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Experiments on rats have shown [11, 18] that the region of  the hypothalamus bears a definite relat ionship to the 
food reaction.  When this region is ~njured appet i te  is increased,  the food intake rises, and the an imal  develops obesity.  

Other researches carried out on rats, cats, and monkeys [7-10,  13, 15, 16], have demonstrated the dif ferent ia l  
role of  the various parts of the hypothalamus in the food react ion.  For instance,  the function of  s t imulat ion of the 
food reaction has been attr ibuted to the anterola tera l  nuclei  of the hypothalamus.  St imulat ion of this part of the hy-  
pothalamus led to its hyperfunction, expressed by a marked increase of  appet i te .  Injury to or destruction of these nu- 
c le i  caused a depression or loss of their  function, with a corresponding decrease of  appet i te .  St imulat ion of  the ven-  
t romedia l  nuclei,  on the other hand, caused a decrease of appet i te ,  and injury to these nucle i  or their  destruction 
led to an increase of appet i te  and food intake [12, 14, 17]. 

One of the objects of  the present research was to study the interact ion between the centers of  the condit ioned 
and uncondit ioned food reactions during di rec t  e l ec t r i ca l  s t imulat ion of  the subeort ical  food c e n t e r  in the region of 
the hypothalamus.  

The other ob jec t  was to investigate the role of  the subcort ical  centers in the mechanism of cer ta in  manifes ta-  
tions of the neurotic state.  In part icular ,  we were interested in the mechanism of the an imal ' s  refiasal to take food 
in exper imenta l  neurosis and in the par t ic ipat ion of the subcort ical  centers of the food react ion in this phenomenon. 
In this case we a t tempted  to ascertain whether the an imal ' s  food behavior in a state of exper imenta l  neurosis could 
be modif ied  by di rec t  e l ec t r i ca l  s t imulat ion of the anterola tera l  division of  the hypothalamns, responsible for the 
function of s t imulat ing the food react ion.  

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

The work was conducted on two dogs with electrodes permanent ly  implanted  in the anterola tera l  part of  the 
hypothatamus. The electrodes were made  of  nichrome wire (d iameter  50-100 g) insulated with enamel .  For con-  
venience of  insertion and for bet ter  insulation, the t ip of  the wire for a distance of 22-25 m m  was contained in a 
fine glass cap i l la ry  tube, and inserted as a needle  under visual control  through the corpus cal losum to the required 
depth [8]. Bipolar s t imulat ion with rectangular  pulses (frequency 20-50 cps, duration of pulse 5-20 mi l l i sec)  was 
used, and the output vol tage was up to 5-6 V. The s t imulat ing current was supplied by a GRAKh st imulator .  St im- 
ulation tasted for 30-60 sec. The experiments  began not less than 20-25 days after the operat ive implanta t ion  of 
the electrodes.  

E X P E R I M E N T A L  R E S U L T S  
Before embarking on the main experiments,  in two dogs we carried out a series of experiments  in order to ver-  

ify previous reports of  the  presence of  a center  in the anterola tera l  division of the hypothalamus s t imula t ing  the food 
reaction.  In order to obtain a more re l iab le  effect of s t imulat ion of the hypothalamus, before the exper iment  the 
animals were fed to sat iat ion on the same die t  as was la ter  given during the exper iment .  In the dog Agap, s t imula-  
tion of  the anterola tera l  division of the hypothalamus after comple te  sat ia t ion caused an increase in food exc i tab i l i ty ,  
and the dog ate twice to three t imes as much food as in an ordinary exper iment  without sat iat ion.  

The increase in food exc i t ab i l i ty  was par t icular ly  demonstrat ive and c lear ly  defined in the experiments  with 
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the dog Mal 'chik .  From 10 to 30 sec after the beginning of s t imulat ion of the  anterolateral  division of  the hypothalamus, 
the sa t ia ted animal  began to eat  the food which had been there a l l  the t ime and which had hitherto been refused; at  
the end of s t imulat ion the dog i m m e d i a t e l y  ceased to eat .  In the same exper iment  these s t imulat ion tests were re-  

peated 5 or 6 times, always with the same effect  of  increasing the food exci tab i l i ty ,  although during the last tests 
the la ten t  period of the food react ion was lengthened or i t  became necessary to increase the  strength of st imulation.  
The effect of an increase in the food exc i t ab i l i ty  as a result of s t imulat ion of  the hypothalamus could be inhibited 
if  another dominant was present in the central  nervous system. The dog Mal 'chik ,  for example ,  i f  left  alone in the 
room, always became exci ted,  and against this background s t imulat ion ei ther  showed no effect or its effect was in-  
constant (for this reason the exper imenter ' s  assistant always remained in the room during the experiment) .  The ef-  

fect  of s t imulat ion was also inhibited i f  the an imal  was strapped, i .e . ,  by the presence of  a freeing reflex.  

In the experiments on the dog M a r c h i k  (with developed condit ioned food reflexes and permanent ly  implanted  
electrodes in the deep food center)  we a t tempted  to ascertain the influence of s t imulat ion of  the subcort ical  food 
center  on condit ioned reflex ac t iv i ty .  

In the first part  of the experiments we found that  the appl ica t ion  of  st imuli  to the anterola tera l  part of the 
hypothalamus led to a general  deter iorat ion in the conditioned reflex act ivi ty .  This fact is in agreement  with the 
observations of  other workers [1, 2, 6]. To study this phenomenon further, in a specia l  series of experiments we s t im-  
ula ted  the  subcort ical  food center  at  the  moment  when the positive condit ioned stimulus was acting alone.  St imu- 

lat ion started 3-5 sec after the beginning of the action of the condit ioned stimulus and continued until  the feeding 
bowl was offered or for a period of  5-20 sec in conjunction with the act ion of the unconditioned food stimulus. Some- 
t imes the s t imulat ion of  the hypothalamus started earl ier ,  and after i t  had been appl ied for 5-10 sec the condit ioned 

stimulus was appl ied.  

The results of these experiments showed that in response to the combined act ion of  direct e l ec t r i ca l  s t imulat ion 
of the subcort ical  food center  and the condit ioned food stimulus the magnitude of the positive condit ioned reflexes 
was diminished.  If, however, the subcortex was s t imulated,  the dog took food readi ly  as before, the moment  the con- 

dit ioned stimulus was reinforced. 

The simultaneous development  of the process of exci ta t ion  at two levels of the complex structure of the food 
reaction apparently led to the inhibition of the weaker focus of exci ta t ion,  for direct e l ec t r i ca l  s t imulat ion of the 
subcortical  center,  causing very powerful exci ta t ion,  produced a correspondingly stronger inhibit ion of the cor t ica l  

reaction by a mechanism of  simultaneous negative induction. 

The next state of the work with the dog M a r c h i k  was to discover whether it  was possible, by di rec t  e l ec t r i ca l  
s t imulat ion of the subcortieal  food center,  to modify the food behavior  of the an imal  when disturbed as a result of 
exper imenta l  neurosis. A neurotic state was induced in the dog by means of conflicts and excessively strong stimuli, 
and i t  continuously refused to eat .  St imulat ion was then appl ied to the anterolateral  division of the hypothalamus. In 
this case, too, in a state of marked neurosis direct  s t imulat ion of the subcorticaI food center had the same effect as 

in the pre l iminary experiments .  The dog, which hitherto had refused its food, began to eat  during st imulat ion of this 
center.  However, in order to produce a food reaction in this case a current of higher frequency was required than in 
the experiments with satiation before the induction of the exper imenta l  neurosis (40-50 cps during neurosis compared 
with 20 cps before neurosis), while a l l  the other parameters of the s t imulat ing current remained unchanged. 

Hence, experiments  on dogs with implanted  electrodes demonstrated the presence of a center  for the food re-  
act ion An the anterola tera l  division of the hypothatamus, s t imulat ion of  which by means of an e lec t r ic  current led to 

a marked increase in food excitabil i ty.  

The complexi ty  and diff icul ty of  the study of the ef fec t  of  the uncondit ioned reflex on condit ioned reflex ac t iv -  
i ty  may be explained,  inter  a l ia ,  by the lack of  a suitable technique, despite the remarkably wide range of methods 
described in the l i terature.  MEthods of st imulation [4, 5, 6] and destruction [ 1, 2] of the various subc ort ical  centers have 
been used most extensively.  Their fai l ing is that no direct  functional connection was usually present between the st imulated 
or destroyed subcortical  regions and the cor t ical  act iv i ty  under investigation. It was only in those cases in which the ef-  
fect  of s t imulat ion or destruction of the s t r io-pal l idary system (bearing a definite relationship to the motor reactions) on 

the condit ioned motor-defensive reflexes was studied that this method proved more or less adequate.  

In this respect our own exper imenta l  model  is more adequate,  for we investigated the effect  Of s t imulat ion of the 
subcort ical  food center  on the condit ioned reflexes developed on the basis of the food reactions, i .e . ,  we studied the 
interact ion between the cor t ica l  and subcort ical  centers joined by the mechanism of a temporary connection and 

functioning as a single ent i ty .  
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The possibility of acting directly on the center of the unconditioned food reflex through implanted electrodes 
in an animal with developed conditioned food reflexes must contribute to the understanding of  one of  the specific 
aspects of the complex problem of the interaction between the cerebral cortex and the subcortical formations. 

S U M M A R Y  
Electric stimulation of the anterolateral hypothalamic area in 2 dogs with implanted electrodes provoked a 

marked rise in food excitability. The animal ate even when it was completely full. 

Direct stimulation of  the subcortical food center in the hypopthalamic area temporarily el iminated one of  the 
characteristic symptoms of experimental neuroses - the animal 's  refusal to eat. Electrode implantation into the sub- 
cortical food center in the hypothalamic area of the animal with food conditioned reflexes was regarded as an ade- 
quate model for studying the interrelations of the brain cortex and subcortical formations. 

L I T E R A T U R E  C I T E D  
1. M . F .  Vasil 'ev. Transactions of the I. P. Par lor  Physiological Laboratories [in Russian], Vol. 16, p. 316. 

Moscow - Leningrad, 1949. 
2. V.S .  Deryabin. Abstracts of Proceedings of the Third Conference on Physiological Problems [in Russian], p. 47. 

Moscow - Leniffgrad, 1938. 
3. N . N .  Lyubimov and L. G. Trofimov. Zh. vyssh, nervn, deyat.,  4, 617 (1958). 
4. 1yl. T. Tarabrina. Theses o f Communications at the 10th Conference of the Southern RSFSR Branch of  the 

All-Union Society of Physiologists, Biochemists, and Pharmacologists [in Russian], p. 87. Rostov-on Don, 1951. 
5. V . A .  Cherkes. Abstracts of Proceedings of the Eighth All-Union Congress of  Physiologists, Biochemists, and 

Pharmacologists [in Russian], p. 677. Moscow, 1955. 
B. Anand, S. Dua, and K. Shoenberg, J. Physiol. (Lond.), 1955, Vol. 127, p. 143. 
J. Brobeck and C. Long, Am. J. Physiol., 1941, Vol. 133, p. 224. 
J. Brobeck, Physiol. Rev., 1946, Vol. 26, p. 541. 
Ch. Brooks, Am. J. Physiol., 1946, Vol. 147, p. 708. 
Ch. Brooks, R. Lockwood, and M. Wiggins, Am. J. Physiol., 1946, Vol. 147, p. 795. 
Ch. Brooks and E. Lambert, Am. J. Physiol., 1946, Vol. 147, p. 695. 
A. Hetherington, Am. J. Physiol., 1941, Vol. 133, p. 326. 
A. Hetherington and S. Ranson, J. corn Neurol., 1942, Vol. 76, p. 475. 
A. Hetherington and S. Rauson, Am. L Physiol., 1942, Vol. 136, p. 609. 
A. Hetherington, Am. J. Physiol., 1943, Vol. 140, p. 89. 
J. Mayer, Physiol. Rev., 1953, Vol. 33, p. 472. 
J. Tepperman, J. Brobeck, and C. Long, Am. L Physiol., 1941, Vol. 133, p. 468. 

6~ 

7. 
8. 
9. 

10. 
11 
12 
13 
14 
15 
16 
17 

587 


