
B L O O D  I N S U L I N  L E V E L  I N  R A T S  A F T E R  I N J U R Y  

T O  T H E  V E N T R O M E D I A L  H Y P O T H A L A M U S  

R.  S .  G o l ' d b e r g ,  Y u .  N .  K a s a t k i n ,  
Y a .  A .  L a z a r i s ,  a n d  L .  K .  S m i r n o v a  

UDC 612o349o7-06:612.826o4 

Exper imen t s  on ra t s  showed that injury to the ven t romedia l  por t ion  of the hypothatamus or  
in ter rupt ion  of i ts  nervous connections is followed by hyper insul inemia;  in conjunction with 
the hyperphagia ,  this could be the d i rec t  cause  of the adiposi ty.  
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Fig. 1. Section through ra t  hypothalamus a f t e r  
e lec t ro ly t ic  des t ruc t ion  of ven t romedia l  hypotha-  
lamic  nuclei.  

In adiposi ty  in man [3, 5, 7, 14, 16] and also in he red i t a ry  adiposi ty in mice  16, 15] hyper insu l inemia  
is observed.  Des t ruc t ion  of the ven t romedia l  r e -  
gion of the hypothalamus in ra t s  is followed by hy- 
perphagia ,  adiposi ty [1, 2], and a r a i sed  blood in- 
sulin level [4, 9, 12, 13, 17]. The mechan i sm of de-  
velopment  of hyper insu l inemia  and i ts  connection 
with hyperphagia  and adiposi ty r ema in  unexplained. 

To invest igate  this p rob lem the re la t ionship 
between hyper insu l inemia  and hyperphagia  was 
studied in the ea r ly  s tages  a f t e r  injury to the ven-  
i t . m e d i a l  por t ion of the hypothalamus,  and changes 
in the in ternal  s e c r e t o r y  function of the pancrea t i c  
i s le ts  were  studied a f t e r  division of the nervous 
connections of the hypothalamus,  subdiaphragmat ic  
division of the vagus ne rves ,  and r emova l  of the 
splenic por t ion of the panc rea s  with s imultaneous 
e lec t ro ly t ic  des t ruc t ion  of the ven t romedia l  por t ion 
of the hypothalamus.  

TABLE 1. Content of Immunoreac t ive  Insulin in P l a s m a  at Var i -  
ous T imes  a f t e r  Injury to VMNH 

Concentration of IRI 
(in miemunits/ml) 

Limits of variation 
M-----m 

P 

Legend: 

Group of animals 

control 
(13) .... 1 day 

(s) 

14--24 20--53 39--62,5 
18,3--3,6 34,44-2,23 40,0"+'4,3 

<0,01 ~0,01 

Number  of animals  in pa ren theses .  

after ~ N H  
4 days 7 days 

(SJ (5) 

31--64 
46,0-----5,6 
<o,o01 

14 days 
(6} 

32,5--45 
38,123,6 

<0,01 
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TABLE 2. 
mus,  Vagotomy, and Par t ia l  Pancrea tec tomy 

P la sma  IRI Concentration af ter  Injury to the Hypothala- 

Number 
of rats 

13 
6 

4 

19 

IIRI concentration [ 
[(in microunits/ml)[ 
M-~m) . I 

18,323,6 
38,1-----3,6 

34,22--- 10,0 

17,2-'-2,23 

26,5--4,4 

42,0~6,6 

Series of experiments 

I. Intact rats (control) 
II. Injury to VMNH 

III, Division of nervous connections of 
hypothalamus 

IV. Subdiaphragmatic vagotomy 
V, Subdiaphragmatic vagotomy § injuD 
to VMNH 

VI. Removal of splenic part of pancreas 
+ injury to VMNH 

I and II~O,O I 

IIandIII~O,1 

IaudIV~O, I 

IIand V"~O,05 

IIandVI~O, 1 

Fig. 2. Insulin content in pancreat ic  islet .  Metachromatic  stain- 
ing wi th  pseudoisocyanin.  120 • Insulin content in pancreat ic  
islet:  A) normal;  B) reduced. 

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

Experiments  were ca r r i ed  out on 71 female albino ra ts  weighing 180-240 go Bilateral  symmet r ica l  
injury to the ventromedial  nuclei of the hypothalamus (VMNH) was inflicted on 21 of them by means of a 
s tereotaxic  apparatus (steady cur ren t  of 2 mA for  15 s e c ;  37 animals were  used in additional experiments  
descr ibed below, and 13 intact rats  served as the control .  The animals received a balanced diet and water  
ad lib. They were weighed regular ly  and their  blood sugar  determined by the method of Hagedorn and Jen-  
sen. The p lasma insulin concentration was investigated at the end of the experiment  by a radioimmuno- 
chemical  method [1t] using a specially marketed kit. The animals were killed 1, 4, 7, and 14 days af ter  
the operation after  p re l iminary  s tarvat ion f o r  16-18 ho The p lasma was quickly f rozen and kept a t -  30~ 

The pancreas  and bra in  were fixed in Bouin's fluid. Sections through the gland were stained with 
pseudoisocyanin [8] to reveal  the insulin content in the pancreat ic  is le ts .  The location of the injury was de- 
termined f rom De Groot ' s  atlas [10]. 

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

Complete bi la teral  destruct ion of VMNH was revealed in the animals undergoing the stereotaxic op- 
era t ion (Fig. 1). 

The concentrat ion of immunoreact ive  insulin (IRI) was increased 24 h af ter  injury to VMNH (Table 1). 
Despite considerable individual variat ions in IHI, at all t imes of investigation its concentrat ion exceeded the 
control  by a s tat is t ical ly significant degree.  

Histological examination of the pancreas  by the metachromat ic  reaction with pseudoisoeyanin revealed 
a sufficient quantity of insulin in the f l -cel ls  in most  of the rats  (Fig. 2A), and less than in the intact animals 
in only a few cases  (Fig. 2B). 

The blood IRI level in the rats  was thus increased 24 h af ter  e lectrolyt ic  injury to VMNH. The most  
acceptable explanation of this fact was considered to be that hyperphagia induced by destruct ion of this par t  
of the bra in  leads to an increased entry of carbohydrates  into the blood s t ream,  st imulating the internal 
sec re to ry  function of the f l -cel ls  [17]. This explanation, however,  was not confirmed by the present  exper-  
iments ,  which indicate that hyperinsul inemia preceded the development of hyperphagia.  Another interest ing 
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fact is that excess ive  gain in weight of young ra t s  a f t e r  this operat ion can also take place  in the absence of 
hype rphagia [9]. 

Hype r sec re t i on  of insulin, hyperphagia ,  and adiposi ty may be the genera l  consequence of the p r i m a r y  
s t imulant  action of the injured hypothalamus on the insu la r  fl-cellso Injury to the ven t romedia l  hypothala-  
m u s  is cons idered  to be followed by an inc reased  flow of impulses  to the panc rea s  f rom the la te ra l  por t ion  
of the hypothalamus.  

The object of the subsequent exper iments  was to study the mechan i sm of development  of hyper insu l -  
inemia a f t e r  injury to the vent romedia l  hypothalamus (Table 2). By means  of a spec ia l ly  designed knife this 
region was isolated f rom the r e s t  of the hypothalamus in four ra t s  ( se r ies  III) in a s te reo tax ic  appara tus ,  
and this was followed by the rapid development  of adiposi ty and of hyper insu l inemia ,  jus t  as a f t e r  des t ruc -  
tion of VMNH. 

In o ther  an imals  the vagus nerve ,  which s t imula tes  insulin secre t ion ,  was f i r s t  divided below the dia-  
ph ragm and a few weeks l a t e r  VMNH was injured.  Vagotomy i tse l f  did not a l t e r  the blood insulin concen t ra -  
tion in the intact  r a t s  ( se r ies  IV) I but in the vagotomized an imals  with injury to VMNH, hyper insu t inemia  
was found ( se r ies  V). 

Removal  of not l ess  than half  of the panc reas  (its splenic part)  did not p reven t  the development  of hy- 
pe r insu l inemia  a f t e r  des t ruct ion of VMNH (ser ies  VI). 

The resu l t s  of this investigation indicate that injury to the ven t romedia l  pa r t  of the hypothalamus and 
division of  i ts  nervous  connections a r e  followed by rapid development  of hyper insul inemia ,  and this is r e -  
spons ib le  for  the development  of hyperphagia  and the subsequent adiposi ty.  
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