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In acute expe r imen t s  on anes thet ized cats  act ivi ty  of sensomotor  co r t i ca l  units was recorded  
during low-frequency st imulat ion of the head of the caudate nucleus. Amphetamine (1 mg/kg) ,  
although not significantly affecting the spontaneous firing ra te ,  inc reased  the number  of spon-  
taneously act ive cor t i ca l  units. Meanwhile inhibition of these units during s t imulat ion of the 
caudate nucleus was weakened. Amphetamine  had a s t ronger  suppress ive  action on the inhi- 
bition a r i s ing  f rom the ven t ro - l a t e r a l  portion than f rom the d o r s o - m e d i a l  port ion of the head. 
In the case  of caffeine the location of the s t imulat ing e lec t rodes  was unimportant .  
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Arushanyan [1] has postulated that the psychost imulant  effect  may be accompanied  by weakening of 
inhibitory control  of the caudate nucleus over  cor t ica l  activity.  It the re fore  seemed in teres t ing to compare  
the effect  of doses  of amphetamine  and caffeine,  adequate to produce psychost imulat ion,  on spontaneous 
act ivi ty of sensomotor  co r t i ca l  neurons and also on their  r e sponses  evoked by s t imulat ion of the caudate 
nucleus~ 

The p resen t  investigation is a continuation of o the r s  s ta r ted  previous ly  for  the purpose of studying the 
cen t ra l  p rope r t i e s  of psychos t imulants  [4, 6]. 

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

Exper imen t s  were  c a r r i e d  out on 52 unanesthet ized ca ts  immobi l ized with muscle  re laxants .  The 
technique of recording unit act ivi ty  f rom the sensomotor  a r ea  of the neocortex,  of s t imulat ing the basa l  
ganglia,  and of analyzing the resu l t s  was descr ibed  e a r l i e r  [2, 4]. The drugs  for tes t ing were  injected in t r a -  
venously at a r e s t r i c t ed  speed in o rde r  to avoid fluctuations of a r t e r i a l  p r e s su re .  A wide range of doses  
was used (1-5 mg/kg  for  amphetamine  and 10-40 mg/kg  for  caffeine). According to data in the l i t e ra tu re  
and the resu l t s  of the w r i t e r s '  exper imen t s  on cats ,  the opt imal  dose of amphetamine  giving a definite in -  
c r e a s e  in the var ious  behaviora l  tes ts  is 1 m g / k g  and the analogous dose of caffeine is 15-20 mg/kg .  At -  
tention in this investigation was there fore  concentra ted  on the effect  of the above doses .  

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

Spontaneous Activity. Over  300 neurons  in the sensomotor  core tx  mainly in the region of the pos t e r io r  
s igmoid gyrus  were  tested:  30 of them were  studied in detai l  before  and a f te r  injection of amphetamine  and 
22 in the expe r imen t s  with caffeine. The resu l t s  showed that ne i ther  drug, in a psychos t imulant  dose had 
a significant effect  on the mean spontaneous firing rate  r e g a r d l e s s  of the location and functional p rope r t i e s  
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Fig. 1. Changes in h is togram of consecutive interspike 
intervals  of spontaneous activity of a sensomotor  neuron 
under the influence of amphetamine. Ordinate, mean num- 
ber  of interspike intervals  from five epochs (epoch of anal- 
ys is  2 sec); abscissa ,  duration of interspike intervals (in 
msec). A) Initial spontaneous activity; B and C) af ter  in- 
jection of amphetamine in doses of 1 and 2 mg/kg,  r e spec -  
tively. 

of the neurons. In both cases  the rate increased very  little (from 14 to 16 spikes /sec) ,  but the difference 
was not significant. A stat is t ical ly significant increase  in frequency was observed only when the doses 
were doubled. 

Analysis  of h is tograms of the consecutive f i r s t - o r d e r  interspike intervals showed no difference be-  
tween the action of the drugs. With the cumulation of the amphetamine or  caffeine, the evolution of the his-  
tograms was typical and uniform. With an increase  in dose and in the frequency of the spontaneous activity 
they all acquired a more  a symmet r i ca l  form,  resembling the Poisson distribution of intervals (Fig. 1). The 
decrease  in variabil i ty of the firing rate of the cells  was accompanied by a decrease  in the number of long 
interspike intervals  and an increase  in the number  of short.  
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Fig. 2. Effect of amphetamine and caffeine 
on postst imulus h is togram of sensomotor  
neurons in response to single stimulation of 
the head of the caudate nucleus. Ordinate, 
firing rate (spikes/sec);  absc issa ,  time of 
recording unit activity (in msec).  Columns 
show mean value of spike activity (for 10 
cells  in each group) before and after  appli-  
cation of a s ingle  pulse to the caudate nu- 
cleus (moment of stimulation marked by a r -  
row). Obliquely shaded par t  of column rep-  
resents  effect of drug in the case of an in- 
c rease ,  and c ross -ha tched  part  represen ts  
effect in the case of a lowering of the ini- 
tial firing rate. Broken line shows mean 
spontaneous firing rate. A) Effect of am-  
phetamine, 1 mg/kg;  B) af ter  injection of 
caffeine, 20 mg/kg.  

Meanwhile the psychostimulan~s c lear ly  increased 
the percentage of spontaneously firing units. Along the 
length of one t rack  through all layers  of the cor tex their  
number  increased on the average (data for three tracks) by 
40% for amphetamine and by 64 % for caffeine. No p re -  
dominant effect of the drugs on the cells in any par t icular  
cor t ica l  layer  could be detected. 

Responses to Stimulation of the Caudate Nucleus. In 
most  cases  the sensomotor  neurons responded to low- 
frequency (2-10/sec) stimulation of the head of the caudate 
nucleus by inhibition of spike activity [3, 8, 9]. Single 
stimulation (1-2/sec)  frequently led Lo a wel l -marked 
pause, usually ar is ing immedia te ly  af ter  the stimulus and 
las~ing 150-200 msec. As analysis  of the postst imulus 
h is tograms shows, amphetamine and caffeine c lear ly  de-  
pressed  this type of inhibitory response.  Suppression not 
only of the late but also of the initial phase of the response 
was observed.  Comparison of the drugs shows that am-  
phetamine, in full agreement  with ea r l i e r  observat ions [4l, 
is inferior  to caffeine in its ability to disturb the inhibitory 
pause in response to stimulation of the caudate nucleus 
(Fig. 2). Caffeine also more  frequently r eve r ses  the in- 
hibition into facilitation. 

Inhibition of unit activity during repetit ive (10/sec) 
stimulation of the caudate nucleus also was weakened by 
the psychost imulants ,  and often inhibitory responses  gave 
way to facil i tatory. When inhibition remained,  its intensity, 
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Fig. 3. Action of caffeine and 
amphetamine  on inhibition of 
sensomotor  neurons  depending 
on location of s t imulat ing e l e c -  
t rodes  in head of caudate nu- 
c leus.  Ordinate,  intensity (in %) 
of inhibition (upward columns)  
and faci l i tat ion (downward co l -  
umn). Columns on scheme of 
f rontal  section through head of  
caudate nucleus indicate change 
in intensity of inhibition evoked 
by s t imulat ion of different  points 
of the nucleus (in % of initial level) 
under the influence of caffeine,  20 
mg /kg  (I), and amphetamine ,  1 mg/kg 
(II). Caffeine comple te ly  abolished 
inhibition f rom the d o r s o - m e d i a l  
port ion whereas  amphetamine ,  a c -  
companied by s t imulat ion of the 
ven t ro - l a t e r a l  par t s  of the nucleus,  
led to r e v e r s a l  of inhibition into 
facili tation. Posit ion of columns 
co r r e sponds  to location of e lec t rodes .  

ments  but also in a single exper imen t  using 
date nucleus f rom above downward could be 

as  shown by the aggregated data,  fell in a s i m i l a r  manner  
for both drugs  (the index of inhibition fell f rom 0.47 to 0.11). 
A definite re la t ionship was found: the higher  the initial value 
of the inhibition, the weaker  the action of the drugs.  By in- 
c reas ing  the s t rength of s t imulat ion it was possible  to r e s t o r e  
a response  suppressed  by the drug. On the whole, caffeine and 
amphetamine  gave s i m i l a r  changes in the ra t io  between the 
numbers  of inhibitory and fac i l i ta tory  responses .  Whereas 
normal ly  the mean number  of inhibitory responses  was 65 %, 
under the influence of the  drugs it fell to 40 %. F o r  this reason  
s t imulat ion of the caudate nucleus was more  often ineffective 
(the number  of c a se s  in which the ce l l s  did not respond was 
vi r tual ly  doubled), and more  r e sponses  of act ivat ion occu r r ed  
(20% instead of 10%). With an inc rease  in the dose of the drugs  
(amphetamine up to 2-3 m g / k g  and caffeine to 30-40 mg/kg)  
these changes became  more  marked  still .  

By the above c r i t e r i a  no sharp  d i f fe rences  could be de-  
tected in the action o f  amphetamine  and caffeine,  but neve r the -  
l e s s  it was not comple te ly  identical. The location of the s t imu-  
lating e lec t rodes  in the caudate nucleus is not a lways un impor -  
tant for  the effect  of psychost imulants .  Different  pa r t s  of its 
head a re  known to affect  mo to r  r e sponses  and act ivi ty of sen-  
somotor  cor t ica l  neurons  different ly  [5, 7, 10]: inhibition is 
evoked more  often f rom the v e n t r o - l a t e r a l  region than f rom 
the d o r s o - m e d i a l  and it is s t ronger .  Compar i son  of the action 
of the drugs  with r e spec t  to r e sponses  to s t imulat ion of the 
caudate nucleus and the location of the s t imulat ing e lec t rodes  
showed that caffeine abol ishes  r e sponses  to s t imulat ion of all 
pa r t s  of the nucleus with equal success  (Fig. 3). Converse ly ,  
amphetamine  was cha rac t e r i zed  by definite se lec t iv i ty  of its 
effect.  It was fa r  more  successfu l  in suppress ing  inhibition 
f rom the ven t ro - l a t e r a l  par t .  With this location of the s t imu-  
lating e lec t rodes  inhibition was more  often conver ted  into fa-  
ci l i tat ion although the initial intensi ty of inhibition was 1.5 
t imes  higher than during st imulat ion of the d o r s o - m e d i a l  pa r t  
of the head. This tendency for  caffeine and amphetamine  was 
found not only on aggregat ing the resu l t s  of s e v e r a l  expe r i -  
a multiple e lec t rode  by means  of which 6 o r  7 points of the cau-  
tes ted consecut ively  (at in tervals  of 0.5-1 mm) [5]. 

The drugs  tested,  in psychost imulant  doses ,  thus had a s imi l a r  effect  on the spontaneous act ivi ty of 
the sensomotor  cor t i ca l  units and produced s im i l a r  changes in mos t  indices of inhibition evoked by s t imu-  
lation of the caudate nucleus,  whereas  they differed in the i r  e f fec t iveness  depending on the or igin of the 
caudate influences. It can accordingly be postulated,  f i rs t ,  that the weakening of the inhibitory mechan i sms  
of the caudate nucleus plays an important  role in pharmacologica l  psychost imulat ion and, second, that the 
d is turbance  of cauda te -cor t i ca l  re la t ionships  a r i s e s  in different  ways.  Caffeine does this chiefly by d i rec t  
excitat ion of the cor tex ,  but amphetamine  by in te r fe rence  with the function of the neos t r ia tum.  This is con-  
f i rmed  to some extent by the abil i ty shown by caffeine in these expe r imen t s  to weaken inhibition of the c o r -  
t ical  neurons  during st imulat ion of o ther  cor t ica l  s t r uc tu r e s  (the l a te ra l  preoptic  region,  the mesencephal ic  
r e t i cu l a r  formation),  whereas  amphetamine  does not pos ses s  this proper ty .  
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