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Hyperphagia  and obesi ty  a r i se  in r a t s  not only af ter  e lec t ro ly t ic  injury to the ven t romedia l  
hypothalamic nuclei but also af ter  c i r cumfe ren t i a l  opera t ive  isolation of this region with-  
out damage to it. The development  of obesi ty  is accompanied by an inc rease  in s ize of the 
pancrea t ic  is le ts  and elevat ion of the blood Insulin leve l .  
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Hyperphagia  and obesi ty  have been obtained in ra ts  af ter  injury to the ven t romed ia l  hypothalamus 
[11]. In r ecen t  yea r s  a s i m i l a r  ef fec t  has been observed  af ter  division of the nervous  connections a n t e r i o r -  
ly, pos te r io r ly ,  and l a te ra l ly  to the ven t romedia l  nuclei without the i r  des t ruc t ion  [4, 12, 14, 16, 17]. Ad- 
ditional injury to these nuclei did not a l t e r  the degree  of hyperphagia  and obes i ty  [4]. Destruct ion of the 
l a t e r a l  region led to t e m p o r a r y  aphagia.  The suggestion has been made that  blocking the function of the 
ven t romed ia l  nuclei l ibe ra tes  the food cen te r  f rom inhibitory influences [5]. Meanwhile, in some animals ,  
a f te r  des t ruc t ion  of the ven t romedia l  hypothalamus,  not only hyperphagia  and obesi ty  were  seen  to develop, 
but also diabetes  [2, 6, 10]. However ,  the state of the pancrea t ic  is le ts  a f ter  this operat ion has  rece ived  
little s tudy [1, 2, 7, 13], and it has  not been studied at all a f te r  isolation of the ven t romedia l  nuclei .  

The object  of the p r e s en t  investigation was to study the dynamics  of development  of hyperphagia  and 
obesi ty  induced by des t ruct ion of the nervous  connections of the ven t romedia l  hypothalamus and by e l e c t r o -  
lyric damage to this region,  and to examine the s tate  of the pancrea t ic  is le ts  during the development  of 
obes i ty .  
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Fig.  1. D iagram of knife for  dividing 
nervous  connection of the v e n t r o m e d i -  
al hypothaiamus .  

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

Expe r imen t s  were  c a r r i e d  out on 30 female  albino" ra t s  
weighing 190-240 g, of which 19 animals  took pa r t  in the main 
s e r i e s  of expe r imen t s .  The control  cons is ted  of 5 r a t s  unde r -  
going a mock  operat ion and 6 an imals  in which the v e n t r o -  
media l  hypothalamic nuclei  were  des t royed  e lec t ro ly t i ca l ly .  
The nervous  connections of these nuclei were  divided in a 
s te reo tax ic  apparatus  by means  of a spec ia l  knife [14] made 
of thin s tee l  wire  (Fig. 1). The axis of rotat ion of the knife, 
designed in considera t ion of the posit ion of the b r e g m a  acco rd -  
ing to the atlas [8], lay  in the plane X-5.8 .  During rotat ion of 
the blade through 360~ all nervous  connections were  divided 
along the c i r cumfe rence  of a c i r c l e  3 m m  in d iamete r ,  s u r -  
rounding the two vent romedia l  nuclei .  In the mock operat ion,  
the knife was inse r ted  into the bra in  in the same position but 
was not ro ta ted .  B i la te ra l  e lec t ro ly t ic  dest ruct ion of these 
s ame  nuclei was produced by the action of a d i rec t  cu r r en t  of 
2 mA for  15 sec [2]. 
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Fig.  2. Changes in body weight of r a t s  
a f te r  divis ion of nervous  connections 
of ven t romed ia l  hypothalamus (1), e l e c -  
t ro ly t ic  des t ruc t ion  of ven t romed ia l  
nuclei  (2), and the mock  operat ion (3). 
Absc i s sa ,  days of invest igat ion;  ord in-  
ate,  weight  (in g). 

After  the operat ion,  the expe r imen ta l  and control  an imals  
were  kept  in s epa ra t e  cages  and given food and wa te r  ad lib. 
The r a t s  were  r egu la r ly  weighed, the blood suga r  de te rmined  
by  the H a g e d o r n - J e n s e n  method,  and suga r  in the ur ine by 
Benedic t ' s  method.  The panc reas  and bra in  were  fixed in 
Bouin 's  fluid and embedded in paraff in  wax. Sect ions through 
the gland to study the insulin content  in the B-ce l l s  of the 
is le ts  were  s ta ined with a ldehyde-fuchsin  and pseudoisocyanin  
[3, 15]. Ser ia l  bra in  sec t ions  10-12 # in th ickness  were  
s ta ined with azure  II and examined  under  the m i c r o s c o p e .  
P a r a l l e l  unstained sect ions  were  photographed with the a i d  o f  
a photographic e n l a r g e r  to ve r i fy  the si te of injury of the 
nuclei  and the comple t eness  of division of the i r  connect ions.  
In some animals  the p l a s m a  insulin concentra t ion  was e s t i -  
mated  by a r ad io immunochemica l  method [9]. 

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

After  the mock  operat ion no visible change took place 
in the an ima l ' s  condition. Of the 19 ra t s ,  3 died during the 

l s t - 3 r d  days a f te r  c i r c u m f e r e n t i a l  divis ion of the nervous  connections of the ven t romed ia l  hypotha lamus .  
Seven of the 16 surviv ing  r a t s ,  as well  as all  6 an imals  with injured ven t romed ia l  nuclei ,  devoured the i r  
food g reed i ly  and ate much more  of it than the r a t s  af ter  the mock  operat ion.  The weight of these seven 
ra t s  rose  in 1 week f rom 205 • 7.4 to 259 • 6.6 g and it continued to inc rease  rapidly  for  a fu r the r  30-40 
days (the dynamic phase of obesity),  a f te r  which it i nc reased  more  slowly and became  s i m i l a r  to the 
weight of the control  an imals  (static phase) .  S imi l a r  changes took place in the weight  of the r a t s  with 
e lec t ro ly t i c  in jury to the ven t romed ia l  nuclei  (Fig. 2). The mean blood suga r  of the r a t s  a f t e r  division of 
the nervous  connections of the hypothalamus,  as in the other  an imals ,  was within no rma l  l imi t s  (109 • 4.2 
mg~) ;  no sugar  was found in the ur ine .  

Examina t ion  of the bra in  sec t ions  showed that  in all  c a se s  in which the r a t s  developed hyperphagia  
and obesi ty ,  division of the nervous  connect ions of the ven t romedia l  nuclei was sufficiently comple te  (Fig. 
3a) or the nuclei  t h e m s e l v e s  were  des t royed  by the cu r r en t  (Fig. 3b). 

The panc rea s  of the seven  obese r a t s  of the pr inc ipa l  s e r i e s ,  like that in the r a t s  with e lec t ro ly t i c  
des t ruc t ion  of the ven t romed ia l  hypothalamus ,  had the usual  s t ruc tu re .  The dimensions  of the is le ts  were  
sl ightly inc reased .  The B-ce l l s  obtained the usual number  of a ldehyde-fuchsin  g ranules .  On staining with 
pseudoisocyanin  the granules  luminesced  a br ight  orange color ,  fu r the r  evidence of the high insulin con-  
cent ra t ion  in them.  The concentra t ion  of immunoreac t ive  insulin in the p lasma ,  studied in 4 of the 7 r a t s  
which developed obes i ty  a f t e r  isolation of the ven t romedia l  nuclei,  was inc reased  in all  c a s e s .  

The w r i t e r s  obse rved  prev ious ly  [2] signs of exhaust ion of the insulinogenic function of the B-ce l l s  
( their  complete  degranulation) in the panc rea s  of ra t s  with diabetes  a r i s ing  as a r e su l t  of des t ruc t ion  of 
the ven t romed ia l  hypothalamic  nuclei ,  even in animals  without diabetes  but during prolonged "hypo-  
tha lamic"  obesi ty ,  and the glucose to le rance  of these animals  was lowered.  Meanwhile, manyobese  r a t s  

Fig.  3. Section through hypothalamus of r a t  a f te r  division (line of 
division shown by  a r rows)  of nervous connections of ven t romed ia l  
hypothalamus (a) and a f te r  e lec t ro ly t i c  des t ruct ion of ven t romedia l  
nucle i  (b). 
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showed evidence of increased activity of the islets (an increase in their size, the presence of intermediate 
B-cells). Taken in conjunction with the results of the present investigation, this very strongly suggests 
that "hypothalamic" obesity is the result  of pr imary stimulation of the pancreatic B-cells, whereas the ac- 
companying disturbance of carbohydrate metabolism is the result of exhaustion of their insulinogenic func- 
tion. The development of "hypothalamic" obesity can take place not only during destruction of the hypo- 
thalamic ventro-medial nuclei, but also after division of the nervous connections of this region while main- 
taining the integrity of the nuclei. 

2. 
3. 
4. 
5. 
6. 
7 ! 
8. 
9. 

10. 

I I .  
12. 
13. 
14. 
15. 
16. 
17. 

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

Ya. M. Kabak and G. Poze, Byull. ]~ksperim. Biol. i Med., No. 8, 101 (I962). 
Ya. A. Lazaris and R. S. Gol'berg,ByuU. ]~ksperim. Biol. i Med., No. 6, 25 (1971). 
L. I. Falin, Arkh. Anat., No. 8, 117 (1964). 
D. J.  Albert, L. H. Storlien, J .  G. Albert, et al., Physiol. Behavior, 7, 135 (1971). 
B. Anand and J .  Brobeck, Yale J .  Biol. Med., 2__44, 123 (1951). 
J .  Brobeck, J. Tepperman, and C. Long, Am. J.  Physiol., 147, 708 (1946). 
W. Gepts, Ann. Endocrinol. (Paris), 2_~4, 140 (1963). 
J .  de Groot, J. Comp. Neurol., 113, 389 (1959). 
C. N. Hales and R. L. Randle, J .  Biochem. (Tokyo), 8__88, 137 (1963). 
F. H. Hausberger, C. L. Broadhead, and B. C. Hausberger, Acta Endocrinol. (Copenhagen), 45, 600 
(1964). 
A. W. Heterington and S. W. Ranson, Anat. Rec., 788, 149 (1940). 
G. Jansen and C. Hutchinson, Am. J .  Physiol., 217, 487 (1969). 
G. Kennedy and R. Parker,  Lancet, 2, 981 (1963). 
Y. Palke, R. A, Liebelt, and V. Critchlow, Physiol. Behavior, 7, 187 (1971). 
T. Schiebler and S. Scheissler, Histochemie, 1, 445 (1959). 
A. Sclafani and S. P. Grossman, Physiol. Behavior, 4, 533 (1969). 
L. H. Storlien and D. J, Albert, Physiol. Behavior, 9, 191 (1972). 

124 


