electroconvulsive Therapy, Suicide and Cytokines


The acute effects of electroconvulsive therapy (ECT) on plasma cytokines have also been explored. Lehtimaki et al. [18•] studied
nine patients for up to 6 h after ECT. Both IL-1 and IL-6 were acutely elevated by ECT. The increase in IL-6 was highly correlated
with the stimulus dose used. The authors interpret this as indicative of the fact that neuronal depolarization is the mechanism
inducing cytokine release. The long-term impact of ECT on plasma cytokine measures was not reported. In an earlier study by
Hestad et al.,[19] plasma levels of TNF-α were shown to decrease in response to clinical improvement with ECT, which suggests
that the long-term effects of ECT are anti-inflammatory.


Depressed patients with significant suicidal ideation may differ from those who are not suicidal.[20•] A study of 36 patients with
major depression who had attempted suicide was compared with 33 nonsuicidal major depressives and 40 normal controls. The
nonsuicidal patients had elevations in IL-6 and an overall shift from a Th2 to a Th1 profile. The main finding in the suicidal patients
was a decrease in IL-2. In a post-mortem study of suicide victims, Tonelli et al. [21•] examined Brodmann area 11 in 34 suicide
victims and 17 comparison subjects. By using quantitative reverse transcriptase (RT)-PCR to measure mRNA expression, they
found increased IL-4 in female suicide victims and increased IL-13 in male suicide victims. The study is limited by the fact that
protein levels were not measured and transcript levels alone can lead to erroneous conclusions.


Inflammatory Markers and Cardiac Disease


Minor elevations of CRP are predictive of cardiovascular events in patients with coronary heart disease (CHD).[22] A large
prospective cohort study involving 2459 study participants and 3969 matched controls was carried out in Reykjavik where a single
CRP measurement was studied in relation to the 20-year incidence of CHD. Patients with a CRP greater than 2 mg/l had a relative
risk of CHD of 1.92 as compared with patients with CRP levels in the bottom third.[23]


The prospective Whitehall study of civil servants has found a strong relationship between stress, low mood and the risk of
cardiovascular disease. Steptoe et al.[24••] recently reported on 2873 healthy study participants and found that CRP and IL-6 levels
were inversely related to a positive affect, that is, a good mood was related to low levels of inflammatory markers. In contrast with
the prospective studies that have recently found a strong relationship between depression, inflammation and heart disease,
Whooley et al. [25•] examined the relationship between major depression and inflammation in 984 outpatients with established CHD.
Twenty-two per cent of the sample group were clinically depressed, but depression was not associated with increased levels of any
inflammatory marker including CRP, fibrinogen and IL-6. This negative study cannot be readily dismissed given the large sample
size studied. However, in marked contrast, Frasure-Smith et al. [26•] found that both depression and CRP were of prognostic value.
They investigated the impact of depression and inflammatory markers assessed 2 months after acute coronary syndrome on major
adverse cardiac events over 2 years in 741 patients. CRP and depression, as measured by Beck Depression Inventory-II,
interacted in predicting adverse cardiac events.


The well established fact is that diets with high ω-6:ω-3 ratios increase the risk of heart disease. Kiecolt-Glaser et al. [27•]


examined polyunsaturated fatty acid levels and proinflammatory cytokines in elderly patients. They found that depressive symptoms
and ω-6:ω-3 ratios worked together to progressively elevate TNF-α and IL-6. They concluded that diets with high ω-6:ω-3 ratios
increase not only the risk of cardiovascular disease but also depression.


Cytokines and Their Effect on Serotonin


Proinflammatory cytokines acutely stimulate central serotonin (5-HT) neurotransmission. IFN-γ reduces the production of 5-HT by
stimulating the enzyme indoleamine 2,3-dioxygenase (IDO), which converts tryptophan, the precursor of 5-HT, into kynurenine.
Overstimulation of IDO leads to depletion of tryptophan and, therefore, to reduced synthesis of 5-HT in the brain.[28] This
mechanism is important in relation to the mood disorder as seen in patients treated with interferon-α.[29•] Interestingly, Bull et al.
[30•] reported that a polymorphism of the IL-6 gene is associated with a reduced risk of depression with interferon therapy. Whether
or not proinflammatory cytokines interact with IDO to decrease tryptophan availability and thus play a role in functional mood
disorder, by altering 5-HT centrally, is less well established.


Conclusion


The pioneering work of Maes[31•] has resulted in the focus on immune markers in major depression. Furthermore, the recent work
[32•]
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of Irwin and Miller  has increased our understanding of the manner in which cytokines may induce organic depression in those
treated with interferon. However, there remain major gaps in our understanding of the immune anomalies in depression. The
evidence that the disorder is associated with activation of innate immunity is now compelling.[33] However, no studies have
reported on the function of TLRs in major depression despite the fact that these are the gatekeepers of innate responses. Although
major depression in the majority of cases is not caused by viral or bacterial infections, it is possible that TLRs can be activated in
other ways of relevance in depression. Furthermore, more studies have focused on innate rather than adaptive immunity, and it has
yet to be conclusively established that the immune system is an appropriate target for antidepressant development.
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From Medscape Medical News


Nov. 30, 2004 — The seed powder of a leguminous plant, a natural source of levodopa, may have advantages in the long-term
management of Parkinson's disease (PD), according to the results of a double-blind, randomized trial published in the December
issue of the Journal of Neurology, Neurosurgery, & Psychiatry.


"The seed powder of the leguminous plant, Mucuna pruriens has long been used in traditional Ayurvedic Indian medicine for
diseases including parkinsonism," write R. Katzenschlager, from Donauspital/SMZ-Ost in Vienna, Austria, and colleagues.
"Levodopa (L-dopa) was first isolated from the seeds of M pruriens in 1937 and when the value of L-dopa for the treatment of PD
became known, scientific interest in plants rich in L-dopa was revived."


In a crossover-design trial, eight Parkinson's disease patients were challenged with single doses of 200/50 mg L-dopa/carbidopa
(LD/CD), and 15 and 30 g of mucuna preparation in randomized order at weekly intervals. At baseline, patients had a short-
duration L-dopa response and on period dyskinesias. Unified Parkinson's Disease Rating Scale and tapping speed were measured
at baseline and repeatedly during the four hours after drug ingestion.


Onset of effect was considerably faster with the 30-g mucuna preparation than with standard LD/CD (34.6 vs 68.5 minutes; P =
.021), reflected in shorter latencies to peak L-dopa plasma concentrations. Compared with LD/CD, mean on time with 30-g mucuna
was 21.9% (37 minutes) longer (P = .021), peak L-dopa plasma concentrations were 110% higher, and the area under the plasma
concentration vs time curve was 165.3% larger (P = .012). There were no significant differences between treatments in tolerability
or in dyskinesias on the modified AIMS and Goetz scales.


"The rapid onset of action and longer on time without concomitant increase in dyskinesias on mucuna seed powder formulation
suggest that this natural source of L-dopa might possess advantages over conventional L-dopa preparations in the long term
management of PD," the authors write. "These findings suggest that M pruriens formulations may actually have a higher
bioavailability than standard L-dopa preparations.... If these findings can be confirmed in larger and longer term studies, mucuna
would seem to be a reasonable commercially viable alternative to standard L-dopa."


Phytrix supplied the study drugs and employs one of the authors. Charles Burnett provided an unrestricted grant supporting all
expenses for this study.


J Neurol Neurosurg Psychiatry. 2004;75:1672-1677


Reviewed by Gary D. Vogin, MD


Medscape Medical News © 2004 
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Neurotransmitters are chemicals
that allow signal transmission, and
thus communication, among nerve
cells (i.e., neurons). One neurotrans-
mitter used by many neurons
throughout the brain is  serotonin,
also known as 5-hydroxytryptamine
(5-HT).  Serotonin released by the
signal-emitting neuron subtly alters
the function of the signal-receiving
neurons in a process called neuro-
modulation. For example, in some
neurons serotonin alters the rate at
which the cells produce the electrical
signals (i.e., action potentials) used
for relaying information within the
cells, whereas  in other neurons  it
modulates the release of other neuro-
transmitters. Although serotonin’s
effect on individual neurons can be
rather modest, its overall effect on
the neurons in a given brain area can
substantially  influence  brain  func-
tions such as learning and memory,
perception of the environment,
mood states, and responses to alco-
hol and other drugs of abuse.


This article reviews serotonin’s
function in the brain and the conse-
quences of acute and chronic alcohol
consumption on serotonin-mediated
(i.e., serotonergic) signal transmis-
sion. In addition, the article summa-
rizes recent findings indicating that
serotonin may play a pivotal role in
the development of alcohol abuse.


Serotonin’s Functions
in the Brain


Serotonin is produced in and re-
leased from neurons that originate
within discrete regions, or nuclei, in
the brain (1). Many serotonergic
neurons are located at the base of the
brain in an area known as the raphe
nucleus, which influences brain
functions related to attention, emo-
tion, and motivation. The axons of
the neurons in the raphe nucleus ex-
tend, or project, throughout the
brain to numerous regions with di-
verse functions. These brain regions
include the amygdala, an area that


plays an important role in the control
of emotions, and the nucleus accum-
bens, a brain area involved in con-
trolling the motivation to perform
certain behaviors, including the
abuse of alcohol and other drugs. In
these brain regions, the axon endings
of the serotonergic neurons secrete
serotonin when activated. The
neurotransmitter then traverses the
small space separating the neurons
from each other (i.e., the synaptic
cleft) and binds to specialized dock-
ing molecules (i.e., receptors) on the
recipient cell.


The binding of serotonin to its
receptors initiates  a series of bio-
chemical events that converts the ex-
tracellular, chemical signal into an
intracellular signal in the recipient
cell. For example, the interaction of
serotonin with one type of receptor
stimulates the formation of small
molecules (i.e., second messengers)
within the cell. Second messengers
interact with other proteins to acti-
vate various cellular functions, such


The Role of Serotonin in Alcohol’s
Effects on the Brain


Serotonin is an important brain chemical that acts as a neurotransmitter
to communicate information among nerve cells. Serotonin’s actions have
been linked to alcohol’s effects on the brain and to alcohol abuse.
Alcoholics and experimental animals that consume large quantities of
alcohol show evidence of differences in brain serotonin levels compared
with nonalcoholics. Both short- and long-term alcohol exposures also
affect the serotonin receptors that convert the chemical signal produced
by serotonin into functional changes in the signal-receiving cell.
Drugs that act on these receptors alter alcohol consumption in both
humans and animals. Serotonin, along with other neurotransmitters,
also may contribute to alcohol’s intoxicating and rewarding effects,
and abnormalities in the brain’s serotonin system appear to play an
important role in the brain processes underlying alcohol abuse.
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as changes in the cell’s electrical ac-
tivity or in the activity of certain
genes (see F1). These changes can
result either in the inhibition or the
excitation of the signal-receiving
neuron,  depending  on  the cell af-
fected. Through these mechanisms,
serotonin can influence mood states;
thinking patterns; and even behav-
iors, such as alcohol drinking.


Serotonin’s actions at the syn-
apses normally are tightly regulated
by proteins called serotonin trans-
porters, which remove the neuro-
transmitter from the synaptic cleft
after a short period of time by trans-
porting it back into the signal-emit-
ting cell. Consequently, serotonin
can affect neighboring neurons only
for a short period of time. Any inter-
ference with serotonin transporter
function extends or diminishes the


cells’ exposure to serotonin, thereby
disrupting the exquisite timing  of
nerve signals within the brain. The
net result of such disruptions is ab-
normal brain activity, which can lead
to psychological problems or mental
illness. One prominent example of
psychological disorder that appears
to involve inappropriate serotonin
use in the brain is depression (2);
some of the most effective antide-
pressant medications act on the sero-
tonin transporters to prolong the
neurotransmitter’s activity.


Researchers currently cannot di-
rectly measure serotonin concentra-
tions in the human brain or within the
synapses in laboratory animals. To
gain information about serotonin
levels in the brain, physicians and
researchers have measured the con-
centrations of serotonin breakdown


products generated after the neuro-
transmitter has been removed from
the synapse (i.e., serotonin metabo-
lites). The concentrations of these
metabolites, which can be deter-
mined from samples of blood, urine,
or the fluid that bathes the brain and
spinal cord (i.e., cerebrospinal fluid
[CSF]) (3,4,5), provide an indirect
measure of changes in the overall
serotonin level in the brain.


Acute Alcohol Effects on the
Brain’s Serotonin Systems


Alcohol interacts with serotoner-
gic synaptic transmission in the brain
in several ways. Even single-episode
(i.e., acute) alcohol exposure alters
various aspects of serotonin’s synap-
tic functions. In humans, for exam-
ple, the levels of serotonin
metabolites in the urine and blood
increase after a single drinking ses-
sion, indicating increased serotonin
release in the nervous system (3).
This increase may reflect enhanced
signal transmission at serotonergic
synapses. Animal studies also have
found that acute alcohol exposure
elevates serotonin levels within the
brain (6,7), suggesting either  that
more serotonin is released from the
serotonergic axons or that the neuro-
transmitter is cleared more slowly
from the synapses. For example, in-
creased serotonin release after acute
alcohol exposure has been observed
in brain regions that control the con-
sumption or use of numerous sub-
stances, including many drugs of
abuse (7). Researchers currently are
trying to determine the exact mecha-
nisms underlying the alcohol-in-
duced changes. For example, they
are investigating whether the net in-
crease in synaptic serotonin levels
results from alcohol’s direct actions
on molecules involved in serotonin
release and uptake or from more in-
direct alcohol effects.


Alcohol also interferes with the
function of serotonin receptors. Sev-
eral types of these receptors exist,
including the 5-HT1A, 5-HT1B, 5-
HT2 and 5-HT3 receptors (see T1).


Second-messenger molecules


Ion
channel


Direct
activation
of neuron


5-HT R3
5-HT


5-HTR G protein


5-HT ++


++


Cell
nucleus


F1


Activation of serotonin
receptors (5-HTR)
produces multiple effects
on neurons. Serotonin
(5-HT) can bind to
receptors that activate
proteins within the cell
called G proteins.
Activation of these
proteins, in turn, affects
ion channels in the
cell membranes and
induces the formation
of signaling molecules
(i.e., second-messenger
molecules). Second
messengers also can act
on ion channels or travel
to the nucleus to alter
gene expression. Other
serotonin-activated
receptors (i.e., the 5-HT


3receptors) double as ion
channels. Their activation
directly excites neurons.


Receptor
Subtypes


Potential Role in the
Development of Alcohol Abuse


5-HT1A
May control consummatory behavior, including alcohol
consumption.


5-HT1B
May contribute to alcohol’s intoxicating effects. May play
a role in development of tolerance to alcohol’s effects.


5-HT2
May contribute to development of alcohol withdrawal
symptoms. May play a role in alcohol’s rewarding effects.


5-HT3
May regulate alcohol consumption. May contribute to
alcohol’s rewarding effects.


T1


Serotonin receptor
subtypes and their
potential roles in the
development of
alcohol abuse.
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When activated by serotonin bind-
ing, the 5-HT3 receptor rapidly in-
creases    neuron activity    by
generating electrical signals (8).
Acute alcohol exposure enhances the
electrical signals generated by the
5-HT3 receptor. This change in re-
ceptor function likely results from
alcohol’s direct action on the recep-
tor protein or molecules closely as-
sociated with the receptor in the cell
membrane (8,9). Increased 5-HT3
receptor function probably causes
excessive stimulation of neurons in
brain regions receiving information
from serotonergic neurons. As a re-
sult of this stimulation, the release of
other neurotransmitters that play key
roles in alcohol intoxication may be
increased. The contribution of the
5-HT3 receptor to the effects of acute
and chronic alcohol consumption is
discussed later in this article.


The effects of acute alcohol con-
sumption on serotonin receptors
also have been investigated in so-
called knockout mice, in whom cer-
tain genes (e.g.,  those coding for
different serotonin receptors) have
been experimentally inactivated so
that the animals cannot produce the
protein encoded by those genes. By
studying knockout mice that lack a
particular receptor, researchers can
assess that receptor’s role in specific
aspects of brain functioning and be-
havior, including responses to alco-
hol and alcohol consummatory
behavior. For example, scientists
have studied a strain of knockout
mice lacking the 5-HT1B receptor
with respect to the effects of acute
alcohol exposure (10). These ani-
mals exhibited reduced intoxication
in response to a single dose of alco-
hol compared with normal mice, in-
dicating that 5-HT1B receptor
activity produces some of alcohol’s
intoxicating effects.


Effects of Chronic Alcohol
Exposure on Serotonergic
Synaptic Transmission


Long-term, or chronic, alcohol
exposure can lead to adaptive
changes within brain cells. This


process, also called tolerance devel-
opment, presumably is a mechanism
to re-establish normal cell function,
or homeostasis, in response to con-
tinuous alcohol-induced alterations.
For example, if alcohol exposure in-
hibits the function of a neurotrans-
mitter receptor, the cells may
attempt to compensate for continu-
ous inhibition by increasing the re-
ceptor numbers or by altering the
molecular makeup of receptors or
cell membranes so that alcohol no
longer inhibits receptor function.
The 5-HT2 receptor appears to un-
dergo such adaptive changes (11).
Thus, the number of 5-HT2 receptor
molecules and the chemical signals
produced by the activation of this
receptor increase in laboratory ani-
mals that receive alcohol for several
weeks.


Increased serotonin activity at
the 5-HT2 receptor caused by
chronic alcohol exposure also may
contribute to the alcohol withdrawal
syndrome — the pattern of behaviors
occurring when alcohol is withheld
after chronic use. For example, alco-
holics frequently experience in-
creased anxiety levels after cessation
of drinking. This withdrawal symp-
tom may involve enhanced serotonin
activity at the 5-HT2 receptors; in
animal models of alcohol with-
drawal, drugs that blocked the acti-
vation of this receptor (i.e., 5-HT2
antagonists) prevented behavior in-
dicative of increased anxiety (12).


The effects of chronic alcohol
consumption also were investigated
in the 5-HT1B receptor knockout
mice discussed in the previous sec-
tion. Compared with normal mice,
the knockout mice showed less evi-
dence of tolerance to alcohol’s ef-
fects (10). Interestingly, the
knockout mice also demonstrated in-
creased aggressive behavior, even in
the absence of alcohol consumption.
A similar association between alco-
holism and aggression exists in some
alcoholics. Consequently, the 5-
HT1B receptor knockout mice may
serve as a model for the alcoholism
subtype that is characterized by an
early age at onset and often is asso-


ciated with impulsive violence and
other behavioral disorders (5).


Serotonin’s Role in the
Development of Alcohol
Abuse


Two lines of evidence suggest
that serotonin may be a key contribu-
tor to the brain dysfunction that leads
to alcohol abuse: [1] analyses of se-
rotonin levels in alcoholics and non-
alcoholics and [2] studies of drugs
that block serotonin receptors and
serotonin transporters.


Serotonin Levels
in Alcoholics


The first line of evidence impli-
cating serotonin in the development
of alcohol abuse was the discovery
of a relationship between alcoholism
and the levels of serotonin metabo-
lites in the urine and CSF of human
alcoholics. For example, the concen-
trations of the first serotonin degra-
dation product, 5-hydroxyindole-
acetic acid, were lower in the CSF of
alcoholics than in nonalcoholics of
the same age and general health
status (3,4,5), an observation sug-
gesting that alcoholics may have re-
duced serotonin levels in the brain.
Several mechanisms could account
for such a decrease in brain serotonin
levels. For example, the brain cells
could produce less serotonin, release
less serotonin into the synapse, or
take more serotonin back up into the
cells. Alternatively, the serotonin
metabolite levels in alcoholics could
be reduced, because less serotonin is
broken down in the brain. To date,
the exact mechanisms underlying the
changes in serotonin-metabolite lev-
els are still unknown.


Researchers currently are trying
to determine whether alcoholics
with abnormal serotonin metabolite
levels have specific variations in the
gene that codes for the enzyme tryp-
tophan hydroxylase, which produces
serotonin from other molecules in
the cells. Several variants of the tryp-
tophan hydroxylase gene exist; one
variant appears to be particularly
common in alcoholics with histories
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of aggression and suicidal tenden-
cies (5).


The relationship between sero-
tonin levels and alcohol consump-
tion also  has  been investigated  in
animal models of alcohol abuse.
Some of the most intriguing findings
have come from work on rats that
were selectively bred for alcohol
preference (P rats) or non-preference
(NP rats), based on the amounts of
alcohol that they would drink when
given a choice between alcoholic or
nonalcoholic solutions.


When the concentrations of dif-
ferent neurotransmitters were deter-
mined in various brain regions of
these animals, the levels of serotonin
and its metabolites were lower in P
rat brains than in NP rat brains. The
differences were particularly pro-
nounced in the nucleus accumbens,
a brain area thought to be involved in
the rewarding effects of ethanol
(6,13). Moreover, the P rats had
fewer serotonergic neurons in the ra-
phe nucleus compared with the NP
rats (14), a finding that could explain
the reduced serotonin and serotonin-
metabolite levels. The observation
that P rats naturally have low sero-
tonin levels supports the hypothesis
that heavy drinking may partly rep-
resent an attempt to normalize sero-
tonin levels in certain key brain
regions, because acute alcohol con-
sumption can elevate serotonin lev-
els. Recent studies also have
evaluated the numbers and proper-
ties of different serotonin receptors
in P and NP rats. These studies found
that P rats have fewer 5-HT1A recep-
tor molecules than do NP rats (15).


Effects of Serotonin
Uptake Inhibitors


The second line of evidence im-
plicating serotonin in the develop-
ment of alcohol abuse stems from
studies of compounds that interfere
with the functions of the transporters
that remove serotonin from the syn-
apse. These agents also are called
selective serotonin re-uptake inhibi-
tors (SSRIs). One of these agents,
fluoxetine (Prozac ), is used widely
for treating mood disorders, such as


depression (2). Experimental ani-
mals treated with this and related
compounds exhibited reduced alco-
hol consumption (4,6). Similarly, al-
coholics taking fluoxetine drank less
frequently and reduced their alcohol
consumption during drinking ses-
sions (3,4,16,17). The alcoholics
also reported less desire to drink and
fewer pleasurable feeling after
drinking. Fluoxetine reduces alcohol
consumption in humans only moder-
ately, however, and does not affect all
alcoholics (16). Moreover, although
increased serotonin levels at the syn-
apses in the brain can moderate alco-
hol consumption, additional factors
contribute to continued alcohol
abuse. Consequently, SSRIs cannot
be recommended as the sole treat-
ment for alcoholism.


Other drugs that affect serotoner-
gic signal transmission also alter al-
cohol consumption in animals (6).
For example, antagonists of the 5-
HT3 and 5-HT1A receptors reduced
alcohol ingestion in rodents
(4,15,16). However, the 5-HT1A re-
ceptor antagonists also altered food
and water intake, suggesting that this
receptor may modulate general con-
summatory behavior rather than spe-
cifically reduce the desire to drink
alcohol. In humans, the 5-HT3 recep-
tor antagonist ondansetron reduced
total alcohol consumption and the
desire to drink in alcoholics; as with
the SSRIs, however, this effect was
relatively modest (4,18,19).


More research is needed to deter-
mine how and under what drinking
conditions alcohol consumption is
affected by different serotonin re-
ceptor antagonists. In addition, re-
searchers must investigate whether
the effects of these drugs vary
among subgroups of alcoholics
(e.g., alcoholics with different
drinking patterns or with co-occur-
ring mental disorders). For example,
recent evidence indicates that buspi-
rone — an agent that binds to the
5-HT1A receptor and which is used
as an anxiety-reducing (i.e., anx-
iolytic) medication — also increases
the time of abstinence from heavy
drinking (4,16). These findings sug-


gest that buspirone may help reduce
anxiety in alcoholics with anxiety
disorders, thereby possibly improv-
ing their compliance with therapeu-
tic regimens.


SSRIs also are useful in treat-
ing anxiety, depression, and other
mood disorders that result at least
in part from dysfunctional seroton-
ergic signal transmission in the
brain (2). Many alcoholics suffer
from these mood disorders. Ac-
cordingly, drugs that  target  sero-
tonergic signal transmission may
reduce alcohol consumption partly
by improving the co-occurring psy-
chiatric problems and thus elimi-
nating the need for self-medication
with alcohol. To some extent, how-
ever, the effects of SSRIs on alco-
hol consumption appear to be
unrelated to the medications’ anti-
depressant or anxiolytic effects
(20). The effects of SSRIs and other
serotonergic medications on alcohol
abuse will be difficult to disentangle
from their effects on co-occurring
mental disorders. Nevertheless, the
information currently available
clearly indicates that serotonergic
signal transmission plays an impor-
tant role in alcohol abuse and there-
fore may yet be a target for therapies
to reduce alcohol consumption.


Interactions Between
Serotonin and Other
Neurotransmitters


Serotonin does not act alone
within the brain. Instead, serotoner-
gic neurons are parts of larger cir-
cuits of interconnected neurons that
transmit information within and
among brain regions. Many neurons
within these circuits release neuro-
transmitters other than serotonin.
Accordingly, some of the serotonin-
mediated neuronal responses to alco-
hol may arise from interactions
between serotonin and other neuro-
transmitters. These neurotransmit-
ters also may be affected by alcohol.
Two key neurotransmitters that in-
teract with the serotonergic system
are gamma-aminobutyric acid
(GABA) and dopamine.
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Interactions with GABA
GABA is the major inhibitory


neurotransmitter in the brain (1) —
that is, it tends to reduce the activity
of the signal-receiving neuron.
Many drugs that enhance GABA’s
actions in the brain (e.g., the ben-
zodiazepine Valium ) cause  seda-
tion and intoxication that resemble
the effects of alcohol. In fact, alcohol
may produce some of its sedative and
intoxicating effects by enhancing
GABA’s inhibitory function (21).


Serotonin may interact with
GABA-mediated signal transmission
by exciting the neurons that produce
and secrete GABA (i.e., GABAergic
neurons). For example, serotonin can
increase the activity of GABAergic
neurons in the hippocampal forma-
tion (22), a part of the brain that is
important for memory formation and
other cognitive functions. Conse-
quently,  alcohol’s effects on sero-
tonin may alter the activity of
GABAergic  neurons in the hippo-
campal formation. These changes
may disrupt cognition and possibly
contribute to alcohol-induced mem-
ory loss and impaired judgment.


To activate hippocampal
GABAergic neurons, serotonin
binds  to  the  5-HT3 receptor. This
receptor is present in many brain re-
gions (23) and may reside on
GABAergic neurons. As discussed
previously, alcohol increases the ac-
tivity of this receptor. Increased 5-
HT3 activity results in enhanced
GABAergic activity, which, in turn,
causes increased inhibition of neu-
rons that  receive signals from the
GABAergic neurons. Other sero-
tonin receptor types might act simi-
larly on GABAergic neurons.
Consequently, alcohol’s  effects  on
these receptor subtypes also might
influence GABAergic signal trans-
mission in the brain.


Interactions with Dopamine
The activation of serotonin re-


ceptors also modifies the activity of
the neurotransmitter dopamine,
which, like serotonin, modulates
neuronal activity. The neurons that
produce and secrete dopamine (i.e.,


dopaminergic neurons) reside at the
base of the brain and communicate
signals to brain regions involved in
the rewarding effects of many drugs
of abuse, including alcohol (24). For
example, alcohol consumption  in-
duces a dopamine surge in the brain,
which is thought to signal  to the
brain the importance of this action,
thereby indicating that alcohol con-
sumption is an action that should be
continued. Such a response to alco-
hol ingestion easily could contribute
to the development of an addiction to
alcohol, because these brain re-
sponses would tend to reinforce al-
cohol drinking and thus increase
consumption.


Serotonin can alter dopaminer-
gic signal transmission in several
ways. For example, by interacting
with the 5-HT2 receptor, serotonin
stimulates the activity of dopaminer-
gic neurons in a brain region called
the  ventral tegmental area (VTA),
thereby enhancing an alcohol-in-
duced increase in the activity of these
neurons (25) and causing increased
dopamine release (26). The
dopaminergic neurons in the VTA
are connected to the brain areas
thought to mediate rewarding ef-
fects. Thus, the serotonin-dependent
activation of these neurons could re-
inforce alcohol-drinking behavior.
This scenario suggests that sero-
tonin, through its interaction with the
dopaminergic system,  may play a
pivotal role in producing alcohol’s
rewarding effects.


Serotonin also interacts with
dopaminergic signal transmission
through the 5-HT3 receptor, which
helps control dopamine release in the
areas reached by VTA neurons, most
notably the nucleus accumbens. Se-
rotonin release in these brain regions
can stimulate dopamine release, pre-
sumably by activating 5-HT3 recep-
tors located on the endings of
dopaminergic neurons (23,27). Con-
sequently, an alcohol-induced in-
crease in 5-HT3 receptor activity
would enhance dopamine release in
these brain regions, thereby, contrib-
uting to alcohol’s rewarding effects.
This hypothesis is supported by the


results of studies in animal models
(23,27,28), which also found that 5-
HT3 receptor antagonists interfered
with the serotonin-induced
dopamine release in the brain’s re-
ward systems. These findings may
help explain the antagonists’ ability
to reduce drinking behavior.


These examples demonstrate that
serotonin interacts with other neuro-
transmitters in several ways to pro-
mote alcohol’s intoxicating and
rewarding effects. Serotonin also may
interact with additional neurotrans-
mitters that have been found to con-
tribute to alcohol’s effects on the brain.


Summary


Serotonin plays an important
role in mediating alcohol’s effects on
the brain. Alcohol exposure alters
several aspects of serotonergic signal
transmission in the brain. For exam-
ple, alcohol modulates the serotonin
levels in the synapses and modifies
the activities  of  specific serotonin
receptor proteins. Abnormal sero-
tonin levels within synapses may
contribute to the development of al-
cohol abuse, because some studies
have found that the levels of chemi-
cal markers representing serotonin
levels in  the brain are reduced in
alcoholic humans and chronically al-
cohol-consuming animals. More-
over; SSRI’s and receptor
antagonists can reduce consumption
in humans and animals, although
these agents are only moderately ef-
fective in treating alcohol abuse.


Serotonin is not the only neuro-
transmitter whose actions are af-
fected by alcohol, however, and
many of alcohol’s effects on the
brain probably arise from changes in
the interactions  between serotonin
and other important neurotransmit-
ters. Thus, one approach researchers
currently are pursuing to develop
better therapeutic strategies for re-
ducing alcohol consumption focuses
on altering key components of the
brain’s serotonin system.


Editor’s Note: This article originally
appeared in Alcohol Health & Res.
World 21(2) (1997) 114-120.
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Monoamine Oxidase Inhibitors:  
A Modern Guide to an Unrequited  


Class of Antidepressants
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NEW TREND IN 
PSYCHOPHARMACOLOGY


Monoamine oxidase inhibitors (MAOIs) cur-


rently have a “bad rap” and are thus infre-


quently used in psychopharmacology, even by 


experienced clinicians. Misinformation about 


the dietary and drug interactions of MAOIs is 


widespread, whereas pragmatic tips for utiliz-


ing MAOIs to minimize risks and to maximize 


therapeutic actions are largely lacking in the con-


temporary literature. While clearly not first-line 


treatments, MAOIs, in the hands of experienced 


and well-informed clinicians, can be a powerful 


therapeutic intervention for patients with depres-


sion, panic disorder, and other anxiety disorders 


who have failed first-line treatments. 


This article focuses on the pharmacologic 


mechanisms of MAOIs, since an understand-


ing of these mechanisms may provide a ratio-


nale to empower experts to expand their use of 


these agents. Discussed here are not only the 


mechanisms of therapeutic action of MAOIs, 


but also the mechanisms explaining their side 


effects, including hypertensive interactions with 


dietary tyramine (so-called “cheese reactions”) 


and drug interactions that can lead to hyperten-


sive reactions with some drugs and serotonin 


toxicities with others. 


This article also provides practical tips on 


how to use MAOIs, including debunking cer-


tain myths and giving specific guidance about 


which foods and drugs to avoid. Those with no 


previous interest in MAOIs may discover in this 


article a new “secret weapon” to add to their 


therapeutic armamentarium for patients who fail 


to respond to the better-known agents.
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INTRODUCTION
The antidepressant effects of monoamine 


oxidase inhibitors (MAOIs) were discovered 
serendipitously when an antituberculosis drug, 
iproniazid, was observed to help depression 
that coexisted in some of the patients who 
had tuberculosis.1-3 This antituberculosis drug 
was eventually found to work in depression by 
inhibiting the enzyme MAO. However, inhibi-
tion of MAO was unrelated to its antituberculo-
sis actions.2,4 


MAOIs, while best known for their power-
ful antidepressant effects, can also be effica-
cious in treating certain anxiety disorders, 
including panic disorder and social phobia.3,5-7 
Additionally, some selective MAO-B inhibitors 
may also be efficacious in treating Parkinson’s 
disease, though at lower doses than neces-
sary to achieve antidepressant effects.8 MAOIs, 
however, are rarely utilized anymore in psycho-
pharmacology practice. Only a few thousand 
prescriptions for antidepressant use of MAOIs 
are written in the United States annually, almost 
all by a few hundred psychiatrists, whereas sev-
eral million serotonin selective reuptake inhibi-
tors (SSRIs) and  serotonin-norepinephrine 
reuptake inhibitors prescriptions are written in 
the US annually by many thousands of practitio-
ners, mostly primary care physicians.9 


There are many reasons for the low use of 
MAOIs, including the fact that numerous other 
options exist for treatment, preventing many 
modern-day clinicians from gaining experience 
with MAOIs. Since these are old drugs with 
essentially no marketing support, there is also 
a good deal of misinformation and mythology 
about their present-day dietary and drug-inter-
action dangers. It may simply be that clinicians 
are unaware of the potential benefits of treating 
a current patient with an MAOI; how to manage 
patients taking these drugs, including diet and 
concomitant drugs; and how to determine the 
risk-benefit ratio for an individual patient.2,7 


This review will attempt to heighten aware-
ness of MAOIs as second- or third-line therapeu-
tics for patients who fail to respond to first-line 
treatments. Mechanisms of action for thera-
peutic and adverse effects will be discussed, 
including the mechanism of dietary interactions 
with tyramine, and the reasons behind the drug 
interactions to avoid. With renewed understand-
ing of the mechanisms of action behind the 
potentially important and effective therapeu-


tic effects as well as the manageable adverse 
effects, the MAOIs may return to a more promi-
nent place on the sophisticated clinician’s phar-
maceutical shelf. (This article is excerpted and 
adapted [with permission] from the antidepres-
sant chapter of the recently published textbook, 
Stahl’s Essential Psychopharmacology.2 The 
reader is also encouraged to consult standard 
reference sources for prescribing information 
on the MAOIs, including the companion pre-
scriber’s guide to this textbook.10)


OVERVIEW OF THE MECHANISM OF 
THERAPEUTIC ACTION OF MAOIS


Three of the original MAOIs are still clinically 
available: phenelzine, tranylcypromine, and isocar-
boxazid (Table 1).11 Each of these is an irreversible 
enzyme inhibitor that binds to MAO covalently, 
destroying its function forever.4,11 Activity returns 
only after new enzyme is synthesized. 
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TABLE 1.
Currently Approved MAOIs


Medication 
(Trade Name)


Inhibition 
of MAO-A


Inhibition 
of MAO-B


Amphetamine 
Properties


Phenelzine 
(Nardil)


+ + –


Tranylcypromine 
(Parnate)        


+ + +


Isocarboxazid 
(Marplan)           


+ + –


Amphetamines 
(at high doses)      


+ + +


Selegiline 
transdermal 
system  
(EMSAM) 
    Brain   
    Gut                


 
 
 
 
+ 


+/–


 
 
 
 
+ 
+


 
 
 
 
+ 
+


Selegiline low 
dose oral 
(Deprenyl; 
Eldepryl)     


– + +


Rasagiline 
(Agilect/
Azilect)            


– + –


Moclobemide 
(Aurorix, 
Manerix)    


+ – –


MAOIs=monoamine oxidase inhibitors.
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Perhaps surprising to many clinicians is the fact 
that amphetamine is actually a reversible MAOI 
in addition to its better known and more potent 
actions inhibiting the dopamine (DA) transporter 
and the norepinephrine (NE) transporter (Table 
1).2,13 Interestingly, some MAOIs, such as tranyl-
cypromine, have chemical structures modeled 
on amphetamine and thus, in addition to their 
well-known MAO inhibitor properties, also have 
amphetamine-like DA- and NE-releasing properties 
due to additional inhibitory actions on DA trans-
porter and NE transporter (Table 1).2 Selegiline 
itself does not have amphetamine-like properties 
but is metabolized to both l-amphetamine and 
l-methamphetamine (Table 1).14-16 Thus, some 
MAOIs have amphetamine-like properties, and 
amphetamines themselves are, in fact, reversible 
MAOIs (Table 1). Since some MAOIs have a mech-
anism of action that combines MAO inhibition with 
amphetamine-like actions of DA and NE release, it 
is not surprising that one of the augmenting agents 
utilized to boost MAOIs in especially treatment-
resistant depression (TRD) patients, is amphet-
amine, administered by experts with great caution 
while monitoring blood pressure.10,17-19 The actions 
of stimulants and MAOIs may thus be additive or 
synergistic, both for antidepressant efficacy and 
for raising blood pressure in some patients. This 
combination is not for amateurs to administer but 
can be a heroic and life-saving combination for 
selected patients.


ROLE OF MAO SUBTYPES IN THE 
MECHANISM OF ANTIDEPRESSANT 
ACTION OF MAOIS


MAO exists in two subtypes, A and B. The 
original MAOIs are nonselective, inhibiting 
both forms.20-22 The A form of MAO preferen-


tially metabolizes serotonin (5-HT) and NE, the 
monoamines most closely linked to depression 
(Table 2 and Figure 1).2 The B form preferentially 
metabolizes trace amines, including phenethyl-
amine (Table 2 and Figure 1).2 MAO-A and MAO-
B metabolize DA and tyramine (Table 2). 


Both forms of MAO are present in the brain.23,24 
Specifically, noradrenergic and dopaminergic 
neurons are thought to contain MAO-A and 
MAO-B, with perhaps MAO-A activity predomi-
nant, whereas serotonergic neurons are thought 
to contain only MAO-B.2 MAO-A can thus be 
found in the locus ceruleus, the reticular forma-
tion, and the presynaptic terminals of dopami-
nergic neurons, whereas MAO-B is located in 
the dorsal raphe nucleus and basal ganglia.25 
MAO-A is the major form of this enzyme outside 
of the brain, with the exception of platelets and 


FIGURE 1.
MAO-A enzyme metabolizes 5-HT (top 
panel), NE (middle panel), and DA 
(lower panel)*


*  MAO-B selectively metabolizes DA. Therefore, MAO-A inhibition can 
increase 5-HT ( red circle, top panel), NE (red circle, middle panel), and 
DA (red circle, bottom panel), but the increase in DA is not as great as 
that of 5-HT and NE because MAO-B can continue to destroy DA.


MAO=monoamine oxidase; 5-HT=serotonin; NE=norepinephrine; 
DA=dopamine.
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TABLE 2.
MAO Enzymes


MAO-A MAO-B


Substrates 5-HT
NE


Phenylethylamine


DA
Tyramine


Tissue 
distribution


Brain, gut, liver, 
placenta, skin


Brain, platelets, 
lymphocytes    


MAO=monoamine oxidase; 5-HT=serotonin; NE=norepinephrine; 
DA=dopamine.
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lymphocytes, which have only MAO-B (Table 
2). The ratio of MAO-A to MAO-B in the human 
brain is 25%:75%, whereas in the liver, the ratio 
is 50%:50%. The ratio is 80%:20% in the intes-
tine, and in the peripheral adrenergic neurons, 
the ratio is 90%:10%.25 


Brain MAO-A must be inhibited for anti-
depressant efficacy to occur (Figure 1).2,22,26-27 
This is not surprising, since this is the form 
of MAO that metabolizes 5-HT and NE, two of 
the three components of the trimonoaminergic 
neurotransmitter system linked to depression 
and to antidepressant actions; both 5-HT and 
NE demonstrate increased brain levels after 


MAO-A inhibition (Figure 1). MAO-A, along with 
MAO-B, also metabolizes DA, but inhibition of 
MAO-A alone does not appear to lead to robust 
increases in brain DA levels since MAO-B can 
still metabolize DA (Figure 1). 


Inhibition of MAO-B is not effective as an 
antidepressant,26-28 as there is no direct effect 
on either 5-HT or NE metabolism, and little 
or no DA accumulates due to the continued 
action of MAO-A (Figure 2). What, therefore, 
is the therapeutic value of MAO-B inhibition? 
When this enzyme is selectively inhibited, it can 
boost the action of concomitantly administered 
levodopa in Parkinson’s disease.8,29 Evidently, in 
the presence of a large amount of DA derived 
from administration of a large dose of its pre-
cursor levodopa, selective MAO-B inhibition is 
sufficient to boost DA action in the brain.8,14,30 
MAO-B is also thought to convert some envi-
ronmentally derived amine substrates, called 
“protoxins,” into toxins that may cause damage 
to neurons and possibly contribute to the cause 
or decline of function in Parkinson’s disease.2,8 
Inhibiting MAO-B may thus halt this process, 
and there is speculation that this may slow the 
degenerative course of various neurodegen-
erative disorders, including Parkinson’s disease. 
Thus, two MAOIs in Table 1, selegiline and rasa-
giline, when administered orally in doses selec-
tive for inhibition of MAO-B, are approved for 
use in patients with Parkinson’s disease, but 
they are not effective at these selective MAO-B 
doses as antidepressants. 


Perhaps the most important role of MAO-
B in psychopharmacology is when it is inhib-
ited simultaneously with MAO-A (Figure 3). In 
that case, there is a robust triple monoaminer-
gic boost of DA as well as 5-HT and NE (Figure 
3).22 This would theoretically provide the most 
powerful antidepressant efficacy across the 
range of depressive symptoms. Indeed, MAO-A 
plus B inhibition is one of the few therapeutic 
strategies available to increase DA in depres-
sion and, therefore, to treat refractory symp-
toms of diminished positive affect theoretically 
linked to DA deficiency.31 Symptoms associ-
ated with reduced positive affect include not 
only depressed mood but also loss of happi-
ness and joy, loss of interest and pleasure, loss 
of energy and enthusiasm, decreased alertness, 
and decreased self-confidence.2,31 This action 
on DA theoretically treating such symptoms 
of reduced positive affect is an incentive for 


FIGURE 2.
Selective MAO-B inhibition cannot 
produce an effective antidepressant 
response*


*  This is due to the selectivity of MAO-B for DA metabolism (bottom 
panel) compared with 5-HT metabolism (top panel) and NE metabolism 
(middle panel), plus the fact that  MAO-A continues to metabolize DA 
when  MAO-B is inhibited selectively. Thus, selective inhibition of 
MAO-B has somewhat limited effects on DA concentrations (red circle, 
bottom panel), apparently insufficient to exert antidepressant actions 
but sufficient to boost the actions of DA from levodopa administration 
in Parkinson’s disease.


MAO=monoamine oxidase; 5-HT=serotonin; NE=norepinephrine; 
DA=dopamine.
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specialists in psychopharmacology to become 
adept at administering MAOIs; it will give them 
an additional strategy within their armamen-
tarium for cases with treatment-resistant symp-
toms of diminished positive affect, a common 
problem in a referral practice.1,2,17-19


MECHANISM OF “TYRAMINE 
REACTIONS” AND RATIONALE FOR 
MODERN DIETARY RESTRICTIONS


Utilizing MAOIs has often been considered 
risky due to the potential of developing a hyper-
tensive crisis (Table 3) after ingesting high 


amounts of tyramine from the diet.16 Tyramine 
is a potent releaser of NE and can thus elevate 
blood pressure.32 Normally, NE cannot accu-
mulate to dangerous levels, due to the efficient 
destruction of NE by MAO-A (Figure 4).2 When 
foods high in tyramine content are ingested, 
MAO-A in the intestinal wall and liver safely 
destroys massive amounts of tyramine before 
it is absorbed.32,33 If any tyramine escapes into 
the systemic circulation and is delivered to the 
noradrenergic sympathetic neuron, the MAO-A 
there destroys any synaptic NE that tyramine 
releases (Figure 5). Thus, there is a large capac-
ity to protect the sympathetic nervous system 
from ingested tyramine. The average person 
can handle ~400 mg of ingested tyramine before 
excessive stimulation of postsynaptic adrenergic 
receptors occurs, and thus results in elevated 
blood pressure (Figure 5).2 Since a “high tyra-
mine meal” generally contains only about 40 mg 
of tyramine, a tyramine reaction usually does 
not occur in a normal unmedicated person eat-
ing a normal diet.32


When MAO-A is inhibited, the capacity to 
handle dietary tyramine is significantly reduced. 
A high-tyramine meal is sufficient to increase 
blood pressure when a substantial amount of 
MAO-A is irreversibly inhibited (Figure 6). It may 
take only 8–10 mg of dietary tyramine to increase 
blood pressure when MAO-A is “knocked out” by 
high doses of an MAOI, which is discussed later 
in Figure 11.34 Such blood pressure elevations 
can potentially be sudden and dramatic, creating 
a hypertensive crisis, which can (rarely) cause 
intracerebral hemorrhage or even death (Table 
3).2 This risk is generally alleviated by restricting 


FIGURE 3.
Combined inhibition of MAO-A and 
MAO-B can theoretically have the most 
robust antidepressant actions due to 
increases in 5-HT (top panel), NE (mid-
dle panel), and DA (bottom panel)*


*  Inhibition of both MAO-A (which metabolizes 5-HT, NE, and DA) and 
MAO-B (which metabolizes primarily DA) leads to greater increases in 
each of these neurotransmitters than inhibition of either enzyme alone. 
Compare the amounts of neurotransmitter in red circles here with the 
amounts of neurotransmitter in the red circles of Figures 1 and 2.  


MAO=monoamine oxidase; 5-HT=serotonin; NE=norepinephrine; DA=dopamine.
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TABLE 3.
Hypertensive Crisis


Defined as having a diastolic blood pressure >120 mmHg


Potentially fatal reaction characterized by:
  • Occipital headache that may radiate frontally
  • Palpitation
  • Neck stiffness or soreness
  • Nausea
  • Vomiting
  • Sweating (sometimes with fever)
  • Dilated pupils, photophobia
  •  Tachycardia or bradycardia that can be associated 


with constricting chest pain
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the diet so foods high in tyramine are eliminated 
(Table 4). Until recently, dietary restrictions and 
the risk of a hypertensive crisis were the price 
most patients had to pay in order to receive the 
therapeutic benefits of the MAOIs in the treat-
ment of depression (Tables 3 and 4).32,33,35-38 


Due to this potential danger of a hypertensive 
crisis from a tyramine reaction in patients taking 
an irreversible MAOI (Table 3),2 various myths 
have arisen surrounding the amount of tyramine 
in certain foods and which dietary restrictions 
are necessary. The “cheese reaction” has led to 
the myth that all cheese must be restricted.7,32-39 
This is not the case, as only aged cheeses (eg, 
English Stilton) are high in tyramine, whereas 
most processed cheeses (Figure 7, top panel) or 
those utilized on commercial chain pizzas (Figure 
7, middle panel) do not contain high levels of 
tyramine.36-38 


Another myth is that patients on an MAOI 
must avoid all wine and beer. Canned and bot-
tled beer are low in tyramine, and many wines, 
including Chianti, contain low levels of tyramine 
(Figure 7, bottom panel).36-38 Generally, only draft 
and unpasteurized beers should be avoided.2,36-


38 Thus, unless someone taking an irreversible 
inhibitor of MAO-A is going to eat 25–100 pieces 
of standard pizza or drink 25–100 glasses of most 
wines or 25–100 cans or bottles of most beers at 


a party, it is likely that they can still have a mod-
erate amount of fun. Of course, every prescriber 
should counsel patients taking MAOIs about diet 
and advise patients to keep up-to-date with the 
tyramine content of foods they wish to eat. 


FIGURE 4.
MAO-A normally acts to destroy NE*


*  Abnormal accumulation of NE can cause vasoconstriction and 
elevated blood pressure via increased binding at alpha 1 and other 
adrenergic receptors. Normal destruction by MAO-A helps prevent 
these negative effects.


MAO=monoamine oxidase; NE=norepinephrine; BP=blood pressure.
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TABLE 4.
Suggested Tyramine Dietary Modifi-
cations for MAOIs*


Food to Avoid Food Allowed


Dried, aged, smoked, 
fermented, fish, and 
poultry


Fresh or processed meat, 
fish, and poultry


Broad bean pods† All other vegetables


Aged cheeses Processed and cottage 
cheese, ricotta cheese, 
and yogurt


Tap and unpasteurized 
beers


Canned or bottled beers 
and alcohol  


Marmite and sauerkraut Brewer’s and baker’s 
yeast


Soy products/tofu
*  No dietary modifications needed for low doses of transdermal selegiline 


or for low  oral doses of selective MAO-B inhibitors.
† Contain levodopa as the pressor agent.


MAOIs=monoamine oxidase inhibitors.
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FIGURE 5.
Tyramine, depicted here as a piece of 
cheese, is an amine present in vari-
ous foods*


 
*  If any tyramine from a high-tyramine meal gets access to noradrenergic 


sympathetic neurons (cheese binding to the presynaptic NE neuron), 
it will release NE (1), but MAO-A readily destroys the NE-released by 
tyramine (2) and no physiological harm results.


NE=norephinephrine; MAO=monoamine oxidase; BP=blood pressure.
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EXPLOITING THE MECHANISM  
OF TYRAMINE REACTIONS 
TO INCREASE SAFETY: NEW 
DEVELOPMENTS WITH MAOIS


Two recent developments appear to miti-
gate the risk of tyramine reactions with MAOIs. 
First, inhibitors have been developed that are 
not only selective for MAO-A, but are also 
reversible.23-34 Second, an MAOI can now be 
delivered through a skin patch, resulting in 
inhibition of both MAO-A and MAO-B in the 
brain, but with much less MAO-A simultane-
ously inhibited in the gut.40,41 While neither of 
these innovations enhances MAOI efficacy, 
both reduce the risk of a hypertensive crisis 
with ingestion of tyramine. 


CNS Spectr 13:10 October 2008


FIGURE 6.
When tyramine (depicted as a piece 
of cheese) acts to increase the presyn-
aptic release of NE (1) in the presence 
of MAO-A inhibition by an irrevers-
ible MAO-A inhibitor, the result is a 
lack of destruction of this released 
NE (2). MAO-A inhibition in itself 
causes an accumulation of NE. Thus, 
when MAO-A inhibition occurs in the 
presence of tyramine, this combina-
tion can result in excessive synaptic 
NE within the sympathetic neuron, 
which can lead to excessive stimula-
tion of postsynaptic adrenergic recep-
tors (3) and dangerous physiological 
changes, such as vasoconstriction and 
elevated blood pressure


 
NE=norepinephrine; MAO=monoamine oxidase.
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FIGURE 7.
Tyramine content in common foods 
associated with potential tyramine 
reactions*


 


 


*  Aged cheeses (eg, English Stilton) are high in tyramine, whereas pro-
cessed cheeses are often quite low in tyramine (top panels). In addition, 
commercial chain pizzas utilize cheese low in tyramine content (middle 
panels). Canned and bottled beers, as well as many wines, are actually 
quite low in tyramine (bottom panels).
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Reversible Inhibitors of Monamine
Reversible inhibitors of monoamine (RIMAs) 


are an ingenious development because they 
have the potential of providing MAO-A inhibi-
tion with decreased risk of a tyramine reaction 
(Figure 8).6,23,24,30,42-45 For example, if someone tak-
ing a RIMA eats aged cheese high in tyramine, 
as the tyramine is absorbed it will release NE; 
however, this released NE will chase the revers-
ible inhibitor off the MAO-A enzyme, reactivating 
MAO-A in the intestine, liver, and sympathomi-
metic neurons and allowing destruction of the 
dangerous amines (Figure 9).2,23,34 Recent trials4,30 
have shown that RIMAs can be effective in treat-
ing patients with endogenous depression and 
geriatric depression.


Moclobemide is the best known RIMA and has 
demonstrated efficacy similar to amitriptyline, 
clomipramine, fluvoxamine, and imipramine.4 


Numerous studies have indicated that moclobe-
mide can maintain its antidepressant effects for 
6–12 months.4 There is still a warning posted 
regarding tyramine reactions with moclobemide, 
as some degree of dietary caution is still recom-


mended. Nevertheless, when adequately dosed, 
there is much less likelihood of a dangerous reac-
tion when tyramine is ingested in conjunction with 
a reversible MAOI. Although the risk for a hyper-
tensive reaction from dietary tyramine may be 
reduced by RIMAs, the risk for serotonin syndrome 
with drugs that block 5-HT reuptake may not be 
similarly reduced, as the mechanism of 5-HT toxic-
ity is different, as discussed in the section below. 


Transdermal Delivery of a Selective MAO-
B Inhibitor


While RIMAs may be as efficacious as irre-
versible MAOIs and may theoretically require 
less dietary tyramine restriction, transdermal 
delivery of an MAOI can allow the patient to 
have a diet without any dietary tyramine restric-
tions. Selective MAO-B inhibitors given orally at 
low doses do not inhibit a significant amount of 
MAO-A (Figure 2), and thus there is little risk of 
hypertension from dietary amines.45-48 However, 
at low oral doses, MAO-B inhibitors are also not 
effective antidepressants due to the lack of sig-
nificant elevations in brain 5-HT or NE (Figure 


FIGURE 8.
MAO-A is present in the brain and gut (left).  To evoke an antidepressant response, 
MAO-A in the brain must be inhibited* 


 
*  However, simultaneous MAO-A inhibition in the liver and intestinal mucosa causes risk of a tyramine reaction (left). Reversible MAO-A inhibitors (RIMAs) can be 


removed from the MAO enzyme by competitors (right). Therefore, when tyramine increases NE release, it is also increasing the competition of NE for MAO-A, 
which leads to the reversal of MAO-A inhibition with subsequent destruction of NE and a reduced risk of tyramine reaction (right).


MAO=monoamine oxidase; RIMAs=reversible inhibitors of monoamine; NE=norephinephrine.
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2).26-28 An antidepressant effect, however, can be 
achieved when the MAO-B inhibitor selegiline 
is given orally in doses that cause it to lose its 
selectivity and inhibit MAO-A as well (Figure 10, 
left).49,50 However, this type of dose would also 
cause a tyramine reaction (Figure 10, left).27


In order to prevent this problem, selegiline 
is administered transdermally, thus delivering 
the drug directly into the systemic circulation, 
hitting the brain in high doses and avoiding a 
first pass through the liver (Figure 10, right).2,40-


41,51 Once the drug recirculates to the intes-
tine and liver, the levels have decreased and 
mostly MAO-B is inhibited (Figure 10, right). 
This action is sufficiently robust and selective 
that for low doses of transdermal selegiline, 
no dietary tyramine restrictions are necessary. 
At high doses of transdermal selegiline, there 
is likely some MAO-A inhibition in the gut, and 
thus some dietary tyramine restrictions may be 
prudent.7 In some studies of depressed patients 
receiving transdermal selegiline,46 dietary 
restrictions were not followed, yet tyramine 
reactions were not reported. Therefore, at high 
doses of transdermal selegiline, some dietary 
caution may be warranted, but it appears that 
at low doses, dietary restrictions may not be 
necessary (Figure 11).52


Although the risk for a hypertensive reaction 
from dietary tyramine may be reduced by trans-
dermal delivery of selegiline, the risk for sero-
tonin syndrome with administration of drugs 
that block 5-HT reuptake is not similarly reduced. 
The mechanism of 5-HT toxicity is different, as 
discussed in the section below.


MECHANISM OF DANGEROUS 
DRUG INTERACTIONS WITH MAOIS: 
DECONGESTANTS AND DRUGS THAT 
BOOST SYMPATHOMIMETIC AMINES


While MAOIs are famous for their tyramine 
reactions, drug-drug interactions are potentially 
more important clinically. Drug-drug interac-
tions may not only be more common, but also 
some interactions can be incredibly dangerous 
and potentially lethal.53,54 Also, drug interactions 
with MAOIs are poorly understood by many 
practitioners. Most candidates for MAOI treat-
ment will require treatment with many concom-
itant drugs over time, including treatment for 
coughs and colds, so not knowing which drugs 
are safe to give and which ones to avoid can 
unnecessarily prevent a practitioner from using 
an MAOI at all for someone who requires any 
concomitant medications.


There are two general types of potentially 
dangerous drug interactions with MAOIs for a 
practitioner to understand: those that can raise 
blood pressure by sympathomimetic actions 
(discussed in this section; Tables 5 and 6) and 
those that can cause a potentially fatal serotonin 
syndrome by 5-HT reuptake inhibitory actions 
(discussed in the section below;  Table 7).


When drugs that boost adrenergic stimula-
tion by a mechanism other than MAO inhibition 
are added to an MAOI, potentially dangerous 
hypertensive reactions can occur. For example, 
many decongestants can adversely interact 
with MAOIs to elevate blood pressure (Table 5 
and Figure 12).2 Decongestants to be avoided 
with an MAOI include those that add to the 
pro-noradrenergic actions of MAO inhibition 
to stimulate alpha 1 postsynaptic vascular 
receptors excessively.55 Currently, this applies 
mostly to over-the-counter phenylephrine and 
oxymetazoline, both relatively selective alpha 
1 agonists, since ephedrine, phenylpropanol-
amine, and pseudoephedrine have either been 
withdrawn from the US and other markets 
or are available only by signing for them at a 
pharmacy (eg, pseudoephedrine) (Table 5).2 An 


CNS Spectr 13:10 October 2008


FIGURE 9.
The MAO-A inhibitor shown here is 
reversible* 


 
*  Thus, accumulation of NE released by tyramine (1) can displace the 


RIMA (2), allowing for normal destruction of extra NE (3) and no physi-
ological harm.


MAO=monoamine oxidase; RIMAs=reversible inhibitors of monoamine; 
NE=norephinephrine; BP=blood pressure.
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additional ingredient found in cold medicines 
is the cough suppressant and opiate derivative 
dextromethorphan, which should be avoided 
not because it is a sympathomimetic agent but 
because it is a weak 5-HT reuptake inhibitor 
(discussed below; Table 7). 


Decongestants work by constricting nasal 
blood vessels.2 If topically applied (eg, nasal 
oxymetazoline) or taken in low doses, they gen-
erally do not have sufficient systemic actions to 
elevate blood pressure by themselves (Figure 
12). However, in potentially vulnerable patients 
(such as those with hypertension, especially 
those whose hypertension is not controlled), 
decongestants, particularly when systemically 
administered orally, can elevate blood pressure 
by themselves. 


MAOIs alone can potentiate NE, but this 
alone is generally insufficient to cause hyper-
tension (Figure 12). In fact, in the past, MAOIs 


have been marketed as antihypertensives 
and, by themselves, are probably more likely 
to cause hypotension, especially orthostatic 
hypotension.56 However, a hypertensive drug 
interaction can occur when the mechanisms of 
decongestants and MAOIs are combined, espe-
cially in vulnerable patients. In these patients, 
the pro-noradrenergic actions of MAO inhibi-
tion in concert with the direct stimulation of 
alpha 1 receptors by an agent like phenyleph-
rine can result in elevated blood pressure or a 
hypertensive crisis (Figure 12).57


It is a myth that a patient on an MAOI cannot 
take any cough or cold medication. Generally, 
a patient on an MAOI should avoid oral phen-
ylephrine in order to minimize the risk of a 
hypertensive reaction (Figure 12). For different 
reasons, namely to avoid the serotonin syn-
drome, patients on an MAOI should also avoid 
ingredients in cough and cold preparations that 
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FIGURE 10.
Selegiline, a selective MAO-B inhibitor at low doses, has antidepressant efficacy 
when given at doses high enough to also inhibit MAO-A* 


 


 
 
*  However, oral administration at this dose can also cause a tyramine reaction (left panel). Transdermal administration delivers the drug directly into the systemic 


circulation, hitting the brain in high doses and producing an antidepressant effect, but avoiding a first pass through the liver and therefore reducing the risk of a 
tyramine reaction (right panel).  Transdermal delivery of selegiline can thus lead to inhibition of both MAO-A and MAO-B in the brain and therefore an antidepres-
sant effect, yet selective inhibition of only MAO-B in the gut and therefore no need for dietary tyramine reactions (right panel). 


MAO=monoamine oxidase
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inhibit 5-HT reuptake, as discussed in the next 
section. (This includes dextromethorphan and 
some antihistamines, especially chlorphenira-
mine and brompheniramine; Table 7.) Other 
antihistamines and cough suppressants, includ-
ing codeine, are generally acceptable to be 
administered with MAOIs. 


MAOIs are sometimes combined with tricyclic 
antidepressants (TCAs) in heroic cases,2,10,18,58 


though MAOIs are formally contraindicated in 
the prescribing information for patients taking 
antidepressants that are NE reuptake inhibitors, 
such as most TCAs (Table 5). This is because 
the sudden addition of NE reuptake blockade 
in someone on an MAOI may result in a hyper-
tensive reaction. On the other hand, MAOIs 


can be combined with some TCAs (never clo-
mipramine; Table 7) that inhibit NE reuptake if 
both agents are started simultaneously, at low 
doses, and if the titration of both agents is done 
carefully, with blood pressure monitoring, by 
someone experienced in this rather heroic com-
bination.2,10,18,58 Combining TCAs (though never 
clomipramine) with an MAOI has fallen out of 
favor due to the potential danger of this com-
bination; the legal risks, since it is mentioned 
as contraindicated in prescribing information; 
and the paucity of clinicians who understand 
the risks and the benefits of this controversial 
approach to heroic management of TRD.


CNS Spectr 13:10 October 2008


FIGURE 11.
In patients not taking an MAOI, it can 
take as much as 400 mg of tyramine 
to elevate blood pressure (fifth bar 
graph on the far right) 


 


*  Patients on low-dose oral selegiline may ingest as much tyramine as 
someone not taking an MAOI, but they will not also experience an antide-
pressant effect (fourth bar graph). Patients taking nonselective irrevers-
ible MAOIs may experience antidepressant effects, but may experience 
a hypertensive tyramine reaction when ingesting as little as 8–10 mg of 
dietary tyramine (first bar graph on the far left). Transdermal selegiline 
can produce an antidepressant effect at low doses, and patients may 
be able to ingest a high-tyramine meal of much more than 40 mg without 
experiencing a tyramine reaction (third bar graph). At high doses of 
transdermal selegiline, relatively high doses of tyramine (>40 mg) could 
potentially be ingested, but this is not well studied (second bar graph). 


MAOI=monoamine oxidase inhibitor; CNS=central nervous system.
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FIGURE 12.
Decongestants that stimulate post-
synaptic alpha 1 receptors (A) can 
interact with MAOIs that increase NE 
levels (B) and thereby increase the 
risk of a hypertensive reaction (C) 


 


*  Decongestants work by constricting nasal blood vessels but do not 
generally elevate blood pressure at normal doses (A). An MAOI alone 
increases NE but does not create vasoconstriction or hypotension (B). 
When combined, though, these two mechanisms of action may be suf-
ficient to cause hypertension and potentially a hypertensive crisis (C).


MAOIs=monoamine oxidase inhibitors; NE=norephinephrine; BP=blood 
pressure
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Stimulants such as methylphenidate, which 
potentiate NE at adrenergic synapses by blocking 
NE reuptake, and amphetamines, which do this 
and also release NE, can elevate blood pressure 
on their own and are formally contraindicated in 
prescribing information even as monotherapies 
for patients with structural cardiac abnormalities 
or uncontrolled hypertension. 


It is therefore not surprising that combining 
stimulants with MAOIs is also formally contraindi-
cated in prescribing information because, together, 
MAOIs and stimulants increase the chances of 
a hypertensive reaction (Tables 5 and 6).2,10,17-19 


Thus, use of this combination should generally be 
reserved for the most treatment-resistant cases. 
On the other hand, as mentioned earlier in this 
article, some MAOIs are themselves stimulants 
or are metabolized to stimulants (Table 6), so it is 
also not surprising that stimulants can sometimes 
be combined with MAOIs to attain antidepressant 
efficacy in heroic cases, with extreme caution, 
with careful blood pressure and cardiovascu-
lar monitoring and with appropriate risk-benefit 
assessment for that individual.2,10,17-18,58


In the 1960s, fatalities were reported when 
amphetamine was used to increase the potential 


FIGURE 13.
Inhibition of SERT leads to increased 
synaptic availability of 5-HT (A). 
Inhibition of MAO also leads to 
increased 5-HT levels (B). When 
combined, these two mechanisms 
can cause excessive stimulation of 
postsynaptic 5-HT receptors, which 
can lead to hyperthermia, seizures, 
coma, cardiovascular collapse, and 
death (C).


 
SERT=serotonin transporter; 5-HT=serotonin; MAO=monoamine oxidase.
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TABLE 5.
Potentially Dangerous Hypertensive 
Combinations: Agents that can Cause 
Hypertension When Combined With 
MAOIs (Theoretically via Adrenergic 
Stimulation)


Decongestants
• Phenylephrine (alpha 1 selective agonist) 
• Oxymetazoline (alpha 1 preferring agonist)
•  Ephedrine (ma huang, ephedra) (alpha and beta 


agonist; central NE and DA releaser)*


•  Pseudoephedrine (active stereoisomer of ephedrine—
same mechanism as ephedrine)*


•  phenylpropanolamine (alpha 1 agonist; less effective 
central NE/DA releaser than ephedrine)*


Stimulants
• Amphetamines
• Methylphenidate


Antidepressants with Norepinephrine Reuptake 
Inhibition 
• Tricyclic antidepressants
•  Norepinephrine selective reuptake inhibitors 
• Serotonin-norepinephrine reuptake inhibitors
•  Norepinephrine and dopamine reuptake inhibitors (eg, 


bupropion)


Appetite Suppressants with Norepinephrine Reuptake 
Inhibitory Properties
• Sibutramine
• Phentermine


Analgesics with Norepinephrine Reuptake Inhibitory 
Properties
• Tramadol


*   Withdrawn or restricted from direct over the counter access in the United 
States and some other countries


MAOIs=monoamine oxidase inhibitors; NE=norepinephrine; DA=dopamine
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of MAOIs for refractory depression.17 However, 
perhaps surprisingly, one current study has indi-
cated that up to 40 mg of intravenous cocaine 
added to an existing transdermal selegiline regi-
men 20 mg/day was well tolerated in a group 
of cocaine-dependent subjects.59 Also, selective 
case reports document the usefulness of com-
bining an MAOI with a stimulant.17 A general 
rule of thumb if attempting to utilize this com-
bination is to prescribe a slow titration and start 
with a low dose (ie, amphetamine 2.5 mg/day 
and methylphenidate 5 mg/day) added to ongo-
ing MAOI therapy.17 


Any drugs that block NE reuptake, including 
not only the stimulants but also antidepressants, 
attention-deficity/hyperactivity drugs (such as 
atomoxetine), appetite suppressants (such as 
sibutramine and other sympathomimetics), 
and the analgesic tramadol should generally be 
avoided in combination with an MAOI or used 
only by experts if deemed necessary, with ade-
quate monitoring (Table 5).60,61 


MECHANISM OF DANGEROUS 
DRUG INTERACTIONS WITH 
MAOIS: COMBINING MAOIS WITH 
SEROTONIN REUPTAKE BLOCKADE


A potentially much more dangerous combi-
nation than that of adrenergic stimulants and 
MAOIs can occur when combining agents that 
inhibit 5-HT reuptake with those that inhibit 
MAO (Table 7). One particular combination that 
has gained substantial attention in psychophar-
macology lore is when a patient taking an MAOI 
is given an injection of meperidine (an opioid 
analgesic and inhibitor of 5-HT reuptake) for 


pain relief in the emergency room and perishes 
as a result of this preventable interaction and 
resulting 5-HT toxicity.62 


Inhibition of the serotonin transporter 
(SERT) leads to increased synaptic availability 
of 5-HT (Figure 13).61 Similarly, inhibition of 
MAO leads to increased synaptic 5-HT levels. 
When these mechanisms are combined, exces-
sive stimulation of postsynaptic 5-HT receptors 
occurs, which can lead to the collective symp-
toms known as “serotonin syndrome” (Figure 
13).63  Theoretically, excessive stimulation of 
postsynaptic 5-HT receptors causes a disrup-
tion in thermoregulation, resulting in danger-
ous hyperthermia.2 Since the 5-HT neuron has 
MAO-B (or the “wrong” form of MAO for its 
substrate 5-HT that is actually preferentially 
metabolized by MAO-A; Figure, 1 top panel), 
the 5-HT neuron may normally prevent exces-
sive concentrations of 5-HT from accumulat-
ing by being vitally dependent on the integrity 


TABLE 7.
Potentially Lethal Combinations: 
Agents that, When Combined With 
MAOIs, can Cause Hyperthermia/
Serotonin Syndrome (Theoretically via 
Serotonin Reuptake Inhibition)


Antidepressants
• SSRIs
• SNRIs
•  TCAs (especially clomipramine)


Other TCA structures
• Cyclobenzapine
• Carbamazepine


SNRI prescribed for weight loss
• Sibutramine


Opioids with 5-HT reuptake inhibitory properties
• Dextromethorphan
• Meperidine
• Tramadol
• Methadone
• Propoxyphene


Antihistamines with 5-HT inhibitory properties
• Chlorpheniramine
• Brompheniramine


MAOIs=monoamine oxidase inhibitors; SSRIs=selective serotonin reup-
take inhibitors; SNRIs=serotonin-norepinephrine inhibitors; TCAs=tricyclic 
antidepressants; 5-HT=serotonin.
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TABLE 6.
MAOIs With Amphetamine Actions or 
Amphetamines With MAO Inhibition?


Drug Comment


Amphetamine MAOI at high doses


Tranylcypromine 
(Parnate)


Also called 
phenylcyclopropylamine; structure 
closely related to amphetamine


Selegiline Metabolized to l-methamphetamine; 
metabolized to l-amphetamine; less 
amphetamine formed transdermally


MAOIs=monoamine oxidase inhibitors.
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of functioning of the 5-HT reuptake pump.64 
Thus, blocking 5-HT transporter alone robustly 
elevates 5-HT at 5-HT neurons.2 When extra-
synaptic removal of 5-HT by MAO-A is also 
inhibited, a potentially dangerous accumula-
tion of 5-HT can occur. 


Consequences from this situation are 
grouped into a triad of features including neu-
romuscular hyperactivity, autonomic hyper-
activity, and altered mental status. Presenting 
symptoms range from migraines, myoclonus, 
diarrhea, agitation, and psychosis at the lower 
end of the severity spectrum, to hyperther-
mia, seizures, coma, cardiovascular collapse, 
permanent hyperthermic brain damage, and 
death at the higher end.65,66 The Hunter Area 
Toxicology Service in Australia66 has docu-
mented >2,000 cases of serotonergic drug 
overdose. This particular research group has 
labeled 5-HT toxicity as a spectrum concept 
of serotonin syndrome, with weak 5-HT reup-
take inhibitors (eg, pethidine, also known as 
meperidine, an opioid analgesic) sometimes 
precipitating 5-HT toxicity, but only in suscep-
tible individuals or when taken in large doses, 
and other drugs with more robust 5-HT reup-
take inhibition often instigate 5-HT toxicity.66 


It is suggested that agents with potent 5-HT 
reuptake inhibition should never be combined 
with agents that cause substantial MAO inhi-
bition.66 This would include any SSRI or sero-
tonin-norepinephrine reuptake inhibitors, and 
clomipramine, a TCA. Occasionally, tricyclics 
with weak 5-HT reuptake inhibition can be com-
bined with MAOIs, but, as mentioned earlier, 
this is rarely done.45,58,63,67 Opioids that block 5-
HT reuptake, including meperidine, methadone, 
propoxyphene, dextromethorphan, and trama-
dol, especially at high doses, must be avoided 
in the presence of an MAOI (Table 7). Injection of 
meperidine given concomitantly with an MAOI 
may be the most frequent drug combination 
causing serious complications and even death.68 
However, any agent with 5-HT reuptake blockade 
has the potential to cause serotonin syndrome. 
Analgesics, including opiates, that are safe to 
administer with an MAOI are those lacking 5-HT 
reuptake inhibiting properties, such as aspirin, 
acetaminophen, nonsteroidal anti-inflammatory 
drugs, codeine, oxycodone, fentanyl, buprenor-
phine, and morphine. 


Usually, the serotonin syndrome caused by 
an MAOI together with a 5-HT reuptake inhibi-


tor results from the prescriber not recognizing 
that a patient on an MAOI is also on a drug 
with 5-HT reuptake inhibiting properties, such 
as certain analgesics, appetite suppressants, 
antihistamines, etc. (Table 7). More recently, 
the serotonin syndrome is being caused by the 
prescriber not recognizing that a patient on a 
5-HT reuptake inhibitor is also on an antibiotic 
that is also an MAOI, namely, linezolid (Zyvox). 
Linezolid exhibits MAO-A and MAO-B inhibi-
tory effects.55 Linezolid was approved by the 
Food and Drug Administration in 2000 and is 
the first oxazolidinone antimicrobial approved 
for use in the US.55 It is used in the treatment 
of vancomycin-resistant Enterococcus and 
methicillin-resistant Staphylococcus aureus.57 
Oxazolidinones are similar in chemical struc-
ture to toloxatone, which is an inhibitor of 
MAO. Linezolid appears to have weak revers-
ible MAO-A and MAO-B inhibitory effects,55 
and there are now appeared numerous case 
reports57 of serotonin syndrome when linezolid 
was combined with SSRIs.


Treatment of serotonin syndrome includes 
discontinuation of all serotonergic agents and 
subsequent supportive care. Moderate cases 
may benefit from administration of 5-HT2A 
antagonists. Severe cases with hyperthermia 
may also require intubation and sedation. 
Benzodiazepines may be useful in alleviation of 
agitation, while diazepam may improve hyper-
adrenergic symptoms. Some evidence61 has also 
supported the use of β-blockers, which may also 
block 5-HT1A receptors.


CONCLUSION
MAOIs should not be discounted in the fight 


against TRD, as well as various treatment-resis-
tant anxiety disorders. While patients on MAOI 
pharmacotherapy should maintain a watchful 
eye over their dietary intake, they may not need 
to be fully restricted from certain foods once 
erroneously thought to be high in tyramine 
content and, therefore, potentially dangerous, 
especially with certain MAOIs. Educating clini-
cians and patients on recent findings regard-
ing tyramine reactions and MAOIs may aid in 
dispelling this particular stigma surrounding 
MAOIs. Furthermore, clinicians who are fully 
aware of drugs with the ability to inhibit the 
SERT should be able to avoid them when 
they prescribe MAOIs. Clinicians should also 
be able to determine when a combination or 
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augmentation pharmacotherapy, risky or other-
wise, is needed. Expert clinicians may carefully 
administer and monitor specific drugs that may 
require close supervision in conjunction with 
MAOIs, such as stimulants, as this tactic may 
help certain refractory cases of depression. In 
addition, recent advancements in technology 
may alleviate some of the issues surrounding 
administration and resulting blockade of MAO-
A by administering MAO inhibitors transder-
mally, such as the transdermal selegiline patch. 
The RIMA moclobemide, may create less con-
cern over potential side effects and interactions 
from dietary tyramine. With knowledge of MAOI 
therapeutic mechanisms as well as the mecha-
nisms underlying dietary tyramine reactions 
and various potentially dangerous drug interac-
tions, the MAOIs may enjoy renewed interest 
and may be revived as a therapeutic tool in the 
modern psychopharmacologist’s toolkit for the 
treatment of difficult cases of depression and 
other psychiatric disorders. CNS
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From Medscape Medical News


June 1, 2010 (New Orleans, Louisiana) — Combining an L-methylfolate prescription medical food supplement (Deplin, Pamlab)
with a selective serotonin reuptake inhibitor (SSRI) or a serotonin norepinephrine reuptake inhibitor (SNRI) provides greater
improvements in depressive symptoms of depression than monotherapy with an SSRI or SNRI, according to a large retrospective
medical record review study.


The investigators, who also found that these improvements occurred 23% faster in the combination group compared with those
treated with the monotherapy, presented the results here at the American Psychiatric Association (APA) 2010 Annual Meeting.


"We found that adding L-methylfolate to an antidepressant at the start of treatment
has valuable benefits for these patients," principal investigator Lawrence D. Ginsberg,
MD, from Red Oak Psychiatry Associates in Houston, Texas, said in a statement.


"The shorter time to improvement strongly implies that combination strategies right
from the start may be a more time-efficient approach than antidepressant
monotherapy," Dr. Ginsberg told Medscape Psychiatry.


New Approach Needed


According to Dr. Ginsberg, past studies show that nearly 70% of depressed
individuals will not reach remission by taking 1 antidepressant alone, "so clearly a
new approach is needed.”


He explained that up to 70% of people who have depression may have a specific genetic factor that compromises their ability to
convert folic acid into L-methylfolate, "the only form of folate that can cross the blood-brain barrier and regulate serotonin,
norepinephrine, and dopamine."


Deplin is a trimonoamine modulator that contains L-methylfolate in a tablet form.


For this study, Dr. Ginsberg and his team evaluated the medical records of 242 patients between the ages of 18 and 70 years
(66% female; mean age, 43 years) who were seen at a single outpatient psychiatric clinic due to a major depressive episode.


All patients received at treatment initiation either Deplin, 7.5 to 15 mg, plus an SSRI or SNRI (the combination group, n = 95) or an
SSRI or SNRI only (the monotherapy group, n = 147).


The primary outcome was improvement in MDD symptoms, shown by a 2-point decrease from baseline in the Clinical Global
Impression–Severity (CGI-S) score.


"I set this bar pretty high," explained Dr. Ginsberg. "Most research considers a 1-point reduction an accomplishment, but we really
wanted our patients to achieve this 2-point reduction. That was my goal; I was shooting for the rafters."
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Quicker, Sustained Improvements


Results showed that significantly more of the combination-treated patients showed the 2-point CGI-S reduction at the 60-day time
point compared with those receiving monotherapy (18.1% vs 7.04%; P < .01).


Although not statistically significant, there was also a trend toward symptom reduction at 30 days for those receiving the
combination treatment compared with the monotherapy patients.


In addition, the time to major improvement was significantly shorter at a median of 177 days for all patients in the combination
group vs a median of 231 days for the monotherapy group (P = .03). This major improvement was sustained throughout the 2-year
study period.


"We also found that the number of hospitalizations in the monotherapy group was nearly 3 times greater than in the combination
group," reported Dr. Ginsberg. However, this was not statistically significant (2.7% vs 1%).


For the subgroup of patients with the highest severity score at baseline (CGI-S = 5), 40% of those treated with the combination
therapy showed a major improvement in symptoms at 60 days, whereas only 16.3% of the monotherapy group showed this
improvement (P < .02).


Finally, although the overall rate of discontinuation of antidepressant therapy due to adverse events was 34% for the monotherapy
vs 17.9% for the combination treatment (P = .0078), there were no significant differences in overall rates of adverse effects found
between the 2 groups (P = .21).


"While all the findings were promising, this last one was unexpected," said Dr. Ginsberg. "Usually, when you have 2 agents, you
expect more discontinuation. But we can say with confidence that the medication did not cause additional adverse events or
discontinuation from adverse events."


"Overall, I'd tell clinicians that they can increase the ability to get people well by combining a traditional SSRI or SNRI with L-
methylfolate, especially if the patient is in an at-risk population," he said.


Twice the Response


"Folate deficiency related to depression has been around since about 1975, with the speculation that if you didn't have enough
folate absorbed through your foods, then the brain itself would not have enough folate to do its functions," cochair of the APA
Scientific Program Committee Don Hilty, MD, professor of psychiatry and behavioral sciences at the University of California–Davis
in Sacramento, told Medscape Psychiatry.


"It's interesting that in this study, the [investigators] discovered that patients who took an antidepressant and L-methylfolate, a
product made with folate, had a little bit earlier response and did not have any noticeable side effects," added Dr. Hilty, who was
not involved with the study.


"Although the [combination] group didn't have a huge response at about 18%, it was over twice the number of those who
responded while taking an antidepressant alone," he noted. "While this finding is not proof by any means that this supplementation
works, it definitely implies that more research should be done prospectively in this area with good sample sizes."


Dr. Hilty reported that a number of studies have been coming out in recent years looking at L-methylfolate. "So this is 1 more step
in the process of getting a better snapshot of what's really going on with these supplements."


"The important takeaways are that we need to be mindful about folate deficiencies and should probably try medical foods in patients
who haven't responded to traditional treatments. Also, even though there aren't any real clear side effects from supplements like
this, we have to be mindful to watch and see if there are any interactions with prescribed medications," concluded Dr. Hilty.


This study was funded by Pamlab. Dr. Ginsberg reported having received research support from and participated in speaking
engagements for Pamlab in the past. Dr. Hilty has disclosed no relevant financial relationships.


American Psychiatric Association (APA) 2010 Annual Meeting: Abstract NR3-46. Presented May 24, 2010.
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From U.S. Pharmacist


Abstract and Introduction


Introduction


New molecular entities (NMEs), as defined by the FDA, are drug products containing as their active ingredient a chemical
substance marketed for the first time in the United States. The following descriptions of NMEs approved in 2009–2010 ( TABLE 1 )
detail the basic clinical and pharmacologic profiles for each new drug, as well as its pharmacokinetics, adverse reactions, drug
interactions, and dosing data. Note that the information for each NME was obtained primarily from sources published prior to FDA
approval; thus, it is essential that practitioners become aware of changes in a drug's therapeutic profile as reported by their own
patients and in the pharmaceutical literature, such as the emergence of additional adverse reactions and black box warnings.


Asenapine (Saphris, Merck & Co., Inc.)


Indication and Clinical Profile[1,2]


Asenapine, a second-generation antipsychotic, has been approved in a sublingual tablet for acute treatment of schizophrenia and
manic or mixed episodes associated with bipolar disorder. Its efficacy in schizophrenia was demonstrated in three 6-week,
placebo-controlled trials with active comparator controls in patients with acute schizophrenia. In two of these trials, asenapine 5 mg
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Table 1. Select New Drug Approvals (2009–2010)


Generic Trade
Name Company Indication Approval


Date


Asenapine Saphris
Merck & Co.,
Inc.


Acute treatment of schizophrenia and manic or mixed episodes associated
with bipolar disorder in adults


July 2009


Bepotastine Bepreve
ISTA
Pharmaceuticals


Treatment of itching associated with allergic conjunctivitis
August
2009


Dronedarone Multaq
Sanofi-Aventis
U.S. LLC


To reduce the risk of cardiovascular hospitalization in patients with
paroxysmal or persistent atrial fibrillation or atrial flutter


July 2009


Liraglutide Victoza
Novo Nordisk
Inc.


Treatment of type 2 diabetes mellitus
January
2010


Tocilizumab Actemra Genentech, Inc.
Treatment of adult patients with moderately to severely active rheumatoid
arthritis


January
2010


Ustekinumab Stelara
Centocor Ortho
Biotech Inc.


Treatment of adult patients with moderate-to-severe plaque psoriasis
December
2009


Source: References 1, 3, 5, 7, 9, 11.
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twice daily was more effective than placebo in reducing symptoms of schizophrenia. In another, haloperidol 4 mg twice daily was
superior to placebo, while asenapine 10 mg twice daily was not. In the second trial, 3 mg of risperidone twice daily was the active
control and was not significantly more effective than placebo. In the third trial, olanzapine 15 mg daily was significantly more
effective than placebo, but asenapine 5 mg twice daily was not.


The efficacy of asenapine in bipolar disorder was established in two 3-week studies of patients with acute bipolar mania or mixed
states that found asenapine 10 mg twice daily, with an optional dose reduction to 5 mg twice daily, more efficacious than placebo.
In a 9-week trial extension, asenapine was found to be noninferior to olanzapine in reducing the severity of mania.


Pharmacology and Pharmacokinetics[1]


Asenapine is a dibenzo-oxepino pyrrole, and like most second-generation antipsychotics, is an antagonist at dopamine (D2) and
serotonin (5-HT2A) receptors (FIGURE 1). It has high affinity for other dopamine and serotonin receptors, as well as alpha-
adrenergic and histaminergic (H1) receptors, but low affinity for muscarinic receptors. When administered sublingually, the drug is
35% bioavailable; oral bioavailability of oral asenapine is very low (<2%) due to extensive first-pass metabolism. Steady state is
achieved within 3 days of twice-daily dosing. Asenapine is cleared by direct conjugation and CYP450 1A2 oxidation and is
eliminated in both the urine and feces primarily as metabolites. It has a half-life of 24 hours.


Figure 1.  Asenapine


Adverse Reactions[1,2]


The most common adverse effects, occurring in >5% of trial patients taking asenapine and at least twice as frequently as with
placebo, were akathisia, oral hypoesthesia, and somnolence in schizophrenia trials, and dizziness and extrapyramidal symptoms
other than akathisia in bipolar trials. Weight gain in clinical trials was greater than with placebo, but less than with risperidone or
olanzapine. In short-term schizophrenia trials, serum prolactin levels increased to >4 times the upper limit of normal (ULN) in 2.6%
of patients treated with asenapine, compared to 0.6% of those treated with placebo. Asenapine increases the corrected QT interval
(QTc) by 2 to 5 msec and thus should not be used with other drugs that prolong the QT interval or in patients with risk factors for
QT prolongation. Like other antipsychotic drugs, asenapine should not be used in elderly patients with dementia-related psychosis
since these patients are at an increased risk of death (black box warning). Asenapine is a Pregnancy Category C drug and should
be avoided during nursing.


Drug Interactions[1]


Asenapine plasma levels may increase when coadministered with strong inhibitors of CYP1A2 such as fluvoxamine. Asenapine is a
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weak inhibitor of CYP2D6; serum concentrations of paroxetine—a substrate and inhibitor of CYP2D6—increased almost two-fold
when taken with asenapine. The risks of using asenapine in combination with other drugs have not been extensively evaluated, but
caution is advised when it is taken in combination with other centrally acting drugs or alcohol. Because of its alpha1-adrenergic
antagonism with potential for inducing hypotension, asenapine may enhance the effects of certain antihypertensive agents.


Dosage and Administration[1]


Asenapine is supplied as 5 and 10 mg white sublingual tablets. The recommended dosage for schizophrenia is 5 mg twice daily;
for bipolar disorder the recommended dosage is 10 mg twice daily, which can be reduced to 5 mg twice daily if the higher dose is
poorly tolerated. Patients should not eat or drink for 10 minutes after taking the drug. It also should not be used in patients with
severe hepatic impairment. Whether schizophrenic or acutely manic patients will be able to adhere to the sublingual dosing
requirement is a concern.


Bepotastine (Bepreve, ISTA Pharmaceuticals)


Indication and Clinical Profile[3,4]


Bepotastine besilate 1.5% ophthalmic solution is a H1-receptor antagonist agent approved for the topical treatment of itching
associated with allergic conjunctivitis in patients 2 years of age and older. Allergic conjunctivitis is the most common form of ocular
allergy, with itching as the main symptom. Treatment of ocular itching involves antihistamines (both oral and ophthalmic),
ophthalmic formulations of mast cell stabilizers, nonsteroidal anti-inflammatory drugs (NSAIDs), and, in severe cases,
corticosteroids. Ocular antihistamines are effective and have a more rapid onset of action than oral antihistamines. Bepotastine was
first developed in Japan as an oral systemic formulation for the treatment of allergic rhinitis.


Two randomized, double-masked, placebo-controlled conjunctival allergen challenge studies conducted in 237 patients with a
history of allergic conjunctivitis found bepotastine 1.5% ophthalmic solution more effective than placebo in relieving ocular itching
after 15 minutes and at 8 hours.


There are no published studies comparing bepotastine ophthalmic solution to other topical drugs for allergic conjunctivitis. At
present, there is no evidence that it offers any advantage over other ophthalmic H1 antihistamines.


Pharmacology and Pharmacokinetics[3]


Bepotastine is similar in structure to ethanolamine antihistamines (FIGURE 2) and is a topically active, direct H1-receptor
antagonist and an inhibitor of mast-cell histamine release. Its onset of action is approximately 3 minutes and duration of effect is 8
hours. Bepotastine is only minimally absorbed from its application site. Absorbed drug is eliminated renally, predominately in the
unchanged form.
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Figure 2.  Bepotastine


Adverse Reactions and Drug Interactions[3,4]


In clinical trials, the most commonly reported adverse effects of bepotastine were mild taste disturbances, occurring in about 25%
of patients. Other adverse effects include eye irritation, headache, and nasopharyngitis (2%-5%). During a 6-week safety study that
included 127 children ≥3 years old, no serious adverse effects were detected. Bepotastine is a Pregnancy Category C drug and
should be used with caution in pregnancy and nursing. Since it is applied topically, is minimally absorbed, and does not appear to
interact with cytochrome isozymes (CYP3A4, CYP2C9, CYP2C19), no significant drug interactions are anticipated.


Dosage and Administration[3]


Bepotastine is supplied as a 1.5% ophthalmic solution of the besilate salt. One drop should be instilled into the affected eyes twice
a day.


Dronedarone (Multaq, Sanofi-aventis)


Indication and Clinical Profile[5,6]


Dronedarone was approved to reduce the risk of cardiovascular (CV) hospitalization in patients with paroxysmal or persistent atrial
fibrillation (AF) or atrial flutter (AFL) who have experienced a recent episode of AF/AFL, have associated CV risk factors (age >70,
hypertension, diabetes, previous cerebrovascular accident, left atrial diameter ≥50 mm, left ventricular ejection fraction <40%), and
are in sinus rhythm or will be cardioverted. Amiodarone, the most effective drug for this indication, has a number of limitations,
including toxicity.


The efficacy of dronedarone was demonstrated in several trials. Patients aged ≥75 years or ≥70 years with one or more risk factors
and with a recent history of AF/AFL who were in sinus rhythm or were to be converted to sinus rhythm were randomized to
treatment with dronedarone 400 mg twice/day or placebo for up to 30 months. The primary end point was time to first
hospitalization for CV reasons or death from any cause. Dronedarone reduced the incidence of the primary end point by 24.2%
compared with placebo; this result was entirely attributable to dronedarone's effect on CV hospitalization. In two other trials,
patients in sinus rhythm who had experienced a previous episode of AF/AFL were randomized to treatment with dronedarone 400
mg twice daily or placebo for 12 months. The primary end point was time to first recurrence of AF/AFL. Dronedarone reduced the
risk of first AF/AFL recurrence by about 25%, with an approximate 11% absolute difference in recurrence rate. In another study,
patients who were recently hospitalized with symptomatic heart failure (HF) and severe left ventricular systolic dysfunction were
randomized to treatment with dronedarone 400 mg twice daily or placebo. This trial was terminated prematurely because of excess
mortality among dronedarone-treated patients.


Pharmacology and Pharmacokinetics[5,6]


Dronedarone is a benzofuran, noniodinated derivative of amiodarone (FIGURE 3) with antiarrhythmic properties belonging to all four
Vaughan-Williams class mechanisms. It blocks sodium, potassium, and calcium channels and has alpha-and beta-blocking
properties, but which of these produce dronedarone's clinical effects remains unclear.
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Figure 3.  Dronedarone


Dronedarone has higher oral bioavailability (35%-65%) than amiodarone and achieves steady state levels more readily (408 days).
It is also significantly less lipophilic than amiodarone, resulting in a substantially smaller volume of distribution and a much shorter
elimination half-life (13-19 hours). It is extensively metabolized by CYP3A4 isozymes, initially by N -debutylation to form the active
N -debutyl metabolite. This metabolite undergoes oxidative deamination to form the inactive propanoic acid metabolite and direct
oxidation. These metabolites undergo further metabolism to yield over 30 uncharacterized metabolites. The N -debutyl metabolite
exhibits pharmacologic activity but is significantly less potent than the parent drug. Dronedarone and its metabolites are eliminated
primarily in the feces (>80%).


Adverse Reactions[5,6]


In trials, the most common adverse events associated with dronedarone treatment included diarrhea, nausea, abdominal pain,
vomiting, and asthenia, but unlike amiodarone, significant thyroid, pulmonary, ocular, or liver toxicity has not been reported to date.
Photosensitivity has been reported with dronedarone, although not the blue-gray skin discoloration associated with amiodarone.
Serum creatinine levels increased by an average of 0.1 mg/dL with dronedarone treatment, but reached a plateau in 1 week and
declined after discontinuation.


Dronedarone is contraindicated in patients with New York Heart Association (NYHA) class IV HF or NYHA class II or III HF with a
recent decompensation requiring hospitalization or referral to a specialized HF clinic; patients with second- or third-degree
atrioventricular block or sick sinus syndrome (except in patients with a functioning pacemaker); patients with bradycardia <50 beats
per minute (bpm); and patients being treated with strong CYP3A inhibitors. It is also contraindicated in patients currently taking
drugs that prolong the QT interval and might increase the risk of torsade de pointes (e.g., phenothiazines, tricyclic antidepressants,
certain macrolide antibiotics, and class I and III antiarrhythmics) and in patients with QTc-Bazett interval ≥500 msec or PR interval
>280 msec. Dronedarone should not be used during pregnancy (Category X) or nursing or in patients with severe hepatic
impairment.


Drug Interactions[5]


Based on dronedarone's clearance profile, concomitant use of strong inhibitors of CYP3A4, such as ketoconazole, clarithromycin, or
grapefruit juice, is contraindicated. Moderate inhibitors of CYP3A4 (e.g., verapamil or diltiazem) should be used with caution.
Significant CYP3A4 inducers (e.g., rifampin, phenobarbital, carbamazepine, phenytoin, or St. John's wort) could decrease the
efficacy of dronedarone. Dronedarone itself is a moderate inhibitor of CYP3A4 and 2D6 and may increase serum concentrations of
drugs that are substrates of these enzymes, including simvastatin, propranolol, and metoprolol. It is also a P-glycoprotein inhibitor
and has increased serum concentrations of P-glycoprotein substrates, such as digoxin. Unlike amiodarone, dronedarone has not
caused clinically significant increase in international normalized ratio in patients taking warfarin concurrently. It should not be used
with other drugs that prolong the QT interval.


Dosage and Administration[5]


Dronedarone is supplied as 400-mg white, film-coated tablets. The recommended dosage is 400 mg twice daily with the morning
and evening meals. No dose adjustments are recommended based on age, sex, kidney function, or moderate hepatic impairment.


Dronedarone should not be used in patients with severe hepatic impairment and class I or III antiarrhythmics. Drugs that strongly
inhibit CYP3A must also be discontinued before initiation of dronedarone treatment. How to transition from amiodarone to
dronedarone is unclear.


Liraglutide (Victoza, Novo Nordisk)


Indication and Clinical Profile[7,8]


Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist given by subcutaneous (SC) injection, has been approved by the
FDA for treatment of patients with type 2 diabetes. It can be used alone or in addition to oral antidiabetic drugs such as metformin
or glimepiride. Liraglutide is not recommended for first-line therapy and is not approved for use with insulin. Liraglutide is the
second GLP-1 agonist marketed in the U.S.; the first, exenatide (Byetta), has been available since 2005.


The efficacy of liraglutide was demonstrated in a number of phase III studies referred to as the Liraglutide Effect and Action in
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Diabetes (LEAD) trials. Four of these studies were 26 weeks in duration and one was 52 weeks. In these studies, liraglutide was
evaluated as monotherapy or in combination with one or two oral hypoglycemic medications. Liraglutide was found to result in
superior lowering of blood glucose than active comparators such as sulfonylureas and thiazolidinediones. Hemoglobin A1C (HbA1C)
reductions for liraglutide 1.8 mg/day, as monotherapy or in combination with other oral hypoglycemics, ranged from 1.0% to 1.5%
across the LEAD trials, with baseline HbA1C values ranging from 8.2% to 8.6%. Liraglutide 1.8 mg/day plus metformin reduced
HbA1C by 1.0% and reduced weight by approximately 6 lb. In another comparative trial, liraglutide (1.8 mg daily) was found to be
superior to exenatide (10 mcg twice daily) in reducing HbA1C (1.12% vs. 0.79%). Currently, no studies have provided conclusive
evidence that liraglutide can reduce the incidence of macrovascular complications.


Pharmacology and Pharmacokinetics[7]


Liraglutide is an acylated human GLP-1 receptor agonist with 97% amino acid sequence homology to endogenous human GLP-
1(7-37). GLP-1(7-37) represents <20% of total circulating endogenous GLP-1. Like GLP-1(7-37), liraglutide activates the GLP-1
receptor, a membrane-bound cell-surface receptor coupled to adenylyl cyclase by the stimulatory G-protein in pancreatic beta cells.
This results in increased intracellular cyclic AMP (cAMP) and promotes insulin release in the presence of elevated glucose
concentrations. This insulin secretion subsides as blood glucose concentrations decrease and approach euglycemia. Liraglutide also
decreases glucagon secretion in a glucose-dependent manner, delays gastric emptying, and promotes satiety and weight loss.


GLP-1(7-37) has a half-life of 1.5 to 2 minutes due to rapid degradation by the ubiquitous endogenous enzymes dipeptidyl
peptidase IV (DPP-IV) and neutral endopeptidases (NEP). Unlike native GLP-1, liraglutide is stable against metabolic degradation
by both peptidases and has a plasma half-life of 13 hours after SC administration. The pharmacokinetic profile of liraglutide, which
makes it suitable for once-daily administration, is a result of self-association that delays absorption, plasma protein binding, and
stability against metabolic degradation by DPP-IV and NEP.


Adverse Reactions[7,8]


The most common adverse effects of liraglutide in clinical trials were nausea (sometimes severe), diarrhea, vomiting, dyspepsia,
and constipation. Hypoglycemia was also reported, particularly in those patients taking a sulfonylurea with liraglutide. Fewer than
10% of trial patients developed antiliraglutide antibodies, and antibody formation was not associated with decreased drug
effectiveness. Pancreatitis, which has occurred with exenatide, has also been reported with liraglutide. Renal insufficiency and acute
renal failure have occurred with exenatide, especially in patients who have pre-existing kidney disease or are taking other drugs
with a potential for nephrotoxicity. To date, renal toxicity has not been reported with liraglutide. In animal studies (rats), thyroid C-
cell carcinomas have developed at high liraglutide doses (8 times the clinical dose), and in human trials, thyroid C-cell hyperplasia
has been reported. Thus, the FDA has required a black box warning about the risk of thyroid cancer. Liraglutide is classified as
Pregnancy Category C drug and should be used with caution if nursing.


Drug Interactions[7]


Hypoglycemia is a concern in patients taking liraglutide concurrently with an insulin secretagogue such as a sulfonylurea, so the
dose of the secretagogue may need to be lowered. Liraglutide may delay gastric emptying; thus, it could decrease serum
concentrations or increase the time to maximum concentration (tmax) of oral drugs taken concurrently.


Dosage and Administration[7]


Liraglutide is available in 3-mL prefilled pens, each containing 18 mg (6 mg/mL) of liraglutide. Each pen can deliver doses of 0.6,
1.2, or 1.8 mg. One pen can deliver a total of 15 doses of 1.2 mg or 10 doses of 1.8 mg. The drug should be injected
subcutaneously in the abdomen, thigh, or upper arm at any consistent time of the day; the injection site and timing can be changed
without dose adjustment. The initial dose of liraglutide is 0.6 mg once/day for 1 week to reduce gastrointestinal (GI) adverse
effects; this is not considered an effective dose. The dose should then be increased to 1.2 mg/day for 1 week; if this does not
lower glucose sufficiently, the dose can be increased to 1.8 mg/day.


Tocilizumab (Actemra, Genentech)


Indication and Clinical Profile[9,10]


Tocilizumab has been approved for the treatment of adult patients with moderately to severely active rheumatoid arthritis (RA) who
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have had an inadequate response to one or more tumor necrosis factor (TNF) inhibitor therapies (i.e., infliximab). RA is a chronic,
progressive inflammatory disease of the synovium of the joints and surrounding tissues and is associated with intense pain,
irreversible joint destruction, and systemic complications. It is estimated to affect 1.3 million Americans. Several key cytokines are
involved and are elevated in the inflammatory process, including interleukin-6 (IL-6). Tocilizumab is the first IL-6 receptor-inhibiting
monoclonal antibody approved to treat RA and may be used alone or in combination with methotrexate or other disease modifying
antirheumatic drugs (DMARDs). It has been approved for a number of inflammatory disease states, including RA in Japan (2005)
and the European Union (2009).


The efficacy of tocilizumab has been demonstrated in five multicenter controlled trials that enrolled adult patients with RA having at
least eight tender and six swollen joints at baseline. Administered every 4 weeks, tocilizumab was evaluated as monotherapy and
in combination with methotrexate in patients who had not responded adequately to DMARDs, or in combination with methotrexate
in patients not responding to one or more TNF antagonist therapies. In each of these trials, the proportion of patients achieving the
American College of Rheumatology 20, 50, and 70 end points at 24 weeks while taking tocilizumab 8 mg/kg was greater than that
of control patients receiving either placebo or methotrexate. Typically, patients receiving tocilizumab 4 mg/kg had a poorer
response in clinical trials than those receiving 8 mg/kg.


Pharmacology and Pharmacokinetics[9,10]


Tocilizumab binds specifically to both soluble and membrane-bound IL-6 receptors (sIL-6R and mIL-6R) and has been shown to
inhibit IL-6–mediated signaling through these receptors. IL-6 is a pleiotropic proinflammatory cytokine produced by a variety of cell
types including T and B cells, lymphocytes, monocytes, and fibroblasts. IL-6 is involved in diverse physiologic processes such as T-
cell activation, induction of immunoglobulin secretion, initiation of hepatic acute phase protein synthesis, and stimulation of
hematopoietic precursor cell proliferation and differentiation. IL-6 is also produced by synovial and endothelial cells, leading to local
production of IL-6 in joints affected by inflammatory processes such as RA. In clinical trials, tocilizumab doses of 4 to 8 mg/kg
decreased levels of C-reactive protein, rheumatoid factor, erythrocyte sedimentation rate, and serum amyloid, and increased
hemoglobin levels.


Adverse Reactions[9,10]


In clinical trials, common tocilizumab-associated adverse events (≥5% of trial patients) included upper respiratory tract infections
(e.g., common cold, sinus infections), headache, hypertension, and increased liver enzymes. Increases in liver enzymes (aspartate
[AST] or alanine aminotransferase [ALT]) generally were mild and reversible and did not result in apparent permanent or clinically
evident hepatic injury. Laboratory changes included increases in total cholesterol and decreases in neutrophils and platelets.


More serious and less common side effects of tocilizumab included perforation of the GI tract, increased risk of hepatitis B infection
in those already carrying the virus, increased risk of nervous system problems (multiple sclerosis), and hypersensitivity reactions
including anaphylaxis. Patients treated with tocilizumab are also at an increased risk for developing serious infections that may lead
to hospitalization or death, including tuberculosis and bacterial, invasive fungal, viral, or other opportunistic infections, presumably
due to neutrophil reductions. If a serious infection develops, tocilizumab therapy should be stopped until the infection is controlled.
In addition, treatments that suppress the immune system, such as tocilizumab, may cause an increase in the risk of cancer.


Drug Interactions[9,10]


Data from trials to date suggest that methotrexate, NSAIDs, or corticosteroids do not alter tocilizumab clearance. Tocilizumab has
not been studied in combination with biologic DMARDs such as TNF antagonists.


Hepatic cytochrome enzymes are downregulated by infection and inflammation stimuli, including cytokines such as IL-6. Therefore,
inhibition of IL-6 by tocilizumab may restore CYP450 activities to higher levels than those in the absence of tocilizumab, leading to
increased metabolism of drugs that are substrates for these enzymes. In vitro studies showed that tocilizumab has the potential to
affect expression of multiple CYP enzymes, including CYP1A2, CY2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. These effects
may be clinically relevant for CYP450 substrates with narrow therapeutic indexes, where the dose is individually adjusted (e.g.,
warfarin, theophylline, cyclosporine). Thus, therapeutic monitoring for effect (e.g., warfarin) or drug concentration (e.g., cyclosporine
or theophylline) is recommended upon initiation or discontinuation of tocilizumab. Caution should be exercised when tocilizumab is
coadministered with CYP3A4 substrate drugs where decrease in effectiveness is undesirable, such as with oral contraceptives,
lovastatin, and atorvastatin. The effect of tocilizumab on CYP450 enzyme activity may persist for several weeks after stopping
therapy. Live vaccines should not be given concurrently with tocilizumab.
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Dosage and Administration[9]


Tocilizumab is supplied as 20 mg/mL solutions for IV infusion in 80 mg/4 mL, 200 mg/10 mL, and 400 mg/20 mL single-use vials.
When used in conjunction with a DMARD or as monotherapy, the recommended starting dose of tocilizumab is 4 mg/kg followed
by an increase to 8 mg/kg based upon clinical response (not to exceed 800 mg per infusion). Repeat dosing of tocilizumab is
recommended every 4 weeks. Dosage adjustments of tocilizumab are needed in patients with abnormal absolute neutrophil or
platelet counts or elevated liver function tests. Tocilizumab should not be initiated in patients with an absolute neutrophil count
<2,000 mm3 or a platelet count <100,000 mm3, or in those who have liver function tests greater than the ULN.


Ustekinumab (Stelara, Centocor Ortho Biotech)


Indication and Clinical Profile[11,12]


Ustekinumab, an interleukin antagonist given by SC injection, has been approved for treatment of adults with moderate-to-severe
plaque psoriasis. It is the first agent in its class for this indication; the other biologic agents for psoriasis are T-cell or TNF
inhibitors. Plaque psoriasis affects 6 million people in the U.S. and is an immune system disorder characterized by rapid
overproduction of skin cells resulting in thickened patches of inflamed, red skin, often covered with silvery scales. Mild-to-moderate
psoriasis is generally treated with topical corticosteroids (main therapy), calcitriol, calcipotriene, or tazarotene. Phototherapy is used
when the disease is widespread or unresponsive to topical agents. Systemic drugs such as methotrexate, cyclosporine, and TNF
inhibitors are usually reserved for moderate-to-severe disease.


The clinical development program, which was the basis for FDA approval of ustekinumab, included more than 2,200 patients in two
pivotal phase III trials of 12 weeks' duration. At the 12-week end point of both studies, at least two-thirds of patients who received
two doses of ustekinumab, 45 mg or 90 mg, respectively, at weeks 0 and 4, showed 75% improvement on the Psoriasis Activity
and Severity Index (PASI), compared with 3% to 4% in patients receiving placebo. A third 12-week trial in patients with moderate-
to-severe psoriasis compared SC injections at weeks 0 and 4 of either 45 or 90 mg of ustekinumab with etanercept 50 mg twice
weekly SC for 12 weeks. A PASI 75 response occurred in 67.5% of patients treated with 45 mg of ustekinumab, in 73.8% of those
treated with 90 mg, and in 56.8% of those who received etanercept. Among the patients who did not respond to etanercept, 48.9%
showed a PASI 75 response within 12 weeks after being switched to ustekinumab.


Pharmacology and Pharmacokinetics[11]


Ustekinumab is a human immunoglobulin G1 (IgG1) antibody directed against the p40 subunit of IL-12 and IL-23 cytokines, which
are present in psoriasis skin lesions. These cytokines activate inflammatory and immune responses thought to be involved in the
keratinocyte hyperplasia characteristic of psoriasis.


In clinical trials, the median tmax was 13.5 days and 7 days after a single SC administration of 45 mg and 90 mg doses,
respectively. Following multiple SC doses, steady-state serum concentrations were achieved by week 28. There was no apparent
accumulation in serum ustekinumab concentration over time when given SC every 12 weeks.


The metabolism of ustekinumab has not been characterized, but as a human IgG1-kappa monoclonal antibody, it is likely degraded
into small peptides and amino acids via catabolic pathways in the same manner as endogenous IgG. The mean half-life ranged
from 15 to 46 days across all psoriasis studies following IV and SC administration. When given the same dose, subjects weighing
>100 kg had lower median serum ustekinumab concentrations compared with those subjects weighing ≤100 kg. No
pharmacokinetic data are available in patients with hepatic or renal impairment.


Adverse Reactions[11,12]


In clinical trials to date, adverse events occurred at similar rates in ustekinumab- and placebo-treated patients and were generally
mild and self-limited. Based on its mechanism of action, however, ustekinumab may cause serious infections, including reactivation
of latent tuberculosis. Thus, it should not be given to patients with any clinically important active infection, and patients should be
evaluated for tuberculosis infection prior to initiating treatment. Moreover, blocking the p40 subunit of IL-12 may compromise tumor
surveillance; doing so in mice led to a dramatic increase in the incidence of malignant tumors. Malignancies and reversible
posterior leukoencephalopathy syndrome have been reported in patients treated with ustekinumab. Ustekinumab should be used
during pregnancy or while nursing only if the potential benefit justifies the potential risk to the fetus (Pregnancy Category B).
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Drug Interactions[12]


The formation of CYP450 enzymes can be altered by increased levels of certain cytokines (e.g., IL-1, IL-6, IL-10, TNF-alpha,
interferon) during chronic inflammation. Thus, ustekinumab could normalize the formation of CYP450 enzymes. A role for IL-12 or
IL-23 in the regulation of CYP450 enzymes has not been reported. However, upon initiation of ustekinumab in patients who are
receiving concomitant CYP450 substrates, particularly those with a narrow therapeutic index, monitoring for therapeutic effect (e.g.,
warfarin) or drug concentration (e.g., cyclosporine) should be considered and the individual dose of the drug adjusted as needed.
Live vaccines should not be given concurrently with ustekinumab. The safety of ustekinumab in combination with
immunosuppressive agents or phototherapy has not been evaluated.


Dosage and Administration[12]


Ustekinumab is supplied in 45 mg/0.5 mL and 90 mg/1.0 mL single-use prefilled syringes and single-use vials for SC injection. For
patients weighing ≤100 kg, the recommended dose is 45 mg initially and 4 weeks later, followed by 45 mg every 12 weeks. For
patients weighing >100 kg, the recommended dose is 90 mg initially and 4 weeks later, followed by 90 mg every 12 weeks.


US Pharmacist © 2010 Jobson Publishing
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INTENDED USE STATEMENT
The content of this course is intended for informational purposes only. The medical information in this course is
intended as general information only and should not be used in any way to diagnose, treat, cure, or prevent any
disease. The goal of this course is to present and highlight nutritionally significant information, and offer
suggestions and protocols for nutritional support and health maintenance. Homeopathic protocols are intended
for use in symptom relief and OTC indications only.


It is the sole responsibility of the user of this information to comply with all local and federal laws regarding the use
of such information, as it relates to the scope and type of user’s practice.


The nutritional protocols and suggestions presented in this course are based on the presenter’s clinical experience
and research and are not intended to represent any claims regarding product performance or benefits by the
manufacturer, its distributors, or the sponsors of this seminar.
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Putative GABA Mechanisms for Novel Anxiolytics
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Intravenous injection 
– Depacon by Abbott 
Laboratories.
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Depakote tablets are a 
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valproate and valproic
acid.



http://en.wikipedia.org/wiki/Abbott_Laboratories

http://en.wikipedia.org/wiki/Abbott_Laboratories

http://en.wikipedia.org/wiki/Abbott_Laboratories

http://en.wikipedia.org/wiki/Depakote





Possible Sites of Action of Valproate on VSSCs


= valproate


Blocks voltage gated
Calcium channels







Possible Sites of Action of Valproate on VSSCs


= valproate







Possible Sites of Action of Valproate on GABA


= valproate


GABA neuron


GABA GABA-T
inactive 


substance


?


? ?







MARCKS


Possible Sites of Action of Valproate on Downstream
Signal Transduction Cascades


= valproate


neurotrophin


neuronal genome


BCL2
activation


GAP43
activation


ERK
activation


Ras/Raf/MEK


GSK-3


PKC
promotes neuroprotection 


long-term plasticity
antimanic / mood stabilizer







Actions of Valproate as a Mood Stabilizer


mania


mixed


rapid cycling


depression


= valproate


maintenance 
stabilize from 


above


maintenance 
stabilize from 


below


? ?







GABA


Ca++


Na+ channel


Carbamazepine


unit


Na+


K+


Trade names
Carbamazepine has been sold under the names 
Biston, Calepsin, Carbatrol, Epitol, Equetro, 
Finlepsin, Sirtal, Stazepine, Telesmin, Tegretol
(UK), Teril, Timonil, Trimonil, Epimaz, 
Carbama/Carbamaze (New Zealand), Amizepin
(Poland), Hermolepsin (Sweden), and Degranol
(South Africa).[6
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Actions of Carbamazepine, Oxcarbazepine, and 
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Possible Sites of Action of Lamotrigine and Riluzole
on Glutamate Release
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Antimanic Mood Stabilizers Acting at VSSCs: 
Stabilize and Reduce Neurotransmission
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Actions of Lamotrigine as a Mood Stabilizer


mania


mixed


rapid cycling


depression


= lamotrigine


maintenance 
stabilize from 


above


maintenance 
stabilize from 


below


?
?


?







glu


Ca++


Topiramate


CAI


Na+


GABA


Topamax







glu


Ca++


Zonisamide


GABA


Na+







Levetiracetam


SV2A







Mechanism of Levetiracetam at SV2A Synaptic Vesicle Sites
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Potential Therapeutic Effects of Alpha 2 Delta Ligands
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Potential Therapeutic Effects of Serotonergic Agents
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5HT1A Partial Agonist (SPA) Actions in Anxiety
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Antidepressant Mood Stabilizers Acting at Glutamate: 
Stabilize and Reduce Glutamate Hyperactivity
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Atypical Antipsychotic Actions in Psychotic and 
Nonpsychotic Mania
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Born Fearful? Serotonin Genetics and Life Stressors
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Hippocampal Volume Reduction with Stress/PTSD
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5HT Signaling Increases BDNF Release which Modifies 5HT 
Innervation


5HT


PKA
CaMK


CREB


BDNF


synapto-
genesis


neuro-
plasticity


neuro-
genesis


cell
survival







Child Abuse Sensitizes Circuits to Adult Stressors
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Stress and the HPA Axis
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Potential Sites of Action for Novel Treatments 
for Stress-Induced Affective Disorders







Noradrenergic Hyperactivity in Anxiety
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Noradrenergic Hyperactivity in Anxiety
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Fear Conditioning vs. Fear Extinction
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Facilitating Fear Extinction: Enhancing Inhibitory Learning 
with the NMDA Agonist D-Cycloserine
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Pre-Emptive Treatment: Blocking Fear Conditioning
with Beta Blockers
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Associate Symptoms with Brain Regions, Circuits, and 
Neurotransmitters that Regulate Them
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Born Worried? COMT Genetics and Life Stressors
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Reducing Glutamate Hyperactivity with Atypical 
Antipsychotics
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J Neurosci Res. 2005 Feb 15;79(4):545-53. PMID: 15635608Related Articles, Links�Mercury compounds disrupt neuronal glutamate transport in cultured mouse cerebellar granule cells.��Fonfría E, Vilaró MT, Babot Z, Rodríguez-Farré E, Suñol C.��Department of Neurochemistry, Institut d'Investigacions Biomèdiques de Barcelona, Consejo Superior de Investigaciones Científicas, CSIC-IDIBAPS, Barcelona, Spain.��Cerebellar granule cells are targeted selectively by mercury compounds in vivo. Despite the affinity of mercury for thiol groups present in all cells, the molecular determinant(s) of selective cerebellar degeneration remain to be elucidated fully. We studied the effect of mercury compounds on neuronal glutamate transport in primary cultures of mouse cerebellar granule cells. Immunoblots probed with an antibody against the excitatory amino acid transporter (EAAT) neuronal glutamate transporter, EAAT3, revealed the presence of a specific band in control and mercury-treated cultures. Micromolar concentrations of both methylmercury and mercuric chloride increased the release of endogenous glutamate, inhibited glutamate uptake, reduced mitochondrial activity, and decreased ATP levels. All these effects were completely prevented by the nonpermeant reducing agent Tris-(2-carboxyethyl)phosphine (TCEP). Reduction of mitochondrial activity by mercuric chloride, but not by methylmercury, was inhibited significantly by 4,4'-diisothiocyanato-stilbene-2,2'-disulfonic acid (DIDS) and by reduced extracellular Cl- ion concentration. In addition, DIDS and low extracellular Cl- completely inhibited the release of glutamate induced by mercuric chloride, and produced a partial although significant reduction of that induced by methylmercury. We suggest that a direct inhibition of glutamate uptake triggers an imbalance in cell homeostasis, leading to neuronal failure and Cl(-)-regulated cellular glutamate efflux. Our results demonstrate that neuronal glutamate transport is a novel target to be taken into account when assessing mercury-induced neurotoxicity. Copyright (c) 2005 Wiley-Liss, Inc.��Publication Types: Comparative StudyResearch Support, Non-U.S. Gov't�PMID: 15635608







“Jan. 27, 2009 –
Some foods and drinks 


rich in high-fructose 
corn syrup may contain


detectable levels of 
mercury, 


a new report shows.”
“mercury can be used to make 
caustic soda, which is one of 
the products used to make 
high-fructose corn syrup.”
http://www.webmd.com/food-


recipes/news/20090127/mercury-in-
high-fructose-corn-syrup below



Presenter

Presentation Notes

Mercury in high fructose corn syrup   http://www.webmd.com/food-recipes/news/20090127/mercury-in-high-fructose-corn-syrupMercury in High-Fructose Corn Syrup?Researchers Say 17 Products Tested Had Some Mercury; Industry Group Says Syrup Is SafeBy Miranda Hitti�WebMD Health NewsReviewed by Louise Chang, MD“Jan. 27, 2009 -- Some foods and drinks rich in high-fructose corn syrup may contain detectable levels of mercury, a new report shows.”“mercury can be used to make caustic soda, which is one of the products used to make high-fructose corn syrup.”The report, published on the web site of the Minneapolis-based nonprofit Institute for Agriculture and Trade Policy (IATP), shows detectable levels of mercury in 17 out of 55 tested products rich in high-fructose corn syrup.But the researchers aren't telling people to avoid those products or other items containing high-fructose corn syrup, and they aren't sure what form of mercury those products contained.The Corn Refiners Association stands by high-fructose corn syrup, calling it "safe."Mercury and High-Fructose Corn SyrupThe new report comes from researchers including David Wallinga, MD, director of the IATP's food and health program. They bought 55 products that list high-fructose corn syrup first or second on their list of ingredients, which means high-fructose corn syrup was a leading ingredient in those products.Wallinga's team sent samples of those products to a commercial lab, which checked the levels of total mercury in each sample."Overall, we found detectable mercury in 17 of 55 samples, or around 31%," write Wallinga and colleagues.Here is the list of those products:Quaker Oatmeal to Go barsJack Daniel's Barbecue SauceHershey's Chocolate SyrupKraft Original Barbecue SauceNutri-Grain Strawberry Cereal BarsManwich Gold Sloppy JoeMarket Pantry Grape JellySmucker's Strawberry JellyPop-Tarts Frosted BlueberryHunt's Tomato KetchupWish-Bone Western Sweet & Smooth DressingCoca-Cola Classic: no mercury found on a second testYoplait Strawberry YogurtMinute Maid Berry PunchYoo-hoo Chocolate DrinkNesquik Chocolate MilkKemps Fat Free Chocolate MilkWallinga and colleagues caution that their list was "just a snapshot in time; we only tested one sample of each product. That clearly is not sufficient grounds to give definitive advice to consumers."Mercury exposure at high levels can harm the brain, heart, kidneys, lungs, and immune system. A form of mercury called methylmercury is particularly risky to a baby's developing brain and nervous system, according to background information from the Environmental Protection Agency (EPA).Wallinga points out that the lab only tested for total mercury levels, not methylmercury or other types of mercury. He also notes that the EPA has a "reference dose," or upper limit, for methylmercury intake but not for other forms of mercury. Where Did the Mercury Come From?Wallinga's report doesn't prove that the mercury in the tested products came from high-fructose corn syrup, but "I'm hard pressed to say where else it would come from," Wallinga tells WebMD.Wallinga explains that mercury can be used to make caustic soda, which is one of the products used to make high-fructose corn syrup. That's outdated technology; mercury isn't needed to make caustic soda, notes Audrae Erickson, president of the Corn Refiners Association, in a statement emailed to WebMD.Where Did the Mercury Come From? continued...Erickson didn't comment specifically on Wallinga's study. Instead, her statement focuses on a new study published online in Environmental Health, which shows mercury in some samples of commercial high-fructose corn syrup tested in 2005."This study appears to be based on outdated information of dubious significance," Erickson states. "Our industry has used mercury-free versions of the two re-agents mentioned in the study, hydrochloric acid and caustic soda, for several years."Wallinga agrees about the technological shift away from mercury. "If you just look within the confines of the U.S., yes, about 90% of production now is not using mercury," says Wallinga. "The problem is that we don't actually know where our companies are buying their high-fructose corn syrup from ... it's a global industry.""For me, the take-home message is really that this is a totally avoidable, unnecessary exposure to mercury," says Wallinga. "We've got a safer, more efficient technology for making these chemicals that are part of the ingredients used to manufacture high-fructose corn syrup."Mercury's Form UnknownLike Wallinga's report, the study published in Environmental Health doesn't specify the form of mercury present in the high-fructose corn syrup."I would imagine that a good majority of the mercury that is detected would have been in the form of elemental mercury," not methylmercury, toxicologist Carl Winter, PhD, tells WebMD. Winter, who directs the FoodSafe Program at the University of California, Davis, says that methylmercury is "by far the most toxic form of mercury" because methylmercury is better absorbed by the body than other forms of mercury."We have a principle in toxicology, which is the dose makes the poison," says Winter. "It's the amount of a chemical, not its presence or absence, that determines the potential for harm, and frankly, I don't see based on their findings that they've made much of a case that this is something that consumers need to worry about."��Besides his academic work, Winter is a volunteer spokesman for the Institute of Food Technologists, a nonprofit scientific society that includes food science and technology professionals in industry, academia, and government. Winter says his work has never been funded by food or chemical industries.Companies RespondWebMD contacted the makers of all 17 products that tested positive for mercury in Wallinga's report.ConAgra Foods, which makes Manwich Bold Sloppy Joe and Hunt's Tomato Ketchup, is "absolutely confident in the safety of our products," ConAgra Foods spokeswoman Stephanie Childs tells WebMD.Childs notes that "the levels of mercury reported in our ketchup are well below the EPA's safe exposure level. In fact, we estimate that you'd have to eat more than 100 pounds of ketchup per day to even come anywhere near the EPA's safe exposure level in terms of mercury.Companies Respond continued...A spokeswoman for Kraft Foods, Adrienne Dimopoulos, tells WebMD that Kraft has not had time to review the study's findings. However, "Kraft Foods' highest priority is the safety and quality of our products and the safety of our consumers. All of the ingredients we use are approved and deemed safe for food use by regulatory agencies, including the US FDA."Amy Reilly, a spokeswoman for Target, which makes Market Pantry Grape Jelly, tells WebMD that Target is carefully evaluating the information and that "Target looks to the Food and Drug Administration to provide guidance on the safety of food additives and ingredients."An FDA spokesperson tells WebMD that the FDA takes mercury contamination in food very seriously and that methylmercury is the form of mercury that's of the greatest concern. Dietary exposure to methylmercury comes almost exclusively from fish, and the new research on mercury in high fructose corn syrup doesn't provide enough information or analysis because it focuses on total mercury levels and the potential levels of exposure are extremely low, the spokesperson notes.   
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James SJ,  et al. Thimerosal neurotoxicity is associated with glutathione depletion: protection with glutathione precursors. Neurotoxicology. 2005 Jan;26(1):1-8.  PMID: 15527868  LinksThimerosal neurotoxicity is associated with glutathione depletion: protection with glutathione precursors.James SJ, Slikker W, Melnyk S, New E, Pogribna M, Jernigan S. Department of Pediatrics, University of Arkansas for Medical Sciences and Arkansas Children's Hospital Research Institute, Little Rock, AR 72202, USA. jamesjill@uams.edu Thimerosol is an antiseptic containing 49.5% ethyl mercury that has been used for years as a preservative in many infant vaccines and in flu vaccines. Environmental methyl mercury has been shown to be highly neurotoxic, especially to the developing brain. Because mercury has a high affinity for thiol (sulfhydryl (-SH)) groups, the thiol-containing antioxidant, glutathione (GSH), provides the major intracellular defense against mercury-induced neurotoxicity. Cultured neuroblastoma cells were found to have lower levels of GSH and increased sensitivity to thimerosol toxicity compared to glioblastoma cells that have higher basal levels of intracellular GSH. Thimerosal-induced cytotoxicity was associated with depletion of intracellular GSH in both cell lines. Pretreatment with 100 microM glutathione ethyl ester or N-acetylcysteine (NAC), but not methionine, resulted in a significant increase in intracellular GSH in both cell types. Further, pretreatment of the cells with glutathione ethyl ester or NAC prevented cytotoxicity with exposure to 15 microM Thimerosal. Although Thimerosal has been recently removed from most children's vaccines, it is still present in flu vaccines given to pregnant women, the elderly, and to children in developing countries. The potential protective effect of GSH or NAC against mercury toxicity warrants further research as possible adjunct therapy to individuals still receiving Thimerosal-containing vaccinations. PMID: 15527868 [PubMed - indexed for MEDLINE] 
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http://www.heattreat.ca/aging.php belowAging and Mitochondria (Premature Aging) Links to Degenerative Diseases�Some Premature Aging Causes Have Been Identified and These Can Be Easily Changed by Anyone Interested in Staying as “Young” and Healthy as Possible��There are many theories of aging. Some involve processes over which we presently have no control and a huge number yet undiscovered. Out of this highly contentious issue arose a theory involving mitochondria in our cells, which shows the greatest promise to modify, reverse, and “cure” degenerative diseases. Mitochondrial Medicine may prove to be the wave of the future for medicine. It is already proving of benefit in returning homeostasis to “disorders” in the body. Mitochondrial impairment has been linked to the degenerative diseases of normal aging and because these same impairments are also being found in younger aged people they are thought to be the cause of “premature aging” and therefore why younger people are developing these diseases of the aged. Identified factors that lead to mitochondrial impairment just happen to be factors that are adaptable to change by ourselves and with the help of sophisticated metabolic testing.���The Degenerative Diseases Linked to Mitochondrial Impairment�Defects in mitochondrial function have now been linked to many of the most common diseases of the aged population. These include Type II Diabetes Mellitus, Parkinson Disease, Atherosclerotic Heart Disease, Stroke, Alzheimer Dementia, and Cancer. While it cannot yet be said that mitochondria are the only cause of these problems, it is clear that mitochondria are involved because their function is “measurably” disturbed. Even autoimmune diseases such as Multiple Sclerosis, Systemic Lupus Erythematosus, and Rheumatoid Arthritis appear to have mitochondrial components. Each time a disease is investigated, mitochondrial impairment links are found.��Mitochondria normally become severely impaired with age. This impairment results in high levels of free radicals that not only continually damage the mitochondria, but other important parts of the cell (DNA), leading to a vicious downward spiral in overall cell function. Mitochondrial decay may also result in energy deficits and an inability to dispose of toxins from the environment and may cause cells to die prematurely. Results led to the conclusion that mitochondria can be called the "Achilles Heel" of the cell in terms of aging.��Researchers are now wondering if mitochondrial impairment might be at the heart of many more diseases and disorders.��Primary defects in mitochondrial function are implicated in over 100 diseases, and the list continues to grow. Yet, the first mitochondrial defect--a myopathy--was demonstrated only 35 years ago. ��With increased understanding of the mechanisms, underlying mitochondrial dysfunctions came the beginnings of therapeutic strategies, based mostly on the administration of antioxidants, replacement of cofactors, vitamins and minerals, hormone balancing, and provision of nutrients. At the present accelerating pace of development of what may be called mitochondrial medicine, much more is likely to be achieved within the next few years.��In 1995, the entire program of the 25th annual meeting of the American Aging Association and the American College of Clinical Gerontology was devoted to the role of mitochondria in the chronic diseases. Even so, most physicians in America are not yet aware of the connection between chronic diseases and abnormalities in mitochondrial function. Fortunately, this is changing through education. However, real change in medicine requires two elements - education and the availability of effective treatment. Progress will be slow until effective treatments for mitochondrial diseases are developed.��The Really Good News? The mitochondria processes related to aging and premature aging are highly adaptable with different (individual) interventions. What’s more, these processes can be measured with special laboratory tests. Moreover, you CAN make use of this knowledge to make significant changes that will and do help you to maintain your current good health or assist in reversing current health and pain causing conditions – including back and neck pain conditions. ��Are We Aging Prematurely?�According to the federal government, Americans live an average of 73.7 years, but spend their last 11.7 years in "dysfunctional life", which is marked by disease and impairment. This must mean that aging factors are beginning to create degenerative disease changes in our bodies long before the age of 62. In fact, studies have shown many degenerative disease processes begin in a person’s 20s. [1] Remember, this age of 73.7 years is an “average.” This must then mean that there are a good number of people developing degenerative diseases at even younger ages then 62. Centenarian societies are still physically active, healthy, and happy long into their 80s – 90s while showing little if any western degenerative diseases, even into these ages. Consider that studies have determined (without problematic genetic aspects) humans are biologically “set” to live well into their 120th year.��When looking at aging and premature aging research we compiled a list of four scientifically well accepted contributors to the aging process. They are:IMPAIRED MITOCHONDRIAL FUNCTION�1a) Oxidative Stress�1b) Impaired or abnormal fluctuations in levels of �blood sugar and insulin (Dysglycemia) �1c) Increased combining of glucose and �proteins (Glycation) �1) IMPAIRED MITOCHONDRIAL FUNCTION�A quick look at the above list and it is easy to see we did not include 1a to 1c as primary factors. That is because while they are contributors to aging and pre-mature aging in their own right, they are also the known prime contributors to impaired mitochondrial and cellular function. Impaired mitochondrial functioning is looking more and more like one of the crucial candidates for all the symptoms of premature aging and, by extension, over 100% of the leading causes of death by disease and the various conditions, syndromes and symptoms that accompany these diseases plaguing western health. ��While we are certain many more aspects of the body’s interacting metabolic systems will be implicated as causative of premature aging and the aged, this article looks at the known factors about mitochondrial functioning that we have control over NOW in our quest for homeostasis, health and relief from needless pain. ���Why are Mitochondria so Important?�The mitochondria (the plural of Mitochondrion) are commonly referred to as the "powerhouses" of the cell. Every cell throughout our body contains a number of these little “powerhouses”. Depending upon the specific type of cell there can be one or thousands of mitochondrion in each cell.��Mitochondria consume over 80 percent of the oxygen we breathe and make over 90 percent of the energy our cells need to function. They use the oxygen in the air we breathe to release energy from food. This process transforms food calories into chemical energy, water, and carbon dioxide. The released chemical energy is then stored in the form of adenosine triphosphate (ATP). ATP is the universal currency of energy used by all life on earth. It is like an electrical power source that drives the engines of the cell. This process of burning food to make ATP is called oxidative phosphorylation. Only mitochondria can do it. Without it, muscles could not contract and neurons could not fire. Mitochondria literally make it possible for us to move and think.��Production of ATP is far from the only major function these infinitely tiny cellular components use to help keep vital homeostasis on the go. ��Some mitochondrial functions are performed only in specific types of cells. For example, mitochondria in liver cells contain enzymes that allow them to detoxify ammonia, a waste product of protein metabolism. These enzymes are not made in the mitochondria of cardiac cells. As more research is done greater information about their role is being revealed. What is known is just the “tip of the iceberg” thing again. ��What Are Some of Their Other Functions?�Here is what we know today about some of the other functions these stupendously tiny cellular components have a role in:apoptosis (normal cell death) Glutamate-mediated excitotoxic neuronal (Nerve) injury Cellular reproduction heme (iron) synthesis steroid synthesis * - Also called steroid hormones. Synthesis of all steroids must have cholesterol to begin. (*Any of numerous naturally occurring fat-soluble organic compounds such as plant sterols and bile acids, adrenocortical and sex hormones, and the precursors of certain vitamins.) heat production (enabling the organism to stay warm) �Mitochondria are important in relation to the aging process for two reasons: their role in energy production and, the generation of free radicals. Yes, these little powerhouses are radically responsible for the production of free radicals in the body. ��1a) Oxidative Stress (Caused by Free Radicals)�Although we cannot survive without oxygen, oxygen also contributes to our death by forming free radicals, which are unstable and highly reactive molecules that alter metabolism and damage physical structures. The mitochondria are the major sites within the body for the production of free radicals. In a healthy state, about 20% of the oxygen we breathe forms free radicals. In an unhealthy state up to 80% of the oxygen we breath forms free radicals. ��When the mitochondria are malfunctioning, more free radicals are formed. Chemical, Metal, Drug Toxicity, nutrient inadequacy, and stress adversely affect mitochondrial function by adding to increased free radical production.��Mitochondria possess their own DNA (genetic material), which unlike the DNA housed in the nucleus (center of the cell) is very vulnerable to mutation (damage) from oxidative stress (free radicals). When mutation of this DNA occurs, mitochondrial function may become severely damaged. It is easy to get into a cycle of poor mitochondrial function, oxidative stress, mitochondrial mutation, further impairment of mitochondrial function and so on.��Not only does mitochondrial impairment contribute to aging by increasing free radical production, but reduced generation of energy plays a role as well. We all undergo degenerative changes as a result of normal aging; loss of normal structure and function, as our cells "run out of gas" due to mitochondrial failure. Degeneration and eventually death results. ��While our nuclear (found in the nucleus (center) of the cell) DNA is wonderfully protected, unfortunately we seem stuck with a poor mitochondrial DNA repair capacity. Each mitochondrion’s DNA can take only so many free-radical "hits." For instance, mitochondrial malfunction within brain cells results in cognitive impairment and death of those cells, contributing to the likes of Alzheimer and Parkinson’s diseases.��Mitochondrial impairment is often first observed in the cells that contain greater numbers of mitochondria: like the cells of the heart, brain, muscles, liver, immune system, and gastrointestinal lining. ��ARE YOU CONNECTING ANY DOTS TO OUR MAJOR DEGENERATIVE�DISEASES YET?�� ���What causes this “Oxidative Stress”?�Common sources of oxidative stress are: toxicity, chronic inflammation, glycation, stress, excessive exercise, some medications, alcohol, cigarette smoke, and dietary factors such as consumption of refined carbohydrates (white sugar and flour, for a start), bad fat, bad oils, fried oils, and foods cooked at high temperature (fried or barbequed for example). Overeating may be another source of oxidative stress. The more food that is burned within the mitochondria the more free radicals are produced. Animal studies have actually demonstrated that caloric restriction extends lifespan. ��These are the same scientifically identified Major Contributors to aging, premature aging and degenerative disease development, which we discussed in our article on Degenerative Conditions of the Back and Neck.��What protects and assists mitochondrial function?�Many nutrients are critical for proper mitochondrial function and protection from oxidative stress. The diet needs to supply quality proteins, fats and oils, carbohydrates, and an abundance of antioxidants. And, this diet must be ingested in a healthy ratio of protein to fats to carbs. Certainly none of this is to be found in the Standard American Diet (Acronym: SAD)��Antioxidants are found in abundance in unprocessed, fresh, fully matured plant foods, grown in healthy soil. ��Supplemental nutrients of particular importance to mitochondrial function include coenzyme Q10, R-alpha lipoic acid, L-Acetyl Carnitine (AKA: Acetyl-L-Carnitine), and vitamin E. ��Aerobic, weight bearing, and limbic exercise (no excessive exercise) also improves mitochondrial function and increases the body’s antioxidant defenses.��There are many other nutrients and supplements that can be of assistance and may be needed over and above the healthy diet and those listed above. We have left them out of this list on purpose. They should only be used after proper testing has been done, and prescribed only under the care of a natural physician or a medical model specialist in endocrinology and mitochondrial disease. For example: people diagnoses as diabetic II, can find their blood sugar reduced to dangerously low levels with the use of R-ALA and L-Acetyl Carnitine when they are also taking pharmaceutical medications that seek to produce the same result.��Testing for Mitochondrial Health�Two particularly good tests for assessing mitochondrial health are the Oxidative Stress Analysis and the Organic Acid Analysis. Information from both tests can be used to tailor therapy for the individual to improve mitochondrial function. These are tests available through order of a Natural doctor. Some times under special circumstances an MD may be able to order such tests, but it is not a usual practice.��The Oxidative Stress Analysis is a laboratory test performed on blood and urine specimens to evaluate levels of oxidative stress and adequacy of the body’s antioxidants. ��The Organic Acid Analysis utilizes a urine sample to measure concentrations of compounds produced by the body’s metabolism. Several of these organic acids are produced within mitochondria. Abnormal levels of mitochondria-derived organic acids signify altered mitochondrial function. ��1b) Blood Sugar Fluctuations (Dysclycemia)�Dysglycemia is basically abnormal fluctuations in levels of blood sugar resulting in high levels of insulin. Another term is Insulin Resistance. Dysglycemia accelerates the aging process in a number of ways. It impairs mitochondrial functioning and raises levels of insulin, which contributes to obesity, hypertension, atherosclerosis, and accelerated tumor growth and produces pro-aging imbalances in other hormones. Some of these hormonal abnormalities in turn lead to further dysglycemia. Dysglycemia impairs immune function, increases inflammation and leads to increased protein glycation. Dysglycemia is the metabolic precursor of adult-onset diabetes. Diabetes complications include vascular and heart disease, eye, nerve and kidney damage and other conditions. ��1c) Protein Glycation�Glycation is the combining of glucose with proteins, and it occurs continuously throughout the body. The higher the levels of glucose in the blood and the longer they stay elevated, the more glycation occurs. Insulin resistance, which results from prolonged dysglycemia, allows blood glucose to rise to abnormal levels. Glycation results in altered structure and function of the protein. Glycation also contributes to inflammation and to increased oxidative stress and mitochondrial damage. The rate of protein glycation has been found to correlate with biological aging. ��COOKING AT HIGH TEMPERATURES�Eating foods cooked at high temperatures creates glycation and this is another contributor to the production of inflammatory cytokines. In fact, it has been shown that eating such foods leads to the formation of advanced glycation end products. (AGE’s) Glycation can be described as the binding of a protein molecule to a glucose molecule, resulting in the formation of damaged protein structures. Many age-related diseases such as arterial stiffening, cataracts, and neurological impairment are at least partially attributable to glycation. These destructive glycation reactions render proteins in the body cross-linked and barely functional. As these degraded proteins accumulate, they cause cells to emit signals that induce the production of inflammatory cytokines (such as IL-6 and TNF-a)��History and Current Knowledge of Mitochondria �Mitochondrial medicine is a new and rapidly developing medical subspecialty. Many specialists are now involved in researching mitochondrial diseases, including physicians specializing in metabolic diseases, cell biologists, molecular geneticists, neurologists, biochemists, pathologists, immunologists, and embryologists. Natural Model scientist are also looking at and participating in this research. For them it has provided yet more scientific proof that the body works as a single interrelated unit.��Studies linking mitochondrial damage to the aging processes are the result of discovery of genetic mitochondria abnormalities “disorders” in children. The first patient was diagnosed with a genetic mitochondrial disorder in 1959. One thousand to 4,000 children per year are born with a type of mitochondrial “disease” in the United Sates.��Many of the “diseases” associated with “aging” that would normally begin to appear in people after the age of 50 to 70 showed mitochondrial damage similar to (disease) disorders suffered by those children. Among these, but not limited to, are type 2 diabetes, Parkinson's disease, atherosclerotic heart disease, stroke, Alzheimer's disease and cancer. Once aware of this damage, which was normal in the aged, they began to find this same mitochondrial damage and it’s expected diseases occuring in a much younger population, as well. This is now referred to as pre-mature aging.��The additional discovery that many medications can injure the mitochondria then led research into evaluating how other toxic environmental factors cause dysfunctional mitochondria and lead to “diseases.” These include many of the 80,000 chemicals produced by industry including artificial hormones and metals. ��Mitochondrial dysfunction can affect every part of the body. In some people only one organ may be involved, in others all organs may be affected. However, we want to make the strong point that no matter what – a problem in one area (organ or system) sooner or later upsets everything else. The length of time this takes before outward, undeniable physical symptoms occur depends on too many factors to evaluate here. However, this internal upset DOES occur and WILL produce ever more negative results to health. The longer one takes in starting the processes that will identify and begin to rectify such dysfunctions the greater the danger to develop more complicated disease conditions.��Symptoms Associated with Impaired Mitochondria�Medical model science supplies a list of symptoms associated with impaired and damaged mitochondria. After reviewing these we hope you agree that they make it easy to see that this list links to, and encompasses, all major health problems in western world lifestyle countries.��Their list is as follows:��{Quote} Depending on which specific cells of the body are affected, i.e. liver, heart, brain, etc., mitochondrial impairment or dysfunction within these cells may include symptoms such as: �• unrelieved fatigue�• Poor growth �• Loss of muscle coordination, muscle weakness �• Visual and/or hearing problems �• Developmental delays, learning disabilities �• Mental retardation �• Heart, liver or kidney disease �• Gastrointestinal disorders, severe constipation �• Respiratory disorders �• Diabetes �• Immune system dysfunction (Increased risk of infection, inflammation, cancer)�• Neurological problems, seizures �• Thyroid dysfunction �• Steroid dysfunction�• Dementia (mental disorder characterized by confusion, disorientation and memory loss) {Unquote}��Insulin and aging�Centenarians, people who have lived over 100 years, don't have much in common. For example, some are smokers – others not. They come from all over the world without a favoring any geographic location in particular.��However, there are 3 consistent metabolic blood indicators common to all centenarians; low blood sugar, low insulin, and low triglycerides. All 3 are relatively low vs. chronological age. Among these 3 indicators/factors insulin is the common denominator.�The level of insulin sensitivity of the cell is one of �the most important markers of lifespan.�Controlling your blood insulin level is one of the most powerful anti-aging strategies you can possibly put into action.��Insulin Resistance is being extensively studied by endocrinologists. So far, these studies have linked insulin resistance with almost every life-threatening disease, and their complications - and they are still looking. In many cases the link is direct (causative) to the disease, in other cases it is a result or cause of a complication of the disease. Metabolic Syndrome (definitely linked to Insulin Resistance) was first identified as a group of symptoms indicating a high risk for heart and vascular disease and diabetes II – but it was only a part of an overall investigation in the possible links between insulin resistance and any or all diseases. Both Metabolic Syndrome, and the Metabolic Affects of Westernized Living, looks at Insulin Resistance’s connection to Aging and Premature Aging diseases. When we consider the information we have just read – it certainly looks like the sugar/insulin problem is ONE of the big reasons we have increasing poor health – a slippery slope to the development of all the diseases associated with impaired mitochondrial function and premature aging for sure. And it may turn out to be the biggest cause. It is also the easiest one to change.��In Conclusion:�No matter which model of medicine you favor for your back or neck pain care and treatment we ask you to keep in mind there is no doubt the body does not work as independent parts. What affects one part affects every part. Health, and a healthy, pain free body, begin and end at the cellular-chemical level. It would seem that the most important part of the cellular-chemical health or metabolic disease process that we have the power to change, lies within our mitochondria. Thorough individualized tests are required to determine an overall metabolic imbalance and thereby where to begin rebalancing. We ask you to remember that orthodox testing cannot give you such definitive answers.���References:�[1] Cheryl Duxbury. Aging and the Threshold of Disease, University of Waterloo, CA. Course Notes Biology and Human Aging��R Luft, Rolf Luft Research Institute, Department of Molecular Medicine, Karolinska Hospital, Stockholm, Sweden “The development of mitochondrial medicine.” Proc Natl Acad Sci U S A. 1994 September 13; 91(19): 8731–8738.Joseph Debe, MD, "A Scientific Approach to Anti-Aging", www.drdebe.com/antiage.htm��Trifunovic, A. et al. (2004). “Premature ageing in mice expressing defective mitochondrial DNA polymerase.” Nature; 429(6990): 417–23.��Cadenas E, Davies KJ. "Mitochondrial free radical generation, oxidative stress, and aging." Free Radic Biol Med 2000 Aug;29(3-4):222-30 ��Ebadi M. "Introduction. Oxidative stress in mitochondria disorders of aging." Biol Signals Recept 2001 Jan-Apr;10(1-2):5-13 ��Kowald A. "The mitochondrial theory of aging." Biol Signals Recept 2001 May-Aug;10(3-4):162-75 �Allen JF, Allen CA. "A mitochondrial model for premature aging of somatically cloned mammals." IUBMB Life 1999 Oct;48(4):369-72 ��Van Remmen H, Richardson A. "Oxidative damage to mitochondria and aging." Exp Gerontol 2001 Jul;36(7):957-68 ��Wei YH, Lu CY, Wei CY, Ma YS, Lee HC. "Oxidative stress in human aging and mitochondrial disease-consequences of defective mitochondrial respiration and impaired antioxidant enzyme system," Chin J Physiol 2001 Mar 31;44(1):1-11��“Accumulation of deletions and point mutations in mitochondrial genome in degenerative diseases.” M. Tanaka, S. A. Kovalenko, J. S. Gong, H. J. Borgeld, K. Katsumata, M. Hayakawa, M. Yoneda and T. Ozawa Department of Biomedical Chemistry, Faculty of Medicine, University of Nagoya, Japan��“Mitochondrial Medicine – Molecular Pathology of Defective Oxidative Phosphorylation. ” Egil Fosslien��Aubrey de Grey. “The Mitochondrial Free Radical Theory of Aging.” (R.G. Landes Co, 1999). ��Aubrey de Grey. "The reductive hotspot hypothesis of mammalian aging: Membrane metabolism magnifies mutant mitochondrial mischief," European Journal of Biochemistry. Vol 269 : pp.2003-2009 (Apr 2002) (Minireview). ��Douglas C. Wallace. "Mitochondrial Diseases in Man and Mouse," Science. pp. 1482-1488 (5 March 1999) ��Douglas C. Wallace. "Mitochondrial DNA in Aging and Disease," Scientific American. pp. 40-47 (August 1997) ��U.T. Brunk and A. Terman. "The mitochondrial-lysosomal axis theory of aging: Accumulation of damaged mitochondria as a result of imperfect autophagocytosis," European Journal of Biochemistry. Vol 269 : pp.1996-2002 (Apr 2002) (Minireview). ��Makiko S. Fliss, et.al. "Facile Detection of Mitochondrial DNA Mutations in Tumors and Bodily Fluids," Science. pp. 2017-2019 (17 March 2000) 
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Taurine activates GABA prevents Beta Amyloid Neurotoxicity FASEB 2004 http://www.fasebj.org/cgi/reprint/18/3/511 below  (The FASEB Journal. 2004;18:511-518.)  PMID: 15003996�© 2004 FASEB Taurine prevents the neurotoxicity of ß-amyloid and glutamate receptor agonists: activation of GABA receptors and possible implications for Alzheimer’s disease and other neurological disorders PAULO ROBERTO LOUZADA, ANDRÉA C. PAULA LIMA, DAYDE L. MENDONÇA-SILVA*, FRANÇOIS NOËL*, FERNANDO G. DE MELLO and SÉRGIO T. FERREIRA1 Departamento de Bioquímica Médica and�* Departamento de Farmacologia Básica e Clínica, Instituto de Ciências Biomédicas,�Instituto de Biofísica Carlos Chagas Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ 21941-590, Brasil 1Correspondence: Departamento de Bioquímica Médica, Instituto de Ciências Biomédicas, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ 21941-590, Brasil. E-mail: ferreira@bioqmed.ufrj.br �   ABSTRACT TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES� �Alzheimer’s disease (AD) and several other neurological disorders have been linked to the overactivation of glutamatergic transmission and excitotoxicity as a common pathway of neuronal injury. The ß-amyloid peptide (Aß) is centrally related to the pathogenesis of AD, and previous reports have demonstrated that the blockade of glutamate receptors prevents Aß–induced neuronal death. We show that taurine, a ß-amino acid found at high concentrations in the brain, protects chick retinal neurons in culture against the neurotoxicity of Aß and glutamate receptor agonists. The protective effect of taurine is not mediated by interaction with glutamate receptors, as demonstrated by binding studies using radiolabeled glutamate receptor ligands. The neuroprotective action of taurine is blocked by picrotoxin, an antagonist of GABAA receptors. GABA and the GABAA receptor agonists phenobarbital and melatonin also protect neurons against Aß-induced neurotoxicity. These results suggest that activation of GABA receptors decreases neuronal vulnerability to excitotoxic damage and that pharmacological manipulation of the excitatory and inhibitory neurotransmitter tonus may protect neurons against a variety of insults. GABAergic transmission may represent a promising target for the treatment of AD and other neurological disorders in which excitotoxicity plays a relevant role.—Louzada, P. R., Lima, A. C. P., Mendonça-Silva, D. L., Noël, F., de Mello, F. G., Ferreira, S. T. Taurine prevents the neurotoxicity of ß-amyloid and glutamate receptor agonists: activation of GABA receptors and possible implications for Alzheimer’s disease and other neurological disorders. �Key Words: amyloid • neuroprotection �   INTRODUCTION TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES� �EXCITOTOXICITY (the neuronal damage caused by overstimulation of excitatory receptors) has been implicated in several neurological disorders that affect millions of people worldwide (1 , 2) . Glutamate, the major excitatory neurotransmitter in the central nervous system (CNS), plays important physiological roles in brain development and in processes such as learning, memory, sensory activity, movement control, and modulation of synaptic transmission (3) . However, the overstimulation of both ionotropic and metabotropic glutamate receptors has been clearly implicated in the neuronal injury observed in several neurodegenerative disorders, including Alzheimer’s disease (AD), Huntington’s disease, amyotrophic lateral sclerosis, AIDS dementia complex, and Parkinson’s disease (1 , 2 , 4 5 6 7) . Other acute insults leading to massive brain cell death that have been related to excitatory imbalance include hypoglycemia, neurologic trauma, stroke, and epilepsy (1 , 2) . AD is histopathologically characterized by the deposition of a 39-43 amino acid residue peptide, known as ß-amyloid (Aß), in senile plaques in the brains of affected individuals (8) . Early evidence of the involvement of Aß in the neuronal death in AD came from studies showing that Aß itself was neurotoxic in vitro (9) and in vivo (10) . However, the mechanisms of cell death induced by Aß are not yet fully elucidated. The possible involvement of glutamate excitotoxicity in the pathophysiology of AD has been supported by a number of studies (for examples, see refs 11 12 13 14 15 16 ). Recently, we have shown that the blockade of ionotropic and/or metabotropic glutamate receptors prevents the neurotoxicity of Aß in retinal neuronal cultures (16) . The retina has been used as a model system to investigate several aspects of neurochemical signaling in the CNS at the cellular level. Much is known about the morphology, ontogeny, biochemistry, and physiology of the retina. One of the most interesting features of this tissue is that its neurotransmitters participate in neural circuits that are entirely confined within the retina. Retinas obtained from chick embryos can be easily maintained in culture either as explants or as dissociated cells. Under these conditions, most neurochemical markers of tissue development and proper neurochemical communication are established among the different cell types. The retinas of different species have been used to study excitotoxicity mediated by excitatory amino acids. Recently, cultured retinal neurons have been shown to be highly sensitive to the neurotoxicity of Aß (16 , 20) . However, the mechanisms through which Aß mediates cell death still are not fully understood. Taurine (2-aminoethanesulfonic acid) is present at high concentrations in the mammalian brain (17) , with several proposed roles in neurotransmission, neuromodulation, osmoregulation, control of calcium influx, and cell excitability. Early studies have shown that taurine increases Cl– conductance in excitable tissues and binds to GABAA receptors (18 , 19) . Here, we provide evidence supporting the notion that the neurotoxicity of Aß to retinal neurons is mediated by glutamate receptors. We also show for the first time that taurine prevents the neurotoxicity of Aß and that the neuroprotection is related to the activation of GABAA receptors. Similar neuroprotective actions of taurine were observed against the excitotoxicity of various glutamate receptor agonists. GABA and the pharmacological agonist phenobarbital had similar neuroprotective actions. These results suggest that selective pharmacological modulation of glutamate and GABA receptors could offer an interesting therapeutic approach in many neurological disorders, including AD. �   MATERIALS AND METHODS TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES� �Materials�Kainic acid (KA) was purchased from Research Biochemicals International (Natick, MA, USA) and [3H]-MK-801, [3H]-AMPA, and [3H]-Kainic acid were from New England Nuclear (Boston, MA, USA). Tris, PPO, POPOP, PMSF, EDTA, glutamate, NMDA, GABA, thiobarbituric acid, trypan blue, taurine, TFE, deferoxamine, BHT, and phenobarbital were from Sigma Chemical Co. (St. Louis, MO, USA). Aß peptide (Aß1-42) was from Bachem Inc. (Torrance, CA, USA). All other reagents were of the highest analytical grade available. Retinal cultures�Neuronal cultures of 8- or 9-day-old chick embryo retinas were used. 24-Well plates were incubated with poly-L-lysine hydrobromide (20 µg/mL, 500 µL/well) for 24 h. The wells were then washed three times with sterile distilled water (500 µL) to remove excess polylysine. In each experiment, retinas were dissected under sterile conditions in a calcium/magnesium-free solution. Trypsinization (0.05% trypsin) was carried out for 10 min at 37°C in calcium/magnesium-free solution and the dissociated tissue was centrifuged for 2 min at 2000 rpm. The supernatant was discarded, and the pellet was carefully resuspended in BME supplemented with 5% (v/v) fetal calf serum and mechanically dissociated by gently pipetting the tissue 10–20 times. Final cell concentration was 106 cells/mL for low-density cultures and 5 x 106 cells/mL for dense cultures. 500 µL of the cell suspension was added to poly-L-lysine- wells. Cultures were kept at 37°C in a humidified atmosphere of 92% air/8% CO2 and the medium was changed 24 h after plating. For neuroprotection assays, taurine, phenobarbital, or GABA was added to the medium, as indicated in Results. After an incubation of 1 h, Aß was added to a final concentration of 44 µM. Picrotoxin, when used, was added to the culture 1 h before other additions to ensure complete blockade of GABA receptors. Cell viability assay�Cell survival was evaluated 48 h after various types of treatment of the cultures using the trypan blue exclusion method as described previously (16 , 21) . Binding assay�Membrane preparations were obtained from retinal cells after 6, 24, 48, or 96 h in culture, as described in Results. Briefly, retinal cells were homogenized in ice-cold 50 mM Tris-acetate buffer containing 5 mM EDTA and 1 mM PMSF, pH 7.2, with a Dounce homogenizer at 4°C. The homogenate was centrifuged at 100,000 g for 1 h at 4°C. The pellet was resuspended in 50 mM Tris-acetate, pH 7.2, and stored at -70°C until use. Protein concentration was determined by the method of Bradford (22) , using bovine serum albumin as standard. For kainate binding assays, membranes (80–100 µg of protein) were incubated for 1 h at 4°C in 0.5 mL of 50 mM Tris-acetate, pH 7.2, containing 5 nM [3H]-KA (58.0 Ci/mmol). Bound and free [3H]-KA were separated by rapid filtration under vacuum on glass fiber filters (Whatman GF/C) followed by two 3 mL washes with ice-cold 50 mM Tris-acetate buffer. After drying, the filters were placed in vials containing a scintillation mixture (0.1 g/L POPOP and 4.0 g/L PPO, in toluene) and radioactivity was measured in a Tri-Carb Packard liquid scintillation counter. The specific binding was calculated by subtracting nonspecific binding, determined in the presence of 100 µM unlabeled KA, from the total binding. Essentially the same protocol was used for NMDA receptor binding assays, except that 10 nM [3H]-MK-801 (28.9 Ci/mmol), a noncompetitive NMDA antagonist, was used in 5 mM Tris-HCl buffer (pH 7.2). In this case, the filters were rinsed twice with 4 mL of ice-cold Tris-HCl buffer and the nonspecific binding was determined in the presence of 3 mM ketamine, a noncompetitive antagonist of the NMDA receptor. For AMPA receptor binding assays, the same protocol was used except that 5 nM [3H]-AMPA (40.6 Ci/mmol) was used in 50 mM Tris-acetate, 100 mM KSCN buffer (pH 7.2) and the filters were rinsed twice with 3 mL of ice-cold Tris-acetate/KSCN buffer. Nonspecific binding was determined in the presence of 1 mM L-glutamate. Amyloid aggregation measurements�Aß aggregation was assayed by diluting Aß1-42 from a stock solution in 50% (v/v) trifluoroethanol (TFE) into PBS at a final concentration of 6.6 µM peptide (0.75% residual TFE). When indicated, 5 mM taurine was also included in the PBS buffer. Right-angle light scattering measurements at 400 nm were carried out in an ISS PC1 spectrofluorometer (ISS Inc., Champaign, IL, USA). Aggregation was complete after 24 h incubation, as indicated by control measurements (data not shown). ThT fluorescence measurements were carried out in the same instrument using excitation at 450 nm and emission at 485 nm. Statistical analysis�Values presented are means ± SE of at least three independent assays. Statistical significances were evaluated using unpaired Student’s t test. �   RESULTS TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES� �Figure 1 shows the effects of Aß on low-density chick embryo retinal cultures at different ages. Figure 1 A shows a control 6-day-old (C6) neuronal culture. When Aß (44 µM) was added on the fourth day of culture (C4) and maintained in the medium for 2 days, a marked neurotoxicity was apparent (Fig. 1B ), with a sharp decrease in cell viability and extensive neurite retraction. By contrast, no neurotoxicity was observed when Aß was added to the culture 6 h after cell dissociation and maintained in the medium for 2 days (Fig. 1C, D ). On the other hand, cultures to which Aß was added 6 h after cell dissociation and maintained in the medium for 6 days exhibited extensive neuronal death, similar to those to which Aß was added at C4 (Fig. 1E ). These results show that neurons recently subjected to trypsin treatment for cell dissociation were not susceptible to Aß toxicity, whereas marked neurotoxicity was observed when aged neurons in culture (i.e., at C4) were exposed to Aß. Neuronal cultures treated with various glutamate receptor agonists (kainate, NMDA, and glutamate) showed a similar pattern of age-dependent sensitivity to excitotoxicity (Fig. 1E ). ��View larger version (118K):�[in this window]�[in a new window]�  Figure 1. Neurotoxicity of Aß and glutamate receptor agonists to chick embryo retinal neurons. A) Control 6-day-old (C6) retinal culture.B) 44 µM Aß was added to a 4-day-old (C4) culture and kept in the medium 2 additional days. C) Control 2-day-old (C2) retinal culture. Note different overall morphology of the neurons, with fewer, shorter, and thinner neurites compared with a C6 culture (A). D) C2 culture to which 44 µM Aß was added 6 h after trypsinization. E) Mean neuronal viabilities in cultures treated with Aß (44 µM), glutamate (400 µM), NMDA (400 µM) or KA (400 µM) at different times after trypsinization (gray bars: additions 6 h after trypsinization; black bars: additions at C4). Control cultures (at both C2 and C6) are shown as open bars. The bars represent means SD of 3 experiments. The age-dependent sensitivity of retinal neurons to excitotoxic insults was further investigated by examining the expression of glutamate receptors on the cell surface as a function of time after trypsinization (Fig. 2 ). Very low kainate binding (15 fmol/mg ptn) was observed in membrane preparations from cells that had recently been trypsinized. [3H]-Kainate binding increased as a function of time and approached saturation (60 fmol/mg ptn) 48–96 h after trypsinization. The parallelism between the onset of neurotoxicity and the increase in kainate binding (Figs. 1 and 2) suggests that cell surface expression of glutamate receptors is necessary for the neurotoxicity of Aß. Binding of radiolabeled AMPA and MK-801 to neuronal membranes were also examined. No difference was observed when the binding of MK-801 was measured immediately or 96 h after trypsinization (220 fmol/mg ptn). This likely reflects the more deeply buried location of the binding site of MK-801 on the NMDA receptor, making it barely accessible or inaccessible to trypsin. Binding of AMPA was found to be uniformly low (13 fmol/mg ptn) in all preparations examined, suggesting a very low expression of AMPA receptors in the avian retina. ��View larger version (11K):�[in this window]�[in a new window]�  Figure 2. [3H]-Kainate binding to neuronal membranes. Membrane preparations were obtained from retinal cultures as described in Materials and Methods. [3H]-Kainate binding was measured at different times after trypsinization of retinal explants. Symbols correspond to means ± SD of 2 independent experiments done in quadruplicate. Figure 3 shows dense retinal cultures treated at C4 with Aß (44 µM) and examined after 2 days of incubation. Remarkably, Aß was not toxic to dense cultures (Fig. 3A, B ), in sharp contrast to the results described above for low-density cultures. However, dense cultures treated with D(+)-threo-3-hydroxyaspartic acid (DT) were very sensitive to the toxicity of Aß (Fig. 3C, D ). DT is a potent competitive inhibitor of the uptake of L-glutamate by neurons and glia, leading to an increase in the extracellular glutamate pool (23) . These results further implicate the excitotoxicity mediated by glutamate receptors in the process of cell death induced by Aß. ��View larger version (152K):�[in this window]�[in a new window]�  Figure 3. Neurotoxicity of Aß in dense neuronal cultures. A) Control C6 dense retinal culture (5x106 cells). B) 44 µM Aß was added at C4 and kept in the medium for 48 h. C) Control C6 dense retinal culture maintained in the presence of 25 µM D-(+)-threo-3-hydroxyaspartic acid (DT). D) C4 dense retinal culture exposed to 44 µM Aß for 48 h in the presence of 25 µM DT. Given the indication of the involvement of glutamatergic overactivation in Aß-induced neurotoxicity, we sought to counteract the neurotoxicity by activation of GABAergic neurotransmission. We initially investigated the effect of taurine, a known physiological GABA receptor agonist (19) , in neuronal cultures. Remarkably, 100 µM taurine strongly protected neurons against the neurotoxicity of Aß (Fig. 4 A–D). Control cultures exhibited a mean viability of 78%, and the viability decreased to 26% in cultures treated with Aß vs. 67% in cultures treated with Aß in the presence of 100 µM taurine (Fig. 4E ). Taurine also protected retinal neurons against the toxicity of glutamate, NMDA, and kainate (Fig. 4E ). Further increases in the concentration of taurine (up to 1 mM) had no additional protective effect (data not shown). ��View larger version (114K):�[in this window]�[in a new window]�  Figure 4. Taurine prevents the neurotoxicity of Aß and glutamate receptor agonists. A) Control C6 culture. B) Culture exposed to 44 µM Aß at C4 and inspected at C6. C) Culture exposed to 44 µM Aß + 100 µM taurine (additions at C4 and inspection at C6). D) Culture exposed to 44 µM Aß + 1 mM taurine. E) Mean cell viabilities under different conditions. The bars represent means ± SD of 3 independent experiments done in triplicate. The concentrations of Aß, glutamate, KA, NMDA, and taurine were 44 µM, 600 µM, 800 µM, 100 µM, and 100 µM, respectively. Control experiments showed that taurine (1 mM) did not interfere with binding of the glutamate receptor agonists AMPA, NMDA, and kainic acid to neuronal membrane preparations (data not shown). In addition, light scattering and thioflavine T fluorescence measurements showed that taurine did not interfere with Aß aggregation (data not shown). To determine whether the neuroprotection by taurine could be explained by its antioxidant properties or by activation of GABAA receptors (19) , we examined the effects of picrotoxin, an antagonist of GABAA receptors, in retinal cultures. Picrotoxin abolished the neuroprotective action of taurine (Fig. 5 ). Picrotoxin also blocked the neuroprotective action of taurine against the excitotoxicity of kainic acid (data not shown). These results suggest the participation of GABAA receptors in the protection against neuronal injury induced by both Aß and kainate. Similar neuroprotective actions were observed when retinal neurons were challenged with Aß in the presence of GABA or the GABA agonists phenobarbital (Fig. 6 ) and melatonin (data not shown). ��View larger version (122K):�[in this window]�[in a new window]�  Figure 5. Picrotoxin blocks the neuroprotective action of taurine. Cell viabilities were evaluated at C6. A) Control culture. B) Culture exposed to 44 µM Aß at C4. C) culture exposed to Aß + 1mM taurine at C4. D) Culture exposed to Aß + taurine + 50 µM picrotoxin at C4. E) Mean cell viabilities. The results are means ± SE of 4 independent experiments. ��View larger version (24K):�[in this window]�[in a new window]�  Figure 6. GABA receptor agonists protect retinal neurons against the neurotoxicity of Aß. Cultures were maintained in BME plus 5% fetal calf serum and cell viabilities were evaluated at C6. Aß (44 µM) was added at C4. The results are means ± SE of 3 independent experiments. Concentrations of phenobarbital and GABA were 16 µg/mL and 3 µM, respectively. �   DISCUSSION TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES� �In this work, we describe for the first time the neuroprotective action of the ß-amino acid taurine against the neurotoxicity of Aß. Pharmacological characterization of this effect indicated a major role of the activation of GABAA receptors in the mechanism of neuroprotection. Taurine is involved in several physiological actions in the brain, including osmoregulation (24) and neurotransmission (25) . Taurine has been shown to protect against the excitotoxicity of glutamate in other cellular models, although the mechanisms of such protection have not been fully elucidated. For example, a decrease in calcium overload in cerebellar granule and hippocampal cells has been implicated in the protective effects of taurine against glutamate toxicity (26 , 27) . By contrast, Lima et al. (28) suggested that taurine improves neurite outgrowth in the goldfish retina by increasing calcium influx into the cell. The trophic properties of taurine in the retina appear to be linked to the modulation of protein phosphorylation (29) . Induction of protein phosphorylation by taurine has also been demonstrated in the brain and heart (30) . The release of taurine in hippocampal slices is maximized under conditions associated with neuronal damage, such as ischemia (31) , suggesting a possible pathophysiological role of taurine in those conditions. The well-accepted notion that overactivation of glutamatergic transmission could mediate cell death in several neurological diseases (1 , 2) has prompted considerable effort to develop drugs to attenuate or abolish the excitotoxicity. Excitotoxicity has been related to a host of chronic and acute neuronal insults, including Parkinson’s, Huntington’s and Alzheimer’s diseases, AIDS dementia complex, brain trauma, stroke (1 , 2 , 3 4 5 6 7) , and spinal cord injury (32) . Our observation that soon after trypsinization, retinal neurons are resistant to the neurotoxic actions of both Aß and glutamatergic agents (KA, NMDA, and glutamate) whereas aged neuronal cultures (i.e., on or after C4) are very sensitive to those agents (Fig. 1) , suggests that expression of functional receptors in the cell membrane is required for neurotoxicity. Indeed, cells at the early stages of culture showed reduced [3H]-KA binding; increased binding was observed after 48–96 h in culture (Fig. 2) . Therefore, the onset of the toxicity elicited by EAAs and Aß is coincident with the expression of glutamate receptors at the cell surface after trypsinization. The effects of Aß on dense, mixed retinal cultures containing neurons and glia were quite different from those observed in low-density, primarily neuronal cultures. In dense cultures, neurons were resistant to Aß toxicity (Fig. 3) , a phenomenon observed with other EAAR agonists (33) . The resistance of dense cultures to Aß is probably related to the efficient uptake of glutamate by Müller cells (retinal glia), which are present in large numbers in dense cultures. In the presence of the inhibitor of glutamate uptake, DT, Aß was highly toxic even to dense neuronal cultures, indicating that accumulation of extracellular glutamate is necessary for Aß neurotoxicity. The fact that most, if not all, of the toxic effects of Aß appear to be mediated by glutamate excitotoxicity suggests that blockade of glutamate receptors could be considered a neuroprotective strategy. However, long-term blockade of glutamatergic transmission has been shown to decrease cell viability in mature brains undergoing slowly progressing neurodegeneration (34) . NMDA receptor inhibition by MK-801 has been shown to cause necrotic neuronal death (35 , 36) . Furthermore, phencyclidine and ketamine, other NMDA antagonists, were shown to cause a schizophrenic-like psychosis (37 , 38) . This seems to be because controlled glutamatergic transmission is necessary for the proper availability of trophic factors important in maintaining neuronal health (3) . Moreover, pharmacological inhibition of EAARs is not selective and the use of EAAR antagonists may affect indiscriminately various brain circuits (39) . Taurine has been shown to be neuroprotective against the excitotoxicity of glutamate (27) . This effect, however, is not mediated by blockade of glutamate receptors (data not shown). Taurine potently protected neurons in culture against the toxicity of Aß, glutamate, kainate, and NMDA (Fig. 4) . Oxidative stress and lipid peroxidation have been implicated in glutamate- and Aß-induced neurotoxicity (for recent examples, see refs 40 , 41 ). On the other hand, Tadolini et al. (42) have shown that taurine and hipotaurine decrease lipid peroxidation in liposomes. This raised the possibility that the neuroprotective action of taurine could be related to its antioxidant properties. Indeed, we found that taurine blocked lipid peroxidation induced by Aß and by glutamate receptor agonists in retinal cell cultures (data not shown). However, the fact that picrotoxin abolished the protective action of taurine (Fig. 5) clearly indicates that neuroprotection is in fact mediated by interaction with GABAA receptors and is not related to the antioxidant properties of taurine. This conclusion is reinforced by the fact that GABA and phenobarbital protected neurons from the neurotoxic effects of Aß (Fig. 6) and that their effects were abolished by picrotoxin (data not shown). These results are also in line with previous report showing that taurine activates GABAA receptors in rat hippocampal slices (19) . We have recently shown that the neuroprotective action of melatonin against the toxicity of Aß is partly blocked by picrotoxin (43) . This suggests that, in addition to the well-known antioxidant properties of melatonin, its protective action is partly mediated by activation of GABAA receptors. The notion that GABAA receptor activation by GABA may be associated with neuroprotection has been proposed (44 , 45) . Moreover, activation of GABAergic transmission has also been proposed as a possible treatment for acute ischemic stroke (46 , 47) . This agrees with the available evidence indicating that anticonvulsants such as phenobarbital (48) counteract the excitotoxicity of glutamatergic agonists. Furthermore, GABA agonists carbamazepine, phenytoin, and valproic acid have been shown to attenuate the neurotoxic effects of Aß by stabilization of intracellular calcium levels (49) . A possible caveat in the use of the latter compounds results from their side effects. A clear advantage of the use of taurine as a GABA agonist resides in its safety and tolerability. In humans, it has been reported that taurine in amounts as high as 2 g per day is well tolerated, with no signs of side effects (50) . The use of up to 12 g of taurine per day, as an adjunct therapy for hepatic disease was also well tolerated by most patients (51) . The use of taurine as a possible therapeutic agent in several non-neurological disorders has been proposed (50) . The fact that taurine crosses the blood–brain barrier (52 , 53) opens the possibility of using taurine in the therapy of neurological diseases. Increasing taurinergic tonus using drugs such as lamotrigine, which has been shown to elevate taurine levels in the CNS (54) , may also constitute an alternative clinical approach to neuroprotection. Rodrigues et al. (55) recently suggested a protective role of the bile salt tauroursodeoxycholate against lipid peroxidation induced by Aß. O’Byrne and Tipton (56) reported a protective effect of taurine against the neurotoxicity induced by MPTP. Taken together, these previous findings and our present results suggest that taurine should be considered as a possible therapeutic tool to treat AD and other neurological disorders characterized by overstimulation of glutamatergic transmission. This possibility is reinforced by an early study by Pomara et al. (57) , who reported low levels of taurine and high levels of glutamate in the brain of AD patients. This could mean that at least part of the AD pathophysiology could result from a chronic imbalance between taurinergic and glutamatergic tonus in the CNS. To our knowledge, no clinical trial so far has aimed at investigating the efficacy of taurine in the treatment of AD patients. Based on the present results, we suggest that taurine or related compounds with GABAergic activity should be explored as neuroprotectants against the toxicity of Aß and other neurological insults characterized by hyperactivation of glutamatergic transmission. �   ACKNOWLEDGMENTS  �Supported by grants from Howard Hughes Medical Institute, the John Simon Guggenheim Memorial Foundation, Conselho Nacional de Desenvolvimento Científico e Tecnológico, and Fundação de Amparo à Pesquisa do Estado do Rio de Janeiro. S.T.F. is a Howard Hughes Medical Institute International Scholar. Received for publication August 18, 2003. Accepted for publication November 12, 2003. �   REFERENCES TOP�ABSTRACT�INTRODUCTION�MATERIALS AND METHODS�RESULTS�DISCUSSION�REFERENCES Lipton, S. A., Rosenberg, P. A. (1994) Excitatory amino acids as a final common pathway for neurologic disorders. N. Engl. J. Med. 330,613-622[Free Full Text] Mattson, M. (2003) Excitotoxic and excitoprotective mechanisms: abundant targets for the prevention and treatment of neurodegenerative disorders. Neuromolec. Med. 3,65-94 Gasic, G. P., Hollmann, M. (1992) Molecular neurobiology of glutamate receptors. Annu. Rev. Physiol. 54,507-536[CrossRef][Medline] Behrens, P. F., Franz, P., Woodman, B., Lindenberg, K. S., Landwehrmeyer, G. B. (2002) Impaired glutamate transport and glutamate-glutamine cycling: downstream effects of the Huntington mutation. Brain 125,1908-1922[Abstract/Free Full Text] Cluskey, S., Ramsden, D. B. (2001) Mechanisms of neurodegeneration in amyotrophic lateral sclerosis. J. Clin. Pathol. 54,386-392 Kieburtz, K. D., Epstein, L. G., Gelbard, H. A., Greenamyre, J. T. (1991) Excitotoxicity and dopaminergic dysfunction in the acquired immunodeficiency syndrome dementia complex. Therapeutic implications. Arch. Neurol. 48,1281-1284[Abstract] Difazio, M. C., Hollingsworth, Z., Young, A. B., Penney, J. B., Jr (1992) Glutamate receptors in the substantia nigra of Parkinson’s disease brains. Neurology 42,402-406[Abstract/Free Full Text] Selkoe, D. J. (1999) Translating cell biology into therapeutic advances in Alzheimer’s disease. Nature (London) 399,A23-A31[CrossRef][Medline] Pike, C. J., Walencewicks, A. J., Glabe, C. G., Cotman, C. W. (1991) In vitro aging of ß-amyloid causes peptide aggregation and neurotoxicity. Brain Res 563,311-314[CrossRef][Medline] Kowall, N. W., McKee, A. C., Yankner, B. A., Beal, M. F. (1992) In vivo neurotoxicity of ß-amyloid [ß (1-40)] and the ß (25-35) fragment. Neurobiol. Aging 13,537-542[CrossRef][Medline] Mattson, M. P., Cheng, B., Davis, D., Bryant, K., Lieberburg, I., Ryde, R. E. (1992) ß-Amyloid peptides destabilize calcium homeostasis and render human cortical neurons vulnerable to excitotoxicity. J. Neurosci. 12,376-389[Abstract] Launderback, C. M., Harris-White, M. E., Wang, Y., Pedigo, N. W., Jr, Carney, J. M., Butterfield, D. A. (1999) Amyloid beta peptide inhibits Na+-dependent glutamate uptake. Life Sci 650,1977-1981 Arias, C., Arrieta, I., Tapia, R. (1995) ß-Amyloid peptide fragment 25-35 potentiates the calcium-dependent release of excitatory amino acids from depolarized hippocampal slices. J. Neurosci. Res. 41,561-566[CrossRef][Medline] Noda, N., Nakanishi, H., Akaike, N. (1999) Glutamate release from microglia via glutamate transporter is enhanced by amyloid-beta peptide. Neuroscience 92,1465-1474[CrossRef][Medline] Harkany, T., Abraham, I., Timmerman, W., Laskay, G., Toth, B., Sasvari, M., Konya, C., Sebens, J. B., Korf, J., Kyakas, C., et al (2000) ß-Amyloid neurotoxicity is mediated by a glutamate-triggered excitotoxic cascade in rat nucleus basalis. Eur. J. Neurosci. 12,2735-2745[CrossRef][Medline] Louzada, P. R., Lima, A. C. P., Mello, F. G., Ferreira, S. T. (2001) Dual role of glutamatergic transmission on amyloid ß1-42 aggregation and neurotoxicity in embryonic avian retina. Neurosci. Lett. 301,59-63[CrossRef][Medline] Guidotti, A., Badiani, G., Pepeu, G. (1972) Taurine distribution in cat brain. J. Neurochem. 19,431-435[CrossRef][Medline] Okamoto, K., Kimura, H., Sakai, Y. (1983) Taurine-induced increase of the Cl-conductance of cerebellar Purkinje cell dendrites in vitro. Brain Res. 259,319-323[CrossRef][Medline] del Olmo, N., Bustamante, J., del Río, R. M., Solis, J. M. (2000) Taurine activates GABA(A) but not GABA(B) receptors in rat hippocampal CA1 area. Brain Res 864,298-307[CrossRef][Medline] Alvarez, A., Alarcón, R., Opazo, C., Campos, E. O., Muñoz, F. J., Calderón, F. H., Dajas, F., Gentry, M. K., Doctor, B. P., Mello, F. G., et al (1998) Stable complexes involving acetylcholinesterase and amyloid-ß peptide change the biochemical properties of the enzyme and increase the neurotoxicity of Alzheimer’s fibrils. J. Neurosci. 18,3213-3223[Abstract/Free Full Text] De Felice, F. G., Houzel, J. C., Garcia-Abreu, J., Louzada, P. R., Jr, Afonso, R. C., Meirelles, M. N., Neto, V. M., Ferreira, S. T. (2001) Inhibition of Alzheimer’s disease beta-amyloid aggregation, neurotoxicity, and in vivo deposition by nitrophenols: implications for Alzheimer’s therapy. FASEB J. 7,1297-1299 Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem. 72,248-254[CrossRef][Medline] Johnston, G. A., Lodge, D., Bornstein, J. C., Curtis, D. R. (1980) Potentiation of L-glutamate and L-aspartate excitation of cat spinal neurones by the stereoisomers of threo-3 hydroxyaspartate. J. Neurochem. 34,241-243[CrossRef][Medline] Nagelhus, E. A., Lehmann, A., Ottersen, O. P. (1993) Neuronal-glial exchange of taurine during hypo-osmotic stress: a combined immunocytochemical and biochemical analysis in rat cerebellar cortex. Neuroscience 54,615-631[CrossRef][Medline] Mc Bride, W. J., Frederickson, R. C. (1980) Taurine as a possible inhibitory transmitter in the cerebellum. Federation Proc 39,2701-2705[Medline] Zhao, P., Huang, Y. L., Cheng, J. S. (1999) Taurine antagonizes calcium overload induced by glutamate or chemical hypoxia in cultured rat hippocampal neurons. Neurosci. Lett. 268,25-28[CrossRef][Medline] El Idrissi, A., Trenkner, E. (1999) Growth factors and taurine protect against excitotoxicity by stabilizing calcium homeostasis and energy metabolism. J. Neurosci. 19,9459-9468[Abstract/Free Full Text] Lima, L., Matus, P., Drujan, B. (1993) Taurine-induced regeneration of goldfish retina in culture may involve a calcium mediated mechanism. J. Neurochem. 60,2153-2158[CrossRef][Medline] Lima, L., Cubillos, S. (1998) Taurine might be acting as a trophic factor in the retina by modulating phosphorylation of cellular proteins. J. Neurosci. Res 53,377-384[CrossRef][Medline] Lombardini, J. B., Props, C. (1996) Effects of kinase inhibitors and taurine analogues on the phosphorylation of specific proteins in mitochondrial fractions of rat heart and retina. Adv. Exp. Med. Biol. 403,343-350[Medline] Saransaari, P., Oja, S. S. (1997) Enhanced taurine release in cell-damaging conditions in the developing and ageing mouse hippocampus. Neuroscience 79,847-854[CrossRef][Medline] Mills, C. D., Johnson, K. M., Hulsebosch, C. E. (2001) Role of group II and group III metabotropic glutamate receptors in spinal cord injury. Exp. Neurol. 173,153-167 Loureiro-Dos-Santos, N. E., Reis, R. A., Kubrusly, R. C., de Almeida, O. M., Gardino, P. F., de Mello, M. C., de Mello, F. G. (2001) Inhibition of choline acetyltransferase by excitatory amino acids as a possible mechanism for cholinergic dysfunction in the central nervous system. J. Neurochem. 77,1136-1144[CrossRef][Medline] Ikonomidou, C., Stefovska, V., Turski, L. (2000) Neuronal death enhanced by N-methyl-D-aspartate antagonists. Proc. Natl. Acad. Sci. USA 97,12885-12890[Abstract/Free Full Text] Fix, A. S., Horn, J. W., Wightman, K. A., Johnson, C. A., Long, G. G., Storts, R. W., Farber, N., Wozniak, D. F., Olney, J. W. (1993) Neuronal vacuolization and necrosis induced by the noncompetitive N-methyl-D-aspartate (NMDA) antagonist MK(+)801 (dizocilpine maleate): a light and electron microscopic evaluation of the rat retrosplenial cortex. Exp. Neurol. 123,204-215[CrossRef][Medline] Jevtovic-Todorovic, V., Wozniak, D. F., Powell, S., Olney, J. W. (2001) Propofol and sodium thiopental protect against MK-801-induced neuronal necrosis in the posterior cingulate/retrosplenial cortex. Brain Res. 913,185-189[CrossRef][Medline] Balla, A., Koneru, R., Smiley, J., Sershen, H., Javitt, D. C. (2001) Continuous phencyclidine treatment induces schizophrenia-like hyperreactivity of striatal dopamine release. Neuropsychopharmacology 25,157-164[CrossRef][Medline] Abel, K. M., Allin, M. P. G., Hemsley, D. R., Geyer, M. A. (2003) Low dose ketamine increases prepulse inhibition in health men. Neuropharmacology 44,729-737[CrossRef][Medline] Holden, C. (2003) Excited by glutamate. Science 300,1866-1868[Abstract/Free Full Text] Keller, J. N., Mark, R. J., Bruce, A. J., Blanc, E., Rothstein, J. D., Uchida, K., Waeg, G., Mattson, M. P. (1997) 4-Hydroxynonenal, an aldehydic product of membrane lipid peroxidation, impairs glutamate transport and mitochondrial function in synaptosomes. Neuroscience 80,685-696[CrossRef][Medline] Butterfield, A. D., Castegna, A., Lauderback, M., Drake, J. (2002) Evidence that amyloid beta-peptide-induced lipid peroxidation and its sequelae in Alzheimer’s disease brain contribute to neuronal death. Neurobiol. Aging 23,655-664[CrossRef][Medline] Tadolini, B., Pintus, G., Pinna, G. G., Bennardini, F., Franconi, F. (1995) Effects of taurine and hypotaurine on lipid peroxidation. Biochem. Biophys. Res. Commun. 213,820-826[CrossRef][Medline] Paula Lima, A. C., Louzada, P. R., Mello, F. G., Ferreira, S. T. (2003) Neuroprotection against Aß and glutamate toxicity by melatonin: are GABA receptors involved?. Neurotox. Res. 5,323-328[Medline] Forloni, G., Lucca, E., Angeretti, N., Chiesa, R., Vezzani, A. (1997) Neuroprotective effect of somatostatin on nonapoptotic NMDA-induced neuronal death: role of cyclic GMP. J. Neurochem. 68,319-327[Medline] Velasco, I., Tapia, R. (2002) High extracellular gamma-aminobutyric acid protects cultured neurons against damage induced by the accumulation of endogenous extracellular glutamate. J. Neurosci. Res. 67,406-410[CrossRef][Medline] Green, A. R., Hainsworth, A. H., Jackson, D. M. (2000) GABA potentiation: a logical pharmacological approach for the treatment of acute ischaemic stroke. Neuropharmacology 39,1483-1494[CrossRef][Medline] Schwartz-Bloom, R. D., Miller, K. A., Evenson, D. A., Crain, B. J., Nadler, J. V. (2000) Benzodiazepines protect hippocampal neurons from degeneration after transient cerebral ischemia: an ultrastructural study. Neuroscience 98,471-484[CrossRef][Medline] Frandsen, A., Quistorff, B., Schousboe, A. (1990) Phenobarbital protects cerebral cortex neurones against toxicity induced by kainate but not by other excitatory amino acids. Neurosci. Lett. 111,233-238[CrossRef][Medline] Mark, R. J., Ashford, W., Goodman, Y., Mattson, M. P. (1995) Anticonvulsants attenuate amyloid beta-peptide neurotoxicity, Ca2+ deregulation, and cytoskeletal pathology. Neurobiol. Aging 16,187-198[CrossRef][Medline] Birdsall, T. C. (1998) Therapeutic applications of taurine. Altern. Med. Rev. 3,128-136[Medline] Matsuyama, Y., Morita, T., Higuchi, M., Tisujii, T. (1983) The effect of taurine administration on patients with acute hepatitis. Prog. Clin. Biol. Res. 125,461-468[Medline] Benrabh, H., Bourre, J. M., Lefauconnier, J. M. (1995) Taurine transport at the blood–brain barrier: an in vivo brain perfusion study. Brain Res 692,57-65[CrossRef][Medline] Tamai, I., Tisuji, A. (1995) Na(+)- and Cl(–)-dependent transport of taurine at the blood3H brain barrier. Biochem. Pharmacol. 50,1783-1793[CrossRef][Medline] Hassel, B., Tauboll, E., Gjerstad, L. (2001) Chronic lamotrigine treatment increases rat hippocampal GABA shunt activity and elevates cerebral taurine levels. Epilepsy Res 43,153-163[CrossRef][Medline] Rodrigues, C. M. P., Solá, S., Brito, M. A., Brondino, C. D., Brites, D., Moura, J. J. G. (2001) Amyloid beta-peptidedisrupts mitochondrial membrane lipid and protein structure: protective role of tauroursodeoxycholate. Biochem. Biophys. Res. Commun. 281,468-474[CrossRef][Medline] O’Byrne, M. B., Tipton, K. F. (2000) Taurine-induced attenuation of MPP+ neurotoxicity in vitro: a possible role for the GABAA subclass of GABA receptors. J. Neurochem. 74,2087-2093[CrossRef][Medline] Pomara, N., Rajkumar Singh, M. D., Deptula, D., Chou, J. C. Y., Schwartz, M. B., LeWitt, P. A. (1992) Glutamate and other CSF amino acids in Alzheimer’s disease. Am. J. Psychiatry 149,251-254[Abstract/Free Full Text] FASEB J. 2004 Mar;18(3):511-8. LinksTaurine prevents the neurotoxicity of beta-amyloid and glutamate receptor agonists: activation of GABA receptors and possible implications for Alzheimer's disease and other neurological disorders.Louzada PR, Lima AC, Mendonca-Silva DL, Noël F, De Mello FG, Ferreira ST.Departamento de Bioquímica Médica, Instituto de Ciências Biomédicas, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ 21941-590, Brasil.Alzheimer's disease (AD) and several other neurological disorders have been linked to the overactivation of glutamatergic transmission and excitotoxicity as a common pathway of neuronal injury. The beta-amyloid peptide (Abeta) is centrally related to the pathogenesis of AD, and previous reports have demonstrated that the blockade of glutamate receptors prevents Abeta-induced neuronal death. We show that taurine, a beta-amino acid found at high concentrations in the brain, protects chick retinal neurons in culture against the neurotoxicity of Abeta and glutamate receptor agonists. The protective effect of taurine is not mediated by interaction with glutamate receptors, as demonstrated by binding studies using radiolabeled glutamate receptor ligands. The neuroprotective action of taurine is blocked by picrotoxin, an antagonist of GABA(A) receptors. GABA and the GABA(A) receptor agonists phenobarbital and melatonin also protect neurons against Abeta-induced neurotoxicity. These results suggest that activation of GABA receptors decreases neuronal vulnerability to excitotoxic damage and that pharmacological manipulation of the excitatory and inhibitory neurotransmitter tonus may protect neurons against a variety of insults. GABAergic transmission may represent a promising target for the treatment of AD and other neurological disorders in which excitotoxicity plays a relevant role.PMID: 15003996 [PubMed - indexed for MEDLINE] 







GABA Metabolism


• GABA is formed from glutamate via glutamic acid 
decarboxylase (GAD)


• GAD requires pyridoxine as cofactor
• GAD upregulated by taurine
• GAD activity is inhibited by elevated methionine and cortisol
• Diminished GAD activity leads to reduced GABA function and 


is associated with several neuropsychiatric conditions 
including schizophrenia, epilepsy, and bipolar disease
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Amino Acids. 2008 Jan 15. PMID: 18196445 [Epub ahead of print] LinksTheanine, gamma-glutamylethylamide, a unique amino acid in tea leaves, modulates neurotransmitter concentrations in the brain striatum interstitium in conscious rats.Yamada T, Terashima T, Kawano S, Furuno R, Okubo T, Juneja LR, Yokogoshi H.Laboratory of Nutritional Biochemistry, COE Program in the 21st Century and Cooperation of Innovative Technology and Advanced Research in Evolutional Area (CITY AREA), Ministry of Education, Culture, Sports, Science and Technology of Japan, University of Shizuoka, Shizuoka, Japan.Theanine (gamma-glutamylethylamide) is one of the major amino acid components in green tea and can pass through the blood-brain barrier. Recent studies suggest that theanine affects the mammalian central nervous system; however, the detailed mechanism remains unclear. In this study, we demonstrated the effect of theanine on neurotransmission in the brain striatum by in vivo brain microdialysis. Theanine injection into the rat brain striatum did not increase the concentration of excitatory neurotransmitters in the perfusate. On the other hand, theanine injection increased the concentration of glycine in the perfusate. Because it has been reported that theanine promotes dopamine release in the rat striatum, we investigated the glycine and dopamine concentrations in the perfusate. Co-injection of glycine receptor antagonist, strychnine, reduced theanine-induced changes in dopamine. Moreover, AMPA receptor antagonist, which regulates glycine and GABA release from glia cells, inhibited these effects of theanine and this result was in agreement with the known inhibitory effect of theanine at AMPA receptors.PMID: 18196445ORIGINAL ARTICLETheanine, c-glutamylethylamide, a unique amino acid in tealeaves, modulates neurotransmitter concentrations in the brainstriatum interstitium in conscious ratsT. Yamada Æ T. Terashima Æ S. Kawano Æ R. Furuno ÆT. Okubo Æ L. R. Juneja Æ H. YokogoshiReceived: 26 September 2007 / Accepted: 17 December 2007_ The Author(s) 2008Abstract Theanine (c-glutamylethylamide) is one of themajor amino acid components in green tea and can passthrough the blood-brain barrier. Recent studies suggest thattheanine affects the mammalian central nervous system;however, the detailed mechanism remains unclear. In thisstudy, we demonstrated the effect of theanine on neurotransmissionin the brain striatum by in vivo brainmicrodialysis. Theanine injection into the rat brain striatumdid not increase the concentration of excitatory neurotransmittersin the perfusate. On the other hand, theanineinjection increased the concentration of glycine in theperfusate. Because it has been reported that theanine promotesdopamine release in the rat striatum, we investigatedthe glycine and dopamine concentrations in the perfusate.Co-injection of glycine receptor antagonist, strychnine,reduced theanine-induced changes in dopamine. Moreover,AMPA receptor antagonist, which regulates glycine andGABA release from glia cells, inhibited these effects oftheanine and this result was in agreement with the knowninhibitory effect of theanine at AMPA receptors.Keywords L-theanine _ Dopamine _ Neurotransmission _Glycine _ AMPA receptors _ MicrodialysisIntroductionRecently, many studies have shown that green tea andvarious green tea leaf components, such as catechins, caffeineand c-aminobutyric acid (GABA), have physiologicaland pharmacological actions, and more attention has beenpaid to the effects of green tea ingredients by the public. Inparticular, GABA is known as an inhibitory neurotransmitterpresent almost exclusively in the central nervoussystem (Brambilla et al. 2003), and GABAergic dysfunctioncauses mood disorders or neurological disorders suchas seizures (Wong et al. 2003). Theanine is also a majoramino acid component of green tea. Previously, wedetected theanine after intragastrical administration invarious rat tissues such as serum, liver and brain (Terashimaet al. 1999). Some reports suggested that theaninemight be degraded via glutamic acid because its structure issimilar to glutamic acid, and it was suggested that enzymatichydrolysis of theanine to glutamic acid andethylamine was accomplished in the kidney (Unno et al.1999) (Fig. 1). Therefore, the purpose of many recentstudies on theanine was to determine whether the effects oftheanine are related to its metabolism to glutamic acid(Sugiyama and Sadzuka 2003; Kakuda et al. 2002a; Tsugeet al. 2003). Using an in vivo brain microdialysis method,we showed that direct administration of theanine into therat brain striatum enhanced the release of dopamine(Yokogoshi et al. 1998a). Investigations into theanine haveT. Yamada _ T. Terashima _ S. Kawano _ R. Furuno _ H. YokogoshiLaboratory of Nutritional Biochemistry,COE Program in the 21st Centuryand Cooperation of Innovative Technologyand Advanced Research in Evolutional Area (CITY AREA),Ministry of Education, Culture, Sports, Scienceand Technology of Japan,University of Shizuoka, Shizuoka, JapanT. Yamada _ T. Terashima _ S. Kawano _ R. Furuno _ H. Yokogoshi (&)Laboratory of Nutritional Biochemistry,Graduate School of Nutritional and Environmental Sciences,University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japane-mail: yokogosi@u-shizuoka-ken.ac.jpT. Okubo _ L. R. JunejaTaiyo Kagaku Co. Ltd, 1-3 Takaramachi, Mie, Japan123Amino AcidsDOI 10.1007/s00726-007-0020-7occurred later than other green tea ingredients, but recently,various reports on theanine have been published, with otherresearchers suggesting that theanine altered neurotransmitterconcentrations in the rat brain. Intraperitonealadministration of theanine inhibited the convulsive actionof caffeine, and increased the intracerebral level of GABAin mice (Kimura and Murata 1971). Theanine decreased thenorepinephrine level in the rat brain, and depressedcaffeine-induced increases of serotonin and 5-hydroxyindoleaceticacid in rats (Kimura and Murata 1986). Otherreports showed that theanine decreased serotonin concentrationand increased tryptophan concentration in the ratbrain (Yokogoshi et al. 1998b). The administration oftheanine into the lateral ventricle prevented ischemiainducedneuronal death in the hippocampal CA1 region in adose-dependent manner. Moreover, some reports suggestedthat the neuroprotective effect of theanine occurs via glutamatereceptors, with theanine acting as a glutamatereceptor antagonist (Kakuda et al. 2000a; Kakuda 2002b).Some of these reports also suggested that theanine isconcerned with glutamate receptors, although the affinityof theanine to glutamate receptors was low (Kakuda et al.2002a). From these results and a report that dopaminerelease is enhanced when glutamic acid is increased in theinterstitium (Globus et al. 1988; Moghaddam et al. 1990),we expected that the effect of theanine would be similar tothat of glutamic acid, i.e., enhancing excitatory neurotransmissionor increasing glutamic acid release fromneurons; however, we showed that theanine did not affectglutamic acid and aspartic acid release from neurons(Yamada et al. 2005). In addition, other reports showed thatthe effects of theanine differ from those of glutamic acid;for instance, theanine decreased blood pressure in a dosedependentmanner in spontaneously hypertensive rats(SHR) (Yokogoshi et al. 1995), but glutamate did notexhibit antihypertensive action on SHR. From thesereports, we suggested that theanine did not stimulate glutamateneurotransmission directly. Thus, next, wesupposed that theanine would block glutamate transportersand glutamic acid density would increase in the interstitiumand enhance glutamic acid neurotransmission becausesome reports suggested that theanine affects glutamatetransporters (Sazduka et al. 2001); however, our resultsshowed that theanine did not affect glutamate transporters(Yamada et al. 2005). In addition, we found that theanineenhanced glycine perfusate concentrations in the previousstudy; therefore, we considered that theanine releasedinhibitory neurotransmitters.In this study, we demonstrated the effect of theanine oninhibitatory neurotransmission and other neurotransmittersin the central nervous system by in vivo brain microdialysis.In addition, we tried to explain the action mechanism oftheanine on brain neurotransmission involving dopamineneurotransmission in the brain striatum.Materials and methodsAnimalsMale Wistar rats (270 g weight; SLC, Hamamatsu, Japan)were kept in individual wire cages in a temperature- andhumidity-controlled room (24_C and 55% relative humidity)under regular lightning conditions (12 h light: darkcycle), and given food and water ad libitum. This experimentwas carried out in accordance with Guidelines for theCare and Use of Laboratory Animals of the University ofShizuoka that refer to the American Association for LaboratoryAnimals Science. Eight animals were used in allexperiments.Measurement of neurotransmitter concentrationby brain microdialysisThe guide cannula of the microdialysis probe in the striatumwas stereotaxically implanted 0.2 mm posterior to thebregma, 3.0 mm lateral to the midline, and 3.5 mm ventralto the cortical surface according to the atlas of Paxinos andWatson (Paxinos and Watson 1986). One day after theoperation, the dummy cannula was removed from the guidecannula, and the dialysis probe was inserted. This dialysisprobe (MI-A-I-8-03, Eicom, Japan) had a dialysis membrane(at molecular weight cut-off of 5,000 and 3 mmprotruding from the guide cannula) and a side tube tomicroinject theanine. The probe was perfused with Ringer’ssolution (147 mM Na+, 4 mM K+, 2.3 mM Ca2+, and155.6 mM Cl-, pH 6.0) at a rate of 2 ll/min (ESP-64;Eicom, Japan). L-theanine (0.2 lmol/2 ll perfusate/min)was injected for 1 h and Ringer’s solution was re-perfused.In antagonist co-injection cases, each antagonist wasinjected with perfusate (2 ll perfusate/min) for 1 h beforeL-theanineL-glutamic acidHOOC CCH NH2C N CH3C COHOOC CCH NH2CCOOHFig. 1 Chemical structures of theanine (L-theanine) and glutamicacidAmino Acids123theanine injection and switched both theanine and eachantagonist containing perfusate (2 ll perfusate/min).Theanine and antagonists were infiltrated into the tissue viadialysis membranes and the permeability of the membraneswas approximately 10%.The perfusate from the striatum (40 ll) for measuringdopamine was collected sequentially and was injected intothe HPLC every 20 min via an automatic injector (AS-10;Eicom, Japan). Dopamine was separated by a reversephaseHPLC using an MA-ODS column (5 lm particles,3.0 9 150 mm; Eicom, Japan) maintained at 25_C by acolumn oven (ATC-300; Eicom, Japan), and was detectedwith an electrochemical detector (CB-100; Eicom, Japan).The mobile phase was composed of 0.1 M citric acidbuffer, pH 3.9, containing 12% methanol, 20 mM EDTAand 160 mg/l sodium-1-octane-sulfonate. The graphiteelectrode (WE-3G; Eicom, Japan) was set at +0.65 V(vs. Ag/AgCl). The perfusates for measuring amino acidswere collected into collecting tubes automatically every30 min via the microsampler (Univentor, Malta) maintainedat 4_C. The collected perfusates (60 ll) werediluted twice with 0.1N HCl. Ten microliters of thediluted perfusates was mixed with 5 ll o-phthaldialdehydeand 5 ll of 2 mercaptoethanol (OPA Reagent Set; Wako,Japan), and reacted for precisely 3 min. Twenty microlitersof the reacted perfusates was injected into thechromatography system. The analytical ODC column(2 lm particles, 4.6 9 100 mm; MERCK, Germany) wasmaintained at 40_C and the detection wavelength wasEx: 340, Em: 420 (HP1049; Agilent, USA). The mobilephase used for HPLC analysis was composed of twoeluants. Eluant A was 0.1 M phosphate buffer containing10% ethanol, pH 6.0; eluant B was 100% ethanol: elutiongradients were: initial, 86% A, 14% B; 0–16 min, andchanged to 29% A, 71% B; 16–25 min, maintained for25–32 min to wash the column, then re-equilibration with86% A, 14% B for 15 min prior to the next step. The flowrate was kept constant at 1.0 ml/min. After completion ofthe experiment, the position of the microdialysis probewas histologically examined.Data presentation and statistical analysisThe concentrations of dopamine and amino acids in theperfusate were expressed as percent change from the averagedbasal values. In the measurement of dopamineconcentration, basal values were averaged for four samplesof perfusate before the theanine injection (pg dopamine/40 ll perfusate/20 min). In the measurement of amino acidconcentration, basal values were averaged for three samplesof perfusate before the theanine injection (glutamic acid,aspartic acid, glycine, glutamine, asparagine respectively;pg amino acid/60 ll perfusate/30 min). Differences betweenbasal values and each fraction value of perfusates wereanalyzed using the Tukey-Kramer test. Differences for eachreagent were analyzed using Student’s t-test. In all cases,P\0.05 was considered significant. Results are expressedas the mean ±SEM.MaterialsL-theanine was obtained from Taiyo Kagaku Co., Ltd.(Yokkaichi, Japan). NBQX disodium salt (NBQX),strychnine and 5,7-dichlorokynurenic acid (5,7-DCKA)were purchased from Sigma Chemical Company (St. Louis,MO, USA).ResultsThe basal level of dopamine concentration in the perfusatewas 133 ± 11.3 pg/40 ll perfusate/20 min. Injection oftheanine into the rat brain striatum increased the earlyresponse to dopamine concentration and the increase wasup to twofold compared with the basal level (Fig. 2a), inagreement with our previous study (Yokogoshi et al.1998a, b).Basal levels of glutamic acid, aspartic acid and glycineconcentrations in the perfusate were Glu: 20.8 ± 3.3, Asp:3.86 ± 0.3 and Gly: 23.2 ± 3.1 ng/60 ll perfusate/30 minrespectively, before theanine injection. Injection of theaninedid not significantly change glutamic acid concentration inthe perfusate (Fig. 2b, c). Aspartic acid concentration wasreduced approximately 50% from the basal level. Glycineconcentration increased about sixfold compared with thebasal level. The changes in these amino acid concentrationstended to return to the basal value following re-perfusion ofRinger’s solution.Co-injection theanine with strychnine, the antagonist atthe glycine receptor not associated with the NMDAreceptor, significantly suppressed the increase of dopamineconcentration by theanine injection but the suppression wasnot complete. The increase of dopamine concentration bytheanine injection was not changed by co-injection with5,7-dichlorokynurenic acid (5,7-DCKA), a potent antagonistat the glycine site of the N-methyl-D-aspartate(NMDA) receptor (Fig. 3). In addition, we examined thepossible involvement of AMPA receptors in the increase ofdopamine dialysate concentrations after theanine injection.NBQX disodium salt (NBQX), a potent, selective andcompetitive AMPA receptor antagonist, suppressed theincrease of dopamine and glycine concentration by theanineinjection (Fig. 4).Amino Acids123DiscussionDopamine is related to emotion, behavior and brain disorderssuch as Parkinson’s disease (Bosboom et al. 2003;Tessitore et al. 2002). In vivo microdialysis studies suggestedthat glutamic acid and dopamine were releasedsimultaneously during ischemia (Globus et al. 1988), whileothers have demonstrated that glutamic acid was required toenhance the extracellular concentration of dopamine in vivo(Moghaddam et al. 1990). In addition, some studies suggestedthat dopamine could modify glutamateneurotransmission. (Moghaddam et al. 1990; Yadid et al.1993; Koga and Momiyama 2000). Because the chemicalstructure of theanine is similar to glutamic acid, somestudies of theanine examined its relationship to glutamicacid function and metabolism (Sugiyama et al. 2003; Kakudaet al. 2002a; Tsuge et al. 2003; Oda et al. 1980);however, the glutamate receptor antagonist MK-801 did notaffect the increase of dopamine concentration by theanineinjection in the rat striatum (Yokogoshi et al. 1998a). Thisresult suggested that theanine did not affect glutamate neurotransmission.On the other hand, some reports suggestedthat theanine influenced glutamate transporter systems(Sugiyama et al. 1998; Sugiyama et al. 2001; Sadzuka et al.2001). In a previous study, we showed that injection ofL-trans-2, 4-PDC, a glutamate transporter blocker, increaseddopamine concentration dramatically and increased glutamicacid concentration in the interstitium. From theseresults, we expected that L -trans-2,4-PDC injection causedglutamic acid reuptake inhibition, increasing glutamic acidconcentration in the interstitium; thus, glutamic acid mightpromote dopamine neurotransmission. It was observed thataspartic acid concentration was also increased by L-trans-2,4-PDC injection. Aspartic acid is known as an endogenousglutamate receptor agonist, which combines with theNMDA receptor (Olverman et al. 1988).Theanine injection increased dopamine concentration upto 300% of the basal value in the interstitium and this resultwas similar to the value obtained in a previous study(Yokogoshi et al. 1998a). Theanine may influence interstitiumdopamine concentration either directly or indirectly,e.g., via glutamatergic nerve terminals; however, theaninehad no effect on interstitial glutamic acid concentration, andinterstitial aspartate was even reduced by theanine. Theseresults suggested that theanine did not increase excitatoryneurotransmitter concentrations in the interstitium, such asL-trans-2,4-PDC, and the effect of theanine on dopamineconcentration in the interstitium may be independent of theglutamic acid excitatory neurotransmission pathway.Amin050100150200250300*theaninedopamine concentration (% of basal value)min050100150200250300Glu concentration (% of basal value)theanineB050100150200250300Asp concentration (% of basal value)min* *theanineCDGly concentration (% of basal value)0200400600800100030min******theanine60 90 120 150 18030 60 90 120 150 1803020 40 60 80 100 120 140 160 18060 90 120 150 180Fig. 2 Changes of neurotransmitter concentration by theanine injectionin the rat brain striatum interstitium. Effect of theanine injectionon dopamine (a), glutamic acid (b), aspartic acid (c) and glycine (d)concentration in the rat brain striatum interstitium. Theanine(0.2 lmol/2 ll perfusion/min) was injected into the striatum for1 h. The values were measured by in vivo microdialysis, andexpressed as the percentage change from the averaged basal valueperfused with Ringer’s solution (n = 8). The period of theanineinjection is shown by a black barcAmino Acids123Theanine injection increased glycine concentrationdramatically in the interstitium. Glycine is known as amajor inhibitory neurotransmitter in the spinal cord andbrainstem, and is concerned with processing motor andsensory information, and disorders such as epilepsy. Recentstudies showed that glycine was released from granule cellsand astrocytes, and there are many glycine receptors in thecentral nervous system. In the central nervous system,glycine and these receptors mediate inhibitory neurotransmissionin the same manner as GABA and worksimultaneous with GABA (Legendre 2001; Lopez et al.2001). Moreover, it was revealed that glycine injectionincreases dopamine concentration in the rat striatuminterstitium (Yadid et al. 1993). Thus, we examinedwhether theanine increased interstitial glycine concentrationand whether glycine neurotransmission contributed tothe increase in interstitial dopamine.Strychnine, a glycine receptor antagonist, inhibited theincrease of dopamine concentration by theanine injectionin the interstitium. This result suggested that the increasesof glycine in the interstitium by theanine might haveinfluenced dopamine release via glycine receptors.Although glycine is known as a major inhibitory neurotransmitter,glycine combines with the glycine binding siteof the NMDA receptor and enhances excitatory neurotransmission(Xu et al. 1999; Kuhse et al. 1995; Nong et al.2003). Glycine enhanced NMDA evoked dopaminerelease, and 7-chloro-kynurenate, an NMDA antagonist,acting on a glycine site, markedly reduced this responsetheaninetheanine+strychnine010020030040050020 40 60 80 100 120 140 160 180*** **mintheaninestrychninedopamine concentration (% of basal value)AB theaninetheanine+5,7DCKAdopamine concentration (% of basal value)010020030040050020 40 60 80 100 120 140 160 180mintheanine5,7-DCKAFig. 3 Effects of glycine receptor antagonists on theanine-changeddopamine concentration in the rat brain striatum interstitium. Effectof strychnine (a) or 5,7-dichloroknyrenic acid (5,7-DCKA) (b) on theincrease of dopamine concentration by theanine injection in the ratbrain striatum interstitium. Strychnine (20 lM) or 5,7-DCKA(33.3 lM) was injected into the striatum 1 h before theanine injectionand co-perfusised with theanine. Theanine (0.2 lmol/2 ll perfusion/min) was injected for 1 h. Values were measured by in vivomicrodialysis, and expressed as the percentage change from theaveraged basal value perfused with Ringer’s solution (n = 8). Valuesare the means ± SEM. # P\0.05, * P\0.01, significant differencebetween the theanine-injected group and the 5,7-DCKA-or strychnine-injected group. The period of reagent injection is shown by ablack barAtheaninetheanine+NBQX**05010015020025030020 60 100 140 180mintheanineNBQXdopamine concentration (% of basal value)B010020030040050060070080090030 60 90 120 150 180theaninetheanine+NBQXGly concentration (% of basal value)mintheanineNBQX*Fig. 4 Effects of glutamate receptor antagonists on theanine-changedneurotransmitter concentrations in the rat brain striatum. Effect ofNBQX on the increase of dopamine (a) and glycine (b) concentrationsby theanine injection in the rat brain striatum interstitium.NBQX (100 uM) was injected into the striatum 1 h before theanineinjection and co-perfused with theanine. Theanine (0.2 lmol/2 llperfusion/min) was injected for 1 h. Values were measured by in vivomicrodialysis, and expressed as the percentage change from theaveraged basal value perfused with Ringer’s solution (n = 8). Valuesare the means ± SEM. * P\0.05, ** P\0.01, significant differencebetween the theanine-injected group and the NBQX-injected group.The period of reagent injection is shown by a black barAmino Acids123(Martinez et al. 1992); however, 5,7-DCKA injection didnot prevent the increase of dopamine concentration bytheanine injection in this study. These results suggestedthat theanine-increased glycine influenced interstitialdopamine via glycine receptors, and not NMDA receptors.In this study, dopamine concentration data have negligibleerror bars and glycine data have large error bars.From these data, we expected that not only glycine but alsoother factors were involved in the effect of theanineon dopamine concentration in the perfusate. It wasshown that glycine is co-localized with GABA in astrocytesand interneurons (Ross and Soltesz 2001; Bureau andMulle 1998; Xu et al. 1999; Levi and Patrizio 1992), andglycine and GABA are released simultaneously and worksynergistically on different targets (Bohlhalter et al.1994). We expected that the GABAergic nervous systemmay also be influenced by theanine injection and isinvolved in dopamine concentration increase in the perfusate;however we did not examined the effect oftheanine on intersutitial GABA concentration and GABAreceptors in this study.It was reported that inhibitory neurotransmitters, suchas glycine and GABA, are released by activating a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)receptors, ionotropic glutamate receptors (Ross and Soltesz2001; Bureau and Mulle 1998; Xu et al. 1999), and recentreports showed that activating AMPA/kainate receptorsfacilitated electrically evoked dopamine efflux in guineapig striatal slices, and glycine and GABA release fromastrocytes and interneurons (Antonelli et al. 1997; Hanet al. 2000). In addition, it was shown that theanine boundto AMPA receptors not to NMDA receptors (Kakuda et al.2002a). Thus, we supposed AMPA receptors to be involvedin the effects of theanine on glycine levels in the perfusate.NBQX, an AMPA/kainate receptor antagonist, preventedboth theanine-induced increases in perfusate dopamine andglycine levels. This result suggested that AMPA/kainatereceptors might be involved in the early phase of theanineevokedneurotransmitter changes in the perfusate. Moreover,because theanine did not change the glutamate levelin the perfusate (Fig. 3a), theanine itself might have actedon AMPA/kainate receptors directly (Kakuda et al. 2002a).In conclusion, theanine-induced increases in perfusatedopamine levels were not accompanied by significantchanges in glutamate levels, and even by decreases inperfusate aspartate, but by pronounced increases in inhibitoryneurotransmitter glycine levels. We suggest thattheanine-induced increases in perfusate dopamine levelsmight at least partly be mediated by theanine-inducedrelease of glycine. Moreover, we suggest that theanineinducedchanges in perfusate glycine levels involvedAMPA/kainate receptors directly addressed by theanine(Fig. 5). Recent research demonstrated the effects oftheanine, such as reducing blood pressure in spontaneouslyhypertensive rats (Yokogoshi et al. 1995), inhibiting caffeine-induced excitatory stimulation (Kakuda et al. 2000b),and a neuroprotective effect on ischemic neuronal death(Kakuda et al. 2000a). These results suggest that theaninehas a calming effect on neurotransmission and mood. Ourresults suggest that these phenomena may be caused bytheanine-facilitated inhibitory neurotransmission; however,further studies will be necessary to elucidate the detailedmechanism.Acknowledgments This work was supported in part by grants forscientific research from Shizuoka Prefecture, and the 21st CenturyCOE program from the Ministry of Education, Culture, Sports, Scienceand Technology of Japan.Open Access This article is distributed under the terms of theCreative Commons Attribution Noncommercial License which permitsany noncommercial use, distribution, and reproduction in anymedium, provided the original author(s) and source are credited.ReferencesAntonelli T, Govoni MB, Bianchi C, Beani L (1997) Glutamateregulation of dopamine release in guinea pig striatal slices.Neurochem Int 30:203–209Bohlhalter S, Mohler H, Fritschy JM (1994) Inhibitory neurotransmissionin rat spinal cord: co-localization of glycine- and GABAAreceptorsat GABAergic synaptic contacts demonstrated by tripleimmunofluorescence staining. Brain Res 642:59–69Bosboom JL, Stoffers D, Wolters ECh (2003) The role of acetylcholineand dopamine in dementia and psychosis in Parkinson’sdisease. J Neural Transm Suppl 65:185–195astrocyteglycinedopaminergic neuronAMPA receptorstheanineglycine receptorsdopamineFig. 5 Hypothesis of the action mechanism of theanine on neurotransmitterconcentration in the striatumAmino Acids123Brambilla P, Perez J, Barale J, Schettini G, Soares JC (2003)GABAergic dysfunction in mood disorders. Mol Psychiatr715:721–725Bureau I, Mulle C (1998) Potentiation of GABAergic synaptictransmission by AMPA receptors in mouse cerebellar stellatecells: changes during development. J Physiol 509:817–831Globus MY, Busto R, Dietrich WD, Martinez E, Valdes I, GinsbergMD (1988) Intra-ischemic extracellular release of dopamine andglutamate is associated with striatal vulnerability to ischemia.Neurosci Lett 91:36–40Han ZV, Grant K, Bell CC (2000) Rapid activationof GABAergicinterneurons and possible calcium independent GABA releasein the mormyrid electrosensory lobe. Neurophysiology83:1592–1604Kakuda T, Yanase H, Utsunomiya K, Nozawa A, Unno T, Kataoka K(2000a) Protective effect of c-glutamylethylamide (theanine) onischmic delayed neuronal death in gerbils. Neurosci Lett289:189–192Kakuda T, Nozawa A, Unno T, Okamura N, Okai O (2000b)Inhibiting effects of theanine on caffeine stimulation evaluatedby EEG in the rat. Biosci Biotechnol Biochem 64:287–293Kakuda T, Nozawa A, Sugimoto A, Niino H (2002a) Inhibition bytheanine of [3H]AMPA, [3H]kainate, and [3H]MDL105,519 toglutamate receptors. Biosci Biotechnol Biochem 66:2683–2686Kakuda T (2002b) Neuroprotective effects of the green tea componentstheanine and catechins. Biol Pharm Bull 25:1513–1518Kimura R, Murata T (1971) Influence of alkylamides of glutamic acidand related compounds on the central nervous system. I. centraldepressant effect of theanine. Chem Pharm Bull (Tokyo)19:1357–1361Kimura R, Murata T (1986) Effent of theanine on norepinephrine andserotonin levels in rat brain. Chem Pharm Bull (Tokyo)34:3053–3057Koga E, Momiyama T (2000) Presynaptic dopamine D2-like receptorsinhibit excitatory transmission onto rat ventral tegmental dopaminergicneurons. J Physiol 523:163–173Kuhse J, Betz H, Kirsch J (1995) The inhibitory glycine receptor:architecture, synaptic localization and molecular pathology ofa postsynaptic ion-channel complex. Curr Opin Neurobiol5:318–323Legendre P (2001) The glycinergic inhibitory synapse. Cell Mol LifeSci 58:760–793Levi G, Patrizio M (1992) Astroyte heterogeneity: endogenous aminoacid levels and release evoked by non-N-methyl-D-aspartatereceptor agonists and by potassium-induced swelling in type-1and type-2 astrocytes. J Neurochem 58:1943–1952Lopez-Corcuera B, Geerlings A, Aragon C (2001) Glycine neurotransmittertransporters: an update. Mol Membr Biol 18:13–20Martinez-Fong D, Rosales MG, Gongora-Alfaro JL, Hernandez S,Aceves J (1992) NMDA receptor mediates dopamine release inthe striatum of unanesthetized rats as measured by brainmicrodialysis. Brain Res 595:309–315Moghaddam B, Gruen RJ, Roth RH, Bunney BS, Adams RN (1990)Effect of L-glutamate on the release of striatal dopamine: in vivodialysis and electrochemical studies. Brain Res 518:55–60Nong Y, Huang QY, Ju W, Kalia VL, Ahmadian G, Wang TY, SalterWM (2003) Glycine binding primes NMDA receptor internalization.Nature 422:302–307Oda Y, Taguchi H, Masaoka N, Minami K, Honda S, Okada K (1980)Synthesis and antibacterial activities of theanine-containingoligopeptides. Chem Pharm Bull (Tokyo) 28:3549–3554Olverman JH, Jones W.A, Mewett KN, Watkins CJ (1988) Structure/activity relations of N-methyl-D-aspartate receptor ligands asstudied by their inhibition of [3H]D-2-amino-5-phosphonopentanoicacid binding in rat brain membranes. Neuroscience26:17–31Paxinos G, Watoson C (1986) The rat brain in stereotaxic coordinates.Academic Press, New YorkRoss ST, Soltesz I (2001) Long-term plasticity in interneurons of thedentate gyrus. Proc Natl Acad Sci USA 98:8874–8879Sazduka Y, Sugiyama T, Suzuki T, Sonobe T (2001) Enhancement ofthe activity of doxorubicin by inhibition of glutamate transporter.Toxicol Lett 123:159–167Sugiyama T, Sadzuka Y (1998) Enhancing effects of green teacomponents on the antitumor activity of adriamycin againstM5076 ovarian sarcoma. Cancer Lett 133:19–26Sugiyama T, Sadzuka Y (2003) Theanine and glutamate transporterinhibitors enhance the antitumor efficacy of chemotherapeuticagents. Biochim Biophys Acta 1653:47–59Sugiyama T, Sadzuka Y, Tanaka K, Sonobe T (2001) Inhibition ofglutamate transporter by theanine enhances the therapeuticefficacy of doxorubicin. Toxicol Lett 121:89–96Terashima T, Takido J, Yokogoshi H (1999) Time-dependent changesof amino acids in the serum, liver, brain and urine of ratsadministrated with theanine. Biosci Biotechnol Biochem63:615–618Tessitore A, Hariri RA, Fera F, Smith GW, Chase NT, Hyde MT,Weinberger RD Mattay SV.(2002) Dopamine modulates theresponse of the human amygdala: a study in Parkinson’s disease.J Neurosci 22:9099–9103Tsuge H, Sano S, Hayakawa T, Kakuda T, Unno T (2003)Theanine, gamma-glutamylethylamide, is metabolized by renalphosphate-independent glutaminase. Biochim Biophys Acta1620:47–53Unno T, Suzuki Y, Kakuda T, Hayakawa T, Tsuge H (1999)Metabolism of theanine, gamma-glutamylethylamide, in rats. JAgric Food Chem 47:1593–1596Wong CG, Bottiglieri T, Snead OC 3rd (2003) GABA, c-hydroxybutyricacid, and neurological disease. Ann Neurol 54: S3–S12Xu LT, Li SJ, Jin HY, Akaike N (1999) Modulation of glycineresponse by Ca2+-permeable AMPA receptors in rat spinalneurons. J Physiol 514.3:701–711Yadid G, Pacak K, Golomb E, Harvey-White DJ, Lieberman MD,Kopin JI, Goldstein SD (1993) Glycine stimulates striataldopamine release in conscious rats. Br J Pharmacol110:50–53Yamada T, Terashima T, Okubo T, Juneja LR, Yokogoshi H (2005)Effects of theanine, c-glutamylethylamide, on neurotransmitterrelease and its relationship with glutamic acid neurotransmission.Nutri Neurosci 8:219–226Yokogoshi H, Kato Y, Sagesaka MY, Takihara-Matsuura T, KakudaT, Takeuchi N (1995) Reduction effect of theanine on bloodpressure and brain 5-hydroxyindoles in spontaneously hypertensiverats. Biosci Biotechnol Biochem 59:615–618Yokogoshi H, Kobayashi M, Mochizuki M, Terashima T (1998a)Effect of theanine, c-glutamylethylamide, on brain monoaminesand striatal dopamine release in coscious rats. Neurochem Res23:667–673Yokogoshi H, Mochizuki M, Saito K (1998b) Theanine-inducedreduction of brain serotonin concentration in rats. BiosciBiotechnol Biochem 62:816–817Amino Acids123
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NuSera™Promotes Calmness and RelaxationRecommendations: One chew twice daily during times of stress. �Form: 30 Soft Chews (Luscious Latte) (30 servings)�Serving Size: 1 ChewProduct Description:NuSera is a delicious, latte-flavored soft chew specially formulated to help people feel calm and relaxed during stressful situations.Clinical studies suggest LactiumPure®†—the patented, active ingredient in NuSera—improves stress response measures, including physical and emotional reactionsResearch suggests LactiumPure may influence the metabolism of cortisol—the stress hormoneIn vitro studies suggest LactiumPure positively influences the activity of gamma-aminobutyric acid (GABA)—a calming neurotransmitterClinically effective dose—150 mg in each soft chewDelicious latte flavor to promote patient complianceEACH CHEW SUPPLIES Calories   12 Calories from Fat  4 Total Fat   0.5 g Saturated Fat  0 g Trans Fat  0 g Cholesterol   0 mg Total Carbohydrate   4 g Sugar Alcohol  4 g Casein Tryptic Hydrolysate†   150 mg Other Ingredients: Maltitol syrup, salted butter (milk), mono and diglycerides, natural coffee flavor, natural latte flavor, and sunflower lecithin. Contains: milk. † LactiumPure®, a pure, undiluted, bioactive decapeptide (10 amino acid sequence) complex derived from casein, a milk fraction. This material contains a non-milk carrier.Warning: Do not use if pregnant or nursing. Avoid use if taking benzodiazepine medication or consuming alcohol. If taking medication, including blood thinning medications, consult your healthcare practitioner before use. Do not use before surgery. Keep out the reach of children.Disclaimer: In order to ensure proper use of our high-quality nutritional supplements, Metagenics only sells to licensed healthcare practitioners. The products listed in this online catalog are available in the United States and may not be available in other countries. In addition, certain formulas may be slightly different outside the US.
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Promoting GABA & Glutamate Balance


Taurine 1000 mg Acts as an endogenous GABA agonist
Rescues neurons from excito-toxic effects induced by 
elevated  glutamate


Magnesium (malate) 
200 mg


Blocks NMDA voltage gated receptors reducing  
excitatory post synaptic receptors
Reduces neuromuscular irritability, seizures, etc.


B6    25 mg Cofactor in synthesis of gaba from the enzyme glutamic
acid decarboxylase (GAD)


Green tea extract  300 
mg (Camilla sinensis) – 60% 
catechins, 40% EGCG


Attenuates glutamate cytotoxicity
Activates PI3/AKT and inhibits GSK3, an effect similar to 
lithium


N-acetylcysteine (NAC) 
600 mg


Natural NMDA receptor antagonist
Protect nerve cells from harmful excitotoxic effects 


Precursor to glutathione, a primary antioxidant in the body as 
well as in the central nervous system
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Trancor™GABA & Glutamate Balance FormulaRecommendations: Four capsules daily or as directed by your healthcare practitioner.�Form: 120 Capsule BottleProduct Description:Trancor is formulated to support a sense of tranquility in those who may feel worried or nervous by beneficially modulating the balance between the calming influence of GABA and the excitatory effects of glutamate.Supports a sense of tranquility by modulating the balance between glutamate and GABA with NAC, green tea catechins, and vitamin B6Taurine and ECGC may enhance the metabolism of GABA.Supports relaxation and a sense of calm with magnesium and vitamin B6Designed to act centrally, within the brain, this formula features the amino acids NAC and taurine—which research suggests may be able to cross the blood-brain barrierFOUR CAPSULES SUPPLY: Vitamin B6 (as pyridoxine HCl)   25 mg Magnesium (as magnesium malate)   200 mg Taurine   1,000 mg N-Acetylcysteine   600 mg Green Tea Leaf Extract, Decaffeinated (Camellia sinensis)   300 mg [Standardized to 60% (180 mg) catechins, 40% (120 mg) epigallocatechin gallate (EGCG)]   Other Ingredients: Microcrystalline cellulose, silica, magnesium stearate, and hydroxypropyl methylcellulose. Warning: Do not use if pregnant or nursing.��Caution: If you have congestive heart failure, kidney disease, or are taking medication—including anticoagulants—consult your healthcare practitioner before use. Maintain adequate fluid intake while taking this product.Disclaimer: In order to ensure proper use of our high-quality nutritional supplements, Metagenics only sells to licensed healthcare practitioners. The products listed in this online catalog are available in the United States and may not be available in other countries. In addition, certain formulas may be slightly different outside the US.��These statements have not been evaluated by the Food and Drug Administration. These products are not intended to diagnose, treat cure, or prevent any diseases.







Vitamin B6 25 mg 
(as pyridoxine HCl)


G.A.D. - GABA support


Magnesium 200 mg (as 
magnesium malate)


Taurine 1,000 mg


N-Acetylcysteine 600 mg 


Green Tea Leaf Extract 300 
mg, 


Decaffeinated 
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Trancor™GABA & Glutamate Balance Formula Recommendations: Four capsules daily or as directed by your healthcare practitioner.�Form: 120 Capsule BottleProduct Description:Trancor is formulated to support a sense of tranquility in those who may feel worried or nervous by beneficially modulating the balance between the calming influence of GABA and the excitatory effects of glutamate. Supports a sense of tranquility by modulating the balance between glutamate and GABA with NAC, green tea catechins, and vitamin B6  Helps protect nerve cells from the excitoxic effects of excess glutamate and other pro-oxidant influences with taurine and EGCG  Supports relaxation and a sense of calm with magnesium and vitamin B6  Designed to act centrally, within the brain, this formula features the amino acids NAC and taurine—which research suggests may be able to cross the blood-brain barrier    FOUR CAPSULES SUPPLY:Vitamin B6 (as pyridoxine HCl)  25 mgMagnesium (as magnesium malate)  200 mgTaurine  1,000 mgN-Acetylcysteine  600 mgGreen Tea Leaf Extract, Decaffeinated (Camellia sinensis)  300 mg[Standardized to 60% (180 mg) catechins, 40% (120 mg) epigallocatechin gallate (EGCG)] Other Ingredients: Microcrystalline cellulose, silica, magnesium stearate, and hydroxypropyl methylcellulose.







Additional GABA producing products


• Valerian root
– Affinity for GABA receptors.  Also shuts down sympathetics.  


• Lithium Orotate
– Increases GABA activity.


• Passion Flower Extract
– Acts on GABA receptor system.  


• L-Theanine
– Crosses BBB – dampens excitotoxicity, increases GABA


• Taurine
– Similar in structure as GABA
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Pharmaceutical Summary







GAD pharmacy


adjunctive


hypnotic CBT SDA/DPA


1st line


SNRIBZSSRI buspirone


2nd line


gabapentin/
pregabalin


TCA mirtazapine trazodone







panic pharmacy


adjunctive


hypnotic CBT SDA/DPA lamotrigine topiramate


1st line
SNRIBZSSRI


2nd line


gabapentin/
pregabalin MAOI mirtazapine trazodoneTCA







social anxiety
pharmacy


adjunctive


mirtazapine
hypnotic CBT


SDA/
DPA lamotrigine topiramate


acamprosate


naltrexone


1st line


SNRIBZSSRI


2nd line


gabapentin/
pregabalin MAOIbeta blocker







PTSD
pharmacy


adjunctive


mirtazapine


hypnotic
CBT


SDA/
DPA


beta blocker
(pre-emptive)lamotrigine


topiramate
acamprosate


naltrexone


1 
antagonist


1st line


SNRISSRI


2nd line


BZ
gabapentin/


pregabalin MAOITCA







OCD
pharmacy


adjunctive
hypnotic BZ


SDA/
DPA


lithium
DBS buspirone


1st line


SSRI


2nd line


MAOI SNRIclomipramine







Practical


• Describe the symptoms of GABA deficiency.
• Name the pharmaceutical methods of 


controlling glutamate levels.
• Name the supplements to control the balance 


of glutamate and GABA.
• Name some clinical findings you might see 


with glutamate increase and GABA decrease.  







Pain







Pain Observation 


How do we monitor Pain?
 VAS scales
• Dallas Pain Questionnaire
• Pain Drawings
• Algometry
• Depression Indexes


– Becks / Hamilton / GAF
• Oswestry
• NDI







Pain Continued 


• Nociceptive Innervation:
• Densest area include the following:


– Cornea
– Muscles
– Joint capsules
– Periosteum
– Viscera
– Blood vessels 
– Paraspinal tissues







Pain Continued 
Chemical Stimuli
• We know that the nociceptors respond to thermal and 


mechanical deformation, but they also respond to chemical 
stimulation.


• Inflammatory cycle
– Bradykinins
– Prostanoids
– Cytokines
– Histamines


• Chemicals released by immune cells 
– TNFα


» Neurotransmitters 
» Serotonin
» Tissue Metabolites
» Acid, Potassium 







Pain Continued 
• Pain and suffering are important to understand on a 


conceptual basis.  
• It is also important to understand the terms that are 


being used in this situation. 
• Pain is an unpleasant sensory and emotional experience 


associated with actual or potential tissue damage, or 
described in such damage.
– Pain is always subjective thus it may or may not have an 


objective component to it.  
– It is possible to have pain without peripheral noxious stimuli
– Pain is defined by each person, based upon their experiences, 


usually traumatic.
• Pain may be present without a cause, thus central mechanisms, 


psychological factors and biochemical pathologies may create pain.







Pain Continued


• Nociception is the activity in a neural structure 
that is considered capable of leading to or 
contributing to a sensation of pain.
– Nociception is more objective.  The activity in 


various neurons and axons that deal with 
nociception can be measured.


– In order for nocicpeption to occur, there must be 
significant activation or reaching of threshold in 
order to activate various neuronal pools in the 
contiguous network.  











Pain Continued 


• Noxious Stimuli is the harmful or noxious stimulus 
that is defined as a stimulus that damages or even 
potentially damages normal tissue.
– Some things can be noxious by this definition, but not 


painful.


• Nociceptor: A receptor that is preferentially 
sensitive to a noxious stimulus or to a stimulus that 
would become noxious if prolonged.
– This receptor type generates neural activity to 


communicate to the central nervous system. 







Pain Continued 


• Hyperalgesia is an increased or prolonged 
response to a stimulus, which is normally 
painful.
– A response that is supposed to be painful, the 


response is just heightened.
• Allodynia involves the modality of a stimulus, 


such as light touch, which creates an unusual 
perception of pain. 
– The response is perceived as painful and it should 


not be.  
• Allodynia and hyperalgesia may be together at the 


same time.







Pain Continued 
Radiating / Referred / Radicular pain


• Radiating pain is pain that is perceived to radiate away from the 
site of the pathology and it can follow pathology of any 
component of the nervous system.


• Radicular pain is reserved for pain due to pathology of one or 
more nerve roots and is perceived distal to the pathology and is 
actually a subset of radiating pain.
– Also termed projected pain.


• Referred pain is pain that does not follow a particular peripheral 
nerve or root.
– An example would be the arm pain form angina.


• Please be cautious with this term.  Only use it if you for sure cannot find a clear 
reason for the perceived pain.    







Pain Continued 
Referred Pain Mechanisms:
• A typical understanding of this type of pain would be referred pain in a certain 


area after pressing or pushing on a trigger point.
• It is the direct result of activation of nociceptive endings in somatic tissue or 


internal organs that projects to the wide dynamic range neurons in the cord.  
The WDRN are highly convergent and receive input from many areas.


• These neurons deal a lot with intensity rather than location of a painful 
stimulus.  The nervous system will rely on other clues as to where or the origin 
of a stimulus.


• In the absence of adequate clues the pain is painted on the body in a manner 
that may be some distance form the area of stimulation.  


• Activation of the WDRN is typically perceived as deep, dull, achy and burning, 
thus referred pain is rarely sharp in nature.


• It is not well localized and typically crosses borders of several cutaneous areas 
or roots.  







Pain Continued 
Radiating Pain Mechanisms:
• Caused by nerve injury and inflammation
• Phantom sensations can come from cut or injured axons without a 


receptor to transducer the incoming signal.  The CNS may reorganize 
to accommodate this.  


• Some injured axons can develop ongoing activity and mechanical 
sensitivity without interruption of their normal conduction, 
secondary to inflammation.
– Thus, activation of the pain fibers terminals or to the axons will create pain 


that is perceived in the same area, even though the source is not the same.  
– An example would be inflammation in the IVF or TNFα applied to the dorsal 


root ganglion can cause hyperalgesia perceived in the foot.  This is likely due 
to ectopic depolarization of the dorsal roots ganglia, thus it is radiating, not 
referred.  







Pain Continued 
Fiber Types
• Nociceptors are designed to give us information about the 


environment that we need to process in order to be safe and 
accurate about what we perceive in the environment.
– Involves thinly myelinated or unmyelinated axons.
– Unmyelinated axons are C-fibers.


• Burning / aching sensations
• Free nerve endings include mechanical / Chemical and Thermal


– Thinly myelinated fibers are Aδ-fibers
• Better localized, sharp, stabbing or pricking pain.  


– Nociceptors innervating deep structures such as muscle and joint 
are called group IV and group III nociceptors.  
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Pain Continued 


Suffering:
• This term is used to describe the emotional and 


mental affects that pain, nociception may have on 
the individual.


• Due to cortical integration, individual understanding 
and perception, suffering may be different for 
everyone.


• Frequent of abnormal discharge or pathologic firing 
or threshold of nociceptors will alter or cause 
behavioral changes and evoke reports of pain.   







Dynamic Range Neurons in the Cord















Pain Continued
C-fibers
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Pain Continued
C-fibers
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Pain Continued


• We also must be able to apply our previous 
understanding of suprasegmental influence on 
the system so that we can treat that in 
conjunction with the biomechanics of the 
segmental responses so that we can get a 
combination of the two to increase our chances 
of decreasing somebody’s pain and disability.


• We will also look at the biochemical side of 
treatment.











Peripheral Sensitization







Sensitization
• The thing which needs to be understood is that 


these are high threshold receptors; however, various 
things in the environment can cause sensitization in 
these receptors or decrease their threshold.  


• When various things in the environment happen or 
certain circumstances arise this may make 
nociception a more common event due to the fact 
that the receptor threshold is lowered and or they 
are sensitized.







Sensitization


• When looking at this nociceptive sensitization, we 
will discuss this a lot in regard to what can cause 
these receptor sensitization and, basically, increase 
overall plasticity of these nociceptive pathways.  


• It is important to also understand that this can also, 
at various times of development in life, for instance, 
even in utero the stress and nociceptive input of the 
mother can cause changes in the fetus in regard to 
setting the tone of that child’s life in regard to their 
future ability to have sensitization of various 
nociceptive systems.







Sensitization


• Some other things that will create a situation 
of pain and increased sensitivity are low PH 
and epinephrine (Plasma Catecholamines), as 
well as decreased inhibition from 
suprasegmental influences, as well as other 
things which will cause localized and 
inflammatory intermediaries which can 
increase receptor drive of the nociceptive
system. 







Pain Continued
Sensitization
• Anything that causes a decrease in large diameter 


afferents and an increase in small diameter afferents.  
• Next, can be the presence or drive of various chemicals 


such as norepinephrine or plasma catecholamines, or 
changes in various cycles such as cytokines and other 
inflammatory chemicals such as IL / Cyclooxygenase / 
Lipoxygenase / Nitric Oxide / TNFα / Cell Adhesion 
Molecules.







Sensitization Cont. 


• Sensitization will create allodynia, which is basically 
painful stimuli from something which is not painful, 
or there will be some hyperalgesia.  


• This is a common finding of sensitization in our 
system.  


• The most common indicator of this is pressure or 
touch.  Basically, pressure or touch should not cause 
a pain response.  This can also, of course, show up as 
hyperalgesia meaning that if something should hurt, 
the patient is very over reactive.







Sensitization


• Nociception also triggers sympathetic efferent 
responses or, basically, activates the IML.  This is sort 
of a rapid cycle which perpetuates itself because the 
sympathetic nervous system drives the adrenal 
system which basically increases plasma 
catecholamines, thus, up-regulating the nociceptive
system, thus, creating more nociceptive plasticity.


• Stimulation of sympathetic fibers also creates 
nociception.  Sympathetic stimulation will sensitize 
these fibers types.
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Sensitization


• With tissue damage or distortion, we will have 
release of serotonins, histamines, prostanoids, 
amines, and various other chemical mediators which 
basically will be involved in the inflammatory 
response to start to create an environment of tissue 
debridement and healing.


• All this basically creates an environment which fires 
off nociceptive receptors.  We also know there are 
plasma catecholamines involved.  There will also be a 
release of nitric oxides and various other chemicals 
which I will talk about as well.







Sensitization Tissue Injury
• Now what happens when we have tissue injury?  
• Basically, we are going to have a localized tissue response 


and we are going to have a release of mast cells as well as 
platelets into the region which is injured.  


• Now when we have this localized tissue damage, the mast 
cells and platelets are going to do various things.
– The mast cells will produce histamine and the platelets will produce 


serotonin.  
– The serotonins, basically, cause vasodilation so there can be more 


blood flow coming into the area.  The histamine basically increases 
nociception and is integral in the cascade of the inflammatory 
response.


• The serotonin increases nociception as well.  







Sensitization 


• You can also have local tissue injury which 
activates vasoactive polypeptides or 
proteases.  These proteases activate 
polypeptides and alpha-2 globulins.  


• These basically will transform into bradykinins
which, once again, are some of the chemical 
substances which will increase nociception.







Sensitization 
• The next question is what causes tissue injury and this is not just 


frank trauma or blunt trauma, but may include many things such 
as metabolic changes, hypoxia, transient ischemic changes, 
prolonged tissue compromise, nutritional changes, or other 
situations which can cause a moment in which a tissue may be 
compromised.


• There can also be local tissue injury which will actually attract 
polymorphic neutrophils or PMN cells.  These can react with iron 
which makes a hydroxyl radical.  This hydroxyl radical will oxidize 
lipids and protein which will further promote injury.  This further 
promotion of injury can happen in any types of cells including 
neurons.







Sensitization 
• The hydroxyl radical which occurs as a result of their reaction of the PMN 


cell of iron is that it produces phospholipase A2, which then is converted 
to arachidonic acid which then is converted to prostaglandin E2 which is a 
significant pain sensitizer in your system.


• Arachidonic acid, which basically turns to prostaglandin E2, is also found in 
high concentrations in red meats, dairy products, shell fish, and anything 
with trans fatty acids, meaning that dietary habits can basically up-
regulate arachidonic acid and, if the patient has a nociceptive system 
which for some reason is already very, very close to threshold or very, very 
plastic, their diet can basically cause just enough up-regulation to cause 
systemic pain even though that would not normally happen in a normal 
person.







Sensitization 
Peripheral Sensitization 
• In this situation, we have a peripheral lesion where there is tissue 


distortion.  This can cause all of the inflammatory responses we have 
talked about such as bradykinin and serotonin, prostaglandins, 
potassium, histamine, along with calcitonin gene related proteins, 
substance P, all of which can cause sensitization to the receptors in the 
periphery.


• An increase in firing of the nociceptive afferent system will increase all 
of these inflammatory substances including calcitonin and gene related 
proteins.  This will increase mast cell proliferation which basically causes 
the whole nociceptive reflex.


• This nociceptive reflex will further increase nociceptive afferentation
which then further creates the reflex and thus, basically, I get a massive 
windup or peripheral sensitization.







Receptors EP2 Receptors 
• Chemical irritant which increases prostaglandin E2 can be a 


problem.  This reacts on EP2 receptors located on 
nociceptive receptor sites.  


• This causes a G-coupled protein response which activates 
other metabolic mechanisms such as calcium channels and it 
also activates sodium channels.


• With an increase in calcium influx, this produces calmodulin
which results in activity of adeno cyclase which increases 
cyclic AMP activity which produces protein kinases which 
result in the production of 10 different types of protein 
kinases.







Receptors 
• Protein kinase C causes joint mechanical irritation.  These protein 


kinases result in altered phenotypic expression of the cell which 
results in an increase in production of the EP2 receptor type.  


• Therefore, chemical irritation actually causes a reaction of EP2 
receptors which increases a firing in nociception but the increase 
in chemical irritants increases the prostaglandins which causes 
the changes which increases the calcium induction which actually 
alters genetic activity to increase more EP2 and create more EP2 
receptors which further up-regulate the effects on the 
nociceptive fiber from the chemical irritants.


• A chemical irritant perpetuates its own genetic activity to 
perpetuate its own irritation.  This, in a nutshell, is peripheral 
sensitization.







Central Sensitization







Receptors 
EP3 Receptors
• Bradykinins basically react on EP3 receptors.  
• These bradykinins are created as a result of soft 


tissue trauma and they do not have the genetic 
propensity to create or perpetuate laying down their 
own receptor types. 


• Chemical irritant seems to have a far greater genetic 
influence over producing more of the stimulated EP2 
receptor types than do EP3 from mechanical 
irritation.







Receptors 
• This is important because this is why local tissue trauma such as 


accidents and so forth, we are not genetically geared to create a 
windup aspect of nociception.  


• We know that the prostaglandin E2 formation tends to have a 
very high genetic propensity to creating more receptors which 
respond to that chemical irritant.


• If there is, however, someone who has systemic inflammation for 
whatever reason there may be a genetic creation of more EP2 
receptors.  This may create a different reaction to localized tissue 
trauma, say from an accident, which causes bradykinin release.


• These people may react more harshly and may have more pain as 
a result of the injury. 







Central Sensitization 


Central Mechanisms of Sensitization
• Now that we have looked at some of the peripheral aspects in 


regards to up-regulation and peripheral sensitization, we are 
going to start looking at some more of the central 
mechanisms of sensitization and what occurs centrally as a 
result of peripheral changes or vice versa.


• Nociceptive dorsal root ganglion neurons project into the 
dorsolateral portiojn of the spinal cord where they branch.  


• They send branches 1-5 segments rostral and caudal.  
• 1-2 are for C-fiber nociceptors and 1-5 are for Aδ nociceptors.
• This region of the cord has been termed the zone of Lissauer.







Central Sensitization 
• C-fibers nociceptors ultimately terminate in the dorsal horn termed laminae I 


and II.
• Aδ nociceptors also additionally project to laminae V and X.
• Most dorsal horn neurons are classified as wide dynamic range neurons 


(WDRN).
• They respond to both noxious stimuli and innoculus with more widespread 


stimuli producing greater activation.
• A smaller percentage of dorsal horn neurons are nociceptive specific.
• These neurons are important to stimulate the presence of pain and it’s precise 


location, the WDRN neurons recognize the intensity of pain.
• Nociceptors from the limbs terminate ipsilaterally while the paraspinal fibers 


project bilaterally.







Central Sensitization
Disinhibition
• The first mechanism of central sensitization is the disinhibition.
• At this point in time, you must understand that we have wide 


dynamic range neurons which project nociceptive input.  But, 
basically in regard to what synapses onto it are various things.  


• We have the C-nociceptive fibers which synapse onto it to 
activate this area, and we also have different types of myelinated
a-fibers which synapse onto it as well.


• We have C fibers which fire to activate a wide range dynamic 
neuron projecting pain or nociception (Deals more with 
amplification and intensity rather than specific location). 







Central Sensitization 
– Nociceptors that fire into this area have central terminals that release 


SP / CGRP / and glutamate onto spinal neurons.
– This causes an increase in the production of C-fos and C-jun genes
– These proteins initiate a cascade of biochemical reactions resulting in 


the production of enkephalins and dynorphins.  
• Enkephalins inhibit the dorsal horn cells.
• Dynorphins have will inhibit a portion, but also increase a portion.


– This could lead to aspects of hyperalgesia and portions of chronic pain.


• In pathologic states there is also wide evidence that dorsal 
root ganglia undergo numerous changes in regards to the 
expression of ion channels, especially Na channels.
– Increased cation channel production leads to axonal excitability.







Central Sensitization 
• There are also myelinated A fibers which also project 


to activate WDRN, but there are different things that 
happen here.  


• The C fibers activate NMDA receptors.  
• NMDA receptors activate calcium to increase in early 


gene response which can activate and make a system 
plastic.


• The myelinated a fibers activate an AMPA receptor.  
These work with sodium induction and have a 
different genetic response in regards to aspects of 
building plasticity.







Central Sensitization 


• LTP of both pathways have different genetic and plastic 
consequences


• In the substantia gelatinosa we have an interneuronal system 
which projects to postsynaptically inhibit the wide dynamic range 
second order neuron which projects pain.  This interneuron is a 
GABAergic interneuron.


• The myelinated A fibers, fire to activate the WDRN, but they also 
fire to activate the inhibitory interneuron that in turn inhibits 
output of the WDRN.


• Failure of these interneurons may create a situation where light 
touch or even movement create pain.







Central Sensitization
• If I lose this GABAergic interneuron, not only with you have an allodynic


response or basically sensitization to movement from 
mechanoreceptors, but I will also have a loss of presynaptic inhibition of 
C fibers, or small diameter fibers.  


• This is very bad because this has a greater influence on NMDA receptors 
which causes more genetic windup of that wide dynamic range second 
order neuron which projects pain to the central nervous system.


• This becomes very bad because it can develop plasticity in a nociceptive
system.
How do we know when this occurs?  
– When somebody has an allodynic response or a response of pain secondary to 


normal movement which should not evoke pain, we know that we are starting 
to lose these GABAergic interneurons which create this inhibition 
presynaptically and postsynaptically in various areas.
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Glutamate Cascade - Common Pathways of Central Nervous System Disease States - NIHhttp://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html The Glutamate Cascade: Common Pathways of Central Nervous System Disease StatesSpeaker Abstracts THE ROLE OF GLUTAMATE IN CHRONIC INFLAMMATORY PAIN AND PAINFUL PERIPHERAL NEUROPATHIES�Gary J. Bennett, Ph.D.�Allegheny University of the Health SciencesSomatosensory primary afferent axons that respond specifically to tissue-damaging stimuli (nociceptors) use glutamate (and aspartate) as a neurotransmitter. Neurons in the spinal cord dorsal horn that respond to nociceptor input express all three subtypes of glutamate receptor.In inflammation, nociceptors with unmyelinated axons (C-nociceptors) are sensitized such that they discharge spontaneously, respond to normally innocuous stimuli, and have a supernormal response to noxious stimuli. Nociceptor sensitization underlies the spontaneous pain and hypersensitivity of the injured site. The area surrounding the injured site also becomes a source of pain and hypersensitivity, and this is now known to be due, at least in part, to an NMDA receptor-mediated hyperexcitability in spinal neurons evoked by C-nociceptor input from the injured site. NMDA receptor blockade reduces the pain of inflammation, but has little or no effect on an acute pain stimulus. The chronic pain syndromes due to peripheral neuropathies are now believed to be related, in part, to a similar NMDA receptor-mediated hyperexcitability in spinal neurons. Axotomized C-nociceptors begin to discharge ectopically, and this has the same effect as the discharge of sensitized C-nociceptors it evokes NMDA receptor-mediated central hyperexcitability. NMDA receptor antagonists block neuropathic pain in animals, and early clinical trials suggest that they are effective drugs for human painful peripheral neuropathies. High levels of activity at NMDA receptors in the brain are known to lead to neuronal death or dysfunction. There is evidence that pain-evoked glutamate release is excitotoxic to small, presumed inhibitory interneurons, in the spinal dorsal horn.MANIPULATING GLUTAMATERGIC NEUROTRANSMISSION FOR THERAPEUTIC GAIN: THE EXAMPLE OF BRAIN ISCHEMIA�Dennis W. Choi, M.D., Ph.D.�Washington University School of MedicineSince most fast excitatory synaptic neurotransmission in the mammalian brain is mediated by glutamate, it is plausible that many neurological or psychiatric disorders may be associated with abnormalities in the glutamatergic signaling system, and that therapeutic benefits might be attainable through the manipulation of this system. A prominent example of both the potential benefits, and the complex pitfalls, associated with the therapeutic manipulation of the glutamate system can be found in the setting of ischemic brain injury. The excitotoxic overactivation of glutamate receptors likely contributes directly to the neuronal and glial cell loss induced by ischemia, to a large extent reflecting excess Na+ and Ca2+ influx and, at least in the case of neurons, consequent cell necrosis. However, efforts to administer either calcium channel blockers, or pharmacological N-methyl-D-aspartate (NMDA) receptor antagonists acutely to patients suffering focal brain ischemia have so far been disappointing. The latter drugs have produced substantial side effects, and neither class of drugs has exhibited clear protective benefits. While the side effects of glutamate antagonists may be surmountable through improving drug selectivity at the level of receptor subtypes or spatial localization, lack of efficacy may point to a flaw at the level of underlying assumptions. Perhaps in man, reduction of ischemic excitotoxicity will require block of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors in addition to block of NMDA receptors. Another possible problem may be lie in the growing body of evidence that suggests that ischemia may trigger substantial amounts of programmed cell death, culminating in apoptosis, in addition to excitotoxic necrosis. One can wonder whether reduction in intracellular free calcium induced by the pharmacological blockade of glutamate receptors or even voltage-gated calcium channels might enhance brain cell susceptibility to apoptosis enough to negate the benefits associated with attenuating excitotoxic necrosis.GLUTAMATERGIC MECHANISMS IN THE CAUSE AND TREATMENT OF PARKINSON'S DISEASE�J. Timothy Greenamyre, M.D., Ph.D.�Emory UniversityThe glutamatergic system may be important in the pathogenesis and the pathophysiology of Parkinson's disease (PD). A defect in mitochondrial energy metabolism has been found in PD, and we and others have demonstrated that mitochondrial dysfunction can lead to secondary or "weak" excitotoxicity. Metabolic impairment depletes ATP, depresses Na+/K+-ATPase activity and causes graded neuronal depolarization. This relieves the voltage-dependent Mg++ block of the NMDA receptor and allows innocuous levels of glutamate to become lethal. Mitochondrial impairment also disrupts cellular calcium homeostasis. Increased activation of the NMDA receptor, in turn, leads to further mitochondrial impairment and damage. In large part, this occurs because calcium entering a neuron through NMDA receptors has "privileged" access to mitochondria where it leads to free radical production and mitochondrial depolarization. Thus, there may be a feed-forward cycle wherein mitochondrial dysfunction causes NMDA receptor activation which leads to further mitochondrial impairment. In this scenario, NMDA receptor antagonists may be neuroprotective.Once PD is established, it is clear that several glutamatergic pathways, including the corticostriatal and subthalamofugal projections, become overactive. This causes regulatory changes in basal ganglia glutamate receptor subunits. Moreover, it suggests that glutamate receptor antagonists may be useful as antiparkinsonian medications. We have shown in MPTP-treated parkinsonian monkeys that NMDA and non-NMDA antagonists have antiparkinsonian efficacy. They may also suppress the involuntary movements that are associated with chronic dopaminergic therapy. Several clinical trials are now underway to test whether manipulation of the glutamatergic system has beneficial effects in PD. Initial results should be available by the end of the year. (Supported by NS33779, AG11755, AG14648 and the Huntington's Disease Society of America.)KAINATE RECEPTOR DEFICIENT MICE�C. Mulle; A. Sailer; I. Perez-Otano; H. Dickinson-Anson; P. Castillo; I. Bureau; C. Maron; F.H. Gage; J. Mann; B. Bettler; and Stephen F. Heinemann, Ph.D.1�1The Salk InstitutePharmacological studies in the mammalian brain have revealed three classes of glutamate activated ligand gated receptor channels, AMPA, kainate and NMDA. Because of a lack of specific drugs, it has been difficult to separate synaptic currents mediated by AMPA and kainate receptors. Thus, the role of the kainate receptor system in the brain has not been studied intensively and remains a mystery. We have used a genetic approach to define the function of kainate receptors in the mouse brain. Mutations in the kainate receptor genes have been made in mice in order to elucidate the function of the kainate receptor system in the brain. We have produced a null mutation in the mouse GluR 6 kainate receptor subunit. The homozygous GluR 6 "knock-out" mouse is viable and healthy, although there is about a 10 percent reduction in weight. Both GluR 6 subunit specific RNA and GluR 6 subunit protein are not detected in the mutant mouse brain. Kainate binding is absent in areas of the brain which normally have high levels of GluR 6 specific RNA, i.e. the CA3 region and the dentate gyrus in the hippocampus. Analysis of synaptic transmission at the mossy fiber- CA3 synapse demonstrates that kainate receptors mediate a post-synaptic current which is absent in the GluR6 "knock-out" mouse. Behavioral analysis of the GluR6 "knock-out" mouse showed that they exhibit reduced locomotion activity but that they can learn motor and water maze tasks. The homozygous GluR 6 "knock-out" mouse is resistant to kainate induced seizures as assayed by seizure onset and immediate early gene activation in the hippocampus. These results prove that the kainate receptor subunit GluR 6 is a subunit of a kainate receptor which mediates a post-synaptic current during synaptic transmission in the hippocampus as well as the epileptogenic effects of kainate, a model of human temporal lobe epilepsy. This observation suggests that drugs which target the GluR 6 subunit may have therapeutic value for treatment of epilepsy.ALCOHOL AND NMDA RECEPTOR FUNCTION�Paula L. Hoffman, Ph.D.�University of Colorado Health Sciences CenterPhysical dependence on alcohol, which is one component of the alcohol dependence syndrome, is thought to result from an adaptation of the CNS to the chronic presence of alcohol, and is defined by the appearance of withdrawal signs and symptoms, including seizures (convulsions), upon cessation of alcohol intake. Neuronal systems that undergo adaptation to chronic ethanol exposure may be those that are sensitive to acute perturbation by ethanol. Acutely, ethanol is a potent inhibitor of the function of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptor. Following chronic exposure of animals to alcohol, there is evidence for an up-regulation of NMDA receptors, and/or a change in NMDA receptor subunit composition, in several brain areas. The time course of this up-regulation parallels the time course of alcohol withdrawal convulsions, and these convulsions can be attenuated by NMDA receptor antagonists. Prevention of the up-regulation of the NMDA receptor by ganglioside treatment also reduces withdrawal seizures, supporting the role of changes in the NMDA receptor in alcohol withdrawal/physical dependence. NMDA receptor function is also increased in neuronal cultures exposed chronically to ethanol in vitro, and these ethanol-exposed/withdrawn neurons show enhanced susceptibility to glutamate-induced excitotoxic death. This toxicity can be blocked with NMDA receptor antagonists, but not with diazepam. Withdrawal-induced glutamate excitotoxicity may underlie the neuronal damage observed in chronic alcoholics. These findings suggest the possibility of development of therapeutic agents to treat both alcohol withdrawal seizures and withdrawal-induced neuronal damage. (Supported by NIAAA and the Banbury Foundation.)ROLE OF GLUTAMATE RECEPTOR MATURATION IN PERINATAL BRAIN INJURY�Frances E. Jensen, M.D.�Children's Hospital (Boston) and Harvard Medical SchoolGlutamate receptor expression is developmentally regulated and data suggest that this is likely to contribute to age-dependent differences in vulnerability to hypoxic/ischemia and seizure-induced neuronal death. Glutamate neurotransmission is generally enhanced in the immature brain at ages when certain glutamate receptors are transiently overexpressed and/or receptor subunit composition differs compared to the adult. Glutamate receptors play a critical role in neuronal plasticity and activity mediated growth during brain development. However, the immature brain appears to be more vulnerable than the adult to certain forms of excitotoxic neuronal injury, suggesting that the maturational state of glutamate receptors modifies response to injury. Furthermore, clinical data demonstrate that seizures are most common in the neonatal brain, and animal models suggest that this heightened excitability correlates with transiently enhanced glutamate receptor activity. We have shown that glutamate receptor expression can be modified by brain injury during early development. Both hypoxia and seizures alter glutamate receptor subunit expression and in some cases chronically alter neuronal excitability. Given the maturational differences in excitatory amino acid mediated injury, age specific therapeutic strategies represent an important future research direction. The immature brain represents a unique challenge because therapeutic strategies will have to be devised that minimize adverse effects on physiological roles of the glutamate receptor in plasticity and synaptic development.EXCITOTOXIC APOPTOSIS AND NECROSIS IN AIDS DEMENTIA AND STROKE: POTENTIAL TREATMENT WITH NMDA OPEN-CHANNEL BLOCKERS AND NITRIC OXIDE-RELATED SPECIES�Stuart A. Lipton, M.D., Ph.D.�Brigham and Women's Hospital�Harvard Medical SchoolNeuronal injury in a number of neurodegenerative disorders, including AIDS dementia and stroke, is mediated by excitotoxic pathways leading to free radical generation. Apoptosis results if the initial insult is relatively mild, but necrosis intervenes if the initial insult is fulminant [ref. 1-6]. How can HIV-1 result in neuronal damage if the predominant cell type infected in the CNS is the macrophage/microglia? Experiments from several laboratories have lent support for the existence of HIV- and immune-related excitotoxins secreted by activated microglia and astrocytes. These substances may include arachidonic acid, platelet-activating factor, free radicals (NO. and O2.), glutamate, quinolinate, cysteine, amines, cytokines (TNF-, IL1-, IL-6), and as yet unidentified factors (Fig. 1). A final common pathway for neuronal susceptibility appears to underlie AIDS dementia, similar in many ways to that observed in focal cerebral ischemia or stroke. This mechanism involves overactivation of glutamate receptors, predominantly the N-methyl-d-aspartate (NMDA) subtype, followed by excessive influx of calcium and the generation of free radicals. After outlining these pathways, this lecture will discuss the development of clinically-tolerated NMDA antagonists, including (i) the open-channel blocker memantine, and (ii) redox-active, NO-related species such as nitroglycerin (see Fig. 2) [ref. 7].References[1] Ankarcrona, M.; Dypbukt, J.M.; Bonfoco, E.; Zhivotovsky, B.; Orrenius, S.; Lipton, S.A.; and Nicotera, P. Glutamate-induced neuronal death: A succession of necrosis or apoptosis depending on mitochondrial function. Neuron 15:961-973, 1995.��[2] Bonfoco, E.; Krainc, D.; Ankarcrona, M.; Nicotera, P.; and Lipton, S.A. Apoptosis and necrosis: Two distinct events induced respectively by mild and intense insults with NMDA or nitric oxide/superoxide in cortical cell cultures. Proc Natl Acad Sci USA 92:7162-7166, 1995.��[3] Lipton, S.A. Neurobiology: HIV displays its coat of arms. Nature 367:13-114, 1994.��[4] Lipton, S.A.; Choi, Y.-B.; Pan, Z.-H.; Lei, S.Z.; Chen, H.-S.V.; Sucher, N.J.; Loscalzo, J.; Singel, D.J.; and Stamler, J.S. A redox-based mechanism for the neuroprotective and neurodestructive effects of nitric oxide and related nitroso-compounds. Nature 364:626-632, 1993.��[5] Lipton, S.A., and Gendelman, H.E. The dementia associated with the acquired immunodeficiency syndrome. N Engl J Med 332:934-40, 1995.��[6] Lipton, S.A., and Rosenberg, P.A. Mechanisms of disease: Excitatory amino acids as a final common pathway for neurologic disorders. N Engl J Med 330:613-622, 1994.��[7] Das, S.; Sasaki, Y.F.; Rothe, T.; Premkumar, L.S.; Takasu, M.; Crandall, J.E.; Dikkes, P.; Connor, D.A.; Rayudu, P.V.; Cheung, W.; Chen, H.-S.V.; Lipton, S.A.; and Nakanishi, N. Increased NMDA current and spine density in mice lacking the NMDAR subunit, NR3A. Nature, in press. EFFECT OF GLUTAMATE BLOCKERS ON HUMAN PAIN�Mitchell B. Max, M.D.�National Institute of Dental Research�National Institutes of HealthAnimal studies have shown injury can sensitize spinal sensory neurons and cause prolonged and severe pain through excitation mediated via glutamate receptors. N-methyl-D-aspartate (NMDA) receptors are the subclass of glutamate receptors that have been most extensively studied. Although ketamine reduces a number of types of experimental and clinical pain in humans, the drug also causes severe cognitive and affective side effects, making it unattractive for chronic treatment. We have carried out clinical trials of the orally available NMDA receptor antagonist and anti-tussive, dextromethorphan in patients with painful diabetic neuropathy and postherpetic neuralgia. Dextromethorphan, 400 mg/day, reduced pain in 32 patients with diabetic neuropathy by about 25 percent relative to placebo, but had little effect on post-herpetic neuralgia.Non-NMDA glutamate receptors may also be involved in pain and hyperalgesia. We obtained LY293558 from Eli Lilly to assess its analgesic and anti-hyperalgesic effects in human volunteers. This was the first administration of this compound or any AMPA/kainate blocker to humans, so we carried out extensive Phase 1 safety testing as well as pain studies in 26 human volunteers. During rising-dose studies in each subject, we assessed responses to brief painful electrical and heat stimuli administered to undamaged skin. After the highest dose not producing significant side effects (maximal tolerated dose, MTD) was determined for each subject, he or she entered a 3-session, randomized, double-blind crossover study comparing the effects of the MTD, 1/3 MTD, or placebo on capsaicin-evoked pain, and areas of mechanical hyperalgesia and allodynia. There was a dose-related reduction of pain, hyperalgesia, and allodynia.Allodynia and hyperalgesia were reduced by about half by the 1/3 MTD, a dose that had no greater side effects than placebo. This promising result led Eli Lilly to carry out further studies with superselective compounds, which suggested that the anti-hyperalgesic effect was due to blockade of GluR5 kainate-type receptors, while sedative effects result from GluR1-4 AMPA receptors. If current studies of LY 293558 in patients with clinical pain confirm these results, kainate antagonists may offer a powerful and nontoxic treatment for pain.GLUTAMATE RECEPTOR PLASTICITY IN THE HIPPOCAMPUS: IMPLICATIONS FOR AGING�John H. Morrison, Ph.D.�Fishberg Research Center for Neurobiology�Mount Sinai School of MedicineRecent immunohistochemical studies have demonstrated both a high degree of specificity in hippocampal circuits with respect to representation of glutamate receptor families and subunits, as well as a surprising degree of glutamate receptor plasticity in response to aging, deafferentation, and neuroendocrine status. We have hypothesized that such glutamate receptor plasticity underlies age-related functional impairment, as well as modifications in excitatory transmission and morphology that can be related to circulating estrogen levels. Three examples of such plasticity will be presented: 1) A subunit and circuit-specific decrease in NMDAR1 in the perforant path terminal zone of the dentate gyrus molecular layer in aged primates; 2) An increase in NMDAR1 protein and mRNA in the dentate gyrus molecular layer following perforant path lesions in rats; and 3) an estrogen-induced increase in NMDAR1 protein, but not mRNA, in CA1 and dentate gyrus following ovariectomy. These data will be discussed in the context of age-related memory impairment in the absence of neuron loss, as well as their relevance to neurodegenerative disorders such as Alzheimer's disease.THE NMDA/NITRIC OXIDE SYNTHASE CASCADE AND OPIOID ANALGESIA AND TOLERANCE�Gavril W. Pasternak, M.D., Ph.D.�Cornell University Medical CollegeThe NMDA receptor has been implicated in a wide variety of neurological functions, acting in many cases through the activation of neuronal nitric oxide synthase (nNOS). Work from a number of laboratories has implicated NMDA receptors in the production of tolerance to opioid analgesics, as shown by the prevention of morphine tolerance by noncompetitive NMDA antagonists such as MK801. Subsequent work has now extended these observations to various other classes of NMDA antagonists, including competitive antagonists and glycine-site antagonists. Tolerance to delta drugs also is sensitive to these same agents. The loss of analgesic potency by delta drugs with repeated administration is prevented by these NMDA antaognists. Kappa analgesics, however, yield a different picture. In our studies, we have not observed an effect of NMDA agents on either kappa1 or kappa3 tolerance, although there are some suggestive reports in the literature. In many situations, stimulation of NMDA receptors leads to the activation of neuronal nitric oxide synthase (nNOS). Inhibition of this enzyme also interferes with the production of mu and delta tolerance, without altering kappa tolerance. Many splice variants of nNOS exist, raising the question of whether the role of nNOS in morphine tolerance may be limited to a single isoform. Using antisense approaches, we have selectively downregulated the major form of nNOS and a minor nNOS splice variant and looked at their pharmacology. The predominant nNOS isoform is important in the development of morphine tolerance, resulting in a loss of morphine analgesic activity. However, the minor nNOS variant has an opposite action. Unlike the major isoform, the minor isoform facilitates morphine analgesia. These observations illustrate the complexity of the NMDA/nNOS system in pain perception and opioid tolerance.NMDA ANTAGONISTS MODIFY OPIATE DRUG-SEEKING: PRECLINICAL AND PRELIMINARY CLINICAL FINDINGS�Piotr Popik, M.D., Ph.D.�Institute of Pharmacology�Polish Academy of Sciences, PolandTraditional "anti-addictive" pharmacotherapies are "drug-targeted," despite the fact that all of the drugs of abuse produce the same reinforcing (rewarding) effects and their long term administration results in drug addiction. However, the same inhibitory actions of N-methyl-D-aspartate (NMDA) receptor antagonists on phenomena related to drug seeking behavior produced by all addictive substances suggest that glutamatergic receptors may be a final common pathway to all addictions and a possible therapeutic target. Presented are the data illustrating inhibitory effects of NMDA receptor antagonists on the expression and maintenance of physical and motivational aspects of morphine dependence in rats and mice. Next, the data concerning inhibitory effects of several (uncompetitive: memantine, glycine/NMDA: L-701,324 and competitive: NPC 17742) NMDA receptor antagonists on the acquisition, expression and extinction of morphine-induced conditioned reward are discussed. Brain areas sensitive to the treatment with NMDA receptor antagonists have been identified as the administration of NPC 17742 into the nucleus accumbens and ventral tegmental area produced the same, inhibitory effects on the expression of morphine-conditioned reward. These preclinical data are followed by presentation of preliminary clinical findings suggesting that the uncompetitive NMDA antagonist, dextromethorphan may facilitate detoxification from heroin and inhibit craving for this drug in human addicts. Despite the "bad reputation" of some NMDA receptor antagonists that produce ataxia, memory disturbances and psychotomimetic effects, some low affinity, highly voltage dependent uncompetitive antagonists like memantine and dextromethorphan as well as glycine/NMDA site antagonists may have beneficial effects on drug dependence and addiction.GLUTAMATE DURING THE NATURAL HISTORY OF PSYCHOSTIMULANT DEPENDENCE: SYNAPTIC PLASTICITY AND MEDICATIONS DEVELOPMENT�Luigi Pulvirenti, M.D.�University of Rome - Tor Vergata, ItalyThe natural history of drug dependence is characterized by phases of acquisition, maintenance, extinction and relapse of drug taking. All these phases have now been successfully mimicked using a rodent model of intravenous drug self-administration and the psychostimulant addiction cycle has been extensively investigated. Much evidence suggests that glutamate may play a critical role. During the first days of acquisition of cocaine-seeking behavior a glutamate-dependent enhancement of synaptic efficacy was found using evoked field responses in the rat nucleus accumbens, a critical neural substrate mediating cocaine self-administration. Furthermore, intact glutamatergic neurotransmission was shown to be essential for the full expression of the reinforcing properties of cocaine during the maintenance phase of cocaine self-administration. Later phases of cocaine dependence were also found to be affected by indirect glutamatergic manipulation. Inhibition of nitric oxide synthesis reduced the reinforcing properties of cocaine, cocaine craving during the extinction phase and later relapse into cocaine-seeking behavior. Therefore, a potential for medication development targeting glutamate neurotransmission exists and is further supported by preclinical observations showing that dextromethorphan, a clinically safe medication with glutamate antagonistic properties, reduced the absolute reinforcing properties of cocaine. Glutamate-dependent changes of synaptic efficacy within critical limbic circuits may therefore be part of the early events of the addiction cycle leading to the development of abuse and part of the long-lasting behavioral changes of the natural history of dependence, warranting further studies on pharmacological intervention at the glutamate level for the therapy of drug abuse.GLUTAMATE NEUROTRANSMISSION IN EPILEPSY: NEW TREATMENT STRATEGIES�Michael A. Rogawski, M.D., Ph.D.�National Institute of Neurological Disorders and Stroke�National Institutes of HealthSeveral lines of evidence establish the importance of glutamate-mediated neurotransmission in epilepsy and epileptogenesis. (i) Massive release of glutamate has been demonstrated in human brain during seizures. (ii) Glutamate and other agonists of glutamate receptors are powerful convulsants. (iii) Manipulations that enhance glutamate release or potentiate glutamate receptor function can result in epileptiform activity and seizures. (iv) Modification of glutamate receptor function in transgenic animals can lead to the development of epilepsy. Most importantly, however, antagonists of glutamate receptors have broad spectrum antiseizure activity in in vitro and in vivo model systems. The possible use of NMDA receptor antagonists in the treatment of seizures has been extensively investigated, but results to date have not been encouraging mainly because the NMDA receptor antagonists evaluated have had significant toxicities. There are a variety of novel approaches currently under investigation that may lead to NMDA receptor antagonists with improved side effect profiles, including selective antagonists of NMDA receptors containing the NR2B subunit, glycine site antagonists and low affinity channel blockers. Recently, selective antagonists of non-NMDA (AMPA/kainate) receptors have become available and provide a new direction for the development of epilepsy therapies. Potential approaches include 2,3-benzodiazepine selective allosteric AMPA antagonists, modulators of AMPA receptor desensitization and antagonists of Ca2+-permeable AMPA receptors (i.e., those lacking the GluR2 subunit). Recent studies have suggested that kainate receptors may be particularly promising targets for epilepsy therapy as they seem to play a dual role as inhibitors of GABA release as well as in mediating postsynaptic excitation. Emerging work on kainate receptor-selective antagonists has focused on drugs that target kainate receptors containing the GluR5 subunit.IS MODULATION OF GLUTAMATERGIC TRANSMISSION A VIABLE APPROACH FOR DEVELOPING NOVEL ANXIOLYTICS?�Phil Skolnick, Ph.D.�Lilly Research LaboratoriesMost currently prescribed antianxiety agents act by enhancing GABAergic neurotransmission. Moreover, converging lines of evidence suggest GABAergic dysfunction can contribute to the pathophysiology of anxiety. Nonetheless, both anxiolytic and anxiogenic actions can be produced by agents that affect other neurotransmitter systems indicating that like other psychiatric disorders, anxiety (and anxiolysis) is not mediated by a single neurotransmitter system. It has been proposed that disruption of the homeostatic balance between fast-acting, ligand-gated ion channels utilizing glutamate and GABA as transmitters can result in the development and expression of anxiety. Strategies that reduce transmission at the N-methyl-D-aspartate (NMDA) subtypes of glutamate receptor are effective in preclinical tests that predict anxiolytic activity in humans. For example, functional NMDA antagonists acting at the multiple, allosterically linked sites on this family of ligand-gated ion channels mimic the effects of clinically active agents in the elevated plus maze, ultrasonic vocalization, potentiated startle, and thirsty rat (Vogel's) conflict tests. Moreover, compounds that reduce glutamate release via presynaptic metabotropic glutamate receptors exhibit a similar, but not identical spectrum of activity. I will discuss the potential pitfalls and advantages of achieving an anxiolytic action through modulating glutamatergic transmission.GLUTAMATE-MEDIATED NEUROPLASTICITY: ROLE IN AMPHETAMINE ADDICTION�Marina E. Wolf, Ph.D.�The Chicago Medical SchoolWork from our laboratory and others has demonstrated that the development of sensitization requires glutamate transmission, suggesting mechanistic similarities to other forms of neuronal plasticity. More recently, we have shown that sensitization involves adaptations in glutamate transmission in the mesoaccumbens DA system. After repeated amphetamine, VTA DA cells are supersensitive to the excitatory effects of glutamate and AMPA. This is transient, present after 3 but not 14 days of withdrawal, and does not reflect increased expression of AMPA receptor subunits (measured at protein or mRNA levels). NAc neurons show subsensitivity to glutamate, NMDA and AMPA at both withdrawals. Decreased levels of mRNA and immunoreactivity for GluR1, GluR2 and NR1 subunits were found in NAc at the 14 day withdrawal time, which may in part explain the electrophysiological findings. We also examined PFC, a major source of glutamate projections to VTA. After 3 days' withdrawal, we found increased GluR1 expression and increased sensitivity of PFC cells to glutamate. This may contribute to transient increases in excitatory drive to VTA DA cells thought to mediate induction of sensitization. Increases in excitatory drive may also reflect effects of amphetamine within the VTA, since microdialysis studies have found a delayed increase in glutamate efflux after systemic or local amphetamine. This is prevented by agents that also prevent sensitization (MK-801 and SCH 23390), suggesting a link between increased glutamate efflux and induction. The link could reflect LTP-like mechanisms or mild excitotoxic damage to DA neurons, either of which could result in transient hyperexcitability. (Supported by DA09621.)ACAMPROSATE, A NOVEL ANTI-CRAVING COMPOUND ACTS VIA GLUTAMATERGIC PATHWAYS�Walter Zieglgänsberger, M.D., Ph.D.�Max Planck - Institute of Psychiatry, Munich, Germany��Acamprosate (calcium acetyl-homotaurinate) shows promise for treatment of alcoholism and is now registered for clinical use in the European Community. It reduces alcohol intake when administered to rodents and human alcoholics (Sass et.al 1996). This compound reduces the marked increase in expression of immediate-early-genes during alcohol withdrawal in a variety of brain regions. Acamprosate by itself increases expression of c-fos e.g. in the hippocampus (Putzke et al. 1997) and increases the expression of certain splice variants (e.g. NMDAR1-4 in the hippocampus) of the NMDAR1 (Putzke et al. in press). Acamprosate alters postsynaptic efficacy of excitatory amino acids: it attenuates postsynaptic activity of EAA agonists in neocortical neurons and enhances NMDA receptor mediated synaptic transmission (Madamba et al. 1997; Berton et al. 1998) in hippocampal and nucl. accumbens neurons. Acamprosate does not enhance Cl-currents following the activation of GABAA receptors in various preparations. In HEK 293 cells co-expressing NMDAR1 and NMDAR2A subunits nanomolar concentrations of acamprosate dose-dependently and reversibly reduced the NMDA-induced ion current. There is no indication from the current assessment of humans of any psychotropic side effects of acamprosate or any potential for abuse or dependence. Animals will self-administer MK-801, but not acamprosate, and cannot be trained to discriminate subjective effects of acamprosate or to substitute acamprosate for alcohol in a drug discrimination paradigm. Acamprosate has been shown to be devoid of hypnotic, anxiolytic or muscle relaxant properties. There is no evidence of any antidepressant or other psychotropic effect of acamprosate (see Spanagel and Zieglgänsberger, TIPS 18, 1997).SCHIZOPHRENIA: A GLUTAMATERGIC PERSPECTIVE�Stephen R. Zukin, M.D.�National Institute on Drug Abuse�National Institutes of HealthIn the late 1950s the ability of the dissociative anesthetic drug phencyclidine (1-(1-phenylcyclohexyl) piperidine; PCP) to elicit a prolonged psychotic state in surgical patients was recognized. Experimental studies then revealed the ability of single small doses of PCP to elicit brief schizophrenia-like symptoms and cognitive abnormalities in normal volunteers. Similar experiments in previously stabilized chronic schizophrenic subjects led to prompt rekindling and exacerbation of disease-specific symptoms persisting up to many weeks. In the 1970s PCP became a prominent drug of abuse; in many cases patients with PCP-induced psychotic reactions could not be clinically distinguished from patients with naturally-occurring schizophrenia. In 1979 a unique brain binding site, selective for drugs with PCP-like behavioral properties, was discovered and characterized. In the 1980s whole-animal electrophysiological evidence demonstrated that PCP-like drugs were potent antagonists of the N-methyl-D-aspartate (NMDA) class of glutamate receptors. This interaction was confirmed at the cellular and biochemical levels. Characterization of the mode of activation of the NMDA receptor complex revealed multiple regulatory and modulatory sites, including a PCP binding site located within the ligand-gated ionophore, and a non-strychnine-sensitive site at which glycine served as an obligatory co-agonist, the local glycine concentration determining the degree of agonist-induced channel activation. Several lines of evidence support the hypothesis that NMDA receptor-mediated neurotransmission is abnormal in schizophrenia. These include observations that 1) large oral doses of glycine diminish negative-symptom ratings in neuroleptic-treated schizophrenic patients; 2) neuroanatomical abnormalities reported in schizophrenia correspond to areas rich in NMDA receptors; 3) PCP-like drugs induce abnormalities in cortical evoked potentials similar to those seen in schizophrenia; 4) neuropsychological abnormalities in schizophrenia involve glutamatergic mechanisms; and 5) a variety of additional neurochemical, neuroanatomical and physiological findings. [Index] [Back to Program List]  
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Glutamate Cascade - Common Pathways of Central Nervous System Disease States - NIHhttp://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html The Glutamate Cascade: Common Pathways of Central Nervous System Disease StatesSpeaker Abstracts THE ROLE OF GLUTAMATE IN CHRONIC INFLAMMATORY PAIN AND PAINFUL PERIPHERAL NEUROPATHIES�Gary J. Bennett, Ph.D.�Allegheny University of the Health SciencesSomatosensory primary afferent axons that respond specifically to tissue-damaging stimuli (nociceptors) use glutamate (and aspartate) as a neurotransmitter. Neurons in the spinal cord dorsal horn that respond to nociceptor input express all three subtypes of glutamate receptor.In inflammation, nociceptors with unmyelinated axons (C-nociceptors) are sensitized such that they discharge spontaneously, respond to normally innocuous stimuli, and have a supernormal response to noxious stimuli. Nociceptor sensitization underlies the spontaneous pain and hypersensitivity of the injured site. The area surrounding the injured site also becomes a source of pain and hypersensitivity, and this is now known to be due, at least in part, to an NMDA receptor-mediated hyperexcitability in spinal neurons evoked by C-nociceptor input from the injured site. NMDA receptor blockade reduces the pain of inflammation, but has little or no effect on an acute pain stimulus. The chronic pain syndromes due to peripheral neuropathies are now believed to be related, in part, to a similar NMDA receptor-mediated hyperexcitability in spinal neurons. Axotomized C-nociceptors begin to discharge ectopically, and this has the same effect as the discharge of sensitized C-nociceptors it evokes NMDA receptor-mediated central hyperexcitability. NMDA receptor antagonists block neuropathic pain in animals, and early clinical trials suggest that they are effective drugs for human painful peripheral neuropathies. High levels of activity at NMDA receptors in the brain are known to lead to neuronal death or dysfunction. There is evidence that pain-evoked glutamate release is excitotoxic to small, presumed inhibitory interneurons, in the spinal dorsal horn.MANIPULATING GLUTAMATERGIC NEUROTRANSMISSION FOR THERAPEUTIC GAIN: THE EXAMPLE OF BRAIN ISCHEMIA�Dennis W. Choi, M.D., Ph.D.�Washington University School of MedicineSince most fast excitatory synaptic neurotransmission in the mammalian brain is mediated by glutamate, it is plausible that many neurological or psychiatric disorders may be associated with abnormalities in the glutamatergic signaling system, and that therapeutic benefits might be attainable through the manipulation of this system. A prominent example of both the potential benefits, and the complex pitfalls, associated with the therapeutic manipulation of the glutamate system can be found in the setting of ischemic brain injury. The excitotoxic overactivation of glutamate receptors likely contributes directly to the neuronal and glial cell loss induced by ischemia, to a large extent reflecting excess Na+ and Ca2+ influx and, at least in the case of neurons, consequent cell necrosis. However, efforts to administer either calcium channel blockers, or pharmacological N-methyl-D-aspartate (NMDA) receptor antagonists acutely to patients suffering focal brain ischemia have so far been disappointing. The latter drugs have produced substantial side effects, and neither class of drugs has exhibited clear protective benefits. While the side effects of glutamate antagonists may be surmountable through improving drug selectivity at the level of receptor subtypes or spatial localization, lack of efficacy may point to a flaw at the level of underlying assumptions. Perhaps in man, reduction of ischemic excitotoxicity will require block of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors in addition to block of NMDA receptors. Another possible problem may be lie in the growing body of evidence that suggests that ischemia may trigger substantial amounts of programmed cell death, culminating in apoptosis, in addition to excitotoxic necrosis. One can wonder whether reduction in intracellular free calcium induced by the pharmacological blockade of glutamate receptors or even voltage-gated calcium channels might enhance brain cell susceptibility to apoptosis enough to negate the benefits associated with attenuating excitotoxic necrosis.GLUTAMATERGIC MECHANISMS IN THE CAUSE AND TREATMENT OF PARKINSON'S DISEASE�J. Timothy Greenamyre, M.D., Ph.D.�Emory UniversityThe glutamatergic system may be important in the pathogenesis and the pathophysiology of Parkinson's disease (PD). A defect in mitochondrial energy metabolism has been found in PD, and we and others have demonstrated that mitochondrial dysfunction can lead to secondary or "weak" excitotoxicity. Metabolic impairment depletes ATP, depresses Na+/K+-ATPase activity and causes graded neuronal depolarization. This relieves the voltage-dependent Mg++ block of the NMDA receptor and allows innocuous levels of glutamate to become lethal. Mitochondrial impairment also disrupts cellular calcium homeostasis. Increased activation of the NMDA receptor, in turn, leads to further mitochondrial impairment and damage. In large part, this occurs because calcium entering a neuron through NMDA receptors has "privileged" access to mitochondria where it leads to free radical production and mitochondrial depolarization. Thus, there may be a feed-forward cycle wherein mitochondrial dysfunction causes NMDA receptor activation which leads to further mitochondrial impairment. In this scenario, NMDA receptor antagonists may be neuroprotective.Once PD is established, it is clear that several glutamatergic pathways, including the corticostriatal and subthalamofugal projections, become overactive. This causes regulatory changes in basal ganglia glutamate receptor subunits. Moreover, it suggests that glutamate receptor antagonists may be useful as antiparkinsonian medications. We have shown in MPTP-treated parkinsonian monkeys that NMDA and non-NMDA antagonists have antiparkinsonian efficacy. They may also suppress the involuntary movements that are associated with chronic dopaminergic therapy. Several clinical trials are now underway to test whether manipulation of the glutamatergic system has beneficial effects in PD. Initial results should be available by the end of the year. (Supported by NS33779, AG11755, AG14648 and the Huntington's Disease Society of America.)KAINATE RECEPTOR DEFICIENT MICE�C. Mulle; A. Sailer; I. Perez-Otano; H. Dickinson-Anson; P. Castillo; I. Bureau; C. Maron; F.H. Gage; J. Mann; B. Bettler; and Stephen F. Heinemann, Ph.D.1�1The Salk InstitutePharmacological studies in the mammalian brain have revealed three classes of glutamate activated ligand gated receptor channels, AMPA, kainate and NMDA. Because of a lack of specific drugs, it has been difficult to separate synaptic currents mediated by AMPA and kainate receptors. Thus, the role of the kainate receptor system in the brain has not been studied intensively and remains a mystery. We have used a genetic approach to define the function of kainate receptors in the mouse brain. Mutations in the kainate receptor genes have been made in mice in order to elucidate the function of the kainate receptor system in the brain. We have produced a null mutation in the mouse GluR 6 kainate receptor subunit. The homozygous GluR 6 "knock-out" mouse is viable and healthy, although there is about a 10 percent reduction in weight. Both GluR 6 subunit specific RNA and GluR 6 subunit protein are not detected in the mutant mouse brain. Kainate binding is absent in areas of the brain which normally have high levels of GluR 6 specific RNA, i.e. the CA3 region and the dentate gyrus in the hippocampus. Analysis of synaptic transmission at the mossy fiber- CA3 synapse demonstrates that kainate receptors mediate a post-synaptic current which is absent in the GluR6 "knock-out" mouse. Behavioral analysis of the GluR6 "knock-out" mouse showed that they exhibit reduced locomotion activity but that they can learn motor and water maze tasks. The homozygous GluR 6 "knock-out" mouse is resistant to kainate induced seizures as assayed by seizure onset and immediate early gene activation in the hippocampus. These results prove that the kainate receptor subunit GluR 6 is a subunit of a kainate receptor which mediates a post-synaptic current during synaptic transmission in the hippocampus as well as the epileptogenic effects of kainate, a model of human temporal lobe epilepsy. This observation suggests that drugs which target the GluR 6 subunit may have therapeutic value for treatment of epilepsy.ALCOHOL AND NMDA RECEPTOR FUNCTION�Paula L. Hoffman, Ph.D.�University of Colorado Health Sciences CenterPhysical dependence on alcohol, which is one component of the alcohol dependence syndrome, is thought to result from an adaptation of the CNS to the chronic presence of alcohol, and is defined by the appearance of withdrawal signs and symptoms, including seizures (convulsions), upon cessation of alcohol intake. Neuronal systems that undergo adaptation to chronic ethanol exposure may be those that are sensitive to acute perturbation by ethanol. Acutely, ethanol is a potent inhibitor of the function of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptor. Following chronic exposure of animals to alcohol, there is evidence for an up-regulation of NMDA receptors, and/or a change in NMDA receptor subunit composition, in several brain areas. The time course of this up-regulation parallels the time course of alcohol withdrawal convulsions, and these convulsions can be attenuated by NMDA receptor antagonists. Prevention of the up-regulation of the NMDA receptor by ganglioside treatment also reduces withdrawal seizures, supporting the role of changes in the NMDA receptor in alcohol withdrawal/physical dependence. NMDA receptor function is also increased in neuronal cultures exposed chronically to ethanol in vitro, and these ethanol-exposed/withdrawn neurons show enhanced susceptibility to glutamate-induced excitotoxic death. This toxicity can be blocked with NMDA receptor antagonists, but not with diazepam. Withdrawal-induced glutamate excitotoxicity may underlie the neuronal damage observed in chronic alcoholics. These findings suggest the possibility of development of therapeutic agents to treat both alcohol withdrawal seizures and withdrawal-induced neuronal damage. (Supported by NIAAA and the Banbury Foundation.)ROLE OF GLUTAMATE RECEPTOR MATURATION IN PERINATAL BRAIN INJURY�Frances E. Jensen, M.D.�Children's Hospital (Boston) and Harvard Medical SchoolGlutamate receptor expression is developmentally regulated and data suggest that this is likely to contribute to age-dependent differences in vulnerability to hypoxic/ischemia and seizure-induced neuronal death. Glutamate neurotransmission is generally enhanced in the immature brain at ages when certain glutamate receptors are transiently overexpressed and/or receptor subunit composition differs compared to the adult. Glutamate receptors play a critical role in neuronal plasticity and activity mediated growth during brain development. However, the immature brain appears to be more vulnerable than the adult to certain forms of excitotoxic neuronal injury, suggesting that the maturational state of glutamate receptors modifies response to injury. Furthermore, clinical data demonstrate that seizures are most common in the neonatal brain, and animal models suggest that this heightened excitability correlates with transiently enhanced glutamate receptor activity. We have shown that glutamate receptor expression can be modified by brain injury during early development. Both hypoxia and seizures alter glutamate receptor subunit expression and in some cases chronically alter neuronal excitability. Given the maturational differences in excitatory amino acid mediated injury, age specific therapeutic strategies represent an important future research direction. The immature brain represents a unique challenge because therapeutic strategies will have to be devised that minimize adverse effects on physiological roles of the glutamate receptor in plasticity and synaptic development.EXCITOTOXIC APOPTOSIS AND NECROSIS IN AIDS DEMENTIA AND STROKE: POTENTIAL TREATMENT WITH NMDA OPEN-CHANNEL BLOCKERS AND NITRIC OXIDE-RELATED SPECIES�Stuart A. Lipton, M.D., Ph.D.�Brigham and Women's Hospital�Harvard Medical SchoolNeuronal injury in a number of neurodegenerative disorders, including AIDS dementia and stroke, is mediated by excitotoxic pathways leading to free radical generation. Apoptosis results if the initial insult is relatively mild, but necrosis intervenes if the initial insult is fulminant [ref. 1-6]. How can HIV-1 result in neuronal damage if the predominant cell type infected in the CNS is the macrophage/microglia? Experiments from several laboratories have lent support for the existence of HIV- and immune-related excitotoxins secreted by activated microglia and astrocytes. These substances may include arachidonic acid, platelet-activating factor, free radicals (NO. and O2.), glutamate, quinolinate, cysteine, amines, cytokines (TNF-, IL1-, IL-6), and as yet unidentified factors (Fig. 1). A final common pathway for neuronal susceptibility appears to underlie AIDS dementia, similar in many ways to that observed in focal cerebral ischemia or stroke. This mechanism involves overactivation of glutamate receptors, predominantly the N-methyl-d-aspartate (NMDA) subtype, followed by excessive influx of calcium and the generation of free radicals. After outlining these pathways, this lecture will discuss the development of clinically-tolerated NMDA antagonists, including (i) the open-channel blocker memantine, and (ii) redox-active, NO-related species such as nitroglycerin (see Fig. 2) [ref. 7].References[1] Ankarcrona, M.; Dypbukt, J.M.; Bonfoco, E.; Zhivotovsky, B.; Orrenius, S.; Lipton, S.A.; and Nicotera, P. Glutamate-induced neuronal death: A succession of necrosis or apoptosis depending on mitochondrial function. Neuron 15:961-973, 1995.��[2] Bonfoco, E.; Krainc, D.; Ankarcrona, M.; Nicotera, P.; and Lipton, S.A. Apoptosis and necrosis: Two distinct events induced respectively by mild and intense insults with NMDA or nitric oxide/superoxide in cortical cell cultures. Proc Natl Acad Sci USA 92:7162-7166, 1995.��[3] Lipton, S.A. Neurobiology: HIV displays its coat of arms. Nature 367:13-114, 1994.��[4] Lipton, S.A.; Choi, Y.-B.; Pan, Z.-H.; Lei, S.Z.; Chen, H.-S.V.; Sucher, N.J.; Loscalzo, J.; Singel, D.J.; and Stamler, J.S. A redox-based mechanism for the neuroprotective and neurodestructive effects of nitric oxide and related nitroso-compounds. Nature 364:626-632, 1993.��[5] Lipton, S.A., and Gendelman, H.E. The dementia associated with the acquired immunodeficiency syndrome. N Engl J Med 332:934-40, 1995.��[6] Lipton, S.A., and Rosenberg, P.A. Mechanisms of disease: Excitatory amino acids as a final common pathway for neurologic disorders. N Engl J Med 330:613-622, 1994.��[7] Das, S.; Sasaki, Y.F.; Rothe, T.; Premkumar, L.S.; Takasu, M.; Crandall, J.E.; Dikkes, P.; Connor, D.A.; Rayudu, P.V.; Cheung, W.; Chen, H.-S.V.; Lipton, S.A.; and Nakanishi, N. Increased NMDA current and spine density in mice lacking the NMDAR subunit, NR3A. Nature, in press. EFFECT OF GLUTAMATE BLOCKERS ON HUMAN PAIN�Mitchell B. Max, M.D.�National Institute of Dental Research�National Institutes of HealthAnimal studies have shown injury can sensitize spinal sensory neurons and cause prolonged and severe pain through excitation mediated via glutamate receptors. N-methyl-D-aspartate (NMDA) receptors are the subclass of glutamate receptors that have been most extensively studied. Although ketamine reduces a number of types of experimental and clinical pain in humans, the drug also causes severe cognitive and affective side effects, making it unattractive for chronic treatment. We have carried out clinical trials of the orally available NMDA receptor antagonist and anti-tussive, dextromethorphan in patients with painful diabetic neuropathy and postherpetic neuralgia. Dextromethorphan, 400 mg/day, reduced pain in 32 patients with diabetic neuropathy by about 25 percent relative to placebo, but had little effect on post-herpetic neuralgia.Non-NMDA glutamate receptors may also be involved in pain and hyperalgesia. We obtained LY293558 from Eli Lilly to assess its analgesic and anti-hyperalgesic effects in human volunteers. This was the first administration of this compound or any AMPA/kainate blocker to humans, so we carried out extensive Phase 1 safety testing as well as pain studies in 26 human volunteers. During rising-dose studies in each subject, we assessed responses to brief painful electrical and heat stimuli administered to undamaged skin. After the highest dose not producing significant side effects (maximal tolerated dose, MTD) was determined for each subject, he or she entered a 3-session, randomized, double-blind crossover study comparing the effects of the MTD, 1/3 MTD, or placebo on capsaicin-evoked pain, and areas of mechanical hyperalgesia and allodynia. There was a dose-related reduction of pain, hyperalgesia, and allodynia.Allodynia and hyperalgesia were reduced by about half by the 1/3 MTD, a dose that had no greater side effects than placebo. This promising result led Eli Lilly to carry out further studies with superselective compounds, which suggested that the anti-hyperalgesic effect was due to blockade of GluR5 kainate-type receptors, while sedative effects result from GluR1-4 AMPA receptors. If current studies of LY 293558 in patients with clinical pain confirm these results, kainate antagonists may offer a powerful and nontoxic treatment for pain.GLUTAMATE RECEPTOR PLASTICITY IN THE HIPPOCAMPUS: IMPLICATIONS FOR AGING�John H. Morrison, Ph.D.�Fishberg Research Center for Neurobiology�Mount Sinai School of MedicineRecent immunohistochemical studies have demonstrated both a high degree of specificity in hippocampal circuits with respect to representation of glutamate receptor families and subunits, as well as a surprising degree of glutamate receptor plasticity in response to aging, deafferentation, and neuroendocrine status. We have hypothesized that such glutamate receptor plasticity underlies age-related functional impairment, as well as modifications in excitatory transmission and morphology that can be related to circulating estrogen levels. Three examples of such plasticity will be presented: 1) A subunit and circuit-specific decrease in NMDAR1 in the perforant path terminal zone of the dentate gyrus molecular layer in aged primates; 2) An increase in NMDAR1 protein and mRNA in the dentate gyrus molecular layer following perforant path lesions in rats; and 3) an estrogen-induced increase in NMDAR1 protein, but not mRNA, in CA1 and dentate gyrus following ovariectomy. These data will be discussed in the context of age-related memory impairment in the absence of neuron loss, as well as their relevance to neurodegenerative disorders such as Alzheimer's disease.THE NMDA/NITRIC OXIDE SYNTHASE CASCADE AND OPIOID ANALGESIA AND TOLERANCE�Gavril W. Pasternak, M.D., Ph.D.�Cornell University Medical CollegeThe NMDA receptor has been implicated in a wide variety of neurological functions, acting in many cases through the activation of neuronal nitric oxide synthase (nNOS). Work from a number of laboratories has implicated NMDA receptors in the production of tolerance to opioid analgesics, as shown by the prevention of morphine tolerance by noncompetitive NMDA antagonists such as MK801. Subsequent work has now extended these observations to various other classes of NMDA antagonists, including competitive antagonists and glycine-site antagonists. Tolerance to delta drugs also is sensitive to these same agents. The loss of analgesic potency by delta drugs with repeated administration is prevented by these NMDA antaognists. Kappa analgesics, however, yield a different picture. In our studies, we have not observed an effect of NMDA agents on either kappa1 or kappa3 tolerance, although there are some suggestive reports in the literature. In many situations, stimulation of NMDA receptors leads to the activation of neuronal nitric oxide synthase (nNOS). Inhibition of this enzyme also interferes with the production of mu and delta tolerance, without altering kappa tolerance. Many splice variants of nNOS exist, raising the question of whether the role of nNOS in morphine tolerance may be limited to a single isoform. Using antisense approaches, we have selectively downregulated the major form of nNOS and a minor nNOS splice variant and looked at their pharmacology. The predominant nNOS isoform is important in the development of morphine tolerance, resulting in a loss of morphine analgesic activity. However, the minor nNOS variant has an opposite action. Unlike the major isoform, the minor isoform facilitates morphine analgesia. These observations illustrate the complexity of the NMDA/nNOS system in pain perception and opioid tolerance.NMDA ANTAGONISTS MODIFY OPIATE DRUG-SEEKING: PRECLINICAL AND PRELIMINARY CLINICAL FINDINGS�Piotr Popik, M.D., Ph.D.�Institute of Pharmacology�Polish Academy of Sciences, PolandTraditional "anti-addictive" pharmacotherapies are "drug-targeted," despite the fact that all of the drugs of abuse produce the same reinforcing (rewarding) effects and their long term administration results in drug addiction. However, the same inhibitory actions of N-methyl-D-aspartate (NMDA) receptor antagonists on phenomena related to drug seeking behavior produced by all addictive substances suggest that glutamatergic receptors may be a final common pathway to all addictions and a possible therapeutic target. Presented are the data illustrating inhibitory effects of NMDA receptor antagonists on the expression and maintenance of physical and motivational aspects of morphine dependence in rats and mice. Next, the data concerning inhibitory effects of several (uncompetitive: memantine, glycine/NMDA: L-701,324 and competitive: NPC 17742) NMDA receptor antagonists on the acquisition, expression and extinction of morphine-induced conditioned reward are discussed. Brain areas sensitive to the treatment with NMDA receptor antagonists have been identified as the administration of NPC 17742 into the nucleus accumbens and ventral tegmental area produced the same, inhibitory effects on the expression of morphine-conditioned reward. These preclinical data are followed by presentation of preliminary clinical findings suggesting that the uncompetitive NMDA antagonist, dextromethorphan may facilitate detoxification from heroin and inhibit craving for this drug in human addicts. Despite the "bad reputation" of some NMDA receptor antagonists that produce ataxia, memory disturbances and psychotomimetic effects, some low affinity, highly voltage dependent uncompetitive antagonists like memantine and dextromethorphan as well as glycine/NMDA site antagonists may have beneficial effects on drug dependence and addiction.GLUTAMATE DURING THE NATURAL HISTORY OF PSYCHOSTIMULANT DEPENDENCE: SYNAPTIC PLASTICITY AND MEDICATIONS DEVELOPMENT�Luigi Pulvirenti, M.D.�University of Rome - Tor Vergata, ItalyThe natural history of drug dependence is characterized by phases of acquisition, maintenance, extinction and relapse of drug taking. All these phases have now been successfully mimicked using a rodent model of intravenous drug self-administration and the psychostimulant addiction cycle has been extensively investigated. Much evidence suggests that glutamate may play a critical role. During the first days of acquisition of cocaine-seeking behavior a glutamate-dependent enhancement of synaptic efficacy was found using evoked field responses in the rat nucleus accumbens, a critical neural substrate mediating cocaine self-administration. Furthermore, intact glutamatergic neurotransmission was shown to be essential for the full expression of the reinforcing properties of cocaine during the maintenance phase of cocaine self-administration. Later phases of cocaine dependence were also found to be affected by indirect glutamatergic manipulation. Inhibition of nitric oxide synthesis reduced the reinforcing properties of cocaine, cocaine craving during the extinction phase and later relapse into cocaine-seeking behavior. Therefore, a potential for medication development targeting glutamate neurotransmission exists and is further supported by preclinical observations showing that dextromethorphan, a clinically safe medication with glutamate antagonistic properties, reduced the absolute reinforcing properties of cocaine. Glutamate-dependent changes of synaptic efficacy within critical limbic circuits may therefore be part of the early events of the addiction cycle leading to the development of abuse and part of the long-lasting behavioral changes of the natural history of dependence, warranting further studies on pharmacological intervention at the glutamate level for the therapy of drug abuse.GLUTAMATE NEUROTRANSMISSION IN EPILEPSY: NEW TREATMENT STRATEGIES�Michael A. Rogawski, M.D., Ph.D.�National Institute of Neurological Disorders and Stroke�National Institutes of HealthSeveral lines of evidence establish the importance of glutamate-mediated neurotransmission in epilepsy and epileptogenesis. (i) Massive release of glutamate has been demonstrated in human brain during seizures. (ii) Glutamate and other agonists of glutamate receptors are powerful convulsants. (iii) Manipulations that enhance glutamate release or potentiate glutamate receptor function can result in epileptiform activity and seizures. (iv) Modification of glutamate receptor function in transgenic animals can lead to the development of epilepsy. Most importantly, however, antagonists of glutamate receptors have broad spectrum antiseizure activity in in vitro and in vivo model systems. The possible use of NMDA receptor antagonists in the treatment of seizures has been extensively investigated, but results to date have not been encouraging mainly because the NMDA receptor antagonists evaluated have had significant toxicities. There are a variety of novel approaches currently under investigation that may lead to NMDA receptor antagonists with improved side effect profiles, including selective antagonists of NMDA receptors containing the NR2B subunit, glycine site antagonists and low affinity channel blockers. Recently, selective antagonists of non-NMDA (AMPA/kainate) receptors have become available and provide a new direction for the development of epilepsy therapies. Potential approaches include 2,3-benzodiazepine selective allosteric AMPA antagonists, modulators of AMPA receptor desensitization and antagonists of Ca2+-permeable AMPA receptors (i.e., those lacking the GluR2 subunit). Recent studies have suggested that kainate receptors may be particularly promising targets for epilepsy therapy as they seem to play a dual role as inhibitors of GABA release as well as in mediating postsynaptic excitation. Emerging work on kainate receptor-selective antagonists has focused on drugs that target kainate receptors containing the GluR5 subunit.IS MODULATION OF GLUTAMATERGIC TRANSMISSION A VIABLE APPROACH FOR DEVELOPING NOVEL ANXIOLYTICS?�Phil Skolnick, Ph.D.�Lilly Research LaboratoriesMost currently prescribed antianxiety agents act by enhancing GABAergic neurotransmission. Moreover, converging lines of evidence suggest GABAergic dysfunction can contribute to the pathophysiology of anxiety. Nonetheless, both anxiolytic and anxiogenic actions can be produced by agents that affect other neurotransmitter systems indicating that like other psychiatric disorders, anxiety (and anxiolysis) is not mediated by a single neurotransmitter system. It has been proposed that disruption of the homeostatic balance between fast-acting, ligand-gated ion channels utilizing glutamate and GABA as transmitters can result in the development and expression of anxiety. Strategies that reduce transmission at the N-methyl-D-aspartate (NMDA) subtypes of glutamate receptor are effective in preclinical tests that predict anxiolytic activity in humans. For example, functional NMDA antagonists acting at the multiple, allosterically linked sites on this family of ligand-gated ion channels mimic the effects of clinically active agents in the elevated plus maze, ultrasonic vocalization, potentiated startle, and thirsty rat (Vogel's) conflict tests. Moreover, compounds that reduce glutamate release via presynaptic metabotropic glutamate receptors exhibit a similar, but not identical spectrum of activity. I will discuss the potential pitfalls and advantages of achieving an anxiolytic action through modulating glutamatergic transmission.GLUTAMATE-MEDIATED NEUROPLASTICITY: ROLE IN AMPHETAMINE ADDICTION�Marina E. Wolf, Ph.D.�The Chicago Medical SchoolWork from our laboratory and others has demonstrated that the development of sensitization requires glutamate transmission, suggesting mechanistic similarities to other forms of neuronal plasticity. More recently, we have shown that sensitization involves adaptations in glutamate transmission in the mesoaccumbens DA system. After repeated amphetamine, VTA DA cells are supersensitive to the excitatory effects of glutamate and AMPA. This is transient, present after 3 but not 14 days of withdrawal, and does not reflect increased expression of AMPA receptor subunits (measured at protein or mRNA levels). NAc neurons show subsensitivity to glutamate, NMDA and AMPA at both withdrawals. Decreased levels of mRNA and immunoreactivity for GluR1, GluR2 and NR1 subunits were found in NAc at the 14 day withdrawal time, which may in part explain the electrophysiological findings. We also examined PFC, a major source of glutamate projections to VTA. After 3 days' withdrawal, we found increased GluR1 expression and increased sensitivity of PFC cells to glutamate. This may contribute to transient increases in excitatory drive to VTA DA cells thought to mediate induction of sensitization. Increases in excitatory drive may also reflect effects of amphetamine within the VTA, since microdialysis studies have found a delayed increase in glutamate efflux after systemic or local amphetamine. This is prevented by agents that also prevent sensitization (MK-801 and SCH 23390), suggesting a link between increased glutamate efflux and induction. The link could reflect LTP-like mechanisms or mild excitotoxic damage to DA neurons, either of which could result in transient hyperexcitability. (Supported by DA09621.)ACAMPROSATE, A NOVEL ANTI-CRAVING COMPOUND ACTS VIA GLUTAMATERGIC PATHWAYS�Walter Zieglgänsberger, M.D., Ph.D.�Max Planck - Institute of Psychiatry, Munich, Germany��Acamprosate (calcium acetyl-homotaurinate) shows promise for treatment of alcoholism and is now registered for clinical use in the European Community. It reduces alcohol intake when administered to rodents and human alcoholics (Sass et.al 1996). This compound reduces the marked increase in expression of immediate-early-genes during alcohol withdrawal in a variety of brain regions. Acamprosate by itself increases expression of c-fos e.g. in the hippocampus (Putzke et al. 1997) and increases the expression of certain splice variants (e.g. NMDAR1-4 in the hippocampus) of the NMDAR1 (Putzke et al. in press). Acamprosate alters postsynaptic efficacy of excitatory amino acids: it attenuates postsynaptic activity of EAA agonists in neocortical neurons and enhances NMDA receptor mediated synaptic transmission (Madamba et al. 1997; Berton et al. 1998) in hippocampal and nucl. accumbens neurons. Acamprosate does not enhance Cl-currents following the activation of GABAA receptors in various preparations. In HEK 293 cells co-expressing NMDAR1 and NMDAR2A subunits nanomolar concentrations of acamprosate dose-dependently and reversibly reduced the NMDA-induced ion current. There is no indication from the current assessment of humans of any psychotropic side effects of acamprosate or any potential for abuse or dependence. Animals will self-administer MK-801, but not acamprosate, and cannot be trained to discriminate subjective effects of acamprosate or to substitute acamprosate for alcohol in a drug discrimination paradigm. Acamprosate has been shown to be devoid of hypnotic, anxiolytic or muscle relaxant properties. There is no evidence of any antidepressant or other psychotropic effect of acamprosate (see Spanagel and Zieglgänsberger, TIPS 18, 1997).SCHIZOPHRENIA: A GLUTAMATERGIC PERSPECTIVE�Stephen R. Zukin, M.D.�National Institute on Drug Abuse�National Institutes of HealthIn the late 1950s the ability of the dissociative anesthetic drug phencyclidine (1-(1-phenylcyclohexyl) piperidine; PCP) to elicit a prolonged psychotic state in surgical patients was recognized. Experimental studies then revealed the ability of single small doses of PCP to elicit brief schizophrenia-like symptoms and cognitive abnormalities in normal volunteers. Similar experiments in previously stabilized chronic schizophrenic subjects led to prompt rekindling and exacerbation of disease-specific symptoms persisting up to many weeks. In the 1970s PCP became a prominent drug of abuse; in many cases patients with PCP-induced psychotic reactions could not be clinically distinguished from patients with naturally-occurring schizophrenia. In 1979 a unique brain binding site, selective for drugs with PCP-like behavioral properties, was discovered and characterized. In the 1980s whole-animal electrophysiological evidence demonstrated that PCP-like drugs were potent antagonists of the N-methyl-D-aspartate (NMDA) class of glutamate receptors. This interaction was confirmed at the cellular and biochemical levels. Characterization of the mode of activation of the NMDA receptor complex revealed multiple regulatory and modulatory sites, including a PCP binding site located within the ligand-gated ionophore, and a non-strychnine-sensitive site at which glycine served as an obligatory co-agonist, the local glycine concentration determining the degree of agonist-induced channel activation. Several lines of evidence support the hypothesis that NMDA receptor-mediated neurotransmission is abnormal in schizophrenia. These include observations that 1) large oral doses of glycine diminish negative-symptom ratings in neuroleptic-treated schizophrenic patients; 2) neuroanatomical abnormalities reported in schizophrenia correspond to areas rich in NMDA receptors; 3) PCP-like drugs induce abnormalities in cortical evoked potentials similar to those seen in schizophrenia; 4) neuropsychological abnormalities in schizophrenia involve glutamatergic mechanisms; and 5) a variety of additional neurochemical, neuroanatomical and physiological findings. [Index] [Back to Program List]  







Peripheral glutamate receptors participate in 
interleukin-1β-induced mechanical allodynia.
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 Neuroscience Letters Volume 357, Issue 3, 11 March 2004, Pages 203-206  belowAllodynia definition - Medical Dictionary definitions of popular ...Allodynia: Pain from stimuli which are not normally painful. The pain may occur other than in the ... Allodynia means other pain. See: Cutaneous allodynia. ...�www.medterms.com/script/main/art.asp?articlekey=25197 - 40k http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0G-4BM92NV-6&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ddb501869eb008707ad3c5c1f004b6bdPeripheral glutamate receptors participate in interleukin-1β-induced mechanical allodynia in the orofacial area of rats  References and further reading may be available for this article. To view references and further reading you must purchase this article.D. K. Ahn , , a, C. Y. Jung a, H. J. Lee a, H. S. Choi a, J. S. Ju a and Y. C. Bae ba Department of Oral Physiology, School of Dentistry, Kyungpook National University, 188-1 Sam Deok 2ga, Chung-gu, Daegu 700-412, South Koreab Department of Oral Anatomy, School of Dentistry, Kyungpook National University, Daegu, South Korea�Received 15 September 2003;  Revised 17 December 2003;  accepted 18 December 2003.  Available online 3 February 2004.  AbstractThe present study was performed to examine peripheral cytokine-induced mechanical allodynia in the orofacial area and to investigate whether peripheral excitatory amino acids participate in the cytokine-induced mechanical allodynia. Experiments were carried out on male Sprague–Dawley rats. After interleukin-1β (IL-1β) was applied subcutaneously to the orofacial area, we examined withdrawal responses produced by air puffs applied to the IL-1β injection site. The threshold of air puffs that produced withdrawal behavioral responses decreased significantly in a dose-dependent manner after injection of IL-1β. Pretreatment with an IL-1 receptor antagonist abolished the decrease in the threshold of air puffs. Pretreatment with -2-amino-5-phosphonvaleric acid, an N-methyl- -aspartic acid (NMDA) receptor antagonist, did not affect IL-1β-induced mechanical allodynia. However, pretreatment with 6,7-dinitroquinoxaline-2,3-dione, a non-NMDA receptor antagonist, abolished the decrease in the threshold of air puffs. These results suggest that peripheral cytokine can produce mechanical allodynia in the orofacial area and that excitatory amino acids can modulate IL-1β-induced mechanical allodynia via non-NMDA receptors.Author Keywords: Author Keywords: Air puffs; Allodynia; -2-Amino-5-phosphonvaleric acid; 6,7-Dinitroquinoxaline-2,3-dione; Glutamate; Interleukin-1βArticle Outline• Acknowledgements• References 







Ascending pathways for pain.


• On their way up though, they do give off collaterals.  
They give off collaterals to the nucleus tractus
solitarius, the dorsal motor nucleus of 10, the locus 
ceruleus, and the nucleus raphes magnus.


• This decussation from one side to the contralateral
side for the anterior lateral system typically takes one 
to two segments to where it actually creates the 
anterior lateral fasciculus.


• More collaterals are given as it pathways proceed 
rostral to mesencephalic reticular formation 
including the area of the periaquaductal gray.







Noxious stimulation increases glutamate
Pain. 2000 Aug;87(2):131-5. PMID: 10924806 below
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Synaptic Remodeling 


Synaptic remodeling.
• Long-term or over firing of C fibers will cause a 


release in neural growth factors and this will be 
released out in the area of lamina II.


• As a result, these neural growth factors will attract 
and create various aspects of synaptogenesis.  For 
instance, the A fiber system which fires to laminae III 
/ V in regard to movement and joint stimulation will 
start to rewire and will be attracted to the neural 
growth factors and lamina II.







Synaptic Remodeling 


• The only way to treat is to immobilize, decrease 
mechanical stimulation into the system, and figure 
out a way to increase brain activation to increasing 
descending inhibition and hope that there are 
retrograde changes in the system which will decrease 
the plastic changes which have occurred.


• These people sometimes do well when they are in a 
swimming pool or they are de-weighted at earth’s 
gravitational field.  Just the reduction of receptor and 
spindle input decreases the drive of the nociceptive
system.







Ascending pathways











Ascending pathways for pain.


• The pathways then basically ascend up to the 
VPL and the VPM and thalamus depending on 
if it is from the extremity or from the face.  
From there, the information ascends up to the 
parietal cortex for localization of pain.


• From the parietal cortex information is 
presented to the frontal lobes, project to the 
occipital lobes, temporal lobes, and the limbic 
lobes, all for different aspects of appreciation 
and understanding.  







Ascending pathways for pain.
• People in pain can, of course, have the activation of these 


pontomedullary systems and they can at times have nausea, 
vomiting, and gut dysfunction.  This aberrant activation of 
the mesencephalon may cause aberrant firing of 
mesencephalic reticular formation which may cause 
insomnia and the difficulty of sleep.


• Now that we have learned longitudinal level of lesion, it is 
important to understand the descending inhibitory pathways 
involved.  At this point in time, it is important to understand 
the periaquaductal gray which are mesencephalic types of 
neurons.











Ascending pathways for pain.
• The cortex, basically, activates the periaquaductal gray which 


sends descending activating pathways to the nucleus raphes
magnus.  The nucleus raphes magnus then sends pathways down 
which inhibit second order pain neurons and inhibits activity of C-
fiber afferents.  The nucleus raphe magnus sends a serotonergic
pathway.


• There is also the area of the locus ceruleus.  The cortex sends 
pathways down to the locus ceruleus for activation as well as 
ipsilateral cerebellar input.  The locus ceruleus then sends 
descending inhibitory pathways to second order pain neurons.  
These work through the adrenergic system.


• The locus ceruleus inhibits the IML.  It activates the ventral horn 
cells but inhibits second order pain neurons.  It also sends 
ascending pathways which inhibit third order pain neurons as 
well.







Ascending pathways for pain.


• We also know that various areas of the somatotopic
homunculus will reflexogenically fire down to the 
locus ceruleus which in turn fires back the thalamus 
which in turn fires back up to the cortical areas that 
perceive pain for inhibition of perception of pain so; 
therefore, areas of the homunculus will 
reflexogenically fire to inhibit their own perception of 
pain.


• This also leads us to understanding areas with 
smaller areas of homuncular representation suffer 
greater from aspects of deafferentation.







Pain and Inflammation 
Inflammation and Inflammatory Mediators
• The process of inflammation begins with an environmental trigger that turns 


into a biochemical signal.
• This trigger initiates the inflammatory pathway.
• Environmental triggers include the following 


– Stress
– Radiation
– Injury
– Infection
– Oxidative stress
– Certain allergic foods
– Bacterial infection
– Leaky gut syndrome
– Environmental allergens 
– Viral infections
– Aracahadonic acid / Prostaglandins E2
– Nutrient poor, processed food that is insufficient in regards to phytonutrients including ALA, EPA, DHA, GLA
– Vitamin D deficiency
– Intake of sugars and lipids







Pain and Inflammation
• These environmental triggers may activate the NF-kappaB cascade.
• This is the major pathway for the amplification of the inflammatory 


process
• NF-kappaB is a ubiquitous nuclear transcription factor that promotes 


the activation of genes that encodes for inflammatory mediators and 
enzymes.


• It is the major intracellular amplifier that increases the production of 
the direct mediators of inflammation which includes:
– Cytokines
– Prostaglandins
– Leukotrienes
– Nitric Oxide
– Other free radicals







Pain and Inflammation 
• Preparation for the process of inflammation begins 


when two subunit proteins, p50 and p65 merge in 
the cytoplasm to form NF-kappaB.


• It is kept in an inactive state by inhibitor kappaB (IkB)
• There can be stimulation by one of the listed 


environmental triggers and IkB is phosphorylated
and destroyed by inhibitor kappaB kinase (IKK).


• The destruction of IkB allows NF-kappaB to move 
into the nucleus of the cell where it binds with DNA 
and activates genes that encode for the 
inflammatory response.







Pain and Inflammation
These genes then elaborate their inflammatory 
products such as the following:
– Interleukin-1 (IL-1)
– Interleukin-6 (IL-6)
– Tumor necrosis factor (TNF)


• Proinflammatory destructive enzymes
– Nitric oxide synthase
– Lipoxygenase
– Cyclooxygenase


» Matrix Metaloproteinases
» Collagenase (Destroys connective tissue)
» Gelatinase (Destroys connective tissue)







Pain and Inflammation
– Nitric oxide synthase catalyses the formation of Nitric 


oxide
• This plays an important role in the development of peripheral 


arthritis / spinal disc degeneration as a result of oxidative 
destruction of articular tissues.


– Cyclooxygenase transforms arachadonic acid into 
prostaglandins and thromboxanes which recruit 
leukocytes to the area of inflammation which exacerbates 
edema, sensitizes peripheral neurons to pain and 
facilitates the liberation of proteinases such as the matrix 
metaloproteinases which destroys joint structures.







Pain and Inflammation


– The lipoxygenase enzyme acts on arachadonic acid 
to produce leukotrienes which increase 
inflammation, joint destruction, and produces 
MMP.


– This inflammatory process plays a vital role in the 
genesis and perpetuation of osteoarthritis, cancer, 
rheumatoid arthritis, autoimmune disorders and 
pain and inflammation.







Pain and Inflammation
Environmental 
Stimuli


•Stress


•Radiation


•Oxidative Stress


•Injury


•Infection


•Leaky Gut


•Allergens


•Sugar / Lipids


•Arachadonic Acid


•Nutrient poor food


•Vit D deficiency


Activation of 
NF-KappaB


Expression of 
inflammatory 
genes coding for 
the production 
of cytokines, 
adhesion 
molecules and 
inflammatory 
enzymes: INOs, 
Cox, Lipox


Il-6 CRP


Cyclo 2


PG-E2


Throm


Il-1


Lipo


MMP


Leuk


NOS NOS


TNF-a


Adhesion molecules


•Pain


•Inflam.


•CV Dis.


•Insulin 
Problems


•A.I.


•Cancer


•Neuro-
deg.


IL-1 / PG-E2
Oxidative stress


TNF / CRP







Treatment for Inflammation
See last modules notes 


Treatment for the inhibition of NF-kappaB (Inflammation) 
• Anti-Inflammatory Diet
• Fatty Acids
• Vitamin D
• Multivitamin / multimineral
• Pancreatic and Proteolytic enzymes
• Glucosamine and Chondroitin Sulfates
• Niacinamide
• Analgesic botanical (Harpagophytum / Boswellia / Willow Bark)
• Curcumin (Tumeric)
• Lipoic Acid
• Green tea extract
• Rosemary
• Grape seed extract
• Propolis
• Resveratrol
• Phytolens







Careful of additives that ALWAYS have 
MSG


• Hydrolyzed protein
• Hydrolyzed plant protein
• Plant protein extract
• Sodium caseinate
• Yeast extract
• Textured protein
• Autolyzed yeast
• Hydrolyzed oat flour
• Malt extract 
• Malt flavoring
• Bouillon
• Broth
• Stock
• Natural beef or chicken 


flavoring


• Some spices
• Carageenan
• Soy protein concentrate
• Soy protein isolate
• Why protein concentrate
• Careful with shellfish


• Hydrolyzed vegetable 
protein actually has 
aspatate, glutamate and 
cysteic acid and some 
carcinogens.  A very 
dangerous combination


• It you eat out, eat it out of a 
can, eat it out of a box or 
have preservatives – get 
ready, you have been 
exposed. 







Fibromyalgia


• There are many things that can contribute to 
possible fibromylagia like symptoms. 


• Hormonal changes
– Thyroid pathology
– Adrenal pathology


• Neurotransmission
– Serotonin deficiency
– Chronic inflammation


• Viral infections
– EBV, coxsachie, parvovirus







Fibromyalgia


• Psychiatric problems
– Many of these patients will suffer from post traumatic 


stress, anxiety, sleep disorders, poor coping 
mechanisms.


• Nutritional
• Metabolic 


– Mitochondrial dysfunction
– Heavy metals
– Severe food allergies
– Intestinal dysbiosis







Fibromyalgia Diagnosis


• History (Global pain)
• Examination (Multiple tender points)
• Labs Rule out other diseases







Typical pain diagram







Tender points







Necessary differentials


• Chronic fatigue syndrome
• Myofascial pain syndrome
• Connective tissue disorders


– SLE, RA, polymyalgia, lymes
• Endocrine myopathies
• Dysglycemia
• Anemia
• MS
• GI dysbiosis







Drugs used
• Tricyclics
• Opiates
• Superficial Lidocaines
• Alpha 2-Delta Ligands
• SSRI’s
• Anticonvulsants
• MAOI’s
• SNRI’s
• Dopamine 3 agonists
• Cyclobenzaprine
• NSAIDS
• Acetaminophin















Associated symptoms
• Depression / anxiety
• Cognitive decline (Fog)
• Suboccipital pain
• Lightheadedness / dizziness
• Insomnia
• Daytime fatigue
• Morning stiffness
• Myalgia
• Irritable bowel / frequent urination
• Common denominator / increased sympathetic 


activity in everyone























Descending pathways



















Opioid Receptors


• Three main classes of opioid 
receptors
– Mu receptors
– Kappa receptors
– Delta receptors







Classification of Drugs That Act as Opioid
Receptors


• Pure opioid agonists
– Activate mu receptors and kappa receptors


• Agonist-antagonist opioids
– Pentazocine
– Nalbuphine
– Butorphanol
– Buprenorphine


• Pure opioid antagonists
– Act as antagonists at mu and kappa receptors







Other Strong Opioid Agonists
• Fentanyl


– Parenteral
– Transdermal
– Transmucosal


• Alfentanil and sufentanil
• Remifentanil
• Meperidine
• Methadone
• Heroin
• Hydromorphone, oxymorphone, and levorphanol


– Basic pharmacology
– Preparations, dosage, and administration







Moderate to Strong Opioid Agonists


• Codeine
– Actions and uses
– Preparations, dosage, and administration


• Oxycodone
– Analgesic actions equivalent to codeine
– A long-acting analgesic


• Hydrocodone
• Propoxyphene







Clinical Use of Opioids


• Dosing guidelines
• Physical dependence, abuse, and addiction 


as clinical concerns
• Patient-controlled analgesia
• Using opioids in specific settings







Dosing Guidelines


• Assessment of pain
– Pain status should be evaluated prior to opioid


administration and about 1 hour after.
• Dosage determination


– Opioid analgesics must be adjusted to 
accommodate individual variation.


• Dosing schedule
– As a rule, opioids should be administered on a 


fixed schedule.
• Avoiding withdrawal







Using Opioids for Specific Kinds of Pain


• Postoperative pain
• Obstetric analgesia
• Myocardial infarction
• Head injury
• Cancer-related pain
• Chronic noncancer pain


• Opioid Antagonists
– Naloxone
– Other opioid antagonists







Nonopioid Centrally Acting Analgesics


• Tramadol
• Clonidine
• Ziconotide


• Mechanism of action
• Therapeutic use
• Pharmacokinetics
• Adverse effects and 


interactions
• Drug interactions
• Abuse liability
• Preparations, dosage, and 


administration







Sedative-Hypnotic Drugs


• Benzodiazepines
• Benzodiazepine-like drugs
• Barbiturates
• Miscellaneous sedative-hypnotics
• Management of transient insomnia







Benzodiazepines


• Drug of choice to treat insomnia and anxiety at times.
• Used to induce general anesthesia
• Used to manage seizure disorders, muscle spasm, panic 


disorder, and withdrawal from alcohol
• Most familiar member is diazepam [Valium]
• Safer than general CNS depressants
• Lower potential for abuse
• Produce less tolerance and physical dependence
• Fewer drug interactions







Benzodiazepine-Like Drugs


• Zolpidem [Ambien]
– Sedative-hypnotic
– Short-term management of insomnia


• Zaleplon [Sonata]
– New class of hypnotics, pyrazolopyrimidines
– Short-term management of insomnia
– Prolonged use does not appear to cause tolerance


• Eszopiclone [Lunesta]
– Is the S-isomer of zopiclone
– For treating insomnia
– No limitation on how long it can be used







Barbiturates


• Three classifications
– Ultrashort acting (thiopental)
– Short to intermediate acting (secobarbital)
– Long acting (phenobarbital)


• Mechanism of action
– Binds to the GABA receptor-chloride channel complex
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Ephaptic Cross-Talk


ectopic activity in 
damaged Aß-fiber 


evoked activity in
undamaged C-fiber 


C fiber 


electrical 
transfer 


Aß-fiber 







Central Sensitization and
Excessive Nociceptive Activity


neuropathic 
pain







Relief of Painful Excessive Nociceptive
Activity in Central Sensitization


neuropathic 
pain


= alpha 2
delta ligand







Molecular Action of Alpha 2 Delta Ligands


open conformation of VSCC
inside the cell


outside the cell


Ca++







Molecular Action of Alpha 2 Delta Ligands


alpha 2 delta ligand binding to open 
conformation and inhibiting VSCC


inside the cell


outside the cell







Molecular Action of Alpha 2 Delta Ligands


closed conformation of VSCC
inside the cell


outside the cell







Onset of Chronic Pain from Diabetic Peripheral Neuropathy


OUCH!


diabetic peripheral
neuropathy pain







Development of Segmental Central Sensitization and 
Increased Pain


diabetic peripheral
neuropathy pain


segmental 
central sensitization


OUCH!







Anatomic Actions of Alpha 2 Delta Ligands


diabetic peripheral
neuropathy pain


OUCH! = alpha 2
delta ligand







Chronic Pain with Supra-Segmental Central Sensitization


OUCH!


supra-segmental
central sensitization







OUCH!


supra-segmental
central sensitization


= alpha 2
delta ligand


Anatomic Actions of Alpha 2 Delta Ligands







Tender Points for the Diagnosis of Fibromyalgia


Occiput:
suboccipital muscle 
insertions


trapezius:
midpoint of the 
upper border


supraspinatus:
above the medial 
border of the scapular
spine


gluteal: upper outer
quadrants of
buttocks


greater trochanter:
posterior to the
trochanteric
prominence


low cervical:
anterior aspects
of the intertransverse
spaces at C5-C7


second rib:
second 
costochondral
junctions


lateral epicondyle:
2 cm distal
to the epicondyles


knee:
medial fat
pad proximal
to the joint line 







fibromyalgia


pain
anxiety


fatigue


sleep


depression


concentration
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fatigue/energy
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-“fibro-fog”
- problems concentrating
- lack of interest/pleasure


psychomotor
fatigue (mental)
pain


depressed mood
anxiety


sleep
appetite


pain


Match Each Symptom of Fibromyalgia
to Hypothetically Malfunctioning Brain Circuits







fibro-
pharmacy


2nd line


strength training/ exercise TCA mirtazapine tiagabine cyclobenzaprine


1st line


2SNRI


adjunctive


GHBopiatesstimulant SDA NRI BZ
hypnotic


carbamazepine
topiramate


trazodone
NDRI modafinilcaution







Practical


• Describe the WDRN.
• Describe peripheral sensitization.
• Describe central dis-inhibition.
• Describe synaptic remodeling.
• Describe descending pain pathways.
• Describe methods of treating pain, in 


particular, fibromyalgia.  Include supplements 
and medications.    





		Neuropharmacology  �A Story in transmission, chemical and nutritional intervention ���Presented by the Carrick Institute for Graduate Studies�J. Brock, RN, BSN, F-NP(s), DC, DACNB, FACFN, FABES, FABVR, FICC�Professor of Neurology, Carrick Institute�Nurse Practitioner Resident, Samford University�

		Slide Number 2

		Special thank you! 

		Great References

		Anticonvulsants

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Slide Number 23

		Slide Number 24

		Slide Number 25

		Slide Number 26

		Slide Number 27

		Slide Number 28

		Slide Number 29

		Slide Number 30

		Slide Number 31

		Slide Number 32

		Slide Number 33

		Slide Number 34

		Slide Number 35

		Slide Number 36

		Slide Number 37

		Slide Number 38

		Slide Number 39

		Slide Number 40

		Slide Number 41

		Slide Number 42

		Slide Number 43

		Slide Number 44

		Slide Number 45

		Slide Number 46

		Slide Number 47

		Slide Number 48

		Slide Number 49

		Slide Number 50

		Slide Number 51

		Slide Number 52

		Slide Number 53

		Slide Number 54

		Supplementation

		“methylmercury and mercuric chloride increased the release of endogenous �glutamate,�inhibited glutamate uptake, �reduced mitochondrial activity, �and decreased ATP levels.”�J Neurosci Res. 2005 Feb 15;79(4):545-53. PMID: 15635608 below

		“Jan. 27, 2009 – �Some foods and drinks rich in high-fructose corn syrup may contain detectable levels of mercury, �a new report shows.”�“mercury can be used to make caustic soda, which is one of the products used to make high-fructose corn syrup.”�http://www.webmd.com/food-recipes/news/20090127/mercury-in-high-fructose-corn-syrup below

		“glutathione (GSH), provides the major intracellular defense against mercury-induced neurotoxicity.” � “Thimerosal-induced cytotoxicity was associated with depletion of intracellular GSH in both cell lines.” � Neurotoxicology. 2005 Jan;26(1):1-8.  PMID: 15527868 below

		“Stress (insulin resistance), Inflammation, Oxidation (possibly represented by GGT) – all drive Glutamate by multiple mechanisms.”

		taurine �“activation of GABAA receptors �in the mechanism of neuroprotection.” �“Taurine has been shown to protect against the excitotoxicity of glutamate”�(The FASEB Journal. 2004;18:511-518.)  PMID: 15003996 below

		GABA Metabolism

		“theanine inhibited the convulsive action of caffeine, and increased the intra-cerebral level of GABA”�Amino Acids. 2008 Jan 15. PMID: 18196445 full article below

		Casein Tryptic Hydrolysate� (Mechanisms of Action) (best source mom’s milk)

		Promoting GABA & Glutamate Balance

		Vitamin B6 25 mg �(as pyridoxine HCl)  �G.A.D. - GABA support��Magnesium 200 mg (as magnesium malate)�  �Taurine   1,000 mg� �N-Acetylcysteine  600 mg ��Green Tea Leaf Extract 300 mg, �Decaffeinated  

		Additional GABA producing products

		Ketogenic pyramid��The Anti Seizure Diet

		Pharmaceutical Summary

		Slide Number 69

		Slide Number 70

		Slide Number 71

		Slide Number 72

		Slide Number 73

		Practical

		Pain

		Pain Observation 

		Pain Continued 

		Pain Continued 

		Pain Continued 

		Pain Continued

		Slide Number 81

		Pain Continued 

		Pain Continued 

		Pain Continued 

		Pain Continued 

		Pain Continued 

		Pain Continued 

		Slide Number 88

		Pain Continued 

		Dynamic Range Neurons in the Cord

		Slide Number 91

		Slide Number 92

		Pain Continued

		Pain Continued

		Pain Continued

		Slide Number 96

		Peripheral Sensitization

		Sensitization

		Sensitization 

		Sensitization

		Pain Continued

		Sensitization Cont. 

		Sensitization

		Slide Number 104

		Figure:

		Slide Number 106

		Slide Number 107

		Sensitization

		Sensitization 

		Sensitization 

		Sensitization 

		Sensitization 

		Sensitization 

		Receptors 

		Receptors 

		Central Sensitization

		Receptors 

		Receptors 

		Central Sensitization 

		Central Sensitization 

		Central Sensitization

		Central Sensitization 

		Central Sensitization 

		Central Sensitization 

		Central Sensitization

		“NMDA receptor blockade reduces the pain of inflam-mation”�http://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html below

		“axons that respond specifically to tissue-damaging stimuli (nociceptors) use glutamate (and aspartate) as a neurotransmitter.”��http://www.nida.nih.gov/MeetSum/Glutamate/abstracts.html below

		Peripheral glutamate receptors participate in interleukin-1β-induced mechanical allodynia.� Neuroscience Letters Volume 357, Issue 3, 11 March 2004, Pages 203-206  below

		Ascending pathways for pain.

		Noxious stimulation increases glutamate �Pain. 2000 Aug;87(2):131-5. PMID: 10924806 below

		Synaptic Remodeling

		Synaptic Remodeling 

		Synaptic Remodeling 

		Ascending pathways

		Slide Number 135

		Ascending pathways for pain.

		Ascending pathways for pain.

		Slide Number 138

		Ascending pathways for pain.

		Ascending pathways for pain.

		Pain and Inflammation 

		Pain and Inflammation

		Pain and Inflammation 

		Pain and Inflammation

		Pain and Inflammation

		Pain and Inflammation

		Pain and Inflammation

		Treatment for Inflammation�See last modules notes 

		Careful of additives that ALWAYS have MSG

		Fibromyalgia

		Fibromyalgia

		Fibromyalgia Diagnosis

		Typical pain diagram

		Tender points

		Necessary differentials

		Drugs used

		Slide Number 157

		Slide Number 158

		Associated symptoms

		Slide Number 160

		Slide Number 161

		Slide Number 162

		Slide Number 163

		Descending pathways

		Slide Number 165

		Slide Number 166

		Slide Number 167

		Opioid Receptors

		Classification of Drugs That Act as Opioid Receptors

		Other Strong Opioid Agonists

		Moderate to Strong Opioid Agonists

		Clinical Use of Opioids 

		Dosing Guidelines

		Using Opioids for Specific Kinds of Pain

		Nonopioid Centrally Acting Analgesics 

		Sedative-Hypnotic Drugs

		Benzodiazepines 

		Benzodiazepine-Like Drugs

		Barbiturates

		Slide Number 180

		Slide Number 181

		Slide Number 182

		Slide Number 183

		Slide Number 184

		Slide Number 185

		Slide Number 186

		Slide Number 187

		Slide Number 188

		Slide Number 189

		Slide Number 190

		Slide Number 191

		Slide Number 192

		Slide Number 193

		Slide Number 194

		Slide Number 195

		Slide Number 196

		Practical






Multifunctional Drugs: A Novel 
Concept for Psychopharmacology


By Stephen M. Stahl, MD, PhD


71CNS Spectr 14:2 February 2009


NEW TREND IN 
PSYCHOPHARMACOLOGY


Beginning th is  month  and appear ing 


periodically in future columns, “Trends in 


Psychopharmacology” will cover a new con-


cept and hot topic in the field, namely, that of 


“multifunctional drugs.” The concept is pre-


sented in overview here. Future installments 


will cover specific drugs in greater depth. 


Multifunctional drugs include those agents  


with more than one putative therapeutic mech-


anism of action.


WHAT IS A MULTIFUNCTIONAL  
PSYCHOTROPIC DRUG?


Multifunctional drugs are those agents with 
more than one therapeutic mechanism. Almost 
all drugs have more than one known pharma-
cologic action, especially at doses higher than 
those used therapeutically. However, many of 
these additional mechanisms are considered 
unwanted and the cause of side effects rather 
than therapeutic effects. 


For example, the tricyclic antidepressants 
(TCAs) have many known pharmacologic 
actions, but their ability to block the norepi-


nephrine transporter (NET) and/or the serotonin 
transporter (SERT) are the properties most con-
sistently attributed to mediating their antide-
pressant actions.1 More recently, the ability of 
some of these agents to block serotonin (5-HT) 
receptor subtypes as well (particularly the 5-
HT2A and 5-HT2C receptors) has been linked to 
antidepressant therapeutic actions.1  However, 
the ability of TCAs to block muscarinic cholin-
ergic receptors, α1 adrenergic receptors, and 
histamine H1 receptors at therapeutic doses, 
and sodium channels at overdose levels, are 
generally considered to be the cause of side 
effects.1 When an undesired pharmacologic 
action occurs at therapeutic doses, this is not a 
multifunctional drug, but a “dirty drug.” Two or 
more therapeutic actions are what make a drug 
multifunctional rather than dirty. 


AREN’T ALL DRUGS  
MULTIFUNCTIONAL?


At some level, almost all psychotropic drugs 
have multiple pharmacologic actions, and, 
indeed, many of these actions are considered 
to be therapeutic. TCAs, according to the defini-
tions given above, are thus both multifunctional 
and dirty. On the other hand, serotonin-nor-
ephephrine reuptake inhibitors (SNRIs) are mul-
tifunctional but not dirty, since they retain the 
NET and SERT inhibitory properties of TCAs, 


Dr. Stahl is adjunct professor of psychiatry in the Department of Psychiatry at the University of California–San Diego in La Jolla.
Faculty Disclosures: Dr. Stahl has served as a consultant to Arena, Azur, Bionevia, BristolMyers Squibb, Eli Lilly, Endo, Forest, Jazz, Johnson 
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Corporation, Solvay, Somaxon, Tetragenex, and Vanda; he has served on speaker’s bureaus for Pfizer and Wyeth; and has received grant 
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If you would like to comment on this column or submit a suggestion to Dr. Stahl for future columns, please e-mail vj@mblcommunications.com.
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but not the anticholinergic, antiadrenergic, and 
antihistamine properties.1 


A list of various psychotropic agents that can 
be considered multifunctional is given in Table 
1.  This includes much of the current armamen-
tarium of psychopharmacology. Drug nomencla-
ture is moving toward naming an agent based 
upon all of its therapeutically linked pharmaco-
logic properties, and not by its clinical action 
or actions. Thus, is a drug an antidepressant 
(old fashioned) or a serotonin selective reuptake 
inhibitor (SSRI) or an SNRI (multifunctional)? 
Some SSRIs have important secondary prop-
erties; so should they be called “not-so-selec-
tive serotonin reuptake inhibitors”?1,2 Or should 
SSRIs and SNRIs be called anxiolytics, since 
most of them are also approved for up to five 
different anxiety disorders?


Similarly, what is a mood stabilizer? An anti-
convulsant? Some anticonvulsants? Lithium? Or 
the atypical antipsychotics?


In fact, what is an atypical antipsychotic 
when all of them treat nonpsychotic mania 
and some of them treat bipolar and unipolar 
depression as well?1,3


The dilemma in drug classification is thus 
clear and explains the movement toward mul-
tifunctional pharmacologic drug categorization. 
To accentuate the timeliness of this paradigm 
shift in drug classifications, an entire issue of 
a recent journal is dedicated to various multi-
functional drugs in neurology and psychiatry.4 


CNS Spectr 14:2 February 2009


TABLE 1.
Seeing Various Psychotropic Agents in 
Clinical Practice From a Multifunctional 
Perspective 


All TCAs Trazodone


  Doxepin Mirtazapine


  Clomipramine Atypical Antipsychotics


  Others   Risperidone


SNRIs   Olanzapine


  Venlafaxine   Quetiapine


  Desvenlafaxine   Ziprasidone


  Duloxetine   Clozapine


  Milnacipran   Aripiprazole


Some SSRIs Benzodiazepines


  Sertraline Some “Z” Drugs


  Fluoxetine    Eszopiclone


  Paroxetine    Zopiclone


Bupropion


TCAs=tricyclic antidepressants; SNRIs=serotonin-norepinephrine reuptake 
inhibitors; SSRIs=selective serotonin reuptake inhibitors.


Stahl SM. CNS Spectr. Vol 14, No 2. 2009.


TABLE 2.
Future Multifunctional Psychotropic 
Agents in the Pipeline 


Agents
Pharmacologic 
Actions


Proposed 
Clinical Actions


Triple 
reuptake 
inhibitors


Serotonin, 
norepinephrine, 
and dopamine 
transport 
inhibitors


Antidepressant plus


Agomelatine M1 and M2 
agonist, 5-HT2C 
antagonist


Antidepressant, 
hypnotic, anxiolytic 
plus


Asenapine Atypical 
antipsychotic


Antipsychotic, 
antimanic, 
antidepressant plus


Iloperidone Atypical 
antipsychotic


Antipsychotic, 
antimanic, 
antidepressant plus


Lurasidone Atypical 
antipsychotic


Antipsychotic 
antimanic 
antidepressant 
possible pro-
cognitive agent plus


LuAA21004 Serotonin 
reuptake inhibitor, 
5-HT1A partial 
agonist, 5-HT3 
antagonist


Antidepressant, 
anxiolytic plus


LuAA24530 Triple reuptake 
inhibitor plus


Antidepressant, 
anxiolytic plus


Cariprazine D3 preferring and 
D2 partial agonist


Antipsychotic, 
antimanic, 
antidepressant plus


Tasimelteon Balanced M1 and 
M2 agonist


Jet lag, circadian 
rhythm regulator, 
hypnotic plus


Flibanserin 5-HT2A 
antagonist, 
5-HT1A partial 
agonist, 5-HT2C 
antagonist


Hypoactive sexual 
desire disorder plus


M=melatonin; 5-HT=serotonin; D=dopamine.


Stahl SM. CNS Spectr. Vol 14, No 2. 2009.
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The point is that modern psychopharmacol-
ogy is experiencing a paradigm shift in drug 
classification, moving toward an emphasis  
on every relevant pharmacologic mechanism 
that is linked to a therapeutic action, not to a 
single clinical action. 


DOSE-DEPENDENT  
MUTIFUNCTIONALITY:  
DEPENDS UPON DOSE


One nuance of the multifunctional concept is 
that a molecule may have different functions at 
different doses, depending upon the potency of 
its multiple pharmacologic actions. In fact, this 
was recently presented in another “Trends In 
Psychopharmacology” column5 where the TCA 
doxepin was shown to be a selective H1 antago-
nist when given at a fraction of its antidepres-
sant dose. At low doses, doxepin is so selective 
for H1 receptors that it makes an excellent 
binding ligand for in vitro studies and positron 
emission tomography scans.5 Only upon raising 
the dose 10–100 fold does it become an antide-
pressant, as the higher doses recruit additional 
pharmacologic properties.5


Another example of a dose dependent mul-
tifunctional psychotropic drug is trazodone. 
At low doses, it is a hypnotic but not an anti-
depressant.1 Low doses act at 5-HT2A recep-
tors, H1 receptors and α1 receptors, and cause 
sedative hypnotic clinical actions. If the dose is 
raised 3–5 fold to recruit the blockade of SERT, 
trazodone becomes an antidepressant as effi-
cacious as SSRIs or TCAs.1


The concept of multifunctionality can be 
exploited to find expanded clinical uses for a psy-
chotropic drug. One of the best examples of this 
may be quetiapine. Originally used as an anti-
psychotic and antimanic agent when given at 
high doses that block a substantial number of 
dopamine D2 and 5-HT2A receptors, like all known 
atypical antipsychotics,1 quetiapine has been 
used as a hypnotic at very low doses. Perhaps 
like doxepin,5 this low-dose hypnotic use is linked 
to quetiapine’s potent H1 antagonist actions. 
Furthermore, intermediate doses of quetiapine 
show robust actions in both bipolar depression 
and unipolar depression, potentially linked to the 
pharmacologic properties of an active metabolite 
that blocks NET as well as 5-HT2C receptors.1 


CONCLUSION
Whether by design or by serendipity, almost 


all new psychotropics in development exhibit 
multifunctional properties. Several examples 
are given in Table 2. As these agents move for-
ward in clinical development, selected examples 
will become the focus of future installments of 
“Trends in Psychopharmacology”. CNS
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suggestions and protocols for nutritional support and health maintenance. Homeopathic protocols are intended
for use in symptom relief and OTC indications only.
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• I would encourage everyone to go to the Neuroscience 
Education Institute to learn more about neurochemistry.
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– Stahl’s Essential Psychopharmacololgy. ISBN: 978-0-521-67376-1. 
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A story about the good times







Serotonin Facts


• Serotonin alteration has been linked to an 
exhaustive list of conditions. 
– Depression, autism, eating disorders, 


schizophrenia, obsessive/compulsive disorder, 
premenstrual syndrome, anxiety, panic disorder, 
seasonal affective disorder, extreme violence, 
hostility and aggression, suicide, migraine, manic 
depression, addiction, and more.







Serotonin Facts


• Serotonin is a critical signaling molecule 
necessary for normal gut function: 
– When released, it causes gut motility and 


secretion
– Ninety-five percent of all serotonin is localized in 


the GI tract
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Tetrahydrobiopterin
• http://www.metametrix.com/test-menu/profiles/vitamins/neopterin-biopterin
Oxidative Products of Tetrahydrobiopterin (BH4)
• Neopterin and biopterin are by-products of the redox reactions involving tetrahydrobiopterin


(BH4). BH4 functions as a cofactor for the enzymes responsible for the production of 
monoamine neurotransmitters (ephinepherine, norepinephrine, DOPA, serotonin), and as a 
cofactor in nitric oxide production. Low biopterin levels may reflect insufficient BH4 status. 
Restricted BH4 cofactor availability has been suggested as an etiologic factor in:


• Neurological Disease - Alzheimer's Disease, Parkinson's Disease, Autism, Depression, DOPA-
responsive Dystonia


• Insulin Resistance
• Cardiovascular Disease
• Inborn-errors of metabolism: Phenylketonuria, Hyperphenylalaninemia
• Neopterin is a marker of inflammation, allowing detection and monitoring of inflammatory 


processes. The origin of the inflammation may be the small intestine pathology that so often 
requires treatment in children with Autism Spectrum Disorders.


Neopterin is elevated in:
• Infections
• Autoimmune diseases: Rheumatoid Arthritis, Systemic Lupus, and Atopic Asthma
• Malignant diseases
• Psychiatric disorders
• Sleep-disordered breathing
• Children with Autism Spectrum Disorders



http://www.metametrix.com/test-menu/profiles/vitamins/neopterin-biopterin





“folates have been 
suggested to stimulate 


endogenous BH4 
(tetrahydrobiopterin)


regeneration”
(Circulation. 1998;97:237 241.) 


below


http://www.uic.edu/classes/phar/phar332
/Clinical_Cases/aa%20metab%20cases/PKU
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Presentation Notes

Tetrahydrobiopterin http://www.uic.edu/classes/phar/phar332/Clinical_Cases/aa%20metab%20cases/PKU%20Cases/bioh4.htm belowTetrahydrobiopterin is a cofactor that carries electrons for REDOX reactions, as in the oxidation of phenylalanine to tyrosine. It is formed from dihydrobiopterin through the action of the enzyme dihydrofolate reductase, or from the quinonoid form of dihydrobiopterin through the action of dihydropteridine reductase.         Defects in the regeneration of the cofactor tetrahydobiopterin (BH4) account for a small fraction of PKU cases.  Such cases are sometimes identified as "malignant" PKU, because of the progressive deterioration in neurological function which cannot be alleviated by simple dietary restriction in phenylalanine intake.  These cases may be distinguished from the classical form of PKU which is due to a defect in the enzyme phenylalanine hydroxylase (PAH).  There are several possible causes of a defect in biopterin metabolism, and the consequences of such a defect can be profound, extending beyond phenylketonuria to defects in neurotransmission. Such cases can be better understood by referring to the biosynthetic pathway of tetrahydrobiopterin:�  DE NOVO BIOSYNTHESIS OF TETRAHYDROBIOPTERIN          In addition to a defect in the regeneration of BH4 there can be problems in the de novo synthesis of BH4.  The pathway shown here has four enzymes.  Among patients with hyperphenylalaninemia, defects in two of these enzymes have been identified, in GTP cyclohydrolase I (the first enzyme in the pathway) and in pyruvoyl tetrahydropterin synthase (the second enzyme in the pathway).         Defects in these enzymes result in many of the same symptoms that are seen in "classical" PKU (due to defective PAH).  However, defects in regeneration or synthesis of BH4 account for only a small fraction of all patients with hyperphenylalaninemia.         Deficiencies in biopterin metabolism can be distinguished from the classical PKU disease by the profile of various pterins in serum, urine, and cerebrospinal fluid. Back to Clinical Cases in Phenylalanine MetabolismBack to Intro to PKU==============================Folic Acid – 5mthf improves nitric oxide(Circulation. 1998;97:237-241.)�© 1998 American Heart Association, Inc. Brief Rapid Communications5-Methyltetrahydrofolate, the Active Form of Folic Acid, Restores Endothelial Function in Familial Hypercholesterolemia Marianne C. Verhaar, MD; Robert M. F. Wever, Pharm, D; John J. P. Kastelein, MD, PhD; Thea van Dam; Hein A. Koomans, MD, PhD; ; Ton J. Rabelink, MD, PhD From the Departments of Nephrology and Hypertension (M.C.V., T v D., H.A.K., T.J.R.) and Clinical Chemistry (R.M.F.W.), University Hospital Utrecht, and Department of Vascular Medicine (J.J.P.K.), University Medical Centre Amsterdam, Netherlands. Correspondence to Ton J. Rabelink, Department of Nephrology and Hypertension, University Hospital Utrecht, Heidelberglaan 100, PO Box 85500, 3508 GA Utrecht, The Netherlands. E-mail T.Rabelink@digd.azu.nl �   Abstract Top�Abstract�Introduction�Methods�Results�Discussion�References� �Background—Impaired nitric oxide (NO) activity is an early event in the pathogenesis of cardiovascular disease, resulting from either reduced NO formation or increased NO degradation. Administration of tetrahydrobiopterin (BH4), an essential cofactor for NO production, could restore NO activity in familial hypercholesterolemia (FH). Because folates have been suggested to stimulate endogenous BH4 regeneration, we hypothesized that administration of 5-methyltetrahydrofolate (5-MTHF, the active circulating form of folate) might improve NO formation in FH. Methods and Results—We studied the effects of 5-MTHF on NO bioavailability in vivo in 10 patients with FH and 10 matched control subjects by venous occlusion plethysmography, using serotonin and nitroprusside as endothelium-dependent and -independent vasodilators. In vitro, we investigated the effect of 5-MTHF on NO production by recombinant endothelial NO synthase (eNOS) by use of [3H]arginine to [3H]citrulline conversion. We also studied the effects of 5-MTHF on superoxide generation by eNOS and xanthine oxidase (XO) by use of lucigenin chemiluminescence. The impaired endothelium-dependent vasodilation in FH (63% versus 90% in control subjects) could be reversed by coinfusion of 5-MTHF (117% vasodilation), whereas 5-MTHF had no significant effect on endothelium-dependent vasodilation in control subjects. 5-MTHF did not influence basal forearm vasomotion or endothelium-independent vasodilation. 5-MTHF had no direct effect on in vitro NO production by eNOS. However, we did observe a dose-dependent reduction in both eNOS- and XO-induced superoxide generation. Conclusions—These results show that the active form of folic acid restores in vivo endothelial function in FH. It is suggested from our in vitro experiments that this effect is due to reduced catabolism of NO. �Key Words: endothelium • endothelium-derived factors • hypercholesterolemia • folates �   Introduction Top�Abstract�Introduction�Methods�Results�Discussion�References� �Impaired vascular NO activity has emerged as an early marker for cardiovascular disease. Indeed, most risk factors for atherosclerosis have been shown to be associated with impaired endothelium-dependent vasodilatation because of reduced NO availability. The precise mechanism responsible for this reduced NO availability is unknown; both impaired formation and increased degradation of NO may be involved. NO formation is critically dependent on the presence of the cofactor BH4, which stimulates conversion of L-arginine to L-citrulline and NO by NO synthase.1 2 BH4 acts as a cofactor by providing electrons, thus being oxidized to the inactive qBH2.3 We recently demonstrated that administration of BH4 could restore impaired NO activity in hypercholesterolemia.4 This would suggest a role for BH4 as a therapy to increase the antiatherogenic potential of the endothelium. However, BH4 is active only in its (unstable) reduced form and thus not suitable for oral supplementation. Folates have been suggested to stimulate endogenous BH4 regeneration from qBH2.5 6 One could therefore hypothesize that administration of folates may increase NO formation. If true, such a role of folates would be of major clinical significance, because oral folic acid administration could be explored as a cheap and safe therapy to reduce cardiovascular risk. To evaluate this hypothesis, we studied the effects of 5-MTHF, the active form of folic acid, on endothelium-dependent and -independent vasodilation in hypercholesterolemic patients and control subjects. In addition, to elucidate possible mechanisms, we investigated the effect of 5-MTHF on NO availability in vitro. �   Methods Top�Abstract�Introduction�Methods�Results�Discussion�References� �Effect of 5-MTHF on NO Availability In Vivo�Subjects�Ten patients with FH and 10 healthy control subjects, matched for age, sex, and smoking habit, participated in our study. The diagnosis of FH was based on established criteria.7 In all patients, a molecular diagnosis of FH was confirmed. Studies were performed at least 2 weeks after withdrawal of lipid-lowering medication. None of the participants in our study had clinical signs of cardiovascular disease. They did not use vasoactive medications in the week before the study, and all abstained from alcohol, tobacco, and caffeine-containing drinks for at least 12 hours before measurements were made. All subjects gave written informed consent. Protocol�The study protocol was approved by the local research ethics committee of the University Hospital Utrecht. All experiments were performed in a quiet room kept at a constant temperature of 22°C to 24.5°C. Forearm blood flow was measured simultaneously in both arms by venous occlusion plethysmography as described previously.8 For assessment of endothelium-dependent vasodilatation, serotonin (Sigma Chemical Co) was infused into the brachial artery in increasing doses of 0, 0.6, 1.8, and 6.0 ng · 100 mL FAV-1 · min-1 (block A). These dosages have previously been shown to cause NO-mediated vasodilation.8 9 For assessment of endothelium-independent vasodilatation, sodium nitroprusside (Merck) was administered intra-arterially at incremental doses of 0, 6, 60, 180, and 600 ng · 100 mL FAV-1 · min-1 (block B). During blocks A and B, saline was coinfused. The order of blocks A and B was randomized. Subsequently, 5-MTHF (Bigmar Pharmaceuticals) was infused at rates of 0, 0.1, 1, and 10 µg · 100 mL FAV-1 · min-1, for 5 minutes per dose, to assess the influence of 5-MTHF on baseline vasomotion. These dosages were chosen to achieve calculated plasma concentrations in the forearm of 0.1, 1, and 10 µmol/L, which have been shown to be biologically active concentrations in vitro.10 Finally, after at least a 15-minute infusion of 5-MTHF at a rate of 1 µg · 100 mL FAV-1 · min-1, the first two infusion blocks (A and B) were repeated in randomized order during 5-MTHF coinfusion. Venous blood samples were obtained from the brachial vein before and after 15 to 20 minutes of 5-MTHF infusion into the ipsilateral brachial artery and immediately centrifuged; plasma was stored at -20°C until analysis. Plasma folate and vitamin B12 were measured by a competitive immunoassay using direct chemiluminescence (CIBA Corning Diagnostics Corp). Plasma total homocysteine was measured by the method described by Araki and Sako.11 Plasma creatinine, total cholesterol, HDL cholesterol, triglyceride, and apolipoprotein B were measured with standard laboratory methods. LDL cholesterol was calculated by the Friedewald formula. Effect of 5-MTHF on NO Availability In Vitro�Effects of 5-MTHF on NO Production by Recombinant eNOS�Experiments were performed on recombinant eNOS, derived from a baculovirus/Sf9 expression system (kindly donated by Tanya Mogelivich, Cayman Chemical Co, Ann Arbor, Mich), which shares important features with the native eNOS; it is appropriately targeted to the particulate subcellular fraction and shares cofactor requirements similar to those of eNOS isolated from endothelial cells.12 NOS activity was determined as the formation of L-[2,3,4,5-3H]citrulline from L-[2,3,4,5-3H]arginine (Amersham). We investigated the effects of 30 minutes of incubation with 5-MTHF (Sigma Chemical Co; 10, 100, and 1000 µmol/L) on eNOS activity. To exclude the possibility that lack of prosthetically bound qBH2 would limit regeneration of BH4, we also investigated the effect of 5-MTHF on NO production with coincubation of qBH2 (10 µmol/L). In addition, the effects of BH4 (10 µmol/L) on eNOS were studied as a positive control. All experiments were performed in triplicate. Effects of 5-MTHF on Superoxide Generation by eNOS and Xanthine Oxidase/Hypoxanthine�To study the actions of 5-MTHF as an antioxidant, the effects of 5-MTHF (10, 100, and 1000 µmol/L) on superoxide generation by purified recombinant eNOS and xanthine oxidase (Sigma, 4 mU)/hypoxanthine (Sigma, 0.3 mmol/L) were investigated. Both systems are relevant to the increased generation of reactive oxygen species in hypercholesterolemia and atherosclerosis.13 14 Superoxide generation was measured with lucigenin-enhanced chemiluminescence, as described previously.15 In short, scintillation vials containing lucigenin (250 µmol/L) and eNOS (12 µg) were placed into a Berthold luminometer (AutoLumat LB 953) at 37°C in the presence of 0.5 mmol/L NADPH, 300 U/mL calmodulin, and 1 mmol/L calcium. Counts were recorded for 5 minutes, and the respective backgrounds were subtracted. All measurements were performed in triplicate. Specificity of the chemiluminescence signal for superoxide was controlled by incubation with superoxide dismutase. Analysis�Average values of forearm blood flow were obtained from the last five or six consecutive recordings of each measurement period. The ratio of flows in the infused and noninfused arms (M/C ratio16 ) was calculated for each time point and expressed as percentage change from baseline. Results of in vivo studies are expressed as mean±SEM. Differences in forearm vascular reactivity induced by 5-MTHF were examined by repeated-measures ANOVA for a randomized block design, where the interaction variance ratio indicates differences between the curves (Jandel Scientific Inc). Group comparisons with respect to clinical characteristics were made with unpaired and two-tailed t tests. Results of in vitro experiments are presented as mean±SEM of three experiments. These data were examined by ANOVA. If variance ratios reached statistical significance, differences between the means were analyzed with the Student-Newman-Keuls test for P<.05 and P<.01. �   Results Top�Abstract�Introduction�Methods�Results�Discussion�References� �Effect of 5-MTHF on NO Availability In Vivo�Patient characteristics and baseline laboratory data are shown in the Table. �View this table:�[in this window]�[in a new window]�  Table 1. Clinical Characteristics and Laboratory Data Influence of 5-MTHF on Baseline Hemodynamics and Biochemical Parameters�Cumulative dose infusion of 5-MTHF did not significantly change basal forearm blood flow in either FH patients or control subjects (M/C ratio in patients: 1.15±0.15, 1.10±0.12, 1.09±0.13, and 1.17±0.16 and in control subjects: 1.24±0.11, 1.27±0.15, 1.28±0.17, and 1.26±0.16). There was also no significant effect of 5-MTHF infusion on mean arterial pressure in either group (patients: 79±2 versus 79±2 and control subjects: 81±3 versus 81±3 mm Hg, P=NS). Infusion of 5-MTHF significantly increased folate levels in both patients (9.1±1.0 to 240±60 nmol/L, P<.05) and control subjects (9.4±1.5 to 307±74 nmol/L, P<.01) but did not significantly alter homocysteine levels (patients: 8.7±0.7 to 8.7±0.6 and control subjects: 9.1±0.5 to 8.7±0.7 µmol/L, P=NS). Influence of 5-MTHF on Endothelium-Dependent Vasodilation�In patients, serotonin-induced vasodilation was significantly impaired compared with control subjects (M/C ratio from 1.24±0.10 to 1.98±0.19 versus 1.38±0.16 to 2.62±0.34, P<.05). 5-MTHF coinfusion significantly enhanced serotonin-induced vasodilation (1.08±0.11 to 2.28±0.21 increase in M/C ratio, P<.01 versus saline coinfusion), whereas coinfusion of 5-MTHF had no significant effect on serotonin-induced vasodilation in control subjects (M/C ratio from 1.38±0.16 to 2.62±0.34 versus 1.13±0.12 to 2.31±0.27, P=NS). There was no significant difference in endothelium-dependent vasodilation between patients during 5-MTHF coinfusion and control subjects (Fig 1). ��View larger version (26K):�[in this window]�[in a new window]�  Figure 1. A and C, Percentage change in forearm blood flow after stimulation of endothelium-dependent and endothelium-independent vasodilation with serotonin (5-HT) and sodium nitroprusside (SNP), respectively, in control subjects. B and D, Same parameters for patients with FH. Influence of 5-MTHF on Endothelium-Independent Vasodilation�Administration of the endothelium-independent vasodilator sodium nitroprusside caused increases in forearm blood flow (M/C ratio), which were not significantly different between FH patients and control subjects (1.12±0.09 to 6.98±0.65 versus 1.28±0.07 to 6.04±0.69, respectively; P=NS). Coinfusion of 5-MTHF did not significantly alter endothelium-independent vasodilation in FH patients or in control subjects. There was no significant difference in sodium nitroprusside–induced vasodilation between FH patients and control subjects during 5-MTHF infusion (1.02±0.10 to 5.46±0.50 versus 1.08±0.07 to 5.02±0.40, respectively; P=NS) (Fig 1). Effect of 5-MTHF on NO Availability In Vitro�Effects of 5-MTHF on NO Production by Endothelial Cells and Recombinant eNOS�NO production doubled, from 7.9±0.2 to 17.2±0.3 pmol · min-1 · mg protein-1 (P<.01), after administration of BH4. Addition of 5-MTHF (10, 100, and 1000 µmol/L) had no effect on NO production by recombinant eNOS (from 7.9±0.2 to 7.1±0.4, 7.2±0.3, and 7.0±0.4 pmol · min-1 · mg protein-1, respectively). Also, addition of 5-MTHF in the presence of surplus oxidized BH4 did not stimulate NO production (6.9±0.4, 7.0±0.3, and 6.1±0.5 pmol · min-1 · mg protein-1, respectively; P=NS compared with eNOS alone). Effects of 5-MTHF on Superoxide Generation by Recombinant eNOS and Xanthine Oxidase/Hypoxanthine�5-MTHF dose-dependently reduced superoxide production by both xanthine oxidase and eNOS (Fig 2). Control experiments with superoxide dismutase confirmed that the observed lucigenin signal in these experiments was superoxide-mediated (data not shown). ��View larger version (40K):�[in this window]�[in a new window]�  Figure 2. A, Influence of 5-MTHF on eNOS (12 µg)–mediated superoxide generation as demonstrated by lucigenin-enhanced chemiluminescence. *P<.05 vs without. B, Influence of 5-MTHF on xanthine oxidase (4 mU)–mediated superoxide generation as demonstrated by lucigenin-enhanced chemiluminescence. *P<.05 vs without. �   Discussion Top�Abstract�Introduction�Methods�Results�Discussion�References� �Administration of 5-MTHF, the active circulating form of folic acid, restores endothelial function in hypercholesterolemic patients without overt macrovascular disease. Serotonin-induced NO activity, which was significantly impaired in our group of hypercholesterolemic patients, could be completely restored by local infusion of 5-MTHF, whereas 5-MTHF had no significant effect on NO activity in healthy control subjects. Infusion of 5-MTHF also did not influence basal forearm vasomotion or endothelium-independent vasorelaxation. NO bioavailability is a result of both NO production and NO degradation. NO production is catalyzed by eNOS, which requires BH4 as an essential cofactor. Indeed, our in vitro experiments show that BH4 increases NO production by eNOS. 5-MTHF has been shown to stimulate reduction of qBH2 back into the active form BH4.5 6 Our in vitro experiments demonstrate no direct effect of 5-MTHF on NO production by eNOS. However, this does not exclude an effect of 5-MTHF on NO production in vivo, in that it may serve as an electron donor to pterin-reducing enzymes.6 Enhanced oxidative degradation of NO is a major determinant of impaired NO availability in hypercholesterolemia.17 18 19 This may be due to increased eNOS-induced generation of superoxide13 or elevated circulating levels of xanthine oxidase.14 20 In the present study, 5-MTHF caused a dose-dependent reduction in both eNOS- and xanthine oxidase–induced superoxide production, suggesting that 5-MTHF may reverse the derangement in NO metabolism that occurs in hypercholesterolemia by reduction of reactive oxygen species. Our data suggest that this could be a direct antioxidant effect. However, an indirect effect is possible as well, by either improvement of the cellular antioxidant defense system,21 reduction of the pro-oxidant homocysteine,22 or an increase in BH4 availability.23 The observed improvement in NO activity suggests reduced availability of folate in our hypercholesteremic patients. Plasma folate levels in our subjects were within the normal range, with similar values for patients and control subjects. However, because plasma folate concentrations may not accurately reflect tissue folate stores,24 we cannot exclude the possibility of reduced intracellular folate levels or altered intracellular folate metabolism in hypercholesterolemia.25 Folate administration has been shown to decrease homocysteine levels,26 to lower cardiovascular risk in homocysteinuric patients,27 and to improve endothelial function (estimated as plasma concentrations of endothelium-derived proteins) in patients with mild to moderate hyperhomocysteinemia.28 However, this homocysteine-lowering effect is not likely to be involved in our study. Plasma homocysteine levels were not elevated in our population and did not change during 5-MTHF infusion. Furthermore, the increase in NO availability occurred only in patients but not in healthy control subjects, whereas homocysteine levels were similar in both groups. In conclusion, our data indicate that 5-MTHF can restore endothelial function in hypercholesterolemic patients, probably by affecting cellular oxidative metabolism. This mode of action suggests that the effect of 5-MTHF on NO activity can be extrapolated to other clinical conditions that have been associated with impaired NO activity. Our finding warrants further exploration of the potential of oral folic acid therapy as a novel, safe, and inexpensive tool to reduce cardiovascular risk, not only in hyperhomocysteinemia but also in other risk factors for cardiovascular disease, such as hypercholesterolemia. �   Selected Abbreviations and Acronyms  BH4=tetrahydrobiopterineNOS=endothelial NO synthaseFAV=forearm volumeFH=familial hypercholesterolemia5-MTHF=5-methyltetrahydrofolateqBH2=quinoid dihydrobiopterin (oxidized BH4)�   Acknowledgments  �This study was supported by the Dutch Heart Foundation (grant 96.169). Dr Rabelink is supported by the Royal Dutch Academy of Sciences. We acknowledge the technical advice from Dr K. van Kessel and Dr D. van Loon (Antonius Ziekenhuis, Nieuwegein) for homocysteine determinations. �   Footnotes  �Drs Verhaar and Wever contributed equally to this study. Received September 16, 1997; revision received November 10, 1997; accepted November 13, 1997. �   References Top�Abstract�Introduction�Methods�Results�Discussion�References Cosentino F, Katusic ZS. Tetrahydrobiopterin and dysfunction of endothelial nitric oxide synthase in coronary arteries. Circulation. 1995;91:139–144.[Medline] [Order article via Infotrieve]��Mayer B, Werner ER. In search of a function for tetrahydrobiopterin in the biosynthesis of nitric oxide. Naunyn Schmiedebergs Arch Pharmacol. 1995;351:453–463.[Medline] [Order article via Infotrieve]��Witteveen CF, Giovanelli J, Kaufman S. Reduction of quinonoid dihydrobiopterin to tetrahydrobiopterin by nitric oxide synthase. J Biol Chem. 1996;271:4143–4147.[Abstract/Free Full Text]��Stroes E, Kastelein J, Cosentino F, Erkelens W, Wever R, Koomans H, Luscher T, Rabelink T. Tetrahydrobiopterin restores endothelial function in hypercholesterolemia. J Clin Invest. 1997;99:41–46.[Abstract/Free Full Text]��Kaufman S. Some metabolic relationships between biopterin and folate: implications for the `methyl trap hypothesis.' Neurochem Res. 1991;16:1031–1036.[Medline] [Order article via Infotrieve]��Matthews RG, Kaufman S. Characterization of the dihydropterin reductase activity of pig liver methylenetetrahydrofolate reductase. J Biol Chem. 1980;255:6014–6017.[Abstract/Free Full Text]��Goldstein JL, Brown MS. Familial hypercholesterolaemia. In: Stanbury JB, Wyngaarden JB, Frederickson DS, Goldstein JL, Brown MS, eds. The Metabolic Basis of Inherited Disease. New York, NY: McGraw-Hill; 1983:672–712.��Stroes ES, Koomans HA, de Bruin TWA, Rabelink TJ. Vascular function in the forearm of hypercholesterolaemic patients off and on lipid-lowering medication. Lancet. 1995;346:467–471.[Medline] [Order article via Infotrieve]��Bruning TA, van Zwieten PA, Blauw GJ, Chang PC. No functional involvement of 5-hydroxytryptamine 1a receptors in nitric oxide dependent dilation caused by serotonin in the human forearm vascular bed. J Cardiovasc Pharmacol. 1994;24:454–461.[Medline] [Order article via Infotrieve]��van der Molen EF, van den Heuvel LP, te Poele Pothoff MT, Monnens IA, Eskes TK, Blom HJ. The effect of folic acid on the homocysteine metabolism in human umbilical vein endothelial cells (HUVECs). Eur J Clin Invest. 1996;26:304–309.[Medline] [Order article via Infotrieve]��Araki A, Sako Y. Determination of free and total homocyst(e)ine in human plasma by high performance liquid chromatography with fluorescence detection. J Chromatogr Biomed Appl. 1987;422:43–52.��Robinson LJ, Michel T. Endothelial nitric oxide synthase expression in heterologous systems. Methods Enzymol. 1996;269:55–64.[Medline] [Order article via Infotrieve]��Pritchard KA, Groszek L, Smalley DM, Sessa WC, Wu M, Villalon P, Wolin MS, Stemerman MB. Native low-density lipoprotein increases endothelial cell nitric oxide synthase generation of superoxide anion. Circ Res. 1995;77:510–518.[Abstract/Free Full Text]��Cardillo C, Kilcoyne CM, Cannon RO, Quyyumi AA, Panza JA. Xanthine oxidase inhibition with oxypurinol improves endothelial vasodilator function in hypercholesterolemic but not in hypertensive patients. Hypertension. 1997;30:57–63.[Abstract/Free Full Text]��Balasoiu D, van Kessel KC, van Kats-Renaud HJ, Collet TJ, Hoepelman AI. Granulocyte function in women with diabetes and asymptomatic bacteriuria. Diabetes Care. 1997;20:392–395.[Abstract]��Benjamin N, Calver A, Collier J, Robinson B, Vallance P, Webb D. Measuring forearm blood flow and interpreting the responses to drugs and mediators. Hypertension. 1995;25:918–923.[Abstract/Free Full Text]��Harrison DG, Ohara Y. Physiologic consequences of increased vascular oxidant stresses in hypercholesterolemia and atherosclerosis: implications for impaired vasomotion. Am J Cardiol. 1995;75:75B–81B.[Medline] [Order article via Infotrieve]��Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia increases endothelial superoxide anion production. J Clin Invest. 1993;91:2546–2551.��Ting HH, Timimi FK, Haley EA, Roddy MA, Ganz P, Creager MA. Vitamin C improves endothelium-dependent vasodilation in forearm resistance vessels of humans with hypercholesterolaemia. Circulation. 1997;95:2617–2622.[Medline] [Order article via Infotrieve]��White CR, Darley-Usmar V, Berrington WR, McAdams M, Gore JZ, Thompson JA, Parks DA, Tarpey MM, Freeman BA. Circulating plasma xanthine oxidase contributes to vascular dysfunction in hypercholesterolaemic rabbits. Proc Natl Acad Sci U S A. 1996;93:8745–8749.[Abstract/Free Full Text]��Henning SM, Swendseid ME, Ivandic BT, Liao F. Vitamins C, E and A and heme oxygenase in rats fed methyl/folate-deficient diets. Free Radic Biol Med. 1997;23:936–942.[Medline] [Order article via Infotrieve]��Loscalzo J. The oxidant stress of hyperhomocyst(e)inemia. J Clin Invest. 1996;98:5–7.[Free Full Text]��Wever RMF, van Dam T, van Rijn HJM, de Groot FG, Rabelink TJ. Tetrahydrobiopterin regulates superoxide and nitric oxide generation by recombinant endothelial nitric oxide synthase. Biochem Biophys Res Commun. 1997;237:340–344.[Medline] [Order article via Infotrieve]��Molloy AM, Daly S, Mills JL, Kirke PN, Whitehead AS, Ramsbottom D, Conley MR, Weir DG, Scott JM. Thermolabile variant of 5,10-methylenetetrahydrofolate reductase associated with low red-cell folates: implications for folate intake recommendations. Lancet. 1997;349:1591–1593.[Medline] [Order article via Infotrieve]��Loehrer FM, Angst CP, Haefeli WE, Jordan PP, Ritz R, Fowler B. Low whole-blood S-adenosylmethionine and correlation between 5-methyltetrahydrofolate and homocysteine in coronary artery disease. Arterioscler Thromb Vasc Biol. 1996;16:727–733.[Abstract/Free Full Text]��Boushey CJ, Beresford SA, Omenn GS, Motulsky AG. A quantitative assessment of plasma homocysteine as a risk factor for vascular disease: probable benefits of increasing folic acid intakes. JAMA. 1995;274:1049–1057.[Abstract]��Mudd SH. Vascular disease and homocysteine metabolism. N Engl J Med. 1985;313:751–753.[Medline] [Order article via Infotrieve]��van den Berg M, Boers GH, Franken DG, Blom HJ, Van Kamp GJ, Jakobs C, Rauwerda JA, Kluft C, Stehouwert CD. Hyperhomocysteinaemia and endothelial dysfunction in young patients with peripheral arterial occlusive disease. Eur J Clin Invest. 1995;25:176–181.[Medline] [Order article via Infotrieve]
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• The modulation and release of neurotransmitters has been associated with L-methylfolate binding to pre-
synaptic glutamate receptors1. 


• Neurotransmitter synthesis with Deplin is independent of antidepressant therapies2.
1. Alpert M: Prediction of treatment response in geriatric depression from baseline folate level: interaction with an SSRI or a tricyclic antidepressant.  Journal Clin Pharmacology 2003
2. Mischoulon D. Role of S-adenosyl-l-methionine in the treatment of depression: a review of the evidence, AM J Clin Nutr, 2002


methylfolate Mechanism 
of Action


Once inside the CSF, L-methylfolate metabolizes BH4 which in turn offers up a 
methyl donor for the production and normalization of Dopamine, 


Norepinephrine, and Serotonin as a trimonoamine modulator.
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How does Deplin work?  Deplin’s mechanism of action starts with L-methylfolate crossing the Blood Brain Barrier into the CSF.  Once inside the CSF, L-methylfolate metabolizes BH4 which in turn offers up a methyl donor for the production and normalization of Dopamine, Norepinephrine, and Serotonin as a trimonoamine modulator.Deplin may also modulate the release of monoamine neurotransmitters by biding to the pre-synaptic glutamate receptor.  Deplin’s mechanism of action works independently of other antidepressants therapies to normalize neurotransmitters and enhance clinical response.
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L-methylfolate (MTHF) Regulates BH4 Production
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Reversal of Trimonoamine Synthesis Deficiency by 
L-methylfolate (MTHF): Possible Boost to Actions of Antidepressants 
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TMM Actions of MTHF and SAMe: 
Methylation and Neurotransmitter Synthesis
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MTHF Drugs


• Cerefolin NAC®
– Cognitive impairment


• Deplin®
– Depression


• Metanx®
– Peripheral neuropathy















Serotonin
• Dietary amino acid (tryptophan) is ingested. 


– Proteins.  Need zinc, B1, B6 and appropriate stomach acid 
for breakdown.  Need adequate digestion and absorption 
for protein levels.


• Transported across the BBB via an energy dependent 
active transport mechanism.


• Tryptophan hydroxylase is rate limiting step
– TPH-1 and 2 (May have defects)
– Turns into 5-Hydroxytryptophan


• 5-Hydroxytryptophan is decarboxylated producing 
serotonin.


• Stored in serotonergic nerurons by vesicular 
monoamine transporters.  







Serotonin


• Found in both the central and peripheral
nervous system.


• Serotonergic neurons include
– Raphe Nuclei (Main ones)


• Raphe dorsalis
• Raphe Pontis
• Raphe Magnus
• Raphe Pallidus
• Raphe Obscurus







Nuclei
• Medullary group:


– Raphe magnus – pallidus – obscurus:
• Project to the lower brainstem and spinal cord


• Pontine group:
– Nucleus Raphe Magnus:


• Project to dorsal horn and trigeminal system


• Mesencephalic group:
– Raphe Dorsalis – Pontis – Median:


• Project to the cerebral cortex, limbic system, cerebellum, 
basal ganglia and hypothalmaus







Stahl’s Essential Psychopharmacology
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Possible Functions of Postsynaptic Serotonin Receptors
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regulation of DA 
and NE release







5HT7


Possible Functions of Postsynaptic Serotonin Receptors


5HT3


regulation of 
inhibitory 
interneurons
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Why imbalanced?
Consider some genetic and other altered components
• Abnormal development.


– TND, synaptogenesis, differentiation, CIS, genetic
• Abnormal enzymes for monoamine degradation.


– Down regulation of available transmitter.
• Abnormal serotonin transporter.


– This protein is an integral membrane protein that transports the 
neurotransmitter serotonin from synaptic spaces into presynaptic neurons


• Abnormal signal transduction.
– Post synaptic receptor dysregulation


• Abnormal synaptic plasticity machinery.
– Secondary neuron is in a state of TND.


• Abnormal axonal and dendritic protein synthesis and internal 
transport.
– Cell is so unhealthy that the transporter mechanism is damaged.  







What else alters Serotonin levels


• Before you jump into medications with a patient, 
what about doing things that can naturally help 
with serotonin levels and balance.  


• Several  things that need to be considered when 
looking at serotonin levels:
– Blood sugar / insulin levels
– Cortisol / adrenal / stress levels
– Other transmitters and intake of various medications 


or drugs







Breakdown of Considerations


• Insulin
• Hypoglycemic reactions
• Serotonin Catabolism
• Interactions with other transmitters
• Activity levels
• Emotional stress







First things first!!
What does serotonin dysfunction look like?
• Loss in pleasure in hobbies, interests, activities and passions.  (PFC / NA)
• Frequently overwhelmed and cannot manage situations like previously. (PFC – Amy)
• Difficulty dealing with inner rage. (PFC – Amy) 
• Increased or developed paranoia, phobias, fear. (Amy – Hipp)
• Depression. (PFC) 
• Changes in libido.  (NA-striatum) 
• Changes in artistic abilities or impression.  Loss in the beauty of life. (PFC) 
• Depression related to seasons or weather.  (Hyp-pin-PFC)  
• Loss of desire for favorite foods. (PFC)  
• Changes in the desire to maintain relationships.  (PFC) 
• Difficulty falling asleep and staying asleep.  (Hyp-hipp)
• Development of co-dependency. (PFC)  
• More susceptible to pain, aches and soft tissue tenderness.  (TH-/BS/ SC)  
• Unprovoked anger.  (Amy – PFC) 
• Suicide – Severe mental anguish.  (PFC)
• Anxiety. (Amy – Vteg) 
• Impulsive / obsessive / lack of control (PFC)







Serotonin – early deficiency signs
Joseph M. Carver, Ph.D.http://www.enotalone.com/article/4114.html below


problems with concentration 
and attention


Overwhelmed by daily responsibilities


Increasing forgetfulness


Scatter-brained and 
poorly organized
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Serotonin: From Bliss to Despair �by Joseph M. Carver, Ph.D.(Page 3 of 6)Serotonin, first isolated in 1933, is the neurotransmitter that has been identified in multiple psychiatric disorders including depression, obsessive-compulsive disorder, anorexia, bulimia, body dysmorphic disorder (nose doesn't look perfect after ten surgeries), social anxiety, phobias, etc. Serotonin is a major regulator and is involved in bodily processes such as sleep, libido (sexual interest), body temperature, and other areas. Perhaps the best way to think of Serotonin is again with an automobile example. Most automobiles in the United States are made to cruise at 70 miles per hour, perfect for interstate highways and that summer vacation. If we place that same automobile on a racetrack and drive day-after-day at 130 mph, two things would happen. Parts would fail and we would run the engine so hot as to evaporate or burnout the oil. Serotonin is the brain’s “oil”. Like a normal automobile on a race track, when we find ourselves living in a high stress situation for a prolonged period of time, we use more Serotonin than is normally replaced. Imagine a list of your pressures, responsibilities, difficulties and environmental issues (difficult job, bad marriage, poor housing, rough neighborhood, etc.). Prolonged exposure to such a high level of stress gradually lowers our Serotonin level. As we continue to “hang on” we develop symptoms of a severe stress-produced depression. An automobile can be one, two or three quarts low in oil. Using the automobile as an example, imagine that brain Serotonin can have similar stages, being low (one quart low), moderately low (two quarts low), and severely low (three quarts low). The less Serotonin available in the brain, the more severe our depression and related symptoms. When Serotonin is low, we experience problems with concentration and attention. We become scatterbrained and poorly organized. Routine responsibilities now seem overwhelming. It takes longer to do things because of poor planning. We lose our car keys and put odd things in the refrigerator. We call people and forget why we called or go to the grocery and forget what we needed. We tell people the same thing two or three times. As stress continues and our Serotonin level continues to drop, we become more depressed. At this point, moderately low or “two quarts” low, major changes occur in those bodily functions regulated by Serotonin. When Serotonin is moderately low, we have the following symptoms and behaviors: · Chronic fatigue. Despite sleeping extra hours and naps, we remain tired. There is a sense of being “worn out” · Sleep disturbance, typically we can’t go to sleep at night as our mind/thought is racing. Patients describe this as “My mind won’t shut up!” Early-morning awakening is also common, typically at 4:00 am, at which point returning to sleep is difficult, again due to the racing thoughts. · Appetite disturbance is present, usually in two types. We experience a loss of appetite and subsequent weight loss or a craving for sweets and carbohydrates when the brain is trying to make more Serotonin. · Total loss of sexual interest is present. In fact, there is loss of interest in everything, including those activities and interests that have been enjoyed in the past. · Social withdrawal is common – not answering the phone, rarely leaving the house/apartment, we stop calling friends and family, and we withdraw from social events. · Emotional sadness and frequent crying spells are common. · Self-esteem and self-confidence are low. · Body sensations, due to Serotonin’s role as a body regulator, include hot flushes and temperature changes, headaches, and stomach distress. · Loss of personality – a sense that our sense of humor has left and our personality has changed. · We begin to take everything very personally. Comments, glances, and situations are viewed personally and negatively. If someone speaks to you, it irritates you. If they don’t speak, you become angry and feel ignored. · Your family will have the sense that you have “faded away”. You talk less, smile less, and sit for hours without noticing anyone. · Your behavior becomes odd. Family members may find you sitting in the dark in the kitchen at 4:00 am. Individuals can live many years moderately depressed. They develop compensations for the sleep and other symptoms, using sleeping medication or alcohol to get some sleep. While chronically unhappy and pessimistic, they explain their situation with “It’s just my life!” They may not fully recognize the depressive component. Very low levels of Serotonin typically bring people to the attention of their family physician, their employer, or other sources of help. Severe Serotonin loss produces symptoms that are difficult to ignore. Not only are severe symptoms present, but also the brain’s ideation/thinking becomes very uncomfortable and even torturing. When Serotonin is severely low, you will experience some if not all of the following: · Thinking speed will increase. You will have difficulty controlling your own thoughts. The brain will focus on torturing memories and you’ll find it difficult to stop thinking about these uncomfortable memories or images. · You’ll become emotionally numb! You wouldn’t know how you feel about your life, marriage, job, family, future, significant other, etc. It’s as though all feelings have been turned off. Asked by others how you feel – your response might be “I don’t know!” · Outbursts will begin, typically two types. Crying outbursts will surface, suddenly crying without much warning. Behavioral outbursts will also surface. If you break the lead in a pencil, you throw the pencil across the room. Temper tantrums may surface. You may storm out of offices or public places. · Escape fantasies will begin. The most common – Hit the Road! The brain will suggest packing up your personal effects and leaving the family and community. · Memory torture will begin. Your brain, thinking at 100 miles an hour, will search your memories for your most traumatic or unpleasant experiences. You will suddenly become preoccupied with horrible experiences that may have happened ten, twenty, or even thirty years ago. You will relive the death of loved ones, divorce, childhood abuse – whatever the brain can find to torture you with – you’ll feel like it happened yesterday. · You’ll have Evil Thoughts. New mothers may have thoughts about smothering their infants. Thoughts of harming or killing others may appear. You may be tortured by images/pictures in your memory. It’s as though the brain finds your most uncomfortable weak spot, then terrorizes you with it. · With Serotonin a major bodily regulator, when Serotonin is this low your body becomes unregulated. You’ll experience changes in body temperature, aches/pains, muscle cramps, bowel/bladder problems, smothering sensations, etc. The “Evil Thoughts” then tell you those symptoms are due to a terminal disease. Depressed folks never have gas – it’s colon cancer. A bruise is leukemia. · You’ll develop a Need-for-Change Panic. You’ll begin thinking a change in lifestyle (Midlife Crisis!), a divorce, an extramarital affair, a new job, or a Corvette will change your mood. About 70 percent of jobs are lost at this time as depressed individuals gradually fade away from their life. Most extramarital affairs occur at this time. · As low Serotonin levels are related to obsessive-compulsive disorders, you may find yourself starting to count things, become preoccupied with germs/disease, excessively worry that appliances are turned off or doors locked, worry that televisions must be turned off on an even-numbered channel, etc. You may develop rituals involving safety and counting. One auto assembly plant worker began believing his work would curse automobiles if their serial number, when each number was added, didn’t equal an even number. · Whatever normal personality traits, quirks, or attitudes you have, they will suddenly be increased three-fold. A perfectionist will suddenly become anxiously overwhelmed by the messiness of their environment or distraught over leaves that fall each minute to land on the lawn. Penny-pinchers will suddenly become preoccupied with the electric and water consumption in the home. · A “trigger” event may produce bizarre behavior. Already moderately low in Serotonin, an animal bite or scratch may make you suddenly preoccupied with rabies. A media story about the harmful effects of radiation may make you remember a teenage tour of the local nuclear power plant – suddenly feeling all your symptoms are now the result of exposure to radiation. · When you reach the bottom of “severely low” Serotonin, the “garbage truck” will arrive. Everyone with severely low Serotonin is told the same thing. You will be told 1) You’re a bad spouse, parent, child, employee, etc., 2) You are a burden to those who love or depend on you, 3) You are worsening the lives of those around you, 4) Those who care about you would be better if you weren’t there, 5) You would be better if you weren’t around, and 6) You and those around you would be better off if you were totally out of the picture. At that point, you develop suicidal thoughts. Clinical Depression is perhaps the most common mental health problem encountered in practice. One in four adults will experience clinical depression within their lifetime. Depression is the “common cold” of mental health practice – very common and much easier to treat today than in the past. Treatment for depression, as might be expected, involves increasing levels of Serotonin in the brain. Since the mid-eighties, medications have been available that attempt to specifically target and increase Serotonin. Known as Selective Serotonin Reuptake Inhibitors (SSRI’s), these medications such as Prozac, Zoloft, and Paxil are felt to work by making more Serotonin available in the brain. Like all neurotransmitters, we can have too much Serotonin. While elevated levels of Serotonin produce a sense of well-being, bliss, and “oneness with the universe” – too much Serotonin can produce a life-threatening condition known as Serotonin Syndrome (SS). Likely to occur by accident by combining two Serotonin-increasing medications or substances, Serotonin Syndrome (SS) produces violent trembling, profuse sweating, insomnia, nausea, teeth chattering, chilling, shivering, aggressiveness, over-confidence, agitation, and malignant hyperthermia. Emergency medical treatment is required, utilizing medications that neutralize or block the action of Serotonin as the treatment for Serotonin Syndrome (SS). Like Dopamine, Serotonin can be accidentally increased or decreased by substances. One method of birth control is known to produce severe depression as it lowers Serotonin levels. A specific medication for acne has also been linked with depression and suicidal ideation. For this reason, always inform your physicians if you are taking any medication for depression. Also avoid combining antidepressants with any herbal substances reported to be of help in Depression such as St. John’s Wort.







Serotonin – Moderately Low 
Joseph M. Carver, Ph.D.http://www.enotalone.com/article/4114.html below


Racing Thoughts


Loss of 
Appetite or 
Cravings for 


sweets


Sleep Disturbance – early morning awakening


Loss of Libido


Feel “Worn Out”


Social Withdrawal



Presenter

Presentation Notes

Serotonin: From Bliss to Despair �by Joseph M. Carver, Ph.D.(Page 3 of 6)Serotonin, first isolated in 1933, is the neurotransmitter that has been identified in multiple psychiatric disorders including depression, obsessive-compulsive disorder, anorexia, bulimia, body dysmorphic disorder (nose doesn't look perfect after ten surgeries), social anxiety, phobias, etc. Serotonin is a major regulator and is involved in bodily processes such as sleep, libido (sexual interest), body temperature, and other areas. Perhaps the best way to think of Serotonin is again with an automobile example. Most automobiles in the United States are made to cruise at 70 miles per hour, perfect for interstate highways and that summer vacation. If we place that same automobile on a racetrack and drive day-after-day at 130 mph, two things would happen. Parts would fail and we would run the engine so hot as to evaporate or burnout the oil. Serotonin is the brain’s “oil”. Like a normal automobile on a race track, when we find ourselves living in a high stress situation for a prolonged period of time, we use more Serotonin than is normally replaced. Imagine a list of your pressures, responsibilities, difficulties and environmental issues (difficult job, bad marriage, poor housing, rough neighborhood, etc.). Prolonged exposure to such a high level of stress gradually lowers our Serotonin level. As we continue to “hang on” we develop symptoms of a severe stress-produced depression. An automobile can be one, two or three quarts low in oil. Using the automobile as an example, imagine that brain Serotonin can have similar stages, being low (one quart low), moderately low (two quarts low), and severely low (three quarts low). The less Serotonin available in the brain, the more severe our depression and related symptoms. When Serotonin is low, we experience problems with concentration and attention. We become scatterbrained and poorly organized. Routine responsibilities now seem overwhelming. It takes longer to do things because of poor planning. We lose our car keys and put odd things in the refrigerator. We call people and forget why we called or go to the grocery and forget what we needed. We tell people the same thing two or three times. As stress continues and our Serotonin level continues to drop, we become more depressed. At this point, moderately low or “two quarts” low, major changes occur in those bodily functions regulated by Serotonin. When Serotonin is moderately low, we have the following symptoms and behaviors: · Chronic fatigue. Despite sleeping extra hours and naps, we remain tired. There is a sense of being “worn out” · Sleep disturbance, typically we can’t go to sleep at night as our mind/thought is racing. Patients describe this as “My mind won’t shut up!” Early-morning awakening is also common, typically at 4:00 am, at which point returning to sleep is difficult, again due to the racing thoughts. · Appetite disturbance is present, usually in two types. We experience a loss of appetite and subsequent weight loss or a craving for sweets and carbohydrates when the brain is trying to make more Serotonin. · Total loss of sexual interest is present. In fact, there is loss of interest in everything, including those activities and interests that have been enjoyed in the past. · Social withdrawal is common – not answering the phone, rarely leaving the house/apartment, we stop calling friends and family, and we withdraw from social events. · Emotional sadness and frequent crying spells are common. · Self-esteem and self-confidence are low. · Body sensations, due to Serotonin’s role as a body regulator, include hot flushes and temperature changes, headaches, and stomach distress. · Loss of personality – a sense that our sense of humor has left and our personality has changed. · We begin to take everything very personally. Comments, glances, and situations are viewed personally and negatively. If someone speaks to you, it irritates you. If they don’t speak, you become angry and feel ignored. · Your family will have the sense that you have “faded away”. You talk less, smile less, and sit for hours without noticing anyone. · Your behavior becomes odd. Family members may find you sitting in the dark in the kitchen at 4:00 am. Individuals can live many years moderately depressed. They develop compensations for the sleep and other symptoms, using sleeping medication or alcohol to get some sleep. While chronically unhappy and pessimistic, they explain their situation with “It’s just my life!” They may not fully recognize the depressive component. Very low levels of Serotonin typically bring people to the attention of their family physician, their employer, or other sources of help. Severe Serotonin loss produces symptoms that are difficult to ignore. Not only are severe symptoms present, but also the brain’s ideation/thinking becomes very uncomfortable and even torturing. When Serotonin is severely low, you will experience some if not all of the following: · Thinking speed will increase. You will have difficulty controlling your own thoughts. The brain will focus on torturing memories and you’ll find it difficult to stop thinking about these uncomfortable memories or images. · You’ll become emotionally numb! You wouldn’t know how you feel about your life, marriage, job, family, future, significant other, etc. It’s as though all feelings have been turned off. Asked by others how you feel – your response might be “I don’t know!” · Outbursts will begin, typically two types. Crying outbursts will surface, suddenly crying without much warning. Behavioral outbursts will also surface. If you break the lead in a pencil, you throw the pencil across the room. Temper tantrums may surface. You may storm out of offices or public places. · Escape fantasies will begin. The most common – Hit the Road! The brain will suggest packing up your personal effects and leaving the family and community. · Memory torture will begin. Your brain, thinking at 100 miles an hour, will search your memories for your most traumatic or unpleasant experiences. You will suddenly become preoccupied with horrible experiences that may have happened ten, twenty, or even thirty years ago. You will relive the death of loved ones, divorce, childhood abuse – whatever the brain can find to torture you with – you’ll feel like it happened yesterday. · You’ll have Evil Thoughts. New mothers may have thoughts about smothering their infants. Thoughts of harming or killing others may appear. You may be tortured by images/pictures in your memory. It’s as though the brain finds your most uncomfortable weak spot, then terrorizes you with it. · With Serotonin a major bodily regulator, when Serotonin is this low your body becomes unregulated. You’ll experience changes in body temperature, aches/pains, muscle cramps, bowel/bladder problems, smothering sensations, etc. The “Evil Thoughts” then tell you those symptoms are due to a terminal disease. Depressed folks never have gas – it’s colon cancer. A bruise is leukemia. · You’ll develop a Need-for-Change Panic. You’ll begin thinking a change in lifestyle (Midlife Crisis!), a divorce, an extramarital affair, a new job, or a Corvette will change your mood. About 70 percent of jobs are lost at this time as depressed individuals gradually fade away from their life. Most extramarital affairs occur at this time. · As low Serotonin levels are related to obsessive-compulsive disorders, you may find yourself starting to count things, become preoccupied with germs/disease, excessively worry that appliances are turned off or doors locked, worry that televisions must be turned off on an even-numbered channel, etc. You may develop rituals involving safety and counting. One auto assembly plant worker began believing his work would curse automobiles if their serial number, when each number was added, didn’t equal an even number. · Whatever normal personality traits, quirks, or attitudes you have, they will suddenly be increased three-fold. A perfectionist will suddenly become anxiously overwhelmed by the messiness of their environment or distraught over leaves that fall each minute to land on the lawn. Penny-pinchers will suddenly become preoccupied with the electric and water consumption in the home. · A “trigger” event may produce bizarre behavior. Already moderately low in Serotonin, an animal bite or scratch may make you suddenly preoccupied with rabies. A media story about the harmful effects of radiation may make you remember a teenage tour of the local nuclear power plant – suddenly feeling all your symptoms are now the result of exposure to radiation. · When you reach the bottom of “severely low” Serotonin, the “garbage truck” will arrive. Everyone with severely low Serotonin is told the same thing. You will be told 1) You’re a bad spouse, parent, child, employee, etc., 2) You are a burden to those who love or depend on you, 3) You are worsening the lives of those around you, 4) Those who care about you would be better if you weren’t there, 5) You would be better if you weren’t around, and 6) You and those around you would be better off if you were totally out of the picture. At that point, you develop suicidal thoughts. Clinical Depression is perhaps the most common mental health problem encountered in practice. One in four adults will experience clinical depression within their lifetime. Depression is the “common cold” of mental health practice – very common and much easier to treat today than in the past. Treatment for depression, as might be expected, involves increasing levels of Serotonin in the brain. Since the mid-eighties, medications have been available that attempt to specifically target and increase Serotonin. Known as Selective Serotonin Reuptake Inhibitors (SSRI’s), these medications such as Prozac, Zoloft, and Paxil are felt to work by making more Serotonin available in the brain. Like all neurotransmitters, we can have too much Serotonin. While elevated levels of Serotonin produce a sense of well-being, bliss, and “oneness with the universe” – too much Serotonin can produce a life-threatening condition known as Serotonin Syndrome (SS). Likely to occur by accident by combining two Serotonin-increasing medications or substances, Serotonin Syndrome (SS) produces violent trembling, profuse sweating, insomnia, nausea, teeth chattering, chilling, shivering, aggressiveness, over-confidence, agitation, and malignant hyperthermia. Emergency medical treatment is required, utilizing medications that neutralize or block the action of Serotonin as the treatment for Serotonin Syndrome (SS). Like Dopamine, Serotonin can be accidentally increased or decreased by substances. One method of birth control is known to produce severe depression as it lowers Serotonin levels. A specific medication for acne has also been linked with depression and suicidal ideation. For this reason, always inform your physicians if you are taking any medication for depression. Also avoid combining antidepressants with any herbal substances reported to be of help in Depression such as St. John’s Wort.
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Serotonin: From Bliss to Despair �by Joseph M. Carver, Ph.D.(Page 3 of 6)Serotonin, first isolated in 1933, is the neurotransmitter that has been identified in multiple psychiatric disorders including depression, obsessive-compulsive disorder, anorexia, bulimia, body dysmorphic disorder (nose doesn't look perfect after ten surgeries), social anxiety, phobias, etc. Serotonin is a major regulator and is involved in bodily processes such as sleep, libido (sexual interest), body temperature, and other areas. Perhaps the best way to think of Serotonin is again with an automobile example. Most automobiles in the United States are made to cruise at 70 miles per hour, perfect for interstate highways and that summer vacation. If we place that same automobile on a racetrack and drive day-after-day at 130 mph, two things would happen. Parts would fail and we would run the engine so hot as to evaporate or burnout the oil. Serotonin is the brain’s “oil”. Like a normal automobile on a race track, when we find ourselves living in a high stress situation for a prolonged period of time, we use more Serotonin than is normally replaced. Imagine a list of your pressures, responsibilities, difficulties and environmental issues (difficult job, bad marriage, poor housing, rough neighborhood, etc.). Prolonged exposure to such a high level of stress gradually lowers our Serotonin level. As we continue to “hang on” we develop symptoms of a severe stress-produced depression. An automobile can be one, two or three quarts low in oil. Using the automobile as an example, imagine that brain Serotonin can have similar stages, being low (one quart low), moderately low (two quarts low), and severely low (three quarts low). The less Serotonin available in the brain, the more severe our depression and related symptoms. When Serotonin is low, we experience problems with concentration and attention. We become scatterbrained and poorly organized. Routine responsibilities now seem overwhelming. It takes longer to do things because of poor planning. We lose our car keys and put odd things in the refrigerator. We call people and forget why we called or go to the grocery and forget what we needed. We tell people the same thing two or three times. As stress continues and our Serotonin level continues to drop, we become more depressed. At this point, moderately low or “two quarts” low, major changes occur in those bodily functions regulated by Serotonin. When Serotonin is moderately low, we have the following symptoms and behaviors: · Chronic fatigue. Despite sleeping extra hours and naps, we remain tired. There is a sense of being “worn out” · Sleep disturbance, typically we can’t go to sleep at night as our mind/thought is racing. Patients describe this as “My mind won’t shut up!” Early-morning awakening is also common, typically at 4:00 am, at which point returning to sleep is difficult, again due to the racing thoughts. · Appetite disturbance is present, usually in two types. We experience a loss of appetite and subsequent weight loss or a craving for sweets and carbohydrates when the brain is trying to make more Serotonin. · Total loss of sexual interest is present. In fact, there is loss of interest in everything, including those activities and interests that have been enjoyed in the past. · Social withdrawal is common – not answering the phone, rarely leaving the house/apartment, we stop calling friends and family, and we withdraw from social events. · Emotional sadness and frequent crying spells are common. · Self-esteem and self-confidence are low. · Body sensations, due to Serotonin’s role as a body regulator, include hot flushes and temperature changes, headaches, and stomach distress. · Loss of personality – a sense that our sense of humor has left and our personality has changed. · We begin to take everything very personally. Comments, glances, and situations are viewed personally and negatively. If someone speaks to you, it irritates you. If they don’t speak, you become angry and feel ignored. · Your family will have the sense that you have “faded away”. You talk less, smile less, and sit for hours without noticing anyone. · Your behavior becomes odd. Family members may find you sitting in the dark in the kitchen at 4:00 am. Individuals can live many years moderately depressed. They develop compensations for the sleep and other symptoms, using sleeping medication or alcohol to get some sleep. While chronically unhappy and pessimistic, they explain their situation with “It’s just my life!” They may not fully recognize the depressive component. Very low levels of Serotonin typically bring people to the attention of their family physician, their employer, or other sources of help. Severe Serotonin loss produces symptoms that are difficult to ignore. Not only are severe symptoms present, but also the brain’s ideation/thinking becomes very uncomfortable and even torturing. When Serotonin is severely low, you will experience some if not all of the following: · Thinking speed will increase. You will have difficulty controlling your own thoughts. The brain will focus on torturing memories and you’ll find it difficult to stop thinking about these uncomfortable memories or images. · You’ll become emotionally numb! You wouldn’t know how you feel about your life, marriage, job, family, future, significant other, etc. It’s as though all feelings have been turned off. Asked by others how you feel – your response might be “I don’t know!” · Outbursts will begin, typically two types. Crying outbursts will surface, suddenly crying without much warning. Behavioral outbursts will also surface. If you break the lead in a pencil, you throw the pencil across the room. Temper tantrums may surface. You may storm out of offices or public places. · Escape fantasies will begin. The most common – Hit the Road! The brain will suggest packing up your personal effects and leaving the family and community. · Memory torture will begin. Your brain, thinking at 100 miles an hour, will search your memories for your most traumatic or unpleasant experiences. You will suddenly become preoccupied with horrible experiences that may have happened ten, twenty, or even thirty years ago. You will relive the death of loved ones, divorce, childhood abuse – whatever the brain can find to torture you with – you’ll feel like it happened yesterday. · You’ll have Evil Thoughts. New mothers may have thoughts about smothering their infants. Thoughts of harming or killing others may appear. You may be tortured by images/pictures in your memory. It’s as though the brain finds your most uncomfortable weak spot, then terrorizes you with it. · With Serotonin a major bodily regulator, when Serotonin is this low your body becomes unregulated. You’ll experience changes in body temperature, aches/pains, muscle cramps, bowel/bladder problems, smothering sensations, etc. The “Evil Thoughts” then tell you those symptoms are due to a terminal disease. Depressed folks never have gas – it’s colon cancer. A bruise is leukemia. · You’ll develop a Need-for-Change Panic. You’ll begin thinking a change in lifestyle (Midlife Crisis!), a divorce, an extramarital affair, a new job, or a Corvette will change your mood. About 70 percent of jobs are lost at this time as depressed individuals gradually fade away from their life. Most extramarital affairs occur at this time. · As low Serotonin levels are related to obsessive-compulsive disorders, you may find yourself starting to count things, become preoccupied with germs/disease, excessively worry that appliances are turned off or doors locked, worry that televisions must be turned off on an even-numbered channel, etc. You may develop rituals involving safety and counting. One auto assembly plant worker began believing his work would curse automobiles if their serial number, when each number was added, didn’t equal an even number. · Whatever normal personality traits, quirks, or attitudes you have, they will suddenly be increased three-fold. A perfectionist will suddenly become anxiously overwhelmed by the messiness of their environment or distraught over leaves that fall each minute to land on the lawn. Penny-pinchers will suddenly become preoccupied with the electric and water consumption in the home. · A “trigger” event may produce bizarre behavior. Already moderately low in Serotonin, an animal bite or scratch may make you suddenly preoccupied with rabies. A media story about the harmful effects of radiation may make you remember a teenage tour of the local nuclear power plant – suddenly feeling all your symptoms are now the result of exposure to radiation. · When you reach the bottom of “severely low” Serotonin, the “garbage truck” will arrive. Everyone with severely low Serotonin is told the same thing. You will be told 1) You’re a bad spouse, parent, child, employee, etc., 2) You are a burden to those who love or depend on you, 3) You are worsening the lives of those around you, 4) Those who care about you would be better if you weren’t there, 5) You would be better if you weren’t around, and 6) You and those around you would be better off if you were totally out of the picture. At that point, you develop suicidal thoughts. Clinical Depression is perhaps the most common mental health problem encountered in practice. One in four adults will experience clinical depression within their lifetime. Depression is the “common cold” of mental health practice – very common and much easier to treat today than in the past. Treatment for depression, as might be expected, involves increasing levels of Serotonin in the brain. Since the mid-eighties, medications have been available that attempt to specifically target and increase Serotonin. Known as Selective Serotonin Reuptake Inhibitors (SSRI’s), these medications such as Prozac, Zoloft, and Paxil are felt to work by making more Serotonin available in the brain. Like all neurotransmitters, we can have too much Serotonin. While elevated levels of Serotonin produce a sense of well-being, bliss, and “oneness with the universe” – too much Serotonin can produce a life-threatening condition known as Serotonin Syndrome (SS). Likely to occur by accident by combining two Serotonin-increasing medications or substances, Serotonin Syndrome (SS) produces violent trembling, profuse sweating, insomnia, nausea, teeth chattering, chilling, shivering, aggressiveness, over-confidence, agitation, and malignant hyperthermia. Emergency medical treatment is required, utilizing medications that neutralize or block the action of Serotonin as the treatment for Serotonin Syndrome (SS). Like Dopamine, Serotonin can be accidentally increased or decreased by substances. One method of birth control is known to produce severe depression as it lowers Serotonin levels. A specific medication for acne has also been linked with depression and suicidal ideation. For this reason, always inform your physicians if you are taking any medication for depression. Also avoid combining antidepressants with any herbal substances reported to be of help in Depression such as St. John’s Wort.







BCAA ratios and Insulin


• Tryptophan is in competition with several 
other amino acids.  
– Leucine / isoleucine and valine
– There is a delicate balance between the 


aforementioned and tryptophan.
– This depends on insulin surges in the body.







Insulin sensitization / Surges


Elevated Insulin rapidly absorbs leucine, isoleucine and valine


Tryptophan is left in the system at an elevated ratio


Elevated Insulin and Tryptophan create elevated serotonin 


Fatigue / Drowsiness In creases Triglycerides
Cholesterol dysregulation


Fluid retention and blood pressure changes


Coaguloapthies


Inflammation
Glycosolated
End products


Elevated Cortisol


Impacts other transmitters







Insulin symptoms
Consider the following when looking at a patient with possible serotonin 


fluctuations.  
• Fatigued after meals 
• Sugar and sweets cravings after meals 
• Need stimulants such as coffee after meals 
• Difficulty losing weight 
• Abnormal waist girth  to hip girth 
• Frequent urination 
• A change in thirst or appetite (increased)
• Possible weight gain when under stress 
• Difficulty falling asleep?


• Remember – sugar and sugar alone is responsible for insulin sensitizing.  







Combining thoughts
• Do I have fluctuating signs of depression that go along 


with insulin surges.
• Are the clear signs of insulin dysregulation along with 


clear signs of serotonin dysregulation.
• If there is, guess what, the answer is not medication, 


the answer is insulin regulation.   Oral precursor 
supplementation does not work well either until 
dysglycemia is managed.   


• Don’t forget – if you surge serotonin enough due to 
insulin surges or mental anguish, the levels will 
eventually decline.  Picture the gas running out of the 
tank.  







Hypoglycemia


• This leads to a decrease in tryptophan BBB 
transportation.


• This ultimately leads to a decrease in serotonin 
levels.  Can also lead to pain and headaches. 


• Hypoglycemics also have very low levels of 
energy and low levels of blood sugar for brain 
function. The end result is bad brain function, 
mental fog, loss in consciousness behavioral 
fluctuations.     







Hypoglycemic symptoms


• Irritable, shaky, or lightheaded between meals. 
• May feel energized after eating verses fatigued with 


insulin surging. 
• May have an energy level drop in the afternoon.
• May crave sugar and sweets in the afternoon. 
• May wake up in the middle of the night. 
• May difficulty concentrating before eating.
• May depend on coffee to keep going.
• May feel agitated, easily upset, and nervous between 


meals? 







Dysglycemia


• Typical order of progression.
– Reactive hypoglycemia due to insulin sensitization.


• Low glucose levels.  May really drop after meals or 
before meals.


– Eventual insulin resistance.
• May cause insulin levels to climb even more.  


– Eventual Diabetes.
• Glucose cannot get into all cells other than endothelial 


and neuronal cells.  Intracellular inositol may drop, 
myelin may die, osmotic pressure changes occur.  







“A recent study 
found that 


depression is
inversely associated


with insulin 
resistance, but 


positively associated 
with diabetes.”1


Timonen, M et al. Insulin resistance and 
depression: cross sectional study 
BMJ 2005;330:17-18 (1 January)  
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Timonen, M et al. Insulin resistance and depression: cross sectional study BMJ  2005;330:17-18 (1 January),http://bmj.bmjjournals.com/cgi/content/full/330/7481/17Markku Timonen, acting professor1, Mauri Laakso, senior lecturer2, Jari Jokelainen, biostatistician2, Ulla Rajala, research fellow1, V Benno Meyer-Rochow, professor3, Sirkka Keinänen-Kiukaanniemi, professor4 1 Department of Public Health Science and General Practice, University of Oulu, Box 5000, FIN-90014, Finland, 2 Unit of General Practice, Oulu University Hospital, 90029 OYS, Finland, 3 International University Bremen, School of Engineering and Science, D-28725 Bremen, Germany, 4 Oulu Health Centre, Box 8, FIN-90015 City of Oulu, Finland Correspondence to: M Timonen markku.timonen@oulu.fi �    Introduction   �A recent study found that depression is inversely associated with insulin resistance, but positively associated with diabetes.1 Association between insulin resistance and depression is a poorly studied area and the few earlier findings do not necessarily support this finding,1 indicating that patients with serious depression have insulin resistance assessed by insulin tolerance, intravenous, or oral glucose tolerance tests.2 Recently, depression was found to be associated with greater insulin resistance in women with polycystic ovary syndrome.3 Also, more than the normal rates of depression had already been noted in patients with clinically manifest diabetes.2 Since insulin resistance is positively associated with the development of diabetes,1 we hypothesised—given that disturbed glucoregulatory functions behind the development of diabetes might be associated with pathophysiological changes in depression2—that insulin resistance should be positively correlated with depressive symptoms. We also investigated whether depressive symptoms varied with different levels of a disturbed glucose metabolism. �    Participants, methods, and results   �We invited all 1008 people born in 1935 and living in the city of Oulu, Finland, on 1 October 1990 to participate in a study to assess the prevalence of type 2 diabetes and impaired glucose tolerance; 831 attended. The follow up of the earlier participants, on which this study was based (n = 593), was done in 1996-1998; we excluded patients previously diagnosed as having diabetes, leaving 491 cases. A detailed description of the data was given earlier.4 We defined insulin resistance with the qualitative insulin sensitivity check index,4 and we evaluated the severity of depressive symptoms with Beck's depression inventory 21.5 We found a negative correlation between the scores (Spearman correlation coefficient r = -0.13, P = 0.004). The correlation (see figure on bmj.com) was most evident in subjects with impaired glucose tolerance (r = -0.24, P = 0.029; table). Regarding different levels of disturbed glucose metabolism, patients with type 2 diabetes and impaired glucose tolerance had higher depression scores (median 6.0 and 6.0) than those with normal glucose tolerance (5.0); the difference was statistically significant between impaired and normal glucose tolerance groups (table). �View this table:�[in this window]�[in a new window]�  Medians and interquartile ranges of Beck's depression inventory 21 values in different glucose tolerance categories checked by oral glucose tolerance test in elderly Finns  �What is already known on this topic More than normal rates of depression can already be detected in patients with clinically manifest diabetes The association between insulin resistance and depression is a sparsely studied area, and the few existing findings are contradictory What this study adds A positive correlation between insulin resistance and severity of depressive symptoms is present already in subjects with impaired glucose tolerance before the outbreak of type 2 diabetes mellitus � �Insulin resistance (a low qualitative insulin sensitivity check index) and severity of depressive symptoms (Beck's depression inventory 21) were positively correlated, particularly in people with impaired glucose tolerance. Our findings are at variance with those of Lawlor and colleagues,1 who suggested that a clinical diagnosis of diabetes in itself would be an explanation for their findings regarding diabetic patients. With our database, clinical diagnoses could not have affected the results, because we excluded patients previously diagnosed as having diabetes. Because in our study higher depression scores were already prevalent in those with impaired glucose tolerance without clinically manifest diabetes, our findings might be explained biologically—that is, by pathophysiological changes behind insulin resistance and depression. Insulin resistance could develop as a consequence of an increased release of counter-regulatory hormones associated with depression.2 This, however, is unconfirmed. The strengths of our study were that the qualitative insulin sensitivity check index has shown to be a reliable instrument in screening insulin sensitivity in epidemiological studies.4 Also this was a population based study consisting of a representative sample of one whole age group. A limitation of our study is that the validity of the findings based on self reported Beck's depression inventory scales is inferior to those of structured diagnostic rating scales; thus, it cannot provide specific depression diagnoses. Neither could we test the causal hypothesis, because we did not know the full history of depression in the participants. This article was posted on bmj.com on 16 December 2004: http://bmj.com/cgi/doi/10.1136/bmj.38313.513310.F7  A figure showing the results is on bmj.com Contributors: MT conceived the study, reviewed the literature, and wrote the initial and subsequent drafts. SKK helped to conceive the study and revise the initial and subsequent drafts, and was overseer of the research group. JJ designed the statistical analyses, analysed the data, developed the figure, and helped draft the manuscript. ML and UR collected the data and contributed to the study design, interpretation, and revisions of the manuscript. VBMR helped revising the initial draft and contributed to revisions and discussions. MT is guarantor. Funding: No additional funding. Competing interests: None declared. Ethical approval: Ethics Committee of the Faculty of Medicine, University of Oulu, Finland. Lawlor DA, Smith GD, Ebrahim S. Association of insulin resistance with depression: cross sectional findings from the British Women's Heart and Health Study. BMJ 2003;327: 1383-4.[Free Full Text] Musselman DL, Betan E, Larsen H, Phillips LS. Relationship of depression to diabetes types 1 and 2: epidemiology, biology, and treatment. Biol Psychiatry 2003;54: 317-29.[CrossRef][ISI][Medline] Rasgon NL, Rao RC, Hwang S, Altshuler LL, Elman S, Zuckerbrow-Miller J, et al. Depression in women with polycystic ovary syndrome: clinical and biochemical correlates. J Affect Disord 2003;74: 299-304.[CrossRef][ISI][Medline] Rajala U, Laakso M, Paivansalo M, Pelkonen O, Suramo I, Keinanen-Kiukaanniemi S. Low insulin sensitivity measured by both quantitative insulin sensitivity check index and homeostasis model assessment method as a risk factor of increased intima-media thickness of the carotid artery. J Clin Endocrinol Metab 2002;87: 5092-7.[Abstract/Free Full Text] Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. Arch Gen Psychiatry 1961;4: 561-71.[ISI][Medline] 







Testing.
Directly
• Hgb-A1c
• GlycoMark (1-5 Anhydroglucitol) (Inverse to amount of hyperglycemia over 


1-2 week period).
• Fasting glucose / insulin
• CBC – Metabolic panel - UA
• Fructosamine
• Fibrinogen
• GTT (Variations in post prandial glucose and insulin.
• DHEA
• Cortisol rhythms
• ADMA (asymmetric dimethylarginine)
• C-reactive protein
• Oxidata testing
• Lipid panel 
• Blood pressure
• Obesity







ADMA
• ADMA is a better predictor of insulin resistance than any other 


single marker!
• It is a better predictor of vascular endothelial impairment than 


cholesterol!
• A glucose-induced impairment causes ADMA accumulation and 


may contribute to endothelial vasodilator dysfunction in 
diabetes mellitus.


• In the cardiovascular system, decreased NO biosynthesis has the 
potential to increase blood pressure, enhance platelet and white 
cell adhesiveness, increase vascular smooth muscle growth, alter 
mitochondrial oxygen consumption and accelerate the 
development of atherosclerotic-like lesions.


• In pre-clinical and clinical studies, ADMA has been found to be 
elevated by hypercholesterolemia, hyperglycemia, 
hypertriglyceridemia, or hyperhomocysteinemia.


• ADMA levels are highly correlated with triglyceride levels.
• ADMA is elevated in peripheral and carotid artery blockage in 


proportion to the blockage.











Glucose and Insulin


• Insulin resistance (F.I. Inc.) (F.G. Norm)
• Hypoglycemia (F.I. Inc./Norm) (F.G. Dec)
• Type I diabetes (F.I. Dec) (F.G. Inc)
• Type II diabetes (Elevated F.G.)











Anemia


• A CBC is imperative in all patients that have 
symptoms of serotonin imbalance.  


• Iron is part of the conversion of tryptophan 
into 5-Hydroxytryptophan.  


• Iron is imperative for normal mitochondrial 
function.


• To much can cause oxidative stress.







Alcoholics


• Alcoholism depletes all B vitamins necessary 
for the conversion of tryptophan to 5-HTP and 
5-HTP to serotonin.  


• Alcoholism creates myelin damage, liver 
damage, oxidative stress, cerebellar atrophy 
and a lot of other conditions and factors.  It 
depletes serotonin levels.  







Serotonin Catabolism
• Serotonin is broken down by a monamine


oxidase as well as a non-aldehyde oxidase.
• End product is 5-hydroxy-indole-acetic-acid  


Serotonin


5-HIAA


MAO
NSAO







Melatonin


• Pineal gland has a lot of serotonin.  It does not 
use it, but rather as s substrate to convert to 
melatonin.  


• Serotonin converts to melatonin
– N-Acetyl transferase (NAT) converts serotonin to a 


neutral base.
– Norepinephrine activates NAT.
– The neutral base converts to melatonin via 5-Hydroxy-


indole-O-methyl transferase (55-HIOMT)
– It needs methyl donors for this.  







Pineal


• In darkness, NE release is promoted and activate 
pineal cells.


• This stimulates the phosphorylation of NAT.  
• For melatonin to be created, we must have 


serotonin, NE, methyl donors and the right visual 
environment.  


• When melatonin levels are abnormal, the patient can 
have sleep disturbance and seasonal symptoms.


• If the patient has seasonal symptoms, consider 
melatonin imbalance.  







Melatonin Dysfunction


• Methyl donor deficiency
– Hypochlorhydria, H.pylori infections, 


hypothyroidism, antacid usage, oral 
contraceptives and estrogen replacement therapy 


• Serotonin deficiency
• Norepinephrine dysregulation
• Cortisol elevation
• Melatonin  elevation will depress 


gonadotropin releasing hormones.  







Melatonergic Agents


melatonin


MT1 MT2


MT3


ramelteon


MT1 MT2


agomelatine


MT1 MT2


5HT2B


5HT2C


ROZEREM


Valdoxan, Melitor, Thymanax







“increases 
the activity of 


norepi-
nephrine”


“decrease 
receptor 


sensitivity to 
dopamine,”


“estrogen  enhances monoamine activity” It also increases the 
synthesis of serotonin,”
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PMS Natural Solutions - EXCELLENT http://www.nutri-online1.co.uk/Portals/1/No.120%20Natural%20Interventions%20in%20Premenstral%20Syndrome.pdf below��ABSTRACT: Premenstrual syndrome (PMS) is a common disorder inwomen of reproductive age that is characterized by recurring physical,affective, and cognitive (or performance) symptoms in the latter half ofthe menstrual cycle. As many as 85% of menstruating women suffer fromone or more PMS symptoms—with approximately 5% to 10% of womenhaving symptoms severe enough to be debilitating. Although the preciseetiology of PMS remains elusive, several physiologic mechanisms havebeen proposed. These theories mostly focus on sex hormones and theirmetabolites, as well as their interactions with neurotransmitters, theirinfluences on kidney sodium regulation, and their ability to be metabolizedin the liver.The multifactorial nature of PMS has resulted in a variety of interventions,from the reversal of nutrient deficiencies to hormonal or neurotransmittermanipulation. A natural approach to managing PMS shouldbegin with correcting possible nutrient deficiencies that have been associatedwith menstrually-related symptoms. Select, time-tested herbalremedies that have also attained scientific merit can support physiologicmechanisms associated with the menstrual cycle, such as hormonaland neurotransmitter activity, kidney function, and liver health. Dietaryand lifestyle modifications may also play an important part in an interventionprogram for PMS.Natural Interventions for Premenstrual SyndromeBY JOSEPH L. MAYO, MD, FACOG934 6/04APPLIED NUTRITIONAL SCIENCE REPORTSCopyright © 2004 by Advanced Nutrition Publications, Inc.1Premenstrual syndrome (PMS) is a common disorder in women of reproductiveage that is characterized by the cyclic recurrence of physical,affective, and cognitive (or performance) symptoms. The symptoms occurin the latter half of the menstrual cycle, resolve after menses begins, andare absent during the early phase of the menstrual cycle. A diagnosis ofPMS requires that symptoms are severe enough to negatively impact awoman's ability to function at home, in the workplace, or in personal relationships.As many as 85% of menstruating women experience one or more symptomsof PMS. Approximately 5% to 10% of women have symptomssevere enough to be debilitating.1 PMS affects women of all cultures andsocioeconomic levels, but types of symptoms and levels of discomfortvary from woman to woman and may have cultural influence. More than300 symptoms have been associated with PMS.2 Among the most prominentand consistently described symptoms are irritability, tension, fluidretention, and a general unwell feeling (Table 1).3-5DIAGNOSISThe signs and symptoms of PMS are not unique, and there are currentlyno laboratory tests to confirm a diagnosis. Because some health conditionsmanifest symptoms similar to PMS, it is imperative for healthcarepractitioners to be knowledgeable of existing diagnostic criteria.Patients presenting with symptoms consistent with PMS should undergo athorough physical examination to rule out other underlying conditions.Disorders such as endometriosis, irritable bowel syndrome, chronicfatigue syndrome, hypothyroidism, and major depression should beexcluded before a diagnosis of PMS is considered.6Taking a detailed menstrual and gynecologic history, as well as a historyof premenstrual symptoms and their impact on daily life, are key to accuratediagnoses. The diagnostic criteria for PMS are contingent on the timingand cyclic characteristics of symptoms. The applicable guidelinesadapted are summarized as follows:7,81. Symptoms are consistent with PMS and occur reproducibly for at leasttwo cycles.2. Symptoms are present in the week or two before menses and resolvewithin several days after the onset of menses.3. Severity of symptoms disrupt a woman's daily life (e.g., personal relationships,social activities, job performance).4. Symptoms occur in the absence of hormone ingestion or pharmacologictherapy.5. Symptoms are not merely an exacerbation of another condition (e.g.,anemia, endometriosis, hypothyroidism, depression or anxiety disorders,diabetes, autoimmune disease, or cancer of the ovaries, uterus,cervix, or breast).Table 1. Common Symptoms Associated with Premenstrual SyndromePhysical Discomforts Negative Affect Impaired Cognitive Function or PerformanceFluid retention Tension or anxiety Difficulty concentratingWeight gain Increased appetite or food cravings DistractibilityBreast tenderness (mastalgia) Irritability ForgetfulnessHeadache Depression or sadness ConfusionFatigue Feelings of hopelessness Mood swingsNausea Restlessness Temper outburstsInsomnia or excessive sleep Tearfulness Accident proneAbdominal cramps Anger Poor motor coordinationMuscle, joint, or back pain Feeling overwhelmed Impulsivity2UNDERSTANDING THE MENSTRUAL CYCLEIt has been hypothesized that hormonal fluctuations and other physiologicalmechanisms associated with the menstrual cycle may underlie menstrualsymptoms; therefore understanding the normal pattern of the menstrualcycle is fundamentally helpful. A normal menstrual cycle in awoman of reproductive age can be divided into three distinct phases: follicular,ovulatory, and luteal (Figure 1).Follicular Phase—The follicular phase, which initiates the developmentof an ovarian follicle, is characterized by a rise in estrogen and folliclestimulatinghormone (FSH). It begins when gonadotropin releasing hormone(GnRH) is secreted from neurons in the hypothalamus and transportedto the anterior pituitary, stimulating the anterior pituitary to releaseFSH. FSH stimulates the development of an ovarian follicle. The risingFSH levels also activate aromatase and FSH receptors, resulting in a higherratio of estrogens to androgens within the follicle. The rising estrogenlevels trigger a negative feedback mechanism on the pituitary—inhibitingthe pituitary production of FSH—while a positive feedback mechanismstimulates the pituitary to begin secreting luteinizing hormone (LH).Ovulatory Phase—A peak in LH and estrogen levels predicts ovulation,taking place at the middle of the menstrual cycle. At this point, the folliclehas acquired LH receptors and is responsive to LH, which induces thesecretion of enzymes to rupture the follicular wall, releasing the egg intoa fallopian tube. The rise in LH also allows the remaining follicular cells,which organize on the corpus luteum (a process known as luteinization),to secrete small amounts of progesterone.Luteal Phase—The shift from estrogen dominance to progesterone dominanceand the gradual reduction in LH and FSH levels characterize theluteal phase. This is the last part of the menstrual cycle in which premenstrualsymptoms can begin, followed by their remittance during the beginningof the subsequent follicular phase. In the luteal phase, the egg travelsthrough the fallopian tube, wherein fertilization can occur. The rupturedfollicle, which has formed the corpus luteum, continues to release moderateamounts of estrogen and also starts to secrete progesterone. If the eggis fertilized, it will implant on the lining of the uterus, and if it is not fertilizedthe corpus luteum will disintegrate, stopping its production ofestrogen and progesterone. This rapid fall in estrogen and progesteronecauses the lining of the uterus to shed along with the unfertilized egg andblood, marking the beginning of menses and the end of the menstrualcycle.Figure 1. A normal ovulatory menstrual cycleContinuous Interplay of Hormones and NeurotransmittersA normal ovulatory menstrual cycle relies on the coordinated activity ofthe hypothalamus, pituitary, ovary, and endometrial lining of the uterus,which is subject to modulation by certain hormones and neurotransmitters.9 Throughout the menstrual cycle, GnRH is secreted from neurons inthe hypothalamus in a pulsatile manner under the control of serotonin,norepinephrine, and other neurotransmitters. GnRH controls the release ofFSH and LH, which stimulate the ovaries to secrete the hormones estrogen,progesterone, activin, and inhibin. Estrogen and progesterone feedback on the hypothalamus and pituitary to regulate the release of GnRHand LH, and activin and inhibin feed back on the pituitary to modulate thesecretion of FSH.10 Throughout the cycle, estrogen, progesterone, andprogesterone metabolites can also exert effects on neurotransmitters(Figure 2).2,11,12Figure 2. The coordinated activity of the hypothalamus, pituitary,ovaries, and uterus are influenced by certain neurotransmitters andsex hormones during a normal ovulatory menstrual cycle.ETIOLOGYAlthough the basic physiology and symptomatology of the menstrualcycle are well understood, the exact etiology of PMS has not been fullyelucidated and may be complex and multifactorial. Several physiologicmechanisms that underlie PMS have been proposed. These theories focusmostly on sex hormones and their metabolites, as well as their interactionsbetween neurotransmitters (e.g., serotonin), their influences on kidneysodium regulation, and their ability to be metabolized in the liver.2Estrogen and Progesterone FluctuationsMuch of the early research has focused on sex hormone levels and theirfluctuations during the menstrual cycle.2 There are obvious links betweenthe rise and fall of sex hormones associated with ovulatory cycles andPMS symptomatology. The fact that the most severe PMS symptomsoccur during the luteal phase as progesterone levels decline, coupled withthe discovery of progesterone's anxiolytic (or anti-anxiety) effects has ledsome researchers to hypothesize that PMS symptoms such as irritability,tension, and anxiety may originate from progesterone deficiency.7-14 -10 -5 0 5 10 14pre-ovulation(follicular phase)post-ovulation(luteal phase)mensesA Days EProgesteroneLHEstradiolFSH+ +-SeratoninDopamineNorepinephrineActivinsInhibinsEstrogenProgesteroneCnRHLH FSHHYPOTHALAMUSPITUITARYOVARIESUTERUS3In support of this theory, PMS does not occur premenarchally or in postmenopausalwomen refraining from hormone replacement therapy (HRT);whereas an induction of symptoms has been observed in postmenopausalwomen on HRT with the addition of progestin, especially in women witha history of PMS.14 These observations and the cyclicity of symptomsindirectly suggest that sex hormones may, at least in part, play a role inPMS.2,14Early pharmacologic interventions have thus included progestin supplementationand ovulation suppression. However, this mode of treatment hasnot consistently proven efficacious over time. It has been postulated thatsome progestins might actually contribute to symptoms, while some othernatural progesterone metabolites might have a positive effect due to theirneuroactive properties.2 Nevertheless, equivocal data on the efficacy ofvarious progesterone interventions has led researchers to explore otherpossible etiologic factors, such as the role of certain neurotransmitters andtheir complex interactions with sex hormones.The Serotonergic SystemThe serotonergic system modulates mood, sleep, and appetite and isthought to influence behavioral and physiologic functioning. This systemis a network of nerves that communicates to the rest of the brain viaa chemical messenger known as serotonin. Dysfunction of the serotonergicsystem on the basis of decreased serotonin concentrations anddiminished serotonin reuptake has also been postulated as a potentialcause of PMS.15,16 This theory is supported by studies using antidepressantmedications in the management of premenstrual dysphoricdisorder—the most severe, debilitating form of PMS characterized bymood symptoms that seriously impact relationships and interfere withdaily functioning.17It has been postulated that some antidepressants may help with symptomsof PMS by enhancing the central serotonergic tone; however, augmentationof serotonergic transmission alone cannot fully explain their effects inPMS. Because all the symptoms of PMS are maximal in the late lutealphase, it is also speculated that a deficiency of progesterone metabolitesinfluencing the anxiolytic neurotransmitter gamma aminobutyric acid(GABA) might account for many of the mood-related symptoms of PMS.This hypothesis, in combination with previous theories about progesterone,has stimulated an interest in investigating the possible relationshipbetween the progesterone metabolite allopregnanolone and neurotransmitteractivity in PMS.16Progesterone's Neuroactive MetabolitesAllopregnanolone, an A-ring-reduced metabolite of progesterone, canrapidly alter the excitability of the nervous system by interacting withGABAA receptors, suggesting it may play an important role in PMS.18 Itpossesses a high affinity for binding to GABAA receptors and increasessensitivity to GABA—an inhibitory neurotransmitter that controls depression,pain perception, and anxiety—indicating it can be anxiolytic, and athigh doses, anesthetic.19,20 Decreased allopregnanolone levels may thereforecontribute to the inability to enhance GABA when the central nervoussystem is susceptible to excitatory triggers, stress, or rapid hormonal fluctuations,as may occur during the menstrual cycle.2,13 An impairedGABAA-mediated response may therefore play a role in explaining variousmood, behavioral, and cognitive symptoms occurring with PMS.11Data on the potential relationship between allopregnanolone and PMS areequivocal. Some research has shown no correlation between circulatingallopregnanolone levels and severity of mood and behavioral symptoms.21Conversely, the results of several human studies have demonstrated aninverse relationship between levels of allopregnanolone and severity ofPMS distress during the symptomatic luteal phase, suggesting allopregnanolonedeficiency may, in part, explain PMS and the severity ofdistressing symptoms.11,22Influence of Estrogen on NeurotransmittersIn contrast with progesterone, estrogen appears to have an excitatoryresponse on neurotransmitters.19 It interacts with some of the key neurotransmittersinvolved in regulating a variety of behaviors that may changeduring the menstrual cycle in women with PMS, such as mood, impulsivity,cognition, appetite, and sleep.12Among its influences, estrogen enhances monoamine activity, increasing the postsynaptic responsivity of the excitatory neurotransmitter serotonin. It also increases the synthesis of serotonin, the number of serotonergic receptors,and the transport and uptake of neurotransmitters. Cumulatively functioningas a potent serotonin agonist, estrogen may indirectly stimulate nervoustension, drowsiness, fluid retention, and difficulty concentrating.2Similarly, estrogen increases the activity of norepinephrine—an excitatoryneurotransmitter that can trigger irritability and hostility—facilitating itsturnover and possibly decreasing its reuptake and metabolism. It alsoappears to decrease receptor sensitivity to dopamine, an inhibitory neurotransmitter that relaxes nerves. It has therefore been speculated thatincreased fluctuations in estrogen levels during the luteal phase of themenstrual cycle may play a role in PMS symptomatology. However, estrogenalso fluctuates in the asymptomatic follicular phase of the menstrualcycle, suggesting additional factors are involved.2Estrogen, Progesterone, and Kidney FunctionEstrogen and progesterone influence kidney sodium regulation byinteracting with the renin-angotensin-aldosterone system (RAAS), asystem that influences electrolyte and fluid balance. The RAAS involves aseries of steps, beginning with the conversion of angiotensinogen toangiotensin I, which is then converted into angiotensin II—a potent vasoconstrictorthat stimulates the adrenal cortex to release aldosterone.Aldosterone, a mineralocorticoid hormone, stimulates the conservation ofsodium in extracellular fluid and the excretion of potassium in the urine,thereby increasing sodium and water retention. Estrogen may stimulate theRAAS by inducing angiotensinogen synthesis in the liver; this effect hasbeen postulated to underlie menstrual symptoms such as bloating andweight gain.2Conversely, progesterone exhibits anti-mineralocorticoid activity by competingwith aldosterone at the receptor level; this may favorably impactmenstrually related bloating and weight gain. These effects are mediatedby endogenous progesterone; most synthetic progestins do not possessanti-mineralocorticoid activity.2Imbalance in Estrogen-to-Progesterone Ratio:Implications of Liver FunctionWhile progesterone deficiency in relation to PMS has not proven consistent,it is generally thought that an imbalance between the activity of estrogenand progesterone (in which estrogen is dominant) may be at leastpartially to blame.23 In fact, some research studies have demonstrated anassociation between excess estrogen levels and a higher intensity of PMSsymptoms.23-26High estrogen-to-progesterone activity can be due to various factors. Aprinciple factor contributing to estrogen excess is decreased metabolicclearance of estrogens, which has been observed in women with PMS.23,26Estrogens are metabolized primarily in the liver, wherein they are conjugatedand rendered water soluble and inactive. The conjugated estrogensare then cleared by the kidneys, and subsequently excreted in the urine.Compromised liver function can therefore result in decreased estrogenexcretion and increased estrogen activity, suggesting that maintaining liverhealth is essential to maintaining a balanced estrogen-to-progesteroneratio.23 (For more information on estrogen metabolism, please refer to theApplied Nutritional Science Report entitled Nutritional Influences onEstrogen Metabolism by Douglas C. Hall, MD.)NUTRITIONAL STRATEGIES FOR INTERVENTIONThe multifactorial nature of PMS has resulted in a variety of interventions,from the reversal of nutrient deficiencies to hormonal orneurotransmitter manipulation.2 Successful management of PMS shouldbegin with correcting possible nutrient deficiencies that can exacerbatesymptoms.Multivitamin/MineralScientific investigations suggest a role of nutritional deficiencies in PMSsymptomatology, suggesting that reversing any possible nutrient deficiencesshould be the first step in PMS management.27-29 This is of particularimportance due to the fact that women with PMS have been reportedto consume more refined sugar, refined carbohydrates, and dairy productsthat may lack adequate quantities of vitamins and minerals.28,30In a double-blind, placebo-controlled study, high doses of a multivitamin/mineral supplement was shown to correct laboratory analyzednutrient deficiencies, as well as significantly improve symptoms of premenstrualtension over the 4-month study period. The most significantdeficiencies detected prior to supplementation included vitamin B6 andmagnesium, although deficiences of vitamins E, B1, B2, and the mineralszinc and chromium were also noted.28Vitamin B6Vitamin B6, or pyridoxine, has been studied as a possible interventionfor PMS for over two decades. An important cofactor for enzymesinvolved in the synthesis of neurotransmitters, vitamin B6 deficiency hasbeen associated with decreased levels of serotonin and GABA, as wellas increased central nervous system irritability.30-32 Since these neurotransmittersare crucial for control of depression, pain perception, andanxiety, pyridoxine deficiency may exacerbate premenstrualdysphoria, whereas adequate pyridoxine status has a favorable impact onaffect.30,31Vitamin B6 is postulated to influence neurotransmitters by regulatingmonoamine metabolism, perhaps by altering the metabolism of tryptophanor 5-hyroxytryptophan (5-HTP), which function as indirect anddirect precursors of serotonin, respectively.31,33 It is further postulatedthat imbalances in levels of sex hormones contribute to vitamin B6 deficiency.In this respect, it has been shown that women taking oral contraceptiveshave abnormal tryptophan metabolism, and vitamin B6 hasbeen shown to attenuate depressive symptoms in oral contraceptiveusers.33,34With respect to PMS, administration of vitamin B6 has yielded promisingresults in the management of premenstrual depression and irritability,although many studies have been poorly controlled.28,33,35-37 In a study of 32women with moderate to severe PMS, vitamin B6 given at a low dose of50 mg/day for 7 months was shown to provide a significant beneficialeffect on symptoms—such as depression, irritability, and fatigue—duringthe premenstrual period. In fact, these symptoms were approximatelyhalved in the treatment months when compared to the placebo months.33In support of these findings, a double-blind, cross-over study performedon 21 women with PMS receiving vitamin B6 500 mg/day for three consecutivemenstrual cycles showed significant clinical benefit.35Additionally, a review of nine published trials representing 940 subjectswith premenstrual syndrome indicated that vitamin B6, when given atdoses up to 100 mg/day, is likely to be of benefit in the treatment of premenstrualsymptoms.36Note: High doses of vitamin B6 (200 mg/day) taken for long periods oftime may cause neurological symptoms that are reversible with temporarydiscontinuation of this vitamin. Women with PMS have experienced reliefof premenstrual symptoms from taking lower dosages ranging from 50 to100 mg/day.32,36Magnesium and CalciumMagnesium is an essential cofactor in over 300 enzymatic actions andplays a role in the maintenance of cell membrane electrical potential andelectrolyte balance.38 A deficiency of magnesium can present with a widevariety of neuropsychological symptoms, including depression, agitation,personality changes, and memory and concentration difficulties, as well asphysical complaints surrounding fluid balance.38,39 It has therefore beenpostulated that magnesium deficiency may exacerbate certain PMSsymptoms.27Indeed, studies have demonstrated significantly lower magnesiumconcentrations in women with PMS than that of control groups, and magnesiumadministration has been shown to reduce premenstrual symptoms.27,28,38,39 In a double-blind, randomized study, 32 women with PMSwere given supplemental magnesium (360 mg 3 times per day) or placebo.As assessed by the Menstrual Distress Questionnaire, the subjectsnoted significant improvements in "negative affect" scores after 2months.40 In another study, women with mild premenstrual symptomsreceiving supplemental magnesium of 200 mg/day for 2 cycles demonstrateda reduction in premenstrual symptoms, such as weight gain,swelling of extremities, breast tenderness, and abdominal bloating, comparedto placebo.38 Additionally, a small synergistic effect of magnesium(200 mg/day) and vitamin B6 (50 mg/day) in reducing mild premenstrualanxiety-related symptoms has also been noted in a one-month doubleblindstudy.41Calcium deficiency has also been associated with PMS, and supplementalcalcium has been associated with significant improvements in a varietyof symptoms that are representative of PMS, including negative affect,water retention, food cravings, and pain.29,42,43 The ratio of calcium to magnesiumin ovulatory women has also been investigated.27,43 In one study,serum mineral concentrations assessed throughout the menstrual cycleshowed decreases in serum magnesium and increases in serum calciumduring the luteal phase of the menstrual cycle, demonstrating significantincreases in the calcium-to-magnesium ratio.27 The researchers postulatedthese changes in serum mineral balance may affect synaptic transmissionand other entities underlying PMS.HERBAL APPROACHES TO MANAGEMENTA variety of herbal approaches have successfully been used to help managePMS symptoms, many with a history of use dating back centuries.Recently, some of these herbal approaches have attained scientific meritthat supports their traditional uses in gynecological practice, further validatingtheir history of safety and efficacy. These natural interventionsinclude herbs that support hormonal balance, neurotransmitter activity,fluid balance, and liver health (Table 2).ChasteberryNative to the Mediterranean, chasteberry (Vitex agnus castus) has beenused for centuries in the management of gynecological complaints.Traditionally used as a tea (containing 1 tsp of the ripe berries, the equivalentto 1.5 g to 2 g of the crude herb), the greatest use of chasteberry hasbeen in disorders associated with hormone function such as premenstrualdistress and dysmenorrhoea.44 Evidence on its effectiveness has led to itsapproval by the German Commission E as an intervention for premenstrualcomplaints, cyclical breast tenderness, and menstrual cycle irregularities.45 Today, chasteberry is among the most popular herbs to helprelieve a broad spectrum of PMS symptoms, such as breast tenderness,weight gain, abdominal cramps, depression, and mood swings.Human studies support the noted efficacy of chasteberry in reducing theseverity of premenstrual symptoms. In a double-blind, placebo-controlledstudy, 170 women diagnosed with PMS taking 20 mg/day of a chasteberryfruit 6-12:1 extract reported significant improvements in overall premenstrualsymptoms compared to the placebo group after 3 consecutive45cycles.46 The responder rates were 52% and 24% for active and placebo,respectively. In another double-blind study, women with cyclical breastpain given chasteberry (30 drops twice per day) reported a significantreduction in pain compared to the placebo group after 3 months.47 Furthersupport of the efficacy of chasteberry (20 mg/day) was demonstrated intwo other human studies, in which woman with premenstrual complaintsreported considerable symptomatic relief. Overall, chasteberry has beenshown to be well tolerated.48,49Although the mode of action of chasteberry is not completely understood,various mechanisms related to the menstrual cycle have been demonstrated.Chasteberry has been shown to be a dopamine agonist, possessing theability to decrease prolactin via binding at pituitary dopamine-D2 receptors.47-50 Elevated prolactin levels are thought to be associated with PMSand may play a role in complaints of cyclical breast tenderness.47,50Chasteberry also appears to contain constituents that influence mood byacting via opioid receptors or the GABA-system. Regardless of its modeof action, chasteberry's clinical efficacy and tolerability is well documented.44-50Serotonergic HerbsSt. John's Wort—St. John's wort (Hypericum perforatum) has been popularlyused for decades in the management of mild to moderate depression,and recently has been a topic of scientific investigation. Many clinicaltrials have demonstrated the efficacy of St. John's wort in reducingdepressive symptoms versus placebo and in comparison with some conventionalapproaches.51-57 With its extensive history, St. John's wort hasbeen approved by the German Commission E health authorities for themanagement of depressive moods, anxiety, and nervous unrest.45 In arecent pilot study, St. John's wort was also shown to be effective in womenwith PMS. In this study, 19 women with PMS given St. John's wort extract(300 mg/day) for 2 menstrual cycles reported significant improvements inoverall symptoms. The greatest reductions in symptoms included depression,confusion, anxiety, and insomnia.58The natural antidepressive actions of St. John's wort seem to be multifactorial.It appears to inhibit serotonin, norepinephrine, and dopamine reuptakeby postsynaptic receptors; increase the density of serotonin anddopamine receptors; elevate the affinity for GABA receptors; and inhibitmonamine concentrations in the synaptic cleft (resembling some conventionalapproaches to management).59-61Although St. John's wort is generally considered a benign, well-toleratedherb, there is accumulating evidence of possible interactions between certainmedications. St. John's wort has been shown to induce a specificcytochrome P-450 liver enzyme system (3A4), which may result in alteredlevels of medications that are metabolized via this pathway. Medicationsthat are influenced by St John’s wort can be found in the literature, andpatients taking these medications should therefore avoid using St. John'swort.625-Hydroxytryptophan (5-HTP)—Derived from the seed of the Africanplant Griffonia simplicifolia, 5-HTP is well known for its serotonergicproperties and has over 20 years of clinical use in managing mild to moderatedepression.63 Due to its role in serotonin synthesis, it has also beenevaluated in patients experiencing insomnia and food cravings.64-66 Studiesconducted during the late 1970s to the present suggest that oral administrationof 50 to 300 mg/day of 5-HTP is effective and well tolerated.63-67Levels of brain serotonin are dependent on the available levels of L-tryptophanand 5-HTP. 5-HTP is the intermediate metabolite in tryptophanmetabolism, and therefore bypasses the conversion of the essential aminoacid L-tryptophan into 5-HTP. Because it does not require a transport moleculein intestinal absorption, 5-HTP is unaffected by the presence ofother amino acids; therefore, it can be taken with meals without hinderingits effectiveness. 5-HTP also readily passes the blood-brain barrier, unlikeL-tryptophan. As the immediate precursor of serotonin, 5-HTP is consideredhighly effective in increasing the production of serotonin, a neurotransmitterthat has been implicated in the regulation of depression, anxiety,and appetite.63,67Ayurvedic MedicineThe Indian traditional system of medicine known as Ayurveda requiresidentifying certain patterns of symptoms, characteristics, and history todetermine diagnosis and treatment. Women who regularly experiencecyclical disorders often demonstrate similar patterns and thus are commonlytreated with the tonifying herbs shatavari (Asparagus racemosus)and ashwagandha (Withania somnifera).Shatavari is possibly the most widely used herb in maintaining women'shealth. Known to have rejuvenating, anti-inflammatory, and diuretic properties,it is indicated in PMS symptoms such as menstrual cramps andexcessive menstrual bleeding.68 Among its many properties, ashwaghanda(commonly known as Indian ginseng) is used as a general tonic, nutritive,nervine, sedative, and diuretic.68 The clinical use of ashwaghanda inAyurveda has been demonstrated in animal research, wherein it has beenshown to have anti-stressor and adaptogenic activities, possibly throughacting via the GABAA receptor system.69-71Traditional Chinese Medicine (TCM)Ancient Chinese medicine has a fully developed botanical system formanaging gynecological problems including PMS, irregular menses, uterineblood weakness, and fibrocystic breasts.72,73 Interestingly, one of themost commonly used TCM formulas known as Xi-ao Yáo Sãn—employingthe roots of bupleurum (Bupleurum chinense), peony (Paeonia lactiflora),dong quai (Angelica sinensis), bai-zhu atractylodes (Atractylodesmacrocephala), poria sclerotium (Poria cocos), ginger rhizome (Zingiberofficinale), licorice (Glycyrrhiza uralensis), and mint leaf (Mentha haplocalyx)—focuses on liver function and strengthening the blood.72 The traditionalChinese strategy behind this formula is to “release constrainedliver ch’i,” and correct “blood deficiency.” This parallels what may be therole of enterohepatic circulation in the management of estrogen.Modern science supports the use of Xi-ao Yáo Sãn in managing gynecologicalissues. Preliminary research conducted in China suggests Xi-ao YáoSãn may regulate the endocrine system, possibly through suppression ofprolactin secretion and restoration of follicle-stimulating hormone activityand follicle function.74 Furthermore, the hepatoprotective activities ofingredients in Xi-ao Yáo Sãn have been shown in animal research.75-79 Thecoupling of these activities may begin to further establish the mechanismsof Xi-ao Yáo Sãn, which is also commonly used by Western practitionersin the treatment of PMS.DIETARY AND LIFESTYLE INFLUENCESDiet—Dietary factors appear to have an important influence on PMS.Studies have shown that vegetarian women have lower serum estrogen levelswhen compared to omnivorous women.80 Studies also have demonstratedthat vegetarians consume less total fat and more fiber than omnivores,which suggests that dietary fiber and decreased fat intakes may besignificant contributors to lower serum estrogen levels in women. Otherresearchers have found an association between a lowfat vegetarian diet andan increase in sex-hormone binding globulin concentration, a reduction inbody weight, and a decrease in premenstrual symptoms such as waterretention and behavioral changes.81 In these studies, it appears that PMSsymptom reduction may be mediated by dietary influences on estrogenactivity.6Research has also shown that intake of carbohydrates, a common foodcraving in women with PMS, increases serum tryptophan in relation toother amino acids, which is associated with increased brain tryptophanlevels and serotonin synthesis.82 To test the hypothesis that carbohydrateintake may attenuate premenstrual psychological symptoms associatedwith serotonin deficiency, researchers conducted a study in women withPMS. Subjects who consumed a specially formulated, carbohydrate-richbeverage during the luteal phase of their menstrual cycle, when premenstrualsymptoms had significantly worsened, reported significant decreasesin depression, anger, confusion, and carbohydrate craving. In addition,subjects also demonstrated significant improvements in memory wordrecognition scores.83A diet that centers around maintaining healthy hormonal and neurotransmitterbalance may play an important part in an intervention program forPMS. Consuming small meals throughout the day providing balancedratios of fiber-rich complex carbohydrates, proteins, and small amounts ofhealthy fats is recommended. Complex carbohydrates rich in fiber includevegetables, fruits, whole grains, and legumes. Health-promoting fatsinclude fish, flax, pumpkin, walnuts, sesame, sunflower, and almonds. Theavoidance of polyunsaturated vegetable oils, refined sugar, refined carbohydrates,alcohol, and caffeine-containing foods and beverages may alsohelp in controlling PMS symptoms. It is further recommended to limitintake of dairy products and animal fats. Women suffering from edemashould also avoid salt to reduce fluid retention. Contrary to popular belief,increased water consumption flushes the body out and actually reducesfluid retention.3,4Body Composition—Altered body composition, due to increased fatdeposition and/or decreased muscle mass leading to an unhealthy fat-toleanbody mass, has been associated with PMS symtomatology. Theresults of one study showed that women with a Body Mass Index (BMI)greater than 27.0 (indicating altered body composition) were 1.9 timesmore likely to experience PMS than women with lower BMIs. Due to thefact that circulating androgens are metabolized into active estrogens, it hasbeen suggested that an altered body composition influences the amount ofestrogen, and thereby, the balance of estrogen to progesterone.84 (Fordetailed information on the role of body composition in women's health,please refer to the Applied Nutritional Science Report entitled BodyComposition and Optimal Health by Robert H. Lerman, MD.)Stress—The role of chronic stress in PMS has also been evaluated.84Interviews designed to assess menstrual distress completed by 874 womenbetween the ages 18 and 44 years suggested that women with stressfullifestyles are more likely to suffer from PMS.84 A possible mechanism forthis outcome may be that during a stress response, the body secretes arange of hormones—such as aldosterone and the catecholamines epinephrineand norepinephrine—that interact with the sex hormones.85,86An important part of stress reduction is regular aerobic exercise, whichhelps to improve circulatory health and regulate neurotransmitter levelsthat are important to a positive mood. Regular exercise has been reliablyassociated with reduced incidence of menstrual pain, water retention, negativeaffect, and behavior change.87,88 (For more information on nutritionalsupport for individuals under increased stress, please refer to the AppliedNutritional Science Report entitled Nutritional Management of Stress-Induced Dysfunction by Richard L. Shames, MD.)CONCLUSIONThe multifactorial and complex nature of PMS has led to a variety of managementapproaches. A natural intervention program for PMS shouldbegin with correcting possible nutrient deficiencies that can exacerbatesymptoms. Select, time-tested herbal remedies that have also obtained scientificmerit can support underlying mechanisms associated with the menstrualcycle—such as hormonal balance, neurotransmitter activity, kidneyfunction, and liver health—and therefore may provide clinically relevantbenefits in women with PMS.Table 2. Selected Herbs for the Management of PMSCommon Name Country of Origin Traditional Use Some Active(Botanical Name) ConstituentsChaste Tree Berry Mediterranean Control and regulation of Monoterpene: agnuside, euro-(Vitex agnus castus) female reproductive system side, aucubin; flavonoid: vitexinSt. John's Wort Bud United States, Europe Antidepressant, Hypericin, hyperforinand Flowering Top anti-anxiety, antiviral(Hypericum perforatum)Griffonia Seed Africa Antidepressant, anti-anxiety, 5-HTP(Griffonia simplicifolia) regulates appetite and sleepShatavari Root India Nutritive, tonic, anti-inflammatory, Saponins(Asparagus racemosus) antispasmodic, diureticAshwagandha Root India Tonic, nutritive, nervine, Withanolides(Withania somnifera) sedative, diureticLicorice Root China, North America, Europe Demulcent, expectorant, Triterpene saponin:(Glycyrrhiza uralensis) anti-inflammatory, spasmolytic glycyrrhizin; flavonoids:liquiritin, quercetinBupleurum Root China Sedative, anodyne, adaptogen Saikosaponins A, B1-B4, C-F(Bupleurum chinense)Dong Quai Root China Antianemic, regulates menses, Vitamin B12, ferulic acid,(Angelica sinensis) smooth muscle relaxant ligustilide, folic acid, choline, ironPeony Root China Antimicrobial, astringent, Monoterpene glycosides:(Paeonia lactiflora) anti-inflammatory paeoniflorin, benzoylpaeoniflorin;sterolsGinger Rhizome China, Pacific Rim, India Stimulant, carminative, Terpenoid: zingiberene; gingerols(Zingiber officinale) digestant, anti-inflammatory71. The American College of Obstetricians and Gynecologists. ACOG News Release. Accessed April 5, 2004 fromhttp://www.acog.org/from_home/publications/press_releases/nr03-31-00-1.cfm.2. Halbreich U. The etiology, biology, and evolving pathology of premenstrual syndromes.Psychoneuroendocrinology 2003;28(3 Suppl):S55-S99.3. Dickerson LM, Mazyck PJ, Hunter MH. Premenstrual syndrome. Am Fam Physician 2003;67(8):1743-52.4. Singh BB, Berman BM, Simpson RL, Annechild A. Incidence of premenstrual syndrome and remedy usage:a national probability sample study. Altern Ther Health Med 1998;4(3):75-79.5. Tempel R. PMS in the workplace. An occupational health nurse's guide to premenstrual syndrome. AAOHN J2001;49(2):72-78.6. Moline ML, Zendell SM. Evaluating and managing premenstrual syndrome. Medscape Womens Health2000;5(2):1-3.7. Rapkin A. A review of treatment of premenstrual syndrome & premenstrual dysphoric disorder.Psychoneuroendocrinology 2003;28(3 Suppl):S39-S53.8. Frackiewicz EJ, Shiovitz TM. Evaluation and management of premenstrual syndrome and premenstrual dysphoricdisorder. JAMA 2001;40(3):437-447.9. Lippitt LL, Besinque K, Gill MA. Treatment of premenstrual syndromes: PMS, PMDD, PMM. CaliforniaPharmacist Insights 2001;13:10-22.10. Silberstein SD, Merriam GR. Physiology of the menstrual cycle. Cephalalgia 2000;20(3):148-54.11. Monteleone P, Luisi S, Tonetti A, et al. Allopregnanolone concentrations and premenstrual syndrome. Eur JEndocrinol 2000;142(3):269-73.12. Rubinow DR, Schmidt PJ, Roca CA. Estrogen-serotonin interactions: implications for affective regulation.Biol Psychiatry 1998;44:839-50.13. Rapkin A, Morgan M, Goldman L, Brann DW, Simone D, Mahesh VB. Progesterone metabolite allopregnanolonein women with premenstrual syndrome. Obstet Gynecol 1997;90(5):709-14.14. Hammarbäck S, Bäckström T, Holst J, von Schoultz B, Lyrenas S. Cyclical mood changes as in the premenstrualtension syndrome during sequential estrogen-progestagen postmenopausal replacement therapy. ActaObstet Gynecol Scand 1985;64(5):393-97.15. Gianetto-Berruti A, Feyles V. Premenstrual syndrome. Minerva Ginecol 2002;54:85-95.16. Rasgon N, Serra M, Biggio G, et al. Neuroactive steroid—serotergic interaction: responses to an intravenousL-tryptophan challenge in women with premenstrual syndrome. Eur J Endocrinol 2001;145(1):25-33.17. Born L, Steiner M. Current management of premenstrual syndrome and premenstrual dysphoric disorder. CurrPsychiatry Rep 2001;3(6):463-69.18. Stoffel-Wagner B. Neurosteroid biosynthesis in the human brain and its clinical implications. Ann N Y AcadSci 2003;1007:64-78.19. Smith MJ, Adams LF, Schmidt PJ, Rubinow DR, Wassermann EM. Abnormal luteal phase excitability of themotor cortex in women with premenstrual syndrome. Biol Psychiatry 2003;54:757-62.20. Freeman EW, Frye CA, Rickels K, Martin PA, Smith SS. Allopregnanalone levels and symptom improvementin severe premenstrual syndrome. J Clin Psychopharmacol 2002;22(5):516-20.21. Schmidt PJ, Purdy RH, Moore PH Jr, Paul SM, Rubinow DR. Circulating levels of anxiolytic steroids in theluteal phase in women with premenstrual syndrome and in control subjects. J Clin Endocrinol Metab1994;79(5):1256-60.22. Wang M, Seippel L, Purdy RH, Backstrom T. Relationship between symptom severity and steroid variation inwomen with premenstrual syndrome: study on serum pregnenolone, pregnenolone sulfate, 5 alpha-pregnane-3,20-dione and 3 alpha-hydroxy-5 alpha-pregnan-20-one. J Clin Endocrinol Metab 1996;81(3):1076-82.23. Lukaczer D, Liska DJ, Darland G, et al. Improvement in symptoms and estrogen metabolism in women withpremenstrual syndrome (PMS) using a newly formulated medical food. Research Report Number 110-May10, 2001.24. Dhar V, Murphy BE. The premenstrual syndrome and its treatment. J Steroid Biochem Mol Biol 1991;39(2):275-81.25. Hammarbäck S, Damber JE, Bäckström T. Relationship between symptom severity and hormone changes inwomen with premenstrual syndrome. J Clin Endocrinol Metab 1989;68(1):125-30.26. Abraham GE. Nutritional factors in the etiology of the premenstrual tension syndromes. J Reprod Med1983;28(7):446-64.27. Muneyyirci-Delale O, Nacharaju VL, Altura BM, Altura BT. Sex steroid hormones modulate serum ionizedmagnesium and calcium levels throughout the menstrual cycle in women. Fertil Steril 1998;69(5):958-62.28. Stewart A. Clinical and biochemical effects of nutritional supplementation on the premenstrual syndrome. JReprod Med 1987;32(6):435-41.29. Thys-Jacobs S. Micronutrients and the premenstrual syndrome: the case for calcium. J Am Coll Nutr2000;19(2):220-27.30. McCarty MF. High-dose pyridoxine as an 'anti-stress' strategy. Med Hypotheses 2000;54(5):803-07.31. Dakshinamurti K, Sharma SK, Bonke D. Influence of B vitamins on binding properties of serotonin receptorsin the CNS of rats. Klin Wochenschr 1990;68:142-45.32. Bernstein AL. Vitamin B6 in clinical neurology. Ann NY Acad Sci 1990;585:250-60.33. Doll H, Brown S, Thurston A, Vessey M. Pyridoxine (vitamin B6) and the premenstrual syndrome: a randomizedcrossover trial. J R Coll Gen Pract 1989;39(326):364-68.34. Bender DA. Oestrogens and vitamin B6—actions and interactions. Wld Rev Nutr Diet 1987;51:140-188.35. Abraham GE, Hargrove JT. Effect of vitamin B6 on premenstrual symptomatology in women with premenstrualtension syndromes: a double blind crossover study. Infertility 1980;3:155-65.36. Wyatt KM, Dimmock PW, Jones PW, Shaughn O'Brien PM. Efficacy of vitamin B6 in the treatment of premenstrualsyndrome: systematic review. BMJ 1999;318:1375-81.37. Fugh-Berman A, Kronenberg F. Complementary and alternative medicine (CAM) in reproductive-age women:a review of randomized controlled trials. Reprod Toxicol. 2003;17(2):137-52.38. Walker AF, De Souza MC, Vickers MF, Abeyasekera S, Collins ML, Trinca LA. Magnesium supplementationalleviates premenstrual symptoms of fluid retention. J Womens Health 1998;7(9):1157-65.39. Rosenstein DL, Elin RJ, Hosseini JM, Grover G, Rubinow DR. Magnesium measures across the menstrualcycle in premenstrual syndrome. Biol Psychiatry 1994;35(8):557-61.40. Facchinetti F, Borella P, Sances G, Fioroni L, Nappi RE. Oral magnesium successfully relieves premenstrualmood changes. Obstet Gynecol 1991;78:177-81.41. De Souza MC, Walker AF, Robinson PA, Bolland K. A synergistic effect of a daily supplement for 1 month of200 mg magnesium plus 50 mg vitamin B6 for the relief of anxiety-related premenstrual symptoms: a randomized,double-blind, crossover study. J Womens Health Gend Based Med 2000;9(2):131-39.42. Thys-Jacobs S, Starkey P, Bernstein D, Tian J. Calcium carbonate and the premenstrual syndrome: effects onpremenstrual and menstrual symptoms. Premenstrual Syndrome Study Group. Am J Obstet Gynecol1998;179(2):444-52.43. Shamberger RJ. Calcium, magnesium, and other elements in red blood cells and hair of normals and patientswith premenstrual syndrome. Biol Trace Elem Res 2003;94(2):123-29.44. Snow JM. Vitex agnus-castus L. (Verbenaceae). Protocol J Botanical Med 1996;1:20-23.45. Blumenthal M, Busse WR, Goldberg A, et al. The complete German Commission E monographs. Boston:Integrative Medicine Communications; 1998.46. Schellendberg R. Treatment for the premenstrual syndrome with agnus castus fruit extract: prospective, randomized,placebo controlled study. BMJ 2001;322:134-37.47. Halaska M, Beles P, Gorkow C, Sieder C. Treatment of clyclical mastalgia with a solution containing a Vitexagnus castus extract: results of a placebo-controlled double-blind study. The Breast 1999;8:175-81.48. Loch EG, Selle H, Boblitz N. Treatment of premenstrual syndrome with a phytopharmaceutical formulationcontaining Vitex agnus castus. J Womens Health Gend Based Med 2000;9(3):315-20.49. Berger D, Schaffner W, Schrader E, Meier B. Efficacy of Vitex agnus castus L. extract Ze 440 in patients withpremenstrual syndrome (PMS). Arch Gynecol Obstet 2000;264:150-53.50. Meier B, Berger D, Hoberg E, Sticher O, Schaffner W. Pharmacological activities of Vitex agnus-castus extractsin vitro. Phytomedicine 2000;7(5):373-81.51. Wheatley D. LI 160, an extract of St. John's wort, versus amitriptyline in mildly to moderately depressed outpatients—a controlled 6-week clinical trial. Pharmacopsychiatry 1997;30(2 Suppl):S77-S80.52. Perovic S, Müller EG. Pharmacological profile of hypericum extract. Effect on serotonin uptake by postsynapticreceptors. Arzneimittelforschung 1995;45(11):1145-48.53. Laakmann G, Schule C, Baghai T, Kieser M. St. John's wort in mild to moderate depression: the relevance ofhyperforin for the clinical efficacy. Pharmacopsychiatry 1998;31(1 Suppl):S54-S59.54. Linde K, Ramirez G, Mulrow CD, et al. St. John's wort for depression—an overview and meta-analysis of randomisedtrials. BMJ 1996;313:253-58.55. Schellenberg R, Sauer S, Dimpfel W. Pharmacodynamic effects of two different hypericum extracts in healthyvolunteers measured by quantitative EEG. Pharmacopsychiatry 1998;31(1 Suppl):S44-S53.56. Vorbach EU, Arnoldt KH, Hübner WD. Efficacy and tolerability of St. John's wort extract LI 160 versusimipramine in patients with severe depressive episodes according to ICD-10. Pharmacopsychiatry 1997;30(2Suppl):S81-S85.57. Philipp M, Kohnen R, Hiller KO. Hypericum extract versus imipramine or placebo in patients with moderatedepression: randomized multicentre study of treatment for eight weeks. BMJ 1999;319:1534-39.58. Stevinson C, Ernst E. A pilot study of Hypericum perforatum for the treatment of premenstrual syndrome.BJOG 2000;107(7):870-76.59. Rodriguez-Landa JF, Contreras CM. A review of clinical and experimental observations about antidepressantactions and side effects produced by Hypericum perforatum extracts. Phytomedicine 2003;10:688-99.60. Müller WE, Singer A, Wonnemann M, Hafner U, Rolli M, Schäfer C. Hyperforin represents the neurotransmitterreuptake inhibiting constituent of hypericum extract. Pharmacopsychiatry 1998;31(1 Suppl):S16-S21.61. Neary JT, Bu Y. Hypericum LI 160 inhibits uptake of serotonin and norepinephrine in astrocytes. BrainResearch 1999;816:358-63.62. Hammerness P, Basch E, Ulbricht C, et al. St John's wort: a systematic review of adverse effects and druginteractions for the consultation psychiatrist. Psychosomatics 2003;44(4):271-82.63. Meyers S. Use of neurotransmitter precursors for treatment of depression. Alt Med Rev 2000;5(1):64-71.64. Cangiano C, Ceci F, Cascino A, et al. Eating behavior and adherence to dietary prescriptions in obese adultsubjects treated with 5-hydroxytryptophan. Am J Clin Nutr 1992;56(5):863-67.65. Cangiano C, Laviano A, Del Ben, et al. Effect of hydroxy-tryptophan on energy intake and macronutrientselection in non-insulin dependent diabetic patients. Int J Obes Relat Metab Disord 1998; 22(7):648-54.66. De Giorgis G, Miletto R, Iannuccelli M, Camuffo M, Scerni S. Headache in association with sleep disordersin children: a psychodiagnostic evaluation study—L-5-HTP versus placebo. Drugs Exp Clin Res1987;13(7):425-33.67. Birdsall TC. 5-hydroxytryptophan: a clinically-effective serotonin precursor. Alt Med Rev 1998;3(4):271-80.68. Buhrman S. Ayurvedic approaches to women's health. The Protocol Journal of Botanical Medicine, Spring 1996.69. Mishra LC, Singh BB, Dagenais S. Scientific basis for the therapeutic use of Withania somnifera (ashwagandha):a review. Altern Med Rev 2000;5(4):334-46.70. Dhuley JN. Adaptogenic and cardioprotective action ashwagandha in rats and frogs. J Ethnopharmacol2000;70(1):57-63.71. Mehta AK, Binkley P, Gandhi SS, Ticku MK. Pharmacological effects of Withania somnifera root extract onGABAA receptor complex. Indian J Med Res 1991;94:312-15.72. Bensky D, Barolet R. Chinese Herbal Medicine, Formulas & Strategies. Washington: Eastland Press; 1990.73. Duke JA. Handbook of Phytochemical Constituents of GRAS Herbs and Other Economic Plants. Boca Raton: CRCPress;1992.74. Zhang GL. Treatment of breast proliferation disease with modified xião yáo sàn and er chen decoction. ZhongXi Yi Jie He Za Zhi 1991;11(7):400-02, 388 (article in Chinese).75. Chih HW, Lin CC, Tang KS. The hepatoprotective effects of Taiwan folk medicine ham-hong-chho in rats. AmJ Chin Med 1996;24(3-4):231-40.76. Shim SB, Kim NJ, Kim DH. Beta-glucuronidase inhibitory activity and hepatoprotective effect of 18 beta-glycyrrhetinicacid from the rhizomes of Glycyrrhiza uralensis. Planta Med 2000;66(1):40-43.77. Hu WY, Li YW, Hou YN, et al. The induction of liver microsomal cytochrome P450 by Glycyrrhiza uralensisand glycyrrhetinic acid in mice. Biomed Environ Sci 1999;12(1):10-14.78. Ye YN, Liu ES, Li Y, et al. Protective effect of polysaccharides-enriched fraction from Angelica sinensis onhepatic injury. Life Sci 2001;69(6):637-46.79. Ding H, Shi GG, Yu X, Yu JP, Huang JA. Modulation of GdC13 and Angelica sinensis polysaccharides on differentiallyexpressed genes in liver of hepatic immunological injury mice by cDNA microarray. World JGastroenterol 2003;9(5):1072-76.80. Goldin BR, Adlercreutz H, Gorbach SL, et al. Estrogen excretion patterns and plasma levels in vegetarian andomnivorous women. N Engl J Med 1982;307(25):1542-47.81. Barnard ND, Scialli AR, Hurlock D, Bertron P. Diet and sex-hormone binding globulin, dysmenorrhea, andpremenstrual symptoms. Obstet Gynecol 2000;95:245-50.82. Wurtman RJ, Wurtman JJ. Brain serotonin, carbohydrate-craving, obesity, and depression. Obes Res 1995;3(4Suppl):S477-S80.83. Sayegh R, Schiff I, Wurtman J, Spiers P, McDermott J, Wurtman R. The effect of a carbohydrate-rich beverageon mood, appetite, and cognitive function in women with premenstrual syndrome. Obstet Gynecol1995;86:520-28.84. Deuster PA, Adera T, South-Paul J. Biological, social, and behavioral factors associated with premenstrualsyndrome. Arch Fam Med 1999;8:122-28.85. Kvetnansky R, Koska J, Ksinantova L, et al. Responses of sympathoadrenal and renin angiotensin systems tostress stimuli in humans during real and simulated microgravity. J Gravit Physiol 2002;9(1):79-80.86. Tigranian RA, Orloff LL, Kalita NF, Davydova NA, Pavlova EA. Changes of blood levels of several hormones,catecholamines, prostaglandins, electrolytes and cAMP in man during emotional stress. Endocrinol Exp1980;14(2):101-12.87. Johnson WG, Carr-Nangle RE, Bergeron KC. Macronutrient intake, eating habits, and exercise as moderatorsof menstrual distress in healthy women. Psychosom Med 1995;57(4):324-30.88. Scully D, Kremer J, Meade MM, Graham R, Dudgeon K. Physical exercise and psychological well being: acritical review. Br J Sports Med 1998;32:111-20.REFERENCES8Premenstrual syndrome (PMS) is a common disorder in women ofreproductive age that is characterized by recurring physical and psychologicalsymptoms. The symptoms generally begin in the week or twoweeks before menstruation and resolve shortly after menstruationbegins. A diagnosis of PMS requires that symptoms are severe enoughto negatively impact a woman's ability to function at home, in the workplace,or in personal relationships.As many as 85% of menstruating women experience one or more symptomsof PMS, and approximately 5% to 10% have symptoms severeenough to be debilitating.1 More than 300 symptoms have been associatedwith PMS; these include irritability, tension, fluid retention, and ageneral unwell feeling.2-5THE CAUSE OF PMSThe exact cause of PMS is not fully understood and may be related to anumber of factors. The current theories on the underlying causes focusmostly on levels of sex hormones (e.g., estrogen, progesterone) and neurotransmitters(i.e., brain chemicals that control mood), as well as regulationof fluid balance by the kidneys and hormone balance by the liver.2NUTRITIONAL STRATEGIES FOR INTERVENTIONThe multifactorial nature of PMS has resulted in a variety of naturalinterventions, from addressing possible nutrient deficiencies to focusingon hormone or neurotransmitter support with select herbal approaches.2Successful management of PMS should begin with correcting possiblenutrient deficiencies that can exacerbate symptoms. Select, time-testedherbal approaches that have also been scientifically studied can be usedto address a variety of PMS symptoms.Multivitamin/Mineral—Scientific studies suggest a role of nutritionaldeficiencies in PMS symptoms, suggesting that reversing any possiblenutrient deficiencies should be the first step in PMS management.27-29This is of particular importance due to the fact that women with PMShave been reported to consume more refined sugar, refined carbohydrates,and dairy products that may lack adequate quantities of vitaminsand minerals.28,30Vitamin B6—Vitamin B6 (pyridoxine) has been studied as a possibleintervention for PMS for over two decades. A deficiency of vitamin B6has been associated with decreased levels of neurotransmitters that controldepression and anxiety, suggesting that adequate vitamin B6 statusmay have a positive effect on mood.30-32 This may explain how supplementationof vitamin B6 has been shown to favorably impact symptomssuch as depression, irritability, and fatigue during the premenstrualperiod.28,33,35-37Magnesium and Calcium—Women with PMS have been shown tohave significantly lower magnesium levels than women without PMSsymptoms, and magnesium supplementation has been shown to reducepremenstrual complaints.28,38-40 Similarly, calcium deficiency has alsobeen associated with PMS, whereas supplemental calcium has beenassociated with significant improvements in symptoms that are representativeof PMS, including negative mood, water retention, food cravings,and pain.29,43,44HERBAL APPROACHES TO MANAGEMENTA variety of herbal approaches have successfully been used to help managePMS symptoms, many with a history of use dating back centuries.These natural interventions include herbs that support hormone and neurotransmitterbalance, fluid balance, and liver health.Chasteberry—Native to the Mediterranean, chasteberry (Vitex agnuscastus) has been used for centuries in the management of gynecologicalcomplaints. Evidence of its effectiveness has led to its approval by theGerman Commission E health authorities as an intervention for premenstrualsymptoms and menstrual cycle irregularities.45 Today, chasteberryis among the most popular herbs used to help relieve a broad spectrumof PMS symptoms, including breast tenderness, weight gain,abdominal cramps, depression, and mood swings.St. John's Wort—St. John's wort (Hypericum perforatum) has beenpopularly used for decades in the management of mild depression, andclinical trials have demonstrated its effectiveness.51-57 A pilot study providedsome evidence that supplementation with St. John's wort may alsoimprove PMS symptoms, such as depression, confusion, anxiety, andinsomnia.585-HTP (5-Hydroxytryptophan)—Derived from the seed of the Africanplant Griffonia simplicifolia, 5-HTP has over 20 years of clinical use inmanaging mild depression, and studies suggest it is well tolerated.63-67Researchers theorize that 5-HTP enhances levels of serotonin—a neurotransmitterinvolved in the regulation of depression, anxiety, andappetite.63,67Ayurvedic Medicine—In the Indian traditional system of medicine,known as Ayurveda, women who regularly experience menstrualdisorders are commonly treated with the tonifying herbs shatavari(Asparagus racemosus) and ashwagandha (Withania somnifera).Historically, shatavari is promoted as having rejuvenative, anti-inflammatory,and diuretic properties, and is indicated in PMS symptoms suchas menstrual cramps, bloating, and excessive menstrual bleeding.68Among its many properties, ashwaghanda is used as a general tonic,sedative, and diuretic.68Traditional Chinese Medicine (TCM)—Ancient Chinese medicine hasa fully developed botanical system for managing gynecological problems,including PMS, irregular menses, and fibrocystic breasts.72,73 Oneof the most commonly used TCM formulas, known as Xi- ao Yáo Sãn—incorporating the roots of bupleurum (Bupleurum chinense), peony(Paeonia lactiflora), dong quai (Angelica sinensis), bai-zhu atractylodes(Atractylodes macrocephala), poria sclerotium (Poria cocos), ginger rhizome(Zingiber officinale), licorice (Glycyrrhiza uralensis), and mintleaf (Mentha haplocalyx)—focuses on liver function and strengtheningthe blood.72 Modern science also supports the use of Xi-ao Yáo Sãn inmanaging gynecological issues, possibly through its influence on liverhealth and hormone activity.74-79CONCLUSIONThe multifactorial nature of PMS has led to a variety of managementapproaches. A natural intervention program for PMS should begin withcorrecting possible nutrient deficiencies that can exacerbate symptoms.Select, time-tested herbal remedies that have also been scientificallystudied can support underlying mechanisms associated with the menstrualcycle—such as hormone and neurotransmitter balance, kidneyfunction, and liver health—and therefore may provide clinically relevantbenefits in women with PMS.Natural Interventions for Premenstrual Syndrome:A SummaryBY JOSEPH L. MAYO, MD, FACOG 
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Enhancement of serotonin uptake by cortisol: A possible link between stress and depression Authors: Tafet G. E.1; Toister-Achituv M.1; Shinitzky M.1Source: Cognitive, Affective, & Behavioral Neuroscience, Volume 1, Number 1, 1 March 2001 , pp. 96-104(9)Publisher: Psychonomic Society PublicationsAbstract:Stress and depression are characterized by elevation of circulating cortisol, as well as by changes in physiological functions. In this study, we addressed the possibility that elevated cortisol is also associated with the origin and development of depression. We report here that cortisol at the nM–M concentration range induces a substantial increase in serotonin uptake both in vitro, by human peripheral blood lymphocytes (PBLs) and cortical neuronal cells, and in vivo, by rabbit PBLs, owing to promotion of synthesis of the serotonin transporter. These findings offer a novel molecular mechanism for depression associated with stress. Accordingly, the elevated cortisol induced by stress increases serotonin uptake, under both rest and nerve stimulation, which is overtly expressed in symptoms of depression. Language: English Document Type: Research article Affiliations: 1: Weizmann Institute of Science, Rehovot, Israel
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Titre du document / Document titlehttp://cat.inist.fr/?aModele=afficheN&cpsidt=16362844 belowParadoxical inhibitory effect of serotonin on cortisol production from adrenocortical lesions causing Cushing's syndrome Auteur(s) / Author(s)LOUISET E. ; CARTIER D. ; CONTESSE V. ; DUPARC C. ; LIHRMANN I. ; YOUNG J. ; BERTHERAT J. ; REZNIK Y. ; KUHN J. M. ; LAQUERRIERE A. ; VAUDRY H. ; LEFEBVRE Herve ; Résumé / AbstractIn the human adrenal gland, serotonin (5-HT) stimulates cortisol production through a paracrine mechanism involving 5-HT4 receptors positively-coupled to adenylyl cyclase. A hyperresponsiveness of adrenocortical tissue to 5-HT has also been described in several cases of ACTH-independent bilateral macronodular adrenal hyperplasias (AIMAHs) and adenomas causing Cushing's syndrome. In the present study, we report two cases of cortisol-producing adrenocortical lesions, i.e., one AIMAH (case 1) and one adenoma (case 2), whose secretory activity was inhibited in vitro by 5-HT. The potencies (pIC50) and efficacies (Emax) of 5-HT to inhibit cortisol secretion were 8.2 ′ 0.4 and -64.1% ′ 7.5% in case 1, and 9.2 ′ 0.5 and -32.3% ′ 3.8% in case 2. The specific 5-HT4 antagonist GR 113808 failed to influence the 5-HT-induced decrease in cortisol production by the two tissues, indicating that the paradoxical inhibitory effect of 5-HT could not be accounted for by activation of eutopic 5-HT4 receptors. These results suggest that the tissues expressed aberrant 5-HT receptors. In conclusion, the present study provides the first evidence for an inhibitory effect of 5-HT on cortisol secretion in adrenocortical lesions causing Cushing's syndrome. Our data also suggest that expression of illegitimate membrane receptors by cortisoi-producing adrenal hyperplasias and/or adenomas may convert a paracrine stimulatory factor into an inhibitory signal. Revue / Journal TitleEndocrine research   ISSN 0743-5800   CODEN ENRSE8  Source / Source2004, vol. 30, no4, pp. 951-954 [4 page(s) (article)] Langue / LanguageAnglais�Editeur / PublisherDekker, Monticello, NY, ETATS-UNIS  (1984) (Revue)�Localisation / LocationINIST-CNRS, Cote INIST : 17074, 35400012572302.0740
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Titre du document / Document titlehttp://cat.inist.fr/?aModele=afficheN&cpsidt=16362844 belowParadoxical inhibitory effect of serotonin on cortisol production from adrenocortical lesions causing Cushing's syndrome Auteur(s) / Author(s)LOUISET E. ; CARTIER D. ; CONTESSE V. ; DUPARC C. ; LIHRMANN I. ; YOUNG J. ; BERTHERAT J. ; REZNIK Y. ; KUHN J. M. ; LAQUERRIERE A. ; VAUDRY H. ; LEFEBVRE Herve ; Résumé / AbstractIn the human adrenal gland, serotonin (5-HT) stimulates cortisol production through a paracrine mechanism involving 5-HT4 receptors positively-coupled to adenylyl cyclase. A hyperresponsiveness of adrenocortical tissue to 5-HT has also been described in several cases of ACTH-independent bilateral macronodular adrenal hyperplasias (AIMAHs) and adenomas causing Cushing's syndrome. In the present study, we report two cases of cortisol-producing adrenocortical lesions, i.e., one AIMAH (case 1) and one adenoma (case 2), whose secretory activity was inhibited in vitro by 5-HT. The potencies (pIC50) and efficacies (Emax) of 5-HT to inhibit cortisol secretion were 8.2 ′ 0.4 and -64.1% ′ 7.5% in case 1, and 9.2 ′ 0.5 and -32.3% ′ 3.8% in case 2. The specific 5-HT4 antagonist GR 113808 failed to influence the 5-HT-induced decrease in cortisol production by the two tissues, indicating that the paradoxical inhibitory effect of 5-HT could not be accounted for by activation of eutopic 5-HT4 receptors. These results suggest that the tissues expressed aberrant 5-HT receptors. In conclusion, the present study provides the first evidence for an inhibitory effect of 5-HT on cortisol secretion in adrenocortical lesions causing Cushing's syndrome. Our data also suggest that expression of illegitimate membrane receptors by cortisoi-producing adrenal hyperplasias and/or adenomas may convert a paracrine stimulatory factor into an inhibitory signal. Revue / Journal TitleEndocrine research   ISSN 0743-5800   CODEN ENRSE8  Source / Source2004, vol. 30, no4, pp. 951-954 [4 page(s) (article)] Langue / LanguageAnglais�Editeur / PublisherDekker, Monticello, NY, ETATS-UNIS  (1984) (Revue)�Localisation / LocationINIST-CNRS, Cote INIST : 17074, 35400012572302.0740
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Bethea CL, et al.  Sensitivity to Stress-Induced Reproductive Dysfunction Linked to Activity of the Serotonin System. Obstet Gynecol Surv. 2005 Jul;60(7):448-450. PMID: 15995560 Related Articles, Links ��Bethea CL, Pau FK, Fox S, Hess DL, Berga SL, Cameron JL.��Division of Reproductive Sciences and Division of Neuroscience, Oregon National Primate Research Center, Beaverton, Oregon; Department of Physiology and Pharmacology, Oregon Health and Science University, Portland, Oregon; Department of Psychiatry, University of Pittsburgh, Pittsburgh, Pennsylvania; and Department of Obstetrics and Gynecology, University of Pittsburgh, Pittsburgh, Pennsylvania.��Many forms of stress, including psychosocial stress, may be associated with reproductive dysfunction. Women seeking treatment for infertility often have been subjected to multiple stressors. The authors have developed an experimental primate model of hypothalamic amenorrhea. Combining mild psychosocial stress with a mild diet and moderate exercise suppresses reproductive function in this model. Because serotonergic activity is decreased in persons who are inordinately sensitive to stress, a study was planned to determine whether differences in endogenous function of the central serotonergic system can be found in stress-sensitive and stress-resistant female cynomolgus macaques. Sedated monkeys previously categorized as highly stress-resistant (HSR, normal menstrual cyclicity through 2 stress cycles), medium stress-resistant (MSR, ovulatory in only the first cycle), or stress-sensitive (SS, anovulatory when first exposed to stress) were challenged with an intravenous dose of 5 mg/kg of the serotonin-releasing drug fenfluramine. The hypothesis was that SS animals would have lower levels of central serotonergic activity. Thyrotropin-releasing hormone (TRH) was administered to control for differences in pituitary stores of prolactin or corticotropin-releasing factor (CRF) to control for low levels of ACTH.Release of prolactin in response to fenfluramine was significantly greater in the HSR animals than in the MSR and SS groups. Cortisol responses to fenfluramine were higher in the SS group than in either group of stress-resistant animals. Similar responses to fenfluramine were no longer evident after stimulation with TRH combined with CRF.These studies in macaques indicate differing reproductive hormone responses to moderate stress. Stress sensitivity correlates with prolactin secretion in response to fenfluramine, which promotes the release of serotonin. Highly stress-resistant animals have higher endogenous serotonin levels than do stress-sensitive animals in the absence of stress. Whether this reflects secretion of ovarian steroids, social status, or genetic predisposition remains to be determined.��PMID: 15995560 [PubMed - as supplied by publisher] 
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Quick tips
• Testing urine for baseline transmitters offers no diagnostic value.  
• Dosing 5-HTP or tryptophan will decrease dopamine levels over 


time. Be careful dosing one without the other.
• Dosing tyrosine levels to increase 5-HTP levels will decrease 5-HTP 


levels.
• Medications that deal with synaptic upregulation of transmitters 


will ultimately deplete the levels of that transmitter. 
– Example: Many patients taking a med that works at times will not 


work after several months or years. 
• Using meds that up-regulate just serotonin only will decrease 


dopamine and vice versa.  
– Example: Patients taking meds to increase dopamine like with 


Parkinson disease ultimately get depression.   
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Tourette’s – high dopamine, low serotoninSociety for NeuroSciencehttp://www.sfn.org/index.cfm?pagename=brainBriefings_tourettesSyndromeAndDopamine belowTourette's Syndrome and Dopamine Once dismissed as a behavior flaw, Tourette's syndrome is now known to be an inherited neurological disease. New research is mapping the chemical origin of the disorder characterized by tics, yelps and utterances. Advances may lead to improved treatments that can curb the disruptive symptoms without causing the harsh side effects often seen in today's remedies.A surgeon. A grocery store bagger. A professional athlete. A writer. A construction worker. Each experiences eruptions of tics - repeated, involuntary movements and uncontrollable utterances. Six nose twitches, three foot stomps, a series of eye blinks and a few neck stretches. Some hoot, bark, cough. Some swear. �      The diagnosis? Bad habits. Nervousness. Demonic possession. For years the affliction, now known as Tourette's syndrome (TS), was regarded as a "moral" disease. The prescription was a dose of internal will to stop. �      Then researchers discovered that a drug, haloperidol, which acts on the brain chemical dopamine, could calm the patient. This suggested that TS was a disorder rooted in altered brain chemistry. Now an increasing number of studies, including imaging research on humans, is providing clues on how dopamine and other factors mediate TS.The research is leading to:A clearer understanding of tics and TS.Improved treatments that have fewer side effects than current therapies.      An estimated 100,000 Americans have full-blown TS. And more than 1 million people are suspected to have milder forms of the disease. �      Currently there is no medication that can clear up all of the symptoms of TS. In addition, the side effects of the wide-acting therapies, such as haloperidol, can be worse than the disorder in some patients. But the deciphering of dopamine's role in the disease is helping to pave the way toward targeted treatments. �      Research started to take off in the early 1960s. Scientists found that haloperidol suppressed tics by blocking the receiving areas on cells, or receptors, where dopamine normally passes on messages. Later researchers discovered that dopamine-stimulating drugs can trigger tics. Other research on human spinal fluid also pointed a finger at dopamine. �      Today scientists are uncovering how the chemical specifically relates to TS. �      New studies have led some researchers to believe that tics are related to dopamine receptors that are "supersensitive" to the chemical in specific brain areas. �      One study of identical twins with TS found that extreme cases are related to a souped-up activity of dopamine receptors in the caudate nucleus. �      This brain area normally acts as a brake on the movements that are made on purpose. When a movement is needed, however, dopamine can provide a password to the receptors that will release the urge to move. The research suggests that patients with severe symptoms have exceptionally sensitive receptors that take any subtle sign from dopamine as a reason to let urges loose. The result is a deluge of tics. �      Other research indicates that tics are related to higher than normal levels of dopamine production and use. Perhaps there is a larger than normal number of dopamine-producing brain cells. Maybe the individual cells have an abundance of sites, or terminals, that release dopamine. �      A new imaging study examined tic severity by comparing younger individuals with TS to older patients. Tics often become milder as patients age. The researchers found that in specific brain areas, the younger group had a greater number of molecules known as dopamine transporters than did controls. Once dopamine carries out a task, a dopamine transporter, which resides at the terminals, shuttles the chemical back into the cell that produced it so it can be used again. Since the number of dopamine transporters indicates the number of terminals that produce or release dopamine, these results suggest that tics may be related to an excess amount - too many dopamine cells or terminals - or release of dopamine. �      Other research indicates that dopamine is not the only TS instigator. For example, one new study compared individuals with TS to those without the disease and found a difference in the number of transporters for another chemical, serotonin, but no significant difference in the density of dopamine transporters. Some scientists think that dopamine alterations may be more subtle in the disease and that serotonin plays a larger role. �      Additional research, including the identification of the genetic basis of the disease, will provide more clear-cut clues. In one study, scientists are probing the complete set of human genes in order to find a TS-inducing gene or genes. �      The hope is that, together, the research will result in improved treatments for those affected by the disorder. +++++++++++++++++++++++++++++++++++++++++++++++++++++TOURETTE SYNDROMESubmitted by SerendipUpdate on Wed, 02/20/2008 - 3:14pm. Biology 202 Web Paper 2Biology 202�2000 Second Web Report�On Serendip TOURETTE SYNDROME Sooyoun Yi"When my friends and I are driving somewhere, I often find myself repeating outside words I read, out loud. The conversation sometimes goes something like this: 'Laundromat.' 'What?' 'Oh, nothing.' 'Armed robbers shot.' 'Huh?' 'I was only speaking to myself...' 'Oh.' (1)." Tourette Syndrome (TS) is a genetic neurological disorder that is characterized by involuntary muscle movements, termed tics (3). Tics can also come in the form of vocal outbursts. The range of these symptoms is very large. Some examples are rapid and repetitious blinking of the eye, clearing of the throat, jumping, or uttering words and phrases out of context (4). It has been seen that there is an increase of tics when the individual is under emotional tension, stress, or anxiety and even seasonal changes in the weather (1). TS was first recognized over a hundred years ago by a French neurologist, George Gilles de la Tourette, who had patients with involuntary convulsive muscular movements (1). A lot more is understood now about TS than before and people have now realized that this disorder is rooted in biology and neurology (1). It can not be said that TS is a disease because having TS does not necessarily mean that they need to seek treatment. The tics are called "symptoms" only because they are seen as abnormal in our society. But in majority of the people who have TS, the tics do not interfere with everyday proceedings of life. The tics caused by TS are completely involuntary and are caused by a chemical imbalance in the wiring of the brain. There are specific neurotransmitters that are affected - serotonin, dopamine, and norepinephrine (4). Norepinephrine is an important neurotransmitter in the limbic system, which can either suppress or stimulate other neurons. A defect in this neurotransmitter can lead to an over-activity of dopamine in the brain that may produce totally random nerve twitches. Serotonin controls sleep and it was found that people with TS had significant sleep disturbances which suggests that TS patients had some kind of defect in serotonin. Although the cause for TS has not been firmly established, it is a neurological disorder, not a psychological one. It has to be understood that the prefrontal cortex, the limbic system, the striatum, the cerebellum, the motor and sensory cortexes, and the memory network all play a role in causing the tic in TS (4). There are many disorders that involve the same area of the brain as well as the same neurotransmitters. TS is associated with many other neurological disorders such as obsessive compulsive disorder (OCD), attention deficit hyperactive disorder (ADHD), sleep disorders, dyslexia, and disinhibition (4). Drugs that may help to combat one disorder may have the opposite effect on tics. Stimulants like Ritalin, Cylert, and Dexedrine is used to help people with ADHD but they also increase the tics of people with TS. Drugs that stimulate dopaminergic activity in order to correct another neurological disorder may make the symptoms worse while the suppression of dopaminergic activity decreased the tics. It seems like there is a causal relationship between dopamine levels and tics. "The rate of dopamine turnover, and the firing rate of dopamine nerves, is much higher in the prefrontal lobes than in the caudate, putamen or limbic system. This carries with it the important implication that anything that affects the rate of dopamine synthesis is likely to have a greater impact on the function of the brain. (4)" The main areas of the brain that are affected are the frontal lobes, the limbic system, and the striatum (4). The generation of tics can be held accountable by the nucleus accumbens and the striatum (caudate-putamen) (4). A gene mutation in the DRD2 gene causes the D2 receptors to function abnormally. The hypersensitive dopamine D2 receptors, in turn, cause the over-activity of the dopaminergic neurons in these areas of the brain (4). The DAT1 gene also has been found to contribute to the tics. A normally functioning DAT1 gene is responsible for the re-uptake system in pre-synaptic dopaminergic receptors (4). A mutation in this gene may cause the system to function improperly and therefore there is a less re-uptake of dopamine, which causes tics (4). Dopamine is not the only neurotransmitter that is responsible for tics. Fluctuating levels of other neurotransmitters may cause dopaminergic over-activity and consequently generate tics (4). Some people with TS have said that they are conscious of the urge to tic before they actually do so. They suppress the urge to tic until they are in a setting where they can release the urge but then the tics are more severe. "If you want to imagine what tics are like: imagine being aware of the urge to sneeze without any physical sensation in your nose preceding it. Now replace 'sneezing' with any other sudden act you can think of. Or imagine the urge to close your eyes because a fly is flying straight towards them, but without there actually being any fly. Now imagine that as you resist the urge to close your eyes the 'imaginary' fly is frozen in front of your eyeballs, forever nerve-wrackingly homing in on them until you eventually have to close your eyes or jerk away your face. (1)" The tics can be thought of as just habits rather than random nerve twitches because the tics are both unconsciously suppressible. If a person with TS finds oneself in a public situation, he may suppress the tic until he is alone which leads to a stronger outburst when the tics are finally expressed (1). There is no cure for TS but there are drugs that can decrease the inconvenient symptoms. Since TS is considered a neurological disorder, anti-psychotic medications can be taken to suppress or stimulate certain neurotransmitters. The most widely used drug is the haloperidol (Haldol) which counteract dopamine over-activity. There has been a marked decrease of tics among people who take Haldol or other drugs to relieve the symptoms like, clonidine (Catapres), pimozide (Orap), fluphenazine (Prolixin, Permitil), and clonazepam (Klonopin) (2). There are people who do seek psychotherapy to reduce stress - to help relax. Psychotherapy, though, can not cure TS since it is a neurological disorder that is caused by many different neuro-chemical imbalances. TS is a neurochemical problem that needs a neurochemical solution (2). Psychotherapy may help to deal with random public outbursts but the neurochemical dysfunction must be brought to a "norm" before psychotherapy can be effective (2). The tic that the general public is most familiar with is coprolalia, swearing. Coprolalia, though, occurs in only about 8% of people with TS (1). Coprolalia is a very interesting case in that swearing is determined culturally and not biologically (1). How can a biological disorder cause someone to specifically shout out obscenities? Some explanations say that the brain associates certain words with specific emotions and this can cause someone with TS to randomly shout out profanities. Even if behavior can be associated with simply just action potentials, it seems understandable that people with TS may shout out random words but it seems unusual that overactive or under-active neurotransmitters can cause a person to shout out only curse words. Much more is known about TS than 100 years ago when George Gilles de la Tourette discovered it but there is still much more grounds to cover. The only way to diagnose TS is by observing the symptoms. Blood tests and neurological tests have not lead to conclusive diagnosis of TS. Using coprolalia as a starting point, maybe it needs to be questioned whether or not TS is actually a neurological disorder rather than a psychological one. As with any good science, research about the TS has answered many questions but have left many more questions to be answered. WWW Sources1) The Facts About Tourette Syndrome , Provides explanations and questions about TS 2) Internet Mental Health , Medical viewpoint about TS - in depth explanation of medications 3) Tourette Syndrome Association, Inc. , Good starting point for research about TS 4) The Tourette Syndrome Phenomenon , Wealth of info about TS from a person who has it 5) Yahoo! Health , Shortened encyclopedia definition of TS   +++++++++++++++++++++++++++++++++++++++++++++++Tourette’s syndrome is a chronic disorder of motor and vocal tics that begins in childhood and is more common in boys. Tics are repeated, jerking movements of parts of the body. Complex tics, include frowning, shoulder shrugging, or head thrusting. Vocal tics include throat clearing and the sudden yelling of unwanted and unintended words or phrases and in 10-40% of patients, outbursts of obscenities. �Tics more commonly occur in the face, throat, and shoulders but can occur in any body part. They are worse at times of stress and absent during sleep. Obsessive-compulsive symptoms are 20 times more common in patients with tics than in the general population. Obsessions are unwanted and repetitive thoughts whereas compulsions are actions, performed repeatedly to reduce obsessive thoughts. Attention deficit/hyperactivity disorder, ADHD is also very common in patients with TS. Other symptoms that have been associated with tourette’s syndrome include, learning disability, school phobia, rage attacks and attacks of mania.The physical examination is usually normal. CT scans and MRI scans are normal as well,��Tourette’s syndrome in many cases has been shown to be familial and genetic factors have been implicated.�Recent research has focused on post streptococcal infection. Several researchers have shown an increased level of antistreptococcal or anti-DNase antibodies in patients with tics or obsessive-compulsive disorder.��Several neurotransmitters have been studied in patients with tics. A study from yale university showed that the concentration of norepinephrine and corticotropin-releasing factor were increased in the Cerebro spinal fluid. Studies have also focused on brain serotonin levels. Patients have been shown to have lower brain tryptophan levels, the precursor to serotonin. Other studies have shown that dopamine depleting antipsychotic agents improve tics. This would suggest that dopamine function is increased in patients with tics and tourette’s syndrome. ��Treatment is usually with antipsychotics such as Haloperidol. Other drugs used include Clonazepam, Clonidine, Fluphenazine (Prolixin), or Pimozide. Treatment is usually continued for life. One of the downfalls of using antipsychotics is the development of tardive dyskinesia. This is the development of a movement disorder after continued use of certain antipsychotics. The proposed mechanism for tardive dyskinesia is an increased activity of dopmaine, the neurotransmitter that is believed to be increased in patients with tourette’s syndrome. 
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Tourette’s – high dopamine, low serotoninSociety for NeuroSciencehttp://www.sfn.org/index.cfm?pagename=brainBriefings_tourettesSyndromeAndDopamine belowTourette's Syndrome and Dopamine Once dismissed as a behavior flaw, Tourette's syndrome is now known to be an inherited neurological disease. New research is mapping the chemical origin of the disorder characterized by tics, yelps and utterances. Advances may lead to improved treatments that can curb the disruptive symptoms without causing the harsh side effects often seen in today's remedies.A surgeon. A grocery store bagger. A professional athlete. A writer. A construction worker. Each experiences eruptions of tics - repeated, involuntary movements and uncontrollable utterances. Six nose twitches, three foot stomps, a series of eye blinks and a few neck stretches. Some hoot, bark, cough. Some swear. �      The diagnosis? Bad habits. Nervousness. Demonic possession. For years the affliction, now known as Tourette's syndrome (TS), was regarded as a "moral" disease. The prescription was a dose of internal will to stop. �      Then researchers discovered that a drug, haloperidol, which acts on the brain chemical dopamine, could calm the patient. This suggested that TS was a disorder rooted in altered brain chemistry. Now an increasing number of studies, including imaging research on humans, is providing clues on how dopamine and other factors mediate TS.The research is leading to:A clearer understanding of tics and TS.Improved treatments that have fewer side effects than current therapies.      An estimated 100,000 Americans have full-blown TS. And more than 1 million people are suspected to have milder forms of the disease. �      Currently there is no medication that can clear up all of the symptoms of TS. In addition, the side effects of the wide-acting therapies, such as haloperidol, can be worse than the disorder in some patients. But the deciphering of dopamine's role in the disease is helping to pave the way toward targeted treatments. �      Research started to take off in the early 1960s. Scientists found that haloperidol suppressed tics by blocking the receiving areas on cells, or receptors, where dopamine normally passes on messages. Later researchers discovered that dopamine-stimulating drugs can trigger tics. Other research on human spinal fluid also pointed a finger at dopamine. �      Today scientists are uncovering how the chemical specifically relates to TS. �      New studies have led some researchers to believe that tics are related to dopamine receptors that are "supersensitive" to the chemical in specific brain areas. �      One study of identical twins with TS found that extreme cases are related to a souped-up activity of dopamine receptors in the caudate nucleus. �      This brain area normally acts as a brake on the movements that are made on purpose. When a movement is needed, however, dopamine can provide a password to the receptors that will release the urge to move. The research suggests that patients with severe symptoms have exceptionally sensitive receptors that take any subtle sign from dopamine as a reason to let urges loose. The result is a deluge of tics. �      Other research indicates that tics are related to higher than normal levels of dopamine production and use. Perhaps there is a larger than normal number of dopamine-producing brain cells. Maybe the individual cells have an abundance of sites, or terminals, that release dopamine. �      A new imaging study examined tic severity by comparing younger individuals with TS to older patients. Tics often become milder as patients age. The researchers found that in specific brain areas, the younger group had a greater number of molecules known as dopamine transporters than did controls. Once dopamine carries out a task, a dopamine transporter, which resides at the terminals, shuttles the chemical back into the cell that produced it so it can be used again. Since the number of dopamine transporters indicates the number of terminals that produce or release dopamine, these results suggest that tics may be related to an excess amount - too many dopamine cells or terminals - or release of dopamine. �      Other research indicates that dopamine is not the only TS instigator. For example, one new study compared individuals with TS to those without the disease and found a difference in the number of transporters for another chemical, serotonin, but no significant difference in the density of dopamine transporters. Some scientists think that dopamine alterations may be more subtle in the disease and that serotonin plays a larger role. �      Additional research, including the identification of the genetic basis of the disease, will provide more clear-cut clues. In one study, scientists are probing the complete set of human genes in order to find a TS-inducing gene or genes. �      The hope is that, together, the research will result in improved treatments for those affected by the disorder. +++++++++++++++++++++++++++++++++++++++++++++++++++++TOURETTE SYNDROMESubmitted by SerendipUpdate on Wed, 02/20/2008 - 3:14pm. Biology 202 Web Paper 2Biology 202�2000 Second Web Report�On Serendip TOURETTE SYNDROME Sooyoun Yi"When my friends and I are driving somewhere, I often find myself repeating outside words I read, out loud. The conversation sometimes goes something like this: 'Laundromat.' 'What?' 'Oh, nothing.' 'Armed robbers shot.' 'Huh?' 'I was only speaking to myself...' 'Oh.' (1)." Tourette Syndrome (TS) is a genetic neurological disorder that is characterized by involuntary muscle movements, termed tics (3). Tics can also come in the form of vocal outbursts. The range of these symptoms is very large. Some examples are rapid and repetitious blinking of the eye, clearing of the throat, jumping, or uttering words and phrases out of context (4). It has been seen that there is an increase of tics when the individual is under emotional tension, stress, or anxiety and even seasonal changes in the weather (1). TS was first recognized over a hundred years ago by a French neurologist, George Gilles de la Tourette, who had patients with involuntary convulsive muscular movements (1). A lot more is understood now about TS than before and people have now realized that this disorder is rooted in biology and neurology (1). It can not be said that TS is a disease because having TS does not necessarily mean that they need to seek treatment. The tics are called "symptoms" only because they are seen as abnormal in our society. But in majority of the people who have TS, the tics do not interfere with everyday proceedings of life. The tics caused by TS are completely involuntary and are caused by a chemical imbalance in the wiring of the brain. There are specific neurotransmitters that are affected - serotonin, dopamine, and norepinephrine (4). Norepinephrine is an important neurotransmitter in the limbic system, which can either suppress or stimulate other neurons. A defect in this neurotransmitter can lead to an over-activity of dopamine in the brain that may produce totally random nerve twitches. Serotonin controls sleep and it was found that people with TS had significant sleep disturbances which suggests that TS patients had some kind of defect in serotonin. Although the cause for TS has not been firmly established, it is a neurological disorder, not a psychological one. It has to be understood that the prefrontal cortex, the limbic system, the striatum, the cerebellum, the motor and sensory cortexes, and the memory network all play a role in causing the tic in TS (4). There are many disorders that involve the same area of the brain as well as the same neurotransmitters. TS is associated with many other neurological disorders such as obsessive compulsive disorder (OCD), attention deficit hyperactive disorder (ADHD), sleep disorders, dyslexia, and disinhibition (4). Drugs that may help to combat one disorder may have the opposite effect on tics. Stimulants like Ritalin, Cylert, and Dexedrine is used to help people with ADHD but they also increase the tics of people with TS. Drugs that stimulate dopaminergic activity in order to correct another neurological disorder may make the symptoms worse while the suppression of dopaminergic activity decreased the tics. It seems like there is a causal relationship between dopamine levels and tics. "The rate of dopamine turnover, and the firing rate of dopamine nerves, is much higher in the prefrontal lobes than in the caudate, putamen or limbic system. This carries with it the important implication that anything that affects the rate of dopamine synthesis is likely to have a greater impact on the function of the brain. (4)" The main areas of the brain that are affected are the frontal lobes, the limbic system, and the striatum (4). The generation of tics can be held accountable by the nucleus accumbens and the striatum (caudate-putamen) (4). A gene mutation in the DRD2 gene causes the D2 receptors to function abnormally. The hypersensitive dopamine D2 receptors, in turn, cause the over-activity of the dopaminergic neurons in these areas of the brain (4). The DAT1 gene also has been found to contribute to the tics. A normally functioning DAT1 gene is responsible for the re-uptake system in pre-synaptic dopaminergic receptors (4). A mutation in this gene may cause the system to function improperly and therefore there is a less re-uptake of dopamine, which causes tics (4). Dopamine is not the only neurotransmitter that is responsible for tics. Fluctuating levels of other neurotransmitters may cause dopaminergic over-activity and consequently generate tics (4). Some people with TS have said that they are conscious of the urge to tic before they actually do so. They suppress the urge to tic until they are in a setting where they can release the urge but then the tics are more severe. "If you want to imagine what tics are like: imagine being aware of the urge to sneeze without any physical sensation in your nose preceding it. Now replace 'sneezing' with any other sudden act you can think of. Or imagine the urge to close your eyes because a fly is flying straight towards them, but without there actually being any fly. Now imagine that as you resist the urge to close your eyes the 'imaginary' fly is frozen in front of your eyeballs, forever nerve-wrackingly homing in on them until you eventually have to close your eyes or jerk away your face. (1)" The tics can be thought of as just habits rather than random nerve twitches because the tics are both unconsciously suppressible. If a person with TS finds oneself in a public situation, he may suppress the tic until he is alone which leads to a stronger outburst when the tics are finally expressed (1). There is no cure for TS but there are drugs that can decrease the inconvenient symptoms. Since TS is considered a neurological disorder, anti-psychotic medications can be taken to suppress or stimulate certain neurotransmitters. The most widely used drug is the haloperidol (Haldol) which counteract dopamine over-activity. There has been a marked decrease of tics among people who take Haldol or other drugs to relieve the symptoms like, clonidine (Catapres), pimozide (Orap), fluphenazine (Prolixin, Permitil), and clonazepam (Klonopin) (2). There are people who do seek psychotherapy to reduce stress - to help relax. Psychotherapy, though, can not cure TS since it is a neurological disorder that is caused by many different neuro-chemical imbalances. TS is a neurochemical problem that needs a neurochemical solution (2). Psychotherapy may help to deal with random public outbursts but the neurochemical dysfunction must be brought to a "norm" before psychotherapy can be effective (2). The tic that the general public is most familiar with is coprolalia, swearing. Coprolalia, though, occurs in only about 8% of people with TS (1). Coprolalia is a very interesting case in that swearing is determined culturally and not biologically (1). How can a biological disorder cause someone to specifically shout out obscenities? Some explanations say that the brain associates certain words with specific emotions and this can cause someone with TS to randomly shout out profanities. Even if behavior can be associated with simply just action potentials, it seems understandable that people with TS may shout out random words but it seems unusual that overactive or under-active neurotransmitters can cause a person to shout out only curse words. Much more is known about TS than 100 years ago when George Gilles de la Tourette discovered it but there is still much more grounds to cover. The only way to diagnose TS is by observing the symptoms. Blood tests and neurological tests have not lead to conclusive diagnosis of TS. Using coprolalia as a starting point, maybe it needs to be questioned whether or not TS is actually a neurological disorder rather than a psychological one. As with any good science, research about the TS has answered many questions but have left many more questions to be answered. WWW Sources1) The Facts About Tourette Syndrome , Provides explanations and questions about TS 2) Internet Mental Health , Medical viewpoint about TS - in depth explanation of medications 3) Tourette Syndrome Association, Inc. , Good starting point for research about TS 4) The Tourette Syndrome Phenomenon , Wealth of info about TS from a person who has it 5) Yahoo! Health , Shortened encyclopedia definition of TS   +++++++++++++++++++++++++++++++++++++++++++++++Tourette’s syndrome is a chronic disorder of motor and vocal tics that begins in childhood and is more common in boys. Tics are repeated, jerking movements of parts of the body. Complex tics, include frowning, shoulder shrugging, or head thrusting. Vocal tics include throat clearing and the sudden yelling of unwanted and unintended words or phrases and in 10-40% of patients, outbursts of obscenities. �Tics more commonly occur in the face, throat, and shoulders but can occur in any body part. They are worse at times of stress and absent during sleep. Obsessive-compulsive symptoms are 20 times more common in patients with tics than in the general population. Obsessions are unwanted and repetitive thoughts whereas compulsions are actions, performed repeatedly to reduce obsessive thoughts. Attention deficit/hyperactivity disorder, ADHD is also very common in patients with TS. Other symptoms that have been associated with tourette’s syndrome include, learning disability, school phobia, rage attacks and attacks of mania.The physical examination is usually normal. CT scans and MRI scans are normal as well,��Tourette’s syndrome in many cases has been shown to be familial and genetic factors have been implicated.�Recent research has focused on post streptococcal infection. Several researchers have shown an increased level of antistreptococcal or anti-DNase antibodies in patients with tics or obsessive-compulsive disorder.��Several neurotransmitters have been studied in patients with tics. A study from yale university showed that the concentration of norepinephrine and corticotropin-releasing factor were increased in the Cerebro spinal fluid. Studies have also focused on brain serotonin levels. Patients have been shown to have lower brain tryptophan levels, the precursor to serotonin. Other studies have shown that dopamine depleting antipsychotic agents improve tics. This would suggest that dopamine function is increased in patients with tics and tourette’s syndrome. ��Treatment is usually with antipsychotics such as Haloperidol. Other drugs used include Clonazepam, Clonidine, Fluphenazine (Prolixin), or Pimozide. Treatment is usually continued for life. One of the downfalls of using antipsychotics is the development of tardive dyskinesia. This is the development of a movement disorder after continued use of certain antipsychotics. The proposed mechanism for tardive dyskinesia is an increased activity of dopmaine, the neurotransmitter that is believed to be increased in patients with tourette’s syndrome. +++++++++++++++++++++++++++Somnolin®Support for Restful Sleep and RelaxationRecommendations: Two tablets daily or as directed by your healthcare practitioner. May be taken during the day and/or before bedtime.�Form: 30 Tablet Bottle; 60 Tablet BottleProduct Description:Somnolin features a complementary blend of nutrients, including 5-HTP, theanine, and targeted B vitamins, to promote a restful, relaxed state and relieve occasional sleeplessness.Supports balanced levels of the neurotransmitters GABA, serotonin, and dopamine with clinically beneficial levels of 5-HTP and theanine.Theanine may influence the generation of alpha brain waves associated with a deep state of relaxation.Supports healthy neurological function with targeted B vitamins—including an exclusive source of biologically active folate (L-5-MTHF) and methylcobalamin. Research suggests that L-5-MTHF may cross the blood-brain barrier.Provides an all-natural source of 5-HTP from the herb Griffonia simplicifolia.Supplies a highly concentrated dose in one tablet.TWO TABLETS SUPPLY: Vitamin B6 (as pyridoxine HCl)   40 mg Folate (as L-5-methyl tetrahydrofolate†)   400 mcg Vitamin B12 (as methylcobalamin)   500 mcg L-5-Hydroxytryptophan (L-5-HTP from Griffonia simplicifolia)   200 mg L-Theanine   200 mg Other Ingredients: Microcrystalline cellulose, cellulose, stearic acid, croscarmellose sodium, and silica. † As Metafolin® U.S. Patent Nos. 5,997,915; 6,254,904.Warning: Do not use if pregnant or lactating. Not recommended for those under 18 years of age. If taking antidepressant medication, particularly antidepressants such as MAO inhibitors or selective serotonin reuptake inhibitors (SSRIs), avoid use. If you have a medical condition, consult your healthcare practitioner before use. Use with caution when driving or operating machinery, may cause drowsiness.Disclaimer: In order to ensure proper use of our high-quality nutritional supplements, Metagenics only sells to licensed healthcare practitioners. The products listed in this online catalog are available in the United States and may not be available in other countries. In addition, certain formulas may be slightly different outside the US.��These statements have not been evaluated by the Food and Drug Administration. These products are not intended to diagnose, treat cure, or prevent any diseases.++++++++++++++++++++++++++++BioSōm®Liquid DHEA with Great Dosing FlexibilityRecommendations: Shake well before using. Spray and mix with saliva for 20 seconds, then swallow. Take one to four servings daily in divided doses or as directed by your healthcare practitioner.�Form: 2 fl. Oz. (59.5 ml) Bottle (~85 servings)�Serving Size: 0.7 ml (one full pump of spray bottle)Product Description:BioSōm provides dehydroepiandrosterone (DHEA) encapsulated in liposomes—microscopic, multi-layered spheres delivered via a pleasant-tasting liquid spray. This patented LipoCeutical Technology® promotes sustained delivery in the bloodstream through liposome chemistry, and offers great dose flexibility to match individual patient needs.May promote DHEA and DHEA sulfate levels associated with healthy adrenal function.DHEA may modulate the metabolism of insulin-like growth factor (IGF-I), which may influence immune function, bone mass, and body composition. May support a healthy mood and sense of well-being. Liposomal liquid allows for flexible, convenient dosing of DHEA.May promote patient compliance in those who have difficulty swallowing tablets or capsules.ONE FULL PUMP SUPPLIES: Dehydroepiandrosterone (DHEA)   5 mg HERBS: Stevia Leaf Extract (Stevia rebaudiana)   7 mg Grapefruit Seed Extract (Citricidal spp.)   350 mcg Other Ingredients: Purified water, castor oil, polysorbate 60, natural flavors, benzyl alcohol, sorbitan stearate, potassium sorbate (as preservative), lecithin (soy), xanthan gum, and disodium EDTA (preservative).�Contains: soy. Warning: NOT FOR USE BY INDIVIDUALS UNDER THE AGE OF 18 YEARS. DO NOT USE IF PREGNANT OR NURSING. Consult a physician or licensed healthcare practitioner before using this product if you have, or have a family history of, prostate cancer, prostate enlargement, heart disease, low "good" cholesterol (HDL), or if you are using any other dietary supplement, prescription drug, or over-the-counter drug. Do not exceed recommended serving. Exceeding recommended serving may cause serious adverse health effects. Possible side effects include acne, hair loss, hair growth on face (in women), aggressiveness, irritability, and increased levels of estrogen. Discontinue use and call a physician or licensed healthcare professional immediately if you experience rapid heartbeat, dizziness, blurred vision, or other similar symptoms.Disclaimer: In order to ensure proper use of our high-quality nutritional supplements, Metagenics only sells to licensed healthcare practitioners. The products listed in this online catalog are available in the United States and may not be available in other countries. In addition, certain formulas may be slightly different outside the US.
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  Opponent interactions between serotonin and dopamine Neural Networks Volume 15, Issues 4-6, June-July 2002, Pages 603-616 abstract belowhttp://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T08-461XHD9-3&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=10&md5=1d5ed968b614c3c9ae24a6ea0dde79beNathaniel D. Daw , , a,  Sham Kakadeb and Peter Dayanba Computer Science Department and Center for the Neural Basis of Cognition, School of Computer Science, Carnegie Mellon University, 5000 Forbes Ave, Pittsburgh, PA 15213-3891, USA b Gatsby Computational Neuroscience Unit, University College London, London, UK   ���References and further reading may be available for this article. To view references and further reading you must purchase this article.AbstractAnatomical and pharmacological evidence suggests that the dorsal raphe serotonin system and the ventral tegmental and substantia nigra dopamine system may act as mutual opponents. In the light of the temporal difference model of the involvement of the dopamine system in reward learning, we consider three aspects of motivational opponency involving dopamine and serotonin. We suggest that a tonic serotonergic signal reports the long-run average reward rate as part of an average-case reinforcement learning model; that a tonic dopaminergic signal reports the long-run average punishment rate in a similar context; and finally speculate that a phasic serotonin signal might report an ongoing prediction error for future punishment. 







Supplements for Serotonin


• 5-HTP (Precursor support)
• St. Johns Wort (Natural MAOI)
• SAM-e (Methyl donors) (Methylation and sulfation)


– Tyrosine and H-HTP supplements need methyl donors and 
using these products will deplete sulfur amino acids.  SAM-
e alleviates both issues.  If you can’t use SAM-e, cysteine
works well.   


• Cofactors (Niacin, B6, B12, magnesium, calcium. zinc).
• L-Tryptophan (Precursor support)
• Estrogens (Isoflavones)







Serotonin 
Support


Precursor loading 5 HTP or Tryptophan 
Stimulation of TH 
(tryptophan hydroxylase) 


Iron, Methyl-Folic-Acid (BH4), B6, 
sulfur donors


Inhibit serotonin reuptake DHEA – also prevents Quinolinic
Acid (Glutamate) 


Stimulate serotonin release Meditation, Yoga, Massage, 
Nuturing, receptor based 
stimulation 


Support post synaptic receptor DHA, Vitamin D - 5HT1A 


Inhibit degradation                 
(MAO inhibitors)


Natural MAO Inhibitors     (St. 
Johns Wort extract)







Functional Neurological Treatment


• Frontal Stimulation 
– Exercise , motivation, positive thinking, biofeedback 


• Amygdalar limbic stimulation 
– Nurturing, love, appropriate ventral tegmental


activation.  


• Reducing stress
– Meditation, relaxation, counseling, mentoring


• Midline brain stem stimulation
– Core exercises, VRT therapy, cerebellar therapy







Medications for serotonin


• SSRIs (Selective serotonin reuptake inhibitors)
• SNRIs (Serotonin–norepinephrine reuptake inhibitor )
• NDRIs (Norepinephrine-dopamine reuptake inhibitors)
• NRIs (Norepinephrine reuptake inhibitors)
• SNDIs (Serotonin and norepinephrine disinhibitors)
• SARIs (Serotonin antagonist/reuptake inhibitors)
• Tricyclics
• MAOI’s (Monoamine oxidase inhibitors)







Monoamine Hypothesis of Depression:
Antidepressants Increase Monoamines


increase in neurotransmitters causes
return to normal state


reuptake
pump blocked
by antidepressant







Neurotransmitter Receptor Hypothesis of Antidepressant 
Action


antidepressant blocks the reuptake pump,
causing more NT to be in the synapse


increase in NT causes receptors 
to downregulate







2 2


2


decreased synthesis of receptors
increased synthesis 
of BDNF


increased synthesis 
of 
various proteins


neurogenesis


Monoamine Hypothesis of Antidepressant Action on Gene 
Expression







SSRI


SRI


Selective serotonin reuptake inhibitors


citalopram (Celexa, Cipramil, Emocal, Sepram, Seropram) 
escitalopram oxalate (Lexapro, Cipralex, Esertia) 
fluoxetine (Prozac, Fontex, Seromex, Seronil, Sarafem, Fluctin (EUR))
fluvoxamine maleate (Luvox, Faverin) 
paroxetine (Paxil, Seroxat, Aropax, Deroxat, Paroxat) 
sertraline (Zoloft, Lustral, Serlain) 
dapoxetine (no known trade name)


Why SELECTIVE







SSRI Action







5HT1A autoreceptor


5HT postsynaptic receptor


SERT


Depressed state: low 5HT, upregulated receptors, low 
number of signals in the neuron to release more 5HT







Antidepressant action: antidepressant blocks 5HT reuptake 
both at the dendrites and at the axon


5HT1A autoreceptor


5HT postsynaptic receptor


SERT







The increase in 5HT causes the autoreceptors to desensitize / 
downregulate


5HT1A autoreceptor


5HT postsynaptic receptor


SERT







The downregulation of the autoreceptors causes the neuron 
to release more 5HT at the axon


5HT1A autoreceptor


5HT postsynaptic receptor


SERT







The increase of 5HT at the axon causes the postsynaptic 
receptors to desensitize / downregulate, reducing side 
effects


5HT1A autoreceptor


5HT postsynaptic receptor


SERT
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5HT
2C


Fluoxetine


SRI


Prozac


Fluoxetine (Prozac) is used to 
treat depression, obsessive-
compulsive disorder 
(bothersome thoughts that 
won't go away and the need 
to perform certain actions 
over and over), some eating 
disorders, and panic attacks 
(sudden, unexpected attacks 
of extreme fear and worry 
about these attacks). 
Fluoxetine (Sarafem) is used 
to relieve the symptoms of 
premenstrual dysphoric
disorder, including mood 
swings, irritability, bloating, 
and breast tenderness.







Serotonin Normally Inhibits DA and NE Release via 5HT2C Receptors
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Mechanism of Fluoxetine as a 5HT2C Antagonist and Norepinephrine
and Dopamine Disinhibitor in Prefrontal Cortex







DRI


Sertraline


SRI


Zoloft


Sertraline is used to treat 
depression, obsessive-
compulsive disorder 
(bothersome thoughts that 
won't go away and the need 
to perform certain actions 
over and over), panic attacks 
(sudden, unexpected attacks 
of extreme fear and worry 
about these attacks), 
posttraumatic stress disorder 
(disturbing psychological 
symptoms that develop after 
a frightening experience), and 
social anxiety disorder 
(extreme fear of interacting 
with others or performing in 
front of others that interferes 
with normal life). It is also 
used to relieve the symptoms 
of premenstrual dysphoric
disorder, including mood 
swings, irritability, bloating, 
and breast tenderness
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Paroxetine


SRI


Paxil


Panic disorder







Fluvoxamine
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LuvoxOCD
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Citalopram


SRI
S


Celexa, Cipramil


Can decrease dopamine







Escitalopram


SRI
S


Updated version of Celexa
Lexapro







escitalopram robustly 
inhibits SERT and 
robustly increases 5HT


escitalopram


R-citalopram


5HT


full SERT inhibition


partial SERT inhibition







R-citalopram 
competes with 
escitalopram to 
reduce SERT 
inhibition


escitalopram


R-citalopram


5HT


full SERT inhibition


partial SERT inhibition







escitalopram


R-citalopram


5HT


full SERT inhibition


partial SERT inhibition


R-citalopram reduces the 
increase of 5HT







Alpha 2 Antagonists: 
Serotonin and Norepinephrine Disinhibitors (SNDI)
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alpha 2 autoreceptor


alpha 1 
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presynaptic
alpha 2 autoreceptors


postsynaptic
alpha 2 heteroreceptor
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neuron


NE 
neuron


step on the 5HT 
accelerator


cut the 5HT brake 
cable







Alpha 2 Antagonists: 


• Inhibition of presynaptic adrenergic alpha-2 receptors 
elicits an increase in noradrenaline release with 
peripheral consequences (tachycardia, rise of arterial 
pressure) and central consequences (excitation, 
tremors, hyperactivity, antidepressant effect). 
Inhibitors of these receptors are yohimbine, mianserin
and mirtazapine. 


• Yohimbine is a nonspecific inhibitor of the presynaptic
alpha-2 adrenergic receptors. It has little therapeutic 
uses; it has been proposed in the treatment of erectile 
dysfunction and postural hypotension. 
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(Remeron, Avanza, Zispin)
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Insomnia Circuits and Excessive Nighttime Arousal 
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Enhancing GABA at Night Reduces Arousal and Improves Insomnia
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Sleepiness Circuits and Excessive Daytime Sleepiness
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Enhancing Dopamine During the Day Reduces Excessive Daytime Sleepiness







sleep-wake switch
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Sleep-Wake Switch On and Awake
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Processes Regulating Sleep


ultradian
(sleep cycle)


homeostatic
(sleep drive)


circadian
(wake drive)


awake
REM


stage 1
stage 2
stage 3
stage 4


sleep sleep
7 am 11 pm 7 am 11 pm 7 am
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The Sleep-Wake Switch and Sleepiness







The Sleep-Wake Switch and Insomnia
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H1 Selective Antagonist Actions on Insomnia
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GABA-A PAM (Z Drug) Hypnotic Actions on Insomnia
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Phase-Delayed Circadian Rhythms
(Many Depressed Patients and Normal Adolescents)
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Histamine is Produced
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Histamine Action is Terminated
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Histamine Receptors


H3 
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other CNS actions
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PKA


CREB







H3 autoreceptor


histamine
neuron


HA
H3 binding by HA inhibits
HA release
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H3 antagonistH3 antagonist disinhibits HA 
release







H11


trazodone SRI SRI


1
NRI


nefazodone


(Desyrel, Oleptro, Beneficat, Deprax, Desirel, Molipaxin, Thombran, Trazorel, Trialodine, 
Trittico, Mesyrel


Serotonin modulators


Serzone, Nefadar







SARI Actions at 5HT Synapses


5HT2A
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antagonism


5HT2C
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SERT
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Mechanism of Action of SARIs:
Baseline Postsynaptic Action
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Mechanism of Action of SARIs:
Serotonin is Excitatory at 5HT2A Receptors


5HT1A







5HT2A


Mechanism of Action of SARIs:
Serotonin is Inhibitory at 5HT1A Receptors


5HT1A







Mechanism of Action of SARIs:
Serotonin 2A Antagonism Potentiates the


Inhibitory Action of Serotonin at 5HT1A Receptors


5HT2A
5HT1A







Mechanism of Action of SARIs:
Serotonin Stimulates Gene Expression at 5HT1A Receptors
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Mechanism of Action of SARIs:
Serotonin at 5HT2A Receptors Blocks Signal Transduction 


and Gene Expression from 5HT1A Receptors
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Mechanism of Action of SARIs:
Serotonin Blockade at 5HT2A Receptors Potentiates 


Gene Expression Stimulated by 5HT1A Receptors
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Mechanism of Action of SARIs:
Serotonin Stimulates Glutamate Release at 5HT2A Receptors
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Mechanism of Action of SARIs:
Serotonin Inhibits Glutamate Release at 5HT1A Receptors
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Mechanism of Action of SARIs:
5HT2A Antagonism Potentiates Inhibitory Action 


at 5HT1A Receptors


5HT2A glutamate 
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inhibition of 
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Mechanism of Action of SARIs:
Serotonin Stimulation of 5HT1A Receptors Potentiates the NE and DA


Disinhibition of 5HT2A and 5HT2C Antagonism
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MAO-A 
destroys 5HT MAO-B 


destroys NE
only at high 
concentrations


MAO-B 
destroys 
DA
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destroys D
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destroys 5HT 
only at high 
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MAO-B 
destroys 5HT 
only at high 
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MAO-A 
destroys NE


MAO-A 
destroys NE


MAO-A 
destroys DA


MAO-A Inhibition 


5HT boosted to high 
concentrations


NE boosted to high 
concentrations


DA boosted 
moderately


MAO-A is Inhibited Antidepressant Action







MAO-B 
destroys NE
only at high 
concentrations


MAO-B 
destroys 
DA


MAO-B 
destroys 5HT 
only at high 
concentrations


MAO-A 
destroys 5HT 


MAO-A 
destroys NE MAO-A 
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MAO-A 
destroys NE


MAO-A 
destroys DA


MAO-B Inhibition 


MAO-B 
destroys 5HT 
only at high 
concentrations


MAO-B 
inhibition 
irrelevant


MAO-B 
inhibition 
irrelevant


DA boosted 
moderately


MAO-B is Inhibited No Antidepressant Action







MAO-B 
destroys 5HT 
only at high 
concentrations


MAO-A 
destroys 5HT 


MAO-B 
destroys NE
only at high 
concentrations


MAO-A 
destroys NE


MAO-A 
destroys NE


MAO-B 
destroys 
DA


MAO-A 
destroys D


MAO-A 
destroys DA


MAO-A and MAO-B Inhibition 


MAO-B 
destroys 5HT 
only at high 
concentrations


5HT boosted to very high 
concentrations


NE boosted to very high 
concentrations


DA boosted to very high 
concentrations


MAO-A and MAO-B Are Inhibited Robust Antidepressant Action
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= 40mg high 
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11


Tyramine, as in cheese,
increases the release 
of NE (1) and the
excess is destroyed
by MAO-A (2) 
in NE neurons


2


2







12-70


no vasoconstriction
no    BP


= 40mg high 
tyramine meal


1


11


Here, the tyramine increases
the release of NE (1) and
the irreversible MAO-A
inhibitor causes the MAO
enzyme to stop 
destroying NE (2). 
This increase in
NE can lead 
to dangerous
elevations of
blood 
pressure.


2
MAO-A inhibitor
stops the enzyme
from destroying NE


vasoconstriction
and hypertension







Interaction of Decongestants and MAO Inhibitors
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Interaction of Decongestants and MAO Inhibitors


MAO inhibition alone
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Interaction of Decongestants and MAO Inhibitors


combined actions of decongestant and MAOI


= PE (phenylephrine)


= NE


= alpha 1 receptor
vasoconstriction
and hypertension
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serotonin levels after SERT inhibited
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serotonin levels after MAO-A and MAO-B inhibited
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serotonin levels after SERT AND MAO-A and MAO-B inhibited
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Estrogen Acts at Nuclear Hormone Receptors:
A Nuclear Ligand-Activated Transcription Factor
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Estrogen Acts at Nuclear Hormone Receptors:
A Nuclear Ligand-Activated Transcription Factor


estrogen response
element (gene)


two estrogen receptors
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Estrogen Acts at Nuclear Hormone Receptors:
A Nuclear Ligand-Activated Transcription Factor


gene is expressed







Reproductive Hormones and Synaptogenesis
Across the Menstrual Cycle
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Activity-Dependent Spine Formation by Estradiol
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Risk of Depression Across Female Life Cycle
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Integrating Use of Estrogen and/or Antidepressants 
Across Female Life Cycle
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Fluctuating or Low Estrogen Levels and Depressed Mood: 
Trimonoamine Neurotransmitter Deficiency 
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Treating Depressed Women with Fluctuating or Low
Estrogen Levels: Is Boosting Serotonin with an SSRI Enough?


SSRI
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Treating Depressed Women with Fluctuating or Low
Estrogen Levels: Is Boosting Serotonin with an SSRI Enough?
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Treating Depressed Women with Fluctuating or Low
Estrogen Levels: Is Boosting Serotonin and Norepinephrine


with an SNRI Required?


SNRI
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Treating Depressed Women with Fluctuating or Low
Estrogen Levels: Is Boosting Serotonin and Norepinephrine


with an SNRI Required?
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Fluctuating or Low Estrogen Levels and Vasomotor 
Symptoms: Trimonoamine Neurotransmitter Deficiency in 
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Treating Vasomotor Symptoms in Women with Fluctuating 
or Low Estrogen: Is Boosting Serotonin with an SSRI Enough?
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Treating Vasomotor Symptoms in Women with Fluctuating 
or Low Estrogen: Is Boosting Serotonin with an SSRI Enough?
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Treating Vasomotor Symptoms in Women with Fluctuating 
or Low Estrogen: Is Boosting Serotonin and Norepinephrine


with an SNRI Required?


SNRI
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Treating Vasomotor Symptoms in Women with Fluctuating 
or Low Estrogen: Is Boosting Serotonin and Norepinephrine


with an SNRI Required?
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Deficient Thyroid Levels and Depressed Mood:
Trimonoamine Neurotransmitter Deficiency in Limbic Areas?







overactivation
normal
baseline
hypoactivation


depressed mood


Reversal of Trimonoamine Neurotransmitter Deficiency with 
Thyroid?


blood-brain barrier T3/T4
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Lithium: A Trimonoamine Booster
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Vagus Nerve Stimulation: A Trimonoamine Booster?
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Transcranial Magnetic Stimulation (TMS): 
A Trimonoamine Booster?
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Deep Brain Stimulation (DBS): 
A Trimonoamine Booster?
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Atypical Antipsychotic Actions in Bipolar Depression
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Atypical Antipsychotic Actions in Bipolar Depression
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Atypical Antipsychotic Actions in Bipolar Depression
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ß3 Agonist Actions in Amygdala:
Enhanced Neuronal Activity in VMPFC
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Introduction


Clozapine, which has a high affinity for serotonin receptors, has been shown to be more effective in treatment-resistant
schizophrenia. Then, there is increased interest in the role of serotonin in pathogenesis and treatment of schizophrenia. A large
number of substances that block serotonin receptors have been evaluated for the treatment of patients with schizophrenia.
Moreover, serotonin has been implicated in a variety of behaviors and somatic functions that are disturbed in schizophrenia (eg,
perception, attention, mood, aggression, sexual drive, appetite, motor behavior, and sleep). Data were presented on the changes in
serotonin receptors and its transporters in postmortem or PET studies in patients with schizophrenia and the involvement of
serotonin system in the pathogenesis and treatment of schizophrenia in a symposium at the XXIInd CINP Congress held in
Brussels, Belgium, July 10-13, 2000.
Implication of 5-HT1A Receptors in the Pathogenesis and Treatment of Schizophrenia


Millan[1] reported that 5HT1A receptors have been shown to be increased in the frontal cortex, hippocampus, and thalamus in
schizophrenic patients compared with age-matched control subjects, suggesting a lack of age-associated reduction of 5-HT1A
receptors in schizophrenic patients. Biochemical, pharmacologic, and behavioral aspects of the 5-HT1A agonists S15535 and
S16924 have been presented. S15535 has high affinity for 5-HT2A receptors and acts as an agonist on presynaptic sites and as an
antagonist on postsynaptic sites. In a microdialysis study in progress, S15535 enhances frontocortical dopamine and the release of
noradrenaline. In a behavioral study in progress, S15535 enhances social interaction in rats, which has been shown to be
attenuated by pretreatment with the 5-HT1A antagonist WAY100,635.


However, it has no antagonistic effects on conditioned avoidance response and haloperidol-induced catalepsy. These partial
agonistic properties of S15535 at 5-HT1A receptors are of potential utility for improved management of schizophrenia.


Clozapine also behaves as a partial agonist at 5-HT1A receptors with a potency equivalent to the blockade of D2 receptors, but
haloperidol and other antipsychotics lack this property. Thus, clozapine may be attributable to activation of 5-HT1A autoreceptors
that cause an enhancement of frontocortical dopamine (DA) release; clozapine also has anxiolytic and anticataleptic properties and
may improve cognitive symptoms.


S16924 has a clozapine-like multireceptorial profile at the monoaminergic receptors, especially at the 5-HT1A receptor site, with
partial agonistic properties, including improved control of deficit and cognitive symptoms, anxiolytic actions, and reduced
extrapyramidal symptom (EPS) potential. Moreover, it has low affinity at histaminic and muscarinic receptors. S16924 possesses
higher affinity for 5-HT1A receptors than clozapine does and has the same affinity for 5-HT2A receptors. Induction of (35S)-GTPrS
binding by S16924, which was antagonized by WAY100,635, shows a partial agonistic effect. S16924 shows potent agonistic
property at cloned 5-HT1A receptors to activate MAP-kinase and reduces the dorsal raphe nucleus firing rate through the
presynaptic 5-HT1A autoreceptors. S16924 has antagonistic actions at postsynaptic 5-HT1A receptors and also causes an
enhancement of frontocortical dopamine release, but somewhat less from the nucleus accumbens, which is the same as that
caused by clozapine. By contrast, haloperidol enhances dopamine release from the nucleus accumbens and striatum but not from
the frontal cortex.


In behavioral studies, S16924 enhanced social interaction in rats by stimulation of 5-HT1A (auto) receptors, which were antagonized
by WAY100,636. This effect is not observed with clozapine and haloperidol. S16924 also has been shown to control cognitive-
attentional symptoms, assessed by the induction of latent inhibition in rats, and results of the Vogel Conflict Test show that it has
anxiolytic properties that are mediated by 5-HT1A(auto) receptors. Catalepsy was provoked by haloperidol but not by S16924 or
clozapine. Haloperidol-induced catalepsy is inhibited by S16924 and by clozapine.[2] Thus, an alteration in 5-HT1A receptors may
be involved in and/or reflect psychotic states. Also, 5-HT1A receptors may contribute to the distinctive functional profile of clozapine
and are valid targets for the improvement of schizophrenia, control and decrease of cognitive symptoms, improvement of mood,
and decrease of EPS.


5-HT2 Family Receptors: Potential Therapeutic Target for Schizophrenia?



http://www.medscape.org/

javascript:newshowcontent('active','references');

javascript:newshowcontent('active','references');





The Role of Serotonin in Schizophrenia (printer-friendly)


http://www.medscape.org/viewarticle/423111_print[12/28/2010 3:41:14 PM]


5-HT2A receptor regulation appears essential for many of the features of the atypical antipsychotic drugs as described previously
by Meltzer.[3] All approved and clinically available atypical antipsychotic drugs have a favorable 5-HT2A/D2 affinity ratio in vitro and
in vivo.[4] However, 5-HT2A antagonism alone is likely to be ineffective, as seen, for example, in MDL100907. The 5-HT2B receptor
is likely an anorectic agent.[5] 5-HT2C receptor antagonists are likely to produce weight gain and possibly seizures, and the 5-HT2C
agonists are likely to be anorectic.[6] Thus, weight gain due to atypical antipsychotic drugs might be due to 5-HT2C blockade. The
5-HT2A receptors are found on apical dendrites and dendritic spines of pyramidal neurons in both the rat and primate cortex.
Antagonist-induced internalization of 5-HT2A receptors was found by Berry and colleagues.[7] Internalization is one of the
processes of deactivation of the receptor. Quetiapine alters the distribution of 5-HT2A R-Li. Co-localization of transferrin receptors
and 5-HT2A receptors is found after the agonist administration. 5-HT2A antagonists have been shown to induce downregulation of
5-HT2A receptors in vitro. Clozapine alters the internalization of 5-HT2A receptors. 5-HT2A antagonist-induced internalization
occurs independent of changes in 5-HT2A receptor mRNA levels in vivo.[8] Clozapine and olanzapine, but not haloperidol, alter the
distribution of 5-HT2A receptors, which may be inducing the therapeutic drug action. The 3rd intermembrane loop of human 5-HT2A
receptor interacts with G-protein, arrestin, and kinases. Co-localization of 5-HT2A receptors and MAP-1 is found in cortical
neurons.


Thus, understanding how atypical antipsychotic drugs modulate the expression and targeting of 5-HT2A may provide unique insight
into schizophrenia and atypical antipsychotic drug actions.


J.F.W. Deakin[9] reviewed the changes in serotonin receptors and transporters in postmortem (pm) brain assessments of patients
diagnosed with schizophrenia. Several reports indicate that the glutamate receptor binding is increased in the frontal cortex in
schizophrenic patients and that other receptors on the glutaminergic cells are also increased. Moreover, axons and cell density in
the frontal cortex in these patients are also reported to be increased as a result of increased cell packing in the pm brain.[10] The
agonist [3H]-OH-DPAT, which binds to 5-HT1A receptors in the orbitofrontal cortex, is increased in schizophrenia.[11] These results
suggest that altered 5-HT1A receptors reflect increased neuronal densities. Conflicting results are reported regarding the changes
in 5-HT2A binding in schizophrenic patients, but 5 of 7 studies report reduction of 5-HT2A receptor binding in the brains of
schizophrenic patients. The reason for this reduction remains unclear. 5-HT2A receptors are located on pyramidal cells and on
interneurons, which are mostly GABAergic. A number of studies suggest GABA cells may be reduced in schizophrenia and this
might contribute to reduced 5-HT2A receptors.


Suicidality in Schizophrenia: Characterization and Treatment Directions


Clozapine enhances functions of cortical pyramidal neurons via both 5-HT2A antagonism and 5-HT1A agonism, and decreases
glutamatergic activity by increasing GABAergic neurotransmission. Moreover, clozapine enhances the release of dopamine (DA) in
the prefrontal cortex but not in the nucleus accumbens and cholinergic activity in the cortex by increasing release of acetylcholine
(ACh) and M2, M4 agonism.[12]


In a microdialysis study,[13] the increase in DA transmission in the prefrontal cortex is also seen with injection of olanzapine but
less in the nucleus accumbens. Risperidone causes enhancement of DA release from both the prefrontal cortex and nucleus
accumbens. By contrast, haloperidol enhances DA release from the nucleus accumbens but not from the prefrontal cortex.
M100907 is a highly specific 5-HT2A receptor antagonist that blocks amphetamine- and PCP-induced locomotor activity and also
blocks conditioned avoidance response. The agent is more effective than placebo in reducing positive and negative symptoms in
schizophrenic patients, but less so than haloperidol. There is no EPS or prolactin elevation, suggesting that it does not affect
dopaminergic activity in the striatum or hypothalamus.


Co-injection of M100907 with (-)-sulpiride (a dose of 10 mg/kg does not enhance DA release) causes an increase in extracellular
level of DA. Haloperidol-induced increases in DA release are enhanced in the prefrontal cortex and reduced in the nucleus
accumbens by co-injection with M100907.


Importance of 5-HT1A receptors in psychosis, cognition, antipsychotic drug action, and side effects has been reported[14] (eg,
neurodevelopment, psychosis, cognition, mood, anxiety, extrapyramidal side effects, weight gain, endocrine function, and
neurodegeneration). 5-HT1A and 5-HT2A produce inhibitory and excitatory effects on pyramidal neuron firing, respectively, and
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could neutralize each other. These data indicate that 5-HT1A agonism and 5-HT2A antagonism may produce synergistic inhibitory
effects on firing of cortical neurons. Clozapine-induced increases in DA release from the frontal cortex are attenuated by co-
injection of WAY100635. Tandospirone, a 5-HT1A agonist, improves results in the Wechsler Memory Scale and verbal paired
associate tests in schizophrenic patients compared with controls.[15] 5-HT2C receptors in antipsychotic drugs modulate
dopaminergic function in the mesocortical, limbic, and striatal regions and cholinergic function in the prefrontal cortex and also have
an influence on weight gain. Side effects of clozapine include myoclonic seizures, major motor seizures, and weight gain. These
may reflect serotonergic activity, especially in light of the fact that up to 40% of patients can gain more than 7% of their body
weight in 6 months with olanzapine or clozapine. However, the Brief Psychiatric Rating Scale (BPRS) total score is negatively
correlated with the percentage of weight gain induced by clozapine. The 5-HT2C agonist inhibits DA release from the nucleus
accumbens, and the 5-HT2C antagonist SB206,553 enhances DA release from the nucleus accumbens. However, the 5-HT2C
agonist RO-60-0175 fails to antagonize clozapine-induced increases in DA release.


In conclusion, 5-HT1A agonism and 5-HT2A antagonism may produce synergistic enhancement of DA release in the prefrontal
cortex. 5-HT2C antagonism also enhances DA release in the prefrontal cortex. Drugs with all 3 effects may markedly increase DA
release in the prefrontal cortex and may overshoot the desired range in some patients until adaptive mechanisms take place.


PET Studies of 5-HT2 Receptors in Schizophrenia: Implications for Pathophysiology and Treatment


S. Kapur[16] described the results of PET studies of 5-HT2 receptors in schizophrenia. Six of 9 postmortem studies reported a
decrease in 5-HT2 receptors in the prefrontal cortex in schizophrenic patients. Thirteen patients with DSM-IV schizophrenia (10
males, 3 females; age 31 (range, 21-43); duration 4.7 years) and 26 age-matched normal controls taking 18F-fluorodeoxyglucose
underwent PET imaging with co-registered MRI for ROI delineation. An age-associated decline in 5-HT2 receptor density was
found. After statistically correcting for age, no significant difference in 5-HT2 receptor density was found between the groups; thus,
these results failed to confirm those reported in the postmortem studies. The postmortem data may have been influenced by drug
treatment or disease progression factors.


Receptor occupancy studies[17] of atypical antipsychotics were also presented. Haloperidol shows no significant effect on 5-HT2
receptors in relevant doses. Atypical antipsychotic drugs, including olanzapine, clozapine, risperidone, and quetiapine, show much
higher occupancy of 5-HT than D2 receptors. However, while 5-HT2 occupancy saturates at very low doses, the drug does not
work as an antipsychotic at those doses. Thus, it seems unlikely that 5-HT2 blockade alone can be a basis for typical or atypical
antipsychotic activity (Kapur, unpublished data, 2000). Some low-potency typical antipsychotics also block 5-HT2 receptors. Thus,
high 5-HT2 blockade is not exclusive to atypical antipsychotics. The presence of high 5-HT2 blockade does not provide immunity
against the excesses of D2 blockade (EPS and prolactin).
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