
The analgesic action of morphine is known to be due to its ability to bind with opiate receptors, which 
are distributed heterogeneously in the spinal cord and brain [14]. Naloxone, an antagonist of the narcotic 
analgesics, with greater  affinity for opiate receptors, displaces morphine and abolishes its analgesic action. 

The results suggest that bradykAnin also interacts with opiate receptors. This hypothesis is based on 
the fact that bradykinin had no activating action when given after morphine, evidently because the opiate re -  
ceptors were already occupied by the analgesic. When application of morphine was followed by that of its 
specific antagonist, naloxone, the response of the neurons to bradykinin was restored. 

At the level of opiate receptors of single neurons interaction thus takes place between the endogenous 
oligopeptide bradykinin, inducing pain, and morphine and natoxone. Confirmation that opiate receptors may 
be the substrate of the pain response is given by observations showing that naloxone potentiates nociceptive 
responses in an imus  [7]. 
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EFFECT OF AMPHETAMINE AND CAFFEINE ON BEHAVIORAL 

CHANGES FOLLOWING ELECTRICAL STIMULATION OF THE 

CAUDATE NUCLEUS IN CATS 

L. Vo Shishlyannikova UDC 615.214.32.015.4:612.826.1 

Low doses of amphetamine (0.1-0.5 rng/kg), not affecting the spontaneous behavior of cats, 
prevent the appearance of behavioral depression after repetitive low-frequency stimulation 
of the eaudate nucleus. Activation phenomema observed after the end of stimulation are con- 
siderably potentiated, sometimes with stereotype formation. Caffeine (10-80 rng/kg}, which 
may even activate spontaneous behavior in cats, does not prevent the development of caudate 
inhibition, 

KEY WORDS: amphetamine; caffe&ne; candate nucleus; behavioral depression; caudate depres- 
sion. 

Psychostimulation by drugs may depend, among other things, on changes in function of the caudate 
nucleus [2]. This view is based on the results of a study of caudate responses arising actually during brain 
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Fig. 1. Effect of amphetamine on spontaneous ac- 
tivity of cat and behavioral changes evoked by r e -  
peated stimulation of various zones of eaudate nu- 
cleus. Arrow indicates t ime of stimulation of cau- 
date nucleus (3rd stimulation, frequency 2 Hz, dura- 
tion 2.5 min). Black columns denote grooming, 
cross-hatched columns dressage movements, un- 
shaded columns vocalization. Left side of figure 
shows changes after 3rd stimulation of dorsomedial 
part  of head of caudate nucleus, right side after 
stimulation of ventrolateral zone. Arrows on frontal 
brain sections show locations of stimulating elec-  
t rodes .  Abscissa,  time of observation (in min); 
ordinate, number of head movements/rain. 

stimulation. However, behavioral changes induced by stimulation and persisting for  a long t ime after  its end, 
resemble  the natural state more  closely and a re  more  appropriate for psyehopharmacological purposes [5]. 
One such phenomenon is the so-called caudate sleep [6-9], the sensitivity of which to amphetamine and caffeine 
was studied in the present  investigation. 

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

Altogether 156 experiments were car r ied  out on 37 cats of both sexes weighing 2.2-3.2 kg. As a pre-  
l iminary measure,  under pentobarbital anesthesia monopolar nichrome electrodes (0.1 mm in diameter) were 
inserted into different parts of the caudate nucleus and neighboring brain structures.  Spontaneous behavior of 
the cats and the character  of their  response to test  stimuli (calling by name, introduction of an indifferent ob- 
ject into the chamber, waving the hand, stroking, and so on) were assessed visually. Stable behavioral changes 
were produced by prolonged (2.5 rain) repeated (4-5 times every 10-15 min) low-frequency (2 Hz) stimulation 
of the brain. Amphetamine (in doses of 0.1, 0.25, and 0.5 mg]kg) and caffeine (in doses of 10, 20, 40, and 
80 mg/kg) were injected intraperitoneally. Experiments on one animal were car r ied  out not more  often than 
once every 3 days. The resul ts  of the main experiments were compared with those of various control deter-  
minations (prolonged recording of spontaneous behavior, assessment  of evoked responses in a given animal, 
effects of psychostimulants alone, effect of injection of physiological saline on spontaneous and evoked be- 
havior). 
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Fig.  2. Changes  in caudate  depress ion  
under  the influence of inc reas ing  doses  of 
caffeine.  Legend as  in Fig.  1. 

Af te r  the  end of the exper imen t s  the  locat ion of the  e lec t rode  was ve r i f i ed  in a s e r i e s  of  f rontal  b ra in  
sec t ions  agains t  coordina tes  taken f r o m  a s t e reo tax ic  a t las  [10]. 

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

During r epea ted  s t imulat ion of the caudate  nucleus in ca ts  so -ca l l ed  caudate  depress ion  developed.  The 
an imals  lay on the floor,  c losed  t he i r  eyes,  and responded  apathet ica l ly  to t e s t  s t imuli :  call ing,  waving, 
s t roking ,  introduction of an object  into the chambe r .  Th is  s ta te  l a s t ed  on ave rage  6-8 rain a f t e r  the end of 
s t imulat ion and, in m o s t  c a s e s  (73%), it was well m a r k e d  as  e a r l y  as  a f t e r  the  3rd s t imulat ion.  I t  was evoked 
m o s t  eas i ly  f r o m  the dorsa l  and dorsomedia l  zones of  the head of the  caudate  nucleus .  St imulat ion of the  
vent ra l  zones of the nucleus f requent ly  p rovoked  the opposi te  effect: caudate  act ivat ion,  which was followed 
by depress ion .  Manifes ta t ions  of  ac t ivat ion were  rhy thmic  turning of the head and a s e r i e s  of g rooming  m o v e -  
ments .  Caudate  act ivat ion was a l e s s  s table  phenomenon and was m o r e  c h a r a c t e r i s t i c  of  the f i r s t  s tage  of 
the  exper imen t s .  With an i n c r e a s e  in the number  of s t imula t ions ,  the intensi ty  of the act ivat ion phenomena 
diminished.  

In a low dose (0.1 mg/kg) ,  not changing the a n i m a l s '  spontaneous behavior ,  amphe tamine  influenced the 
cou r se  of  the evoked r e s p o n s e s .  It fac i l i ta ted  the fo rma t ion  of caudate  ac t ivat ion and, conve r se ly ,  inhibited 
the  appea rance  of caudate  depress ion ,  for  the product ion of which a l a r g e r  number  of s t imula t ions  of  the 
nucleus (on a v e r a g e  one o r  two more)  was requ i red .  Under these  c i r c u m s t a n c e s  the ca ts  began to r e spond  in 
a m o r e  l ive ly  and organ ized  manner  to externa l  s t imul i .  Even a weak s t imulus  such as call ing, to which ad-  
aptat ion quickly developed,  p rovoked  the an imals  to r a i s e  t he i r  head and open the i r  eyes .  With an i n c r e a s e  in 
the dose of the drug to 0.25 m g / k g  caudate  dep res s ion  could not be obtained even in r e s p o n s e  to s t imula t ion  of 
the dorsomedia l  zones of the nucleus.  Caudate  ac t ivat ion did not just  i nc rease ,  but i ts  pa t t e rn  changed: the  
head turning b e c a m e  m o r e  swinging in c h a r a c t e r ,  wider  in ampli tude,  and ma in ly  toward  the s t imula ted  nucleus.  
The g rooming  also becam e  m o r e  d is t inc t ive  and p a r o x y s m a l  in c h a r a c t e r .  Stubbornly,  pe r s i s t en t ly ,  and cha-  
o t ica l ly  the an ima l s  l icked the ta i l ,  anus,  s ide,  and so on. 

Repea ted  s t imula t ion  of the  ven t ra l  zones of  the  nucleus agains t  the background of act ion of the drugs  led 
to c i r c u l a r  d r e s s a g e  m o v e m e n t s  around the chambe r ,  main ly  toward  the  s t imula ted  nucleus (on a v e r a g e  t h r e e  
o r  four  tours  of  the  c h a m b e r  in a 10-min  in te rva l ) .  
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These  phenomena p r o g r e s s e d  even m o r e  a f te r  injection of 0.5 m g / k g  amphe tamine .  Activat ion changes ,  
especia l ly  in r e s p o n s e  to s t imulat ion of the ven t ro la t e ra l  zones of  the nucleus,  r e s e m b l e d  s te reo typed  behavior ,  
just  as when neurotoxic doses  of  the d rugwere  used (Fig. 1). 

Meanwhile,  with a 5-7- fo ld  i n c r e a s e  in the number  of  s t imuli  applied to the dorsomedia l  zones of the 
caudate  nucleus the  an imals  showed shor t  per iods  (not exceeding 20 sec) of depress ion .  These  appea red  m o r e  
f requent ly  during the  f i r s t  minutes  a f t e r  the end of s t imulat ion.  The  ca ts  stopped all the i r  motor  activity,  
f r oze  on the spot, and gazed  fixedly at one point. 

Caffeine,  s tar t ing  with a dose  of  20-40 mg/kg ,  apprec iably  ac t ivated the a n i m a l s '  spontaneous behavior  
and, in pa r t i cu la r ,  t he i r  mo to r  act ivi ty.  The cats  moved about the chamber  act ively,  t r i ed  to escape  f r o m  it, 
and turned  the i r  head. Meanwhile caudal depress ion ,  by con t ra s t  with the effects  of  amphetamine ,  was no l e s s  
s table  than before .  Admit tedly,  in its c h a r a c t e r i s t i c s  it d i f fered apprec iably  f r o m  that  obse rved  in the control .  
I t  was r a t h e r  sho r t e r  in duration, and even when m o s t  c l ea r ly  expressed ,  it did not exceed 5 min.  The animals  
continued to hold the i r  head high, but the i r  eyes  r ema ined  half  c losed  and the i r  e a r s  s tuck out prominent ly .  

Act ivat ion phenomena were  potent iated by caffeine.  The  number  of turning movemen t s  of the head in-  
c r ea sed ,  but the movemen t s  t h e m s e l v e s  we re  of  low ampli tude,  rapid,  and took place  in fi ts and s t a r t s .  G r o o m -  
ing was of the  s a m e  c h a r a c t e r  as in the  control  (Fig. 2). 

An i n c r e a s e  in the  dose of caffe ine  to 80 mg /kg  led to m a r k e d  excitat ion of the an imals .  The i r  behavior  
b e c a m e  e x t r e m e l y  chaotic in cha rac t e r :  turning the head, moving a c r o s s  the chambe r  in al l  poss ib le  d i rec t ions ,  
g rooming  of f r a g m e n t a r y  type with l icking of different  pa r t s  of the  body, l icking all over ,  and tapping with the 
f o r e l i m b s .  The  excitat ion a lso  had a well  defined autonomic and emotional  over tone,  with m y d r i a s i s ,  tachypnea,  
p i loerec t ion ,  and cry ing .  The  an ima l s  w e r e  highly exci ted and a l e r t  and responded  to external  s t imulat ion by 
a l a r m .  Despi te  the mani fes t  spontaneous act ivi ty ,  caudate  depress ion  continued to a r i s e  a f t e r  this  dose of the 
drug, although i t  was superf ic ia l  in c h a r a c t e r .  I t s  durat ion was reduced  to 2-4 rain, and it o ccu r r ed  typical ly  
in the  f i r s t  few minutes  a f t e r  the  end of s t imulat ion.  Under the  influence of caudate  s t imulat ion the emotional  
s ta te  also b e c a m e  r a t h e r  m o r e  no rm a l .  The  animals  began to respond  adequately to the t e s t  s t imul i  (calling, 
stroking, waving). 

The results thus showed that amphetamine, even in low doses (0.1-0.25 mg/kg), inhibited the development 
of caudate depression and at the same time potentiated behavioral activation, even to the extent of formation 
of a definite stereotype in the cats' behavior. Caffeine, on the other hand, although it considerably activated the 
animals' spontaneous behavior, was much weaker than amphetamine in its action on caudate responses. Even 
after a large dose of caffeine (80 mg/kg) caudate depression still continued to develop, although it was short 
in duration. 

On the basis of the similarity of the external and electroencephalographic manifestations some workers 
have identified caudate depression with sleep, and they number the caudate nucleus itself among the hypnogenic 
structures of the brain [7-9]. In that case caffeine, as an analeptic, ought to suppress caudate effects in the 
same way as amphetamine. However, this does not take place, and this raises doubts about the hypnogenic 
nature of caudate depression. Moreover, the structure of the behavioral change evidently includes elements of 
a predisposition to sleep, and through its action on this, caffeine may shorten the caudate response. From this 
point of view the depressant effect of the drugs on caudate effects may determine different aspects of drug 
psychostimulation. 

Meanwhile the results of the study of the action of caffeine suggest that caudate depression is largely due 
to a disturbance in the motor sphere, evidenGy on account of relations between the nucleus and other structures 
of the extrapyramidal system [i]. These relations are probably resistant to the actio~ Of caffeine which, unlike 
amphetamine, does not possess antiparkinsonism properties [3, 4]. 
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