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D E V E L O P M E N T  O F  H Y P O T H A L A M I C  O B E S I T Y  
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Adminis t ra t ion  of alloxan, which injures  the fl ce l ls  and d e p r e s s e s  insulin secre t ion ,  to ani-  
mals  with exper imenta l  hypothalamic obesi ty  prevented  any fur ther  i nc rease  in body weight de- 
-spite an e x c e s s i v e  food intake by the animals .  It is concluded that the mos t  impor tan t  mech-  
an i sm of development  of obesi ty  following injury to the ven t romedia l  hypothalamic nuclei  is the 
hype r sec re t i on  of insulin caused by such injury. 
KEY WORDS: hypothalamic obesity;  insulin; pancrea t ic  is le ts ;  al loxan diabetes .  

Des t ruc t ion  of the ven t romedia l  hypothalamic nuclei (VMHN) or deafferenta t ion of that reg ion  in r a t s  is 
accompanied  by hyperphagia ,  obesi ty  [2, 4], and a r a i s e d  blood insulin level  [1, 4, 9]. Changes developing under 
these  c i r c u m s t a n c e s  in the pancrea t ic  is le ts  have been at t r ibuted to hypers t imula t ion  of the fl ce l l s  as a r e su l t  
of overeat ing [2, 3]. However ,  the inc reased  sec re t ion  of insulin af ter  injury to VMHN could be the cause  of 
the hyperphagia  and obesi ty,  and not its effect  [9]. If this  hypothesis  is t rue ,  weakening of the insul in-producing 
function of the pancrea t ic  is le ts  ought to stop the inc rease  in weight of an imals  af ter  des t ruc t ion  of VMHN. 

To study this p rob lem the development  of hypothalamic  obesi ty  a f t e r  injury to the pancrea t ic  fl ce l l s  by 
alloxan was invest igated.  

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

Symmet r i ca l  b i l a te ra l  des t ruct ion of VMHN in sexual ly ma tu re  female  r a t s  was c a r r i e d  out by means  of 
a s t e reo tax ic  appara tus  with a d i rec t  cu r r en t  of 2 mA for 15 sec [3]. Two weeks a f te r  the opera t ion diabetes  
was produced in the an imals  by subcutaneous injection of 100 mg/kg  al loxan in buffer solution, pH 4.0, into each 
an imal  a f te r  s t a rva t ion  for 16-18 h. The controls  were  intact r a t s ,  an imals  with alloxan diabetes  but without 
des t ruc t ion  of VMHN, and animals  with des t ruc t ion  of VMHN but without alloxan diabetes .  For  2 months,  dur-  
ing which all  the r a t s  were  kept on the same  balanced diet ad l ibitum, r egu l a r  de terminat ions  were  made of 
thei r  body weight, thei r  blood sugar  (by the method of Hagedorn and Jensen) ,  and sugar  in thei r  urine (by 
Bened ic t ' s  method). At the end of the exper imen t s  the concentra t ion of immunoreac t ive  insulin (IRI) in the 
p lasma  was de te rmined  [8]. The p resence  of obesity was es tab l i shed  f rom the index: 
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T A B L E  1. 
R a t s  (M * m) 

Animals 

Intact (n = 23) 

Imact + Mloxan 
(n = 8) 

Injury to VIvIHN 
(n = 12) 

Injury to VMHN + 
alloxan (n = 11) 

C h a n g e s  in  IRI,  B l o o d  S u g a r ,  F o o d  I n t a k e ,  Body  Weigh t ,  and  L e e ' s  Index  in  

Time of investigation 

Before experiment 
Two weeks lamr 
End. of experiment 

P 
Before experiment 
Two weeks later 

End of experiment 
F 

Before experiment 
Two weeks later 

P 
E~d of experiment 

Before experiment 
Two weeks after injury 

to VMHN 
P 

End of experiment 
P 

Plasma IRI, ]Daily calo- 
Blood sugar,[rific value 

mierounitS/ml mg qo ]of diet, cal 

17,6--2,5 

5,8----- 1,2 
<0,001 

55,9-----4,0 
<0,001 

38,1+3,6 
<0,001 
9,7~2,3 
<0,02 

107,5~4,9 

545,7-----24,6 
<0,001 

93,4-----2,5 
<0,05 

89,7-----4,7 
<0,C2 

557,3-----21,0 
<0,001 

Bod weight! 
177,0-*-4,8 

75,0"*-3,8 
193,1--8,6 
>0,1 

180,2-*-8,3 
91,8-----5,2 
<0,02 

176,2-----7,5 
>O.5 

186.3----- 5,5 
134,5+---5,7 274,3+--7,4 

<0,001 <0,001 
382,9 ..+- 14,2 

<0,001 
189,0+4,3 

100,5+6,5 * 267,5- 7,0 
<0,0'5 <0,001 

190,5~7,6 

Lee's index 

293,0 '~ 4,6 

284,2+3, l 

345,8+7,0 
<0,001 

294.9+2,3 

*Two w e e k s  a f t e r  d e v e l o p m e n t  of d i a b e t e s  

3~, body we igh t ,  in  g 
x 1000, 

l e n g t h  f r o m  n o s e  to a n u s ,  c m  

which  in  t h i s  c a s e  m u s t  e x c e e d  300 u n i t s  [5]. T h e  b r a i n  and  p a r t  of  the  p a n c r e a s  w e r e  f ixed  in  B o u i n ' s  f lu id .  
T h e  l o c a t i o n  of  t he  i n j u r y  w a s  e s t a b l i s h e d  by r e f e r e n c e  to De G r o t t ' s  a t l a s  in  s e c t i o n s  t h r o u g h  the  h y p o t h a l a m u s  
s t a i n e d  wi th  a z u r e  II.  S e c t i o n s  t h r o u g h  the  p a n c r e a s  w e r e  s t a i n e d  wi th  a l d e h y d e - f u c h s i n ,  and  to r e v e a l  i n s u l i n  
in  the  /3 c e l l s  by  p s e u d o i s o c y a n i n  [6]. 

EXPERIMENTAL RESULTS 

During the first days after injury to VMHN the animals developed considerable hyperphagia, their body 
weight after 2 weeks was increased by 70-90 g, and their blood sugar level was lowered (Table i). In six ani- 
mals killed in this stage of the experiment the IRI content was more than twice as high as in healthy animals. 

Injection of alloxan into rats both with andwithout injuryto VMHN caused the blood sugar to rise after 
24 h to more than 500 mg %, and this was followed by the development of lasting diabetes. The water intake and 
diuresis increased and glucosuria developed. The body weight, which in the rats with injury to VMHN had in- 
creased by 40% by the time of injection of alloxan, began to decline after the development of diabetes, and 1.5 
months later it was indistinguishable from its initial value, and Le&s index was normal (confirming the absence 
of obesity). The IRI level fell sharply and was almost the same as that in rats with alloxan diabetes but with- 
out injury to VMHN. In the rats which did not receive alloxan after injury to VMHN, considerable obesity 
developed over the same period of time and the IRI level was increased threefold. The food intake by the ani- 
mals with damaged VMHN fell appreciably after their development of alloxan diabetes, but just as in the alloxan- 
diabetic animals with intact VMHN, it was greater than in the intact rats. 

Histological investigation confirmed the sharp decrease in the insulin-producing capacity of the pancrea- 
tic islets after injection of alloxan, for they consisted mainly of o~ cells. The few fl cells which remained con- 
tained only traces of dust-like aldehyde-fuchsin granularity or of a substance giving a metachromatic reaction 
with pseudoisecyanin (insulin). 

Hence, in rats developing hypethalamie obesity, injection of ailoxan, which damages fl cells and reduces 
insulin secretion, arrested the development of obesity and restored the normal body weight even though the 
food intake by the animals was in excess of normal. The results confirm the view that the most important 
mechanism in the development of hypothalamic obesity is increased secretion of insulin, caused by direct ac- 
tion on VMNH, which can be found as early as on the first day after the operation [I]. The results described 
above are in agreement with other published data indicating that the preceding development of alloxan [7] or 
streptozotocin diabetes' [I0] prevents the subsequent development of hypothalamic obesity after injury to VMHN. 

1480 



L I T E R A T U R E  C I T E D  

1. Ro S. Gol 'dberg ,  Yu. N. Kasatkin,  Ya. A. Laza r i s ,  et  al., Byull. l~ksp. Biol. Med., No. 6, 40 (1975). 
4 

2. Ya. M. Kabak and G~ Poze ,  Byull. Eksp.  Biol. Med., No. 8, 101 (1962). 
3. Ya. A. Laza r i s  and R. S. Gol 'dberg ,  Probl .  Endokrinol. ,  No. 2, 98 (1968). 
4. Ya. A. Laza r i s ,  R. S. Gol 'dberg ,  V. S. Klimov, et al. ,  Byull. ]~ksp: Biol. Med., No. 2, 29 (1975). 
5. L . L .  Be rna rd i s  and B. D. Pa t t e r son ,  J. Endocrinol . ,  40___, 527 (1964). 
6. R. Coalson, Stain Technol . ,  4_.11, 121 (1966). 
7. M~ I. F r iedman,  Am. J.  Phys io l . ,  222, 174 (1972). 
8. C . N .  Hales  and P. J .  Randle,  Biochem. J . ,  8__88, 137 (1963). 
9. J~ M. Mart in ,  W. Konijnendijk, and P.  R. Bouman, Diabetes ,  2.__33, 203 (1974). 

10. D . A .  York and G. A. Bray ,  Endocrinology, 90, 885 (1972). 

E F F E C T  O F  T H Y R O T O X I C O S I S  ON S K E L E T A L  

M U S C L E  P R O P R I O C E P T O R  A C T I V I T Y  

R .  S.  A r u t y u n y a n ,  G.  A .  G a i d i n a ,  
a n d  T .  G.  K a t a s o n o v a  
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The effect  of prolonged adminis t ra t ion  of thyroid  ho rmones  on the d i scharges  f rom musc le  spin- 
odles of the cat  soleus was invest igated.  In an imals  with thyro tox icos i s  the r e s p o n s e  of the p r i -  
m a r y  spindle endings to a constant ly act ing and to a sudden rapid  s t re tching inc reased  cons ide r -  
ably in both the dynamic and the stat ic phase. The d i scharge  frequency of the secondary  endings 
r ema ined  substant ial ly unchanged. It is postulated that the obse rved  changes in act ivi ty  of the 
p r i m a r y  endings a r e  connected with d is turbances  of me tabo l i sm in the musc le  and also with its 
a trophy.  
KEY WORDS: thyroid  hormones ;  musc le  r e c e p t o r s ;  motor  d is turbances .  

A mong the most  cha rac t e r i s t i c  symptoms  of  thyro toxicos is  a re  motor  d i s turbances ,  e x p r e s s e d  as mus -  
cular  weakness ,  rapid  fatigue, t r e m o r  of the l imbs  and trunk, etc. [6, 7]. 

In the ana lys i s  of these  motor  d i s turbances  the study of the s ta te  of r e cep to r  function of the musc les  is 
pa r t i cu la r ly  important ,  for af ferent  impulses  f rom the musc l e s  and joints play an impor tan t  ro le  in the p ro ce s s  
of movement  control .  

I t  was t he re fo re  decided to study the function of musc le  spindles in exper imenta l  thyro toxicos is .  

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

Discharges  f rom r e c e p t o r s  of the soleus musc le  were  studied in no rma l  cats  and in ca ts  r ece iv ing  thyroid  
ex t rac t  with the diet in accordance  with a specia l  scheme [3]. By the end of the second week of the expe r imen t  
the an imals  showed tachycard ia ,  a loss  of weight of 10-15~, and an inc rease  in the s e r u m  prote in-bound iodine 
concentra t ion f rom 4-5 to 18-20 /~g %. Under u re thane -ch lo ra lose  anes thes ia  (500 and 50 /~g/kg respec t ive ly)  
both l imbs  of the an imals  were  denervated  except the musc le  branch to the soleus musc le  on the t e s t  side.  Af-  
t e r  l aminec tomy the an te r io r  and pos te r io r  roo ts  were  divided f rom L~ to S~ inclusive.  Throughout the exper i -  
ment  the t e m p e r a t u r e  of the body and of the operat ion wound, which was flooded with mine ra l  oil, was  maintained 
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