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In the l ight of views concerning the mediator  function of serotonin, extensive studies have been made of its 
effect  on neurophysiological  processes. Several authors have described the depressant act ion of serotonin on the 
synaptic transmission of nervous exci ta t ion  in the cerebral  cortex and in certain subcortical  structures [4-6,9,11]. 

At the same t ime ,  serotonin is known to cause phasic changes in the spontaneous e l ec t r i ca l  ac t iv i ty  of the 
cerebral  cortex, marked by a l ternat ion of its desynchronization with the appearance  of slow waves on the e lec t ro-  
encephalogram (EEG). 

It therefore appeared interest ing to study the effect of serotonin on the evoked potentials (EP) of the cerebral  

cortex in comparison with its background e l ec t r i ca l  ac t iv i ty  during various phases of the act ion of serotonin, and the 
present invest igat ion was carried out for this purpose. 

E X P E R I M E N T A L  M E T H O D  

The invest igat ion was carried out on 15 rabbits with electrodes implan ted  in the brain. To avoid a potent ia-  
t ing effect  of serotonin in re la t ion to anesthetics,  the changes in the  EP under the influence of serotonin were studied 

in chronic experiments on unanesthet ized animals.  The electrodes were implan ted  5-7 days before the experiment.  
Cort ical  electrodes,  0.5 mm in d iameter ,  were implan ted  in the bone of the skull epidural ly  above the optic and 

motor areas of the cortex. The  electrodes above the optic cortex were p laced  within the l imits  of projection of the 
focus of max ima l  ac t iv i ty  on the skull [3,14]. The subcort ical  electrodes,  0.15 mm in d iameter ,  were introduced 
into the region of the hypothalamus by means of a s tereotaxic apparatus in accordance  with the coordinates of 
Sawyer and co-workers [13]. 

Photic s t imula t ion  was appl ied  in the  form of single flashes of light at intervals of 2.5-5 see from a ~Kaiser ~ 
photostimulator.  The source of l ight  was placed at a distance of 15-20 cm in front of the an imal ' s  head. The 
an imal ' s  eyes were atropinized.  

The  EP were recorded by a monopolar technique on an ink-wri t ing "Kaiser" encephalograph,  giving simul-  
taneous recordings of the EEG, electrocardiograph (ECG), and respiration, so that  the relationship between the EP and 
the background e l ec t r i ca l  ac t iv i ty  of the  cerebral  cortex and the autonomic reac t ion  could be analyzed.  

To produce s tab i l iza t ion  of the EP in response to photic s t imulat ion in the unanesthet ized an imal  and to in-  

crease the re l i ab i l i ty  of the exper imenta l  data, addi t ional  measures were used, Before the in jec t ion  of serotonin, 

flashes of l ight  were appl ied  for 20 min without recording, after which the  background EEG and the EP were recorded. 
To prevent the phenomenon of habi tuat ion to photie s t imulat ion,  the  flashes of light were appl ied  in series of 20 
pulses and the intervals  between the series were varied. After the  in ject ion of serotonin, al l  the  indices were recor-  
ded for a period of 3 h. 

The  results of each exper iment  were ana lyzed  s tat is t ical ly:  a l l  the impulses in each series were counted, and 
the character  of the background e l ec t r i ca l  ac t iv i ty  coinciding with each evoked response was simultaneously deter-  
mined. To describe the background e l ec t r i ca l  ac t iv i ty ,  a conventional  numerical  classif icat ion was used, ref lect ing 
the mean ampl i tude  of the oscillations in each cut. During the analysis of the results, only the positive deflections 
of the primary response (PR) were taken into consideration. 
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L Changes in primary responses of the optic cortex to photic stimula- 

t ion (1), in the background e lec t r i ca l  ac t iv i ty  (2), the respiration rate (8), 
and the heart  ra te  (4) in unanesthetized animals  under the influence of the 
intravenous in jec t ion  of serotonin in a dose of 2 mg/kg.  Along the axis of 
ordinates -- changes in the above-  mentioned indices (in %) in relat ion to 
their  value before inject ion of serotonin, taken as 100; along the axis of ab-  

scissas - t ime  (in minutes); I, II, and I I I -  phases of the act ion of serotonin. 
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Fig. 2. Increase in the ampl i tude  of the primary response to photic s t imulat ion 
in the opt ic  cortex of a rabbit  under the act ion of serotonin: A) before inject ion;  
B) 45 min after in jec t ion  of serotonin in a dose of 2 mg/kg.  1) Restoration; 2) ECG; 

3) optic cortex on the left  side (monopolar recording); 4) optic cortex on the right 
side (monopolar);  5) optic cortex on the left  side (bipolar recording); 6) optic cor- 
tex on the right side (bipolar); 7) motor cortex on the right side (bipolar); 8) marker 

of st imulation; 9) t ime  marker (in minutes). 

Serotonin was in jec ted  intravenously in a dose of 1-2 mg/kg.  For control purposes, in a series of experiments 

the animals  rece ived  an inject ion of physiological  saline. 

E X P E R I M E N T A L  R E S U L T S  

The inject ion of serotonin into unanesthet ized rabbits produced changes in e l ec t r i ca l  ac t iv i ty  which occurred 
in three phases. 

In i t ia l ly  a br ief  "ac t iva t ion  react ion"  appeared  in the cor t ica l  EEG, in the  form of the development  of a more 
regular,  synchronized rhythm in the optic cortex and desynchronization of the e l ec t r i ca l  ac t iv i ty  in the motor cor- 
tex. This phase of the ac t ion of serotonin was accompanied  by a marked slowing of the heart  rate and an increase 

in the respiration rate. 

Next followed a phase of an increase in the ampl i tude  of the background e lec t r i ca l  act ivi ty.  Slow waves with 
a high ampl i tude ,  reaching 100 gV, and a frequency of 2-8 CPS appeared in the optic cortex, and against this back-  
ground a faster rhythm of low ampl i tude  could be distinguished. In the motor cortex in this phase of the act ion of 
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serotonin, spindle-shaped bursts of e l ec t r i ca l  ac t iv i ty  were observed. The phase of h igh-ampl i tude ,  slow act iv i ty  

described above lasted in most exper iments  for 28-30 min. By this t ime  the in i t ia l  heart  and respiration rates had 

usuaily been restored in the animals.  

In the 8rd phase of  the  ac t ion  of serotonin, the ampl i tude  of the background e l ec t r i ca l  ac t iv i ty  fe l l  and came 
close to the e lec t rographic  equivalent  of the "ac t iva t ion  react ion"  of the cerebral  cortex, interrupted by periods of 
slower rhythms. This phase of the  ac t ion  of serotonin lasted 2.0-2.8 h, in the course of which s tabi l iza t ion of the 
autonomic indices was observed at  a somewhat modif ied level ,  character ized by a slower respiration rate  and a 
faster heart  rate than were observed in i t ia l ly .  

Restoration of the in i t ia l  background of cort ical  e l ec t r i ca l  ac t iv i ty  was observed 2.8-8 h after the in ject ion 
of serotonin. 

The  changes in the EP also were phasic in character.  In the first phase of the ac t ion  of serotonin, the amp l i -  

tude of the posit ive def lec t ion  of the PR in the optic cortex underwent a very slight change, fa l l ing by only 10~ 

The  oscil lat ions of the EP were also i l l  defined in the second phase of the ac t ion of serotonin, character ized by slow 

h igh-ampl i tude  e l ec t r i ca l  act ivi ty.  The most marked changes in the ampl i tude  of the PR were observed in the third 
phase of the ac t ion  of serotonin, charac ter ized  by s tab i l iza t ion  of the autonomic indices. In this period of its ac t ion 
an increase in the posit ive component  of the pr imary responses was observed, amounting to 27~ of its in i t ia l  value.  

The  changes described in the primary responses, compared with the changes in the background EEG and the 

autonomic indices in different  phases of the ac t ion  of serotonin are shown in Fig. 1, ref lec t ing the mean results of 
a l l  the experiments.  

It is c lear  from Fig. 1 that ,  despite the very marked changes in the autonomic reactions observed in the first 
stage of the ac t ion  of serotonin, the changes in the ampl i tude  of the posit ive def lect ion of the PR were very small .  
These changes were equal ly  smal l  in the  second phase of the act ion of serotonin, character ized by a shift of the cor- 

t i c a l  e l ec t r i ca l  ac t iv i ty  towards the side of slow waves. The  greatest change in the ampl i tude  of the positive def lec-  
t ion of the PR was observed in the period of the  prolonged ac t iva t ion  react ion of the  cortex character iz ing the third 
phase of the ac t ion  of serotonin. 

The  character  of the changes in the PR at this period of the ac t ion of serotonin is i l lustrated in Fig. 2, which 
shows that  serotonin had a fac i l i t a t ing  act ion on the PR of the optic cortex. 

Hence, the results of these investigations,  in agreement  with those obtained by other authors [2,10,12], demon- 
strate that  the ac t ion of serotonin on the cor t ica l  e l ec t r i ca l  ac t iv i ty  takes p lace  in several  phases. 

The  character  of the effect  of serotonin on the PR of the optic cortex was found to differ in different phases of 
the ac t ion  of serotonin. Judging by the changes in the positive def lect ion of the PR, the fac i l i ta t ing  effect of the 
drug was most marked. 

Arising from the view that  the posit ive def lect ion of the PR reflects exci ta t ion  of a group of cort ical  neurons in 
response to a flow of afferent impulses, it  may be supposed that  serotonin fac i l i ta tes  the tempora l  and spatial  sum - 
mat ion of this exci ta t ion,  thus bringing about an increase in the ampl i tude  of this potential .  

It may  seem that  this conclusion with respect to the character  of the ac t ion of serotonin contradicts the results 
obtained by other investigators who observed depression of the evoked potentials under the influence of serotonin 

[4-6,9 ,11,etc . ] .  However, this is not so. The conclusions reached by these investigators, that the act ion of serotonin 
on the EP is inhibitory,  were drawn only in re la t ion to the in i t ia l  phase of the act ion of serotonin. In this phase, a 
very slight decrease in the EP was also observed in the present experiments.  Since this in i t ia l  phase of the act ion of 
serotonin was accompan ied  by sharp changes in respirat ion and in the ac t iv i ty  of the heart,  i t  may be assumed that 
the decrease in the ampl i tude  of the EP at  this period was due to its reflex act ion on the vascular receptors and 
respiration. Other authors have also described the par t ic ipat ion of these factors in the mechanism of the influence 
of serotonin on the EP [6,7,11]. 

From our point of view, i t  is the last phase of the ac t ion  of serotonin which is most interesting.  As shown above 
above,  in this phase of its act ion,  serotonin caused fac i l i t a t ion  of the PR of the optic cortex, coinciding in t ime with 
the encephalographic  ac t iva t ion  reac t ion  of the cerebral  cortex. The absence of marked autonomic  changes at  this 
period suggests that  i t  is this phase of the ac t ion of serotonin which reflects its central  effect.  The late appearance  
of this effect  may be due to the  slow penetrat ion of serotonin through the b lood-bra in  barrier. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i o n s  of  the  a b b r e v i a t i o n s  as  g i v e n  in  the o r i g i n a l  R u s s i a n  j o u r n a l  Some  o r  a l l  o f  t h i s  p e r i -  
o d i c a l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  of  the  c o v e r - t o -  
cover  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  back  of  the  f i r s t  i s s u e  o f  th i s  year .  
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