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f NTRODUCTION 
D e s t r u c t i o n  o f  t he  ven t romed ia l  hypothalamic area (VMH) 

causes ex tens i ve  me tabo l i c  a l t e r a t i o n s  r e s u l t i n g  i n  o b e s i t y  
(5).  Besides a f f e c t i n g  l i p i d  metabolism e l e c t r o l y t i c a l  l e s i o n s  
o f  VMH i n  r a t s  a l s o  causes a l t e r a t i o n s  o f  g lucose and n i t r o g e n  
hand l i ng  l e a d i n g  t o  changes o f  corresponding plasma l e v e l s  (1, 

22). Among t h e  endocr ine changes observed hyper insu l i nemia  has 
been found t o  be t h e  most prominent one (8,13,26). S tud ies  o f  
t he  i n  s i t u  o r  i n  v i t r o  per fused pancreas i n v e s t i g a t e d  a f t e r  
VMH-lesions have demonstrated an enhanced maximal i n s u l i n  secre- 

t i o n  i n  t h e  presence o f  g lucose (4,18,28). Our exper iments were 
c a r r i e d  ou t  t o  i n v e s t i g a t e  a l t e r a t i o n s  o f  t h e  B - c e l l  s e n s i t i v i t y  
i n  t h e  e a r l y  phase a f t e r  VMH-lesions and t o  c l a r i f y  more i n  
d e t a i l  t h e  o r i g i n  o f  f r e q u e n t l y  observed hyper insu l i nemia  i n  the  
presence o f  normal plasma glucose l e v e l s  (17,22,26). To avo id  
any e f f e c t s  o f  hyperphagia t h e  exper iments were done i n  VMH- 

l e s i o n e d  r a t s  w i t h  food r e s t r i c t i o n  matching t h e  food i n t a k e  o f  
c o n t r o l  r a t s .  

METHODS 

Female Wis ta r  r a t s  (body weight :  194 2 2 g )  were used a f t e r  
an a d a p t a t i o n  p e r i o d  o f  2 weeks i n  i n d i v i d u a l  cages under con- 
s t a n t  c o n d i t i o n s  ( temperature 22OC, 12  h l i g h t - d a r k  c y c l e , r e l a -  
t i v e  h u m i d i t y  60 %). The animals  were fed  w i t h  standard l a b o r -  
a t o r y  chow ( F u t t e r m i t t e l w e r k  A l t g l i e n e c k e ,  GDR) and t h e  measured 
mean food i n t a k e  d u r i n g  t h i s  p e r i o d  (16 g per  an ima l  i n  24 h) 
was used f o r  food d i s t r i b u t i o n  a f t e r  t h e  VMH-lesions. 

l y t i c a l l y  (Anodal  DC 5 mA f o r  10-25 sec) i n  f e d  anaesthet ized 

B i l a t e r a l  s t e r e o t a x i c  l e s i o n s  o f  t h e  VMH were made e l e c t r o -  
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rat  by  u s i n g  t h e  f o l l o w i n g  c o o r d i n a t e s :  1.5 mm d o r s a l  t h e  bregma,  
0.5 m m  l a t e r a l  t h e  s u t u r a  s a g g i t a l i s ,  9 m m  d e e p  (30). The  s ize  
of  t h e  c o a g u l a t i o n  was l o c a t e d  a n d  m e a s u r e d  i n  30 um t h i c k  se-, 
r i a l  s e c t i o n s  a f t e r  s t a i n i n g  w i t h  g a l l o c y a n i n e .  Sham-opera t ed  
a n i m a l s  were t r e a t e d  i d e n t i c a l l y  e x c e p t  t h a t  t h e  e l e c t r o d e s  were 
not  l o w e r e d  i n t o  t h e  b r a i n .  The  o p e r a t i o n s  were d o n e  b e t w e e n  
8.30 a n d  10.30 a.m., t h e  b l o o d  was s a m p l e d  a t  8.00 a.m. i n t o  
h e p a r i n i z e d  c a p i l l a r i e s  and  t h e  p l a s m a  was u s e d  f o r  d e t e r m i n a -  
t i o n s  o f  g l u c o s e  ( B e c k m a n - A u t o a n a l y z e r ) ,  i n s u l i n  ( l o ) ,  t r i g l y -  
c e r i d e s  ( 6 )  and  u r e a  n i t r o g e n  (7) .  

/ 

F i g . 1  P h o t o m i c r o -  
g r a p h  o f  
f r o n t a l  sec- 
t i o n ,  showing  
a t y p i c a l  VMH- 
l e s i o n  ( x  1 0 ) .  

The m e t h o d s  f o r  pan- 
c reas  p e r f u s i o n  ( 3 )  # 

i s l e t ' s  p r e p a r a t i o n  
a n d  i n c u b a t i o n  ( 1 2 ) ,  
d e t e r m i n a t i o n  i n s u l i n  
c o n t e n t  (12 ) ,  g l u c o s e  
u t i l i z a t i o n  ( 1 5 ) , a n d  
carcass a n a l y s i s  (14) 
were p u b l i s h e d  e lse-  

where .  B r i e f l y ,  t h e  i n  v i t r o - e x p e r i m e n t s  were done  i n  Krebs -  
R i n g e r - b i c a r b o n a t e  b u f f e r  a f t e r  a n  a d a p t a t i o n  p e r i o d  o f  30 min 
i n  t h e  p r e s e n c e  o f  s u b s t i m u l a t o r y  g l u c o s e  c o n c e n t r a t i o n  a t  37OC. 
A f t e r  t h a t  t h e  b u f f e r  was s u p p l e m e n t e d  w i t h  t h e  s e c r e t a g o g u e s  a s  
i n d i c a t e d  i n  t h e  l e g e n d s  t o  t h e  f i g u r e s  a n d  t a b l e s .  When p a n c r e -  
a t i c  i s l e t s  were i n v e s t i g a t e d  t h e  t i s s u e  was u s e d  f o r  t h e  d e t e r -  
m i n a t i o n  o f  d r y  w e i g h t  ( 1 1 )  and  t h e  r e s u l t s  were e x p r e s s e d  p e r  

/ 

t - tes t .  

ug d r y  w e i g h t .  
The  s t a t i s t i c a l  a n a l y s i s  was c a r r i e d  o u t  by means o f  S t u d e n t s  

RESULTS AND DISCUSSION 

The  m o r p h o l o g i c a l  c o n t r o l  o f  t h e  VMH-lesions ( F i g . 1 )  r e s u l t e d  
i n  a f r o n t o - o c c i p i t a l  e x t e n s i o n  o f  600 A 65 um ( r i g h t )  and  540 t 
90 um ( l e f t )  i n  s u c c e s s f u l l y  t r e a t e d  a n i m a l s .  I n  a b o u t  20 :$ o f  
t h e  r a t s  s t r u c t u r e s  o t h e r  t h a n  or  i n  a d d i t i o n  t o  t h e  VMH were 

/ 
/ 
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l e s i o n e d  and these an ima ls  were d i sca rded  from t h e  study. 

Under c o n d i t i o n s  o f  an i d e n t i c a l  food i n t a k e  ( c o n t r o l s :  15.6 

9/24 h, VMH-lesioned: 16.0 9/24 h )  we observed w i t h i n  t h e  f i r s t  

6 days pos t  operat ionem no d i f f e r e n c e s  o f  we igh t  g a i n  o r  plasma 

g lucose c o n c e n t r a t i o n s  (F ig .  2), whereas t h e  p e r i p h e r a l  plasma 

i n s u l i n  l e v e l s  were enhanced a l r e a d y  2 days p.0. a t  a t i m e  o f  

decreased urea  and t r i g l y c e r i d e  l e v e l s  (F ig .  2) .  These parameters 

were found t o  be enhanced from t h e  4 t h  day onwards when compared 

w i t h  t h e  c o n t r o l s  (F ig .  2). 

PLASMA INSULIN - -  

O l J  I 2 J  , 1 4 1 

0 2 4 6 0 2 4 6 
TIME [ d l  TIME [dl 

Fig .  2 C l i n i c a l  c h a r a c t e r i z a t i o n  o f  c o n t r o l  ( o w ,  n = 8 )  and 
l e s i o n e d  ( o w ,  n = 9)  r a t s  i n  t h e  e a r l y  phase a f t e r  
e l e c t r o l y t i c a l  d e s t r u c t i o n  ( & )  o f  VMH. 
n P <  0.05, nn P c  0.01 i n  comparison t o  c o n t r o l s .  

These o b s e r v a t i o n s  c o n f i r m  and ex tend r e s u l t s  r e p o r t e d  i n  
o t h e r  l a b o r a t o r i e s ,  demonst ra t ing  an enhanced plasma i n s u l i n  

l e v e l  w i t h i n  24 h a f t e r  VMH-lesions (9,23) an i nc reased  t r i g l y c e -  

r i d e  and urea  l e v e l  measured 48 h o r  l a t e r  p o s t o p e r a t i v e l y  (17, 
22). Tak ing  ou r  feed ing  schedule i n  c o n s i d e r a t i o n  i t  was n o t  

s u r p r i s i n g  t o  observe a decrease o f  plasma t r i g l y c e r i d e s  and urea  
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c r e a t i c  I s l e t s  
48 h post  ope- 
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Fig.  4 

I n s u l i n  secre- 
t i o n  by per- 
fused pancrea- 
ses from con- 
t r o l  (-, 
n = 15 )  and 
48 h VMH-le- 
s ioned (M, 
n = 4)  r a t s .  
The glucose- 
induced hormone 
re lease  i s  
s i g n i f i c a n t l y  
enhanced (P< 
0.01) i n  t h e  
VMH- exper i -  
ments a t  2, 15, 
20, 30, 40, 45 
m i n .  

Fig. 5 
Glucose-dose- 
response curve 
o f  i n s u l i n  
s e c r e t i o n  by 
p a n c r e a t i c  
i s l e t s ,  i s o l a -  
t e d  from con- 
t r o l  (-) o r  
l e s i o n e d  ( -0)  
r a t s  ( incuba- 
t i o n  t ime: 60 
min). 
n P <  0.05, 
nn P 4 0 . 0 1  i n  
comparison t o  
c o n t r o l s .  
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r a t e  ( F i g .  5) .  In t h e  p r e s e n c e  o f  a t r o p i n e  t h e  g l u c o s e - i n d u c e d  
i n s u l i n  s e c r e t i o n  i s  i n h i b i t e d  ( T a b l e  2 ) .  The  l e s i o n  o f  t h e  VMH- 
area i s  a l s o  c o n n e c t e d  w i t h  an e n h a n c e d  s e c r e t o r y  r e s p o n s e  t o ,  
t h e o p h y l l i n e  ( T a b l e  2 )  b u t  n o t  w i t h  t h a t  o f  g l y c e r a l d e h y d e  
( T a b l e  2) .  

T a b l e  2: E f f e c t s  of m o d i f i e r s  o f  i n s u l i n  s e c r e t i o n  ( n g  i n s u l i n  
i n  60 min/ ug d . ~ . )  c a l c u l a t e d  a s  d i f f e r e n c e  t o  t h e  
c o r r e s p o n d h g  g l u c o s e  c o n c e n t r a t i o n  in v i t r o  by  means 
o f  i s o l a t e d  p a n c r e a t i c  i s l e t s .  

F u r t h e r m o r e  w e  f a i l e d  t o  o b s e r v e  a n y  d i f f e r e n c e  o f  g l u c o s e  u t i -  
l i z a t i o n  i n  i s l e t s  i s o l a t e d  from VMH-lesioned r a t s  when compa- 
r e d  w i t h  i s le ts  from n o n o p e r a t e d  a n i m a l s  ( F i g .  6) .  

F ig .  6 
Glucose uti l ization G l u c o s e  u t i l i z a t i o n  o f  

p a n c r e a t i c  i s le t s  f r cm 
u n t r e a t e d  (0-0, n = 12) 
o r  l e s i o n e d  (o-., n = 9 )  
ra t s  w i t h i n  a n  i n c u b a t i o n  
p e r i o d  o f  60 min. 

T h e  r e s u l t s  o b t a i n e d  de-  
m o n s t r a t e d  a t  f i r s t  a n  en-  
hanced  i n s u l i n  s e c r e t i o n  
a t  g l u c o s e  c o n c e n t r a t i o n  
more o r  l e s s  i d e n t i c a l  t o  
t h o s e  found  p o s t p r a n d i a l  i n  
VMH-lesioned r a t s .  The en- 
l a r g e d  s e c r e t o r y  r e s p o n s e  
a l r e a d y  c o u l d  be  o b s e r v e d  

pmol'N3 
dry weight 
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s t r i c t e d  f o o d  i n t a k e  and  
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by u s i n g  d e n e r v a t e d  i n  v i t r o  p r e p a r a t i o n s .  E a r l i e r  r e p o r t s  had  
a l r e a d y  d e s c r i b e d  a n  i n c r e a s e d  g l u c o s e - i n d u c e d  i n s u l i n  o u t p u t  
i n  i s o l a t e d  s y s t e m s ,  p r e p a r e d  7 o r  more d a y s  a f t e r  t h e  l e s i o n s  
(4,18,28). Our r e s u l t s  a l s o  d e m o n s t r a t e d  t h a t  t h e  e n h a n c e d  se- 
c r e t o r y  r e s p o n s e  i s  n o t  s p e c i f i c  f o r  g l u c o s e  a s  a s t i m u l u s  s i n c e  
t h e  e f f e c t  o f  t h e o p h y l l i n e  was a l s o  e n h a n c e d  i n  i s l e t s  o b t a i n e d  
from l e s i o n e d  r a t s .  The i n c r e a s e d  s e n s i t i v i t y  o f  i s l e t s  from 
VMH-lesioned r a t s  t o  s e c r e t a g o g u e s  i s  n e i t h e r  c o n n e c t e d  w i t h  a 
m o d i f i e d  i n s u l i n  c o n t e n t  o r  g l u c o s e  u t i l i z a t i o n  o f  p a n c r e a t i c  
i s l e t s ,  n o r  f o u n d  i n  t h e  p r e s e n c e  o f  g l y c e r a l d e h y d e .  Such  a n  
i n c r e a s e  o f  t h e  6-cel l  s e n s i t i v i t y  t o  g l u c o s e  may w e l l  e x p l a i n  
t h e  o b s e r v e d  e n h a n c e d  p e r i p h e r a l  p l a sma  i n s u l i n  l e v e l s  i n  VMH- 
l e s i o n e d  r a t s  w i t h  a g l y c e m i a  o f  a b o u t  7.5 mmol/l ( F i g . 2 ,  F i g . 5 ) .  

The o b s e r v a t i o n  t h a t  t h e  d e v e l o p m e n t  o f  h y p e r i n s u l i n e m i a  d u e  
t o  VMH-lesion c o u l d  be  a b o l i s h e d  by a s u p e r i m p o s e d  v a g o t o m i e  (2 ,  

1 9 , 2 7 ) ,  s u p p o r t e d  t h e  c o n c e p t  t h a t  t h e  VPIH-a l t e ra t ion  o f  pan- 
c r e a t i c  B-cells i s  v a g a l l y  m e d i a t e d .  It i s  w e l l  e s t a b l i s h e d  t h a t  
t h e  s t i m u l a t i o n  o f  t h e  v a g u s  n e r v e  (20) o r  t h e  a p p l i c a t i o n  o f  
c h o l i n e r g i c  t r a n s m i t t e r s  ( 2 1 , 2 4 , 2 5 )  i n c r e a s e s  i n s u l i n  s e c r e t i o n  
i n  t h e  p r e s e n c e  o f  g l u c o s e  c o n c e n t r a t i o n s  near t o  t h e  s t i m u l u s -  
s e c r e t i o n  t h r e s h o l d .  The s imilar i t ies  o f  t h e  B-cell s e c r e t i o n  
d u e  t o  VMH-lesions and  i n  r e s p o n s e  t o  c h o l i n e r g i c  d r u g s  l e t  u s  
p r o p o s e  a l t e r a t i o n s  o f  t h e  i s l e t ' s  t r a n s m i t t e r  s y s t e m s  i n  t h e  
o p e r a t e d  a n i m a l s .  It i s ,  h o w e v e r ,  r e m a r k a b l e  t h a t  t h e  i n  v i t r o -  
s y s t e m s  u s e d  m a i n t a i n  t h e i r  memory f o r  a t  least  150 min. The  
g l u c o s e  s t i m u l a t e d  i n s u l i n  release is o n l y  p a r t l y  i n h i b i t e d  by 
a t r o p i n e  ( 2 9 ,  T a b l e  2)  i n  i s l e t s  from u n t r e a t e d  a n i m a l s ,  w h e r e a s  
t h e  e n h a n c e d  s e c r e t o r y  r a t e  o f  t h e  t r e a t e d  t i s s u e  i s  c o m p l e t e l y  
s e n s i t i v e  t o  a t r o p i n e .  T h i s  o b s e r v a t i o n  a n d  t h a t  o f  a similar 
g l u c o s e - u t i l i z a t i o n  i n  b o t h  t y p e s  o f  i s le ts ,  t h e  m i s s e d  e f f e c t  
o f  g l y c e r a l d e h y d e ,  wh ich  i s  b e l i e v e d  t o  m e d i a t e d  i t  s e c r e t o r y  
e f f e c t  v i a  g l y c o l y s i s  (16), c a n  be  t a k e n  a s  p i e c e s  o f  e v i d e n c e  
t h a t  g l u c o s e  may a l s o  m o d i f y  t h e  B-cell s e c r e t i o n  v i a  a r egu-  
l a t i o n  o f  n e r v a l  s t r u c t u r e s .  
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