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HORMONAL INTERACTION AND GLUCOSE HOMEOSTASIS THE CONTROL OF CARBOHYDRATE METABOLISM IN  THE LIVER 

M. CORNBLATH 

Nat iona l  I n s t i t u t e s  o f  Heal th,  Bethesda, MD., USA 

Throughout development,the endocr ine f a c t o r s  invo lved  i n  g lucose homeo- 
s t a s i s  va ry  i n  r e l a t i o n  t o  age and matu ra t ion .  The endocr ine-metabol ic  
m i l i e u  i n  u t e r o  changes d r a m a t i c a l l y  a t  b i r t h  and then g r a d u a l l y  
t h r o u g h G F i i E n c y  and chi ldhood.  The a v a i l a b l e  da ta  demonstrate a u n i -  
que response o f  t h e  developing i n f a n t  i n  r e g u l a t i n g  g lucose homeostasis 
i n  bo th  h e a l t h  and disease. Hormone values alone, do n o t  adequately 
e x p l a i n  the  v u l n e r a b i l i t y  o f  the  neonate o r  i n f a n t  t o  hypoglycemia. 
Add i t i ona l  s tud ies  i n v o l v i n g  recen t  advances i n  our  understanding o f  
hormone a c t i o n  through recep to r  s i t e s ,  feed-back mechanisms and enzyme 
r e g u l a t i o n  w i l l  be necessary t o  extend our  understanding o f  the bas ic  
mechanisms invo lved .  

I n  t h e  f e t u s ,  carbohydrate balance depends upon the  maternal  supply o f  
glucose, v i a  t h e  p lacen ta  and, as f a r  as i s  known, on f e t a l  p roduc t ion  
o f  i n s u l i n  and c o r t i s o l .  L i t t l e  data a re  a v a i l a b l e  concerning the  i n t e r -  
a c t i o n s  o r  e f f e c t s  o f  hypothalamic f a c t o r s  o r  o t h e r  hormones on f e t a l  
carbohydrate homeostasis. However, a lmost  immediate ly a f t e r  b i r t h ,  
s p e c i f i c ,  y e t  unique responses o f  m u l t i p l e  endocr ine sec re t ions  occur. 
The b lood  glucose values tend t o  be lower i n  t h e  neonatal  p e r i o d  than 
l a t e r  i n  t h e  presence o f  normal values f o r  c o r t i s o l ,  low, f o r  i n s u l i n ,  
and high,  f o r  glucagon, hGH, T4 and reverse T3. 

The v a r i e t y  o f  hypoglycemic syndromes i n  the  neonatal  and e a r l y  in fancy  
per iods  e l u c i d a t e  some unique aspects o f  hormonal s e c r e t i o n  and a c t i o n s .  
Hyper insul in ism, i n  u t e r o  whether t r a n s i e n t  as i n  t h e  i n f a n t  o f  the  
d i a b e t i c  mother, v p e e n t  due t o  mal format ion o f  i s l e t  c e l l  forma- 
t i o n  and f u n c t i o n ,  can produce a number o f  a f f e c t s  be fo re  and a f t e r  
b i r t h .  I n  t h e  p r imate  model i n s u l i n  a lone has been shown t o  induce 
macrosomia, ex t ramedu l la ry  hematopoiesis, l i pogenes is  and glycogen 
storage.  There are a l l  present  i n  the  i n f a n t  of the  d i a b e t i c  mother, 
b u t  r a p i d l y  d isappear over a s h o r t  p e r i o d  o f  t ime.  I n  a d d i t i o n ,  
increased i n s u l i n  recep to r  s i t e s  have been demonstrated on t h e  mono- 
cy tes  o f  co rd  b lood  o f  i n f a n t s  o f  d i a b e t i c  mothers. However, i n  t h e  
i n f a n t  born w i t h  an abnorma l i t y  o f  i s l e t  c e l l  f u n c t i o n  o r  format ion,  
e.g. nes ideob las tos is ,  the  profound hypoglycemia can be l i f e  th rea te -  
n i n g  even i n  t h e  presence o f  p i t u i t a r y  and adrenal hormonal responses. 
Some data would suggest t h a t  the  mal format ion invo lves  n o t  o n l y  t h e  
i n s u l i n  producing be ta  c e l l ,  b u t  t h e  alpha, d e l t a  and pancrea t i c  po ly -  
pep t ide  c e l l s  as w e l l  and thus a t o t a l  pa rac r ine  dys func t ion  occurs 
which i n t e r f e r e s  w i t h  g lucose homeostasis. P re l im inary  da ta  on i n f a n t s  
w i t h  p e r s i s t e n t  hyper insu l inemia  f rom b i r t h  and subsequently t r e a t e d  
e i t h e r  o p e r a t i v e l y  o r  w i t h  d iazox ide  suggest t h a t  increased i n s u l i n  
recep to r  s i t e s  may p e r s i s t .  Thus, the abnorma l i t y  noted i n  hyper- 
i n s u l i n i s m  may have f a r  reaching e f f e c t s  beyond those u s u a l l y  a t t r i b u -  
t e d  t o  i n s u l i n  a lone.  

The syndrome o f  congen i ta l  hypop i tu i  t a r i s m  i s  another example o f  unique 
endocrine-glucose i n t e r r e l a t i o n s h i p s  i n  t h e  neonatal  pe r iod .  Th is  syn- 
drome c l e a r l y  i n d i c a t e s  t h a t  the  absence o f  growth hormone and 
c o r t i s o l  may r e s u l t  i n  profound, even f a t a l ,  hypoglycemia i n  the  
f i r s t  hours a f t e r  b i r t h .  Yet, o t h e r  i n f a n t s  w i t h  the  same c o n d i t i o n  may 
ma in ta in  normoglycemia and l a t e r  develop, k e t o t i c  hypoglycemia between 
1 and 5 years o f  age. Hypothalamic f a c t o r s  have been found d e f i c i e n t  
i n  some o f  these p a t i e n t s  lead ing  t o  an inadequate feedback mechanism 
o f  carbohydrate homeostasis. 

K e t o t i c  hypoglycemia i s  the  most p reva len t  form o f  low b lood  glucose 
between 1 and 5 years o f  age. Some o f  these were i n f a n t s  who had been 
hypoglycemic i n  the  neonatal p e r i o d  as SGA babies, o r  because of  
panhypopi t u i t a r i s m  o r  i s o l a t e d  growth hormone de f i c iency ,  w h i l e  o thers  
had no previous evidence o f  carbohydrate i n t o l e r a n c e .  Fas t ing  ke tos is  
fo l l owed by hypoglycemia may r e f l e c t  inadequate normal feedback 
mechanisms which r e g u l a t e  hormones respons ib le  f o r  g l ycogeno lys is  
and gluconeogenesis. These abnormal responses disappear beyond age 
7 o r  8. Therea f te r  the  c h i  1 d begins t o  show normal hormonal -glucose 
r e l a t i o n s h i p s .  

Glucose homeostasis i s  t h e  r e s u l t  o f  complex i n t e r a c t i o n s  t h a t  change 
p ro found ly  throughout  development. T h e i r  complex nature r e q u i r e  the  
a p p l i c a t i o n  o f  r e c e n t l y  develop concepts t o  understand t h e  under l y ing  
mechanisms. 

H.G. HERS 

Labora to i re  de Chimie Physio logique,  U n i v e r s i t e  de Louvain, 
and I n t e r n a t i o n a l  I n s t i t u t e  o f  C e l l  u l a r  and Molecular  Pathology, 
Brussels,  Belgium 

Glucose occupies a unique p o s i t i o n  i n  in te rmed ia ry  metabolism f o r  two 
reasons: 
1. i t  i s  t h e  subs t ra te  o f  g l y c o l y s i s  which i s  t h e  o n l y  pathway t o  

produce ATP i n  anaerobic l i f e  
2. i t  i s  t h e  major  and u s u a l l y  t h e  unique subs t ra te  f o r  b r a i n  

metabolism. 

The second reason i s  by f a r  the  most impor tan t  i n  t h e  human body and 
one major  r o l e  o f  the  l i v e r  i s  t o  ma in ta in  a normal l e v e l  o f  glycaemia. 
The c o n t r o l  o f  t h e  l e v e l  o f  glycaemia by t h e  l i v e r  invo lves  the  storage 
o f  q lucose as s lvcosen and the  fo rmat ion  o f  qlucose from endogenous 

The c o n t r o l  o f  glycogen metabolism i n  t h e  l i v e r  

As exp la ined  i n  d e t a i l  i n  a recen t  review (Hers, Ann. Rev. Biochem., 
45, 167-189, 1976) the  r a t e  l i m i t i n g  steps o f  glycogen synthesis and 
Eeakdown i n  the  l i v e r  a re  ca ta lyzed  by glycogen synthase and glycogen 
phosphorylase. Each o f  these enzymes e x i s t  i n  two forms: one a c t i v e  

a),and t h e  o t h e r  one i n a c t i v e  ( b ) .  The a and b forms are in te rconver -  
LTble through phosphory la t ion  by-kinases-and dgphosphory lat ion by 
phosphatases. Glucose i s  r e a d i l y  d i f f u s a b l e  i n s i d e  o f  t h e  l i v e r  c e l l .  
It binds t o  phosphorylase a which can be considered as t h e  g lucose 
recep to r  o f  t h e  l i v e r .  Theg lucose  bound phosphorylase a i s  r a p i d l y  
converted t o  phosphorylase b by phosphorylase phosphatase. A f i r s t  
e f f e c t  o f  g lucose i s  t o  deckase  and e v e n t u a l l y  t o  a r r e s t  glycogen 
degradat ion i n  the  l i v e r .  Furthermore, phosphorylase a i s  a s t rong  
i n h i b i t o r  o f  synthase phosphatase, t h e  enzyme t h a t  a c t i v a t e s  glycogen 
synthase. Therefore,  t h e  disappearance o f  phosphorylase a as a r e s u l t  
o f  g lucose b i n d i n g  a l lows  the  a c t i v a t i o n  o f  glycogen synThase and the  
i n i t i a t i o n  of glycogen synthesis.  Various i o n i c  and hormonal e f f e c t s  
i n c l u d i n g  those o f  i n s u l i n  appear t o  be expla ined by a pr imary a c t i o n  
on the  i n a c t i v a t i o n  o f  phosphorylase. Glucagon causes g lycogeno lys is  
by t h e  in te rmed ia ry  o f  c y c l i c  AMP, a c t i v a t i o n  o f  p r o t e i n  k inase,  
phosphorylase k inase and phosphorylase. Each s tep  o f  t h i s  glycogeno- 
l y t i c  pathway has been observed i n  hepatocytes incubated i n  t h e  pre-  
sence o f  t h e  hormones. I n  con t ras t ,  catecholamines and o t h e r  agon is ts  
i n c l u d i n g  vasopressin and ang io tens in  s t i m u l a t e  g lycogeno lys is  by 
another mechanism, p o s s i b l y  i n v o l v i n g  a change i n  ca lc ium concentra-  
t i o n .  I n s u l i n  counteracts the  e f f e c t  o f  these g lycogeno ly t i c  agents 
by a c t i n g  a t  va r ious  steps o f  the  g lycogeno ly t i c  cascade. 

The c o n t r o l  _of gluconeogenesis and t h e  f _ u t i l e  cyc les  

F u t i l e  c y c l e  i s  a metabo l i c  in te rconvers ion  o f  which the n e t  balance 
i s  t h e  consumption o f  ATP. Three such cyc les  e x i s t  on the  pathway 
o f  g l y c o l y s i s  and gluconeogenesis (1) a t  the  l e v e l  o f  glucose/ 
g lucose 6-phosphate in te rconvers ion  ( 2 )  a t  the  l e v e l  o f  f r u c t o s e  
6 -phospha t~ / f ruc tose  diphosphate in te rconvers ion  ( 3 )  a t  the  l e v e l  o f  
pyruvate/phosphoenolpyruvate in te rconvers ion .  The bestknown mechanism 
by which glucagon s t imu la tes  gluconeogenesis i s  the  i n a c t i v a t i o n ,  
by phosphory lat ion,  o f  pyruvate k inase,  p reven t ing  f u t i l e  r e c y c l i n g  
between phosphoenolpyruvate and pyruvate.  The c o n t r o l  o f  the  r e c y c l i n g  
between f r u c t o s e  6-phosphate and f r u c t o s e  diphosphate i s  s t i l l  bad ly  
understood b u t  appears t o  be c o n t r o l l e d  by glucagon a lso .  Recycl ing 
between glucose and glucose 6-phosphate occurs con t inuous ly  and i s  
c o n t r o l l e d  o n l y  by t h e  concen t ra t ion  o f  subs t ra te :  i t  p lays  a major  
r o l e  i n  the  c o n t r o l  o f  glucose uptake and glucose ou tpu t  by t h e  l i v e r .  

THE TRANSPORT OF VITAMIN 0 

R. BOUILLON and H. VAN BAELEN 

Rega I n s t i t u t e ,  U n i v e r s i t y  o f  Leuven, 
Leuven, Be1 g i  um 

Vi tamin 0 and i t s  hydroxy la ted  metabo l i tes  are t ranspor ted  i n  the 
blood, bound t o  a t r a n s p o r t  p r o t e i n .  For t h i s  purpose, c a r t i l a g i n o u s  
f i s h  and amphibia use l i p o p r o t e i n s  b u t  bony f i s h ,  r e p t i l e s ,  b i r d s  
and mammals have a s p e c i f i c  v i tamin  D-binding p r o t e i n ,  c a l l e d  DBP. 
We have i s o l a t e d  DBP from t h e  serum o f  man, r a t  and ch ick  and compared 
t h e i r  c h a r a c t e r i s t i c s .  
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