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Chronic expe r imen t s  on cats  showed that caffeine (10-30 mg/kg)  fac i l i ta tes  the emot ional  
manifes ta t ions  of the avoidance reac t ion  to mesencepha l ic  or diencephalic s t imulat ion.  Caf-  
feine does not change the inhibi tory e f fec ts  of s t ronge r  s t imulat ion of the neos t r ia tum.  Mean- 
while, subthreshold  s t imulat ion of the caudate nucleus,  evoking res t fu l  ac t iv i ty  in control  ex-  
pe r iments ,  inhibits the defensive behavior  by a weaker  degree  in conjunction with the act ion 
of caffeine.  Amphetamine  (1-3 mg/kg)  d e p r e s s e s  the emot ional  mani fes ta t ions  of defensive 
r e sponses .  I t  abol ishes  the ef fec t  not only of threshold,  but a lso  of subthreshold  s t imulat ion 
of the caudate nucleus on spontaneous moto r  act ivi ty  and defensive behavior  a r i s ing  in r e -  
sponse to hypothalamic or  mesencepha l ic  s t imulat ion.  

Some author i t ies  [5, 7, 11] cons ider  that s t imulat ion of behavior  by caffeine and amphetamine  is due 
par t ly  to a dis turbance of the function of inhibi tory m e c h a n i s m s  of the brain.  One s t ruc tu re  ef fec t ively  de- 
p r e s s ing  behavior  is the caudate nucleus [1, 3, 9]. 

It  was the re fo re  decided to study the effect  of caffeine and amphe tamine  on caudate inhibition of de- 
fensive r e sponses .  

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

Elec t rodes  were  implanted into var ious  s t ruc tu r e s  of the hypothalamus,  mesencephalon ,  and caudate 
nucleus of 14 cats .  The caudate nucleus was s t imula ted  at  10/sec  and the hypothalamus and mesencepha lon  
at  100/sec.  In expe r imen t s  with combined s t imulat ion,  the caudate nucleus was s t imula ted  f i r s t  (60 sec), 
a f t e r  which the hypothalamus and caudate nucleus were  s t imula ted  s imul taneous ly  for  20 sec.  In the course  
of the exper iment ,  the latent  per iod of the components  of the mesencepha l i c  r e sponse ,  the composi t ion  of i ts  
var ious  mani fes ta t ions ,  and the biological  s ignif icance of behavior  were  analyzed.  Caffeine (10-30 mg/kg)  
and amphetamine  (1-3 m g / k g ) w e r e  injected in t raper i toneal ly .  

EXPERIMENTAL RESULTS 

Defensive behavior evoked by threshold stimulation of the lateral hypothalamus and central gray mat- 
ter of the meseneephalon (25 points) included alerting, investigation of the chamber, and occasional mewing 
and growling. The response usually ended with running out of the chamber (if the door was left open) or 
with attempts to open the door. With an increase in the strength of brain stimulation the animals exhibited 
restlessness, mewed, and tried to leave the chamber. 

Low-frequency stimulation of the head of the caudate nucleus (47 points) evoked a response of re- 
straint. This was manifested as cessation of spontaenous movement and, occasionally, with rotation of the 
head. During this period the orienting reactions to stimuli of any modality disappeared. Against this back- 
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Fig. 1. Effect  of caffeine on inhibition of the avoidance 
react ions  to stimulation of the caudate nucleus: A) cau- 
date response of res t ra in t ;  B) running from the chamber  
evoked by meso-diencephal ic  st imulation in control  (1) 
and accompanying threshold stimulation of caudate nu- 
cleus (2); C) dynamics of defensive behavior in response  
to meso-diencephal ic  stimulation in control  (1) and ac-  
companying threshold stimulation of caudate nucleus (2). 
Ordinate: graphs A and B) probabili ty of r e s t r a in t  r e -  
spouse (A) and flight response  (B) (in percent  of initial 
level), graph C) duration of meso-diencephal ic  s t imula-  
tion (in sec). Columns in graph C represen t  individual 
components of defensive behavior:  unshaded - alert ing,  
broken l i n e s -  investigation, c r o s s - h a t c h e d -  running 
from the chamber.  

Fig. 2. Changes in eaudate inhibition of behavioral  r e -  
sponses to amphetamine.  Legend as in Fig. 1. 

ground the course of the avoidance reaction was interrupted. For instance, during combined stimulation 
(caudate nucleus + hypothalamus) the animals turned their body and head chaotically. Purposive actions 
were absent. Discontinuing the stimulation of the caudgte nucleus alone led to renewed attempts by the ani- 
mal to run out of the chamber. It is interesting to note that at the end of combined stimulation the animals 
quickly became quiet, although in the control series a distinct after-effect was observed. 

Subthreshold (for the restraint response) stimulation of the caudate nucleus as a rule led to quietening 
of the movements. Meanwhile sensory stimuli regularly evoked an alerting response. The animals were 
well oriented with respect to their surroundings. 

The avoidance reaction to meso-diencephalic stimulation also was inhibited during subthreshold 
stimulation of the caudate nucleus. However, the inhibition of the behavioral responses was of a different 
character from that during the restraint response~ The details given in Figs. 1 and 2 show that the latent 
periods of investigative activity and of running from the chamber were increased. In 92~o of the experi- 
ments, stronger hypothalamic or mesencephalic stimulation was required to evoke running away. Mean- 
while,no influence of the neostriatum on alerting could be found. In a few experiments with combined stim- 
ulation the latent period of the emotional component of the meso-diencephalic response (mewing, growling, 
agitated movements) was changed. If, despite neostriatal stimulation, the behavioral response ended in run- 
ning from the chamber, this took place as soon as the door, was opened. 
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Caffeine (10-30 mg/kg)  s t imulated spontaneous motor  act ivi ty  by a weak degree .  However ,  under the 
influence of caffeine,faci l i ta t ion of the defensive r e sponses  was observed  in half  of the animals .  In pa r t i cu-  
la r ,  in 65% of the exper iments ,  with meso-d iencepha l i c  s t imulat ion of lower intensity,  the an imals  a t tempted  
to leave the chambe r  (P < 0.05). 

Caffeine had no effect  whatever  on the r e su l t  of threshold  s t imulat ion of the caudate nucleus (Fig. 1). 
In par t icu la r ,  no significant changes in the r e s t r a i n t  r e sponse  were  observed .  Jus t  as  in the control ,  neo- 
s t r i a t a l  ac t ivat ion was accompanied  by cessa t ion  of the behaviora l  r e sponses .  

Injection of large doses  of caffeine (20-30 mg/kg)  usual ly  abol ished the quietening of movemen t s  evoked 
by subthreshold s t imulat ion of the neos t r ia tum.  At the same t ime its effect  on the avoidance reac t ion  was 
weakened (Fig: 1). In the expe r imen t s  with combined s t imulat ion (caudate nucleus + hypothalamus) the la-  
tent per iods  of invest igat ive act ivi ty and of running f rom the chamber  were  g rea t ly  lengthened. In 30% of 
ca se s  an inc rease  in the threshold of caudate inhibition of the defensive r e s p o n s e s  was obse rved  (P > 0.05). 

Consequently,  caffeine sl ightly weakened the effects  of subthreshold neos t r i a ta l  s t imulat ion.  There  
was a pa ra l l e l  inc rease  in the avoidance react ion.  

Small  doses  of amphetamine  caused a ve ry  sl ight inc rease  in motor  act ivi ty.  Large  doses (2-3 m g /  
kg) led to the appearance  of s te reo typed  behavior .  Star t ing with doses  of I mg /kg ,  amphetamine  suppres sed  
some components  of the avoidance reac t ions  to mesencepha l i c  and hypothalamic st imulat ion.  Components  
of emot ional  exp re s s ion  (mewing, growling, inc reased  at tention to the door, af ter-effect)  w e r e  chiefly in- 
hibited. In 60% of expe r imen t s  with amphetamine  the an imal  did not run f rom the chamber  (P < 0.05). Mean- 
while, invest igat ive act ivi ty  became  m o r e  intensive and the threshold  of a l e r t i ng  was lowered. 

In a g r e e m e n t  with observa t ions  by other w o r k e r s  [2] ,amphetamine ,  in a dose of 2-3 mg/kg ,  signifi-  
cant ly  (P < 0.05) i nc reased  the threshold of the r e s t r a i n t  r e sponse  to s t imulat ion of the eaudate nucleus 
(Fig. 2). The neostTiatum ceased  to influence the avoidance react ion.  

The ef fec t  of subthreshold  s t imulat ion of the caudate nucleus was abol ished by a lower dose of a m -  
phetamine (1 mg/kg) .  The quietening of movemen t s  did not develop during caudate s t imulat ion.  With com-  
bined s t imulat ion the la tent  per iods  of invest igat ion and flight evoked by hypothalamic  s t imulat ion were  not 
inc reased  (Fig. 2). On the whole, the p a r a m e t e r s  of the avoidance reac t ions  co r responded  to those in the 
control .  

Whereas  threshold  s t imulat ion of the caudate nucleus inhibited s imple  and complex f o r m s  of behavior  
and in te r fe red  with the pei~ception of s t imuli ,  i ts subthreshold s t imulat ion se lec t ive ly  inhibited invest igat ion 
and flight, i .e. ,  the behaviora l  components  connected with the d i rec t ion of mot ivat ion and with or ient ing and 
invest igat ive act ivi ty.  Sys tems of the p a l e . c o r t e x  and neocor tex  a r e  respons ib le  for thei r  in tegrat ion [4, 8]. 

Caffeine s t imula tes  these components  of behavior  and, at  the same t ime,  weakens their  inhibition 
sl ightly during subthreshold s t imulat ion of the neos t r ia tum.  This  la t te r  effect  may  be due to d i rec t  exc i ta -  
tion at  the cor t i ca l  unit level  [5, 6]. In the p re sen t  e x p e r i m e n t s , a m p h e t a m i n e  abol ished the inhibi tory ef-  
fec ts  of s t imulat ion of the caudate nucleus,  in ha rmony  with i ts  d i rec t  e f fec ts  on neos t r i a t a l  act ivi ty  [10]. 
It  is in te res t ing  to note that amphetamine  abol ished the a n i m a l s '  a t t empts  to run away f rom the chamber  
but faci l i ta ted their  or ient ing and invest igat ive act ivi ty.  The dis turbance of the functions of the inhibitory 
m e c h a n i s m s  of the b ra in  by amphetamine  and caffeine is evidently connected with s t imulat ion of only c e r -  
tain aspec t s  of behavior .  
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