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Basic (Alpha) EEG Rhythm as Electrographic Manifestation 
of Preventive Inhibition of Brain Structures 

P. V. SIMONOV 

Institute of Higher Nervous Activity and Neurophysiology, Academy of Sciences, Moscow ( U.S.S. R . )  

When studying the regulation of a number of homeostatic functions one may notice 
a rather pronounced regularity: weak stimuli and small doses of biologically active 
agents elicit shifts contrary in their character to those provoked by stimuli of medium 
intensity. Fig. 1 shows average changes of acute leukocytic reactions in 72 rabbits in 
response to  administration of 5 % sodium nucleonate. One can see that small doses 
(4-8 mg/kg) evoke a statistically authentic decrease in the leukocyte count in blood; 
medium doses increase the leukocyte count, while administration of superstrong doses 
results in leukopenia. Investigations carried out in Udelnov’s laboratory proved this 
to be so for a number of cardiovascular reactions (Udelnov, 1961 ; Kulaev, 1958; 
Lagutina, 1958; Kulaev and Lagutina, 1960; Rodionov, 1957; Kulagina, 1963; etc.). 
The same regularity markedly manifests itself in the control of the functional state of 
the central nervous system itself under the influence of neurotropic agents. It was shown 
that small doses of a typical stimulator, caffeine, increase inhibition of brain structures, 

1001 

Avemge quantity 
of the leucocytic 
reactions in 72 
rabblts in percentage 
to initial level 

e bound 
neous fluctuation 

1iO mdkg 

100 

Fig. 1. Mean value of acute leukocytic reactions in 72 rabbits upon administration of different doses 
of sodium nucleonate. The striped band shows average limits of spontaneous oscilIations in leukocyte 

count in blood. 
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that is, they prolong the effectiveness of the animal hypnosis in rabbits caused by 
fixation (Fig. 2). 

Fadeyeva (1948) showed that small doses of strychnine decrease the average value 
of the conditioned alimentary salivary reflexes, whereas large doses first enhance the 
conditioned reflexes, then sharply suppress the conditioned reflex activity of the expe- 
rimental animals (Fig. 3). 

The regularity mentioned above seems to be biologicallyuniversal. Similar phenom- 
ena may be observed even in protozoa, as well as in an isolated nerve conductor, as 
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Fig. 2. Changes in the average duration of hypnosis in rabbits upon administration of different doses 
of caffeine sodium benzoate. 
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Fig. 3. Average changes of salivary alimentary conditioned reflexes in dogs upon administration of 
different doses of strychnine. (After Fadeyeva, 1948.) 
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was shown by N. E. Vedensky’s disciples A. A. Ukhtomsky, L. L. Vasilyev, N. V. 
Golikov and others. The shifts of homeostatic function, under the action of stimuli 
of moderate intensity and small doses of chemical substances, were called by us ‘pre- 
ventive inhibition’ to lay the emphasis on the active nature of the resistance to occur- 
ring changes. It should be stressed that in our understanding preventive inhibition 
does not mean a particular physiological mechanism, but a regulatory principle, the 
determined-by-evolution program of involvement of apparatuses of homeostatic stabi- 
lization. By its functional architectonics preventive inhibition resembles, to a great 
extent, the scheme o f a  regulator with switching off of the disturbing action. At differ- 
ent stages of phylogenesis, in regulation of different functions of one and the same 
organism this scheme is manifested by physiological mechanisms infinitely different in 
their internal structure, and it would be rather naive to look for thesigns ofanodal sub- 
normality in each of them. Intracellular biochemical circuits of feedback, certain types 
of interneuronal organization and interaction of specialized macrostructures, these 
are the possible variants of constructive realization of preventive inhibition. 

In each of these variants the mechanisms of preventive inhibition still play their 
main physiological role, i.e. the function of keeping the organism from reacting to  
weak biologically insignificant stimuli, effecting the ‘economic principle’ (Pavlov) in 
the activity of the central nervous structures, and stabilizing the central and peripheral 
homeostasis. 

Here a question arises : which electrophysiological phenomenon is most equivalent 
to activation of preventive mechanisms in the higher parts of the brain upon adequate, 
natural for-the-latter stimulation? 

The results cited below were obtained on studying conditioned defensive reflexes 
in humans. In 8 young intact subjects recordings of EEG, skin-galvanic reflex and 
EEG with discrete frequency analysis were performed. After the background was re- 
corded, each subject was told that at  the end of the count down, from 20 to 0, he 
would receive a strong electric shock. Even a merely visual study of EEG registered 
the following pattern (Fig. 4). The beginning of the conditioned stimulus (the count) 
is accompanied by accelerated heart beat (revealed in the reduced duration of blocks 
composed of 5 successive strokes), by skin-galvanic reaction and a pronounced 

Fig. 4. Changes in EEG, heart rate and skin-galvanic reflex (SGR) during conditioned stimulation 
(count) in subject V.B. 
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augmentation of the a-rhythm. The sooner the moment of electric shock, the greater 
is the defensive excitation, the faster is the heart beat and the stronger is the skin- 
galvanic reflex. As to the EEG, here the former exultation of the a-rhythm is replaced 
by a distinct desynchronization. 

The results obtained with the help of the analyzes present much more convincing 
data. Fig. 5 shows changes i n  the heart rate (top) and a-rhythm in percent as compared 
with the average background taken as 100% (bottom graph). One may see that acceler- 
ation of heart contractions, reaching its maximum during the count, is accompanied 
by a tendency towards depression of the a-rhythm. But still more important is the 
observation that in the period between the instruction and the beginning of the 
count, when the frequency of heart contractions is already rather considerable, the 
a-rhythm not only is not depressed, but even markedly augmented as compared with 
the background. An analogous pattern (Fig. 6) was obtained in another subject. 

Graphs in the upper part of Fig. 7 show the average rate of heart contractions 
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Fig. 5 .  Changes in heart rate (upper graph) and a-rhythm (lower graph) during the experiment on 
subject M.X. 
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before the instruction, in the period between the instruction and the beginning of the 
count, and during the count which was to be followed by an electric shock. As may be 
seen, the nearer the pain reinforcement the faster the heart beat. The analysis of the 
EEG frequency spectrum shows that the period between the instruction and the 
beginning of the count (broken line) is characterized by augmentation of the a-rhythm, 
while the conditioned stimulus (the count) preceding the pain reinforcement provokes 
an increase of fast oscillations (continuous line on the bottom graph, Fig. 7). Analo- 
gous results, obtained in another subject, are illustrated in Fig. 8. 

Hibel et al. (1954) in acute experiments on cats detected a parallelism between oscil- 
lations of the sympathic tonus (judged from the changes in blood pressure and in the 
eye pupil) and EEG activation. It is well known that vegetative shifts of synaptic 
nature are often accompanied by the u-rhythm depression. But how may one account, 
on the basis of peripheral vegetative reactions, for a pronounced augmentation, 
orderliness and exultation of the u-rhythm against the background of increased 
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Fig. 6. Changes in heart rate (upper graph) and a-rhythm (lower graph) during the experiment on 
subject V.B. 
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excitation? Is it not much more common to record a distinct a-rhythm in the state 
of relative rest? Here it is pertinent to recall the results obtained by Rothballer 
(1956), Latash (1961), Kassil and Latash (1960) about biphasic changes of EEG 
upon administration of small doses of adrenalin. They showed that while an in- 
creased concentration of adrenalin in the blood results in typical desynchronization, 
small doses of this agent provoke the initial stage of synchronization, EEG deacti- 
vation. It is noteworthy that with administration of adrenalin the phase of synchroni- 
zation coincides with the depression of hormone secretion of the adrenal cortex, and 
the phase of desynchronization with increased secretion (Graschenkov et al., 1960). 
Thus we come to the conclusion that in the electrical activity of the brain to an in- 
creased, as compared to the initial background, excitation, regardless of whether it is 
natural impulsation or excitation caused by administration of exogenous adrenalin, 
frequently the first response is augmentation of the a-rhythm. But if the a-rhythm is 
augmented when it is fair to admit activation of the mechanisms stabilizing the intra- 
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Fig. 7. Changes in heart rate (top) and EEG frequency spectrum (bottom) during40 sec of the period 
between the instruction and the beginning of count (striped column, broken line) and during the 

count (black column, continuous line) in subject M.X. 
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cerebral homeostasis, then is it not possible to consider the cr-rhythm generally as an 
electrographic manifestation of the activity of those apparatuses which constantly 
perform the barrier function for the arriving-into-brain irnpulsation? Really, if one 
assumes the a-rhythm as an external manifestation of a constantly pulsating barrier, 
it will become clear why it is so well pronounced in the visual area of the cortex which 
is the last link in the chain of inforrnatio~~ arriving into the brain. Under usual circum- 
stances the activity of the mechanisms of preventive stabilization as a rule is overcome 
by the inflow of excitation. Only in darkness and in relative rest do they come to the 
first plane. However, long inactivity of the mechanisms of preventive stabilization 
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Fig. 8. The same as in Fig. 7. Subject V.B. 
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in blind animals and in animals kept in darkness leads to their functional atrophy, 
and, naturally, to disappearance of the a-rhythm (Adrian and Matthews, 1934; 
Novikova, 1960, 1963; Novikova and Belyaev, 1963; etc.). From this viewpoint the 
well-known phenomenon of driving of the rhythm of flashes may be considered as a 
peculiar ‘brain flickering’, similar to preventive blinking movements in humans and 
animals exposed to a continuous flickering of a strong light. The acceptance of a- 
rhythm as an electrographic correlate of the preventive inhibition agrees well with the 
results of Ivanitsky, who observed a regularization of the a-rhythm in patients 
suffering from light reactive psychosis, where other indications pointed to an enhance- 
ment of inhibitory processes (personal communication). 

The acceptance of the inhibitory nature of the emergence of the a-rhythm does not 
contradict the concept of the ‘biological clock‘, just as the hypothesis of the preventive 
function of central inhibition is in no way an obstacle in the profound study of its 
co-ordinative role. Finally, we are ready to share the concept on closed nerve cycles 
to be the structural basis for emergence of rhythmic electrical activity (Rusinov, 1954, 
1960; Dubikaitis and Dubikaitis, 1963; etc.), with one reservation. We consider the 
mechanism of inhibitory autostabilization to be one of the most important links 
in these cycles. Shifts of the functional state of this particular link caused by modi- 
fications of external impulsation, largely determine various changes in the a-rhythm. 

S U M M A R Y  

Critical analysis of numerous literature data as well as our own experimental results 
induce us to consider the a-rhythm as an electrographic manifestation of preventive 
inhibition in cerebral structures called to provide their defense from excitatory im- 
pulses continuously arriving into the brain. 

Systematic investigations of effector manifestations of preventive inhibition (Simo- 
nov, 1962) have revealed its following characteristics. 

(1) The preventive inhibition, following the ‘economic principle’ (Pavlov) in the 
activity of the central nervous system, defends nervous structures from reactions to 
weak or biologically insignificant stimuli. This is the feature that distinguishes it 
from supramarginal inhibition appearing in response to superstrong stimulations. 

(2) The preventive inhibition is especially pronounced under the action of weak 
stimuli or as the first phase of reaction to stimulation of medium strength. 

(3) The preventive inhibition, as distinct from the supramarginal one, may be re- 
moved by sufficiently strong stimulation. 

(4) In order to manifest itself the preventive inhibition arising in response to coming 
excitation requires a definite intensity of this excitation. 

(5) The mechanisms of preventive inhibition possess the capacity to augment their 
activity under the influence of continuous excitation (adaptation) or repetitive stimula- 
tions (habituation). 

(6) After cessation of stimulation generating the preventive inhibition the latter 
persists owing to its inertia. 

Acceptance of the decisive role of mechanisms of preventive inhibition in the or- 
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ganization of brain rhythms elucidates numerous and sometimes obscure bio- 
electrical phenomena, such as: the augmentation of  the a-rhythm amplitude under the 
action of moderate stimuli or in the first phase of stronger stimulations; the most 
marked expression of  the a-rhythm in the visual cortical area which receives the 
grcatest number of external stimulations; the augmentation of  the a-rhythm in the 
resting statc and its disappearance after the subject has remained continuously in 
darkness (Novikova, I960), as the result of  gradually developing functional atrophy 
of the mechanisms or preventive inhibition; recruiting o f  the flickering rhythm as an 
expression of activation of mechanisms of preventive inhibition timed to the moment 
of stimulation (‘brain flickering’); the blockage of the ct-rhythm in patients with 
emotional vegetative instability (Latash, 1961) and, on the contrary, its regularization 
in certain groups of patients with reactive psychosis; the most pronounced ‘spon- 
taneous’ rhythms in anterior brain parts, etc. 

Accepting the concept of closed nervous circles to be the structural basis of rhythmic 
electrical activity, we consider the mechanism o f  inhibitory autostabilization the most 
essential link of these circles. 

The rhythms arise not as the result of  repetitive return o f  excitation to the initial 
point but owing to the fact that at one moment the mechanisms of preventive in- 
hibition dominate over the continuously inflowing impulsation and at another they 
are overcome by it. 

The augmentation of excitation firstly activates the tncchanism of autostabilization, 
causing an exultation of the a-rhythm, and then overcomes it thus accounting for 
more frequent low-amplitude oscillations. On the other hand, the intensification of 
inhibitory mechanisms or short-lasting limitation of coming excitation leads to a 
slowing down of  the rhythm and augmentation of thc amplitude. 
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