
M O T I V A T I O N A L  P R O P E R T I E S  

S T I M U L A T I O N  IN C A T S  

E .  E .  Z v a r t a u  a n d  N.  A.  

OF HYPOTHALAMIC 

Patkina UDC 612 o826.4-063- 07:612.821.3 

In experiments to study the motivational properties of "true rage," "flight, ~' and "stalking 
attack" responses evoked by electrical stimulation of the hypothalamus it was found that the 
external manifestations of behavioral responses evoked by hypothalamic stimulation in cats 
do not necessarily serve as a definitive criterion for their classification among particular 
biological types. Unlike the "true rage" response, the "flight" response can act as rein- 
forcement of a conditioned-reflex removal response and has "punishing" properties. Dur- 
ing "flight" and "stalking attack" responses the phenomenon of self-stimulation of corre- 
sponding points of the hypothalamus was observed. The beginning and continuation of stim- 
ulation in these cases can evoke biphasic positive-negative motivational swings~ 

Hypothalamic stimulation in cats evokes coordinated responses of different modalities [1-3, 6, 7]. 
Aggressive-defensive manifestations such as "rage," "flight," "attack," and so on are particularly demon- 
strative. The stereotyped nature of evoked behavioral responses, their strict dependence on the parame- 
ters of stimulation, and the presence of components suitable for quantitative analysis has led to their use 
as tests for the study of psychotropic drugs. However, the categorization of concrete responses as "rage," 
"anxiety," and so on is based on subjective assessment of the external manifestations. 

Proof that the emotions which arise are genuine can be obtained by the use of brain stimulation as 
reinforcement in various experimental situations of the "approach--avoidance" type. The object of the pres- 
ent investigation was to assess the motivational properties of hypothalamic stimulation in cats by means of 
operant methods. 

EXPERIMENTAL METHOD 

Cats weighing 2.5-4 kg with "true rage," "flight," and "stalking attack" responses were used. Details 
of the technique of implantation of the electrodes, parameters of stimulation, and response types were fully 
described previously [3]. A diagram of the localization of the electrodes in the experimental animals is 
given in Fig. i. 

In the experiments of group 1 hypothalamic stimulation replaced natural reinforcement in an instru- 
mental food-getting response. These experiments were carried out on animals previously trained in press- 
ing a pedal to obtain food under constant reinforcement conditions [5]. 

In the experiments of group 2 a eonditioned-reflexavoidance response was first developed in the cats; 
the animals jumped over a barrier or onto a special platform in response to the conditioning stimulus in 
order to avoid receiving an electric shock to the limbs. The animals were then placed in the same cham- 
ber and, without presentation of the conditioning stimulus, hypothalamic stimulation was applied; this could 
be disconnected by the cat itself if it performed the conditioned-reflex movement (the removal response). 
Some animals were trained to remove the hypothalamic stimulation without preliminary training with noei- 
eeptive reinforcement. 
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Fig. 1. Local iza t ion  of e l ec t rodes  and types of evoked r e s p o n s e s .  
Circ le  r e p r e s e n t s  " rage"  r e sponse ;  square)  "flight" response ;  
t r iangle)  "stalking a t t ack"  r e sponse .  

Fig. 2. Effect  of hypothalamic  s t imula t ion  evoking r e sponses  of 
" rage"  (A) and "flight" (B) on ins t rumenta l  food-getting re sponse :  
1) p re s s ing  on pedal; 2) m a r k e r  of per iod of hypothalamic  s t imu-  
lation (each p r e s s u r e  ac t iva tes  e l ec t r i ca l  st imulation);  3) t ime 
m a r k e r  (5 sec) .  

In individual expe r imen t s  the "punishing" p r o p e r t i e s  of e l ec t r i ca l  hypothalamic  s t imula t ion  were  ana-  
lyzed.  These were  a s s e s s e d  (a) with r e f e r e n c e  to p r e s e r v a t i o n  of the food-getting r e sponse  of the hungry 
eat  during hypothalamic  s t imula t ion  a t  the momen t  of approaching the feeding bowl and (b) with r e s p e c t  to 
maintenance  of the ins t rumenta l  food-getting r e sponse  when p r e s s u r e  on the pedal or  approaching  the feed- 
ing bowl was accompanied  by b r i e f  hypothalamic  s t imulat ion.  

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

The negat ive- re inforc ing  p rope r t i e s  of "true r a g e , "  evoked by ac t iva t ion  of pa r t i cu l a r  hypothalamie  
s t r u c t u r e s ,  were  invest igated in expe r imen t s  with avoidance and r e m o v a l  r e s p o n s e s .  During hypothalamic  
s t imulat ion in the cham be r  in which a r e s p o n s e  to the r inging of a bel l  had been  developed and s tabi l ized 
With the use of nociceptive r e i n fo r cem en t ,  ac t iva t ion  of the operant  re f lex  was not observed  even a f t e r  sev-  
e r a l  dozen hypothalamic  s t imula t ions .  The intensi ty of hypothalamic  ac t iva t ion  was sufficient  to reproduce  
the whole exp re s s ive  s t e reo type  of the r age  r e sponse ,  but the abi l i ty to r emove  the hypothalamie s t imula-  
t ion (by jumping a c r o s s  the b a r r i e r  or  onto the pla t form) was not developed.  

Stimulation evoking a "true r a g e "  r e sponse  did not have a punishing e f fec t .  The hungry an imal  con- 
tinued to ea t  the food despite the fact  that approaching the feeding bowl and taking the food were  acco mp a-  
nied by hypothalamic  s t imula t ion  above the threshold  of intensi ty for  vocal  mani fes ta t ions .  S imi lar  r e su l t s  
were  obtained in expe r imen t s  to evoke a conditioned food-getting r e sponse  (Fig. 2A). When the an imal  
p r e s s e d  on the l eve r , i t  switched on the b r a in  s t imulat ion which continued so long as the a n i m a l ' s  paw r e -  
mained on the pedal.  The intensi ty of hypotha lamic  s t imula t ion  was above the threshold for  vocal  man i fes -  
tat ions and in some cases  when the e lec t r i c  cu r r en t  was switched on for  longer  per iods  growling and hiss ing 
were  obse rved .  Neve r the l e s s ,  despite  the exp re s s ive  p ic ture  of " rage"  in the a n i m a l s '  genera l  behav ior ,  
the ins t rumenta l  r e s pons e  r ema ined  substant ia l ly  unchanged. 

Pos i t ive - re in forc ing  p rope r t i e s  of the " rage"  r e sponse  were  invest igated in expe r imen t s  with ext inc-  
tion of the food-getting re f lex  on r e p l a c e m e n t  of the food r e i n f o r c e m e n t  by e l ec t r i ca l  s t imula t ion  of the hy- 
po tha lamus .  In control  expe r imen t s  extinction of the food-getting re f l ex  on withholding the food re in fo rce"  
merit took place in the course  of 5-10 min.  On r e p l a c e m e n t  of the food r e i n f o r c e m e n t  by b r i e f  (1 sec) e lec-  
t r i ca l  s t imula t ion  of the hypothalamus at opt imal  intensi ty for the appearance  of a " rage"  r e sponse  there  
was no s ignif icant  change in the t ime of extinction compared  with the control  (Fig. 3A). It  is in te res t ing  to 
note that in the f i r s t  2 or  3 sess ions  in which the r e f l ex  was extinguished and food r e i n f o r c e m e n t  r ep laced  
by e l ec t r i ca l  s t imula t ion  of the bra in ,  a s l ight  degree  of s e l f - s t imu la t ion  could be obse rved .  

234 



10 
A B 

! 
1 

I 
I 
| 
A 

/ min 

Fig. 3. Ins t rumenta l  food-gett ing r e -  
sponse during r e p l a c e m e n t  of food re in -  
fo r cemen t  by e l ec t r i ca l  s t imulat ion of 
the hypothalamus evoking r e s p o n s e s  of 
" rage"  (A) and "flight" (B). Ordinate,  
number  of p r e s s u r e s  on pedal pe r  min-  
ute; a b s c i s s a ,  t ime (in min); 1) control  
with extinction of re f lex  on withholding 
r e in fo rcemen t ,  2) r e p l a c e m e n t  of food 
r e i n f o r c e m e n t  by e l ec t r i ca l  s t imulat ion.  
Moment  of withdrawal of food r e i n f o r c e -  
ment  (control) and its r e p l a c e m e n t  by 
e l ec t r i ca l  s t imula t ion  m arked  by a r row .  

Hypothalamic  s t imula t ion  in a s i tuat ion in which a de- 
fensive conditioned re f lex  had been fo rmed  previous ly  and a t  
the opt imal  intensi ty  for the appearance  of a "flight" r e sponse  
led to rapid  ac t iva t ion  of the prev ious ly  fo rmed flight r e -  
sponse, and the an imal  quickly learned  to d isconnect  the cen- 
t r a l  s t imulat ion.  This skil l  was also fo rmed in cats  without 
p r e l i m i n a r y  t ra in ing in the re f lex  of removing  the nociceptive 
r e sponse .  Stimulation of the "flight" zone has  punishing 
p rope r t i e s .  B r i e f  s t imulat ion of the b ra in  a t  opt imal  inten- 
si ty a t  the t ime  of p r e s s ing  on the pedal  led to the rap id  s u p -  
p r e s s ion  of the food-getting re f lex  in the hungry an imal  (Fig. 
2B). If a feeding bowl containing mea t  was placed before  the 
an imals  and hypothalamic  s t imula t ion  c a r r i e d  out as they a p -  
proached the bowl and took the food, a r e sponse  of avoiding 
the feeding bowl quickly developed during repet i t ion  of the 
s t imulat ion.  

However ,  the "flight" r e sponse  may also  pos se s s  more  
complex mot ivat ional  p rope r t i e s .  The course  of extinction 
of the food-getting re f lex  on r e p l a c e m e n t  of the food r e i n f o r c e -  
ment  by e l ec t r i ca l  s t imula t ion  of the hypothalamus is shown 
in Fig. 3B. As the figure shows,  extinct ion of the re f lex  did 
not take place in this an imal  and a se l f - s t imula t ion  r e sponse  
developed.  Consequently,  hypothalamic  s t imulat ion evoking 

"flight" may have ambiva len t  mot ivat ional  p rope r t i e s ,  as was conf i rmed by expe r imen t s  using a spec ia l  
technique: the an imal  was able to ac t iva te  the s t imula t ion  by p res s ing  on a lever  and to d isconnect  it by 
jumping a c r o s s  the b a r r i e r .  Under these  conditions the an imal  r ep roduced  " p r e s s u r e - j u m p i n g "  cyc les  and 
the la tent  per iod of disconnect ion of the s t imulat ion was reduced with an i nc rea se  in its intensi ty.  The 
m e c h a n i s m  of se l f - s t imula t ion  in these  ambiva len t  r e sponses  evidently cannot be a t t r ibuted en t i re ly  to the 
re inforc ing  p rope r t i e s  of e l ec t r i c a l  hypothalamic  st imulation~ The a f t e re f f ec t  following r e m o v a l  of the 
s t imulus  probably  acted as r e in fo rcemen t .  This is conf i rmed by the fact  that  the abi l i ty  to d isconnect  cen-  
t r a l  s t imula t ion  was p r e s e r v e d  a t  all  th resholds  evoking se l f - s t imula t ion .  

In one of the cats  with a "stalking a t tack"  r e sponse ,  to use the t e r m  employed by Flynn [4], ma rk ed  
se l f - s t imu la t ion  was obse rved  and its intensi ty depended on the degree  of sat ia t ion,  increas ing  in the hun- 
gry  an imal .  In this case  hypothalamic  s t imulat ion acqui red  p rope r t i e s  of avers ion ,  and it could ac t  as  re i r~  
fo rcemen t  for  the flight r e sponse  only with an inc rease  in the intensity of the s t imulus .  

It can be concluded f r o m  these r e su l t s  that  the ex te rna l  manifes ta t ions  of r e sponses  evoked by cen t ra l  
s t imula t ion  do not provide a definitive c r i t e r ion  for the i r  identification by analogy with natura l  r e sponse .  
For  ins tance,  the "flight" r e sponse  which is usual ly  linked with the emot ional  s ta te  of fea r  may also  have 
emot ional ly  posi t ive p rope r t i e s  if they a re  judged f rom the se l f - s t imula t ion  re sponse .  This fact  mus t  be 
taken into cons idera t ion  during physiological  invest igat ions of the behav iora l  e f fec ts  of s t imulat ion of d i f fe r -  
ent  zones of the b r a in  and, in pa r t i cu la r ,  in the study of the act ion of psychotropic  drugs ,  for which p r ec i s e  
and unambiguous models  of emot ional  s t a t e s  a r e  n e c e s s a r y .  
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