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Elect r ical  st imulation of the la teral  hypothalamus in acute experiments  on adult cats  in- 
c reased  the insulin concentrat ion to an extent which was independent of the accompanying 
increase  in the blood sugar  concentration.  Stimulation o f : t he  ventro-media l  hypothalamic 
nucle~ caused a rapid and t ransient  decrease  in the insulin concentrat ion and a simultaneous 
elevation of the blood sugar.  Bilateral  coagulation of the la teral  hypothalamus lowered the 
blood insulin and sugar  concentrat ions whereas coagulation of the vent ro-media l  nuclei did 
not lower the insulin concentrat ion although it sharply lowered the blood sugar.  Coagulation 
of both the la teral  hypothaIamus and the ventro-mediaI  hypothalamie nuclei disturbed the 
discharge of insulin and the glucose toleranee curve in response to sugar loading. 

The hypothalamic regulation of insulin secre t ion is still a mat te r  for discussion. The s ign i f icance  
of investigations [1, 2, 5, 7, 11, 12, 16] in which insulin secre t ion  was judged f rom changes in the blood 
sugar concentrat ion is l imited by the fact that there  is no stMct cor re la t ion  between changes in the blood 
sugar  and insulin levels in different states of the body [6, 8, 14, 18, 19]. The evidence so far  obtained on 
the effect of the hypothalamus on insulin secre t ion  in recent  yea r  s by direct  determination of the blood hor -  
mone concentrat ion [4, 9, 10, 13, 15] is insufficient to explain the role of the var ious  hypothalamic s t ruc -  
tures in the regulation of insulin secret ion.  

The object of this investigation was to examine the role of the la teral  hypothalamus and the ventro-  
medial  hypothalamie nuclei in the regulation of insulin secret ion.  

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

Acute  experiments  were ca r r i ed  out on adult cats  deprived of food for  t8-24 h before the experiment.  
The hypothalamic stimulation experiments  were ca r r i ed  out on unanesthetized cats with the use of muscle  
relaxants.  Exper iments  on adrenalectomized animals or those involving coagulation of the hypothalamic 
s t ruc tures  were ca r r i ed  out on animals  anesthetized with pentobarbital  (30-40 mg/kg) .  The stimulating 
e lect rodes  were implanted into the la tera l  hypotbalamus and vent ro-media l  hypothalamic nuclei s t e r e o t a x -  
ically with reference  to coordinates f rom the atlas of J a spe r  and Ajmone-Marsan  [17]. E lec t r ica l  s t imula-  
tion was applied through bipolar  e lec t rodes  insulated throughout their  length except at the tips and with an 
interpolar  distance of 0.5-0.7 nun. The pa rame te r s  of the st imulating current  were:  f requency 50 Hz, vol-  
tage 4-6 V, pulse duration 5 msec ,  volley duration 20 sec with intervals  of 20 sec between volleys, total dur-  
ation of st imulation 10 rain. Coagulation was produced by passing a d i rec t  current  (1.5-3.0 mA for  1-2 rain) 
through monopolar  e lect rodes  with the insulation removed f rom the tips for  a distance of 1-1.5 mxn. In all 
exper iments  the insulin and sugar  concentrat ions were determined in blood flowing f rom the pancreas .  
Blood samples were taken before and 3, 25, and 60 rain af ter  the beginning stimulation. In the coagulation 
experiments  blood samples were taken before and 3.5 h af ter  the procedure .  Cannulation of the pancreat ic  
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TABLE 2. Insulin (in m g / g  adipose t i ssue,  a f t e r  incubation fo r  3 h) 
and Sugar  (in mg%) Concentra t ions  in Cats '  Blood a f t e r  E l ec t r i c a l  
Coagulat ion of La te ra l  Hypothalamus and Vent ro-Media l  Hypothalamic 
Nuclei  

Statistical 
index 

Before coagulation 3.5 h after coagulation 

insulin I sugar 

Of lateral hypothalarnus 

n=lO I t M + ' m  4.71~0,54 207--+22 
P 

Of ventro-rnedial hypothalamic nuclei 

t n=6 1 M----- m 3,95--0,56 225----- 17 4,05-----0,36 185----- 13 
p >0,5 <0,01 

insulin sugar 

3,59+0,47 158-----23 
<O,Ol <o,ol 

Su 

.]40" 

,YO0. 

260. 
Insulin 

3,00 I /00- 
i i  

0 I ' I  . . . .  ~ - - - - - ~ - - - - - - ~ -  

O /0 40 70rain 

~ar, % 

0 /,o 40 70 rain 

Fig. 1. Insulin and suga r  concent ra t ions  in blood 
a f t e r  glucose loading in control  expe r imen t s  and 
in expe r imen t s  with coagulation of l a t e r a l  hypo- 
tha lamus  and v e n t r o - m e d i a l  hypothalamic nuclei.  
Values  of M=~o- given: 1) an ima l s  with coagula-  
tion of ven t ro -me d i a l  hypothalamic nuclei; 2) an-  
imals  with coagulation of l a t e ra l  hylJothalamus; 
3) an imals  with intact hypothalamus.  Absc i ssa ,  
t ime of taking blood s am p l e s  a f t e r  suga r  loading 
(marked by arrow);  ordinate: on l e f t -  insulin 
concentra t ion (in m g / g  adipose t i s sue  a f t e r  in- 
cubation fo r  3 h), on r i g h t -  blood suga r  concen-  
t ra t ion  (in % of initial  level) .  

vein and ad rena lec tomy  were  p e r f o r m e d  by  an ab-  
dominal  approach  with comple te  local  anes thes ia  
of the opera t ive  f ield with t r imethoca ine .  The glu-  
cose  to le rance  tes t  was  c a r r i e d  out by injecting 
40% glucose solution (0.35 g /kg )  into the f e m o r a l  
vein. Blood for  tes t ing  was  taken before  and 10, 
40, and 70 rain a f t e r  the injection of glucose.  The 
insulin ac t iv i ty  in the blood was de te rmined  on adi-  
pose t i s sue  of Wis ta r  r a t s  [3]. The blood sugar  con-  
cent ra t ion  a lso  was de te rmined  [20]. The location 
of the e lec t rodes  was conf i rmed  histological ly.  The 
expe r imen ta l  r e su l t s  were  subjected to s ta t i s t i ca l  
ana lys i s  by the di f ference method.  

EXPERIMENTAL RESULTS 

A n increase in the blood insulin concentration 
was observed 3 and 25 rain after the beginning of 
stimulation of the lateral hypothalamus; by 60 rain 
the normal level of the hormone was restored 
(Table i). The blood sugar was raised 3 rain after 
the beginning of stimulation only, and any subse- 
quent increase in the sugar concentration was not 
statistically significant. In samples taken at the 
same times from individual animals an increase in 
the insulin concentration could be found in conjunc- 
tion with either an increase or decrease in the blood 
sugar concentration. 

To de te rmine  whether  the i nc rea se  in the insulin concentra t ion  was connected with s t imulat ion i tself  
or  with the elevat ion of the sugar  concentra t ion a s e r i e s  of exper imen t s  was c a r r i e d  out on adrena lec to -  
mized  animals .  Under  these conditions s t imulat ion of the l a t e ra l  hypothalamus a lso  led to an inc rease  in 
the blood insulin concentrat ion,  al though the blood suga r  level  was not r a i s ed  but was actual ly  lowered.  

Animals  with e lec t rodes  implanted into the hypothalamus but without the pas sage  of an e lec t r i c  cu r -  
rent  were  used  as a control  to these exper iments .  No changes were  found in the blood insulin and sugar  
concentra t ions  throughout the t ime  studied. 

Whereas  s t imulat ion of the l a t e r a l  hypothalamus was  accompanied  by an i nc rea se  in the insulin con- 
centrat ion,  b i l a t e ra l  coagulat ion of this s t ruc tu re  led a f t e r  3.5 h to a dec r ea se  in the blood insulin concen-  
t ra t ion  and a s imul taneous  inc rease  in the blood sugar  (Table 2). 
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Stimulation of the ventro-medial hypothalamic nuclei (Table i) was accompanied by a transient fall 
of the blood insulin level (only at the third minute). The initial insulin concentration was restored after 
25 rain. In these animals there was absolutely no correlation whatever between the changes in the insulin 
and sugar concentrations in the blood at all times studied. 

Meanwhile bilateral coagulation of the ventro-medial nuclei (Table 2) caused no significant changes 
in the blood insulin concentration despite a markedfall of the blood sugar. 

The important role of the lateral hypothalamus and ventro-medial hypothalamic nuclei was even more 
clearly apparent during glucose loading (Fig. i). Injection of glucose after electrical coagulation both of 
the lateral  hypothalamus and of the ventro-medial nuclei did not produce the discharge of insulin into the 
blood character is t ic  of intact animals. The glucose tolerance curve in animals with destructive lesions of 
the hypothalamus showed a sharper rise and a more protracted course than in the control animals. 

These results indicate the important role of the lateral  hypothalamus and the ventro-medial  hypcthal- 
amie nuclei in the regulation of insulin secretion. The lateral  hypothalamus stimulates, while the ventro- 
medial hypothalamic nuclei inhibit, insulin secretion. Several investigators [4, 9, 10, 13-15] have found 
that bilateral  coagulation of the ventro-medial  hypothalamic nuclei leads after  a few days to a marked in- 
crease in the blood insulin concentration. Together with the present results these observations suggest 
that the effect of the lateral  hypothalamus and of the ventro-medial  hypothalamic nuclei on insulin secretion 
is reciprocal  in character.  
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