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The Role of the A u t o n o m i c  Nervous  S y s t e m  in the Control  of G lucagon  Release  Dur ing  
Insu l in  H y p o g l y c a e m i a  in the  Calf 

Resul t s  of m u c h  recen t  work  i nd i ca t e  t h a t  t he  au to -  
nomic  ne rvous  s y s t e m  is i m p l i c a t e d  in t he  release of 
g lucagon f rom the  pancreas .  His to log ica l  s tud ies  h a v e  
shown  t h a t  a u t o n o n o m i c  n e r v e  t e r m i n a l s  m a y  be  found  
in close p r o x i m i t y  to  g-cells in  p a n c r e a t i c  islets ~-a a n d  
t h a t  morpho log ica l  changes  occur  in  these  cells in  re- 
sponse  to  ne rve  s t i m u l a t i o n  ~, ~. S t i m u l a t i o n  of t he  ven t ro -  
med ia l  h y p o t h a l a m u s  causes  a r ap id  rise in  p l a s m a  
g lucagon  c o n c e n t r a t i o n  in ad r ena l ec t om i zed  ra t s  ~ and  
e l e v a t e d  p l a s m a  g lucagon  va lues  h a v e  also been  obse rved  
in m o n k e y s  d u r i n g  stress  5. The  e x p e r i m e n t s  descr ibed 
here  were dev ised  to  d e t e r m i n e  w h e t h e r  or no t  t he  au to-  
nomic  s y s t e m  is i m p l i c a t e d  in t he  release of g lucagon 

w h i c h  occurs  in  response  to  m o d e r a t e  insu l in  hypo-  
g lycaemia  in t he  conscious calf, s ince s t i m u l a t i o n  of e i the r  
t h e  p e r i p h e r a l  ends  of t he  vagi,  or of b o t h  sp l anchn ic  
nerves ,  p roduces  a r ap id  rise in  p l a s m a  g lucagon  concen-  
t r a t i o n  in th i s  species (S. R. BLOOM, A. V. EDWARDS a n d  
N. J.  A VAUG~tAN, u n p u b l i s h e d  o b s e r v a t i o n s )  

Pedigree  J e r sey  calves  (25-35 kg b o d y  weight )  were 
t e s t ed  w i t h  insu l in  (0.1 uni t s /kg)  20-40 days  a f t e r  b i r th .  
Samples  of j ugu la r  b l o o d  were col lected a t  i n t e rva l s  for 
glucose a n d  g lucagon  e s t i m a t i ons  before  and  a f te r  i.v. 
i n j ec t ion  of i n su l in .  Resu l t s  h a v e  been  expressed  as t he  
change  f rom the  va lues  a t  t i m e  = 0 to  p r ov i de  d i rec t  
compar i son  b e t w e e n  groups.  P l a s m a  glucagon was 
m e a s u r e d  b y  r a d i o i m m u n o a s s a y  accord ing  to the  pr inc ip les  
of ALBANO, EKINS, MARITZ and  TURNER 6 and  glucose 
w i t h  glucose oxidase.  

Ne i the r  t he  fall  in  p l a s m a  glucose c o n c e n t r a t i o n  nor  
the  rise in  p l a s m a  glucagon,  which  occur red  in response  to 
th i s  smal l  dose of insulin,  was s ign i f i can t ly  d i f fe ren t  f rom 
n o r m a l  in  calves in  wh ich  b o t h  sp l anchn ic  ne rves  h a d  been  

cu t  u n d e r  s ter i le  cond i t ions  3 days  p rev ious ly  (Figure  1). 
I n  con t ras t ,  p r e t r e a t m e n t  w i t h  a t rop ine  (0.2 m g / k g  b o d y  
weight )  e n h a n c e d  t he  h y p o g l y c a e m i c  response  to insu l in  
in  calves w i t h  cu t  sp l anchn ic  nerves .  F u r t h e r m o r e ,  t h e  
rise in m e a n  p l a s m a  glucagou c o n c e n t r a t i o n  was signifi-  
c a n t l y  de layed  in these  an ima l s  and  t h a t  wh ich  occur red  
e v e n t u a l l y  was s u b s t a n t i a l l y  less t h a n  in t he  con t ro l  
group even  t h o u g h  h y p o g l y c a e m i a  was s ign i f i can t ly  
more  severe. Thus ,  60 m i n  a f te r  a d m i n i s t r a t i o n  of insulin,  
m e a n  p l a s m a  glucose c o n c e n t r a t i o n  h a d  fal ien b y  83.5 • 
5.5 mg/100 ml  a n d  p l a s m a  g lucagon  c o n c e n t r a t i o n  h a d  
r i sen  b y  97 :k 19 p g / m l  in a t r o p i n e - t r e a t e d  calves  w i t h  cu t  
sp l anchn ic  nerves ,  whereas  t h e  con t ro l  va lues  were 
53 • 2.5 m g  glucose/100 ml  and  216 ~ 61 pg g lucagon /ml  
respec t ive ly  (Figure 2). 

The  f ind ing  t h a t  t he  to le rance  to insu l in  was no t  a f fec ted  
b y  sec t ion  of t h e  sp l anchn ic  ne rves  was u n e x p e c t e d  in 
v iew of t he  k n o w n  sens i t i v i t y  of t he  hepa t i c  glycogeno-  
lyr ic  m e c h a n i s m  to s t i m u l a t i o n  v ia  t he  s y m p a t h e t i c  
inne rva t ion~ ,  s. P r e s u m a b l y  t he  s y m p a t h e t i c  s y s t e m  is 
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Fig. 1. Comparison of the changes in mean 
plasma glucagon (a) and glucose concen- 
trations (b) in response to intravenous 
insulin (0.1 units/kg) at time = 0, in nor- 
mal calves (�9 n = 4) and calves with cut 
splanchnie nerves (S, n = 4). Vertical 
bars: S.E. of each mean value. 
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Fig. 2. Comparison of the changes in mean plasma 
glueagon (a) and glucose concentrations (b) in re- 
sponse to i.v. insulin (0.1 units/kg) at time = 0, in 
normal calves (O, n = 4) and calves with cut splan- 
chnic nerves which were pretreated with atropine 
(0.2 mg/kg) (0, n = 4). Vertical bars: S.E. of each 
mean value. 

re la t ively  insensi t ive  to changes  in p lasma glucose con- 
cent ra t ion .  These results  do, however ,  suppor t  the  con- 
t en t ion  t h a t  a cholinergic mechan i sm is impl ica ted  in the  
release of glucagon which normal ly  occurs in response to 
hypoglycaemia .  

Zusammen/assung. Der durch  Insul in  herbeigeff ihr te  
hypoglyk~tmische Ef fek t  wurde  in K~lbern  mi t  durch-  

9 This work was supported by grants from the Agricultural Research 
Council, the Smith, Kline & FrenCh Foundation, and the British 
Diabetic Association. 

t r e n n t e m  Nervous  sp lanchnicus  durch  At rop in  verst~irkt, 
wobei  sich der  Anst ieg  des P lasma-Glukagonwer tes  ver- 
z6gerte und  reduzier te ,  l?;s wird  ein chol inergischer  Me- 
chanismus  der Glukagonsekre t ion  w~ihrend der  H y p o -  
glyk/tmie ve rmute t .  
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Changes in Body Temperature Produced by Injecting Prostaglandin E 1, EGTA and Bacterial 
Endotoxins  into the P O ] A H  Region and the Medulla Oblongata of the Rat I 

Heat ing  and  cooling of the  medul la  ob longa ta  produces  
changes  in body  t e m p e r a t u r e  2, 3 and  behavior  a s imilar  to 
those  p roduced  by  al ter ing the  t e m p e r a t u r e  of the  pre- 
op t ic /an te r ior  h y p o t h a l a m i c  (PO/AH) t e m p e r a t u r e  contro l  
region. These paral lel  effects of t he rma l  s t imula t ion  of the  
2 regions and the  f inding t h a t  the  inf luence of medul la ry  
the rmorespons iveness  does no t  depend  upon med ia t ion  
by  the  PO/A H region s suggest  t h a t  the  medul la  conta ins  
a separa te  Secondary the rmosens i t ive  mechan i sm for 
body  t e m p e r a t u r e  control .  I t  is of in te res t  to know if the  
2 bra in  regions also respond  in paral lel  fashion to  cer ta in  
chemical  subs tances  known to influence thermoregula t ion .  
Therefore,  we compared  changes  in recta l  t e m p e r a t u r e  
(Tr) p roduced  by  in jec t ing  p ros tag land in  E t  (PGE1), 
which is p re sumed  to act  as a med ia to r  in thermoregula -  

t ion  4, 5, in to  the  P O / A H  region and  medulla.  E G T A  and 
bacter ia l  endotoxins ,  compounds  which  have  been shown 
to  cause h y p e r t h e r m i a  af ter  cent ra l  or per iphera l  admin-  
is trat ion,  were also injected.  
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