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m j-  emu cApcLxmeiits tjun tc tm ea in  c n is  worK w ere d es ig n ed

and c a r r i e d  o u t by th e  a u th o r  w ith  th e  a d v ic e  and g u id a n ce  o f th e  

a u t h o r 's  s u p e r v i s o r ,  Dr E va K o h n er. A l l  w ere  a p p ro v e d  by th e  

E th ic a l  Committee o f  th e  R oyal P o s tg ra d u a te  M edica l S chool and 

Hammersmith H o s p i ta l .

T here h av e  been 4 main a re a s  o f  c o l l a b o r a t io n  : -  

In  th e  fo l lo w -u p  s tu d y  o f  p a t i e n t s  w ith  p r o l i f e r a t i v e  r e t in o p a th y  

t r e a t e d  by ^Oy p i t u i t a r y  a b l a t i o n ,  d a ta  were c o l l e c t e d  w ith  h e lp  

from  Dr T .J .F a llo n . The a u th o r  was r e s p o n s ib le  fo r  th e  a n a l y s i s  

o f  th e  m ed ica l d e t a i l s ,  and Dr F a l lo n  fo r  th e  o p h th a lm o lo g ic a l  

d a t a ,  a l th o u g h  t h e r e  was d i s c u s s i o n  and  c o n s u l t a t i o n  on b o th  

s i d e s  th ro u g h o u t.

The e x p e r im e n ts  e x a m in in g  t h e - e f f e c t  o f  i n s u l i n  an d  g l u c o s e  on 

p i t u i t a r y  c e l l s  in  c u l t u r e  w ere perform ed  a t  th e  s u g g e s tio n  o f  

t h e  a u t h o r .  The work was c a r r i e d  o u t  in  c o l l a b o r a t i o n  w i th  Dr 

E.Adams, and r e s u l t in g  horm onal a s s a y s  c a r r ie d  o u t by th e  a u th o r .  

E x p e r im e n ts  e x a m in in g  g l u c o s e  t r a n s p o r t  a c ro ss  th e  b lo o d  b r a in  

b a r r i e r  were ag a in  c a r r i e d  o u t a t  th e  i n s t i g a t i o n  o f  th e  a u th o r .  

The w ork was p e r fo rm e d  in  c o l l a b o r a t i o n  w ith  t h e  s t a f f  o f  t h e  

M ed ica l R esearch  C o u n c il C y c lo tro n  U n it a t  The R oyal P o s tg ra d u a te  

M e d ic a l  S c h o o l ,  and  in  p a r t i c u l a r  w ith  Dr D .J .B ro o k s  who 

d e v e lo p e d  th e  m e th o d o lo g y . T he a u t h o r 's  c o n t r i b u t i o n  w as t o  

d e s ig n  th e  s tu d y , and to  m a in ta in  c o n d itio n s  o f  c o n s ta n t  p la sm a  

g lu c o s e  and in s u l i n  d u r in g  s c a n s .

The s e c t i o n  i n v o l v i n g  h ig h  p r e s s u r e  l i q u i d  c h ro m a to g ra p h y  w as 

perform ed  in  th e  la b o ra to r y  o f  P ro fe s s o r  S.R.Bloom. A l l  work was 

perfo rm ed  by th e  a u th o r ,  u nder th e  w a tch fu l eye o f  Mr Ying L i .  

F i n a l l y ,  a l l  a ssa y s  fo r  g row th  hormone and i n s u l i n - l i k e  g row th  

f a c t o r - I  were c a r r i e d  o u t by th e  a u th o r .
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SUMMARY

The a im  o f  t h i s  w ork was t o  d i s c o v e r  p o s s i b l e  c a u s e s  o f  g ro w th  

hormone (GH) h y p e rs e c re t io n  in  d ia b e t i c  s u b je c t s ,  and to  examine 

th e  p o s s i b i l i t y  t h a t  t h e  GH so  p ro d u c e d  i s  r e l e v a n t  t o  t h e  

developm en t o f  d ia b e t ic  m ic ro v a s c u la r  d is e a s e .

To r e a s s e s s  th e  h y p o th e s is  t h a t  GH p la y s  a  r o l e  in  th e  g e n e s is  o f  

d i a b e t i c  m ic ro v a s c u la r  c o m p lic a t io n s ,  p a t i e n t s  who had undergone 

p i t u i t a r y  a b l a t io n  fo r  t r e a tm e n t o f r e t in o p a th y  w ere fo llo w e d  up. 

Between 1960 and 1976, 117 p a t i e n t s  had an p i t u i t a r y  im p la n t. 

The 5 y e a r  m o r ta l i ty  o f  th e s e  p a t i e n t s  was 17.6% and th e  10 y e a r  

51%, f i g u r e s  lo w e r  th a n  g e n e r a l l y  r e p o r t e d  f o r  p a t i e n t s  w i th  

p r o l i f e r a t i v e  r e t i n o p a t h y .  B etw een  7 and  13% d e v e lo p e d  r e n a l  

f a i l u r e  p o s t - a b l a t io n ,  a g a in  low er th a n  g e n e r a l ly  re p o r te d  f o r  

u n a b l a t e d  d i a b e t i c s .  The 100 p a t i e n t s  o p e r a t e d  on b e tw e e n  1965 

an d  1976 w ere  in c lu d e d  i n  t h e  o p h th a lm o l o g ic a l  f o l l o w - u p .  Of 

t h e s e  p a t i e n t s ,  th e  v i s u a l  a c u i t y  in  th e  b e t t e r  ey e  a t  t h e  t im e  

o f  o p e r a t i o n  was 6 /1 2  o r  m ore i n  84%, t h i s  p e r c e n ta g e  r e m a in in g  

s i m i l a r  a t  th e  t im e  o f  5 an d  10 y e a r  f o l l o w - u p .  By 5 y e a r s ,  

g ra d in g  o f  new v e s s e l s  on th e  d is c  had im proved from  an i n i t i a l  

g r a d in g  o f  2 .7+1.6  t o  0 .8 + 1 .2  (mean+SD, p < 0 .0 0 1 ), and  by  10 y e a r s  

t h e r e  was no d i s c  n e o v a s c u l a r i s a t i o n  i n  any  e y e . T h e re  w as 

s i m i l a r  im p ro v em en t in  p e r i p h e r a l  new v e s s e l s ,  h a r d  e x u d a t e s ,  

m icroaneurysm s and haem orrhages. I t  i s  co n c lu d ed  t h a t  p i t u i t a r y  

a b l a t i o n  had  a b e n e f i c i a l  e f f e c t  on t h e  c o u r s e  o f  d i a b e t i c  

m ic ro v a s c u la r  c o m p lic a tio n s .

A f te r  b r i e f  c o n firm a tio n  o f  th e  f a c t  t h a t  GH h y p e r s e c re t io n  can  

be dem on stra ted  in  p a t i e n t s  w ith  r e t in o p a th y  u s in g  th e  "in house" 

GH ra d io im m u n o a ssa y , an  i n v e s t i g a t i o n  o f  a s p e c t s  o f  t h e  GH



r e g u la to r y  pathw ays in  norm al and d ia b e t ic  s u b je c t s  was c a r r i e d  

o u t to  su g g e s t p o t e n t i a l  c a u se s  o f  GH h y p e r s e c re t io n  in  d ia b e te s .

r is in g  g^owi-h horm one r e l e a s i n g  f a c t o r  (1 -4 4 )  (GRF), i t  i s  

d e m o n s t r a te d  t h a t  h y p e r g ly c a e m ia  le a d s  to  a s u p p re s s io n  o f GRF 

s t im u la te d  GH s e c r e t io n  in  norm al s u b je c ts .  O nly 3 o f  6 d ia b e t i c  

s u b j e c t s  s t u d i e d  i n  a s i m i l a r  f a s h io n  d em o n stra ted  su p p re s s io n . 

In  p i t u i t a r y  c e l l s  i n  c u l t u r e ,  n e i t h e r  g lu c o s e  n o r  i n s u l i n  

p ro d u c e d  an y  e f f e c t  on GRF s t i m u l a t e d  GH s e c r e t i o n .  I t  i s  

co n c lu d ed  t h a t  h y p erg ly c aem ia  p roduces su p p re s s io n  o f  GH by i t s  

a c t io n  a t  h y p o th a la m ic  l e v e l ,  and i t  can be in f e r r e d  t h a t  th e r e  

i s  a  d e f e c t  in-GH r e g u la t io n  a t  t h i s  l e v e l  in  d ia b e te s ,  p e rh ap s  

m ed ia ted  by la c k  o f ,  o r r e s i s ta n c e  to ,  s o m a to s ta t in .

R e g u l a t i o n  o f  GH s e c r e t i o n  i n  r e s p o n s e  t o  c h a n g e s  in  p la s m a  

g lu c o se  was f u r th e r  exam ined by a s s e s s in g  th e  change in  serum  GH 

in  re sp o n se  to  a  f a l l  in  p lasm a g lu c o se  from  12 t o  6 mmol/1 in  3 

norm al s u b j e c t s . l t  was found t h a t  such a  f a l l  in  p la sm a  g lu c o s e  

i s  c a p a b le  o f  s t i m u l a t i n g  a r i s e  i n  se ru m  GH, w h ic h  m echan ism  

may c o n t r ib u te  to  GH h y p e rs e c re t io n  in  t r e a t e d  d i a b e t i c  s u b je c t s .  

In  f u r th e r  s tu d i e s ,  serum GH was m easured in  13 d i a b e t i c  s u b je c t s  

d u r in g  th e  s te a d y  s t a t e  p e r io d s  o f  g lu c o se  clam p e x p e rim en ts  a t  

p lasm a g lu c o s e  12m m ol/l a t  th e  tim e o f  d ia g n o s is  o f  d ia b e te s ,  and 

a f t e r  6 m o n th s  i n s u l i n  th e r a p y .  I t  i s  shown t h a t  a t  d i a g n o s i s ,  

d i a b e t i c s  a r e  s t i l l  c a p a b le  o f  p roducing  GH w h ile  h y p e rg ly c aem ic , 

b u t i n s u l i n  th e ra p y  a b o l is h e s  t h i s  phenomenon. No c o r r e l a t i o n  was 

found betw een m easurem ents o f  i n s u l i n  s e n s i t i v i t y  an d  se ru m  GH 

l e v e l s  s u g g e s t i n g  t h a t  GH h y p e r s e c r e t i o n  in  d i a b e t e s  i s  t h e  

r e s u l t  o f  poo r g ly c aem ic  c o n t ro l  and n o t th e  c a u s e , a s  has been 

su g g e s te d .
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S t i l l  e x a m in in g  t h e  c e n t r a l  r e g u l a t i o n  o f  GH s e c r e t i o n  i n  

d ia b e te s ,  g lu c o s e  t r a n s p o r t  a c ro s s  th e  b lo o d -b ra in  b a r r i e r  (BBB) 

w as exam ined  u s in g  [ ^ C ] 3 - 0 - m e t h y l - D - g l u c o s e  and  p o s i t r o n  

em issio n  tom ography (PET) t o  e x c lu d e  th e  p o s s i b i l i t y  t h a t  c e n t r a l  

n eu ro g ly c o p aen ia  le a d s  t o  o v e r -p ro d u c t io n  o f  GH in  d ia b e te s .  F iv e  

d ia b e t ic  s u b je c t s ,  in c lu d in g  3 w ith  s e v e re  m ic ro v a s c u la r  d is e a s e ,  

to o k  p a r t  in  8 PET s t u d i e s  a t  e u g ly c a e m ia  and h y p e r g ly c a e m ia ,  

w ith  and w ith o u t i n s u l i n  in fu s io n .  Four norm al s u b je c t s  a c te d  a s  

c o n t r o l s .  G l u c o s e  e x t r a c t i o n  f r a c t i o n s  w e re  s i m i l a r  i n  

e u g ly c a e m ic  d i a b e t i c s  an d  n o rm a l s u b j e c t s .  At h y p e r g ly c a e m ia ,  

e x t r a c t i o n  f r a c t i o n s  w e re  r e d u c e d ,  b u t  in  a b s o l u t e  t e r m s ,  t h e  

q u a n t i ty  o f  g lu c o s e  c r o s s in g  th e  BBB was unchanged. The p re s e n c e  

o r  a b s e n c e  o f  i n s u l i n  m ade no d i f f e r e n c e  t o  g lu c o s e  t r a n s p o r t  

a c r o s s  th e  BBB. I t  i s  c o n c lu d e d  t h a t  t h e r e  i s  no a b n o r m a l i t y  o f  

g lu c o se  t r a n s p o r t  a c ro s s  th e  BBB in  d ia b e t ic  s u b je c ts ,  in c lu d in g  

th o s e  w ith  m i c r o v a s c u l a r  d i s e a s e ,  and  t h e r e  i s  no c a u s e  f o r  GH 

h y p e rs e c re t io n  in  d ia b e te s  a t  t h i s  l e v e l .  F u r th e r , th e  BBB does 

n o t appear to  be an i n s u l i n  s e n s i t i v e  organ.

A t c i r c u l a t o r y  l e v e l ,  a  p o s s i b l e  c a u s e  f o r  GH h y p e r s e c r e t i o n  

m ig h t a r i s e  from  a l t e r e d  p r o p o r t i o n s  o f  GH fo rm s w ith  a l t e r e d  

b i o l o g i c a l  a c t i v i t y .  E x a m in a t io n  o f  GH fo rm s e x t r a c t e d  fro m  

d i a b e t i c  s e ru m  a n d  a n a l y s e d  u s i n g  h i g h  p r e s s u r e  l i q u i d  

c h ro m a to g ra p h y  an d  n a t i v e  p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s  

r e v e a le d  no d i f f e r e n c e  from  n o rm al.

M easurem en t o f  s e ru m  i n s u l i n - l i k e  g ro w th  f a c t o r - I  ( IG F - I )  w as 

c a r r i e d  ou t to  a s s e s s  th e  a c t io n  o f  GH a t  t i s s u e  l e v e l .  P a t i e n t s  

w i th  a c t i v e  p r o l i f e r a t i v e  r e t i n o p a t h y  w ere fo u n d  t o  h a v e  

s i g n i f i c a n t l y  h ig h e r  serum  IG F-I l e v e l s  th a n  bo th  norm al s u b je c t s  

an d  p a t i e n t s  w i th  i n a c t i v e  r e t i n o p a t h y .  A c a s e  h i s t o r y  i s
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p re s e n te d  d e m o n s tra tin g  a  s im u l ta n e o u s  r i s e  in  se ru m  IG F -I  and 

d e t e r i o r a t i o n  in  r e t i n o p a t h y ,  b u t  t h e  c a s e  i s  c o m p l ic a te d  by 

o th e r  f a c t o r s ,  and d e f i n i t e  c o n c lu s io n s  canno t be drawn. F in a l ly ,  

I G F - I  w as m e a s u r e d  i n  t h e  v i t r e o u s  o f  7 p a t i e n t s  w i th  

p r o l i f e r a t i v e  r e t i n o p a t h y  an d  3 c o n t r o l  s u b j e c t s ,  b u t  no 

s i g n i f i c a n t  d i f f e r e n c e  was d e te c te d .  These r e s u l t s  a r e  d is c u s s e d .

Amongst th e  serum  IG F-I l e v e l s  m easured in  th e  d i a b e t i c  s u b je c t s ,  

a  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  was found betw een IG F-I and 

HbAl (r=  -0 .3 ,  p<0.01). T h is  su g g e s ts  t h a t  poor g ly c aem ic  c o n t ro l  

in  d ia b e te s  le a d s  to  f a i l u r e  o f  g e n e ra t io n  o f  IG F-I in  resp o n se  

to  GH, and p ro v id e s  a n o th e r  p o s s ib le  cau se  fo r  GH h y p e rs e c re t io n .

F i n a l l y ,  to  a s s e s s  th e  c o n t r ib u t io n  o f  GH to  th e  d evelopm en t o f  

d i a b e t i c  m i c r o v a s c u l a r  c o m p l i c a t i o n s ,  a  t r i a l  o f  lo n g  a c t i n g  

s o m a t o s t a t i n  a n a l o g u e  w as u n d e r t a k e n  in  4 p a t i e n t s  w ith  

p r o l i f e r a t i v e  re tin o p a th y . A f t e r  t r e a t m e n t  w ith  l a r g e  d o s e s  o f  

SMS 2 0 1 -9 9 5  (500ug  t h r i c e  d a i l y ) ,  o n l y  2 d e m o n s t r a te d  a  m o d est 

d e c re a se  in  24 h ou r GH l e v e l s .  I t  i s  co n c lu d ed  t h a t  an e lem en t o f  

s o m a to s ta t in  r e s i s ta n c e  e x i s t s  in  d ia b e te s ,  and t h a t  s o m a to s ta tin  

a n a lo g u e  w i l l  n o t  be an  e f f e c t i v e  m ethod  o f  t r e a t m e n t  f o r  

p r o l i f e r a t i v e  d ia b e t ic  r e t in o p a th y .

In  c o n c l u s i o n ,  r e g a r d in g  th e  m echan ism  o f  GH h y p e r s e c r e t i o n  in  

d i a b e t e s ,  3 p o s s i b l e  m echan ism s a r e  i d e n t i f i e d  -  s o m a t o s t a t i n  

r e s i s t a n c e  in d u ced  by c h ro n ic  h y p e rg ly c aem ia , GH r e l e a s e  induced 

by f l u c t u a t i n g  p lasm a g lu c o se , and f a i l u r e  o f  IG F-I g e n e ra tio n  

seco n d ary  t o  p oo r g lycaem ic c o n t r o l .  R egard ing  th e  r o l e  o f  GH and 

IG F-I in  th e  g e n e s is  of d ia b e t ic  m ic ro v a s c u la r  c o m p lic a tio n s ,  i t  

i s  c o n c lu d e d  t h a t  t h e r e  i s  p r e s e n t l y  i n s u f f i c i e n t  e v id e n c e  t o  

a s s ig n  a  s p e c i f i c  r o l e  fo r  e i t h e r  GH o r IG F-I.
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XLNXKUUU'wT IU IN  .

I n t e r e s t  in  grow th hormone (GH) in  r e l a t i o n  to  d ia b e te s  m e l l i t u s  

e s s e n t i a l l y  s p r i n g s  fro m  t h e  o b s e r v a t i o n  t h a t  GH l e v e l s  a r e  

e l e v a t e d  in  d i a b e t e s .  A t t h e  sam e t im e ,  th e  im p ro v e m e n t in  

d i a b e t i c  m ic ro v a s c u la r  c o m p lic a tio n s  fo llo w in g  hypophysectom y o r 

p i t u i t a r y  a b l a t i o n  h a s  b e e n  a s c r i b e d  t o  re m o v a l o f  t h e  GH 

s t i m u l u s  f o l l o w i n g  t h e s e  p r o c e d u r e s .  In  th e  1960s a n d  '7 0 s ,  

Lundbaek (Lundbaek e t  a l . ,  1970, Lundbaek, 1976) was th e  le a d in g  

p r o p o n e n t  o f  t h e  v ie w  t h a t  GH w as a  'p e r m i s s i v e '  f a c t o r  i n  t h e  

g e n e s is  o f d ia b e t ic  m ic ro v a s c u la r  c o m p lic a tio n s . S in ce  t h a t  tim e , 

a l t h o u g h  th e  i d e a  h a s  d e s c e n d e d  i n t o  t h e  f o l k l o r e  o f  d i a b e t e s ,  

l i t t l e  c o n s t r u c t i v e  r e s e a r c h  h a s  b e e n  c a r r i e d  o u t  i n t o  t h e  

c o n c e p t .  M ost w ork on t h e  s u b j e c t  now o n ly  h i g h l i g h t s  f u r t h e r  

i n s t a n c e s  o r  g ro u p s  o f  p a t i e n t s  p r o v id i n g  m ore e v i d e n c e  o f  

d i s t u r b e d  GH r e g u l a t i o n  i n  d i a b e t e s .  The f o l l o w i n g  w ork i s  an  

a t t e m p t  t o  d e f i n e  p o s s i b l e  c a u s e s  o f  GH h y p e r s e c r e t i o n  in  

d ia b e te s  and d is c o v e r  w hether e l e v a te d  GH l e v e l s  c o n t r ib u te  to  

th e  developm ent o f  d i a b e t i c  m ic ro v a s c u la r  c o m p lic a tio n s .
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The b io c h e m is try / p h y s io lo g y  and p a th o p h y s io lo g y  

o f  grow th hormone

1 .1  The c h e m is try  o f  grow th hormone.

The a b i l i t y  o f  p i t u i t a r y  e x t r a c t s  t o  s t i m u l a t e  g ro w th  was 

r e c o g n i s e d  i n  t h e  1920s (E v an s  and Long, 1 9 2 1 ) , an d  a t t e m p t s  t o  

p u r i f y  th e  f a c t o r  r e s p o n s ib le  soon fo llo w e d . By th e  m id d le  1940s, 

a  p r o t e i n  hormone was i s o l a t e d  from b e e f a n t e r io r  p i t u i t a r y  g la n d  

w h ich  was d e s i g n a t e d  g ro w th  horm one o r  s o m a to t r o p in  (L i and  

E vans, 1944). E a r ly  work on th e  ch em is try  o f  GH le d  t o  p ro p o s a ls  

f o r  a  2 c h a in  m o le c u le . More re c e n t r e s u l t s  h av e  shown t h a t  th e  

m ajor form  o f  th e  hormone in  man has a m o le c u la r  w e ig h t o f  22,000 

and c o n s i s t s  o f  191 amino a c id  re s id u e s  in  a  s i n g l e  c h a in  ( f ig u re  

1.1). The f i r s t  co m p le te  amino a c id  sequence o f  GH was d e s c r ib e d  

in  1966 (L i e t  a l . ,  1 9 6 6 ), b u t  s e v e r a l  e r r o r s  w ere  s u b s e q u e n t l y  

d is c o v e re d ,  and th e  d e f i n i t i v e  sequence m ust be c o n s id e re d  to  be 

t h a t  d e r i v e d  fro m  th e  c o r r e s p o n d in g  n u c l e i c  a c i d  s e q u e n c e  

( M a r t ia l  e t  a l . ,  1979).

The p rim ary  s t r u c t u r e  c o n ta in s  2 d is u lp h id e  b r id g e s ,  one o f  w hich 

l i n k s  d i s t a n t  p a r t s  o f th e  m o le c u le  w h ile  th e  o th e r  form s a  s m a l l  

lo o p  n e a r  th e  C -te rm in u s. The d e t a i l e d  3 -d im e n s io n a l s t r u c t u r e  o f  

GH i s  u n c l e a r ,  b u t  i t  i s  known th a t  th e  m o le c u le  i s  s p h e r i c a l  and 

c o n t a i n s  a  g o o d  d e a l  o f  h e l i x ,  some 50-60% o f  t h e  p o l y p e p t i d e  

c h a in  h a v in g  t h i s  c o n fo rm a tio n  (B ew lay  an d  L i ,  1 9 7 5 ). GH h a s  an  

i s o e l e c t r i c  pH o f  4 .9 , and th e  t e r t i a r y  s t r u c t u r e  i s  ro b u s t  s in c e  

on h e a t i n g  t o  100°C  o r  t r e a tm e n t  w ith  a c i d ,  t h e r e  i s  l i t t l e  

c o n f o r m a t io n a l  ch a n g e  and  much o f  th e  b i o l o g i c a l  a c t i v i t y  i s  

r e t a i n e d .  F u r t h e r ,  d i s r u p t i o n  o f  th e  d i s u l p h i d e  b r i d g e s ,  by
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o x i d a t i o n  o r  r e d u c t i o n ,  y i e l d s  a  d e r i v a t i v e  w i th  s i m i l a r  3 -  

d im e n s io n a l s t r u c t u r e  and a lm o s t f u l l  grow th p rom oting  a c t i v i t y  

( W a l l i s  e t  a l . ,  1 9 85 ). T h e se  c o n s i d e r a t i o n s  a r e  o f  im p o r ta n c e  

when c o n s i d e r i n g  p r e p a r a t i o n  o f  s a m p le s  f o r  c h r o m a to g r a p h ic  

s e p a r a t io n .

1 .2  C ir c u la t in g  form s o f  grow th horm one.

T h e re  i s  a  te n d e n c y  f o r  GH t o  a g g r e g a t e  t o  fo rm  p o ly m e r s ,  some 

17% o f  p i t u i t a r y  and 30% o f c i r c u l a t i n g  GH e x i s t in g  in  t h i s  form  

(F rohm an e t  a l . ,  1972, W rig h t e t  a l . ,  1 9 7 4 ). T h u s , u s in g  g e l  

c h ro m a to g ra p h y , b o th  p i t u i t a r y  a n d  p la s m a  GH c a n  b e  s e p a r a t e d  

i n t o  m o n o m e r ic  ' l i t t l e '  GH, d i m e r s  ( ' b i g '  GH) a n d  l a r g e r  

a g g re g a te s  ( 'b ig  b ig ' GH) ( f ig u re  1 .2). The l a r g e r  form s p ro b a b ly  

r e p r e s e n t  p o s t - t r a n s l a t i o n a l  a g g re g a tio n  o f  GH d u rin g  s to r a g e  in  

t h e  p i t u i t a r y  g la n d .  Some 60-80%  o f  t h e  p o ly m e r ic  GH c a n  b e  

d i s s o c i a t e d  by t r e a tm e n t  w i th  8M u r e a ,  and  t h i s  f r a c t i o n  

r e p r e s e n ts  n o n - c o v a le n t ly  bonded a g g re g a te s  o f  GH. The r e s id u a l  

l a r g e  form s a r e  th e  ' t r u e '  d im ers o f  GH w hich a r e  p a r t l y  l in k e d  

c o v a l e n t l y  by  d i s u l p h i d e  b r i d g e s .  Such fo rm s  a r e  p o t e n t i a l l y  

im p o r ta n t ,  b u t  t h e i r  s i g n i f i c a n c e  r e m a in s  t o  b e  e l u c i d a t e d .  I t  

seems u n l i k e l y ,  how ever, t h a t  th e y  r e p r e s e n t  p re c u r s o r s  o f  th e  

horm one.

I t  h as  a l s o  been  proposed  th a t  an  80k form  o f  GH e x i s t s  w hich i s  

n o t  an  a g g r e g a te d  form  ( E l l i s  e t  a l . ,  1 9 7 8 ) , a l th o u g h  f u r t h e r  

work i s  r e q u ire d  to  confirm  th a t  t h i s  i s  a  t r u e  v a r ia n t .  

C hrom atograph ic methods w ith  g r e a t e r  r e s o lv i n g  power th a n  s im p le  

g e l  chrom atography , e s p e c i a l l y  p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  

(PAGE) and i s o e l e c t r i c  fo c u s s in g , h av e  r e v e a le d  th a t  monomeric GH 

c o n t a i n s  a  num ber o f  o th e r  v a r i a n t s  o f  t h e  b a s i c  22k m o le c u le .  

F i r s t l y ,  t h e r e  i s  a  group which d i f f e r  in  c h a rg e  o n ly  (Chawla e t
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w-l. ,  i 7o j / ,  jjuu unese  a r e  round o n ly  in  th e  p i t u i t a r y  g la n d

an d  n o t  i n  t h e  c i r c u l a t i o n  th e y  w i l l  n o t  b e  c o n s id e r e d  f u r t h e r  

h e re . S eco n d ly , th e r e  a r e  a  number o f  mass v a r i a n t s .  The 22k form 

makes up 80-90% o f  c i r c u l a t i n g  GH. A 20k form , making up 5-15% o f  

c i r c u l a t i n g  GH h as  a l s o  been  i d e n t i f i e d  and c h a r a c te r i s e d ,  and i s  

i d e n t i c a l  t o  th e  22k form  e x c e p tin g  th a t  th e  amino a c id  re s id u e s  

3 2 -4 6  a r e  d e l e t e d  (L ew is e t  a l . ,  1 9 8 0 a , L e w is , 1 9 8 4 ). I t  i s  o f  

i n t e r e s t  t h a t  th e  b eg in n in g  o f  th e  d e l e te d  sequence co rre sp o n d s  

e x a c t ly  t o  th e  p o s i t io n  o f  an  in te r v e n in g  sequence in  th e  human 

GH g e n e . T h is  s u g g e s t s  t h a t  t h e  20k fo rm  o f  GH i s  n o t  a  p o s t -  

t r a n s l a t i o n a l  form o f  22k GH, b u t i s  s p e c i f i c a l l y  coded f o r  in  a  

g e n e  w i th  a  lo n g  i n t e r v e n i n g  s e q u e n c e  ( W a l l i s ,  1 9 8 0 ). T h e re  i s  

a l s o  a  24k fo rm  o f  GH (S in g h  e t  a l . ,  1 9 7 4 ). T h is  m a t e r i a l  i s  

i d e n t i c a l  t o  th e  22k form o f  GH ex ce p t t h a t  i t  i s  n ic k e d  between 

r e s i d u e s  139 an d  140 w i th o u t  an y  am ino a c id  d e l e t i o n .  T h is  

v a r i a n t  m akes up o n ly  1% o f  c i r c u l a t i n g  GH b u t  i s  p r e s e n t  in  

g r e a t e r  q u a n t i t i e s  in  th e  p i t u i t a r y  g la n d . I t  i s  th o u g h t t o  a r i s e  

a s  a  p o s t t r a n s l a t i o n a l  m o d if ic a t io n  o f th e  22k form.

1 .3  Growth hormone a s  a prohorm one.

T here i s  much ev id en ce  t h a t  p e p t id e s  w hich r e p re s e n t  o n ly  p a r t  o f  

th e  amino a c id  sequence o f  GH may r e t a i n  s i g n i f i c a n t  b io l o g ic a l  

a c t i v i t y  (W ilh e lm i, 1982). For exam ple, a  p e p t id e  c o rre sp o n d in g  

t o  r e s i d u e s  9 6 -1 3 4  o f  b o v in e  GH h a s  b e e n  shown to  r e t a i n  10% o f  

t h e  g r o w th  p r o m o t in g  a c t i v i t y  o f  t h e  p a r e n t  h o rm o n e . O f 

c o n s id e r a b le  i n t e r e s t  i s  th e  work on p a r t i a l  d ig e s t io n  o f  GH w ith  

t h e  enzym e p la s m in .  U nder c o n t r o l l e d  c o n d i t i o n s ,  t h i s  enzym e 

c l e a v e s  human GH on th e  C -te rm in a l s id e  o f  r e s id u e s  134 a n d l4 0 , 

r e l e a s in g  a  h ex ap e p tid e , and le a v in g  2 l a r g e  p e p t id e s  jo in e d  by 

a  d i s u l p h i d e  b r id g e .  T h is  d e r i v a t i v e  r e t a i n s  a lm o s t  f u l l
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b i o l o g i c a l  a c t i v i t y .  The 2 com ponen t p e p t id e s  can  be s e p a ra te d  

a f t e r  c le a v a g e  o f  th e  d is u lp h id e  b r id g e , and th e  l a r g e r  o f  th e  2 

r e t a i n s  r e d u c e d  b u t  s i g n i f i c a n t  b i o a c t i v i t y  i n  s e v e r a l  b i o 

a s s a y s .  D ig e s t i o n  w i th  s e v e r a l  o t h e r  enzym es h a s  c o n f irm e d  th e  

co n cep t t h a t  n o t a l l  o f  th e  GH m o le c u le  i s  r e q u ire d  f o r  r e te n t io n  

o f  a t  l e a s t  some b i o l o g i c a l  a c t i v i t y  (Lewis e t  a l . ,  1980b). T h is  

i s  s u r p r i s i n g  s i n c e  GH i s  a  l a r g e  p r o t e i n  w ith  a  c l e a r - c u t  3 - 

d im en s io n a l s t r u c t u r e .  L i t t l e ,  i f  any, o f  th e  t e r t i a r y  s t r u c t u r e  

c a n  b e  r e t a i n e d  i n  t h e s e  en zy m ic  d i g e s t s ,  s u g g e s t in g  t h a t  th e  

t e r t i a r y  s t r u c t u r e  may n o t  be t h e  c r u c i a l  e l e m e n t  i n  th e  

b i o l o g i c a l  a c t i o n s  o f  GH. T h is  f a c t  h a s  l e d  t o  t h e  v ie w  t h a t  

m onom eric  GH may b e  a  p ro h o rm o n e , and  s p e c i f i c  f r a g m e n ts  a r e  

c le a v e d  from  th e  m o le c u le  a t  t i s s u e  l e v e l  to  e f f e c t  th e  d iv e r s e  

fu n c t io n s  o f  th e  hormone (Lewis, 1984).

1 .4  The grow th hormone r e c e p to r

C o n s i s t e n t  w i th  t h e  a b o v e  h y p o th e s i s  i s  th e  f a c t  t h a t  t h e  GH 

r e c e p t o r  a p p e a r s  t o  b e  a  co m p lex  s t r u c t u r e ,  s e v e r a l  d i f f e r e n t  

form s b e in g  p r e s e n t .  R e c e p to rs  from a  number o f  s p e c ie s  h a v e  been 

c h a r a c t e r i s e d ,  and  th e y  a p p e a r  t o  h a v e  a  m o l e c u la r  w e ig h t  o f  

a b o u t  3 0 0 ,0 0 0 , p r o b a b ly  w i th  a s u b u n i t  m o l e c u la r  w e ig h t  o f  4 0 -  

70,000 (H aeu p tle  e t  a l ,  1983).

1 .5  The r e g u la t io n  o f  grow th hormone s e c r e t io n .

A sch em a tic  r e p r e s e n ta t io n  o f  th e  r e g u la t io n  o f GH s e c r e t io n  i s  

shown in  f i g u r e  1 .3 . The p r e c i s e  m echan ism s r e m a in  t o  be 

e lu c id a te d ,  b u t e v id e n c e  t o  d a te  su g g e s ts  a  com plex i n t e r p l a y  o f  

a n a to m ic a l  s i t e s  an d  n e u r o t r a n s m i t t e r s .  I n p u t  f ro m  n e u r a l  

p a th w a y s  fro m  t h e  h ig h e r  c e n t r e s  o f  th e  b r a i n  a r e  m e d ia te d  in  

p a r t  by th e  sy m p a th e tic  and p a ra sy m p a th e tic  n e rv o u s  sy s tem s . The 

b u lk  o f  e v i d e n c e  s u g g e s t s  t h a t  a l p h a - a d r e n e r g i c  r e c e p t o r s
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ouxmuj.auc anu uetci a a r e n e r g i c  r e c e p t o r s  i n h i b i t  GH s e c r e t i o n  

c a u s e d  b y  s t r e s s  ( B l a c k a r d  a n d  H e i d i n g s f e l d e r , 1 9 6 8 ) .

P a ra sy m p a th e tic  s t i m u l i  c o n t r ib u te  t o  th e  GH b u r s t s  s e e n  d u rin g  

s l e e p  (M e n d e lso n  e t  a l . ,  1978) and  e x e r c i s e  (Few an d  D a v ie s ,

1980). S le e p  in duced  GH s e c r e t io n  can be a b o l is h e d  by th e  use  o f  

a t ro p in e  (T a y lo r  e t  a l . ,  1985). S p e c i f ic  a n a to m ic a l l o c a t io n  o f  

t h e  a r e a s  o f  t h e  b r a i n  w h ich  a r e  im p o r ta n t  in  t h e  r e g u l a t i o n  o f  

GH i n d i c a t e  t h a t  t h e  v e n t r o m e d ia l  h y p o th a la m u s  (VMH), a r c u a t e  

n u c le u s  and l im b ic  system  a re  in v o lv e d  (Merimee, 1979). The VMH, 

w ith  n o ra d re n a l in e  a s  th e  n e u r o tr a n s m it te r ,  i s  th o u g h t t o  c o n ta in  

t h e  g lu c o s e  s e n s i t i v e  c e l l s  w h ich  m o d u la te  GH s e c r e t i o n  in  

r e s p o n s e  t o  c h a n g e s  i n  p la s m a  g lu c o s e  (Frohm an an d  B e r n a r d i s ,  

1968), a l th o u g h  th e  l a t e r a l  hypotha lam us i s  a l s o  th o u g h t to  be 

im p o rta n t in  t h i s  r e s p e c t  (Himsworth e t  a l . ,  1972). The a rc u a te  

n u c le u s ,  w ith  dopamine a s  th e  n e u ro tr a n s m it te r  i s  th o u g h t to  be 

r e s p o n s i b l e  f o r  t h e  i n c r e a s e  in  GH s e e n  in  r e s p o n s e  t o  1-D opa 

in f u s io n  (Boyd e t  a l . ,  1970), s in c e  1-Dopa i s  c a p a b le  o f  c ro s s in g  

t h e  b lo o d  b r a i n  b a r r i e r  w h ere  i t  i s  c o n v e r t e d  t o  d o p a m in e . The 

l im b ic  sy stem , w ith  s e ro to n in  a s  n e u ro tr a n s m it te r ,  i s  th o u g h t to  

be r e s p o n s ib le  f o r  GH s e c r e t io n  d u rin g  deep  s le e p .

The r o l e  o f  t h e  v a r i o u s  n e u r a l  p a th w a y s  and  t r a n s m i t t e r s  i s  

c u r r e n t l y  an  a r e a  o f  a c t i v e  r e s e a r c h .  P a r t i c u l a r  i n t e r e s t  i s  

fo c u sse d  on th e  r o l e  o f  a t ro p in e  and o th e r  c h o l in e r g ic  re c e p to r  

b lo c k e r s  s in c e  th e y  a re  c a p a b le  o f  su p p re s s in g  GH s e c r e t i o n  in  a 

number o f  s i t u a t i o n s ,  and c o u ld  th u s  be o f  th e r a p e u t i c  b e n e f i t  i f  

s i d e  e f f e c t s  w e re  m in im ise d . H ow ever, th e y  a l s o  p r o v i d e  an  

e x a m p le  o f  t h e  d i f f i c u l t y  i n  a s s ig n in g  a  s i t e  and  m e ch an ism  o f  

a c t i o n  f o r  an y  g iv e n  a g e n t .  M u s c a r in ic  r e c e p t o r s  a r e  fo u n d  in  

t h e  m ed ian  e m in e n c e  and  t h e  p i t u i t a r y  g la n d  i t s e l f  ( B u r t  and 

T a y lo r ,  1980, C asanueva e t  a l . ,  1983). Thus, a t ro p in e  c o u ld  b lo c k
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GH s e c r e t i o n  e i t h e r  by a f f e c t i n g  s e c r e t i o n  o f  i n h i b i t o r y  an d  

s t i m u l a t o r y  a g e n t s  fro m  r e a c h in g  t h e  p i t u i t a r y  g l a n d ,  o r  by  

b lo c k in g  GH s e c r e t io n  from  th e  p i t u i t a r y  g la n d  i t s e l f .  B oth  v iew s 

h a v e  b e e n  s u g g e s te d  (Young e t  a l ,  19 7 9 , C a sa n u e v a  e t  a l . ,  1986) 

and th e  q u e s t io n  rem ains t o  be s e t t l e d .

The hypo thalam us c o n t r o l s  GH s y n th e s is  and r e l e a s e  by means o f  

th e  s t im u la to r y  and in h ib i to r y  f a c t o r s ,  grow th hormone r e l e a s in g  

horm one o r  f a c t o r  (GRF) and  s o m a t o s t a t i n  ( v a r i o u s l y  known a s  

grow th hormone r e l e a s e - in h ib i to r y  hormone o r so m a to tro p in  r e l e a s e  

i n h i b i t o r y  f a c t o r ,  SRIF) ( R e i c h l i n ,  1 9 7 4 ). GRF i s  fo u n d  i n  i t s  

l a r g e s t  form  a s  a  44 amino a c id  p e p t id e ,  (G u illem in  e t  a l .  1982), 

a l th o u g h  a  40 amino a c id  form  may a l s o  occur n a t u r a l l y  (R iv ie r  

e t  a l . ,  1982). A dm in iste red  e x o g en o u s ly , th e  re s id u e s  1-29  h a v e  

b e e n  shown t o  r e t a i n  a lm o s t  f u l l  GH s t i m u l a t o r y  a c t i v i t y  

(G rossm an  e t  a l . ,  1984). GRF i s  fo u n d  i n  h ig h e s t  c o n c e n t r a t i o n s  

in  th e  in fu n d ib u la r  n u c le u s  o f  th e  hypo tha lam us in  man (Werner e t  

a l . ,  1 9 8 6 ).

S o m a to s t a t i n  was f i r s t  i s o l a t e d  an d  c h a r a c t e r i s e d  i n  1973 

(B ra z e a u  e t  a l .  1973). I t  i s  a p e p t i d e  c h a in  o f  14 am ino  a c i d  

r e s i d u e s ,  a l th o u g h  a 28 am ino  a c i d  fo rm  i s  a l s o  fo u n d  i n  t h e  

c i r c u l a t i o n  h a v in g  f u l l  b i o l o g i c a l  a c t i v i t y  and  p r o b a b l y  

p h y s i o l o g i c a l  s i g n i f i c a n c e .  S o m a to s ta t in  i s  w id e ly  d i s t r i b u t e d  

th ro u g h o u t th e  body, in c lu d in g  th e  b r a in ,  hypothalam us, D - c e l l s  

o f  th e  i s l e t s  o f  L angerhans, and th e  g u t .  In  th e  h y p o th a lam u s, i t  

i s  found p r i n c i p a l l y  in  th e  VMH and perim am m ilary  a r e a  (H o k fe lt  

e t  a l . ,  1 9 7 5 ).

In  r e s p o n s e  t o  th e  v a r io u s  s t i m u l i ,  GRF and s o m a t o s t a t i n  a r e  

p ro d u c e d  i n  th e  h y p o th a la m u s  an d  r e a c h  t h e  a n t e r i o r  p i t u i t a r y  

g la n d  v i a  th e  p o r t a l  s y s te m  o f  c a p i l l a r i e s  i n  th e  m e d ia n  

em inence. H ere th e y  a c t  upon th e  a c i d o p h i l i c  GH p ro d u c in g  c e l l s
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s t im u la t in g  c y c l i c  AMP le a d in g  to  a c t iv a t io n  o f  p r o t e i n  k in a se s . 

S o m a t o s t a t i n  d o e s  n o t  a p p e a r  t o  a l t e r  l e v e l s  o f  c y c l i c  AMP, 

p r o b a b ly  a c t i n g  a t  a  l a t e r  s t a g e  in  th e  s e c r e t o r y  p a th w ay  

a l t e r i n g  t h e  f l u x  o f  c a l c iu m  i n t o  and  o u t  o f  t h e  s o m a to tro p h  

(W a llis  e t  a l . ,  1985).

As a  consequence o f  th e  above in f lu e n c e s ,  GH i s  r e l e a s e d  in t o  th e  

g e n e ra l  c i r c u l a t i o n  w here i t  in  tu rn  s t im u la te s  th e  p ro d u c tio n  o f  

i n s u l i n - l i k e  g ro w th  f a c t o r - I  ( IG F -I ) .  T h e re  i s  p r e s e n t l y  some 

c o n t r o v e r s y  r e g a r d i n g  s u b s e q u e n t  e v e n t s  i n  t h e  f e e d  b ack  

mechanism c o n t r o l l i n g  GH s e c re t io n .  C e r ta in ly  th e  IG F-I p roduced  

a s  a  r e s u l t  o f  GH s t im u la t io n  i s  c a p a b le  o f  i n h i b i t i n g  f u r th e r  GH 

p ro d u c tio n  by d i r e c t  a c t io n  a t  p i t u i t a r y  and h y p o th a la m ic  l e v e l  

( B e r e lo w i tz  e t  a l . ,  1 9 8 1 ). I t  i s  l e s s  c l e a r  w h e th e r  GH i t s e l f ,  

i n d e p e n d e n t l y  o f  I G F - I ,  p a r t i c i p a t e s  in  t h e  a u t o r e g u l a t o r y  

p ro c e ss  a s  was o r i g i n a l l y  p roposed  (Sakuma and K n o b il ,  1974).

1 .6  The a c t io n s  o f  g row th  hormone.

The a c t i o n s  o f  GH p r e s e n t  so m e th in g  o f  a p u z z l e  i n  t h a t  t h e  

hormone i s  c l e a r l y  in v o lv e d  in  growth b u t a l s o  p la y s  a  r o l e  in  

th e  m e ta b o lic  ch an g es  a s s o c ia te d  w ith  f a s t in g .  The re q u ire m e n ts  

o f  e a c h  a r e  o b v i o u s l y  o p p o s i t e ,  one b e in g  an  a n a b o l i c  an d  t h e  

o t h e r  a  c a t a b o l i c  s t a t e .  A l i s t  o f  th e  f u n c t i o n s  o f  GH i s  g iv e n  

in  t a b l e  1 .1 . T h e s e  a n a b o l i c  e f f e c t s  a r e  m e a su re d  by  t h e  w e ig h t  

g a i n  t e s t  i n  w h ic h  t h e  i n c r e a s e  i n  b o d y  w e i g h t  i n  a  

hypophysectom ised  r a t  i s  m easured d u rin g  10 d a i l y  i n j e c t i o n s  o f  

GH, and  t h e  t i b i a  a s s a y  in  w hich  th e  g ro w th  o f  t h e  p r o x im a l  

e p i p h y s i s  o f  t h e  t i b i a  o f  a h y p o p h y se c to m ise d  r a t  i s  m e a su re d  

a f t e r  4 d a i l y  i n j e c t i o n s  o f  GH. O th e r  a s s a y s  m e a s u re  t h e  

m e ta b o l i c  a c t i o n  o f  t h e  horm one on m u s c le ,  a d i p o s e  t i s s u e  an d
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p r o p e r t i e s  o f  t h e  h o rm o n e  w h ic h  i n  e x c e s s  c a n  c a u s e  

g a la c to r r h o e a .  The d ia b e to g e n ic  a c t io n  o f  GH i s  m easured  by th e  

p re se n c e  o f  h y p e r in s u l in a e m ia  and hy p erg ly caem ia  10 h o u rs  a f t e r  

th e  i n j e c t i o n  o f  th e  GH p re p a ra t io n  in  a  r a t .

T ab le  1 .1  

The E f f e c ts  o f  Growth Hormone.

M etab o lic  -  s t im u la te s  amino a c id  t r a n s p o r t

-  s t im u la te s  p r o te in  t r a n s p o r t

-  s t im u la te s  DNA/RNA s y n th e s is

-  s t im u la te s  polyam ine s y n th e s is

-  s t im u la te s  l i p o l y s i s

-  i n h i b i t s  i n s u l i n a c t i o n o n g l u c o s e

m etabolism

P h y s i o l o g i c a l  -  i n c r e a s e s  r e n a l  b lo o d  f lo w , g l o m e r u l a r

f i l t r a t i o n  r a t e  and tu b u la r  r e a b s o rp t io n  

o f  p h o sp h a te

-  in c re a s e s  b a s a l  m e ta b o lic  r a t e

-  s t im u la te s  new bone fo rm atio n

-  s t im u la te s  e r y th r o p o e is i s

-  expands e x t r a c e l l u l a r  f l u i d  space  

A natom ical -  a c c e le r a te s  l i n e a r  grow th

-  red u ce s  a d ip o se  mass and e n la rg e s  le a n  

body  m ass (m u s c le ,  l i v e r ,  k id n e y ,  

h e a r t ,  GI t r a c t ,  p a n c r e a s ,  s k e l e t o n ,  

c o n n e c tiv e  t i s s u e ) .

I t  i s  c l e a r  t h a t  t h e  m a jo r  f u n c t i o n  o f  GH i s  t o  p r o m o t e  

p ro p o r t io n a te  grow th o f  b o th  s o f t  and s k e l e t a l  t i s s u e  (Cheek and 

H i l l ,  1974). These a c t io n s  a r e  m ed ia ted  a t  l e a s t  in  p a r t  by  IG F -I

26



vrux±j.x{Jt> ana v a s n o p o u i o u ,  1980). However, s in c e  t h e  t im e  cou rse  

o f  some o f  th e  m e ta b o l i c  e f f e c t s  o f  GH a r e  r a p id ,  i t  i s  p ro b a b le  

t h a t  t h e  hormone has  some independen t i n t r i n s i c  a c t i v i t y .  When GH 

i s  a d m in is te re d  t o  an an im al h i  v i v o , i t  c au se s  g e n e r a l  n i t r o g e n  

r e t e n t i o n  w i t h  a  f a l l  i n  l e v e l s  o f  u r i n a r y  n i t r o g e n  an d  b lo o d  

u re a  (Kostyo and N u t t in g ,  1974). These e f f e c t s  a r e  l a r g e l y  due t o  

a n  i n c r e a s e  i n  p r o t e i n  s y n t h e s i s ,  an d  o c c u r  w i t h i n  30 m in u te s .  

S i m i l a r  e f f e c t s  h a v e  b e e n  d e m o n s t r a t e d  i n  v i t r o  i n  t h e  r a t  

diaphragm. In  t h e  p e r fu s e d  l i v e r ,  GH s t i m u l a t e s  amino a c i d  up take 

and th e  s y n t h e s i s  o f  a l l  forms o f  FNA, which a c c o u n ts  f o r  some o f  

t h e  e f f e c t s  on  p r o t e i n  s y n t h e s i s ,  ( J e f f e r s o n  e t  a l . ,  1972) b u t  

t h i s  i s  n o t  th e  s o l e  mechanism s in c e  i n h i b i t i o n  o f  RNA s y n th e s i s  

d o e s  n o t  t o t a l l y  b l o c k  t h i s  a c t i o n ,  and  GH may a f f e c t  t h e  

e f f i c i e n c y  o f  t h e  r ib o s o m e s  by  s e l e c t i v e  enzyme s t i m u l a t i o n  

( K o rn e r ,  1969) .

GH a l s o  has  an  e f f e c t  on l i p i d  m e tab o lism  (Goodman and Schw artz,

1974) c a u s in g  a  d ro p  in  th e  l e v e l  o f  n o n - e s t e r i f i e d  f a t t y  a c id s  

(NEFA), f o l l o w e d  by a p ro lo n g ed  in c re a s e .  T h is  a p p e a r s  t o  be due 

t o  i n c r e a s e d  u t i l i s a t i o n  o f  l i p i d s ,  i n c r e a s e d  u p t a k e  o f  NEFA 

by m u s c l e  p r e c e d i n g  i n c r e a s e d  o u t p u t  by  a d i p o s e  t i s s u e .  The 

o v e r a l l  e f f e c t  i s  t h a t  GH a p p e a r s  t o  d i v e r t  e n e r g y  m e ta b o l i s m  

from c a rb o h y d ra te  t o  l i p i d  m e tabo lism , th e re b y  c o u n t e r a c t i n g  t h e  

a c t i o n  o f  i n s u l i n .  The a c t i o n s  o f  GH on l i p i d  m e t a b o l i s m  a r e  

p a r t i c u l a r l y  m ark ed  i n  man, w h ere  GH l e v e l s  a r e  e l e v a t e d  on 

f a s t i n g ,  and in  t h i s  c o n te x t  th e  hormone p resum ably  p l a y s  a r o l e  

i n  s t i m u l a t i n g  in c r e a s e d  l i p i d  u t i l i s a t i o n  in  th e  f a s t i n g  s t a t e .  

I n  t h e  r a t ,  on  t h e  o t h e r  h a n d ,  GH l e v e l s  f a l l  on  f a s t i n g  

(Tannenbaum  e t  a l . ,  19 7 9 ) ,  l e a d i n g  t o  t h e  s u s p i c i o n  t h a t  t h e  

a c t i o n s  o f  GH on l i p i d  m etabo lism  a r e  n o t  o f  prim e im portance  in  

t h e  p h y s i o l o g i c a l  a d ju s tm en ts  t o  f a s t i n g .
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onuwii lu ue m v o i v e a  i n  t n e  d i f f e r e n t  a t  io n  o f  

s e v e r a l  c e l l  ty p e s .  S tu d ie d  in  c o n s id e r a b l e  d e t a i l  h a s  been  th e  

c o n v e r s io n  o f  f i b r o b l a s t s  o f  th e  3T3 l i n e  t o  a d ip o c y te s  (Morikawa 

e t  a l . ,  1 9 8 2 ) ,  w h ic h  r e q u i r e s  t h e  p r e s e n c e  o f  GH. IG F - I  h a s  no 

e f f e c t  on t h i s  t r a n s fo rm a t io n .

1.7  The e f f e c t s  o f  GH on c a r b o h y d r a t e  m e ta b o l i s m  a n d  g l u c o s e  

c o u n t e r r e g u l a t i o n .

I n  v i v o , GH h a s  b o th  i n s u l i n - l i k e  an d  d i a b e t o g e n i c  e f f e c t s  

( A l t s z u l e r ,  1979) .  I n f u s i o n  s t u d i e s  i n  man d e m o n s t r a t e  a  

t r a n s i e n t  h y p o g ly c a e m ia ,  l a s t i n g  1 5 -3 0  m i n u te s ,  f o l l o w e d  by  

p r o l o n g e d  h y p e r g ly c a e m i a .  The l a t t e r  a p p e a r s  t o  b e  d u e  t o  

in c re a s e d  g lu c o s e  o u tp u t  by th e  l i v e r ,  reduced  g lu c o s e  u p ta k e  by 

t h e  p e r i p h e r a l  t i s s u e s ,  and  p o s s i b l y  by  d i r e c t  i n h i b i t i o n  o f  

i n s u l i n  s e c r e t i o n  by th e  p an c re as  (R izza  e t  a l . ,  1982, B ra tu s c h -  

M a r r a i n  e t  a l . ,  1982).  The o v e r a l l  e f f e c t  i s  t o  a n t a g o n i s e  t h e  

a c t i o n s  o f  i n s u l i n ,  c a u s i n g  a  r i s e  i n  p la s m a  g l u c o s e .  S in c e  

hypoglycaem ia i s  a  p o te n t  s t im u lu s  f o r  t h e  s e c r e t i o n  o f  GH {Roth 

e t  a l . ,  1963) ,  i t  w o u ld  seem l o g i c a l  t h a t  GH p l a y s  a  p a r t  i n  

g lu c o s e  c o u n t e r r e g u la t io n ,  c o n t r i b u t i n g  t o  th e  sp o n ta n e o u s  r i s e  

i n  p la sm a g lu c o s e  f o l l o w in g  hypoglycaem ia. However, a  number o f  

f a c t o r s  sugges t  t h a t  GH does n o t  p l a y  a  s i g n i f i c a n t  p a r t  i n  t h i s  

p r o c e s s  (C rye r  and  G e r i c h ,  1985).  The f a c t  t h a t  t h e  i n c r e a s e  i n  

p la sm a  g lu c o s e  f o l l o w in g  GH in f u s io n  i s  d e la y e d  f o r  some h o u rs  

w o u ld  make GH s e c r e t i o n  a  r e m a r k a b l y  i n e f f i c i e n t  d e f e n c e  

mechanism a g a i n s t  hypoglycaem ia. E x p e r im en ta l  e v id e n c e ,  s tu d y in g  

r e c o v e ry  from hypoglycaem ia d u r in g  SRIF in fu s io n ,  s u g g e s t s  t h a t  

g l u c a g o n  and  a d r e n a l i n e  a r e  t h e  i m p o r t a n t  f a c t o r s  s i n c e  

rep la cem e n t  w ith  GH d id  n o t  a f f e c t  t h e  speed  o f  r e c o v e ry  (C ry er ,

1 9 8 1 ) .  F u r t h e r ,  t h e  f a c t  t h a t  h y p o g ly c a e m i a  c a u s e s  a  f a l l  i n
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y ± asm a (iH i n  t h e  r a t  ( P a n i s o n  an d  Tannenbaum , 1985) a g a in  

s u g g e s t s  t h a t  GH i s  n o t  o f  p r im e  im p o r t a n c e  i n  t h i s  r e s p e c t  i n  

mammalian p h y s io lo g y .

1 .8  The a c t i o n s  o f  th e  GH mass v a r i a n t s .

From th e  above  accoun t,  i t  i s  a p p a re n t  t h a t  th e  a c t i o n s  o f  GH a re  

d i v e r s e  and sometimes c o n f l i c t i n g .  In  view  o f  t h e  m u l t i p l e  forms 

o f  GH w h ic h  h a v e  b e e n  i s o l a t e d  i n  man ( s e e  s e c t i o n  1 .2 ) ,  i t  h a s  

been s u g g e s te d  t h a t  each a c t i o n  o f  GH i s  produced  by a  p a r t i c u l a r  

GH form o r  fragm ent.  T h is  v iew  h as  r e c e iv e d  most p u b l i c i t y  from 

t h e  o b s e r v a t i o n  t h a t  t h e  20k fo rm  o f  GH l a c k s  t h e  e a r l y  

i n s u l i n - l i k e  a c t io n  o f  th e  22k form ( F r i g e r i  e t  a l . ,  1979). Most 

o f  t h e  o t h e r  v a r i a n t s  o f  GH h a v e  a l s o  b e e n  r e p o r t e d  t o  p o s s e s s  

d i f f e r i n g  b i o - a c t i v i t y  a s  m e a su re d  by t h e  v a r i o u s  b i o a s s a y s .  

Thus, compared t o  th e  22k form, th e  c o v a l e n t l y  bonded dim ers o f  

GH h a v e  b e e n  r e p o r t e d  t o  be 10% a s  a c t i v e  i n  t h e  w e ig h t  g a in  

a s s a y  an d  50 % a s  a c t i v e  i n  t h e  l a c t o g e n i c  a s s a y  (L ew is  e t  a l . ,  

1977) .  The 80k v a r i a n t  h a s  b e e n  r e p o r t e d  t o  be  5 0 -2 0 0  t im e s  a s  

a c t i v e  a s  t h e  22k fo rm  in  t h e  t i b i a  a s s a y  ( E l l i s  e t  a l . ,  1978), 

and  t h e  24k v a r i a n t  t o  be i n a c t i v e  i n  t h e  t i b i a  a s s a y  b u t  more 

p o te n t  on t h e  l a c to g e n i c  a ssay  (Lewis e t  a l . ,  1980b).

T h e r e  h a v e  b e e n  r e p o r t s  s u g g e s t i v e  o f  t h e  e x i s t e n c e  o f  b i o 

i n a c t i v e  GH (Kowarski e t  a l . ,  1978, Hayek e t  a l . ,  1978, F ra se r  e t  

a l . ,  1980, Rudman e t  a l . ,  1981) based  on c a s e  r e p o r t s  o f  c h i ld r e n  

w i t h  s h o r t  s t a t u r e ,  n o rm a l p la s m a  GH l e v e l s  m e a su re d  by 

r a d io im m u n o a s s a y  b u t  re d u c e d  a c t i v i t y  on r a d i o r e c e p t o r  a s s a y .  

C h a r a c t e r i s t i c a l l y ,  a d m i n i s t r a t i o n  o f  e x o g e n o u s  GH t o  t h e s e  

p a t i e n t s  r e v e r s e s  t h e  growth r e t a r d a t i o n .  I t  i s  n o t  known whether 

t h e  GH produced  by t h e s e  i n d i v i d u a l s  r e p r e s e n t s  one o f  th e  forms 

c a t a l o g u e d  a b o v e  w i t h  r e d u c e d  a c t i v i t y ,  o r  i s  a n  u n d e s c r i b e d
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ro rm . m e  g e n e  f a m i l y  c o d i n g  f o r  GH i s  fo u n d  on t h e  l o n g  arm  o f  

chromosome 17, and a number o f  mechanisms which m igh t p roduce  an 

a b b e r r a n t  form o f  GH h av e  been proposed  (Chawla e t  a l . ,  1983).

1 .9  Growth hormone and d i a b e t e s .

H i s t o r i c a l l y ,  t h e  r e l a t i o n s h i p  between GH and d i a b e t e s  i s  o f t e n  

r e l a t e d  t o  t h e  o b s e r v a t i o n  t h a t  i n s u l i n  req u ire m en ts  i n  d i a b e t i c  

d o g s  w ere  much r e d u c e d  f o l l o w i n g  hy p o p h y sec to m y  (H o u ssa y  and  

B i a s s o t i ,  1931). R e t r o s p e c t i v e l y  i t  i s  a p p a re n t  t h a t  a b o l i t i o n  o f  

GH s e c r e t i o n  was p a r t l y  r e s p o n s i b l e  f o r  t h i s  phenom enon . T h i s  

m ight have  p a s s e d  m e re ly  a s  a  p o i n t  o f  i n t e r e s t  were i t  n o t  f o r  

t h e  o b s e r v a t i o n  i n  1953 t h a t  t h e  horm ones o f  t h e  a n t e r i o r  

p i t u i t a r y  may p l a y  some p a r t  i n  t h e  p a t h o g e n e s i s  o f  d i a b e t i c  

r e t i n o p a t h y .  T h i s  i n t e r e s t  a r o s e  f ro m  a c a s e  h i s t o r y  ( P o u l s e n ,  

1953) r e p o r t i n g  on a  woman o f  30 y e a r s  w i th  p o o r l y  c o n t r o l l e d  

d i a b e t e s  who h a d  h ad  f r e q u e n t  a d m is s i o n s  t o  h o s p i t a l  w i t h  

k e to a c id o s i s .  She was documented a s  hav in g  d i a b e t i c  r e t i n o p a t h y ,  

b u t  f o l l o w i n g  a  p o s t - p a r t u m  u t e r i n e  haemmorhage r e s u l t i n g  i n  

p i t u i t a r y  n e c r o s i s ,  i t  was o b s e r v e d  t h a t  h e r  r e t i n o p a t h y  

p r o g r e s s i v e l y  im p ro v e d  an d  e v e n t u a l l y  d isap p ea red .  S in c e  t h e r e  

w as no a l t e r n a t i v e  t r e a t m e n t  f o r  p r o l i f e r a t i v e  d i a b e t i c  

r e t i n o p a t h y  a t  t h a t  t i m e ,  t h i s  o b s e r v a t i o n  p ro m p te d  t r i a l s  o f  

hypophysectomy and p i t u i t a r y  a b l a t i o n  fo r  t r e a tm e n t  o f  d i a b e t i c  

r e t in o p a th y  r e s u l t i n g  in  t h e  o p in io n  t h a t  t h i s  was an e f f e c t i v e  

fo rm  o f  t r e a t m e n t  ( L u f t  e t  a l . ,  1955 , J o p l i n  e t  a l . ,  1 9 6 5 ,  

B r a d l e y  e t  a l . ,  1965 , O a k le y  e t  a l . ,  1969, Kohner e t  a l . ,  1 9 7 0 ,  

P a n i s s e t  e t  a l . ,  1971, Kohner e t  a l . ,  1972, Kohner e t  a l . ,  1976). 

The m echanism  o f  s u c h  im p ro v e m e n t  r e m a in s  o b s c u r e .  C e r t a i n l y  a  

l i m i t e d  t r i a l  o f  ad ren a lec to m y  f o r  p a t i e n t s  w ith  p r o l i f e r a t i v e  

r e t in o p a th y  was w i th o u t  b e n e f i t ,  th e re b y  ex c lu d in g  an e f f e c t  o f
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M a ie r ,  1962).  I t  was f u r t h e r  o b s e r v e d  t h a t  t h e  e f f i c a c y  o f  

p i t u i t a r y  a b l a t i o n  f o r  t r e a tm e n t  o f  d i a b e t i c  r e t i n o p a th y  depended 

upon t h e  c o m p l e t e n e s s  o f  a b l a t i o n  ( J o p l i n  e t  a l . ,  1967) and a  

good c o r r e l a t i o n  w ith  t h e  d eg ree  o f  r e d u c t io n  in  GH s e c r e t io n  was 

found (Wright e t  a l . ,  1969). P o s t  a b l a t i o n ,  a l l  p a t i e n t s  were p u t  

on r e p l a c e m e n t  t h e r a p y  w i t h  p r e d n i s o n e ,  t h y r o x i n e  and  s e x  

s t e r o i d s  w i t h  no d e t r i m e n t a l  e f f e c t  on t h e  r e t i n o p a t h y .  T h i s  

a g a in  su g g e s te d  GH was th e  a c t i v e  a g e n t  i n  t h i s  c o n te x t  s in c e  i t  

was t h e  major a n t e r i o r  p i t u i t a r y  hormone which was n o t  r e p la c e d .  

With t h e  developm ent o f  t h e  radioimm unoassay f o r  GH, i t  was soon 

fo u n d  t h a t  24 h o u r  s e ru m  l e v e l s  o f  GH a r e  e l e v a t e d  i n  p a t i e n t s  

w i th  in s u l in - d e p e n d e n t  d i a b e t e s  (Hansen and Jo h an sen ,  1970), and 

t h a t  l e v e l s  a r e  i n a p p r o p r i a t e l y  h ig h  f o r  th e  l e v e l  o f  g lycaem ia  

i n  n o n - i n s u l i n  dependent d i a b e t e s  (Hansen, 1973, K je ld se n  e t  a l . ,

1 975) .  I n  1970 , GH was p r o p o s e d  a s  a  p e r m i s s i v e  f a c t o r  i n  t h e  

p a th o g e n e s is  o f  d i a b e t i c  m icro  v a s c u l a r  d i s e a s e  (Lundbaek e t  a l . ,  

1 9 7 0 ) ,  c i t i n g  a s  e v i d e n c e  t h e  f a c t  t h a t  GH a d m i n i s t r a t i o n  c a n  

c a u s e  c a p i l l a r y  b a se m e n t  membrane t h i c k e n i n g  i n  e x p e r i m e n t a l  

d i a b e t e s .  One o f  t h e  m os t o f t e n  q u o t e d  p i e c e s  o f  work w h ich  

seem ed  t o  c o n f i r m  t h a t  GH was r e l a t e d  t o  t h e  d e v e lo p m e n t  o f  

d i a b e t i c  m i c r o a n g i o p a t h y  was t h e  f a c t  t h a t  GH d e f i c i e n t  d w a r f s  

d id  n o t  d e v e lo p  r e t i n o p a th y  d e s p i t e  t h e  p re s e n c e  o f  d ia b e te s ,  and 

t h e  f a c t  t h a t  t h e s e  d w a r f s  h ad  t h i n n e r  c a p i l l a r y  b a sem e n t  

membranes th a n  c o n t r o l  d i a b e t i c  s u b j e c t s  (Merimee e t  a l . ,  1970). 

E x p e r im en ta l  e v id e n c e  t h a t  GH m igh t be a  c o n t r i b u t o r y  f a c to r  i n  

th e  deve lopm en t o f  m icro  v a s c u l a r  d i s e a s e ,  p e rh a p s  i n  com bination 

w i t h  h y p e r g l y c a e m i a ,  was d e r i v e d  f ro m  e x p e r i m e n t s  i n  m ice  

(O streby  e t  a l . ,  1978). In  th e s e  ex p e r im e n ts ,  GH was in fu sed  in t o  

d i a b e t i c  and  n o n - d i a b e t i c  a n i m a l s ,  and  i t  w as fo u n d  t h a t  t h e
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iiun-e u e m o n s t ra te a  g r e a t e r  t h i c k e n i n g  o f  t h e  c a p i l l a r y  

b a s e m e n t  membrane c o m p a re d  t o  n o n - d i a b e t i c  a n i m a l s  s i m i l a r l y  

t r e a t e d .  H ow ever,  t h i s  d o e s  n o t  an sw e r  t h e  m o s t  o f t e n  q u o t e d  

c r i t i c i s m  o f  t h e  GH h y p o t h e s i s ,  t h i s  b e in g  t h e  f a c t  t h a t  

p a t i e n t s  w ith  ac ro m eg a ly  and im p a ired  g lu c o s e  t o l e r a n c e  do n o t  

d e v e l o p  r e t i n o p a t h y  an y  m ore  o f t e n  t h a n  d i a b e t i c s  w i t h o u t  

a c r o m e g a ly .  T h e re  h a s  b e e n  no  s a t i s f a c t o r y  r e s p o n s e  t o  t h i s  

p o i n t .

R egard ing  th e  o b s e r v a t i o n  t h a t  p a t i e n t s  w ith  d ia b e te s  d i s p l a y  GH 

h y p e r s e c r e t io n ,  w i th  an  e l e v a t e d  b a s e l i n e  and f r e q u e n t  GH s p ik e s ,  

t h i s  has been d e v e lo p e d  s in c e  t h e  t im e  o f  f i r s t  d e s c r i p t i o n  w i th  

t h e  f u r t h e r  o b s e r v a t i o n  t h a t  t h i s  i s  a g g ra v a te d  by poor g ly c a e m ic  

c o n t r o l  (Johansen and Hansen, 1971, Hansen, 1971, V ig n e r i ,  1976). 

I t  was a l s o  d i s c o v e re d  t h a t  d i a b e t i c  s u b je c t s  have  an in c r e a s e d  

o r  a b n o rm a l  GH r e s p o n s e  t o  v a r i o u s  s t i m u l i ,  i n c l u d i n g  TRH 

(D a sm a h a p a tra  e t  a l . ,  1981 , B l i c k l e  e t  a l . ,  1982 , C h io d e r a  e t  

a l . ,  1984) a r g i n i n e  (B u rd ay  e t  a l . ,  1968, W a l d h a u s l ,  1 9 7 2 ) ,  

h y p o g ly c a e m ia  ( P o w e l l  e t  a l . ,  1966 , Beaumont e t  a l . ,  1 9 7 1 ,  

S o n k sen  e t  a l . ,  1 9 7 2 ) ,  e x e r c i s e  (H ansen ,  1973, P a s s a  e t  a l . ,  

1974), dopamine (L orenz i e t  a l . ,  1980), i n s u l i n  in  t h e  ab sen ce  o f  

h y p o g ly c a e m ia  (S h a rp  e t  a l . ,  1 984a)  and  r e c e n t l y  GRF (K aneko e t  

a l . ,  1985). I n  m ost o f  t h e s e  s t u d i e s ,  p a t i e n t s  w i t h  r e t i n o p a t h y  

a r e  s a i d  t o  have a  g r e a t e r  r e s p o n se  th an  p a t i e n t s  w ith o u t .

The m echanism  o f  GH h y p e r s e c r e t i o n  i n  d i a b e t e s  h a s  r e c e i v e d  

l i t t l e  a t t e n t i o n ,  b u t  a  number o f  i s o l a t e d  o b s e r v a t io n s  h a v e  been  

made. F i r s t l y ,  i t  w as fo u n d  t h a t  t h e  i n c r e a s e d  GH r e s p o n s e  t o  

a r g in i n e  i s  n o t  su p p re s se d  under c o n d i t io n s  o f  h y p e rg ly c aem ia ,  a s  

i n  n o rm a l  s u b j e c t s  (B u rd ay  e t  a l . ,  1968). H ow ever, e a r l y  w ork  

w i t h  s o m a t o s t a t i n  s u g g e s t e d  t h a t  GH s e c r e t i o n  i n  d i a b e t i c  

s u b j e c t s  can be i n h i b i t e d  w ith  t h i s  p e p t id e  (Hansen e t  a l . ,  1973,
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M o r t im e r  e t  a l . ,  1974). I n  an  a t t e m p t  t o  e x p l a i n  t h e  h ig h  GH 

l e v e l s  s e e n  i n  d i a b e t e s ,  i t  was p r o p o s e d  t h a t  p l a s m a  GH i s  

c l e a r e d  a t  a  s l o w e r  r a t e  t h a n  n o r m a l  i n  d i a b e t i c  s u b j e c t s  

( S p e r l i n g  e t  a l . ,  1973). However, a c c e p t in g  t h i s  t o  be t h e  c a s e ,  

i t  d o e s  n o t  e x p l a i n  t h e  more f r e q u e n t  GH p e a k s  s e e n  i n  d i a b e t e s  

an d  i s  n o t  c o n s i d e r e d  t o  be  a  m a jo r  c o n t r i b u t o r y  f a c t o r  i n  t h e  

c a u s a t i o n  o f  GH h y p e r s e c r e t i o n  i n  d i a b e t e s .  A f u r t h e r  

i n t e r e s t i n g  h y p o t h e s i s  was t h a t  t h e  b l o o d  b r a i n  b a r r i e r  i n  

d i a b e t i c  s u b j e c t s  i s  a b n o r m a l l y  p e r m e a b l e  t o  l a r g e  m o l e c u l e s  

which a r e  th e n  c a p a b le  o f  a c t in g  upon th e  GH r e g u l a t o r y  c e n t r e s .  

The e v id e n c e  f o r  t h i s  i s  based  upon i n f u s i o n  s t u d i e s  o f  dopamine 

in  norm al and d i a b e t i c  s u b j e c t s  (L orenz i e t  a l . ,  1980). Dopamine 

c a u s e d  a  r i s e  i n  p la s m a  GH i n  t h e  d i a b e t i c ,  b u t  n o t  t h e  n o rm a l  

s u b j e c t s .  S in ce  dopamine does n o t  n o r m a l ly  c r o s s  th e  b lo o d  b r a in  

b a r r i e r ,  i t  was proposed  t h a t  th e  p e rm e a b le  b lo o d  b r a in  b a r r i e r  

i n  d i a b e t i c  s u b j e c t s  a l l o w e d  a c c e s s  o f  d o p a m in e  t o  t h e  

h y p o th a lam ic  c e n t r e s  concerned w ith  GH r e g u l a t i o n  and caused  an 

i n c r e a s e  i n  GH a c t i n g  th r o u g h  t h e  a r c u a t e  n u c l e u s .  T h e r e  h a v e  

been no f o l l o w - u p  s tu d i e s  t o  examine t h i s  p o s s i b i l i t y .

A f i n a l  p o i n t  o f  i n t e r e s t  i s  t h a t  i n  p a t i e n t s  w i t h  s e c o n d a r y  

d i a b e t e s ,  due t o  p a n c r e a t i c  d e s t r u c t i o n  o r  re m o v a l ,  GH l e v e l s  a r e  

a l s o  e l e v a t e d  (Lundbaek and Hansen, 1980). T h is  s u g g e s ts  t h a t  th e  

e l e v a t e d  GH l e v e l s  seen in  d i a b e t e s  a r e  s eco n d a ry  to  l a c k  o f  o r  

r e s i s t a n c e  t o  i n s u l i n  and i t s  m e ta b o l i c  consequences ,  r a t h e r  th a n  

t o  a n y  o t h e r  f e a t u r e  o f  i n s u l i n - d e p e n d e n t  o r  n o n - i n s u l i n -  

d e p e n d e n t  d i a b e t e s .

A t t e m p t s  h a v e  b e e n  made t o  p r o d u c e  a  u n i f y i n g  h y p o t h e s i s ,  

i n c o r p o r a t in g  d i v e r s e  t h e o r i e s  on t h e  p a t h o g e n e s i s  o f  d i a b e t i c  

m ic r o v a s c u la r  d i s e a s e ,  in c lu d in g  th e  GH h y p o th e s i s .  For i n s t a n c e ,  

i t  i s  known t h a t  p a t i e n t s  w i th  d i a b e t i c  r e t i n o p a t h y  h a v e
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x u u r e a s e a  p l a t e l e t  a g g r e g a t i o n  an d  i n c r e a s e d  l e v e l s  o f  v o n  

W i l le b ra n d  f a c t o r  (Bensoussan e t  a l . ,  1975, P o r ta  e t  a l . ,  1981). 

I t  was p r o p o s e d  t h a t  GH c a u s e s  t h e  r e l e a s e  o f  v o n  W i l l e b r a n d  

f a c t o r  from v a s c u l a r  e n d o t h e l i a l  c e l l s ,  th u s  p r o v id i n g  a  d i r e c t  

l i n k  between GH and abnorm al p l a t e l e t  fu n c t io n  in  d i a b e t e s  (Sar j i  

e t  a l . ,  1 977 ) .  H o w e v e r ,  t h i s  t h e o r y  i s  p r e s e n t l y  o u t  o f  f a v o u r  

(L am b er to n  e t  a l . ,  1984) .

A c c e p t in g  t h a t  GH l e v e l s  i n  d i a b e t e s  a r e  e l e v a t e d ,  a  num ber o f  

s t u d i e s  have  a t te m p te d  t o  a s s e s s  t h e  m e t a b o l i c  c o n s e q u e n c e s  o f  

such  e l e v a t i o n .  For exam ple, a t  one extreme i t  has been  s u g g e s te d  

t h a t  th e  h ig h  GH l e v e l s  cau se  poor g lycaem ic  c o n t r o l  i n  i n s u l i n -  

dependent d i a b e t e s ,  and n o t  t h e  o th e r  way round a s  i s  g e n e r a l l y  

t h o u g h t  ( P r e s s  e t  a l ,  1984) .  T h e r e  h a v e  a l s o  b e e n  a t t e m p t s  t o  

r e l a t e  h ig h  n o c t u r n a l  GH l e v e l s  in  s u b j e c t s  w i t h  i n s u l i n -  

d e p e n d e n t  d i a b e t e s  t o  t h e  'dawn phenom enon ',  w h e re  t h e  b l o o d  

s u g a r  r i s e s  i n  t h e  e a r l y  h o u r s  o f  t h e  m orn ing  (S k o r  e t  a l . ,  

1985).

1 .10  I n s u l i n - l i k e  grow th  f a c t o r - I .

Many o f  t h e  a c t i o n s  o f  GH a r e  m e d ia te d  th ro u g h  t h e  a c t i o n  o f  

i n s u l i n - l i k e  grow th  f a c t o r - I  (IG F-I) .W ith  th e  i s o l a t i o n  o f  IGF-I 

and subsequen t d ev e lo p m en t o f  s e n s i t i v e  a s say s ,  t h e r e  h a s  been 

c o n s id e r a b le  i n t e r e s t  in  t h i s  p e p t id e  in  r e l a t i o n  t o  d i a b e t e s  in  

th e  hope t h a t  f u r t h e r  in fo rm a t io n  on th e  l i n k  between GH and  th e  

m ic ro v a s c u la r  c o m p l ic a t io n s  o f  d ia b e te s  might be g a in ed .

1 .11  The c h e m is t ry  o f  i n s u l i n - l i k e  growth f a c t o r - I .

The chem ica l p r o p e r t i e s  and b i o l o g i c a l  a c t io n s  o f  IG F-I h a v e  been 

e x t e n s i v e l y  rev ie w e d  r e c e n t l y  i n  view o f th e  r a p i d l y  exp an d in g  

body  o f  k n o w le d g e  on t h e  s u b j e c t  (Humbel, 1984, Z a p f  e t  a l . ,  

1984).
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v -um uo iu ii  u u i i u e r n m g  t n e  n a t u r e  o f  i n s u l i n - l i k e  g ro w th  

f a c t o r s  a r o s e  f ro m  t h e  f a c t  t h a t  a  number o f  d i f f e r e n t  g ro u p s  

w ere  w o rk in g  i n d e p e n d e n t l y  a l o n g  t h e  same l i n e s .  S tu d y in g  t h e  

e f f e c t s  o f  GH, Salmon and Daughaday (Salmon and Daughaday, 1957) 

o b s e r v e d  t h a t  se ru m  f ro m  GH t r e a t e d  h y p o p h y s e c to m is e d  r a t s  

s t im u la t e d  th e  in c o r p o r a t io n  o f  s u l p h a t e  i n t o  c a r t i l a g e  in  v i t r o , 

b u t  added GH was w ith o u t  e f f e c t .  They p o s t u l a t e d  t h a t  t h e  e f f e c t s  

o f  GH a r e  m e d ia t e d  t h r o u g h  a  ' s u l f a t i o n  f a c t o r '  w h ic h  was l a t e r  

renamed somatomedin (Daughaday, 1972) .  O th e r  w o r k e r s  fo u n d  t h a t  

o n ly  a  s m a l l  f r a c t i o n  o f  t h e  i n s u l i n - l i k e  e f f e c t  o f  serum c o u ld  

be  n e u t r a l i s e d  by  a n t i - i n s u l i n  se ru m , l e a d i n g  th em  t o  t h e  

i s o l a t i o n  o f  n o n - s u p p r e s s a b l e  i n s u l i n - l i k e  a c t i v i t y  (NSILA) 

(Froesch  e t  a l . ,  1963). A ttem pts  t o  p u r i f y  NSILA l e a d  t o  f u r t h e r  

co n fu s io n  s in c e  a  number o f  p e p t id e s ,  somatomedin (Sm) A,B and C, 

were i s o l a t e d .  Sm-B was l a t e r  found t o  be a  con tam in an t,  and Sm-A 

i s  l i k e l y  t o  p ro v e  t o  be i d e n t i c a l  w i th  IGF-I I .  Sm-C h as  now been 

p ro v ed  t o  be i d e n t i c a l  t o  IGF-I (K lapper e t  a l . ,  1983). However, 

t h e  l e g a c y  o f  t h i s  c o n f u s i o n  i s  t h a t  t h e  t e rm s  so m a to m ed in  and  

i n s u l i n - l i k e  grow th f a c t o r  a r e  used synonymously. In  th e  p r e s e n t  

work, t h e  te rm  i n s u l i n - l i k e  growth f a c t o r  w i l l  be used. S ince  th e  

f u n c t i o n  o f  I G F - I I  i s  n o t  known, and  t h e r e  h a v e  b e e n  no r e p o r t s  

o f  any  r e l a t i o n  t o  d i a b e t e s ,  i t  w i l l  n o t  be  c o n s i d e r e d  f u r t h e r  

h e re .

The amino a c i d  sequence o f  IGF-I i s  shown in  f i g u r e  1.4. There i s  

m arked  s e q u e n c e  hom ology  w i t h  p r o i n s u l i n  w h ic h  i s  e v e n  more 

marked w ith  r e s p e c t  to  3 -d im en s io n a l  s t r u c t u r e .  T h is  i s  im p o rtan t  

i n  t h e  c o n t e x t  o f  t h e  a c t i o n s  o f  IG F - I  ( N i s s l e y  and  R e c h l e r ,

1984) s in c e  t h e  s i m i l a r i t y  a l s o  ex ten d s  t o  t h e  r e c e p to r s  f o r  IGF- 

I  and  i n s u l i n .  An IGF r e c e p t o r ,  d e s i g n a t e d  t y p e  I ,  h a s  b e e n

i s o l a t e d  w i th  a  Mr  0f  130,000 which b in d s  p r e f e r e n t i a l l y  t o  IGF-
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The amino acid sequence of human IG F -I.

Identical positions as in human insulin are indicated in black.

Figure 1 .4



axow  L c ^ u y iu s e s  i n s u l i n .  T h i s  i s  u n d o u b t e d l y  t h e  IG F -I  

r e c e p to r .  F u r th e r ,  many s i m i l a r i t i e s  h av e  been  o b s e rv e d  between 

t h i s  t y p e - I  IGF r e c e p to r  and th e  i n s u l i n  r e c e p to r  (Czech, 1982). 

Thus, th e  a c t i o n s  o f  IGF-I and i n s u l i n  a r e  q u a l i t a t i v e l y  b u t  n o t  

q u a n t i t a t i v e l y  s i m i l a r ,  and indeed  th e  two p e p t id e s  may be  a b l e  

t o  a c t  t h r o u g h  t h e  r e c e p t o r s  o f  e a c h .  F o r  i n s t a n c e ,  i n  a d i p o s e  

t i s s u e ,  IG F-I s t i m u l a t e s  g lu c o s e  t r a n s p o r t  an d  l i p i d  s y n t h e s i s  

from g lu c o s e ,  and in  m usc le ,  IGF-I i s  a l s o  c a p a b le  o f  s t i m u l a t i n g  

g lu c o s e  t r a n s p o r t .  E q u a l ly ,  i n  s u f f i c i e n t l y  h ig h  c o n c e n t r a t i o n s ,  

i n s u l i n  i s  c a p a b l e  o f  a c t i n g  a s  a g ro w th  f a c t o r .  T h i s  i s  an  

im p o r ta n t  c o n s id e r a t io n  in  t i s s u e  c u l t u r e  work where i n s u l i n  i s  

o f t e n  a d d e d  t o  t h e  m ed ium  i n  q u a n t i t i e s  s u c h  t h a t  i t  i s  

u n d o u b t e d l y  a c t i n g  t h r o u g h  t h e  IG F -I  r e c e p t o r ,  an d  e r r o n e o u s  

c o n c lu s io n s  can  be drawn i f  t h i s  i s  n o t  c o n s id e re d .

The a c t i o n s  o f  IG F -I  on c e l l  g ro w th  a n d  d i v i s i o n  h a v e  b e e n  

r e c e n t l y  r e v i e w e d  (Van Wyk, 1984).  B ased  on  work on  t h e  c3T3 

m ouse f i b r o b l a s t ,  i t  h a s  b e e n  p r o p o s e d  t h a t  p l a t e l e t  d e r i v e d  

grow th f a c t o r  o r  f i b r o b l a s t  growth f a c t o r  f i r s t  r e n d e r  t h e  c e l l  

"com petent' by p a s s in g  i t  th rough  th e  Gq p h ase  o f  th e  c e l l  c y c le .  

IG F - I  i s  t e rm e d  a ' p r o g r e s s i o n  f a c t o r "  s i n c e  i t  i s  on e  o f  t h e  

f a c t o r s  n e c e s s a r y  t o  p a s s  t h e  c e l l  t h r o u g h  t h e  G^ p h a s e  o f  t h e  

c y c l e  l e a d in g  t o  m i to s is .

I n  t h e  c i r c u l a t i o n ,  IG F -I  i s  bound t o  tw o b i n d i n g  p r o t e i n s  o f  

m o l e c u l a r  w e i g h t  150 ,000  and 40 ,0 0 0  ( H i n t z ,  1984 ) .  The p r e c i s e  

r o l e  o f  t h e  b in d in g  p r o t e i n  i s  an a re a  o f  a c t i v e  r e s e a r c h ,  b u t  i t  

i s  p roposed  t h a t  th e  b in d in g  o f  IGF-I t o  i t s  b in d in g  p r o t e i n  i s  a  

fo rm  o f  s t o r a g e  s i n c e  t h e  h a l f - l i f e  o f  t h e  unbound  p e p t i d e  i s  

m in u te s  o n ly .  F u r th e r ,  th e  r e l a t i o n s h i p  betw een th e  150,000 and 

40,000 m o le c u la r  w eight p r o t e i n s  rem ains t o  be  e l u c i d a t e d ,  b u t  i t  

i s  t h o u g h t  t h a t  GH c a n  i n f l u e n c e  t h e  h a l f - l i f e  o f  IG F -I  by
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i s  GH d e p e n d e n t .  The p r e s e n c e  o f  a  b in d i n g  p r o t e i n  i s  o f  

c o n s id e r a b le  im p o r tan ce  i n  d e s ig n in g  an a ssay  f o r  IG F-I  a s  most 

a n t i b o d i e s  w i l l  n o t  b i n d  t o  t h e  p e p t i d e  u n l e s s  i t  i s  f i r s t  

s t r i p p e d  from t h e  b in d in g  p r o t e i n .

C i r c u l a t i n g  l e v e l s  o f  IG F - I  i n  a d u l t  l i f e  a r e  i n  t h e  r e g i o n  o f  

200ng/m l, a lm o s t  a l l  o f  which i s  bound t o  b in d in g  p r o t e i n .  L e v e ls  

i n c r e a s e  d u r i n g  c h i l d h o o d  t o  r e a c h  a  peak  a t  t h e  t im e  o f  

a d o l e s c e n c e ,  a n d  t h e r e a f t e r  d e c l i n e  ( H a l l  and  S a r a ,  19 8 4 ) .  A 

c l e a r  d e m o n s t ra t io n  o f  t h e  way in  which serum l e v e l s  o f  IG F-I a r e  

GH d e p e n d e n t  w as  p r o v i d e d  by  e x p e r i m e n t s  i n  w h i c h  GH, 

a d m in is te re d  i n t r a m u s c u l a r l y  t o  normal v o lo u n te e r s ,  was fo l l o w e d  

18-36 hours  l a t e r  by a  r i s e  i n  IGF-I (Copeland e t  a l . ,  -1980). The 

f a c t  t h a t  t h e r e  i s  a  c o n s i d e r a b l e  la g  p e r io d  betw een a  r i s e  i n  GH 

and  c h a n g e  i n  I G F - I ,  an d  t h e  f a c t  t h a t  t h a t  t h e  h a l f  l i f e  o f  

p r o t e i n  bound IG F-I i s  in  t h e  o rd e r  o f  3 hours ,  c o n t r i b u t e  t o  th e  

l a c k  o f  v a r i a t i o n  i n  I G F - I  l e v e l s  c o m p a r e d  t o  t h e  w id e  

f l u c t u a t i o n s  i n  GH.

I t  was i n i t i a l l y  th o u g h t  t h a t  th e  main s i t e  o f  p r o d u c t io n  o f  IGF- 

I  was th e  l i v e r .  However, a s  t h e  number o f  c e l l  ty p e s  and  t i s s u e s  

docum en ted  a s  b e i n g  c a p a b l e  o f  p ro d u c in g  IG F -I  i n c r e a s e s ,  a 

p a r a c r in e  o r  a u t o c r i n e  model h a s  been proposed (Underwood e t  a l . ,  

1980).  Thus i t  i s  now t h o u g h t  t h a t  eac h  c e l l  t y p e  p r o d u c e s  i t s  

own IG F - I ,  an d  l e v e l s  i n  s e ru m  may be t h e  r e s u l t  o f  p r o d u c t i o n  

from a  number o f  s i t e s .

1 .12  I n s u l i n - l i k e  grow th f a c t o r - I  and d ia b e te s .

Measurement o f  p la s m a  l e v e l s  o f  IGF-I in  d ia b e te s  h a s  p ro d u ced  

c o n f l i c t i n g  r e s u l t s ,  p r e s u m a b l y  r e s u l t i n g  from d i f f e r i n g  a s s a y  

te c h n iq u e s  s in c e  b o th  b io a s s a y s  and radioimmunoassays h a v e  b een
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employed. F u r th e r ,  many o f  th e  e a r l y  s t u d i e s  were c a r r i e d  ou t on 

v e ry  s m a l l  p a t i e n t  numbers. Thus, l e v e l s  in  d i a b e t e s  h a v e  been 

r e p o r te d  a s  h ig h  (Cohen e t  a l . ,  1977), norm al (Zapf e t  a l . r 1980, 

B l e t h e n  e t  a l . ,  1 9 8 1 ,  T a m b o r la n e  e t  a l . ,  1981, H o rn e r  e t  a l . ,  

1981 , L am b er to n  e t  a l . ,  1983, M erim ee e t  a l . ,  1983) o r  low  

(Winter e t  a l . ,  1979, Amiel e t  a l . ,  1984). From th e  above  re v ie w , 

h o w e v e r ,  i t  c a n  b e  s e e n  t h a t  t h e  m a j o r i t y  o f  w o rk e r s  h a v e  fo u n d  

p la sm a l e v e l s  o f  IG F-I t o  be norm al i n  d i a b e t i c s  a s  a  w hole .

A number o f  t h e  a b o v e  s t u d i e s  n o t e d  a  n e g a t i v e  c o r r e l a t i o n  

between p lasm a l e v e l s  o f  IGF-I and g ly c a e m ic  c o n t r o l  a s  measured 

by g l y c o s y l a t e d  haem oglobin  (HbAl) (W inter e t  a l . ,  1979, B le th e n  

e t  a l . ,  1981). T h is  s u g g e s t s  t h a t  poor g ly caem ic  c o n t r o l  l e a d s  t o  

a  f a i l u r e  o f  g e n e r a t i o n  o f  IG F -1  i n  r e s p o n s e  t o  GH, a  f i n d i n g  

a k i n  t o  t h a t  r e p o r t e d  i n  m a l n u t r i t i o n  (Clemmons e t  a l . ,  1981) .  

F u r th e r  e v id e n c e  t h a t  t h i s  may be t h e  c a s e  i s  p ro v id e d  by s t u d i e s  

d em o n s tra t in g  t h a t  improvement i n  g ly c a e m ic  c o n t r o l  i n  s u b j e c t s  

w ith  in s u l in - d e p e n d e n t  d i a b e te s  l e a d s  t o  a  r i s e  in  IG F-I d e s p i t e  

a  f a l l  i n  GH (T a m b o r la n e  e t  a l . ,  1 9 8 1 ,  R u d o l f  e t  a l . ,  1 9 8 2 ) ,  

Amiel e t  a l . ,  1984). However, n o t  a l l  s t u d i e s  have found t h i s  t o  

be  t h e  c a s e  (M erim ee e t  a l . ,  1 984 ) .  N e v e r t h e l e s s ,  tw o o t h e r  

s t u d i e s  p ro v id e  e v id e n c e  t h a t  poor d i a b e t i c  c o n t r o l  does  l e a d  t o  

im p a i rm e n t  o f  g e n e r a t i o n  o f  IG F - I .  F i r s t l y ,  i t  h a s  b e e n  shown 

t h a t  d u r i n g  p e r i o d s  o f  s e v e r e  m e t a b o l i c  d e c o m p e n s a t io n  i n  

s u b je c t s  w i th  in s u l in - d e p e n d e n t  d i a b e t e s ,  l e v e l s  o f  IGF-I a r e  low 

d e s p i t e  h i g h  c i r c u l a t i n g  GH (R ieu  a n d  B in o u x ,  1985). S e c o n d l y ,  

c h i l d r e n  w i th  p o o r ly  c o n t r o l l e d  d i a b e t e s  h av e  been d em o n s tra ted  

t o  p roduce  low er l e v e l s  o f  IGF-I i n  re sp o n s e  t o  a s ta n d a rd  dose  

o f  GH th a n  c h i l d r e n  w ith  b e t t e r  g ly c a e m ic  c o n t r o l  (Lanes e t  a l . ,

1985).

I f  g ly caem ic  c o n t r o l  were th e  o n ly  f a c t o r  in v o lv e d ,  i t  would be
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ex p ec ted  t h a t  d i a b e t i c s  would h a v e  low l e v e l s  o f  IG F-I. However, 

s t u d i e s  o f  p a t i e n t s  w ith  r e t i n o p a t h y  su g g e s t  t h a t  a n o th e r  f a c t o r  

i s  i n v o l v e d .  Two g r o u p s  h a v e  r e p o r t e d  t h a t  p a t i e n t s  w i t h  

p r o l i f e r a t i v e  r e t i n o p a t h y  h a v e  h i g h e r  l e v e l s  o f  IG F - I  t h a n  

p a t i e n t s  w i t h o u t  r e t i n o p a t h y  (A sh to n  e t  a l . ,  1983 , M erim ee e t  

a l . ,  1983). Some doubt must rem ain  on t h i s  p o in t  s in c e  Merimee e t  

a l .  fo u n d  h ig h  IG F -I  l e v e l s  o n l y  i n  p a t i e n t s  w i t h  ' r a p i d l y  

p r o g r e s s i v e '  r e t in o p a th y ,  w hich group  c o n s t i t u t e d  o n ly  7 o u t  o f  a 

t o t a l  s tu d y  p o p u la t io n  o f  80 p a t i e n t s .  U n fo r tu n a te ly ,  t h e  age o f  

t h e s e  7 p a t i e n t s  w as n o t  g i v e n ,  a n d  s i n c e  t h i s  t y p e  o f  

r e t i n o p a t h y  i s  fo u n d  m o s t  com m only i n  p a t i e n t s  i n  t h e i r  e a r l y  

t w e n t i e s  ( t h e  mean a g e  o f  t h e  s t u d y  p a t i e n t s  was 46 y e a r s )  and  

th e r e  i s  a  n e g a t iv e  c o r r e l a t i o n  between age and IG F-I ,  i t  may be 

t h a t  t h e s e  p a t i e n t s  w i t h  h i g h  IG F -I  w ere  s im p l y  y o u n g e r .  A 

f u r t h e r  s t u d y  w as u n a b l e  t o  c o n f i r m  t h a t  p a t i e n t s  w i t h  

r e t i n o p a t h y  h ad  h ig h  IG F - I  l e v e l s  (L am berton  e t  a l . ,  1984) .  

H ow ever ,  t h e  f i n d i n g  t h a t  l e v e l s  o f  IG F -I  a r e  e l e v a t e d  i n  t h e  

v i t r e o u s  from th e  eyes  o f  p a t i e n t s  w ith  p r o l i f e r a t i v e  d i a b e t i c  

r e t i n o p a th y  (Grant e t  a l . ,  1986) h as  k ep t th e  c o n t ro v e r s y  a l i v e .

A f u r t h e r  c o m p l i c a t i n g  f a c t o r  c o n c e r n i n g  l e v e l s  o f  I G F - I  i n  

d i a b e t e s  e x i s t s .  I t  h a s  b e e n  p o i n t e d  o u t  ( P h i l l i p s ,  1986) t h a t  

I G F - I  l e v e l s  i n  d i a b e t e s  a r e  h i g h e r  w hen m e a s u r e d  b y  

ra d io im m u n o a s s a y  t h a n  when m e a s u re d  by  b i o a s s a y .  F u r t h e r ,  t h e  

n e g a t iv e  c o r r e l a t i o n  between g ly c aem ic  c o n t r o l  and IGF-I l e v e l s  

i s  s a i d  t o  be  more m arked  i n  s t u d i e s  u s i n g  b i o a s s a y  (W in te r  e t  

a l . ,  1979, Amiel e t  a l . ,  1984). A cco rd in g ly ,  i t  has  been p ro p o sed  

t h a t  'somatomedin i n h i b i t o r s '  e x i s t  w h ich  b l o c k  t h e  b i o l o g i c a l  

a c t i o n s  o f  IG F -I  i n  v a r i o u s  c o n d i t i o n s ,  i n c l u d i n g  d i a b e t e s .  

C h ro m a to g ra p h ic  s t u d i e s  s u g g e s t  t h a t  t h e s e  i n h i b i t o r s  a r e  

p e p t i d e s  o f  m o l e c u l a r  w e i g h t  o f  2 0 -3 0 ,0 0 0  ( G o l d s t e i n  e t  a l . ,
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1 3 0 3 / ,  duc t n e y  rem a in  t o  b e  f u l l y  c h a r a c t e r i s e d .  H ow ever,  t h e  

f a c t  t h a t  some radioimmunoassay s t u d i e s  h av e  found IGF-I l e v e l s  

t o  b e  lo w  i n  a b s o l u t e  t e r m s  i n  d i a b e t e s ,  a n d  h a v e  a l s o  

dem o n s tra ted  th e  n e g a t iv e  c o r r e l a t i o n  betw een IGF-I and-m easures 

o f  g l y c a e m i c  c o n t r o l  c a s t s  some d o u b t  on t h e  q u e s t i o n  o f  t h e s e  

i n h i b i t o r s  u n t i l  f u r th e r  e v id e n c e  i s  a v a i l a b l e .

1 .13  C oncluding remarks

From th e  above rev iew , i t  i s  a p p a re n t  t h a t  GH rem ains one o f  th e  

m o s t  e n i g m a t i c  o f  horm ones d e s p i t e  i t s  e a r l y  i s o l a t i o n  and  

c h a r a c t e r i s a t i o n ,  and  d e s p i t e  t h e  v o lu m e  o f  l i t e r a t u r e  on t h e  

s u b j e c t .  I n  t h e  c o n t e x t  o f  d i a b e t e s ,  t h e r e  h a v e  b e e n  many 

o b s e r v a t i o n s  on d i s o r d e r e d  GH r e g u l a t i o n ,  b u t  no  a t t e m p t  t o  

e x p l a i n  t h i s .  F u r t h e r ,  d e s p i t e  t h e  f a c t  t h a t  GH h a s  l o n g  b e e n  

t h o u g h t  a  p e r m i s s i v e  f a c t o r  i n  t h e  g e n e s i s  o f  d i a b e t i c  

c o m p l i c a t i o n s ,  t h e  e v i d e n c e  i s  c i r c u m s t a n t i a l  and  a w a i t s  

c o n f i rm a t io n .  S tu d ie s  o f  IG F-I ,  a  more d i s t a l  p o in t  i n  th e  ch a in  

o f  e v e n t s ,  h ave  f a i l e d  t o  r e s o l v e  t h e  q u e s t io n s .  The f o l lo w in g  

c h a p t e r s ,  w h i l e  n o t  c l a i m i n g  t o  s o l v e  t h e  p r o b le m s ,  a r e  an  

a c c o u n t  o f  c l i n i c a l  and b io c h e m ic a l  s t u d i e s  c a r r i e d  o u t  on th e  

p a t i e n t s  a t t e n d i n g  t h e  D i a b e t i c  R e t i n o p a t h y  C l i n i c  a t  t h e  

Hammersmith H o s p i ta l .  These o b s e r v a t i o n s  w i l l  be p la c e d  w i th in  

th e  framework o u t l in e d  above t o  s e e  i f  any  f u r t h e r  l i g h t  can be 

s h e d  on  t h e  c a u s e  o f  GH h y p e r s e c r e t i o n  i n  d i a b e t e s ,  and  w h e th e r  

GH i s  r e l a t e d  t o  th e  developm ent o f  d i a b e t i c  c o m p lic a t io n s .
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CHAPTER 2

Long te rm  fo l l o w - u p  o f  p a t i e n t s  w ith  d i a b e t i c  r e t i n o p a t h y  who 

underwent p i t u i t a r y  a b l a t i o n  w ith  y t t r iu m - 9 0 .

INTRODUCTION.

As a f i r s t  s t e p  i n  a s s e s s i n g  t h e  r o l e  o f  GH i n  t h e  p a t h o g e n e s i s  

o f  d i a b e t i c  c o m p l i c a t i o n s ,  f o l l o w - u p  o f  a l l  p a t i e n t s  who had 

u n d e r g o n e  p i t u i t a r y  a b l a t i o n  f o r  t r e a t m e n t  o f  d i a b e t i c  

r e t i n o p a t h y  was c a r r i e d  o u t .  C l e a r l y ,  i f  s u c h  l o n g - t e r m  

a s s e s s m e n t  d o e s  n o t  c o n f i r m  t h e  b e n e f i c i a l  e f f e c t  o f  p i t u i t a r y  

a b l a t i o n  on d i a b e t i c  m i c r o v a s c u l a r  c o m p l i c a t i o n s ,  t h e n  t h e  

h y p o th e s is  t h a t  GH p l a y s  a  p e rm is s iv e  r o l e  in  th e  g e n e s i s  o f  such 

c o m p l ic a t io n s  (Lundbaek e t  a l . ,  1970, Lundbaek, 1976) i s  w ith o u t  

fo u n d a t io n .

2 .1  9Qy p i t u i t a r y  im p la n ta t io n  in  d ia b e te s .

The f i r s t  r e s u l t s  o f  t h e  e f f e c t  o f  hypophysectomy on d i a b e t i c  

r e t i n o p a th y  were r e p o r te d  in  1955 (Luft and O l i v e c r o n a ,  1955), 

b u t  th e  o p e r a t io n  was n o t  w i th o u t  i t s  prob lem s. An a l t e r n a t i v e  

method, d e s t r u c t i o n  o f  th e  p i t u i t a r y  g la n d  by i m p l a n t a t i o n  w ith  

was u s e d  s u c c e s s f u l l y  a t  t h e  Hammersmith H o s p i t a l  i n  t h e  

l a t e  1 950s  i n  p a t i e n t s  w i t h  b r e a s t  c a rc in o m a  ( F r a s e r  e t  a l . ,  

1959). T h i s  m e thod  was s u b s e q u e n t l y  u s e d  i n  p a t i e n t s  w i th  

d i a b e t i c  r e t i n o p a t h y ,  an d  i n  1962, t h e  f i r s t  t e n t a t i v e  b u t  

encou rag ing  r e s u l t s  o f  d e s t r u c t i o n  o f  th e  p i t u i t a r y  g l a n d  by 

im p la n t a t io n  on th e  c o u r s e  o f  d i a b e t i c  r e t i n o p a th y  in  10 p a t i e n t s  

w ere  r e p o r t e d  ( J o p l i n  e t  a l . ,  1962), t h e  s e r i e s  l a t e r  b e i n g  

e n l a r g e d  ( J o p l i n  e t  a l . ,  1965).

Between 1960 and 1964, ^0y p i t u i t a r y  im p la n ta t io n  a s  a  t r e a tm e n t  

f o r  d i a b e t i c  r e t i n o p a t h y  re m a in e d  a l a r g e l y  e x p e r i m e n t a l
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r e t i n a l  f e a t u r e s  l i k e l y  t o  r e s p o n d  w e re  known. F o r  e x a m p le  

p a t i e n t s  w i th  p l a q u e s  o f  h a r d  e x u d a t e  a t  t h e  m a c u la  and  

i r r e v e r s i b l e  f i b r o u s  r e t i n i t i s  p r o l i f e r a n s  a n d  r e t i n a l  

d e t a c h m e n t  w ere  i n i t i a l l y  t r e a t e d  by t h i s  m eans. F u r t h e r ,  t h e  

r a d i a t i o n  dose a t  th e  g la n d  p e r ip h e ry  was v a r i e d  from 50,000 ra d s  

t o  3 0 0 ,0 0 0  r a d s  i n  o r d e r  t o  a s c e r t a i n  t h e  optim um  l e v e l .  By 

1965 i t  was e s t a b l i s h e d  t h a t  150,000 ra d s  a c h ie v e d  com ple te  

a b l a t i o n  in  th e  m a jo r i t y  o f  p a t i e n t s  and s id e  e f f e c t s  such  

a s  d i a b e t e s  in s ip i d u s  and CSF rh in o r rh o e a  were o f  a c c e p ta b l y  low 

f re q u e n c y .

P i t u i t a r y  im p la n ta t io n  w ith  f o r  p r o l i f e r a t i v e  r e t i n o p a th y  was 

c a r r i e d  o u t  i n  a l a r g e  s e r i e s  o f  p a t i e n t s  a t  t h e  H am m ersm ith 

H o s p i t a l ,  b e tw ee n  1960 and  1976 ,  u s e  o f  t h e  p r o c e d u r e  f o r  t h i s  

i n d i c a t i o n  b e i n g  d i s c o n t i n u e d  w i t h  t h e  a d v e n t  o f  

p h o to c o a g u la t io n .  The s h o r t - t e r m  r e s u l t s  on r e t i n a l  f e a t u r e s  and 

v i s u a l  a c u i t y  h a v e  b e e n  r e p o r t e d  i n  v a r i o u s  g r o u p s  o f  t h e s e  

p a t i e n t s  ( J o p l i n  e t  a l . ,  1962 , J o p l i n  e t  a l . ,  1965 , J o p l i n  e t  

a l . ,  1 9 67 , O a k le y  e t  a l . ,  1969 , K ohner e t  a l . ,  1970, P a n i s s e t  e t  

a l . ,  1971 ,  Kohner e t  a l . ,  1972 , K ohner e t  a l . ,  1976).  The f i r s t  

s e c t i o n  o f  t h i s  c h a p te r  r e p o r t s  on th e  m ed ica l  a s p e c t s  o f  lo n g 

te rm  f o l lo w - u p  o f  a l l  p a t i e n t s  o p e ra te d  on between 1960 and 1976. 

The second s e c t io n  d e s c r ib e s  t h e  o p h th a lm o lo g ic a l  outcome i n  a  

g roup  o f  th e s e  p a t i e n t s ,  d e s c r ib i n g  o n l y  th o s e  o p e ra te d  on a f t e r  

1965 when th e  r e t i n a l  i n d i c a t i o n s  f o r  p i t u i t a r y  im p la n t a t io n  w ere 

known.

2 .2  MEDICAL ASPECTS

2 . 2 .1  PATIENTS AND METHODS.

The m e d i c a l  s e l e c t i o n  c r i t e r i a  f o r  c o n s i d e r a t i o n  o f  p i t u i t a r y
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a b l a t i o n  f o r  d i a b e t i c  r e t i n o p a t h y  a t  t h e  Hammersmith H o s p i t a l  

w ere  :

1. good g e n e ra l  h e a l t h

2. b lood u re a  below 1 2 .5  mmol/1

3. a b i l i t y  t o  manage d i a b e t e s  under d i f f i c u l t  c i rc u m s ta n c e s

One h u n d re d  an d  s e v e n t e e n  p a t i e n t s  who u n d e rw e n t  p i t u i t a r y  

i m p l a n t a t i o n  w i t h  ^°Y  f o r  d i a b e t i c  r e t i n o p a t h y  a t  t h e  

Hammersmith H o s p i t a l  betw een 1960 and 1976 have  been f o l lo w e d .  

T h is  number does n o t  i n c l u d e  th e  one p a t i e n t  who d ie d  im m ed ia te ly  

p o s t - o p e r a t i v e l y  s i n c e  i t  i s  n o t  p ro p o s e d  t o  e x a m in e  t h e  

m o r t a l i t y  a s s o c i a t e d  w i th  t h e  p rocedu re .  The mean age  o f  th e  

p a t i e n t s  was 34 .7+ 10 .8  y e a r s  (mean +SD) w i th  a  r a n g e  o f  16 -6 2  

y e a rs .  The mean d u r a t i o n  o f  d i a b e t e s  p r i o r  t o  i m p la n t a t i o n  was 

18 .6+10.0  y e a r s .  A l l  b u t  one  had  p r o l i f e r a t i v e  r e t i n o p a t h y .  

B efore  o p e ra t io n ,  13 p a t i e n t s  were be inq  t r e a t e d  w ith  d i e t  a lo n e  

o r  d i e t  p l u s  o r a l  hypog lycaem ic  a g e n ts  and th e  rem ainder were on 

i n s u l i n  t h e r a p y .  A f t e r  i m p l a n t a t i o n ,  a l l  b u t  one  w e re  t r e a t e d  

w ith  i n s u l i n .  The i r r a d i a t i o n  dose was 300 krad  o r  more i n  53.8% 

o f  s u b j e c t s ,  150 k r a d  i n  40.2% and  50 k r a d s  i n  6%. Of t h e  

t o t a l ,  22.1% had more th a n  one im p la n t  in  an a t te m p t  t o  a c h i e v e  

com ple te  a b l a t i o n .

P a t i e n t s  a t t e n d e d  t h e  H am m ersm ith H o s p i t a l  f o r  r e v i e w  a t  

l e a s t  o nce  a  y e a r .  I f  t h i s  was n o t  p o s s i b l e  due  t o  d i f f i c u l t i e s  

w i t h  t r a v e l l i n g ,  a  m e d i c a l  r e p o r t  was o b t a i n e d  f ro m  t h e  

p a t i e n t ' s  l o c a l  d i a b e t i c  c l i n i c .  Where n e i t h e r  o f  t h e s e  

p o s s i b i l i t i e s  was a v a i l a b l e ,  t h e  p a t i e n t  was c o n s i d e r e d  t o  be  

l o s t  t o  f o l l o w  up. Cause o f  d e a th  was ta k e n  from t h e  d e a th  

c e r t i f i c a t e .  Where p o s s i b l e ,  c l i n i c a l  d e t a i l s  were a l s o  o b ta in e d  

from th e  a t t e n d in g  p h y s i c i a n  a t  th e  tim e o f  d ea th .  R e s u l t s  

o f  post-m ortem  e x a m in a t io n  were taken  in t o  c o n s i d e r a t i o n  when
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a v a i l a b l e .

A ss e s s m e n t  o f  p i t u i t a r y  f u n c t i o n  i n  t h e  e a r l y  p a t i e n t s  

c o n s i s t e d  o f  an i n s u l i n  t o l e r a n c e  t e s t  w ith  measurement o f  

GH, metyrapone t e s t  w ith  measurement o f  17-oxogenic  s t e r o i d s ,  

48 h o u r  n e c j< u p t a k e  a n d  s t e r o i d  w i t h d r a w a l  w i t h

a s s e s s e m e n t  o f  sym ptom s. T h e s e  t e s t s  h a v e  b een  c h a n g e d  and  

su p ersed ed  o v e r  th e  y e a r s  t o  t h e  p r e s e n t  methods o f  p i t u i t a r y  

fu n c t io n  t e s t i n g  o u t l i n e d  below . For t h i s  r e p o r t ,  a s s e s sm e n t  o f  

p i t u i t a r y  f u n c t i o n  a t  an y  t i m e  d e p e n d s  on t h e  t e s t s  t h e n  

a v a i l a b l e .

P a t i e n t s  f o r  re -a s s e s sm e n t  o f  p i t u i t a r y  fu n c t io n  underw ent an 

i n s u l i n  t o l e r a n c e  t e s t  w h e re  t h e r e  w e re  no c o n t r a i n d i c a t i o n s ,  

w i th  s im u l ta n e o u s  a d m in i s t r a t io n  o f  l u t e i n i z i n g  h o r m o n e / f o l l i c l e  

s t i m u l a t i n g  h o rm o n e  r e l e a s i n g  h o rm o n e  (LH /FSH -RH ) a n d  

th y r o t r o p h in  r e l e a s i n g  hormone (TRH) (H a rso u l i s  e t  a l . ,  1973). In  

v i e w  o f  t h e  f a c t  t h a t  t h e  p a t i e n t s  w e re  d i a b e t i c  a n d  

h y p o p i t u i t a r y ,  th e  dose o f  i n s u l i n  g iv e n  was 0.15 u n i t s / k g  body 

w e i g h t  ( A c t r a p i d ,  N ovo l a b o r a t o r i e s ) .  I f  t h e r e  w a s  no  

s i g n i f i c a n t  f a i l  i n  th e  b lo o d  s u g a r  w i th i n  30 m inu tes ,  a  f u r t h e r  

d o s e  was g i v e n  a s  c o n s i d e r e d  a p p r o p r i a t e .  In  a l l  s u b j e c t s ,  

t h e  p la s m a  g l u c o s e  f e l l  b e l o w  2 .5 m m o l / l ,  and s y m p to m a t ic  

h y p o g ly c a e m ia  was o b t a i n e d .  B lo o d  s a m p l e s  w ere t a k e n  a t  30 

m i n u t e  i n t e r v a l s  f o r  m e a s u r e m e n t  o f  GH, c o r t i s o l  an d  

p r o l a c t i n  and th e s e  measurements c o n t in u e d  fo r  a t  l e a s t  60 

m i n u t e s  a f t e r  s y m p t o m a t i c  h y p o g l y c a e m i a  was a c h i e v e d .  

P a t i e n t s  in  whom i n s u l i n  t o l e r a n c e  t e s t i n g  was c o n t r a in d ic a t e d  

w e re  g i v e n ,  in  a d d i t i o n  t o  LH/FSH-RH and  TRH a s  a b o v e ,  an  

in t r a v e n o u s  b o lu s  o f  lOOug grow th  hormone r e l e a s i n g  f a c t o r  

(GRF, P e n i n s u l a  L a b o r a t o r i e s ,  C a l i f o r n i a )  w i th  m e a su re m e n t  o f  

serum  GH a t  15 minute i n t e r v a l s  f o r  90 m inutes .  The maximum GH
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o u t p u t  was t a k e n  a s  a  m e a s u re  o f  t h e  p a t i e n t ' s  s o m a t o t r o p h  

f u n c t i o n .

A l l  d a t a  a r e  e x p re s se d  a s  mean + S.D.

2 .2 .2  RESULTS

Of th e  117 p a t i e n t s ,  108 (92.3%) have  been s u c c e s s f u l l y  fo l lo w e d  

and  9 (7.7%) l o s t  t o  f o l l o w  up  (8 o f  whom w ere  r e s i d e n t  a b r o a d ) .  

A l l  p a t i e n t s  were f o l lo w e d  f o r  a t  l e a s t  6 months p o s t - i m p l a n t ,  

and  t h e  l o n g e s t  h a s  now b e e n  f o l l o w e d  f o r  21 y e a r s .  The mean 

f o l l o w  up  p e r i o d  i s  10 .0+4.9  y e a r s  ( i e  t im e  f ro m  i m p l a n t  t o  

d e a th  o r  t o  th e  p r e s e n t  t im e  i f  s t i l l  a l i v e ) .

P i t u i t a r y  F u n c tio n

Of t h e  t o t a l  num ber o f  p a t i e n t s ,  t h e  mean i n s u l i n  d o s e  p r e 

im p la n t  was 62.7+24 u n i t s ,  f a l l i n g  6 months p o s t - i m p l a n t  t o  

30 .4+14 .9  u n i t s .  On e v i d e n c e  a v a i l a b l e  a t  t h e  t i m e ,  90 

p a t i e n t s  (77%) w ere  t h o u g h t  t o  h a v e  c o m p le t e  p i t u i t a r y  

a b l a t i o n ,  22 (18.8%) t o  be  p a r t i a l l y  a b l a t e d  (w h ic h  number 

i n c lu d e s  a l l  7 p a t i e n t s  who had th e  50 k rad  r a d i a t i o n  dosage , 2 

o f  whom a r e  s t i l l  s u r v i v i n g  ( t a b l e  2.1)) l e a v in g  5 (4.2%) i n  whom 

i n s u f f i c i e n t  e v id e n c e  was a v a i l a b l e .  Of th e  c u r r e n t l y  s u r v i v i n g  

38 p a t i e n t s ,  23 were a d m it te d  to  h o s p i t a l  fo r  re a s s e s s m e n t  o f  

t h e i r  p i t u i t a r y  f u n c t i o n  a s  above. T h is  number i n c lu d e d  7 o f  

t h e  8 s u r v i v i n g  p a t i e n t s  who had  b een  t h o u g h t  t o  h a v e  some 

r e s i d u a l  p i t u i t a r y  f u n c t io n .  R e s u l t s  from th e se  7 p a t i e n t s  a re  

shown i n  t a b l e  1 ,  w h e re  i t  i s  s e e n  t h a t  one  had  no  d e t e c t a b l e  

p i t u i t a r y  f u n c t i o n  a n d  t h e  re m a in d e r  had  • r e d u c e d  r e s e r v e  

s e c r e t i o n .  The o t h e r  16 p a t i e n t s  who w ere  t e s t e d  a n d  h a d  been  

th o u g h t  t o  be c o m p le te ly  a b l a t e d  were a l l  confirm ed  t o  be  so 

w i th  no re s p o n s e  t o  any o f  th e  s t im u la t o r y  t e s t s  perfo rm ed .
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Replacem ent t h e r a p y .

Of th e  108 p a t i e n t s  fo l lo w e d ,  96% w ere ta k in g  rep la cem e n t  

t h e r a p y  w i t h  p r e d n i s o n e  o r  h y d r o c o r t i s o n e  and  t h y r o x i n e .  The 

m a le s  were a l l  t a k in g  in t r a m u s c u la r  i n j e c t i o n s  o f  P r im o te s to n  

Depot a t  3 t o  6 w eek ly  i n t e r v a l s .  Amongst th e  f e m a le s ,  i t  

i s  d i f f i c u l t  t o  p e r s u a d e  them  o f  t h e  n e e d  t o  t a k e  o e s t r o g e n  

re p la c e m e n t ,  and a t  p r e s e n t ,  o n ly  one o f  t h e  s u r v i v i n g  women i s  

d o in g  s o .  No s u b j e c t  r e q u i r e d  a n y  fo rm  o f  t h e r a p y  f o r  d i a b e t e s  

i n s i p i d u s  beyond 6 months p o s t - im p la n t .

G lycaemic c o n t r o l .

Amongst t h e  s u r v i v o r s ,  g ly c a e m i c  c o n t r o l  i s  d i f f i c u l t .  

The mean g l y c o s y l a t e d  HbAl i s  10.5+1.5% (n o rm a l  r a n g e  5-8%). 

The p r i n c i p a l  p ro b lem  i s  w ith  hypoglycaem ia s in c e  in  th e  m a jo r i t y  

o f  p a t i e n t s  t h i s  i s  a s y m p to m a t ic  u n t i l  i t  r e s u l t s  i n  l o s s  o f  

c o n s c io u sn e ss .  Many p a t i e n t s  com pla in  t h a t  a d d i t io n  o f  1 u n i t  o f  

i n s u l i n  t o  t h e i r  d a i l y  dosage l e a d s  t o  tro u b le so m e  hypoglycaem ia, 

an d  a l l  a r e  a d v i s e d  n o t  t o  t a k e  l o n g - a c t i n g  p r e p a r a t i o n s  o f  

i n s u l i n  in  th e  e v e n in g  t o  a v o id  n o c tu rn a l  hypoglycaem ia.

M o rb id ity

A p ar t  from th e  g e n e r a l  problem s a s s o c i a t e d  w ith  h y p o p i tu i ta r i s m ,  

t h e r e  h av e  been a  number o f  p rob lem s p e c u l i a r  t o  th e s e  p a t i e n t s  

w ith  d ia b e te s .  In  one p a t i e n t ,  p o s t u r a l  h y p o te n s io n  has  been so  

s e v e r e  t h a t ,  d e s p i t e  t r e a tm e n t  w ith  m i n e r a lo c o r t i c o i d s ,  she has  

been c o n f in e d  t o  a  w h e e lc h a ir .  O s te o p o ro s is  w ith  bone f r a c t u r e s  

h as  been a  p rob lem  in  a  number o f  c a s e s ,  and in  one p a t i e n t  non

un ion  o f  a  f r a c t u r e d  s h a f t  o f  femur r e q u i r e d  p in n in g  and 2 y e a r s  

t o  a l l o w  r e t u r n  t o  f u l l  m o b i l i t y .  A v a s c u l a r  n e c r o s i s  o f  t h e  

fe m o ra l  head on a  dose  o f  5mg o f  p re d n iso n e  has  been r e p o r te d  in
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o n e  c a s e .  P ro b le m s  w i t h  h y p o p i t u i t a r i s m  and  d i a b e t e s  a r e  

i l l u s t r a t e d  in  t h e  f o l l o w i n g  2 c a s e  h i s t o r i e s  w h ich  a r e  n o t  

a t y p i c a l .

P a t i e n t  G.D., f e m a l e  w i t h  d i a b e t e s  s i n c e  t h e  ag e  o f  14 y e a r s ' ,  

was fo u n d  t o  h a v e  ' f l o r i d '  p r o l i f e r a t i v e  r e t i n o p a t h y  i n  b o th  

e y e s  a t  t h e  ag e  o f  31 y e a r s .  Her v i s u a l  a c u i t y  a t  t h e  t im e  was 

6 /9  i n  t h e  r i g h t  eye , w ith  r e p e a te d  v i t r e o u s  haem orrhages, and 

6/60 in  th e  l e f t  eye due t o  r e t i n a l  detachm ent. She was t r e a t e d  

w i t h  a  300 k r a d  p i t u i t a r y  i m p l a n t ,  a n d  a t  6 m o n th  

a s s e s s m e n t  was t h o u g h t  t o  b e  c o m p l e t e l y  a b l a t e d .  Her d a i l y  

i n s u l i n  dosage had f a l l e n  from 40 t o  24 u n i t s  d a i l y .  She was on 

re p la c e m e n t  th e ra p y  w ith  p re d n is o n e ,  th y ro x in e  and o e s t ro g e n s ,  

a l th o u g h  she  d is c o n t in u e d  th e  l a t t e r  s i n c e  she  s a id  th e y  u p se t  

h e r  d i a b e t i c  c o n t r o l  and  made h e r  f e e l  u n w e l l .  G ly c a e m ic  

c o n t r o l  p r o v e d  d i f f i c u l t ,  a n d  s h e  s u f f e r e d  from  r e p e a t e d  

h y p o g ly c a e m ia .  She was commenced on  t h r i c e  d a i l y  A c t r a p i d  

i n s u l i n ,  t o  a t o t a l  o f  20 u n i t s  d a i l y ,  and began r o n i t o r in g  h e r  

home b l o o d  g l u c o s e  4 t i m e s  d a i l y .  N e v e r t h e l e s s ,  sh e  i s  

f r e q u e n t l y  found unconsc ious  due t o  hypoglycaem ia a t  home. She 

l i v e s  a l o n e  and  i s  u n m a r r i e d .  F r i e n d s  h a v e  f r e q u e n t l y  had  t o  

a d m i n i s t e r  i n t r a m u s c u l a r  g l u c a g o n ,  a n d  s h e  h a s  had  f r e q u e n t  

h o s p i t a l  adm issions  w ith  hypoglycaem ia . Her r e n a l  fu n c t io n  i s  

n o r m a l ,  w i th  a  se rum  c r e a t i n i n e  o f  6 2 u m o l / l ,  and s h e  h a s  no 

p r o t e i n u r i a .  She m a in ta in s  6 /6  v i s i o n  i n  h e r  r ighu  eye.

P a t i e n t  M.P., f e m a le  w i th  d i a b e t e s  s i n c e  t h e  age o f  2 y e a r s ,  

was found t o  have  b i l a t e r a l  p r o l i f e r a t i v e  r e t in o p a th y  a t  t h e  

a g e  o f  27 y e a r s ,  and  t r e a t e d  w i t h  a  150 k r a d  ^ Y  p i t u i t a r y  

i m p l a n t .  On a s s e s s m e n t  a t  6 m o n th s ,  s h e  was fo u n d  t o  b e
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c o m p le te ly  a b l a t e d  and h e r  d a i l y  i n s u l i n  dosage had f a l l e n  from 

60 t o  30 u n i t s  d a i l y .  She was on r e p l a c e m e n t  t h e r a p y  w i th  

p re d n iso n e  and th y ro x in e .  She d e v e lo p e d  pulm onary t u b e r c u l o s i s  

3 y e a r s  p o s t - i m p l a n t  and was k ep t  on p r o p h y la c t i c  i s o n i a z i d  in  

v ie w  o f  h e r  s t e r i o d  t h e r a p y .  She had  p h o t o c o a g u l a t i o n  t o  t h e  

l e f t  eye in  South A f r i c a ,  and s u b se q u e n t ly  l o s t  v i s i o n  i n  t h a t  

eye due t o  r e t i n a l  de tachm ent.  When seen  12 y e a r s  p o s t - im p la n t ,  

age 39 y e a r s ,  h e r  d a i l y  i n s u l i n  dosage had dropped t o  18 u n i t s  

d a i l y ,  i n  s p i t e  o f  w h ic h  s h e  c o n t i n u e d  t o  h a v e  f r e q u e n t  

h y p o g ly c a e m ic  a t t a c k s .  D e s p i t e  t r e a t m e n t  w ith  o e s t r o g e n s  and 

c a l c i f e r o l ,  s h e  c o m p l a i n e d  o f  b ack  a c h e ,  an d  h a d  s u s t a i n e d  

s e v e r a l  f r a c t u r e s  o f  r i b s  and  f i n g e r s .  On X - ra y  e x a m i n a t i o n ,  

s h e  was fo u n d  t o  h a v e  o s t e o p o r o s i s  w i th  c o l l a p s e  o f  T12 and  

wedge f r a c t u r e s  o f  L 3-4  i n  a d d i t i o n  t o  2 f r a c t u r e d  r i b s .  When 

s e e n  16 y e a r s  p o s t - i m p l a n t ,  h e r  g e n e r a l  h e a l t h  was p o o r .  She 

was 5 kg l e s s  t h a n  h e r  p r e - i m p l a n t  w e ig h t .  Her d a i l y  i n s u l i n  

dosage was down t o  16 u n i t s  d a i l y ,  b u t  she  c o n t in u e d  t o  s u f f e r  

from re p e a te d  d e b i l i t a t i n g  hypoglycaem ic a t t a c k s ,  r e s u l t i n g  in  

a  f r a c t u r e d  a n k l e  on  o n e  o c c a s i o n .  She h ad  n e v e r  m a r r i e d  and  

had no c h i ld r e n .  Her p la sm a  c r e a t i n i n e  was norm al a t  8 6 u m o l / l ,  

an d  s h e  had  no p r o t e i n u r i a .  She m a i n t a i n e d  6 /6  v i s i o n  i n  t h e  

r i g h t  eye w ith  no a c t i v e  re t in o p a th y .

M o r ta l i ty  r a t e .

Of th e  p a t i e n t s  f o l lo w e d ,  38 (35.2%) a r e  s t i l l  a l i v e  a t  t h e  tim e 

o f  w r i t i n g  and  70 (64.8%) d e a d .  The 5 y e a r  m o r t a l i t y  was 17.6% 

an d  t h e  10 y e a r  51% ( f i g u r e  2 .1 ) .

Causes o f  d e a th .

Of t h e  70 p a t i e n t s  who h a v e  d i e d ,  15 (21%) d i e d  o f  t h e
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c o n s e q u e n c e s  o f  h y p o g ly c a e m i a ,  i n f e c t i o n  o r  a d r e n a l  s t e r o i d  

d e f ic ie n c y .  The mean s u r v i v a l  tim e in  t h i s  group  was 6.2+3.1 

y e a r s .  These p a t i e n t s  a r e  d e t a i l e d  in  t a b l e  2 .2 .  S u b je c t s  B.D. 

and  T.D. b o t h  s u f f e r e d  from  e p i l e p s y  and  had  g r a n d  m a l  f i t s  

seco n d ary  t o  hypoglycaem ia  which r e s  1 t e d  in  t h e i r  d e a t h s .  E igh t 

p a t i e n t s  (12%) d i e d  o f  u n e q u i v o c a l  r e n a l  f a i l u r e  ( s e e  b e lo w ) .  

The mean s u r v i v a l  t im e  o f  t h i s  group was 6.5+3.4 y e a r s .  T h i r ty  

t h r e e  p a t i e n t s  (47%) d ie d  o f  ischaem ic  h e a r t  d i s e a s e  o r  c e r e b r a l  

v a s c u l a r  d i s e a s e ,  mean s u r v i v a l  i n  t h i s  g ro u p  b e i n g  8 .2+3.5  

y e a r s .  F o u r t e e n  p a t i e n t s  (20%) d i e d  o f  m i s c e l l a n e o u s  c a u s e s ,  

in c lu d in g  c a n c e r ,  g a s t r i c  h a e m o rrh a g e ,  an d  p a n c r e a t i t i s .  T h i s  

group  a l s o  i n c l u d e s  th o s e  in  whom th e  d e a th  c e r t i f i c a t e  s t a t e s  

o n ly  bronchopneumonia and th e  e x a c t  cause  o f  d ea th  i s  unknown. Of 

a l l  p a t i e n t s ,  b o t h  l i v i n g  and  d e a d ,  t h e r e  h a v e  b e e n  no 

e p is o d e s  o f  k e t o a c id o s i s .

Renal f u n c t i o n .

Assessment o f  r e n a l  f u n c t io n  i s  d i f f i c u l t  s in c e  th e  o n l y  marker 

o f  r e n a l  f u n c t i o n  a v a i l a b l e  c o n s i s t e n t l y  i n  a l l  p a t i e n t s  i s  

p la s m a  u r e a .  The p r e s e n c e  o r  a b s e n c e  o f  p r o t e i n u r i a  i s  n o t  

known in  a l l  p a t i e n t s . T a b l e  2.3 g iv e s  d e t a i l s  o f  a l l  12 p a t i e n t s  

who d ie d  w ith  an  e l e v a t e d  p lasm a u rea  (>13mmol/l). One s u r v i v i n g  

p a t i e n t  has  d e v e lo p e d  r a p i d l y  p r o g r e s s iv e  r e n a l  f a i l u r e  14 y e a r s  

p o s t  i m p l a n t ,  a n d  a n o t h e r  h a s  e a r l y  r e n a l  f a i l u r e ,  w i t h  a  

p la s m a  c r e a t i n i n e  o f  1 5 4 u m o l / l  a n d  p o o r l y  c o n t r o l l e d  

h y p e r t e n s i o n .  Thus 13% o f  p a t i e n t s  f o l l o w e d  a p p a r e n t l y  

d e v e lo p e d  some d e g re e  o f  r e n a l  f a i l u r e .  T h is  f i g u r e  i s  l i k e l y  

t o  be an  o v e r e s t i m a t e  s in c e  on exam ination  o f  t h e  d e t a i l s  in  

t a b l e  2.3, some p a t i e n t s  had m edical c o n d i t io n s  which c o u l d  h ave  

c o n t r i b u t e d  t o  an  e l e v a t e d  p la s m a  u r e a .  S u b j e c t s  M.D., W.F.
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and A.V. had c a r d i a c  f a i l u r e  and were on d i u r e t i c  the rapy .  

S u b j e c t  C.V. h ad  a  m y o c a r d i a l  i n f a r c t  f o l l o w i n g  w h ich  h e r  

p l a s m a  u r e a  was e l e v a t e d .  I n  a d d i t i o n ,  two p a t i e n t s  had  

e v i d e n c e  o f  r e n a l  f a i l u r e  p r i o r  t o  i m p l a n t  w i th  p la s m a  u r e a  

g r e a t e r  t h a n  1 0 m m o l/ l  and  p r o t e i n u r i a .  T h u s ,  o n l y  8 p a t i e n t s  

(7.4%) c o u ld  t r u l y  be s a id  t o  h av e  d e v e lo p e d  r e n a l  f a i l u r e  

p o s t  p i t u i t a r y  a b l a t i o n .

A p l o t  o f  p la s m a  u r e a  a g a i n s t  t i m e  ( f i g u r e  2.2) shows a  

b r i e f  p e a k  w i t h i n  6 m onths  o f  o p e r a t i o n  f o l l o w e d  by a s w i f t  

r e t u r n  t o  normal and subsequen t s lo w  p r o g r e s s iv e  r i s e .  T h is  i s  

a p p a r e n t  e v e n  when t h e  12 p a t i e n t s  who d i e d  w i th  an  e l e v a t e d  

p la sm a  u re a  a r e  exc luded .

2 .3  OPHTHALMOLOGICAL ASPECTS

2 . 3 .1  PATIENTS AND METHODS

One hundred p a t i e n t s  who underw ent p i t u i t a r y  im p la n ta t io n  f o r  

p r o l i f e r a t i v e  d i a b e t i c  r e t i n o p a t h y  b e tw e e n  1965 and 1976 w ere  

i n c l u d e d  i n  t h e  o p h t h a l m o l o g i c a l  f o l l o w - u p .  P a t i e n t s  w e re  

c a r e f u l l y  a s s e s s e d  p r i o r  t o  b e i n q  o f f e r e d  p i t u i t a r y  

a b l a t i o n .  They were c o n s id e re d  e l i g i b l e  t o r  t h i s  t r e a tm e n t  i f ,  

i n  a d d i t i o n  t o  t h e  m e d ic a l  c r i t e r i a  q u o t e d  i n  t h e  p r e v i o u s  

s e c t i o n ,  th e y  had a t  l e a s t  one t r e a t a b l e "  eye  d e f in e d  a s  v i s u a l  

a c u i t y  o f  6 /2 4  o r  b e t t e r ,  t h e  m a c u la  n o t  t h r e a t e n e d  by f i b r o u s  

r e t i n i t i s  p r o l i f e r a n s  (RP) a n d /o r  d e tach m e n t,  and RP on th e  d i s c  

d id  n o t  exceed g rade 3 ou t o f  5 on th e  Hammersmith g rad in g  system  

( O a k le y  e t  a l . ,  1967).

I f  c o m p le te  a b l a t i o n  was n o t  a c h ie v e d  w i th  one o p e ra t io n ,  and 

an e y e  re m a in e d  t r e a t a b l e ,  a  s e c o n d  o p e r a t i o n  was o f f e r e d .  

T w e n ty - th re e  p a t i e n t s  had two p i t u i t a r y  im p la n rs .

P a t i e n t s  a d m i t t e d  t o  t h e  s t u d y  w e re  a s s e s s e d  a t  r e g u l a r
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i n t e r v a l s ,  and  o n c e  a  y e a r  u n d e rw e n t  a f u l l  o p h t h a l m i c  

e x a m in a t io n  i n c l u d i n g  m e a su re m e n t  o f  b e s t  c o r r e c t e d  v i s u a l  

a c u i ty  and i n t r a o c u l a r  p r e s s u r e .  A n te r io r  segment e x a m in a t io n  

and  r e t i n a l  e v a l u a t i o n  i n c l u d i n g  c o l o u r  p h o to g r a p h y  o f  t h e  

fu n d u s  and  f l u o r e s c e i n  a n g i o g r a p h y  w ere  a l s o  p e r f o r m e d .  

C olour pho tog raphs  w ere a s s e s s e d  u s in g  th e  Hammersmith system  

which s e p a r a t e l y  g ra d e s  m icroaneurysm s an d  h a e m o r rh a g e s  (MA), 

new v e s s e l s  e l s e w h e r e  (NVE), r e t i n i t i s  p r o l i f e r a n s  (RP) an d  

h a r d  e x u d a t e s  (HE) o n  a  n u m e r i c a l  s y s te m  b e tw ee n  0 ( a o s e n t )

and  5 (m ost s e v e r e ) ,  b a s e d  on c o m p a r iso n  w i t h  s t a n d a r d

p h o to g r a p h s  (O a k le y  e t  a l . ,  1967).  New v e s s e l s  a r i s i n g  f ro m  t h e  

d i s c  (NVD) w ere  g r a d e d  a c c o r d i n g  t o  t h e  method o f  K ohner  e t  a l .  

(1 9 7 1 ) ,  a s s e s s i n g  t h e  number o f  q u a d r a n t s  o f  t h e  o p t i c  d i s c  

c ro s s e d  by th e  new v e s s e l s ,  and th e  d i s t a n c e  th e  v e s s e l s  e x te n d  

beyond  t h e  d i s c  m a r g i n ,  a g a i n  a s s i g n i n g  a v a l u e  o f  0 t o  5. 

P h o t o c o a g u l a t i o n  h ad  b e e n  c a r r i e d  o u t  on f i f t e e n  p a t i e n t s  

b e f o r e  t h e y  e n t e r e d  t h e  s t u d y ,  a n d  p i t u i t a r y  a b l a t i o n  was 

performed' in  th e s e  c a s e s  because  o f  f a i l u r e  o f  response .  

O p h th a lm ic  r e c o r d s  o f  e a c h  p a t i e n t  w ere  r e c e n t l y  r e v i e w e d .  

R e t i n o p a t h y  g r a d i n g  an d  v i s u a l  a c u i t y  im m e d ia te ly  p r i o r  t o  

i m p l a n t  (‘' i n i t i a l ' )  a n d  a t  o n e ,  t h r e e ,  f i v e  , t e n  and  f i f t e e n  

y e a r s  p o s t - i m p l a n t ,  had  b e e n  r e c o r d e d  and  were a v a i l a b l e  f o r  

c o n s id e ra t io n .  O r ig in a l  p h o to g rap h s  w e re  exam ined i n  f i f t e e n

p e r  c e n t  t o  v e r i f y  th e  o r i g i n a l  g ra d in q s  which w ere  done

by d i f f e r e n t  o b s e r v e r s  o v e r  th e  y e a r s .  In  th e  sam ple  t e s t e d ,  

no changes in  g ra d in g  had t o  be made. For the  p u rp o ses  o f  t h i s  

s tu d y  'b l i n d n e s s '  i s  d e f in e d  a s  v i s u a l  a c u i ty  o f  6 /60 o r  w orse . 

For t h e  p u r p o s e s  o f  d a t a  a n a l y s i s ,  i n  t h e  23 p a t i e n t s  who h a d  

a  s e c o n d  i m p l a n t ,  t i m e  o f  e n t r y  i n t o  t h e  s t u d y  w as  

im m e d i a te l y  p r i o r  t o  t h e  f i r s t  o p e r a t i o n .  V i s u a l  a c u i t y
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r e s u l t s  were c o n v e r t e d  from S n e l l e n - c h a r t  v a l u e s  t o  n u m e rica l  

s c o r i n g  t o  f a c i l i t a t e  s t a t i s t i c a l  a n a l y s i s  ( T a b l e  2 .4 ) .

D a ta  a r e  q u o te d  a s  mean + SD th r o u g h o u t .  The s i g n i f i c a n c e  o f  

d i f f e r e n c e s  between groups was a s s e s s e d  by S tu d e n t 's  t - t e s t .

Table  2 .4

Numerical S co r in g  o f  V isu a l  A cu ity

6 / 6  * 1 6/60 = 7
6/9  = 2 3/60 = 8

6/12 = 3 CF = 9 (CF=Counting F in g e r s )
6/18 = 4 HM = 10 (HM=Hand Movements)
6 /24 = 5  PL = 11 (PL=Percep tion  o f  L ig h t)
6 /36  = 6  NPL = 12 (NPL=No P e r c e p t io n  o f  L ig h t)

2 .3 .2  RESULTS

S ix ty - s e v e n  m ale  and 33 fem ale  p a t i e n t s  underwent p i t u i t a r y  

a b l a t i o n  b e tw e e n  1965 and  1976. Mean a g e  a t  e n t r y  was 35+10.5 

y e a r s  (range  16-62 y e a r s )  and mean d u r a t i o n  o f  d i a b e t e s  a t  e n t ry  

was 17.2+8.7 y e a r s  ( r a n g e  1 -40  y e a r s ) .

V i s u a l  A cu ity

At t h e  i n i t i a l  a s se ssm en t t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  in  

th e  mean v i s u a l  a c u i t i e s  between r i g h t  and l e f t  eyes: 

R. 3 .2 + 2 . 8 , L. 4 .1+3.4  p<0.05 (T a b le  2 .5 ) .  T h i r t y - e i g h t  p a t i e n t s  

w e re  b l i n d  i n  one  e y e ,  14 in  t h e  r i g h t  and  24 i n  t h e  l e f t .  

The cause  o f  b l i n d n e s s  was. u s u a l l y  v i t r e o u s  haem orrhage o r  RP 

c a u s in g  t r a c t i o n  detachm ent.

S i x t y - e i g h t  p a t i e n t s  were a s se s se d  a t  t h e  f i v e  y e a r  f o l l o w -  

up. Mean v i s u a l  a c u i t y  had  d e t e r i o r a t e d ,  t o  4 .7+ 4 .2  i n  t h e  

r i g h t  e y e  (p<0.001) an d  4.6+4.2 i n  t h e  l e f t  e y e  (p < 0 .0 2 ) .  At 

t h i s  s t a g e  e i g h t  p a t i e n t s  w ere b l i n d  i n  b o th  e y e s ,  s e c o n d a r y  

t o  R P/detachm ent, v i t r e o u s  haemorrhage o r  r u b e o t i c  glaucoma.
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r u n . y - n i n e  p a t i e n t s  w ere  a n a l y s e d  a t  th e  te n  y e a r  fo l lo w -u p .  

Compared w ith  th e  f i v e  y e a r  r e s u l t ,  mean v i s u a l  a c u i t y  was 

a l m o s t  u n ch an g e d  a t  4 .6+ 4 .4  i n  t h e  r i g h t  e y e  (p=0.057 on 

com parison w ith  t h e  5 y ea r  v a l u e )  and 4.7+4.4 in  t h e  l e f t  eye 

(p<0.05). S ix p a t i e n t s  were b l i n d  in  bo th  eyes ,  seco n d a ry  to  

RP/detachment o r  ru b e o t i c  g laucom a.

A n a ly s in g  th e  d a t a  by b e s t  eye  o n ly ,  84% o f  p a t i e n t s  had v i s i o n  

o f  6 / 1 2  o r  b e t t e r  a t  t h e  t i m e  o f  i n i t i a l  a s s e s s m e n t ,  d e c l i n i n g  

a f t e r  5 y e a r s  t o  81% and by  10 y e a r s  t o  80% (T a b le  2 .6 ) .

T a b le  2 .5

Mean V is u a l  A c u i ty  o f  R igh t Eyes

Year Mean G rad ing SD No o f  P a t i e n

I n i t i a l 3 .2 2 . 8 1 0 0

One 3 .6 3 .4 97 *
Three 4 .3 3 .8 83 **
Five 4 .7 4 .2 6 8  **
Ten 4 .6 4 .4 4 9  **
F i f t e e n 4 .8 4 .5 19 *

Mean V is u a l  A c u ity  o f  L e f t  Eyes

Year Mean G rad ing SD No o f  P a t i e n t s

I n i t i a l 4 .1 3 .4 1 0 0

One 4 .5 3 .6 97 *
Three 4 .8 4 .0 83 **
Five 4 .6 4 .2 6 8  *
Ten 4 .7 4 .4 49 **
F i f t e e n 5 .1 4 .7 19

* p<0.05
** p< 0 . 0 1  c o m p a r in g  t h e  same eye a t  i n i t i a l  an d  
subsequen t v i s i t s
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lusc ana + e n p n e r a i  New V e s s e l s

T h e re  was a  s i g n i f i c a n t  im p ro v e m e n t  i n  b o t h  d i s c  an d  

p e r i p h e r a l  n e o v a s c u l a r i s a t i o n .  A f t e r  f i v e  y e a r s ,  d i s c  new 

v e s s e l s  in  b o th  ey es  had im proved from a  mean o f  2 . 7 +1 . 6  t o  

0 .8+1.2  p<0.001 ( T a b l e  2 .7 ) .  By t e n  y e a r s  t h e r e  was a l m o s t  no 

e v i d e n c e  o f  n e o v a s c u l a r i s a t i o n  i n  any  eye  ( F ig  2 .3 ) .  The 

n i n e t e e n  p a t i e n t s  who h a v e  r e a c h e d  t h e  f i f t e e n  y e a r  f o l l o w - u p  

have  no ev id e n c e  o f  d i s c  n e o v a s c u l a r i s a t i o n ,  though 4  s t i l l  

h a v e  e v i d e n c e  o f  p e r i p h e r a l  new v e s s e l s  ( T a b l e  2 .8 ) .  The 

improvement in  n e o v a s c u l a r i s a t i o n  was matched w i th  a r e d u c t io n  

in  t h e  i n c i d e n c e  o f  v i t r e o u s  h a e m o rrh a g e .  A t one  y e a r  14 

(14.4%) p a t i e n t s  had one eye t h a t  was u n a s s e s s a b le  b e c a u se  

o f  haemorrhage ( 2  b e in g  u n a s s e s s a b le  i n  e i t h e r  e y e ) , 'w h i l e  by t e n  

y e a r s  o n ly  4 (8.5%) p a t i e n t s  had t h i s  c o m p lica t io n .

R e t i n i t i s  P r o l i f e r a n s

The mean g ra d in g  f o r  RP in c re a s e d  from 1.0 +1.3 to  1.8 +1.3 

a t  t e n  y e a r s  ( T a b l e  2 .9 ) .  The i n c r e a s e  in  RP d o e s  n o t  mean 

t h a t  new v e s s e l s  i n v a r i a b l y  p r o g r e s s e d  t o  RP a s  some d i s c  

v e s s e l s  r e s o lv e d  w i th o u t  r e s i d u a l  f ib ro u s  t i s s u e .  In  g e n e r a l  

th e  more s e v e re  t h e  n e o v a s c u l a r i s a t i o n  a t  th e  i n i t i a l  a s s e s sm e n t  

t h e  m ore l i k e l y  RP was t o  d e v e l o p .  RP was t h e  o t h e r  m a jo r  

cause  o f  eyes becoming u n a s s e s s a b le .

Hard Exudates, M icroaneurysms and Haemorrhages 

There was a s i g n i f i c a n t  r e d u c t io n  in  th e  l e v e l  o f  e x u d a te s  from  

i n i t i a l  t o  t e n  y e a r s  (p < 0 .001 , T a b l e  2 .10). Those who u n d e r w e n t  

p h o to c o a g u la t io n  a f t e r  im p la n t  red u ced  t h e i r  l e v e l  o f  e x u d a te s  

more r a p i d l y  th a n  th o s e  who underw ent im p la n ta t io n  a lo n e .  Thus 

a t  f i v e  y e a r s ,  g r a d i n g  i n  t h e  r i g h t  eye was 0.4 +0 .6  i n
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T ab le  2 .7

Mean g rad in g  o f  d i s c  new v e s s e l s  f o r  bo th  r i g h t  and l e f t  eyes

Year Mean G rad ing SD No of P a t i e n t s

I n i t i a l 2 .7 1 . 6 98
One 1 . 8 1.4 89 **
Three 1 . 2 1.3 72 **
F ive 0 . 8 1 . 2 55 **
Ten 0 . 2 0.5 42 **
F i f t e e n 0 . 0 0 . 0 16 **

** d e n o t e s  p< 0 . 0 1  c o m p a r in g  t h e  same eye  a t  i n i t i a l  and  
subsequen t v i s i t s

N.B. In  th e  f o l l o w in g  t a b l e s  i t  w i l l  be seen t h a t  t h e  number o f  
p a t i e n t s  a t  e a c h  v i s i t  v a r i e s  f ro m  one t a b l e  t o  t h e  n e x t .  
T h is  i s  because  in  some c a s e s  t h e  photographs o f  p a r t i c u l a r  a r e a s  
o f  t h e  eye  w e re  u n g r a d a b l e  s e c o n d a r y  t o  v i t r e o u s  h a e m o r r h a g e ,  
r e t i n i t i s  p r o l i f e r a n s  o r  c a t a r a c t .

T ab le  2 .8

Mean grad ing  o f  p e r ip h e r a l  new v e s s e l s  fo r  bo th  r i g h t  and  l e f t  eyes

Year Mean G rad ing SD No o f  P a t ie :

I n i t i a l 2 .3 1 . 1 99
One 1 .4 0 . 8 90 **
Three 1 . 0 0.7 71 **
F ive 0 .7 0.7 5 4  **
Ten 0 . 2 0.4 42 **
F i f t e e n 0 . 2 0.4 16 **

** p< 0 . 0 1  c o m p ar in g  t h e  sam e e y e  a t  i n i t i a l  and  s u b s e q u e n t  
v i s i t s

T ab le  2 .9

Mean g rad in g  o f  r e t i n i t i s  p r o l i f e r a n s  fo r  both  r i g h t  and l e f t  eyes

Year Mean G rad ing SD No o f  P a t i e n t s

I n i t i a l 1 . 0 1 .3 98
One 1 . 6 1.4 90 **
Three 1 .7 1.4 72 **
F ive 1 .7 1 .4 5 4  **
Ten 1 . 8 1.3 41 **
F i f t e e n 1 .9 1.5 17 *

* p<0.05
** p< 0 . 0 1  c o m p ar in g  t h e  sam e e y e  a t  i n i t i a l  and s u b s e q u e n t  
v i s i t s .
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t n o s e  wno nad  n o t  u n d e rg o n e  p h o t o c o a g u l a t i o n  b u t  0 . 1  + 0 . 2  i n  

t h o s e  who had  (NS).

M ic ro a n e u ry s m s  an d  h a e m o rrh a g e s  d e c l i n e d  s i g n i f i c a n t l y  d u r in g  

t h e  f i r s t  y e a r  w h e t h e r  t h e  p a t i e n t s  h a d  u n d e r g o n e  

p h o to c o a g u la t io n  o r  n o t  (Table  2.11).

P h o to c o a g u la t io n

F i f t e e n  p a t i e n t s  who had  p r e v i o u s l y  had p h o to c o a g u la t io n  

and were " trea tm en t  f a i l u r e s "  w ere  a d m i t t e d  t o  t h e  p i t u i t a r y  

a b l a t i o n  s e r i e s .  A f t e r  t e n  y e a r s  29 o u t  o f  t h e  49 p a t i e n t s  

r e m a i n i n g  i n  t h e  s t u d y  had u n d e rg o n e  e i t h e r  x en o n  o r  a rg o n  

p h o to c o a g u la t io n  ( t h i s  in c lu d e s  n in e  o f  th e  o r i g i n a l  f i f t e e n ) .  

T h e r e  w as  a  t r e n d  f o r  t h o s e  who h a d  u n d e r g o n e  

p h o to c o a g u la t io n ,  in  a d d i t io n  t o  p i t u i t a r y  a b l a t i o n ,  

t o  l o s e  n e o v a s c u l a r i s a t i o n  more r a p i d l y  t h a n  t h o s e  who 

had undergone p i t u i t a r y  a b l a t i o n  a lo n e .  For in s t a n c e  a t  f i v e  

y e a r s  th e  mean g ra d in g  o f  d i s c  new v e s s e l s  i n  t h e  r i g h t  eye in  

t h o s e  p a t i e n t s  who had  u n d e rg o n e  p h o to c o a g u la t io n  had f a l l e n  

fro m  an  i n i t i a l  g r a d in g  o f  2 .7+1.9 t o  0 . 3 + 0 . 7 , w h e re a s  i n  

th o s e  who had n o t  had p h o to c o a g u la t io n  i t  had f a l l e n  from 2 .7+1.4 

t o  1.1+ 1.4. By t e n  y e a rs  th e re  was no d i f f e r e n c e  between th e  

two g roups .

E f f e c t  o f  Age a t  e n t r y

As i t  h a s  b e e n  s u g g e s t e d  t h a t  p i t u i t a r y  a b l a t i o n  i s  more 

e f f e c t i v e  i n  t h e  young, p a t i e n t s  were a l s o  s t u d i e d  by age o f  

e n t r y  i n t o  t h e  s tudy . The p o p u la t io n  was d i v i d e d  in to  th o se  

u n d e r  t h e  a g e  o f  f o r t y  y e a r s  a t  e n t r y  (69 p a t i e n t s )  and  t h o s e  

f o r t y  y e a r s  o r  o v e r  a t  e n t ry  (31 p a t i e n t s ) .
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Table 2.10

Mean g ra d in g  o f  h a rd  e x u d a te s  f o r  bo th  r i g h t  and l e f t  eyes

Year Mean G rading SD No o f  P a t i e n t s

I n i t i a l 0 . 6 8 0.73 99
One 0.60 0.57 89 NS
Three 0 .44 0.50 71 *
F ive 0.33 0.48 54 **
Ten 0.15 0.28 38 **
F i f t e e n 0 .18 0 . 2 2 15 **

* p<0.05
** p < 0 . 0 1  c o m p a r in g  t h e  same e y e  a t  i n i t i a l  a n d  s u b s e q u e n t  
v i s i t s

T ab le  2 .11

Mean g r a d i n g  o f  m ic ro a n e u ry s m s  and  h a e m o r r h a g e s  f o r  b o th

r i g h t  and l e f t  eyes

Year Mean G rading SD No o f  P a t i e n t s

I n i t i a l 2 .3 1 . 1 99
One 1 .3 0 .7 90 **
T hree 1 . 0 0 . 6 7]_ **
F ive 0 .7 0 .5 56 **
Ten 0 .5 0 .4 42 **
F i f t e e n 0 .5 0 .3 16 **

** p < 0 . 0 1  c o m p a r in g  t h e  same e y e  a t  i n i t i a l  a n d  s u b s e q u e n t  
v i s i t s .

Mean a g e  a t  e n t r y  o f  t h o s e  u n d e r  40 was 29+6 y e a r s  ( r a n g e  

1 6 -3 9 ) .  Mean a g e  a t  e n t r y  o f  t h o s e  a g e d  40 y e a r s  o r  m ore 

48+5.8 y e a r s  ( range  40-62). D u ra t io n  o f  d i a b e t e s  a t  e n t r y  was 

s i m i l a r  in  b o th  g roups  b e in g  17.8+7 y e a r s  (<40 y e a r s ) ,  and 

16 .1+11 .6  y e a r s  (>40 y e a r s ) .

P a t i e n t s  who w e re  y o u n g e r  t h a n  40 y e a r s  t e n d e d  t o  h a v e  a  

more s e v e r e  d eg ree  o f  n e o v a s c u l a r i s a t i o n  (NVE and NVD) th a n  o l d e r

61



p a t i e n t s .  The r e s p o n s e  o f  p a t i e n t s  i n  t h i s  y o u n g e r  g ro u p  t o  

p i t u i t a r y  a b l a t i o n  a p p e a r e d  t o  b e  m ore  r a p i d  t h a n  t h a t  o f  

th e  o l d e r  p a t i e n t s  (Fig 2.4). A s i m i l a r  d i f f e r e n t i a l  re sp o n se  

was n o t e d  i n  m ic ro a n e u ry s m s ,  h a e m o r r h a g e s  an d  e x u d a t e s .  

Hard e x u d a te s  were more s e v e re  i n  th o s e  o v e r  f o r t y  y e a r s  

(mean R an d  L 1 .1+1.1) t h a n  t h o s e  u n d e r  f o r t y  (mean R an d  L 

0 .7 + 0 .5 ) .  C o n s i s t e n t  w i th  t h i s  was t h e  f a c t  t h a t  t h e  o l d e r  a g e  

g roup  was more l i k e l y  t o  l o s e  v i s i o n  from m acu lopa thy  th a n  th e  

younger age group , who l o s t  v i s i o n  a lm o s t  e x c l u s i v e l y  from th e  

e f f e c t s  o f  RP/detachment.

2 .4  DISCUSSION.

2 .4 .1  M edica l a s p e c t s

The i n i t i a l  a s s e s s m e n t  o f  t h e  p r o p o r t i o n  o f  p a t i e n t s  

t h o u g h t  t o  be  c o m p l e t e l y  a b l a t e d  was p r o b a b l y  a c c u r a t e  a s  

a s s e s s e d  by  c u r r e n t  m e th o d s ,  b u t  w i t h  t h e  p a s s a g e  o f  t i m e  may 

h av e  become an u n d e re s t im a te .  A l l  p a t i e n t s  s tu d ie d  who were 

t h o u g h t  t o  b e  c o m p l e t e l y  a b l a t e d  w e re  c o n f i r m e d  t o  b e  s o .  I n  

a d d i t i o n ,  two o f  th o s e  though t t o  be p a r t i a l l y  a b l a t e d  were now 

fo u n d  t o  h a v e  no r e s i d u a l  p i t u i t a r y  f u n c t i o n .  T h i s  may h a v e  

r e s u l t e d  from  f i b r o s i s  o f  th e  p i t u i t a r y  g la n d .  Those th o u g h t  

t o  be p a r t i a l l y  a b l a t e d  had v a r i a b l e  r e s i d u a l  p i t u i t a r y  f u n c t io n .  

I n  a l l  o f  t h e s e ,  GH p r o d u c t i o n  i s  d i s p r o p o r t i o n a t e l y  r e d u c e d  

compared w i th  o th e r  p i t u i t a r y  m o d a l i t i e s ,  in  keep ing  w i th  th e  

f i n d i n g s  o f  S h a le t  e t  a l .  (1977) who found t h a t  i r r a d i a t i o n  o f  

th e  h y p o th a l a m i c - p i t u i t a r y  a x i s  r e s u l t e d  in  a  g r e a t e r  r e d u c t io n  

i n  GH t h a n  o t h e r  p i t u i t a r y  h o rm o n es .  I f  in d e e d  GH i s  t h e  

i m p o r t a n t  p i t u i t a r y  hormone i n  t h e  p a t h o g e n e s i s  o f  d i a o e t i c  

m i c r o v a s c u la r  d i s e a s e ,  th en  ^Oy i m p l a n t a t i o n  was t h e o r e t i c a l l y  

s u c c e s s f u l  i n  n e a r l y  a l l  p a t i e n t s  i n  whom t h e  p r o c e d u r e  was
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c a r r i e d  o u t .

I n  some s i t u a t i o n s ,  t h e  c o m b i n a t i o n  o f  h y p o p i t u i t a r i s m  and  

d i a b e t e s  w o u ld  a p p e a r  t o  h a v e  an  a d d i t i v e  e f f e c t  i n  t e r m s  o f  

c o m p l i c a t i o n s .  T h u s ,  h y p o t e n s i o n  c a n  be a g g ra v a te d  by d i a b e t i c  

autonomic n eu ro p a th y ,  and o s t e o p o r o s i s ,  d e s p i t e  r e p la c e m e n t  w ith  

sex s t e r o i d s ,  has  been a  s i g n i f i c a n t  problem . W hile  most p a t i e n t s  

have  managed t o  l e a d  a  norm al l i f e ,  th e  e f f e c t s  on th e  l i f e  o f  a  

s i z e a b l e  m in o r i ty  h ave  been d e v a s t a t i n g .  Impotence and i n a b i l i t y  

t o  p r o d u c e  c h i l d r e n  Ted t o  s e v e r a l  e p i s o d e s  o f  d e p r e s s i o n  

r e q u i r i n g  p s y c h i a t r i c  h e l p ,  and  s u i c i d e  i n  a t  l e a s t  o n e  c a s e .  

L e t h a r g y  was a  common c o m p l a i n t  d e s p i t e  f u l l  r e p l a c e m e n t  

th e rap y .  I n t e r e s t i n g l y ,  w h i l e  men a r e  happy to  t a k e  r e p la c e m e n t  

th e ra p y  w ith  androgens , t h e  women a r e  r e l u c t a n t  t o  ta k e  

o e s t ro g e n s ,  d e s p i t e  a  f u l l  e x p l a n a t i o n  o f  th e  re a so n s  f o r  do ing  

so .  F e a r  o f  h y p o g ly c a e m ia  d o m i n a te s  t h e  l i v e s  . o f  many 

p a t i e n t s ,  and th e  a d v e n t  o f  home b lo o d  g lu c o se  m o n i to r in g  h as  

been a h e l p  in  t h i s  d i r e c t i o n .  Asymptomatic hypog lvcaem ia  has  

become a  m a jo r  p r o b le m  i n  t h e  s u r v i v i n g  p a t i e n t s ,  b u t  i s  m o s t  

l i k e l y  due t o  lo n g  d u r a t i o n  o f  d i a b e t e s  and a s s o c ia t e d  au tonom ic 

n e u r o p a t h y  r a t h e r  t h a n  h y p o p i t u i t a r i s m  s i n c e  l a c k  o f  

h y p o g ly c a e m ic  symptoms i s  a l s o  s e e n  i n  n o n - a b l a t e d  d i a b e t i c  

s u b j e c t s .  I t  i s  s u r p r i s i n g  t h a t  t h e r e  h a v e  b e e n  no  

e p i s o d e s  o f  k e t o a c i d o s i s .  I t  h a s ,  h o w e v e r ,  b e e n  p r e v i o u s l y  

r e p o r t e d  (B a rn e s  e t  a l . ,  1978) t h a t  h y p o p i t u i t a r y  d i a b e t i c  

p a t i e n t s  a r e  s u r p r i s i n g l y  s l o w  t o  d e m o n s t r a t e  a  r i s e  i n  

p lasm a g lu c o se  and ke tone  b o d ie s  f o l l o w i n g  i n s u l i n  w i th d r a w a l ,  

e s p e c i a l l y  in  a s s o c i a t i o n  w i th  s t e r o i d  d e f ic ie n c y .

M o r t a l i t y  r a t e s  r e p o r t e d  f o r  p a t i e n t s  v i t h  p r o l i f e r a t i v e  

r e t i n o p a t h y  v a r y .  Two l a r g e  s t u d i e s  h a v e  r e p o r t e d  f i g u r e s  o f  

a p p r o x i m a t e l y  50% a t  f i v e  y e a r s  ( C a i r d  e t  a l . ,  1969 , D a v i s  e t
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a l . ,  1979), and r a t h e r  more among th e  d i a b e t i c  b l i n d  (Rogot e t  

a l . ,  1966). A f u r t h e r  s t u d y ,  s e l e c t i n g  p a t i e n t s  w i t h  'a  good 

p r o q n o s i s  f o r  s u r v i v a l ' ,  r e p o r t e d  a  5 y e a r  m o r t a l i t y  o f  25% 

am o n g st  t h e  p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a th y  (K natte rud , 

1 983 ) .  T hus ,  t h e  5 y e a r  m o r t a l i t y  o f  17.9% fo u n d  i n  t h e  p r e s e n t  

s tu d y  i s  seen  t o  be v e ry  low. T h is  i s  p resum ably  in  p a r t  because  

th e  p a t i e n t s  were a s e l e c t e d  g roup  w ith  no s i g n i f i c a n t  ev id en ce  

o f  r e n a l  d y s f u n c t i o n  a t  t h e  t i m e  o f  i m p l a n t .  A s m a l l  c l i n i c a l  

s t u d y  o f  51 p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a t h y  who -were 

s e l e c t e d  t o  e x c l u d e  p a t i e n t s  w i t h  r e n a l  f a i l u r e  a t  t h e  

o u t s e t  found a  m o r t a l i t y  r a t e  o f  a p p ro x im a te ly  10-15% o v e r  a 

mean f o l l o w  up t im e  o f  6  y e a r s  ( D e c k e r t  e t  a l . ,  1 9 6 7 ) .  T h i s  

seem s t o  c o n f i r m  t h a t  t h e  lo w  m o r t a l i t y  r a t e  f o u n d  i n  t h i s  

s tu d y  i s  l a r g e l y  due t o  t h e  s e l e c t i o n  c r i t e r i a .  N e v e r th e l e s s ,  

t h e  f i g u r e  i s  s t i l l  r e m a r k a b l y  low  when on e  c o n s i d e r s  

t h a t  th e  com bination  o f  d i a b e t e s  and h y p o p i tu i t a r i s m  c a r r i e s  

i t s  own r i s k s .  A l th o u g h  t h e  q u e s t i o n  i s  o pen  t o  d e b a t e ,  i t  

c o u l d  be  a r g u e d  t h a t  t h o s e  p a t i e n t s  who d i e d  o f  h y p o g ly c a e m ia  

d i e d  a s  a  c o n s e q u e n c e  o f  t h e i r  h y p o p i t u i t a r y  s t a t e  a s  i t  i s  

n o t  common f o r  d i a b e t i c  s u b j e c t s  t o  d i e  o f  h y p o g ly c a e m ia .  In  

a d d i t i o n ,  t h e r e  a r e  a  number o f  p a t i e n t s  i n  whom c l i n i c a l  d e t a i l s  

su g g e s t  t h a t  th e y  were a d m it te d  t o  h o s p i t a l s  where th e y  were n o t  

known, and t h e  d o s e  o f  a d r e n a l  s t e r o i d  was o m i t t e d  o r  n o t  

in c re a s e d  t o  c o v e r  th e  i n t e r c u r r e n t  i l l n e s s .

The l a r g e  p r o p o r t io n  o f  p a t i e n t s  who d ie d  from m y o c a rd ia l  o r  

c e r e b r a l  v a s c u l a r  d i s e a s e  i s  i n  k e e p in g  w i th  t h e  f i g u r e s  o f  

o t h e r  s t u d i e s  i n  d i a b e t i c  s u b j e c t s  (E n tm ach e r  e t  a l . ,  1964, 

Keen e t  a l . ,  1965).  I t  i s  now a c c e p t e d  t h a t  d i a b e t e s  

p r e d is p o s e s  t o  a th e ro m ato u s  d i s e a s e .  P i t u i t a r y  a b l a t i o n  would 

o b v io u s ly  n o t be e x p e c te d  t o  have  any e f f e c t  on t h i s .
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The r e p o r t s  o f  I r e l a n d  e t  a l .(1 9 6 7 )  and Greenwood e t  a l .(1 9 7 5 )  o f  

th i n n in g  o f  th e  g lo m e r u la r  basem ent membrane a f t e r  p i t u i t a r y  

d e s t r u c t i o n  s u g g e s t s  t h a t  p i t u i t a r y  i m p l a n t a t i o n  may h a v e  

b e n e f i c i a l  e f f e c t s  on m ic r o v a s c u la r  d i s e a s e  in  k idney . A r r iv in g  

a t  a  f i g u r e  i n d i c a t i n g  th e  numbers in  t h i s  s tu d y  who d e v e lo p e d  

r e n a l  f a i l u r e  has  been d i f f i c u l t .  T aking  a l l  p a t i e n t s  who had 

an  e l e v a t e d  p la s m a  u r e a  i s  l i k e l y  t o  b e  an  o v e r e s t i m a t e  b u t  

i n c l u d i n g  o n l y  t h o s e  p a t i e n t s  who d e v e l o p e d  r e n a l  f a i l u r e  

s e c o n d a r y  t o  d i a b e t e s  i s  p e r h a p s  m ak ing  t o o  f i n e  a  p o i n t .  

However, in  t h i s  group o f  108 p a t i e n t s ,  f o l lo w e d  f o r  a  mean o f  10 

y e a r s ,  b e tw e e n  7 and  13% d e v e l o p e d  r e n a l  f a i l u r e .  I t  i s  

d i f f i c u l t  t o  f in d  d a t a  w ith  which t o  compare t h i s  f i g u r e .  In  

tw o l a r g e  s e r i e s  f rom  t h e  J o s l i n  c l i n i c  l o o k i n g  a t  a l l  

d i a b e t i c s  (Entmacher e t  a l . ,  1964), and th o s e  w ith  p r o l i f e r a t i v e  

r e t i n o p a t h y  (R oot e t  a l . ,  1 9 5 9 ) ,  some 50% o f  p a t i e n t s  o f  

com parab le  age and d u r a t i o n  o f  d i a b e t e s  d ie d  o f  r e n a l  f a i l u r e .  

I n  a  s t u d y  by D e c k e r t  e t  a l .  (1978) o f  p a t i e n t s  d i a g n o s e d  a s  

d i a b e t i c  b e f o r e ,  t h e  ag e  o f  31 y e a r s ,  31% d i e d  o f  r e n a l  f a i l u r e .  

E v en  i n  t h e  s m a l l  s t u d y  o f  p a t i e n t s  w i th  p r o l i f e r a t i v e  

r e t i n o p a t h y  i n  whom p a t i e n t s  w i t h  r e n a l  f a i l u r e  w e re  

e x c lu d e d ,  24% o f  p a t i e n t s  d ie d  o f  o r  d ev e lo p e d  uraem ia  o v e r  

t h e  mean f o l l o w  up p e r i o d  o f  6  y e a r s  (D e c k e r t  e t  a l . ,  1 9 6 7 ) .  

T h i s  i s  a p p r o x i m a t e l y  d o u b l e  t h e  f i g u r e  fo u n d  i n  t h e  p r e s e n t  

r e p o r t .  H ow ever, a s t u d y  e x a m in in g  t h e  p r o g n o s i s  f o r  r e n a l  

f u n c t i o n  i n  o t h e r w i s e  f i t  p a t i e n t s  w i t h  p r o l i f e r a t i v e  

r e t i n o p a th y  i s  needed.

The f a l l  i n  p la s m a  c r e a t i n i n e  w i t h  t i m e  f o l l o w i n g  p i t u i t a r y  

a b l a t i o n  r e p o r te d  by Lundbaek has  n o t  been confirm ed (Lundbaek 

e t  a l . ,  1969). In  a d d i t i o n ,  t h e r e  w as a  p ro n o u n c e d  r i s e  i n  

p l a s m a  u r e a  a t  6  m onths  p o s t  i m p l a n t  w h ich  s u b s e q u e n t l y
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r e tu rn e d  to  no rm al .  The cause  o f  t h i s  i s  n o t  c l e a r .  P resum ably  

by 6  months a l l  p a t i e n t s  had re c o v e re d  from th e  a c u te  e f f e c t s  o f  

th e  p ro ced u re .  P o s s i b l e  cau se s  a r e  a  sudden f a l l  in  g lo m e ru la r  

f i l t r a t i o n  r a t e ,  l o s s  o f  m uscle  mass o r  p o s s i b l y  d e h y d ra t io n  

due  t o  d i a b e t e s  i n s i p i d u s  w h ich  o c c u r r e d  i n  a  number o f  

p a t i e n t s  a s  an e a r l y  c o m p lic a t io n .

In  c o n c l u s i o n ,  t h e s e  p a t i e n t s  w i t h  p i t u i t a r y  a b l a t i o n  and  

d i a b e t e s  seem  t o  h a v e  d one  r e m a r k a b ly  w e l l  w i t h  r e g a r d  t o  

s u r v i v a l  and r e n a l  f u n c t io n .  The r e s u l t s  r e p o r te d  h e r e  do n o t  

r e f u t e  t h e  b e l i e f  t h a t  p i t u i t a r y  a b l a t i o n  h a d  b e n e f i c i a l  

e f f e c t s  on th e  c o u r s e  o f  d i a b e t i c  m ic ro v a s c u la r  d i s e a s e .

2 .4 .2  O p h th a lm o lo g ica l  A spects

The r e s u l t s  p r e s e n t e d  h e r e  a r e  i n  a c c o r d  w i t h  t h e  f i n d i n g s  o f  

s h o r t  te rm  a s s e s sm e n ts  o f  p i t u i t a r y  a b l a t i o n  in  t h e  t r e a tm e n t  o f  

d i a b e t i c  r e t i n o p a t h y  (B rad ley  e t  a l .  1965, Kohner e t  a l . ,  1972), 

c o n f i r m i n g  i t  a s  a n  e f f e c t i v e  m ethod  o f  t r e a t m e n t .  To f i n d  

s u i t a b l e  c o n r t o l  s e r i e s ,  i t  i s  n e c e s s a r y  t o  ex am in e  t h e  

l i t e r a t u r e  p r i o r  t o  t h e  u s e  o f  p h o t o c o a g u l a t i o n  a s  i t  i s  w o u ld  

now be  c o n s i d e r e d  u n e t h i c a l  t o  w i t h o l d  t h i s  t r e a t m e n t  i n  a 

p a t i e n t  w i t h  n e o v a s c u l a r i s a t i o n .  The f i r s t  i m p o r t a n t  p o i n t  t o  

n o t e  i s  t h a t  s p o n t a n e o u s  r e g r e s s i o n  o f  u n t r e a t e d  p r o l i f e r a t i v e  

r e t i n o p a th y  i s  uncommon, be ing  l e s s  th a n  1 0 % i n  one e a r l y  s tu d y  

(Beetham 1963). S in c e  th e  new v e s s e l s  r e g r e s s e d  i n  a l l  p a t i e n t s  

i n  t h e  p r e s e n t  s t u d y ,  t h e  b e n e f i t  o f  p i t u i t a r y  a b l a t i o n  c a n  be  

r e a d i l y  a p p r e c i a t e d .  I n  f a c t  a s  l a t e  a s  1978 , t h e  r e s u l t s  o f  PA 

i n  t h e  t r e a t m e n t  o f  ' f l o r i d '  r e t i n o p a t h y  w e re  b e i n g  com pared  

f a v o u r a b ly  w i th  t h o s e  o f  p h o to c o a g u la t io n  (Kohner e t  a l . ,  1976, 

V a lo n e  an d  M cM eel,  1 9 7 8 ) .  The b e n e f i t  o f  p i t u i t a r y  a b l a t i o n  i s  

a l s o  a p p a re n t  on a s se s sm e n t  o f  v i s u a l  outcome. T h ree  s t u d i e s  o f
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u n t r e a t e d  p r o l i f e r a t i v e  r e t i n o p a t h y  p u t  t h e  p r o g r e s s i o n  t o  

b l i n d n e s s  a t  27-50% ( C a i r d  an d  G a r r e t t ,  1963, D e c k e r t  e t  a l . ,  

1967, D eckert e t  a l . ,  1978), w hereas in  th e  p r e s e n t  s tu d y  group , 

t h e  p e r c e n t a g e  o f  p a t i e n t s  b l i n d  i n  b o th  e y e s  r e m a in e d  a t  1 2 % 

fro m  3 t o  15 y e a r s .

Examining th e  d a t a  by age  a t  e n t r y ,  s e p a r a t in g  th o s e  un d er  f o r t y  

from th o se  o v e r  f o r t y  a t  im p la n t ,  i t  i s  c l e a r  t h a t  am ongst th e  

o l d e r  ag e  g r o u p ,  t h e  p e r c e n t a g e  o f  b l i n d  p a t i e n t s  w as g r e a t e r  

t h a n  am ongst  t h e  y o u n g e r  p a t i e n t s  (18% com pared  w i t h  1 0 % a t  5  

y e a r s ,  25% com pared  w i t h  9% a t  10 y e a r s ) .  The u s u a l  c a u s e  

o f  b l i n d n e s s  was f i b r o u s  r e t i n i t i s  p r o l i f e r a n s  a n d  i t s  

c o m p lic a t io n s .  However, t h e  o l d e r  age group were a l s o  more 

l i k e l y  t o  h a v e  m acu lopathy . The d i f f e r e n t  n a t u r a l  h i s t o r i e s  o f  

t h e  younger and o l d e r  age  g roups  in  term s o f  v i s u a l  a c u i t y  h as  

b e e n  p r e v i o u s l y  n o te d .  T h u s ,  D e c k e r t  e t  a l .  (1967) i n  t h e i r  

s u r v e y  o f  51 u n t r e a t e d  d i a b e t i c s  w i th  p r o l i f e r a t i v e  

r e t i n o p a th y  found t h a t  p a t i e n t s  under 35 y e a rs  o f  age  had a  

b e t t e r  p r o g n o s i s  f o r  v i s i o n  t h a n  d i d  t h e  o l d e r  p a t i e n t s .  I t  

a p p e a r s  t h e r e f o r e  t h a t  t h e  g r e a t e r  i m p r o v e m e n t  i n  

n e o v a s c u l a r i s a t i o n  and b e t t e r  v i s u a l  a c u i ty  in  th e  younger  age  

g r o u p  found  i n  t h e  p r e s e n t  s t u d y  may be  u n r e l a t e d  t o  an

im p ro v e d  r e s p o n s e  t o  i m p l a n t a t i o n ,  b u t  r a t h e r  r e p r e s e n t s

d i f f e r e n c e s  in  t h e  n a t u r a l  h i s t o r y  o f  th e  d isea se .

In  th e  a n a l y s i s  o f  t h i s  d a t a ,  t h e  r o l e  o f  p h o to c o a g u la t io n  i s

a  c o m p l i c a t i n g  f a c t o r ,  a s  i t  p l a y e d  an i n c r e a s i n g  p a r t  i n

t r e a t m e n t  a s  t h e  b e n e f i t s  o f  t h e  xenon , and l a t e r  t h e  

a r g o n ,  p h o t o c o a g u l a t o r s  becam e o b v io u s .  H o w e v e r ,  w hen 

p h o t o c o a g u l a t i o n  was f i r s t  i n t r o d u c e d  in  1970 , t h e  e x a c t  

i n d i c a t i o n s  f o r  i t s  u s e  w ere  n o t  c l e a r l y  e s t a b l i s h e d ,  n o r  w as 

th e  t re a tm e n t  g iv e n  ad e q u a te  in  t h e  l i g h t  o f  l a t e r  e x p e r i e n c e .
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The p r e c i s e  im p a c t  on t h e  p r e s e n t  r e s u l t s ,  t h e r e f o r e ,  i s  

d i f f i c u l t  t o  a s s e s s .  F o r  e x a m p le ,  two p a t i e n t s  h a d  r e t i n a l  

d e ta c h m e n t  an d  b l i n d n e s s  p r e c i p i t a t e d  by xenon t r e a t m e n t ,  and  

some o f  t h e  15 p a t i e n t s  i n  whom p h o t o c o a g u l a t i o n  f a i l e d  t o  

c a u s e  r e g r e s s i o n  o f  new v e s s e l s  had  i n a d e q u a t e  t r e a t m e n t .  

N e v e r t h e l e s s  i t s  i n f l u e n c e  c a n n o t  be  i g n o r e d ,  s i n c e  by  t h e  t e n  

y e a r  f o l lo w - u p  more th a n  50% o f  th e  s u r v i v i n g  49 p a t i e n t s  had 

r e c e i v e d  p h o t o c o a g u l a t i o n .  The m ain  i n f l u e n c e  seem s  t o  h a v e  

b e e n  on t h e  r a p i d i t y  o f  r e s o l u t i o n  o f  n e o v a s c u l a r i s a t i o n .  

However, ev en  i f  th e  p h o to c o a g u la te d  group i s  removed from 

t h e  a n a l y s i s  a  s i g n i f i c a n t  im p ro v e m e n t  i s  s t i l l  a p p a r e n t  i n  

th o s e  who had undergone p i t u i t a r y  a b l a t i o n  a lo n e .  There  was 

no d i f f e r e n c e  in  f i n a l  v i s u a l  a c u i t y  between th e  two groups.

In  c o n c lu s io n ,  th e  p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  d e s t r u c t i o n  o f  

t h e  p i t u i t a r y  g l a n d  i s  a n  e f f e c t i v e  m e th o d  o f  t r e a t i n g  

p r o l i f e r a t i v e  d i a b e t i c  r e t in o p a th y .

CONCLUDING REMARKS

The lo n g  t e r m  f o l l o w - u p  o f  p a t i e n t s  who w ere  t r e a t e d  w i t h  ^0y 

p i t u i t a r y  a b l a t i o n  s u g g e s ts  t h a t  s u c h  t r e a t m e n t  h a d  b e n e f i c i a l  

e f f e c t s  n o t  o n l y  on r e t i n o p a t h y ,  b u t  a l s o  o t h e r  m i c r o v a s c u l a r  

c o m p l ic a t io n s  o f  d i a b e t e s ,  such a s  nephropathy . The m ajor p rob lem  

w i t h  t h e  a b o v e  s t u d i e s  i s  t h e  l a c k  o f  c o n t r o l  s u b j e c t s ,  b u t  

c o m p a r i s o n  w i t h  o t h e r  r e p o r t s  f ro m  t h e  l i t e r a t u r e ,  o f t e n  o f  

p a t i e n t s  s i m i l a r l y  s e l e c t e d ,  a g a i n  s u g g e s ts  t h a t  t h e  p i t u i t a r y  

a b l a t e d  p a t i e n t s  d id  rem arkab ly  w e l l .

Thus f a r ,  a c c e p t i n g  p i t u i t a r y  a b l a t i o n  o r  h y p o p h y se c to m y  t o  b e  

e f f e c t i v e  in  t h e  t r e a tm e n t  o f  r e t i n o p a th y ,  i t  can be  s t a t e d  t h a t  

r e m o v a l  o f  some f a c t o r  p ro d u c e d  by  t h e  p i t u i t a r y  g l a n d  h a s  a 

b e n e f i c i a l  e f f e c t  on m ic ro v a s c u la r  d i s e a s e .  For r e a s o n s  o u t l i n e d
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i n  c h a p te r  1, GH i s  a  good c a n d id a te ,  b u t  th e  q u e s t io n  rem ains  t o  

be r e s o lv e d .

In  t h e  f o l l o w in g  c h a p te r s ,  p o s s i b l e  c a u s e s  o f  GH h y p e r s e c r e t i o n  

in  d i a b e t e s  w i l l  be i n v e s t i g a t e d ,  and f i n a l l y ,  t h e  r e s u l t s  o f  a 

t r i a l  o f  p h a r m a c o l o g i c a l  s u p p r e s s i o n  o f  GH i n  p a t i e n t s  w i t h  

p r o l i f e r a t i v e  r e t i n o p a th y  w i l l  be r e p o r te d  upon.
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CHAPTER 3

C o n f irm a tio n  o f  GH h y p e r s e c r e t io n  i n  p a t i e n t s  w ith  

d i a b e t i c  r e t i n o p a t h y .

INTRODUCTION.

A l th o u g h  e l e v a t e d  d i u r n a l  GH l e v e l s  a r e  w e l l  d o cu m en ted  i n  

p a t i e n t s  w i th  d i a b e t e s  (Johansen and Hansen, 1971, Hansen, 1973), 

t h e  f o l l o w i n g  s e c t i o n  i s  a  c o n f i r m a t i o n  o f  t h e  f a c t  t h a t  GH 

h y p e r s e c r e t i o n  c a n  be  d e m o n s t r a t e d  i n  p a t i e n t s  w i t h  d i a b e t i c  

r e t i n o p a th y  u s in g  t h e  GH as sa y  which w i l l  be used  th ro u g h o u t  t h i s  

work.

3 .1  PATIENTS AND METHODS

Four i n s u l i n - d e p e n d e n t  d i a b e t i c  p a t i e n t s  (3 f e m a le ,  1 male) w ith  

p r o l i f e r a t i v e  r e t i n o p a th y  were s e l e c t e d  f o r  s tu d y .  The mean age 

o f  t h e s e  s u b j e c t s  was 30 y e a r s  ( r a n g e  2 0 - 4 5 ) ,  an d  t h e  mean 

g l y c o s y l a t e d  h a e m o g lo b in  (HbAl) 11.7% ( r a n g e  9 .6 -13 .4% , n o rm a l  

range 5-8%). None had any ev id en ce  o f  r e n a l  im pairm en t,  and none 

was t a k i n g  a n y  m e d i c a t i o n  a p a r t  from  i n s u l i n .  Two n o n - d i a b e t i c  

s u b j e c t s ,  o n e  m a l e ,  o n e  f e m a l e ,  ag ed  30 an d  31 y e a r s ,  w ere  a l s o  

s tu d i e d  f o r  com parison . A l l  were ad m it ted  t o  t h e  M e ta b o l ic  U nit 

a t  The Hammersmith H o s p i ta l  on th e  morning o f  t h e  s tu d y  day, and 

a c a n n u l a  was i n s e r t e d  i n t o  a f o r e a r m  v e i n  f o r  t h e  p u r p o s e s  o f  

b l o o d  s a m p l i n g .  S u b j e c t s  w ere  a m b u la n t  t h r o u g h o u t ,  and t h e  

d i a b e t i c s  h a d  t h e i r  n o rm a l  d o se  o f  i n s u l i n .  H o u r ly  b lo o d  

s a m p l e s  w ere  t a k e n  f ro m  8 . 0 0 am u n t i l  1 0 . 0 0 pm, an d  2  h o u r l y  from  

m i d n i g h t  u n t i l  6 .00  am. Serum was s e p a r a t e d  w i t h i n  2 h o u r s  o f  

d r a w in g  t h e  b l o o d ,  f r o z e n  a t  -2 0 °C , and  a s s a y e d  f o r  GH w i t h i n  3 

days .

GH w as m e a s u re d  u s i n g  a  d o u b le  a n t i b o d y  r a d io im m u n o a s s a y ,  t h e

70



d e t a i l s  o f  which a r e  g iv e n  in  Appendix A.

3 .2  RESULTS

The 24 hour GH p r o f i l e s  from th e  d i a b e t i c  and norm al s u b j e c t s  a r e  

shown i n  f i g u r e  3 . 1 . The mean a r e a  u n d e r  t h e  GH c u r v e  i n  t h e  

d i a b e t i c  s u b j e c t s  was 284 m U /l.hr (range 206.2-428.3) w hereas  th e  

v a l u e s  in  t h e  norm al s u b j e c t s  were 149.3 and 113.6 m U /l .h r  (mean 

1 3 1 .3 ) .

3 .3  Comment

T h i s  s t u d y  c o n f i r m s  t h a t  GH h y p e r s e c r e t i o n  i n  p a t i e n t s  w i t h  

p r o l i f e r a t i v e  r e t i n o p a t h y  i s  r e a d i l y  dem onstra ted  u s in g  t h e  ' i n  

h o u se ' radioim m unoassay f o r  GH.
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CHAPTER 4

P i t u i t a r y  an d  h y p o t h a l a m i c  r e g u l a t i o n  o f  GH i n  n o r m a l

and d i a b e t i c  s u b j e c t s .

INTRODUCTION

The f o l l o w i n g  c h a p t e r  o u t l i n e s  s t u d i e s  a im ed  a t  a s s e s s i n g  

h y p o t h a l a m i c  and  p i t u i t a r y  f u n c t i o n  i n  n o rm a l  an d  d i a b e t i c  

s u b j e c t s  by e x t r a p o l a t i o n  o f  d a t a  o b t a i n e d  d u r i n g  s t u d i e s  

i n v o l v i n g  th e  i n j e c t i o n  o f  growth hormone r e l e a s i n g  f a c t o r  (GRF) 

and s t u d i e s  o f  GH s e c r e t i o n  by p i t u i t a r y  c e l l s  i n  c u l t u r e  (Sharp  

e t  a l . ,  1984b , S h a rp  e t  a l . ,  1 9 8 4 c ) .

The i n j e c t i o n  o f  s y n t h e t i c  GRF can  be  used  a s  a  h i g h l y  s e l e c t i v e  

p i t u i t a r y  fu n c t io n  t e s t ,  and has  found a  p l a c e  in  d i s t i n g u i s h i n g  

p i t u i t a r y  from hy p o th a lam ic  c a u s e s  o f  growth f a i l u r e  i n  c h i l d r e n .  

I t  i s  a l s o  a  u s e f u l  r e s e a r c h  t o o l  i n  i n v e s t i g a t i n g  t h e  i n f l u e n c e  

o f  v a r i o u s  f a c t o r s  on p i t u i t a r y  GH s e c r e t i o n ,  and  i t  was e a r l y  

d i s c o v e re d  t h a t  age (S h ib asak i e t  a l . ,  1984), o b e s i t y  (W il l ia m s  

e t  a l . ,  1984) and  a t r o p i n e  ( M a s s a ra  e t  a l . ,  1984) a r e  p o t e n t  

i n h i b i t o r s  o f  GRF s t i m u l a t e d  GH r e l e a s e .  P r i o r  t o  u s i n g  t h i s  

p e p t id e  t o  i n v e s t i g a t e  p i t u i t a r y  f u n c t io n  in  d i a b e t i c  s u b j e c t s ,  

t h e r e f o r e ,  i t  i s  n e c e s s a ry  n o t  o n ly  t o  d e f in e  a  normal ran g e  f o r  

t h e  GH r e s p o n s e  t o  GRF, b u t  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

hyperg ly caem ia  in  normal s u b j e c t s .  F u r th e r ,  s in c e  GRF s t i m u l a t e d  

GH s e c r e t i o n  i n v o l v e s  a  c o m p le x  i n t e r p l a y  o f  h y p o t h a l a m i c  a n d  

p i t u i t a r y  i n f l u e n c e s ,  a n  a s s e s s m e n t  o f  t h e  e f f e c t s  o f  

h y p e r g l y c a e m i a  on p i t u i t a r y  c e l l s  i n  i s o l a t i o n  i s  a  h e l p f u l  

a d d i t i o n .  I n  t h e  f o l l o w i n g  s t u d i e s ,  t h e  GH r e s p o n s e  t o  GRF w as 

measured in  normal s u b j e c t s  under c o n d i t io n s  o f  eu g ly caem ia  and 

hyperg lycaem ia .  F o l lo w in g  t h i s  p r e p a r a t o r y  work, s i m i l a r  s t u d i e s  

w e re  c a r r i e d  o u t  i n  d i a b e t i c  s u b j e c t s .  L a s t l y ,  t h e  e f f e c t s  o f
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h y p e r g l y c a e m i a  and  h y p e r i n s u l i n a e m i a  on  p i t u i t a r y  c e l l s  i n  

c u l t u r e  were a s se s se d .

4 .1  NORMAL SUBJECTS

4 . 1 .1  PATIENTS AND METHODS

S ix  norm al s u b j e c t s ,  4 m ale and 2 f e m a le ,  age- range  28-39 y e a r s ,  

w e re  s e l e c t e d  f o r  s tu d y .  A l l  had  a  f a s t i n g  p la s m a  g l u c o s e  l e s s  

th a n  6 m m o l/ l ,  and none was on any m e d ic a t io n .  A l l  s u b je c t s  were 

s tu d i e d  under c o n d i t io n s  o f  eu g ly caem ia  and hyperg lycaem ia  in  a  

p a i r e d  s tu d y .

eug lycaem ic  s tu d y  s tudy  s u b j e c t s  a t t e n d e d  th e  h o s p i t a l  a f t e r  

an  o v e r n ig h t  f a s t .  A n e e d le  was i n s e r t e d  i n t o  a  fo rearm  v e in  fo r  

s a m p lin g  p u rp o s e s ,  and 3 b a s a l  sam p les  w ere ta k e n  f o r  measurement 

o f  p l a s m a  g l u c o s e ,  serum  GH and  i n s u l i n  o v e r  a  p e r i o d  o f  30 

m i n u t e s .  A t  t i m e  z e r o ,  a  d o s e  o f  lO O ug GRF ( 1 - 4 4 )  w as 

a d m i n i s t e r e d  i n t r a v e n o u s l y  o v e r  2  m i n u t e s ,  and  f u r t h e r  b lo o d  

sam ples  ta k e n  a t  15 minute i n t e r v a l s  f o r  t h e  n e x t  60 m inu tes .  

h y p e r g l y c a e m i c  s t u d y  : -  s t u d y  s u b j e c t s  a t t e n d e d  t h e  h o s p i t a l  

a f t e r  an  o v e r n i g h t  f a s t .  A n e e d l e  was i n s e r t e d  i n t o  a f o r e a r m  

v e i n  i n  e a c h  a rm , one f o r  t h e  p u r p o s e s  o f  g l u c o s e  i n f u s i o n  and  

i n j e c t i o n  o f  GRF and t h e  o t h e r  f o r  s a m p l i n g  p u r p o s e s .  A b a s a l  

sam ple  o f  b lo o d  was taken  fo r  measurement o f  g lu c o s e ,  i n s u l i n  and 

GH a t  t i m e s  - 3 0  an d  -15  m in u te s ,  f o l l o w i n g  w h ic h  an  i n f u s i o n  o f  

50% d e x t r o s e  w as g iv e n  o v e r  t h e  n e x t  15 m i n u t e s  t o  r a p i d l y  

e l e v a t e  th e  p la sm a  g lu c o se  t o  o v e r  1 0 m m o l/ l  a s  d e s c r ib e d  f o r  th e  

h y p e rg ly c aem ic  clam p (DeFronzo e t  a l . ,  1979). The p lasm a g lu c o s e  

was t h e n  m e a s u r e d  a t  5 m in u te  i n t e r v a l s  an d  m a i n t a i n e d  a t  

a p p ro x im a te ly  l lm m ol/1  w ith a v a r i a b l e  i n f u s i o n  o f  50% d e x t ro s e .  

A t t i m e  z e r o ,  lOOug GRF was i n j e c t e d  a s  i n  t h e  e u g ly c a e m ic  

p ro c e d u re ,  and f u r t h e r  samples ta k en  a t  15 m in u te  i n t e r v a l s  t o  60
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m x i i u u c s .

I n  e a c h  c a s e ,  GRF ( P e n i n s u l a  L a b o r a t o r i e s ,  C a l i f o r n i a )  was 

d i s s o l v e d  i n  0 . 2  m i s  o f  2 0 % human se ru m  a l b u m i n ,  d i l u t e d  t o  a 

volume o f  10ml w i th  0.9% s a l i n e ,  and i n j e c t e d  o v e r  a  p e r i o d  o f  2 

m i n u te s .  A d o s e  o f  lOOug o f  GRF was c h o s e n  s i n c e  t h i s  h a s  

p r e v i o u s l y  been  found t o  p roduce  th e  maximum GH re s p o n s e  (Wood e t  

a l . ,  1983).

For each i n d i v i d u a l ,  no lo n g e r  th a n  a  week was a l lo w e d  t o  e l a p s e  

between th e  eu g ly caem ic  and hyperg lycaem ic  s t u d i e s ,  and  t h e  GRF 

was ta k e n  from th e  same b a tc h  o f  m a te r i a l .

Serum i n s u l i n  was measured by d o u b l e  a n t i b o d y  r a d io im m u n o a s s a y  

(M organ and  L a z a ro w ,  1 9 6 3 ) ,  and  p la s m a  g l u c o s e  was m e a s u r e d  by  

t h e  g l u c o s e  o x i d a s e  m e thod  u s i n g  t h e  Beckman G l u c o s e  A n a l y z e r  

(Beckman, C a l i f o r n i a ) .  D i f f e r e n c e s  between groups  w ere c a l c u l a t e d  

by p a i r e d  t - t e s t .

4 .1 .2  RESULTS

During th e  eu g ly caem ic  s tu d y ,  t h e  msan p lasm a g lu c o s e  was .5.1+0.4 

m m ol/1  (+S.D.) an d  se ru m  i n s u l i n  5.6+2.2 mU/1. I n  no i n d i v i d u a l  

d i d  t h e  p l a s m a  g l u c o s e  c h a n g e  by more t h a n  0 .5  m m o l /1  a f t e r  

a d m in i s t r a t i o n  o f  GRF. P lasm a g lu c o se  and serum i n s u l i n  l e v e l s  

d u r in g  t h e  h y p e rg ly c aem ic  s t u d i e s  a re  shown in  f i g u r e  4.1. F ig u re

4.2 shows th e  mean serum GH re sp o n se  t o  GRF in  a l l  s u b j e c t s  under 

c o n d i t io n s  o f  eu g ly caem ia  and hyperg lycaem ia. I t  can  be s e e n  t h a t  

u n d e r  c o n d i t i o n s  o f  h y p e r g l y c a e m i a ,  t h e  GH r e s p o n s e  t o  GRF i s  

s i g n i f i c a n t l y  b l u n t e d  (p< 0 . 0 1  on comparison o f  peak r e s p o n s e s ) .  

I n d i v i d u a l  peak GH re sp o n s e s  under c o n d i t io n s  o f  e u g ly c a e m ia  and 

h yperg lycaem ia  a r e  shown in  f i g u r e  4 .3 .

T here  was no c o r r e l a t i o n  between th e  change in  serum i n s u l i n  from 

b a s a l  d u r i n g  t h e  h y p e r g l y c a e m i c  s tu d y  and t h e  d i f f e r e n c e  i n  GH
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re sp o n se  on com parison  o f  t h e  2  p ro ced u res  ( r= 0 .0 9 5 ) .

4 .2  DIABETIC SUBJECTS

4 .2 .1  PATIENTS AND METHODS

Ten i n s u l i n - d e p e n d e n t  d i a b e t i c  s u b j e c t s  w ere  s t u d i e d  w h i l e  

e u g l y c a e m i c  an d  10 w h i l e  h y p e r g ly c a e m i c .  S ix  o f  t h e  d i a b e t i c  

s u b j e c t s  p a r t i c i p a t e d  i n  b o th  p a r t s  o f  t h e  s t u d y .  Ten  n o rm a l  

s u b j e c t s  s t u d i e d  a t  eug lycaem ia  a c te d  a s  c o n t r o l s .  The c l i n i c a l  

c h a r a c t e r i s t i c s  o f  t h e s e  g ro u p s  a r e  shown i n  t a b l e  4 .1 .  A l l  

s u b j e c t s  w e re  w i t h i n  1 1 0 % o f  i d e a l  body w e i g h t ,  an d  h a d  n o rm a l  

v a l u e s  f o r  p la sm a  u re a  and c r e a t i n i n e .  None had p r o t e i n u r i a  when 

t e s t e d  w i t h  A l b u s t i x  (Ames). I n  b o th  g ro u p s  o f  d i a b e t i c s ,  8  o u t  

o f  1 0  had some d e g re e  o f  r e t in o p a th y .

e u g l y c a e m i c  s t u d y  The e u g ly c a e m ic  s t u d i e s  i n  t h e  n o r m a l  

s u b j e c t s  w ere  c a r r i e d  o u t  e s s e n t i a l l y  a s  d e s c r i b e d  a b o v e  i n  

s e c t i o n  4.1.1 e x c e p t  t h a t  sam p ling  was co n t in u ed  f o r  90 m inu tes .  

The d i a b e t i c  s u b j e c t s  t o  be  s tu d ie d  a t  eug lycaem ia  w ere a d m it te d  

t o  h o s p i t a l  t h e  e v e n i n g  b e f o r e  t h e  s t u d y  day .  A n e e d l e  was 

i n s e r t e d  i n t o  a  fo rea rm  v e i n  in  each arm, one f o r  t h e  p u rp o s e s  o f  

in f u s io n ,  th e  o th e r  f o r  b lo o d  sam pling. From 10.00pm, an  i n f u s i o n  

o f  0.9% s a l i n e  c o n t a i n i n g  10 u n i t s  o f  s h o r t  a c t i n g  i n s u l i n  

( A c t r a p i d ,  Novo L a b o r a t o r i e s ,  Denmark) an d  5ml H a e m a c e l  was 

a d m i n i s t e r e d  a t  a  v a r i a b l e  r a t e ,  a im in g  t o  k e e p  t h e  p l a s m a  

g l u c o s e  a t  a  t a r g e t  v a l u e  o f  6 m m o l/ l .  The p la s m a  g l u c o s e  was 

m e a s u re d  h o u r l y  t h r o u g h o u t .  A t 8.00am t h e  f o l l o w i n g  m o r n in g ,  

w h i l e  s t i l l  f a s t i n g ,  t h e  GRF b o l u s  s t u d y  was c a r r i e d  o u t  a s  

d e s c r ib e d  above.

h y p e r g l y c a e m i c  s t u d y  The d i a b e t i c  s u b j e c t s  t o  b e  s t u d i e d  a t  

h y p e rg ly c aem ia  a t t e n d e d  t h e  h o s p i t a l  a t  8 . 0 0 am on th e  m orning  o f  

t h e  s t u d y  day  a f t e r  an  o v e r n i g h t  f a s t ,  h a v i n g  o m i t t e d  t h e i r

75



t a b l e  4 .1

C l i n i c a l  c h a r a c t e r i s t i c s  o f  s u b j e c t s  i n v o l v e d  in  t h e  d i a b e t i c  GRF 
b o lu s  s t u d i e s .  A l l  d a t a  e x p re s se d  as  mean + S.D.

plasm a b a s a l
sex  age HbAl g lu c o s e  GH

(m /f) (y e a r s )  (%) (mmol/1) (mU/1)

normal
s u b je c t s  6 /4  33 .1+ 8 .7  7 .3 + 0 .5  5 .2 + 0 .3  7 .2 + 6 . 8

(n= 1 0 )

d i a b e t i c s
(euglycaem ia) 6 /4  33 .5+ 9 .4  10 .2+ 1 .8  6 .4+ 1 .0  5 .3 + 6 .4
(n= 1 0 )

d i a b e t i c s
(hyperg lycaem ia) 5 /5  35 .1+ 8 .4  10 .0+ 2 .2  13 .1+4 .1  6 .3 + 9 .9
(n= 1 0 )
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m o rn in g  d o s e  o f  i n s u l i n .  The GRF s t u d i e s  w ere  c a r r i e d  o u t  a s  

d e s c r ib e d  above.

I n  t h e  6  d i a b e t i c  s u b j e c t s  who p a r t i c i p a t e d  i n  b o t h  t h e  

eu g lycaem ic  and h y p e rg ly c aem ic  s t u d i e s ,  a t  l e a s t  a  week e l a p s e d  

between th e  two p ro c e d u re s .

In  th e s e  s t u d i e s ,  p la sm a  i n s u l i n  was measured a s  o u t l i n e d  above  

w ith  th e  e x c e p t io n  t h a t  sam p les  from th e  d i a b e t i c  s u b j e c t s  were 

f i r s t  e x t r a c t e d  w ith  p o l y e t h y l e n e  g l y c o l  (PEG), and f r e e  i n s u l i n  

l e v e l s  m e a su re d  (K uzuya e t  a l . ,  1977).  G l y c o s y l a t e d  HbAl was 

m e a s u re d  by  i o n  e x c h a n g e  c h r o m a to g r a p h y  (B io -R ad  k i t ,  B io -R a d ,  

C a l i f o r n i a ) .

D if f e r e n c e s  between g roups  were c a l c u l a t e d  by S tu d e n t 's  t - t e s t ,  

p a i r e d  o r  u n p a i re d  a s  a p p r o p r ia t e .

4 .2 .2  RESULTS

The GH re sp o n s e  t o  GRF i n  each  o f  th e  3 groups i s  shown in  f i g u r e  

4.4. The shape o f  th e  c u r v e  d i f f e r s  i n  th e  eug lycaem ic  d i a b e t i c s  

com pared  w i t h  t h a t  o f  t h e  n o rm a l  s u b j e c t s .  T h is  o c c u r r e d  d u e  t o  

v a r i a b i l i t y  i n  th e  t im in g  o f  th e  peak GH response  in  th e  d i a b e t i c  

g ro u p  ( r a n g e  1 5 -90  m i n u t e s )  w h ich  was more c o n s i s t e n t  i n  t h e  

n o rm a l  s u b j e c t s  ( r a n g e  3 0 -4 5  m i n u te s ) .  The p eak  GH v a l u e s  

a c h ie v e d  in  each  o f  t h e  3 g roups s tu d ie d  a r e  shown in  f i g u r e  4.5 

w h e re  i t  c a n  be  s e e n  t h a t  t h i s  d i d  n o t  d i f f e r  b e tw e e n  t h e  

e u g l y c a e m i c  d i a b e t i c s  a n d  n o rm a l  s u b j e c t s  (1 0 5 .2+ 23 .9  v s .  

118 .2+ 37 .6  mU/1 (mean+ S.E .M .), N.S.). I n s p e c t i o n  o f  f i g u r e s  4.4 

an d  4.5 a l s o  shows t h a t  a m o n g s t  t h e  d i a b e t i c s ,  t h e r e  was some 

s u p p re s s io n  o f  th e  peak GH resp o n se  in  th e  hyperg lycaem ic  group 

co m p ared  w i t h  t h e  e u g l y c a e m i c  g r o u p ,  (105 .2+23.9  v s .  64 .7+ 19 .4  

m U /1, N.S.) a l t h o u g h  a g a i n ,  t h i s  was n o t  c o n s i s t e n t .  F i g u r e  4.6 

show s t h e  p e a k  GH r e s p o n s e  u n d e r  c o n d i t i o n s  o f  e u g l y c a e m i a  and
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h yperg ly caem ia  in  t h e  6  d i a b e t i c  s u b j e c t s  who p a r t i c i p a t e d  i n  th e  

p a i r e d  s tu d y .  A g a in  i t  c a n  be  s e e n  t h a t  a l t h o u g h  t h e r e  was 

s i g n i f i c a n t  GH s u p p r e s s i o n  i n  3 s u b j e c t s ,  a s  a  g r o u p  t h e  

d i f f e r e n c e  d i d  n o t  r e a c h  s i g n i f i c a n c e  (140 .8+30.9  v s .  90 .2+ 27 .7  

mU /1, N.S.)

There was no s i g n i f i c a n t  c o r r e l a t i o n  between th e  peak GH l e v e l  

and th e  serum f r e e  i n s u l i n ,  HbAl, age o r  b a s a l  GH in  any o f  th e  

g r o u p s  s tu d ie d .

4 .3  PITUITARY CELL CULTURES

4 .3 .1  METHODS

T h i s  work was c a r r i e d  o u t  i n  r a t  p i t u i t a r y  c e l l s  i n  c u l t u r e .  A 

l i m i t e d  s u p p l y  o f  hum an p i t u i t a r y  t i s s u e  i s  a v a i l a b l e  

i n t e r m i t t e n t l y ,  an d  i n  t h e  p r e s e n t  s t u d i e s ,  i t  w as p o s s i b l e  t o  

examine th e  e f f e c t  o f  i n s u l i n  on GRF s t im u la t e d  GH s e c r e t i o n  in  

t i s s u e  o b ta in e d  from a  human GH s e c r e t i n g  tumour. The p r e p a r a t i o n  

and t r e a tm e n t  o f  t h e  c u l t u r e s  i s  i d e n t i c a l  w hether human o r  r a t  

w i t h  t h e  e x c e p t i o n  t h a t  r a t  GH i s  m e a su re d  u s i n g  a  s p e c i f i c  

radioimmunoassay. T h is  i s  s i m i l a r  t o  t h a t  d e s c r ib e d  f o r  human GH 

a l th o u g h  th e  a n t i s e ru m  i s  r a i s e d  a g a i n s t  r a t  GH.

R a t  a n t e r i o r  p i t u i t a r y  t i s s u e  was o b t a i n e d  by d i s s e c t i o n  f ro m  

u n a n a e s t h e t i s e d  d e c a p i t a t e d  l a b o r a t o r y  r a t s .  Human t i s s u e  was 

o b ta in e d  a t  th e  t im e  o f  t r a n s s p h e n o id a l  hypophysectomy. In  each  

c a s e ,  i m m e d i a t e l y  a f t e r  r e m o v a l ,  t i s s u e  was p l a c e d  i n  c u l t u r e  

medium (10ml o f  E a g le s  Minimum E s s e n t i a l  Medium c o n ta in in g  10% 

f e t a l  c a l f  serum (Grand I s l a n d  B io l o g ic a l  Co., G lasgow), lOOU/ml 

p e n i c i l l i n ,  lOOug/ml s t re p to m y c in  (Glaxo, G reenfo rd , M idd lesex )  

and  2 .5 u g /m l  F u n g iz o n e  (G rand I s l a n d  B i o l o g i c a l  Co.) b u f f e r e d  

w i t h  H epes (H opkin  an d  W i l l i a m s ,  C h a d w e l l  H e a th ,  E s s e x ) ) .  Each  

tu m o u r  was w ashed  w i t h  p h o s p h a te  b u f f e r e d  s a l i n e  (PBS) (O x o id ,
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B a s in g s to k e ,  Hampshire), d iv i d e d  i n t o  s m a l l  p ie c e s  w i th  a  s t e r i l e  

s c a p e  1 ,  and  d i s s o c i a t e d  by i n c u b a t i o n  i n  40ml 0.02% EDTA, 0.25% 

t r y p s i n  (F low  L a b o r a t o r i e s ,  I r v i n e ,  A y r s h i r e )  i n  PBS f o r  2 0 -3 0  

m inu tes  a t  37°C in  a 100ml c o n i c a l  f l a s k  c o n t in u o u s ly  s t i r r e d  by 

a  r o t a t i n g  magnet. The r e s u l t a n t  c e l l  su sp en s io n  was c e n t r i f u g e d  

a t  500g f o r  4 m in u te s  a t  4 ° c  a n d  t h e  s u p e r n a t a n t  rem o v ed . The 

c e l l  p e l l e t  w as w a s h e d  w i t h  1 0 m l o f  c u l t u r e  m e d iu m  a n d  

resu sp en d ed  in  2 ml o f  f r e s h  medium.

C e l l  number and v i a b i l i t y  were d e te rm in e d  u s in g  a haemocytometer 

a n d  t r y p a n  b l u e  s t a i n ,  w i th  i n s p e c t i o n  u n d e r  a  m ic r o s c o p e .  The 

su sp e n s io n  was d i l u t e d  to  a  c o n c e n t r a t i o n  o f  2 . 0  x 1 0 5  c e l l s / m l .  

A l i q u o t s  o f  1ml w ere  t h e n  d i s t r i b u t e d  i n t o  g l a s s  s c r e w  c a p  

c u l t u r e  tu b e s  t o  which c e l l s  w ere a l lo w e d  to  a t t a c h  d u r in g  t h e  

f o l l o w i n g  24 h o u r s .  A f t e r  an  i n c u b a t i o n  p e r i o d  o f  a  f u r t h e r  24 

h o u r s ,  t h e  a t t a c h e d  c e l l s  w e re  w a sh e d  w i t h  c u l t u r e  medium an d  

s u b s e q u e n t ly  m a in ta ined  in  2ml o f  medium a t  37°C in  c l o s e d  tu b e s .  

c o n t r o l  experim ents  c e l l s  w ere washed in  c u l t u r e  medium and 

re in c u b a te d  fo r  a  f u r th e r  2  h o u rs  i n  f r e s h  medium.

GRF a f t e r  washing, c e l l s  w ere in c u b a te d  in  2ml o f  f r e s h  medium 

c o n ta in in g  lOng/ml GRF fo r  2 h o u r s .

i n s u l i n  a f t e r  washing, c e l l s  w ere in c u b a te d  w ith  2 ml o f  f r e s h  

medium c o n t a i n i n g  lOOuU/ml human i n s u l i n  (Human A c tra p id ,  Novo 

L a b o ra to r ie s )  in  th e  case  o f  human c e l l s ,  and 200uU/ml o f  human 

i n s u l i n  in  th e  case  o f  r a t  c e l l s .

g l u c o s e  a f t e r  w a sh in g ,  c e l l s  w e re  i n c u b a t e d  i n  2 m l o f  f r e s h  

medium c o n ta in in g  5-25mmol/l g lu c o s e  f o r  2 hours .

In  a l l  o f  th e  above s tu d ie s ,  s t a t i s t i c a l  a n a l y s i s  o f  GH d a t a  was 

c a r r i e d  o u t  on l o g  t r a n s f o r m e d  d a t a  u s i n g  S t u d e n t ' s  t - t e s t ,  

p a i r e d  o r  unpaired  as  a p p r o p r ia te .
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4 . 3 .2  RESULTS

The e f f e c t  o f  g l u c o s e  f i g u r e  4.7 show s t h e  e f f e c t  o f  g l u c o s e  

on GRF s t i m u l a t e d  GH s e c r e t i o n  in  r a t  a n t e r i o r  p i t u i t a r y  c e l l s .  

GRF p r o d u c e d  a  s i g n i f i c a n t  i n c r e a s e  i n  GH c o m p ared  w i t h  t h e  

c o n t r o l  s tu d y ,  w hereas g lu c o se  a lo n e  was w i th o u t  e f f e c t .  F u r th e r ,  

i n c r e a s in g  g lu c o s e  c o n c e n t r a t io n  had no e f f e c t  on GRF s t im u la t e d  

GH s e c r e t i o n .

The e f f e c t  o f  i n s u l i n  f i g u r e  4.8 show s t h e  e f f e c t  o f  i n s u l i n  

on GH s e c r e t i o n  in  b o th  r a t  and human p i t u i t a r y  c e l l s  i n  c u l t u r e .  

I t  can  be s een  t h a t  i n s u l i n  a lo n e  had no e f f e c t  on GH s e c r e t i o n ,  

and p roduced  no change in  GRF s t im u la t e d  s e c r e t i o n  i n  e i t h e r  r a t  

o r  human t i s s u e .

4 .4  DISCUSSION

The s t u d i e s  i n  n o rm a l  s u b j e c t s  v e r y  c l e a r l y  d e m o n s t r a t e  t h a t  

h y p e r g l y c a e m i a  i s  a  p o t e n t  s u p p r e s s o r  o f  GRF s t i m u l a t e d  GH 

s e c r e t i o n .  T h i s  f i n d i n g  was s u b s e q u e n t l y  e x t e n d e d  by  o t h e r  

w o r k e r s  t o  show t h a t  t h e  e f f e c t  i s  a l s o  f o u n d  i n  r e s p o n s e  t o  an  

o r a l  g lu c o s e  lo a d  in  normal s u b je c t s  (D av ies  e t  a l . ,  1984), and 

i s  i n  keep ing  w i th  t h e  w e l l  reco g n ised  o b s e r v a t i o n  t h a t  GH l e v e l s  

a r e  su p p re s se d  d u r in g  an o r a l  g lu c o s e  t o l e r a n c e  t e s t  (G lick  e t  

a l . ,  19 6 5 ) .  P o s s i b l e  m echanism s i n c l u d e  a  d i r e c t  a c t i o n  o f  

g lu c o s e  on th e  p i t u i t a r y  g lan d ,  o r  on th e  g lu c o s e  s e n s i t i v e  c e l l s  

o f  t h e  hypo tha lam us .  S ince  hyperg lycaem ia in d u c e s  a  r i s e  in  serum 

i n s u l i n  i n  n o r m a l  s u b j e c t s ,  i t  i s  a l s o  p o s s i b l e  t h a t  i n s u l i n  

i t s e l f  i n h i b i t s  GH s e c r e t io n ,  e i t h e r  a t  p i t u i t a r y  o r  h y p o th a lam ic  

l e v e l .  Some a t te m p t  was made t o  r e s o l v e  t h e s e  p o s s i b i l i t i e s  in  

t h e  s t u d i e s  o f  p i t u i t a r y  c e l l s  in  c u l t u r e .  I n c r e a s i n g  g l u c o s e  

c o n c e n t r a t i o n s  f a i l e d  t o  a f f e c t  GH s e c r e t i o n  from r a t  p i t u i t a r y  

c e l l s .  I t  h a s ,  h o w e v e r ,  r e c e n t l y  b e e n  d e m o n s t r a t e d  t h a t
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h y p erg ly c aem ia  f a i l s  t o  su p p re s s  th e  GH re sp o n se  t o  GRF in  r a t s  

(Imaki e t  a l . ,  1986), and th e r e f o r e  t h e  p o s s i b i l i t y  t h a t  g lu c o s e  

a c t s  d i r e c t l y  on th e  p i t u i t a r y  g la n d  t o  su p p re s s  GH s e c r e t i o n  in  

man m u s t  r e m a in  open .  T h e re  i s ,  h o w e v e r ,  no p r e c e d e n t  i n  t h e  

l i t e r a t u r e  t o  s u g g e s t  t h i s  p o s s i b i l i t y .  More h e l p f u l  a r e  t h e  

s t u d i e s  o f  t h e  e f f e c t  o f  i n s u l i n  on GH s e c r e t i o n  in  c u l t u r e  s in c e  

t h e s e  s t u d i e s  w e re  c a r r i e d  o u t  on b o t h  r a t  and  human t i s s u e ,  no 

e f f e c t  b e in g  dem onstra ted .  There i s  one r e p o r t  in  th e  l i t e r a t u r e  

o f  i n s u l i n  i n h i b i t i n g  GH s e c r e t i o n  from human p i t u i t a r y  c e l l s  in  

c u l t u r e  (Ceda e t  a l . ,  19 8 5 ) ,  b u t  t h e  d o s e s  o f  i n s u l i n  u s e d  w e re  

o f  s u c h  m a g n i tu d e  t h a t  t h i s  i s  u n l i k e l y  t o  be  o f  p h y s i o l o g i c a l  

s i g n i f i c a n c e ,  t h e  i n s u l i n  p r o b a b l y  a c t i n g  t h r o u g h  t h e  IG F - I  

r e c e p to r  (see  s e c t i o n  1 . 1 1 ).

B ased  on t h e  p r e s e n t  s t u d i e s  and  t h e  c u r r e n t  k n o w le d g e  o f  t h e  

r e g u l a t i o n  o f  GH s e c r e t i o n ,  t h e  m o s t  l i k e l y  m echan ism  o f  GH 

s u p p re s s io n  by hyperg lycaem ia  i s  t h a t  t h e  e l e v a t e d  b lo o d  g lu c o s e  

l e v e l  i s  d e t e c t e d  by t h e  g l u c o s e  s e n s i t i v e  c e l l s  o f  t h e  

h y p o t h a l a m u s  r e s u l t i n g  i n  a n  i n c r e a s e d  p r o d u c t i o n  o f  

s o m a t o s t a t i n .  T h i s ,  i n  t u r n ,  w o u ld  r e s u l t  i n  b l u n t i n g  o f  t h e  GH 

re sp o n se  t o  GRF.

A number o f  c o n c l u s i o n s  can  be  d raw n  f ro m  t h e  s t u d i e s  i n  t h e  

d i a b e t i c  s u b j e c t s .  F i r s t l y ,  t h e  GH r e s p o n s e  t o  GRF, a l t h o u g h  

q u a n t i t a t i v e l y  s i m i l a r ,  i s  i r r e g u l a r  when compared t o  t h a t  o f  t h e  

normal s u b j e c t s .  T h is  f in d in g  i s  r e m in is c e n t  o f  th e  i r r e g u l a r  TSH 

r e s p o n s e  t o  TRH fo u n d  i n  s u b j e c t s  w i t h  h y p o t h a l a m i c  d i s e a s e  

( F a g l i a  e t  a l . ,  1 9 7 3 ) ,  a n d  i s  p e r h a p s  i n d i c a t i v e  o f  a 

h y p o t h a l a m i c  d i s o r d e r  i n  t h e  r e g u l a t i o n  o f  GH s e c r e t i o n  i n  

d ia b e te s .  S e c o n d ly ,  w h i le  i n d i v i d u a l  d i a b e t i c  s u b j e c t s  may show 

norm al g lu c o s e  m edia ted  su p p re s s io n  o f  GH s e c r e t i o n ,  a s  a g roup , 

s u p p re s s io n  o f  GH s e c r e t i o n  in  re sp o n se  t o  h y perg lycaem ia  in  th e
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d i a b e t i c  s u b j e c t s  i s  im pa ired .  T h is  has  p r e v i o u s l y  been d e s c r ib e d  

i n  i n s u l i n  d e p e n d e n t  d i a b e t e s  u s i n g  a r g i n i n e  a s  t h e  s t i m u l u s  

(B urday  e t  a l . ,  1968).  H o w ev er ,  t h e  a d v a n t a g e  o f  u s i n g  GRF i s  

t h a t  t h e  s t i m u l u s  i s  w e l l  c h a r a c t e r i s e d ,  w i t h  a  known s i t e  o f  

a c t i o n ,  w h e re a s  t h e  t h e  GH s t i m u l a t o r y  a c t i o n  o f  a r g i n i n e  i s  

u n c le a r .  What can be deduced from th e  GRF s t u d i e s  in  th e  d i a b e t i c  

s u b j e c t s  i s  t h a t  t h e r e  i s  no d e f e c t  i n  t h e  r e s p o n s e  o f  t h e  

p i t u i t a r y  g l a n d  t o  d i r e c t  s t i m u l a t i o n .  The a b n o r m a l i t y  r a t h e r  

l i e s  in  th e  re sp o n se  t o  h y p e rg ly c aem ia ,  e i t h e r  f a i l i n g  t o  p roduce  

a  r i s e  i n  s o m a t o s t a t i n ,  o r  l a c k  o f  s e n s i t i v i t y  t o  t h e  

s o m a t o s t a t i n  s o  p r o d u c e d .  S o m a t o s t a t i n  was n o t  m e a su re d  i n  t h e  

above s t u d i e s  s in c e  p la sm a  measurements do n o t  r e f l e c t  e v e n t s  a t  

h y p o th a lam ic  l e v e l .

In  c o n c lu s io n ,  th e  above  s t u d i e s  su g g e s t  a  p o s s i b l e  h y p o th a la m ic  

a b n o rm a li ty  in  th e  r e g u l a t i o n  o f  GH s e c r e t i o n  in  d i a b e t e s .
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U iA F T E R  0

C hanges  i n  se ru m  GH d u r i n g  s t u d i e s  i n v o l v i n g  i n s u l i n  and

g lu c o s e  in f u s io n .

INTRODUCTION

To f u r t h e r  ex a m in e  c e n t r a l  r e g u l a t i o n  o f  GH s e c r e t i o n ,  and  t o  

ex p a n d  on c e r t a i n  o b s e r v a t i o n s  i n  t h e  p r e v i o u s  c h a p t e r ,  t h e  

e f f e c t s  o f  m a n ip u la t io n  o f  p la sm a  g lu c o s e  and serum i n s u l i n  on GH 

s e c r e t i o n  i n  n o rm a l  and  d i a b e t i c  s u b j e c t s  a r e  e x a m in e d .  The 

f o l l o w i n g  s t u d i e s  h a v e  b e e n  s e l e c t e d  f ro m  a number p e r fo rm e d  

(Sharp e t  a l . ,  1986a, Sharp e t  a l . ,  1986b) t o  i l l u s t r a t e  c e r t a i n  

i m p o r t a n t  p o i n t s .

I n  t h e  f i r s t  s t u d y ,  t h e  c h a n g e  i n  s e ru m  GH i n  n o rm a l  s u b j e c t s  

d u r in g  a  f a l l  i n  p lasm a g lu c o s e  from a  h ig h  t o  a norm al l e v e l  i s  

d e s c r ib e d .  S in ce  g lu c o se  l e v e l s  i n  t r e a t e d  d i a b e t i c  s u b j e c t s  a r e  

o f t e n  v a r i a b l e ,  a l b e i t  w i th in  t h e  norm al ran g e ,  i t  i s  im p o r tan t  

t o  a s s e s s  t h e  e f f e c t  o f  such v a r i a t i o n s  on GH s e c r e t i o n  in  normal 

man. I n  t h e  s e c o n d  s tu d y ,  c h a n g e s  i n  s e ru m  GH d u r i n g  t h e  c o u r s e  

o f  a  h y perg lycaem ic  clamp p ro c e d u re  a t  t h e  tim e o f  d ia g n o s i s  o f  

d i a b e t e s  and a f t e r  6  months i n s u l i n  th e ra p y  a r e  d e s c r ib e d .

5 .1  r e d u c t i o n  i n  p la s m a  g l u c o s e  w i t h i n  t h e  n o rm a l  r a n g e  i n

normal s u b j e c t s .

5 .1 .1  PATIENTS AND METHODS

Three n o n -d ia b e tc  s u b je c t s ,  aged 31, 28 and 55 y e a r s ,  a l l  o f  whom 

w ere  w i t h i n  1 2 0 % i d e a l  body w e i g h t  an d  n o n e  o f  whom was on an y  

m e d ic a t io n ,  w ere s tu d ie d .  Each s u b j e c t  a t t e n d e d  th e  h o s p i t a l  on 

t h e  m o rn in g  o f  t h e  s tu d y  day  a f t e r  an  o v e r n i g h t  f a s t .  An 18cm 

c a n n u l a  w as i n s e r t e d  th r o u g h  a  f o r e a r m  v e i n  o f  one arm f o r  t h e  

p u rp o se s  o f  g lu c o s e  and i n s u l i n  i n f u s i o n ,  and a 19g ' b u t t e r f l y '
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ueeujLt: i n s e r t e d  i n t o  a  v e i n  m  t h e  o t h e r  arm f o r  s a m p l in g  

p u r p o s e s .  B a s e l i n e  s a m p l e s  w ere  t a k e n  f o r  t h e  m e a su re m e n t  o f  

p la sm a  g lu c o s e  and serum GH, f o l l o w i n g  which an i n f u s io n  o f  50% 

d e x t ro s e  was g iv e n  o v e r  a  p e r io d  o f  15 m in u te s ,  a im ing  t o  r a p i d l y  

e l e v a t e  t h e  p l a s m a  g l u c o s e  t o  o v e r  1 0 m m o l/ l  (D eF ronzo  e t  a l . ,  

1979 ) .  T h e r e a f t e r ,  t h e  p l a s m a  g l u c o s e  was m e a su re d  a t  5 m in u te  

i n t e r v a l s ,  an d  m a i n t a i n e d  a t  a p p r o x i m a t e l y  1 0 m m o l / l  w i t h  a 

v a r i a b l e  i n f u s io n  o f  50% d e x t ro s e  f o r  t h e  n e x t  60 m in u tes .  At th e  

e n d  o f  t h i s  t i m e ,  t h e  d e x t r o s e  was d i s c o n t i n u e d .  An i n f u s i o n  o f  

s h o r t - a c t i n g  i n s u l i n  (Human A c t r a p i d ,  Novo L a b o r a t o r i e s )  was 

g iv e n  o v e r  1 0  m inu tes  t o  r a p i d l y  e l e v a t e  th e  serum i n s u l i n  t o  

a p p ro x im a te ly  100mU/l, f o l lo w e d  by a  c o n s ta n t  i n f u s io n  a t  a  r a t e  

o f  l .O m U /kg /m in . The p l a s m a  g l u c o s e  was a l l o w e d  t o  f a l l  t o  

6 m m o l/l  o v e r  th e  n e x t  60 m in u tes ,  f o l l o w i n g  which th e  d e x t ro s e  

i n f u s i o n  was recommenced t o  m a in ta in  t h e  p la sm a  g lu c o s e  a t  t h i s  

l e v e l .  A s t e a d y  s t a t e  p e r i o d  o f  g l u c o s e  an d  i n s u l i n  was 

m a i n t a i n e d  f o r  t h e  n e x t  80 m in u te s .  T h ro u g h o u t  t h e  p r o c e d u r e ,  

p la sm a g lu c o s e  was measured a t  5 m inute  i n t e r v a l s ,  serum i n s u l i n  

a t  10 m inu te  i n t e r v a l s ,  and serum GH a t  20 m inu te  i n t e r v a l s .

5 .1 .2  RESULTS

The changes  i n  p la sm a g lu c o s e  and serum GH d u r in g  t h e  s tu d y  a r e  

shown i n  f i g u r e  5 .1 .  D u r in g  t h e  p e r i o d  o f  h y p e r g l y c a e m i a  and 

r e d u c t i o n  i n  p l a s m a  g l u c o s e  t o  e u g l y c a e m i a ,  s e ru m  GH re m a in e d  

be low  th e  b a s a l  v a lu e .  In  2 o u t  o f  th e  3 s tu d y  s u b j e c t s  t h e r e  was 

a m o d e s t  r i s e  i n  se ru m  GH a b o v e  b a s a l  d u r i n g  t h e  s t e a d y  s t a t e  

p e r io d ,  a f t e r  t h e  p lasm a g lu c o s e  had been reduced  t o  6 m m o l/ l .
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a f t e r  6  ̂ months i n s u l i n  th e ra p y .

5 .2 .1  Changes in  serum GH d u r in g  th e  g lu c o se  clamp p r o c e d u r e .

The g l u c o s e  c la m p  p r o c e d u r e  (D eFronzo e t  a l . ,  1979) was f i r s t  

d e s c r i b e d  a s  a  m e t h o d  o f  m e a s u r i n g  p e r i p h e r a l  i n s u l i n  

s e n s i t i v i t y ,  m easuring  g lu c o s e  up take  in  response  t o  a  c o n s t a n t  

i n s u l i n  in fu s io n .  D uring t h e  c o u rse  o f  such  s t u d i e s ,  i t  was n o te d  

t h a t  a l t h o u g h  t h e  p l a s m a  g l u c o s e  and  se rum  i n s u l i n  l e v e l s  a r e  

c o n s t a n t ,  se rum  GH i n  d i a b e t i c  s u b j e c t s  i s  e x t re m e ly  v a r i a b l e ,  

o f t e n  r i s i n g  above t h e  b a s a l  v a l u e  (Sharp e t  a l . ,  1984a, S harp  e t  

a l . ,  1986a , S h a rp  e t  a l . ,  1 9 86b ) .  The c a u s e  o f  s u c h  v a r i a b i l i t y  

i n  s e ru m  GH l e v e l s  i n  d i a b e t i c  s u b j e c t s  i s  n o t  known, b u t  may 

r e l a t e  t o  p r i o r  m a n i p u l a t i o n s  o f  t h e  p la s m a  g l u c o s e ,  o r  t o  t h e  

h ig h  i n s u l i n  l e v e l s  employed. The mechanism w i l l  n o t  be f u r t h e r  

d i s c u s s e d  s i n c e  i t  w o u ld  n o t  f u r t h e r  t h e  a rg u e m e n ts  p r e s e n t e d  

h e re .  However, t h i s  phenomenon has  a l l  th e  f e a t u r e s  o f  d i s t u r b e d  

GH r e g u l a t i o n  o f  d i a b e t e s ,  b e in g  a b sen t  i n  normal s u b j e c t s ,  more 

marked in  d i a b e t i c  s u b j e c t s  w ith  r e t in o p a th y  and n o t  a b o l i s h e d  by 

h y p e r g ly c a e m i a .  I n  t h e  f o l l o w i n g  s e c t i o n ,  s u ch  c h a n g e s  i n  GH 

l e v e l s ,  o b s e r v e d  d u r i n g  t h e  c o u r s e  o f  one s t u d y ,  w i l l  be  

d e s c r ib e d  s in c e  c e r t a i n  o b s e r v a t i o n s  on GH s e c r e t i o n  in  d i a b e t e s  

c a n  be  made, an d  a d v a n t a g e  can  be t a k e n  o f  t h e  f a c t  t h a t  

measurements o f  i n s u l i n  s e n s i t i v i t y  a r e  s im u l ta n e o u s ly  a v a i l a b l e .

5 . 2 .2  PATIENTS AND METHODS

T h i r t e e n  newly d ia g n o sed  d i a b e t i c  s u b je c t s  were s tu d ie d .  C l i n i c a l  

c h a r a c t e r i s t i c s  a r e  g i v e n  i n  t a b l e  5.1. F i v e  o f  t h e s e  s u b j e c t s  

w e re  c l a s s i f i e d  a s  i n s u l i n - d e p e n d e n t ,  and 8  a s  n o n - i n s u l i n -  

dependen t acc o rd in g  t o  t h e  c r i t e r i a  o f  th e  N a tio n a l  D ia b e te s  D ata 

Group (1979). P a t i e n t s  w i th  s e v e re  m e ta b o l ic  decom pensa tion  were
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e x c l u d e d  f rom  t h e  s t u d y .  H ence , n one  o f  t h e  s t u d y  s u b j e c t s  had  

h a d  s i g n i f i c a n t  w e i g h t  l o s s ,  and  n one  h a d  more t h a n  a  t r a c e  o f  

k e to n u r i a .

A t t h e  t im e  o f  d i a g n o s i s ,  and  b e f o r e  t h e  commencement o f  any  

t r e a tm e n t ,  a l l  p a t i e n t s  underwent a  g lu c o s e  c lam p p ro c e d u re  a s  

f o l l o w s .  The p a t i e n t  a t t e n d e d  th e  h o s p i t a l  on t h e  m orning o f  th e  

s tu d y  day, a f t e r  an  o v e r n i g h t  f a s t .  A n e e d le  was i n s e r t e d  i n t o  a 

f o r e a r m  v e i n  o f  e a c h  a rm , one  f o r  t h e  p u r p o s e s  o f  g l u c o s e  and  

i n s u l i n  in f u s io n ,  t h e  o th e r  f o r  sam pling  p u rp o ses .  The sam p lin g  

arm was p l a c e d  i n  a  g l o v e  in  a  w a te r  b a t h  a t  40°C t o  o b t a i n  

' a r t e r i a l i s e d '  venous b lo o d .  Two b a s a l  sam ples  were ta k e n  o v e r  20 

m inu tes  f o r  measurement o f  p lasm a g lu c o s e ,  serum i n s u l i n  and GH. 

An i n f u s i o n  o f  s h o r t - a c t i n g  i n s u l i n  was t h e n  g i v e n  o v e r  10 

m i n u t e s  t o  a c u t e l y  r a i s e  t h e  se rum  i n s u l i n  t o  a p p r o x i m a t e l y  

100mU/l, a s  d e s c r ib e d  f o r  th e  euglycaem ic clam p (DeFronzo e t  a l . ,  

1 9 7 9 ) ,  f o l l o w e d  by  a  c o n t i n u o u s  i n f u s i o n  a t  a  r a t e  o f  l.OmU 

kg/min. T h is  was c o n t in u e d  f o r  180 m inu tes ,  d u r in g  which t im e  th e  

p la sm a  g lu c o s e  was s t a b i l i s e d  and m a in ta in e d  a t  1 2 m m o l/ l  w i th  a 

v a r i a b l e  in f u s io n  o f  50% d e x t ro se .  A f te r  th e  s t a b i l i s a t i o n  p e r io d  

o f  180 m i n u t e s ,  a  s t e a d y  s t a t e  o f  g l u c o s e  an d  i n s u l i n  was 

m a i n t a i n e d  f o r  t h e  n e x t  80 m i n u te s ,  d u r i n g  w h ic h  t i m e  g l u c o s e  

u p t a k e  was m e a s u re d  b a s e d  on t h e  am ount o f  d e x t r o s e  i n f u s e d  i n  

r e s p o n s e  t o  t h e  c o n s t a n t  i n s u l i n  i n f u s i o n .  At t h e  e n d  o f  t h i s  

p e r io d ,  a  f u r t h e r  i n f u s i o n  o f  i n s u l i n  was g iv e n  o v e r  1 0  m inu tes  

t o  r a i s e  t h e  se ru m  i n s u l i n  i n  a  s q u a r e  w ave  t o  a p p r o x i m a t e l y  

1 0 0 0 m U /l ,  and  t h i s  w as f o l l o w e d  by a  c o n s t a n t  i n f u s i o n  o f  

lO m U /kg/m in. A s t a b i l i s a t i o n  p e r i o d  o f  30 m i n u t e s  w as a l l o w e d ,  

d u r i n g  w h ich  t im e  t h e  p la s m a  g l u c o s e  was a g a i n  m a i n t a i n e d  a t  

1 2 m m o l / l  w i t h  a  v a r i a b l e  i n f u s i o n  o f  50% d e x t r o s e .  A f u r t h e r  

s te a d y  s t a t e  was th e n  m a in ta in ed  f o r  th e  n e x t  80 m in u te s ,  d u r in g
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wmcn t im e  g lu c o s e  u p ta k e  a t  t h e  h ig h e r  i n s u l i n  in f u s io n  r a t e  was 

a g a in  measured. At th e  end o f  t h e  ex p er im en t ,  th e  p a t i e n t s '  u r in e  

was c o l l e c t e d ,  an d  g l u c o s e  u p t a k e  m e a su re m e n ts  c o r r e c t e d  f o r  

u r i n a r y  g l u c o s e  l o s s e s  a n d  d e v i a t i o n  f ro m  t h e  t a r g e t  v a l u e  o f  

1 2 m m ol/l .

Throughout th e  w hole  p ro c e d u re ,  p la sm a  g lu c o s e  was m easured a t  5 

m in u te  i n t e r v a l s ,  se ru m  i n s u l i n  a t  1 0  m in u te  i n t e r v a l s ,  an d  

serum GH a t  20 m inu te  i n t e r v a l s .

A f t e r  t h e s e  s t u d i e s  h ad  b e e n  c a r r i e d  o u t ,  e a c h  s u b j e c t  was 

commenced on t w i c e  d a i l y  i n s u l i n ,  w i t h  im p ro v e d  m e t a b o l i c  

c o n t r o l .  The g l u c o s e  c la m p  p r o c e d u r e  was re p e a te d  a s  d e s c r ib e d  

a b o v e  a f t e r  6  m o n th s  o f  i n s u l i n  t h e r a p y .  On t h i s  o c c a s i o n ,  

p a t i e n t s  m issed t h e i r  morning dose  o f  i n s u l i n  on th e  s tu d y  day , 

and  t h e i r  l o n g - a c t i n g  i n s u l i n  t h e  n i g h t  b e f o r e  t h e  s t u d y  d a y .  

F ree  i n s u l i n  was measured d u r in g  t h e  r e p e a t  s tu d y  s in c e  p a t i e n t s  

were i n s u l i n  t r e a t e d ,  and may h av e  d e v e lo p e d  a n t ib o d ie s .

5 .2 .3  RESULTS

I n s u l i n  t h e r a p y  l e a d  t o  a  s i g n i f i c a n t  im p ro v em en t  i n  f a s t i n g  

p lasm a g lu c o s e  (13.2+1.1 v s .  8 .9 + 0 .8 m m o l / l  (mean+S.E.M.), p = 0 .0 3 )  

and  HbAl (13 .2+0.5  v s .  8 .4+0.4%, p< 0 .001)  from  d i a g n o s i s  t o  6  

months.

F i g u r e  5.2 i l l u s t r a t e s  t h e  s e ru m  i n s u l i n ,  p la s m a  g l u c o s e  a n d  

g lu c o s e  in fu s io n  r a t e s  d u r in g  t h e  g lu c o s e  clamp ex p e r im e n ts  a t  

d ia g n o s i s  and a f t e r  6  months. At th e  low er i n s u l i n  in f u s io n  r a t e ,  

t h e  p l a s m a  g l u c o s e  was k e p t  a t  a  mean v a l u e  o f  1 1 . 9 5 m m o l / l ,  

c o e f f i c i e n t  o f  v a r i a t i o n  (CV) 6.3%, an d  a t  t h e  h i g h e r  i n s u l i n  

i n f u s io n  r a t e  12.1m m ol/l, CV 5.5%. I n s u l i n  in fu s io n  r a t e s  1.0 and 

lO m U /kg/m in r e s u l t e d  i n  a  s e ru m  i n s u l i n  l e v e l s  o f  86 .8+ 5 .1  a n d  

1129+54mU/l r e s p e c t i v e l y .
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C hanges  i n  se ru m  GH d u r i n g  t h e  g l u c o s e  c la m p  p r o c e d u r e s  a t  

d ia g n o s i s  and a f t e r  6  months i n s u l i n  th e ra p y  a r e  shown in  f i g u r e  

5 .3 . At d i a g n o s i s ,  t h e  mean se ru m  GH a t  i n s u l i n  i n f u s i o n  r a t e  

l .O m U /kg/m in  was s l i g h t l y  a b o v e  b a s a l  ( 6 .4+2.2 v s .  3 .8 + 1 .8 m U /l ,  

N .S .) ,  w i t h  a  f u r t h e r  r i s e  a t  i n s u l i n  i n f u s i o n  r a t e  lO m U /kg/m in  

(16 .8+ 4 .8  v s .  3 .8 + 1 .8 m U /l,  p < 0 .0 0 2 ) .  A t t h e  t im e  o f  t h e  g l u c o s e  

c lam p s t u d i e s  a f t e r  6  months i n s u l i n  th e ra p y ,  t h e r e  was no lo n g e r  

any s i g n i f i c a n t  change in  serum GH from b a s a l  d u r in g  e i t h e r  th e  

lo w e r  o r  h i g h e r  i n s u l i n  i n f u s i o n  r a t e  (3 .3+1.5  ( b a s a l )  v s .  

1 .4+0.4  v s .  5 .3+ 1 .9m U /l,  N .S.).

C hanges  i n  g l u c o s e  u p t a k e  f ro m  d i a g n o s i s  t o  6  m o n th s  v a r i e d  

g r e a t l y  w i t h i n  t h e  s t u d y  s u b j e c t s ,  b u t  t h e  i n s u l i n - d e p e n d e n t  

group showed a  s i g n i f i c a n t  i n c r e a s e  a t  b o th  th e  low er an d  h ig h e r  

i n s u l i n  i n f u s i o n  r a t e  (11 .0+ 1 .4  v s .  15 .9+1.8  m g /k g /m in ,  p=0 .04  

and  22.5+0.9  v s .  26 .4+1.7 m g /k g /m in ,  p=0 .025 ) .  I n  c o n t r a s t ,  t h e  

n o n - i n s u l i n  dependent group  showed a  d e c re a se  in  g lu c o s e  u p ta k e  

f rom  d i a g n o s i s  t o  6  m o n th s  a t  t h e  lo w e r  i n s u l i n  i n f u s i o n  r a t e  

(13 .0+ 1 .6  v s .  9.3+1.5 m g /k g /m in ,  p = 0 .0 2 ) ,  b u t  no s i g n i f i c a n t  

c h a n g e  a t  t h e  h i g h e r  i n s u l i n  l e v e l  (22.8+1.3 v s .  22 .1+1 .5  

m g /k g /m in ,  M.S.). F u r t h e r ,  a t  t h e  l o w e r  i n s u l i n  i n f u s i o n  r a t e ,  

w h e re  t h e  serum  i n s u l i n  was i n  t h e  h i g h  p h y s i o l o g i c a l  r a n g e ,  

t h e r e  was a  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  c h a n g e  i n  g l u c o s e  

u p t a k e  f ro m  d i a g n o s i s  t o  6  m o n th s  an d  f a s t i n g  se ru m  i n s u l i n  a t  

d i a g n o s i s  ( r = - 0 .5 ) ,  a g e  ( r = - 0 .6 2 )  a n d  d i a b e t e s  t y p e ,  i n s u l i n  

d e p e n d e n t  o r  n o n - i n s u l i n - d e p e n d e n t  ( r= -0 .7 9 ) .  T h e r e  was no  

s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  c h a n g e  i n  g l u c o s e  u p t a k e  an d  

serum GH, e i t h e r  a b s o lu t e  l e v e l s  o r  change w ith  i n s u l i n  th e ra p y .
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One h y p o t h e s i s  t o  a c c o u n t  f o r  GH h y p e r s e c r e t i o n  i n  d i a b e t i c  

s u b j e c t s  p ro p o ses  t h a t  t h e  p la sm a  g lu c o s e  l e v e l  be low  w hich GH 

r e l e a s e  i s  t r i g g e r e d  i s  h i g h e r  i n  d i a b e t e s  t h a n  i n  n o r m a l  

s u b j e c t s .  Thus, i t  has been  c la im e d  t h a t  a  f a l l  in  p la sm a  g lu c o s e  

w i th i n  t h e  normal range w i l l  s t i m u l a t e  GH r e l e a s e  i n  d i a b e t i c ,  

b u t  n o t  norm al s u b je c t s  (DeFronzo e t  a l . ,  1977, DeFronzo e t  a l . ,  

1 9 8 0 , G recu  and  W a l t e r ,  19 8 3 ) .  The r e s u l t s  r e p o r t e d  h e r e  

d e m o n s t ra te  t h a t  low ering  o f  th e  p lasm a g lu c o se  w i th in  t h e  no rm al 

range  can  cause  a  d e la y e d  GH r e l e a s e  in  norm al s u b j e c t s ,  p e rh a p s  

o v e r l o o k e d  by some w o r k e r s  s i n c e  t h e  s t u d y  s u b j e c t s  w e re  n o t  

f o l l o w e d  f o r  a  s u f f i c i e n t  t i m e  a f t e r  e u g l y c a e m ia  h a d  b e e n  

a c h ie v e d .  Thus, w ith o u t  t h e  need  t o  p ropose  any a b n o r m a l i ty  i n  

GH r e g u l a t i o n ,  a f l u c t u a t i n g  p l a s m a  g l u c o s e  l e v e l  i n  t r e a t e d  

d i a b e t i c  s u b j e c t s  i s  l i k e l y  t o  l e a d  t o  GH r e l e a s e ,  e v e n  i n  t h e  

a b s e n c e  o f  h y p o g ly c a e m ia .  W h i le  t h i s  i s  n o t  t h e  c a u s e  o f  GH 

h y p e r s e c r e t i o n  i n  d i a b e t e s ,  i t  i s  l i k e l y  t o  be  a  c o n t r i b u t o r y  

f a c t o r ,  e s p e c i a l l y  i n  i n s u l i n  t r e a t e d  s u b j e c t s .  F u r t h e r ,  i t  i s  

o n ly  p a t h o l o g i c a l  in  a s  much a s  p la sm a  g lu c o se  l e v e l s  a r e  l i k e l y  

t o  be  more v a r i a b l e  th a n  norm al i n  t r e a t e d  d ia b e te s .

The g lu c o s e  clamp experim en ts  were c a r r i e d  o u t  t o  a s s e s s  changes  

i n  i n s u l i n  r e s i s t a n c e  i n  a  g r o u p  o f  d i a b e t i c s  b e f o r e  a n d  a f t e r  

l o n g - t e r m  i n s u l i n  t h e r a p y  w i t h  im p ro v e d  m e t a b o l i c  c o n t r o l .  

Serum  GH was m easu red  s i n c e  l e v e l s  o f  t h i s  horm one c o u l d  

c o n t r i b u t e  t o  i n s u l i n  r e s i s t a n c e .  As d is c u s se d  in  s e c t i o n  5 .2 .1 , 

i t  was found t h a t  d u r in g  th e  s t e a d y  s t a t e  p e r io d s  o f  t h e  g l u c o s e  

c lam p  a t  d ia g n o s i s ,  t h e r e  was a  r i s e  in  serum GH above b a s a l ,  b u t  

t h i s  was no lo n g e r  a p p a re n t  a f t e r  i n s u l i n  th e ra p y  and im proved  

g l y c a e m i c  c o n t r o l .  A l th o u g h  n o t  t h e  p r im a r y  o b j e c t i v e  o f  t h e  

s tu d y ,  and a l th o u g h  th e  s t im u lu s  i s  u n u su a l ,  th e s e  GH ch an g es  a r e
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p r e s e n t e d  a s  i l l u s t r a t i v e  o f  c e r t a i n  p o i n t s  r e l e v a n t  t o  t h e  

d i s c u s s io n  o f  GH s e c r e t i o n  in  d ia b e te s .

F i r s t l y ,  t h e r e  was no c o r r e l a t i o n  b e tw e e n  GH l e v e l s  and 

measurements o f  i n s u l i n  s e n s i t i v i t y ,  d i a b e t e s  ty p e  b e in g  a  much 

s t r o n g e r  f a c t o r  i n  t h i s  r e s p e c t .  T h is  an im p o r ta n t  c o n s id e r a t io n  

s in c e  i t  h a s  been p roposed  t h a t  e l e v a t e d  GH l e v e l s  i n  d i a b e t i c  

s u b j e c t s  a r e  r e s p o n s i b l e  f o r  p o o r  g l y c a e m i c  c o n t r o l  ( P r e s s  e t  

a l . ,  1984) .  I n  t h e  s t u d i e s  o f  P r e s s  e t  a l . ,  GH w as i n f u s e d  i n t o  

w e l l  c o n t r o l l e d  d i a b e t i c  s u b j e c t s  t o  o b t a i n  p l a s m a  GH l e v e l s  

s i m i l a r  t o  t h o s e  s e e n  i n  p o o r l y  c o n t r o l l e d  d i a b e t e s .  S in c e  GH 

a n t a g o n i s e s  t h e  e f f e c t s  o f  i n s u l i n  (MacGorman e t  a l . ,  1981, 

B r a t u s c h - M a r r a i n  e t  a l . ,  1 9 8 2 ) ,  t h e r e  w as  a  p r e d i c t a b l e  

d e t e r i o r a t i o n  i n  g ly c a e m ic  c o n t r o l  in  th e  s u b j e c t s  th u s  t r e a t e d ,  

and  i t  was c o n c l u d e d  t h a t  t h e  e l e v a t e d  GH l e v e l s  s e e n  i n  some 

d i a b e t i c s  a r e  p r i m a r y  i n  c a u s in g  p o o r  g l y c a e m i c  c o n t r o l .  T h i s  

a rg u e m e n t  f a i l s  t o  t a k e  a c c o u n t  o f  t h e  f a c t  t h a t  p a t i e n t s  w i th  

p o o r l y  c o n t r o l l e d  d i a b e t e s  may be  r e s i s t a n t  t o  some o f  t h e  

e f f e c t s  o f  GH (se e  s e c t i o n  1.12).. Thus, m imicking t h e  e l e v a t e d  GH 

l e v e l s  o f  p o o r l y  c o n t r o l l e d  d i a b e t e s  i n  s u b j e c t s  w i t h  good 

g l y c a e m i c  c o n t r o l  i s  an  e n t i r e l y  a r t i f i c i a l  s i t u a t i o n ,  and  

e r r o n e o u s  r e s u l t s  c o u l d  be draw n. The o b s e r v a t i o n  h e r e ,  t h a t  

t h e r e  w as  n o  c o r r e l a t i o n  b e t w e e n  s e r u m  GH a n d  i n s u l i n  

s e n s i t i v i t y ,  s u g g e s t s  t h a t  GH h y p e r s e c r e t io n  i s  a  f e a t u r e  o f ,  and 

n o t  t h e  c a u s e  o f ,  p o o r ly  c o n t ro l l e d  d i a b e t e s .

The d i f f e r e n c e  b e tw e e n  GH l e v e l s  a t  t h e  t i m e  o f  d i a g n o s i s  and  

a f t e r  i n s u l i n  t r e a t m e n t  a l s o  s e r v e s  t o  d e m o n s t ra te  t h a t  improved 

g ly c aem ic  c o n t r o l  l e a d s  t o  a  red u c t io n  in  GH l e v e l s  i n  d ia b e te s .  

T h is  p o in t  h a s  p r e v i o u s l y  been dem onstra ted  on m easurement o f  24 

h o u r  GH l e v e l s  i n  i n s u l i n - d e p e n d e n t  d i a b e t e s  (H a n s e n ,  1971 , 

Johansen  and Hansen, 1971, V ig n e r i  e t  a l . ,  1976).
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F i n a l l y ,  th e  f a c t  t h a t  a t  d i a g n o s i s ,  d u r in g  s t u d i e s  a t  a  p l a s m  

g lu c o s e  o f  1 2 m m o l/ l ,  t h e  d i a b e t i c  s u b je c t s  were s t i l l  c a p a b le  o f  

p ro d u c in g  serum GH l e v e l s  above  b a s a l ,  s e r v e s  a s  a  r e a f f i r m a t i o n  

o f  th e  o b s e r v a t i o n  i n  t h e  p r e v io u s  c h a p te r  t h a t  h y p e rg ly c a e m ia  

f a i l s  t o  s u p p r e s s  GH s e c r e t i o n  i n  d i a b e t e s .  P o s s i b l e  c a u s e s  o f  

t h i s  phenomenon have  been  d is c u s s e d .  A f u r t h e r  p o s s i b i l i t y  which 

has  been advanced  i s  t h a t  s u b j e c t s  w ith  d ia b e te s  h av e  a  d e f e c t  o f  

g lu c o s e  t r a n s p o r t  a c r o s s  t h e  b lo o d  b r a in  b a r r i e r ,  w hich r e s u l t s  

in  n e u ro g ly c o p a e n ia  i n  t h e  p re se n c e  o f  a  normal p la sm a  g lu c o s e  

l e v e l .  T h i s  p o s s i b i l i t y  w i l l  be  c o n s i d e r e d  i n  t h e  f o l l o w i n g  

c h a p t e r .
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H exose  t r a n s p o r t  a c r o s s  t h e  b l o o d  b r a i n  b a r r i e r  i n  

d i a b e t i c  s u b j e c t s .

INTRODUCTION

I n  t h e  p r e v i o u s  c h a p t e r ,  t h e  p o s s i b i l i t y  was r a i s e d  t h a t  GH 

h y p e r s e c r e t i o n  i n  d i a b e t e s  i s  r e l a t e d  t o  a  d e f e c t  o f  g l u c o s e  

t r a n s p o r t  a c r o s s  th e  b lo o d - b r a in  b a r r i e r  (BBB). The work in  t h i s  

c h a p te r  examines t h i s  p o s s i b i l i t y .

C e r t a in  p a t i e n t s  w ith  d ia b e te s  c l a im  t o  s u f f e r  from symptomatic 

hypoglycaem ia  when th e  p lasm a g lu c o s e  i s  w i th in  th e  norm al range 

( H a r r i s  an d  P r o u t ,  1970). To a c c o u n t  f o r  t h i s ,  i t  h a s  b een  

s u g g e s te d  t h a t  th e s e  p a t i e n t s  h av e  a  d e f e c t  in  g lu c o s e  t r a n s p o r t  

a c r o s s  t h e  BBB s u c h  t h a t  t h e y  e x p e r i e n c e  c e n t r a l  g l u c o s e  

d e p l e t i o n  i n  t h e  p r e s e n c e  o f  n o rm o g ly c a e m ia  (G jedde  and  C ro n e ,  

19 8 1 ) .  T h i s  t h e o r y  h a s  a l s o  b e e n  p r o p o s e d  a s  a  c a u s e  o f  GH 

h y p e r s e c r e t io n  in  d ia b e te s  s in c e  la c k  o f  g lu c o s e  t r a n s p o r t  in t o  

th e  b r a i n  would l e a d  to  n e u ro g ly c o p a e n ia  in  r e g u l a t o r y  c e n t r e s  

a n d  c o n s e q u e n t  GH r e l e a s e  (D eF ronzo  e t  a l . ,  1980).  I n  t h i s  

c h a p t e r ,  h e x o s e  t r a n s p o r t  a c r o s s  t h e  BBB i n  d i a b e t i c  s u b j e c t s ,  

i n c l u d i n g  th o s e  w ith  s e v e re  m ic r o v a s c u la r  d i s e a s e ,  i s  examined 

u s in g  p o s i t r o n  em iss io n  tomography (Brooks e t  a l . ,  1986a).

6 .1  P o s i t r o n  e m is s io n  tomography

The r e c e n t  d e v e lo p m e n t  o f  t h e  p o s i t r o n  c a m e ra ,  c o u p l e d  w i th  

e m is s io n  co m p u te r ised  a x i a l  tomography, h as  seen  th e  b i r t h  o f  an 

e x t re m e ly  p o w erfu l  re s e a rc h  t o o l  in  t h e  form o f  p o s i t r o n  em ission  

to m o g ra p h y  (PET). W h ile  im a g in g  i n  m e d ic in e  i s  a  r a p i d l y

ad v a n c in g  f i e l d ,  and o th e r  t e c h n iq u e s  such  a s  n u c l e a r  m agnetic  

re so n an ce  may e v e n t u a l l y  p ro v e  s u p e r i o r ,  a t  p r e s e n t ,  PET o f f e r s  

s e v e r a l  a d v a n t a g e s  o v e r  s i n g l e  p h o to n  im a g in g  ( J o n e s ,  1982).
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rxLOL.j.y, xu cu.±ows a c c u r a te  measurement o f  t i s s u e  i s o to p e  t r a c e r  

c o n c e n t r a t i o n s  an d  t h e i r  d i s t r i b u t i o n  i n  t h e  b o d y . T h u s ,  a 

p o s i t r o n  e m i t t in g  i s o to p e  can be c o u p le d  t o  a  n a t u r a l l y  o c c u r r in g  

b io c h e m ic a l  s u b s t r a t e ,  and i t s  p r o g r e s s  a c c u r a t e l y  f o l lo w e d  and 

q u a n t i t a t e d  th ro u g h o u t i t s  m e ta b o l i c  pathways. In  t h e  i n s t a n c e  o f  

g lu c o s e  t r a n s p o r t  in  th e  b r a in ,  w h i le  t r a c e r  d i l u t i o n  te c h n iq u e s  

a l lo w e d  th e  measurement o f  whole b r a i n  g lu c o s e  u p ta k e ,  u s in g  PET, 

g l u c o s e  u p ta k e  i n  p a r t i c u l a r  b r a i n  a r e a s  o f  i n t e r e s t  c a n  be  

measured. F u r th e r ,  t h i s  in fo rm a t io n  can  be c o n v e r te d  i n t o  v i s u a l  

im a g e s .  S e c o n d l y ,  t h e  u s e  o f  p o s i t r o n  e m i t t i n g  i s o t o p e s  h a s  

g r e a t l y  e n h a n c e d  t h e  r a n g e  o f  i s o t o p i c  t r a c e r s  a t  o u r  d i s p o s a l  

(Comar e t  a l , ,  1982).  I s o t o p i c  t r a c e r s  u s e d  i n  m e d ic in e  h a v e  t o  

f u l f i l l  s e v e r a l - n a r r o w  c r i t e r i a .  For i n s t a n c e ,  th e y  s h o u ld  h a v e  a  

s u i t a b l y  s h o r t  h a l f - l i f e ,  and t i s s u e  damage s h o u ld  n o t  o u t-w e ig h  

t h e  b e n e f i t  o f  t h e  t e s t .  F u r t h e r ,  a  good r a d i o n u c l i d e  s h o u l d  be  

a n  i s o t o p e  o f  t h e  c o m p o n e n t  e l e m e n t s  e n t e r i n g  i n t o  t h e  

c o m p o s i t i o n  o f  t h e  b i o l o g i c a l  t i s s u e  o f  i n t e r e s t .  T he  

r a d io i s o to p e s  g e n e r a l l y  used  do n o t  u s u a l l y  meet t h i s  c r i t e r i o n .  

F o r  i n s t a n c e ,  ^^mT c, w h ich  i s  u s e d  i n  80% o f  t e s t s  i n  n u c l e a r  

m e d i c i n e ,  h a s  i d e a l  p h y s i c a l  c h a r a c t e r i s t i c s  b u t  i s  n o t  a  good 

b i o c h e m i c a l  t r a c e r  s i n c e  i t s  p r e s e n c e  c a n  m o d ify  t h e  c h e m i c a l  

n a t u r e ,  and  h e n c e  t h e  m e ta b o l i s m  o f ,  a  l a b e l l e d  o r g a n i c  

s u b s t r a t e .  I n  a t t e m p t s  t o  p r o v i d e  r a d i o n u c l i d e s  w h ic h  b e t t e r  

f u l f i l l  t h e  n e e d s  o f  m odern  m e d i c i n e ,  t h e  p o s i t r o n  e m i t t e r s  

o c c u p y  a  p r o m in e n t  p o s i t i o n .  F o r  i n s t a n c e ,  i t  i s  p o s s i b l e  t o  

p r o d u c e  p o s i t r o n  e m i t t i n g  i s o t o p e s  o f  c a r b o n ,  n i t r o g e n ,  o x y g en  

an d  f l u o r i n e ,  a l l  o f  w h ic h  p r o d u c e  i d e a l  am o u n ts  o f  e n e r g y  an d  

w h ic h  h a v e  s h o r t  h a l f - l i v e s .  The h a l f - l i f e  o f  ^ C  i s  20 .4  

m in u te s .  The s h o r t  h a l f - l i f e  o f  t h e  p o s i t r o n  e m i t t in g  i s o t o p e s ,  

w h i l e  d e s i r a b l e ,  l i m i t s  t h e  u s e  o f  PET t o  c e n t r e s  w h ic h  h a v e
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sucn  a s  a  c y c lo t r o n  u n i t ,  c a p a b le  o f  p ro d u c in g  th e s e  

i s o to p e s  on s i t e  and in c o rp o r a t in g  them i n t o  th e  s u b s t r a t e .  Hence 

th e  con finem en t o f  PET to  r e s e a r c h  c e n t r e s  a t  p r e s e n t .

In  b a s i c  te rm s ,  PET r e l i e s  on th e  ene rgy  r e l e a s e d  when a  p o s i t r o n  

combines w i th  an  e l e c t r o n .  -^C f o r  in s ta n c e ,  has 5 n e u t ro n s  and 6  

p r o to n s ,  a s  opposed t o  6  o f  each i n  t h e  s t a b l e  ca rbon  i s o to p e .  To 

a c h i e v e  s t a b i l i t y ,  e m i t s  a  p o s i t r o n  w h ich  t r a v e l s  a  s h o r t  

d i s t a n c e ,  c o m b in e s  w i th  an e l e c t r o n ,  and p roduces  a n n i h i l a t i o n  

e n e r g y  i n  t h e  fo rm  o f  2 p h o to n s  o f  511keV e a c h  w h ic h  t r a v e l  i n  

n e a r l y  o p p o s i t e  d i r e c t i o n s .  I t  i s  t h i s  energy  which i s  measured 

by c o in c id e n c e  d e t e c t i o n ,  r e s u l t i n g  i n  h ig h  s p a t i a l  r e s o l u t i o n  

and d e t e c t i o n  e f f i c i e n c y .

To s tu d y  g lu c o s e  t r a n s p o r t  u s in g  PET, 11C g lu c o s e  was f i r s t  u sed ,  

b u t  b eca u se  o f  i t s  r a p id  m e tabo lism  t o  t h i s  m o le c u le  was

n o t  th e  i d e a l  r a d io p h a rm a c e u t ic a l  to  m easure g lu c o s e  m e tabo lism  

in  v i t r o . The deoxyg lucose  a n a lo g u e ,  l a b e l l e d  w i th  ^ C  o r  Was  

fo u n d  t o  b e  s u p e r i o r  s i n c e  i t  e n t e r s  t h e  c e l l  a n d  i s  t r a p p e d  a s  

d e o x y g l u c o s e - 6 - p h o s p h a t e  w h ich  c a n n o t  go f u r t h e r  i n t o  t h e  

c a t a b o l i c  c h a i n  o f  g l u c o s e .  3 - 0 - m e t h y l - D - g l u c o s e  (MeG) i s  an  

a t t r a c t i v e  form o f  g lu c o se  f o r  m easuring  hexose t r a n s p o r t  a c ro s s  

t h e  BBB s i n c e  t h e  a f f i n i t y  o f  MeG and  D - g l u c o s e  f o r  D -h e x o se  

c a r r i e r s  h a v e  b e e n  found  t o  be  v e r y  s i m i l a r  i n  r a t  b r a i n  

( P a r t r i d g e  and  O le n d o r f ,  1975). I t  has  r e c e n t l y  been  dem o n stra ted  

t h a t  MeG i s  a l s o  p h o sp h o ry la te d  by th e  myocardium (G a t le y  e t  a l . ,  

1984) .  Work f ro m  t h e  MRC C y c l o t r o n  U n i t  a t  t h e  H amm ersm ith 

H o s p i t a l  h a s  s u g g e s t e d  t h a t  t h i s  a l s o  o c c u r s  i n  human b r a i n  

t i s s u e ,  a n d  t h a t  t h e  u se  o f  l l c  l a b e l l e d  MeG a n d  PET c o u l d  be  

used  t o  s tu d y  D -g lu c o se  t r a n s p o r t  a c ro s s  th e  BBB in  man (Brooks 

e t  a l . ,  1986b). T h is  methodology was used  in  t h e  f o l l o w i n g  s tu d y  

t o  m easure g l u c o s e  t r a n s p o r t  a c ro s s  th e  BBB in  d i a b e t i c  s u b j e c t s .
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6 .2  PATIENTS AND METHODS

F iv e  d i a b e t i c  s u b j e c t s ,  3 w i th  m ic r o v a s c u la r  c o m p l ic a t io n s  and 2 

w i t h o u t ,  t o o k  p a r t  i n  8  PET s t u d i e s .  The c l i n i c a l  d e t a i l s  o f  

t h e s e  s u b je c t s  i s  g iv e n  i n  t a b l e  6.1. S u b je c t  3 d e m o n s tra te d  th e  

phenom enon o f  ' r e l a t i v e  h y p o g l y c a e m i a ' ,  w i t h  s y m p to m s  o f  

hypoglycaem ia in  th e  p r e s e n c e  o f  a  normal p lasm a g lu c o s e .  These 

symptoms a r e  r e l i e v e d  by g lu c o s e .  F e a r f u l  o f  hypog lycaem ia , th e  

p a t i e n t  keeps h e r  i n s u l i n  dosage  low, r e s u l t i n g  in  poo r  g ly c a e m ic  

c o n t r o l  a s  ev id en ced  by t h e  h ig h  HbAl.

Four no rm al,  n o rm o ten s iv e  s u b j e c t s ,  aged between 23 and 65 y e a r s ,  

w i th  normal g lu c o se  t o l e r a n c e ,  a c t e d  a s  c o n t r o l s .

t r a c e r  p r e p a r a t io n

[ 1 1 C]MeG w as p r e p a r e d  a s  f o l l o w s  t h e  s o d i u m  s a l t  o f  

c o m m e r c i a l l y  a v a i l a b l e  d i a c e t o n e - D - g l u c o s e  was p r e p a r e d  by 

r e a c t i n g  t h i s  s u b s t r a t e  w i t h  so d iu m  h y d r i d e  i n  d i e t h y l  e t h e r .  

T h is  s a l t  was m e th y la te d  in  t h e  3 p o s i t i o n  w ith  and th e n

h y d r o l y s e d  t o  [-^C]M eG w i t h  HC1. S y n t h e s i s  t i m e ,  i n c l u d i n g  

p u r i f i c a t i o n  tim e u s in g  h ig h  p r e s s u r e  l i q u i d  chrom atography , was 

a p p ro x im a te ly  50 m inu tes .  Y ie l d s  o f  up to  12.5mCi w ere o b ta in e d  

i n  i n j e c t a b l e  s o l u t i o n .  T h e  a b s e n c e  o f  i m p u r i t i e s  a f t e r  

chromatography was con firm ed  by p r e p a r in g  c o ld  MeG u s in g  t h e  same 

s y n t h e t i c  r o u t e  an d  c o m p a r in g  i t s  p r o t o n  n u c l e a r  m a g n e t i c  

re so n an ce  spectrum  w i th  t h a t  o f  com m ercially  a v a i l a b l e  compound.

s can n in g  p rocedu res

S u b j e c t s  w ere  s c a n n e d  a t  an  a x i a l  l e v e l  o f  6.5 cm a b o v e  t h e  

o r b i to m e a ta l  l i n e .  A l l  s u b j e c t s  had an i n i t i a l  t r a n s m is s i o n  s c a n  

u s in g  an e x t e r n a l  ^ G e  r i ng SOu r c e  so  t h a t  t i s s u e  a t t e n u a t i o n  o f  

511 keV r a d i a t i o n  c o u ld  be d e te rm in e d  (Frackowiak e t  a l . ,  1980).
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Table 6.1

c l i n i c a l  c h a r a c t e r i s t i c s  o f  t h e  d i a b e t i c  s tu d y  s u b j e c t s .

p a t i e n t  s e x  a g e  d u r a t i o n  o f  d i a b e t i c  HbAl
number (m/f) (y rs )  d i a b e t e s  (y r s )  c o m p lic a t io n s  (%)

m 44 5 background 12.5
r e t i n o p a th y ,

neu ropa thy

m 40 18 p r o l i f e r a t i v e  9 .0
r e t i n o p a th y

38 23 p r o l i f e r a t i v e  16.3
r e t i n o p a th y ,

neu ro p a th y

m 28 9 none 9 .4

m 23 16 none 9 .3

i n s u l i n  
d o se  (U)

48

62

34

48

50
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R e g i o n a l  c e r e b r a l  b l o o d  f l o w  (rCBF) was t h e n  d e t e r m i n e d  u s i n g  

s te a d y  s t a t e  i n h a l a t i o n  o f  C ^ o 2  (Frakowiak e t  a l . ,  1980).

A f t e r  c e r e b r a l  ^ 0  a c t i v i t y  h a d  c l e a r e d ,  [ H c ] M e G  w as  

a d m in is te re d  by in t r a v e n o u s  in f u s io n  w h i l e  s e r i a l  PET scan n in g  a t  

t h e  f i x e d  t o m o g r a p h ic  l e v e l  was p e r f o r m e d .  The [-*-^C]MeG was 

i n f u s e d  o v e r  4 m i n u t e s  u s i n g  a  H a r v a r d  pump. A t t h e  o n s e t  o f  

i n f u s i o n ,  PET s c a n n i n g  was s t a r t e d ,  t e n  120 s e c o n d  an d  f o u r  300 

s e c o n d  s c a n s  b e i n g  p e r f o r m e d .  D u r in g  s c a n n i n g ,  a r t e r i a l  b l o o d  

s a m p l e s  w e re  w i th d r a w n ,  i n i t i a l l y  a t  30 s e c o n d  i n t e r v a l s ,  and  

a r t e r i a l  p la sm a  and w hole  b lo o d  [^C]M eG l e v e l s  were measured in  

a  w e l l  c o u n te r  c r o s s - c a l i b r a t e d  a g a i n s t  t h e  PET scan n e r .

F i n a l l y ,  r e g i o n a l  c e r e b r a l  b l o o d  v o lu m e  (rCBV) was m e a su re d  

f o l lo w in g  C ^O  i n h a l a t i o n  (Lammertsma e t  a l . ,  1983).

A c o m p l e t e  d e s c r i p t i o n  o f  d a t a  a n a l y s i s  i s  g i v e n  i n  B ro o k s  e t  

a l . ,  1986b.

e x p e r im e n ta l  c o n d i t io n s  in  t h e  d i a b e t i c  s u b j e c t s  

Of t h e  8  PET scan s  in  t h e  5 d i a b e t i c  s u b j e c t s ,  4 were c a r r i e d  o u t  

a t  e u g l y c a e m i a  w i t h  p h y s i o l o g i c a l  i n s u l i n  l e v e l s ,  2  a t  

h y p e r g l y c a e m i a  w i t h  p h y s i o l o g i c a l  i n s u l i n  l e v e l s ,  an d  2  a t  

h y p e r g l y c a e m i a  w i t h  no  i n s u l i n .  T h re e  o f  t h e  d i a b e t i c  s u b j e c t s  

h a d  p a i r e d  PET s t u d i e s  and  2 h ad  s i n g l e  s t u d i e s  o n l y .  The 3 

p r o t o c o l s  a r e  d e s c r ib e d  below.

e u g l y c a e m i a  w i t h  i n s u l i n  i n f u s i o n  p a t i e n t s  a t t e n d e d  t h e  

h o s p i t a l  on t h e  a f t e r n o o n  o f  t h e  s t u d y  d a y ,  h a v i n g  o m i t t e d  t h e  

l o n g - a c t i n g  component o f  t h e i r  morning i n s u l i n  d o se ,  and h a v in g  

f a s t e d  f o r  a  minimum o f  4 hours .  A 19G c a n n u la  was i n s e r t e d  i n t o  

a  f o r e a r m  v e i n  o f  one  arm  f o r  t h e  p u r p o s e s  o f  i n s u l i n ,  d e x t r o s e  

a n d  t r a c e r  i n f u s i o n .  An a r t e r i a l  l i n e  was i n s e r t e d  i n t o  t h e  

r a d i a l  a r t e r y  o f  t h e  o th e r  arm f o r  sam pling  p u rp o ses .  An i n f u s i o n
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ul s n o r t - a c t  m g  i n s u l i n  (H u m u lin  S, E l i  L i l l y  and  Co. L td . )  was 

commenced a t  a r a t e  o f  0.3mU/kg/min, and co n t in u ed  th ro u g h o u t  th e  

p r o c e d u r e .  A r t e r i a l  p l a s m a  g l u c o s e  was m e a su re d  a t  5 m in u te  

i n t e r v a l s  t h r o u g h o u t ,  an d  was h e l d  c o n s t a n t  a t  a  l e v e l  o f  

a p p ro x im a te ly  5m m ol/l w ith  a  v a r i a b l e  in fu s io n  o f  20% d e x t ro s e .  A 

r u n - in  p e r io d  o f  a t  l e a s t  90 m in u te s  was a l lo w e d  in  each  s u b j e c t  

p r i o r  t o  com mencing t h e  s c a n n i n g  p r o c e d u r e s  t o  a l l o w  a  s t e a d y  

s t a t e  in  serum i n s u l i n  and p la sm a  g lu c o s e  t o  p r e v a i l .  T h is  s te a d y  

s t a t e  was m a in ta in e d  th ro u g h o u t  t h e  scann ing  p e r io d .  

hyperg lycaem ia  w i th  i n s u l i n  i n f u s io n  th e  p rocedu re  was c a r r i e d  

o u t  e x a c t l y  a s  d e s c r i b e d  a b o v e  w i t h  t h e  e x c e p t i o n  t h a t  t h e  

a r t e r i a l  p l a s m a  g l u c o s e  was m a i n t a i n e d  a t  a  t a r g e t  l e v e l  o f  

1 2 mmol/l w ith  t h e  d e x t ro s e  i n f u s io n .  -

h y p e r g ly c a e m i a  w i t h  no i n s u l i n  i n f u s i o n  : -  i n  t h e  2  s u b j e c t s  

s t u d i e d  u n d e r  t h i s  p r o t o c o l ,  t h e  a r t e r i a l  p la s m a  g l u c o s e  was 

e l e v a t e d  t o  a p p ro x im a te ly  1 2 m m ol/l  w i th  a b o lu s  o f  5 % d e x t ro s e .  

No i n s u l i n  was i n f u s e d .  The p l a s m a  g l u c o s e  was m o n i to r e d  a t  5 

m inute  i n t e r v a l s  th ro u g h o u t ,  b u t  i n  n e i t h e r  c a se  d id  th e  p la sm a  

g l u c o s e  v a r y  by  more t h a n  1  mmol / 1  f rom  t h e  t a r g e t  v a l u e  o f  

1 2 m m o l/l .

I n  a l l  o f  t h e  a b o v e  e x p e r i m e n t s ,  se ru m  f r e e  i n s u l i n  (Kuzuya e t  

a l . ,  1977) was m easured a t  20 m inute  i n t e r v a l s

6 .3  RESULTS

During th e  eug lycaem ic  p ro c e d u re s ,  t h e  p la sm a  g lu c o se  was 3.8+0.9 

m m ol/1  (mean+S.D.), an d  d u r i n g  t h e  h y p e r g ly c a e m i c  p r o c e d u r e s  

13.1+3.5 mmol/1. I n s u l i n  in f u s io n  r a t e  0.3mU/kg/min r e s u l t e d  i n  a  

mean se ru m  f r e e  i n s u l i n  l e v e l  o f  48+13m U /l i n  t h e  6  r e l e v a n t  

s c a n s .  D u r in g  t h e  2 s c a n s  w here  i n s u l i n  w as n o t  i n f u s e d ,  s e ru m  

f r e e  i n s u l i n  l e v e l s  were <2mU/l.
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D e t a i l s  o f  r e g i o n a l  c e r e b r a l  [ 1-LC]MeG u n i d i r e c t i o n a l  e x t r a c t i o n  

f r a c t i o n s  a r e  shown i n  f i g u r e  6.1 f o r  e a c h  d i a b e t i c  a n d  n o rm a l  

s u b je c t .  Whole b r a i n ,  w h ite  and g rey  m a t te r  a r e  shown s e p a r a t e l y .  

Mean v a l u e s  f o r  t h e  p a ra m e te rs  o f  w hole b r a in  [^C]M eG u p ta k e  

a r e  shown i n  t a b l e  6 .2 . E x t r a c t i o n  f r a c t i o n s  d i d  n o t  d i f f e r  

s i g n i f i c a n t l y  b e tw e e n  n o r m a l  s u b j e c t s  an d  d i a b e t i c  s u b j e c t s  

s t u d i e d  a t  e u g l y c a e m i a .  I n  c o n t r a s t ,  [ 1^C]MeG e x t r a c t i o n  was 

s i g n i f i c a n t l y  r e d u c e d  i n  t h e  d i a b e t i c  s u b j e c t s  s t u d i e d  a t  

h y p e r g l y c a e m i a .  H ow ever ,  when [H c]M e G  i n f l u x  i s  m e a s u r e d  i n  

mmol/min, t a k in g  th e  p la sm a  g lu c o s e  i n t o  account ( t a b l e  6 .2), i t  

c a n  be  s e e n  t h a t  t h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  

d i a b e t i c  s u b j e c t s  s tu d i e d  a t  hyperg lycaem ia  and norm al s u b j e c t s  

a t  e u g ly c a e m ia . -  L a s t l y ,  t h e r e  w as  no  d i f f e r e n c e  b e t w e e n  

e x t r a c t i o n  f r a c t i o n s  i n  t h e  d i a b e t i c  s u b j e c t s  s t u d i e d  w i t h  an d  

w ith o u t  i n s u l i n  in fu s io n .

6 .4  DISCUSSION

The r e s u l t s  p r e s e n te d  h e re  p r o v id e  no e v id e n c e  f o r  t h e  h y p o th e s i s  

t h a t  GH h y p e r s e c r e t i o n  i n  d i a b e t e s  i s  r e l a t e d  t o  d e f e c t i v e  

g lu c o s e  t r a n s p o r t  a c r o s s  th e  BBB. D -g lucose  t r a n s p o r t  a c r o s s  th e  

BBB i s  a  p a s s i v e  f a c i l i t a t e d  p ro c e s s  (Crone, 1965). The a f f i n i t y  

o f  MeG and D -g lu c o se  f o r  t h e  D-hexose c a r r i e r  i s  s i m i l a r  i n  r a t  

b r a i n  ( P a r t r id g e  and O le n d o r f ,  1975). The u se  o f  [^C]M eG  and PET 

h a s  b e e n  v a l i d a t e d  a s  a  m eans o f  s t u d y i n g  D - g lu c o s e  t r a n s p o r t  

a c r o s s  t h e  BBB i n  hum ans. U s in g  t h i s  t e c h n i q u e ,  t h e  w ork  i n  t h e  

p r e s e n t  c h a p t e r  d e m o n s t r a t e s  t h a t  i n  i n s u l i n  t r e a t e d  d i a b e t i c  

s u b j e c t s ,  even  th o s e  w i th  i n d i f f e r e n t  o r  poor g ly c a e m ic  c o n t r o l ,  

g lu c o s e  t r a n s p o r t  a c r o s s  th e  BBB i s  norm al. The s u b j e c t s  s e l e c t e d  

f o r  th e  s tu d y  in c lu d e d  th o s e  w i th  s e v e r e  r e t in o p a th y .  S in c e  t h e  

BBB and th e  b l o o d - r e t i n a l  b a r r i e r  a r e  in  c o n t in u i t y ,  i t  m igh t be
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u iau  j j a t i e n t s  wicn p r o n t e r a t i v e  r e t i n o p a th y  would a l s o  

d e m o n s tra te  some e v id e n c e  o f  compromised BBB f u n c t io n ,  b u t  t h i s  

i s  c e r t a i n l y  n o t  t h e  c a s e  w i t h  r e g a r d  t o  g l u c o s e  t r a n s p o r t .  

F u r t h e r ,  on e  s u b j e c t  d e m o n s t r a t e d  t h e  phenom enon o f  ' r e l a t i v e  

hy p o g ly caem ia ' (H a rr is  and P ro u t ,  1970), b u t  t h i s  i n d i v i d u a l  d id  

n o t  d i f f e r  from norm al w i th  r e s p e c t  t o  g lu c o s e  t r a n s p o r t  a c r o s s  

th e  BBB. I t  has  been s u g g es ted  t h a t  t h e  BBB in  d i a b e t i c  s u b j e c t s  

w i th  m ic r o v a s c u la r  d i s e a s e  i s  d e f e c t i v e  (L orenz i e t  a l . ,  1980). 

However, s i n c e  th e  s p e c i a l i s e d  f u n c t io n  o f  g lu c o s e  t r a n s p o r t  i s  

un im p a ired ,  i t  i s  h a rd  t o  b e l i e v e  t h a t  o t h e r ,  c r u d e r ,  f u n c t io n s  

a r e  l o s t .

S e v e r a l  w orkers  h ave  s tu d ie d  g lu c o s e  t r a n s p o r t  a c r o s s  t h e  BBB in  

r a t s  r e n d e r e d  d i a b e t i c  by  a d m i n i s t r a t i o n  o f  s t r e p t o z o t o c i n  

(G je d d e  an d  C ro n e ,  1981 , M c C a l l  e t  a l . ,  1 982 ,  Di M a t t i o  e t  a l . ,  

19 8 4 ) .  The f i r s t  two o f  t h e s e  n o te d  a  s i g n i f i c a n t  r e d u c t i o n  i n  

BBB g lu c o s e  t r a n s p o r t  in  r a t s  t h a t  had been  hyp erg ly caem ic  f o r  up 

t o  4 weeks. T h is  su g g es ted  t h a t  t h e r e  had been  a  r e d u c t io n  in  th e  

number o f  c a r r i e r s  f o r  p a s s i v e  f a c i l i t a t e d  t r a n s p o r t  o f  D -g lu co se  

a c r o s s  t h e  BBB. T h is  d e f e c t  c o u ld  be a b o l i s h e d  by b o th  t r e a tm e n t  

w i t h  i n s u l i n  and  r e d u c t i o n  o f  h y p e r g l y c a e m i a  by  s t a r v a t i o n ,  

s u g g e s t in g  t h a t  c h ro n ic  hyperg lycaem ia  can  l e a d  t o  a l o s s  o f  BBB 

g lu c o s e  c a r r i e r s .  The p r e s e n t  work’ i n d i c a t e s  t h a t  t h i s  i s  n o t  t h e  

c a s e  w i t h  i n s u l i n  t r e a t e d  d i a b e t i c s  e v e n  i n  t h e  p r e s e n c e  o f  

i n d i f f e r e n t  o r  poor g lycaem ic  c o n t r o l .

T h is  work a l s o  dem onstra tes  t h a t  th e  b r a i n  r e g u l a t e s  i t s  g lu c o s e  

s u p p ly  by a d j u s t in g  g lu c o se  t r a n s p o r t  i n t o  th e  b r a in  a c c o rd in g  t o  

th e  p r e v a l e n t  p lasm a g lu c o se  c o n c e n t r a t i o n .  H yperglycaem ia i n  t h e  

d i a b e t i c  s u b j e c t s  r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  p e r c e n t a g e  

e x t r a c t i o n  o f  g lu c o s e  from th e  b lo o d ,  b u t  i n  q u a n t i t a t i v e  te rm s ,  

t h e  am oun t o f  g l u c o s e  r e a c h i n g  t h e  b r a i n  r e m a in e d  c o n s t a n t .  An
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i n t e r e s t i n g  p o i n t  i s  t n a t  t m s  i s  n o t  m edia ted  by i n s u l i n  s in c e  

th e  p re se n c e  o r  a b se n c e  o f  i n s u l i n  d id  n o t  a f f e c t  e x t r a c t i o n .  I t  

h a s  b e e n  c l a i m e d  t h a t  t h e  BBB i n  man i s  an  i n s u l i n  s e n s i t i v e  

o r g a n  ( H e r tz  e t  a l . ,  1 9 8 1 ) .  H ow ever, s i n c e  t h i s  c o n c l u s i o n  was 

b a s e d  on w ork c a r r i e d  o u t  a t  t h e  t im e  o f  c e r e b r a l  a n g i o g r a p h y ,  

and used  p la sm a  i n s u l i n  l e v e l s  in  th e  r e g io n  o f  1500mU/l, th e  

p h y s i o l o g i c a l  r e l e v a n c e  o f  t h e  f i n d i n g s  m u s t  r e m a in  i n  some 

d o u b t .  C e r t a i n l y  t h e  p r e s e n t  work s u g g e s t s  t h a t  t h e  BBB i s  n o t  

i n s u l i n  s e n s i t i v e .

T h u s ,  t h e r e  i s  n o  e v i d e n c e  f o r  t h e  e x i s t e n c e  c e n t r a l  

n e u ro g ly c o p a e n ia  i n  t h e  p re s e n c e  o f  a  normal p la sm a  g lu c o s e  in  

d i a b e t e s ,  and no e v id e n c e  t o  su g g es t  t h a t  ex ce ss  GH i s  s e c r e t e d  

in  d i a b e t i c  s u b j e c t s  due t o  g lu c o se  d e p l e t i o n  in  GH r e g u l a t o r y  

c e n t r e s  o f  th e  b r a in .
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C hrom atographic  s e p a r a t io n  o f  c i r c u l a t i n g  GH forms in  

d i a b e t i c  s u b j e c t s .

INTRODUCTION.

Exam ination o f  c e n t r a l  r e g u l a t i o n  o f  GH s e c r e t i o n  in  d i a b e t e s  i n  

th e  p r e v io u s  c h a p te r s  has  i d e n t i f i e d  a  number o f  a b n o r m a l i t i e s ,  

and e x c lu d e d  o th e r s .  At c i r c u l a t o r y  l e v e l ,  an o th e r  p o s s i b l e  cau se  

f o r  GH h y p e r s e c r e t io n  in  d i a b e t e s  e x i s t s .

As o u t l i n e d  i n  c h a p t e r  1 , GH i s  a  h e t e r o g e n o u s  f a m i l y  o f  

p e p t id e s ,  and r e p r e s e n t s  an a t t r a c t i v e  t a r g e t  fo r  ch rom a tog raph ic  

a n a l y s i s .  Some w ork h a s  b e e n  c a r r i e d  o u t  i n  n o rm a l  s u b j e c t s  on 

t h e  c o m p o s i t i o n  o f  t h e  GH fo rm s  p r o d u c e d  in  t h e  b a s a l  and  

s t i m u l a t e d  s t a t e  ( S t o l a r  e t  a l . ,  1984) an d  d u r in g  s p o n t a n e o u s  

s e c r e t o r y  b u r s t s  (Baumann e t  a l . ,  19 8 5 ) .  GH fo rm s  p r o d u c e d  by 

s u b j e c t s  w ith  acrom egaly  h av e  a l s o  been examined (Baumann e t  a l . ,  

1983). To d a te ,  c i r c u l a t i n g  o r  p i t u i t a r y  forms of  GH in  d i a b e t i c  

s u b j e c t s  have  t o t a l l y  escaped  exam ina t ion .  This  i s  a  p o t e n t i a l l y  

i n t e r e s t i n g  f i e l d ,  f i r s t l y  i n  v iew  o f  t h e  f a c t  t h a t  th e  20k form 

o f  GH i s  s a id  to  la c k  th e  e a r l y  i n s u l i n - l i k e  e f f e c t s  o f  o th e r  GH 

forms ( F r ig e r i  e t  a l . ,  1979). Thus, i f  d i a b e t i c  s u b je c t s  p roduced  

an  i n c r e a s e d  p r o p o r t i o n  o f  t h i s  fo rm  com pared  w i t h  n o r m a l  

s u b j e c t s ,  i t  w ou ld  o b v i o u s l y  h a v e  i m p l i c a t i o n s  f o r  g l y c a e m i c  

c o n t r o l .  S econdly , and o f  r e l e v a n c e  h e r e ,  i f  a b i o i n a c t i v e  form  

o f  GH were produced by s u b j e c t s  w i th  d i a b e t e s ,  t h i s  would p r o v i d e  

some e x p la n a t io n  f o r  GH h y p e r s e c r e t io n  i n  t h e  c o n d i t io n  s i n c e  GH 

l e v e l s  would be e l e v a t e d  by n e g a t i v e  feedback . There h a v e  been  

r e p o r t s  o f  b i o i n a c t i v e  fo rm s  o f  GH b e i n g  p ro d u c e d  i n  c h i l d r e n  

w ith  grow th f a i l u r e  and h igh  GH l e v e l s  ( s e e  s e c t io n  1.7). S tu d ie s  

o f  p r o l a c t i n ,  a p e p t i d e  h o r m o n e  w i t h  s t r u c t u r e  a n d  

c h a r a c t e r i s t i c s  s i m i l a r  t o  t h a t  o f  GH, h a s  a l s o  r e v e a l e d  a
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The f o l lo w in g  c h a p te r  d e s c r ib e s  work a t te m p t in g  t o  c h a r a c t e r i s e  

c i r c u l a t i n g  mass v a r i a n t s  o f  GH in  d i a b e t i c  s u b j e c t s .

7 .1  C hrom atographic methos o f  s e p a r a t in g  GH.

One o f  t h e  b e s t  c h a r a c t e r i s e d  c h r o m a to g r a p h i c  m e th o d s  o f  

s e p a r a t i n g  GH fo rm s  i s  by  m eans o f  S ep h ad ex  ( P h a r m a c ia ,  Sweden) 

g e l  c h r o m a to g r a p h y .  For t h e  p u r p o s e s  o f  GH s e p a r a t i o n ,  t h i s  i s  

c a r r i e d  o u t  a t  pH 8 -9 ,  u s in g  one o f  t h e  h ig h e r  g rad e  p r e p a r a t io n s  

(Sephadex 100-200). T h is  method r e l i e s  on th e  'm o le c u la r  s i e v i n g '  

e f f e c t  o f  th e  g e l .  The r e s o l u t i o n  i s  r e l a t i v e l y  p o o r ,  b u t  i t  i s  

u s e f u l  a s  a  p r e p a r a t i v e  method, s e p a r a t in g  monomeric from l a r g e r  

a g g r e g a t e d  fo rm s  o f  GH. A r e p r e s e n t a t i v e  p r o f i l e  o f  p l a s m a  GH 

s e p a r a t e d  on S ep h ad ex  i s  shown i n  c h a p t e r  1 ( f i g u r e  1 .2 ).  

T h is  te c h n iq u e  i s  n o t  c a p a b le  o f  s e p a r a t in g  th e  v a r io u s  monomeric 

form s, and would n o t  d i s t i n g u i s h  between th e  20 and 22k v a r i a n t s ,  

f o r  i n s t a n c e .

A v a r i e t y  o f  fo rm s  o f  g e l  e l e c t r o p h o r e s i s ,  i n c l u d i n g  n a t i v e  

p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  ( n a t i v e  PAGE), SDS-PAGE (where 

t h e  s u b s t r a t e  i s  c o u p l e d  w i th  so d iu m  l a u r y l  s u l p h a t e ) ,  and  

i s o e l e c t r i c  f o c u s i n g ,  h a v e  a l s o  b e e n  u s e d  t o  s e p a r a t e  GH 

v a r i a n t s ,  and th e  r e s u l t s  a r e  w e l l  c h a r a c t e r i s e d  ( S k y le r  e t  a l . ,  

1977).  A l th o u g h  SDS-PAGE i s  u s e f u l  f o r  m o l e c u l a r  w e i g h t  

s e p a r a t i o n s ,  n a t i v e  PAGE a c h i e v e s  a d e q u a t e  r e s o l u t i o n  o f  

m onom eric  fo rm s  o f  GH, and  was u s e d  i n  t h e  f o l l o w i n g  work. 

P o ly a c ry la m id e  g e l  a s  a  su p p o r t  medium f o r  e l e c t r o p h o r e s i s  has  

t h e  a d v a n t a g e  t h a t  i t  i s  e n t i r e l y  s y n t h e t i c  a n d  c a n  b e  

c o n s t r u c t e d  r e p r o d u c i b l y  w i th  d i f f e r i n g  p o re  s i z e s ,  a l lo w in g  a 

c o m b in a t i o n  o f  b o t h  m o l e c u l a r  s i e v i n g  and  e l e c t r o p h o r e s i s  f o r  

m o l e c u l a r  s e p a r a t i o n .  M o re o v e r ,  u n l i k e  s t a r c h  an d  a g a r  g e l s ,
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e n t i r e l y  d e v o i d  o f  c h a r g e d  g r o u p s ,  w h ich  h a s  l e d  t o  i t s  

s u p e rs e d in g  o th e r  g e l  media. I t  h a s  been e x t e n s i v e l y  i n v e s t i g a t e d  

w ith  r e s p e c t  t o  GH s e p a r a t i o n ,  and w i l l  s e p a r a t e ,  among o t h e r s ,  

t h e  20, 22 and 24k v a r i e t i e s  o f  GH.

The u s e  o f  r e v e r s e  p h a s e  h i g h  p r e s s u r e  l i q u i d  c h ro m a to g r a p h y  

(HPLC) f o r  th e  s e p a r a t io n  o f  GH v a r i a n t s  h as  no t been d e s c r ib e d .  

O n ly  one  r e f e r e n c e  a p p e a r s  i n  t h e  l i t e r a t u r e  o f  t h i s  t e c h n i q u e  

b e i n g  u s e d  i n  t h e  s t u d y  o f  GH, i n  w h ic h  s y n t h e t i c  22k human GH 

was s e e n  t o  come o f f  t h e  c o lu m n  i n  a  s i n g l e  peak  (Kohr e t  a l . ,  

1 982 ) .  T h e re  h a v e  b een  no r e p o r t s  o f  s e p a r a t i o n  o f  p l a s m a  o r  

p i t u i t a r y  GH by t h i s  m eans. N e v e r t h e l e s s ,  t h e  m e th o d  i s  n o t  

w i th o u t  i t s  p o s s i b i l i t i e s .  The te c h n iq u e  i s  a r e l a t i v e  new-comer 

a m o n g s t  c h r o m a t o g r a p h i c  m e t h o d s .  T h e  p r o c e s s  o f  l i q u i d  

chrom atography i n v o l v e s  t h e  p a r t i t i o n i n g  o f  a s o l u t e  betw een a  

s t a t i o n a r y  and a m ob ile  phase . R e v e r s e  phase  chrom atography can  

be compared w ith  normal phase  a d s o r p t i o n  chromatography, which i s  

perfo rm ed  on a  p o l a r  s t a t i o n a r y  p h ase  such  as  a s i l i c a  g e l ,  and 

u s e s  a  n o n - p o l a r  m o b i l e  p h a s e .  I n  n o r m a l  p h a s e  c h r o m a to g r a p h y ,  

p o l a r  s o l u t e s  a r e  t i g h t l y  ad so rb ed  t o  t h e  p o l a r  s t a t i o n a r y  p h ase  

an d  a r e  t h e r e f o r e  e l u t e d  l a t e r  t h a n  n o n - p o l a r  s o l u t e s .  P o l a r  

compounds can be e l u t e d  by i n c r e a s i n g  t h e  p o l a r i t y  o f  th e  m o b i le  

phase . In  r e v e r s e  phase chrom atography , a s  im p lie d ,  th e  p r o c e s s  

i s  r e v e r s e d .  The s t a t i o n a r y  p h a s e  i s  n o n - p o l a r  an d  t h e  m o b i l e  

p h a s e  i s  p o l a r .  I t  i s  now t h e  n o n - p o l a r ,  o r  h y d r o p h o b i c ,  

i n t e r a c t i o n s  w hich  d e t e r m i n e  t h e  m i g r a t i o n  r a t e  a l o n g  t h e  

s t a t i o n a r y  phase , and, a s  one e x p e c t s ,  p o l a r  s o l u t e s  a r e  e l u t e d  

f ro m  t h e  co lum n e a r l i e r  t h a n  n o n - p o l a r  s o l u t e s .  E l u t i o n  o f  a 

p a r t i c u l a r  compound i s  e f f e c t e d  by re d u c in g  th e  p o l a r i t y  o f  t h e  

a q u e o u s  m o b i l e  p h a s e ,  u s u a l l y  by  t h e  a d d i t i o n  o f  o r g a n i c
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c h r o m a to g r a p h y  s u c h  t h a t  i t  now h o l d s  a  p r o m i n e n t  p l a c e  in  

r o u t i n e  l a b o r a t o r y  p r a c t i c e  bo th  a s  a  p r e p a r a t i v e  and a n a l y t i c a l  

method. T here  a r e  now a v a i l a b l e  a  wide v a r i e t y  o f  co m m erc ia l ly  

m a n u f a c t u r e d  c o lu m n s .  T h ese  a r e  made f ro m  s t e e l ,  a n d  t i g h t l y  

packed w i th  a  hydrocarbon  o f  known c h a in  l e n g t h ,  d i f f e r e n t  column 

p a c k i n g s  h a v i n g  d i f f e r i n g  p r o p e r t i e s .  By v a r y i n g  t h e  co lum n 

pack ing  and t h e  make-up o f  th e  m ob ile  p h ase ,  h ig h  r e s o l u t i o n  o f  

many compounds a c c o rd in g  to  h y d ro p h o b ic i ty  can  be  a c h ie v e d .  The 

f a c t  t h a t  t h e  p r o c e s s  i s  c a r r i e d  o u t  a t  h i g h  p r e s s u r e  i n  a 

t i g h t l y  packed  column makes th e  p ro c e ss  o f  s e p a r a t i o n  v e ry  rap id .  

I t  i s ,  how ever, v e ry  d i f f i c u l t  t o  p r e d i c t  how any g iv e n  compound 

w i l l  b e h a v e  on  r e v e r s e  p h a s e  HPLC, and  d e c i d i n g  on  t h e  b e s t  

co lum n  t y p e  a n d  m o b i l e  p h a s e  can  i n v o l v e  a  l o t  o f  t r i a l  and 

e r r o r .

7 .2  p r e p a r a t i o n  te c h n iq u e s

Many c h r o m a t o g r a p h i c  m ed ia  r e q u i r e  t h e  s a m p l e  t o  b e  s u i t a b l y  

p r e p a r e d  p r i o r  t o  l o a d i n g  o n to  t h e  c o lu m n . I n  t h e  c a s e  o f  GH 

a n a l y s i s  by  PAGE o r  HPLC, t h e  p e p t i d e  m u s t  b e  e x t r a c t e d  from  

p i t u i t a r y  o r  s e ru m  an d  c o n c e n t r a t e d  i n  t h e  a p p r o p r i a t e  form. 

P i t u i t a r y  GH h a s  b e e n  m ost e x t e n s i v e l y  s t u d i e d  s i n c e  l a r g e  

amounts a r e  p r e s e n t  i n  th e  g la n d ,  whereas i n  s tu d y in g  p lasm a GH 

fo rm s ,  l a r g e  v o lu m e s  o f  p la s m a  m ust f i r s t  b e  e x t r a c t e d  and 

c o n c e n t r a t e d .  T h e r e  a r e  o b v i o u s l y  a  l a r g e  v a r i e t y  o f  

p r e p a r a t o r y  t e c h n i q u e s .  Most commonly u s e d  t o  e x t r a c t  GH from  

p lasm a i s  immunoadsorbent chromatography, where a n t i s e r u m  to  GH 

i s  a d so rb ed  t o  an  i n e r t  medium. The p lasm a i s  th e n  ru n  o v e r  t h i s  

p r e p a r a t i o n ,  a n d  t h e  GH i s  b o u n d  by  t h e  a n t i b o d y ,  an d  

s u b s e q u e n t ly  e l u t e d  w i th  a s u i t a b l e  agen t .  T h is  method r e q u i r e s

107



—  w* u u x t u u i c  o n  a i i L i u u u y  w icn  an

a f f i n i t y  which w i l l  a l l o w  b in d in g  o f  th e  GH from th e  p la sm a  b u t  

which w i l l  a l s o  a l l o w  l a t e r  d i s s o c i a t i o n  o f  th e  a n t ig e n - a n t ib o d y  

complex. The a n t is e ru m  s h o u ld  a l s o  b in d  a l l  forms GH e q u a l l y  so  

t h a t  none a r e  l o s t  in  p r e p a r a t i o n .  A part from th e s e  t h e o r e t i c a l  

d i f f i c u l t i e s ,  t h i s  m e th o d  i s  e x t r e m e l y  e x p e n s i v e ,  a n d  w as n o t  

f e a s i b l e  in  a  r o u t i n e  hormone a s s a y  la b o ra to ry .  T h e re fo re  o th e r  

m e th o d s  had t o  be  d e v e l o p e d .  I n  t h e  f o l l o w i n g  w ork , t h e  u s e  o f  

t h e  C18 SEP-PAK (W a te rs  A s s o c i a t e s ,  M a s s a c h u s e t t s )  a n d  a c i d  

e th a n o l  s t r i p p i n g  was t r i e d .  The SEP-PAK i s  a s m a l l  column f i l l e d  

w i t h  a  h y d ro c a rb o n  s i m i l a r  t o  t h a t  u s e d  i n  t h e  HPLC c o lu m n .  The 

p e p t id e  i s  f i r s t  ad so rb ed  on t o  t h i s  and su b se q u e n tly  e l u t e d  w i th  

an o rg a n ic  s o l v e n t .  T h is  method h as  been found to  be e f f e c t i v e  in  

e x t r a c t i n g  s m a l l  p e p t id e s  from  p la sm a  p r i o r  t o  HPLC. A c id - e th a n o l  

s t r i p p i n g  s im ply  p r e c i p i t a t e s  a  num ber o f  p r o t e i n s  f ro m  p l a s m a  

l e a v i n g  a  r e l a t i v e l y  c l e a n  sam ple . T h is  p ro cess  was t r i e d  t o  s e e  

i f  GH remains in  s o l u t i o n  a f t e r  t r e a tm e n t  w ith  a c i d - e t h a n o l ,  and 

w hether th e  r e s u l t i n g  s o l u t i o n  was s u i t a b l e  fo r  c h ro m a to g ra p h ic  

s e p a r a t io n .

7 .3  PATIENTS AND METHODS

Serum from d ia b e t i c  s u b j e c t s  w i th  p r o l i f e r a t i v e  r e t i n o p a t h y  and 

documented GH h y p e r s e c r e t i o n ,  d e m o n s t r a t e d  on 24 h o u r  s a m p l i n g  

p r o f i l e s ,  was s t u d i e d .  Serum  w as o b t a i n e d  from n o rm a l  s u b j e c t s  

who were age matched w ith  t h e  d i a b e t i c  s u b je c t s  and were s e l e c t e d  

from amongst h o s p i t a l  s t a f f  members. GH r i c h  serum was o b t a in e d  

by  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  lOOug o f g ro w th  h o rm o n e  

r e l e a s i n g  f a c to r  (Sigma), w i th  20 ml sam ples  of b lood  b e in g  drawn 

a t  t im e s  15, 30, 37, 45 and 60 m in u te s .  The blood was im m e d ia te ly  

s e p a r a t e d  End serum s t o r e d  a t  - 2 0 °  C.
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— ----------- j  vju j-'w'i. uoc  cio a o u a n u a iu

m a t e r i a l  was a  g i f t  from th e  N a t io n a l  I n s t i t u t e  f o r  B io l o g ic a l  

S t a n d a r d s  and  C o n t r o l  ( H o l l y  H i l l ,  H am p s tea d ,  London NW3 6RB), 

and  s y n t h e t i c  22k human GH was a  g i f t  f ro m  E l i  L i l l y  and Co. 

L t d . .

e x t r a c t i o n  o f  p la s m a  u s i n g  t h e  C18 SEP-PAK t h i s  was c a r r i e d  

o u t  a c c o rd in g  t o  th e  m a n u fa c tu re r 's  i n s t r u c t i o n s .  The SEP-PAK was 

f i r s t  a c t i v a t e d  by push ing  5ml o f  100% a c e t o n i t r i l e  o r  p rop an -1 -  

o l  t h r o u g h  t h e  c o lu m n ,  and  t h e n  w ashed  w i t h  10ml o f  d i s t i l l e d  

w a te r .  The serum sam ple was th e n  lo a d ed  o n to  th e  column which was 

t h e n  a g a i n  w ashed  w i th  10ml o f  d i s t i l l e d  w a t e r .  The GH was th e n  

e l u t e d  from th e  column o v e r  5-15 m inu tes  w i th  1.5ml o f  e i t h e r  70% 

a c e t o n i t r i l e  o r  60% p r o p a n - l - o l .  The e l u e n t  was e v a p o r a t e d  t o  

d r y n e s s  u n d e r  n i t r o g e n  and  r e c o n s t i t u t e d  t o  t h e  a p p r o p r i a t e  

volum e w i th  t h e  r e l e v a n t  d i l u e n t  a t  th e  t im e  o f  sam p le  a n a l y s i s .

a c i d - e t h a n o l  s t r i p p i n g  : -  t h i s  was c a r r i e d  o u t  a c c o rd in g  to  th e  

m e th o d  o f  D aughaday  e t  a l .  (1980) .  Serum was a d d e d  t o  a  m ix tu r e  

c o n ta in in g  12.5% 2N HC1 and 87.5% a b s o l u t e  e th a n o l  (1 p a r t  serum 

t o  4 p a r t s  a c i d - e th a n o l ) .  T h is  was v o r te x e d  and l e f t  t o  s tan d  a t  

room t e m p e r a t u r e  f o r  30 -60  m i n u te s .  D u r in g  t h i s  t i m e ,  a  c lo u d y  

p r e c i p i t a t e  formed, which was spun down by c e n t r i f u g a t i o n  fo r  30 

m inu tes .  The s u p e r n a ta n t  was removed and n e u t r a l i s e d  w ith  0.855M 

T r i s - b a s e  (5 p a r t s  a c id - e th a n o l  s t r i p p e d  serum t o  2 p a r t s  T r i s -  

ba se ) .  T h is  m ix tu re  was l e f t  o v e r n ig h t  a t  4°C, d u r in g  which tim e 

a  second  p r e c i p i t a t e  formed. Samples were a g a in  c e n t r i f u g e d  f o r  

30 m i n u t e s  a n d  t h e  s u p e r n a t a n t  rem o v ed . The r e s u l t i n g  c l e a r  

sam ple  was e v a p o ra te d  t o  d ryness  and r e c o n s t i t u t e d  a p p r o p r i a t e l y  

a t  t h e  t im e  o f  a n a l y s i s .

Sephadex chrom atography : -  t h i s  was c a r r i e d  o u t  i n  a  c o l d  room a t
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g l a s s  column. The sam p le  c o n s i s t e d  o f  e i t h e r  l-2m l o f  u n e x t ra c te d  

serum or s ta n d a rd  d i s s o l v e d  in  1ml o f  b u f f e r .  The column was run 

th rough  w ith  b a r b i to n e  b u f f e r ,  ph 8.9, u s in g  2 m arkers ,  - ^ I  and 

bromophenol b lu e .  The f lo w  r a t e  was a p p ro x im a te ly  6 m l/h o u r ,  100 

2ml sam ples  be ing  c o l l e c t e d .  The v o id  volume was marked by th e  

a p p e a r a n c e  o f  b ro m o p h e n o l  b l u e ,  an d  t h e  t o t a l  v o lu m e  by  t h e  

appearance  o f  - ^ 1 .

HPLC t h i s  was c a r r i e d  o u t  on  a  2 pump s y s te m ,  c a p a b l e  o f  

g e n e r a t i n g  a  g r a d i e n t  o f  s o l v e n t  (W a te rs  A s s o c i a t e s ,  M i l f o r d ,  

M a s s a c h u s e t t s ) ,  u s i n g  a  C-18 c o lu m n  w i t h  a p o re  s i z e  o f  lOOum 

(HPLC T e c h n o lo g y  L t d . ,  UK). The m o b i l e  p h a s e  c o n s i s t e d  o f  

s o l u t i o n  A (99.95% d i s t i l l e d  w a te r ,  0.05% t r i f l u o r o - a c e t i c  a c i d  

(TFA)) and s o l u t i o n  B ( e i t h e r  p r o p a n - l - o l  o r  a c e t o n i t r i l e ,  

99 .95% , 0.05% TFA). T he  d r i e d  s a m p l e  o r  s t a n d a r d  w as

r e c o n s t i t u t e d  in  1.5ml s o l u t i o n  A and in j e c t e d  onto  t h e  column. A 

l i n e a r  g ra d ie n t  o f  a  com bina tion  o f  s o l u t i o n s  A and B ( in c r e a s in g  

s o l u t i o n  B by 1%/min) w as t h e n  r u n  down t h e  co lum n  ( f l o w  r a t e  

l m l / m i n  t o  70% i n  t h e  c a s e  o f  a c e t o n i t r i l e  and  f l o w  r a t e  

0.5ml/min, to  50% and h e l d  a t  t h a t  l e v e l  f o r  a f u r t h e r  20 m in u te s  

i n  t h e  c a s e  o f  p r o p a n - l - o l ) .  F r a c t i o n s  w ere  c o l l e c t e d  on  a  

f r a c t i o n  c o l l e c t o r  (1ml i n  th e  c a s e  o f  a c e t o n i t r i l e  and 0.5 ml in  

t h e  c a s e  o f  p r o p a n - l - o l ) ,  an d  e a c h  f r a c t i o n  a s s a y e d  f o r  GH by 

RIA, th e  s tan d a rd  c u r v e  b e in g  made up in  60% a c e t o n i t r i l e  o r  50% 

p ro p an o l  as  a p p r o p r ia t e .

n a t i v e  PAGE : -  t h e  l o w e r ,  o r  r e s o l v i n g  g e l  was made up  f ro m  a  

m i x t u r e  o f  2 3 . 5 g / 1 0 0 m l  a c r y l a m i d e  (A) a n d  0 . 5 g / 1 0 0 m l  

b i s a c r y l a m i d e  (B is )  s u c h  t h a t  T ( t o t a l  p e rce n tag e  c o n c e n t r a t i o n  

o f  A + B is )  was e q u a l  t o  24% (w /v )  an d  C ( B is /T  e x p r e s s e d  a s  a



p a r t  o f  36 .4m l 1NHC1 + 9 .23g  B is / lO O m l ,  pH 5.8 and  1 p a r t  

60mg/100ml p o ta ss iu m  p e r s u lp h a t e ,  g iv i n g  a  f i n a l  T v a l u e  o f  12%. 

I n s t i g a t o r  NNN'N' t e t r a m e t h y l e t h y l e n e d i a m i n e  (TD) was added  

( lO u l /m l  o f  g e l ) ,  and th e  r e s u l t a n t  m ix tu re  poured  i n t o  12cm by 

4mm g l a s s  colum ns and a l lo w e d  t o  s e t  a t  a  te m p e ra tu re  o f  4°C. The 

u p p e r ,  o r  s t a c k in g  g e l  was made w ith  a  T v a l u e  o f  6.25%, C v a lu e  

20%, d i l u t e d  1 :1  by  a d d in g  2 p a r t s  t o  1 p a r t  a c e t i c  a c i d  1 .25g  + 

B i s  3 .9 5 g /1 0 0 m l ,  pH 5.43 and  1 p a r t  p o t a s s i u m  p e r s u l p h a t e  

60mg/100ml, g i v i n g  a  f i n a l  T v a l u e  o f  3.125%. I n s t i g a t o r  TD was 

added ( lO u l /m l  o f  g e l ) ,  and poured  o n to  t h e  to p  o f  th e  r e s o l v i n g  

g e l  su ch  t h a t  t h e  s ta c k in g  g e l  was a p p ro x im a te ly  0.5cm in  le n g th .  

The c o lu m n s  w ere  t h e n  p l a c e d  i n t o  a  S handon  S o u th e r n  ro d  g e l  

e l e c t r o p h o r e s i s  cham ber .  The lo w e r  b u f f e r  c o n s i s t e d  o f ,  p e r  

l i t r e ,  50ml 1NHC1 a n d  13.08 g B i s ,  pH 6 .9 .  The u p p e r  b u f f e r  

c o n s i s t e d  o f ,  p e r  l i t r e ,  9.16 g N - t r i s - a m in o e th a n e - s u lp h o n ic  a c id  

(TES), 7 .36  g B i s ,  pH 6.9. The s a m p le  d i l u e n t  c o n s i s t e d  o f  a 1:6  

d i l u t i o n  o f  t h e  u p p e r  g e l  b u f f e r ,  9ml an d  1ml o f  g l y c e r o l  t o  

w h ic h  0.2mg b ro m o p h e n o l  b l u e  and  O.lmg b o v i n e  se ru m  a lb u m in  

( f r a c t i o n  V) was a d d e d .  The d r i e d  s a m p le  was r e c o n s t i t u t e d  i n  

1 0 0 - 2 0 0 u l  o f  t h i s  m i x t u r e ,  and  l a y e r e d  o n t o  t h e  t o p  o f  t h e  

s t a c k i n g  g e l .  The columns were th e n  c o n n ec ted  t o  t h e  power u n i t  

(Evans E l e c t r o s e l e n iu m  Ltd., H o ls te a d ,  E ssex ) ,  and a  c u r r e n t  o f  

2mA/gel a p p l i e d .  In  g e n e r a l ,  th e  dye f r o n t  took  3 h o u rs  t o  reach  

th e  bo ttom  o f  t h e  g e l ,  a f t e r  which th e  g e l  was s t r i p p e d  from th e  

c o lu m n ,  an d  s l i c e d  i n t o  100 d i s c s  u s i n g  a  m ic ro to m e .  Each g e l  

s e g m e n t  was s o a k e d  o v e r n i g h t  i n  RIA b u f f e r  an d  s u b s e q u e n t l y  

a s s a y e d  f o r  GH.
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7.4  RESULTS

Sephadex  c h r o m a to g r a p h y  b o t h  t h e  s y n t h e t i c  22k GH a n d  t h e  

p u r i f i e d  human p i t u i t a r y  GH e x t r a c t ,  when run on Sephadex, came 

o f f  th e  column i n  a  s i n g l e  peak w ith  a  Kav o f  a p p r o x im a te ly  0.5, 

in d i c a t i n g  t h a t  b o th  s ta n d a r d  p r e p a r a t io n s  c o n ta in  o n l y  monomeric 

GH. One serum sam p le  from a  d i a b e t i c  p a t i e n t  w ith  p r o l i f e r a t i v e  

re t in o p a th y  was run  on Sephadex ( f i g u r e  7.1), p ro d u c in g  a  p r o f i l e  

s im i l a r  t o  t h a t  shown i n  c h a p t e r  1, f i g u r e  1.2.

sam ple r e c o v e ry  from th e  SEP-PAK u s in g  a c e t o n i t r i l e  t o  e l u t e  

t h e  co lum n , o n l y  5% o f  GH i m m u n o r e a c t i v i t y  c o u l d  b e  r e c o v e r e d  

from any g iv e n  serum sam ple . Using p r o p a n - l - o l ,  t h i s  f i g u r e  c o u ld  

be in c re a sed  t o  a p p ro x im a te ly  50%.

s a m p le  r e c o v e r y  f ro m  a c i d - e t h a n o l  s t r i p p e d  se rum  : -  u s i n g  t h e  

method o u t l i n e d  above ,  100% o f  GH im m unoreac tiv i ty  was r e t a i n e d  

in  th e  c l e a r  s u p e r n a ta n t .  However, when t h i s  m a t e r i a l  was d r i e d  

down, s e v e r a l  s a m p l e s  p o o l e d  i n  o r d e r  t o  o b t a i n  s u f f i c i e n t l y  

l a r g e  g u a n t i t i e s  o f  GH, and r e c o n s t i t u t e d  in  a s m a l l  v o lu m e , t h e  

r e s u l t i n g  m ix tu re  was r e l a t i v e l y  v is c o u s .

n a t i v e  PAGE : -  s y n t h e t i c  22k GH p ro d u c e d  1 c l e a r  p e a k  on  PAGE. 

P i t u i t a r y  e x t r a c t  p r o d u c e d  a  m a jo r  peak  c o r r e s p o n d i n g  t o  t h a t  

s e e n  on th e  22k GH p r o f i l e ,  an d  a  s m a l l e r  e a r l i e r  p e a k  ( f i g u r e  

7 .2 ) .

P roblem s were e x p e r ie n c e d  in  a t te m p t in g  to  run serum s a m p le s  on 

PAGE. I t  w as  c a l c u l a t e d  t h a t  a p p r o x i m a t e l y  lOOuU o f  GH 

i m m u n o r e a c t i v i t y  w o u ld  h a v e  t o  b e  run  on each  g e l  t o  p r o d u c e  

m e a n in g f u l  r e s u l t s ,  g i v e n  t h a t  22k GH makes up  90-95%  o f  

c i r c u l a t i n g  GH forms. T h is  m a t e r i a l  has  to  be c o n c e n t r a te d  i n t o  a  

sam ple  volume o f  100 -200u l.  When a c id - e th a n o l  s t r i p p e d  serum  i s  

c o n c e n t r a t e d  i n  t h i s  f a s h i o n ,  t h e  r e s u l t a n t  s a m p le  i s  o f  s u c h
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The p r o f i l e  o f  d i a b e t i c  serum e x t r a c t e d  on a  SEP-PAK e l u t e d  w ith  

p r o p a n o l  i s  shown i n  f i g u r e  7 .2 ,  b u t  a s  t h e  r e c o v e r y  f ro m  t h e  

SEP-PAK i s  p o o r ,  w i t h  f u r t h e r  l o s s e s  on t h e  g e l ,  t h e  r e s u l t a n t  

peak  i s  o f  sm a l l  m agnitude .

HPLC : -  a  p r a c t i c a l  a d v a n t a g e  o f  u s i n g  HPLC i s  t h a t  t h e  s a m p le  

volum e can  be up t o  1.5ml, th u s  o b v ia t i n g  th e  need t o  u se  h i g h l y  

c o n c e n t r a t e d  s a m p l e s .  I t  was t h e r e f o r e  p o s s i b l e  t o  u s e  a c i d -  

e t h a n o l  s t r i p p e d  s e r u m ,  d r i e d  down a n d  a p p r o p r i a t e l y  

r e c o n s t i t u t e d ,  f o r  t h e  HPLC s e p a r a t i o n .  U s in g  t h i s  m a t e r i a l ,  

t h e r e  w as an  e a r l y  r i s e  i n  t h e  p r e s s u r e  i n  t h e  s y s t e m  w h ich  

q u i c k l y  dropped once th e  v o id  volume had been p assed .  I n i t i a l  

a t t e m p t s  were made t o  use  a c e t o n i t r i l e  a s  th e  m o b i le  phase  s in c e  

t h i s  s o l v e n t  h a s  i d e a l  v i s c o s i t y  c h a r a c t e r i s t i c s ,  an d  t h e  

p r e s s u r e  i n  t h e  s y s te m  r e m a in s  low . H ow ever,  t h e  GH immuno

r e a c t i v i t y  d id  n o t  come o f f  th e  column u n t i l  a  c o n c e n t r a t i o n  o f  

70% a c e t o n i t r i l e  had been a c h ie v e d ,  t h i s  c o n c e n t r a t i o n  o f  s o l v e n t  

t o t a l l y  i n h i b i t i n g  b i n d i n g  i n  t h e  GH RIA. I t  was t h e r e f o r e  

d e c i d e d  t o  t r y  p r o p a n - l - o l  i n  v ie w  o f  t h e  f i n d i n g s  o f  o t h e r s  

(Kohr e t  a l . ,  1982).  U s in g  t h i s  s y s te m  i t  was fo u n d  t h a t  t h e  GH 

came o f  t h e  column a f t e r  10 m inu tes  a t  a  p ro p a n o l  c o n c e n t r a t i o n  

o f  50%. I t  was p o s s i b l e  t o  a s sa y  th e  f r a c t i o n s  i n  p ro p a n o l  s i n c e  

b in d in g  in  th e  RIA was n o t  s i g n i f i c a n t l y  a f f e c t e d .  However, t h e  

d i s a d v a n t a g e  o f  u s i n g  p r o p a n o l  i s  t h a t  i t  i s  m ore  v i s c o u s  t h a n  

a c e t o n i t r i l e ,  an d  i t  was n e c e s s a r y  t o  r e d u c e  t h e  f l o w  r a t e  t o  

0 .5m l/m in t o  keep th e  o p e ra t in g  p r e s s u r e  w i th in  s a f e  l i m i t s .  

U s in g  e i t h e r  a c e t o n i t r i l e  o r  p r o p a n o l ,  t h e  GH a c t i v i t y  i n  b o t h  

s t a n d a r d  p r e p a r a t i o n s  and serum from norm al and d i a b e t i c  s u b j e c t s  

came o f f  t h e  co lu m n  i n  a  s i n g l e  p eak  ( f i g u r e  7 .3 ) .  The r e c o v e r y
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h ad  b e e n  s t o r e d  f o r  6 m o n th s  o r  more r e v e a l e d  an  e a r l i e r  p eak  

w h i c h  cam e  o f f  t h e  c o l u m n  a t  a b o u t  40% p r o p a n o l  o r  55% 

a c e t o n i t r i l e ,  b u t  s in c e  t h i s  was n o t  p r e s e n t  i n  f r e s h  sam p le s ,  i t  

was co n c lu d ed  t o  be an a r t i f a c t  o f  s to r a g e .

S in c e  a l l  GH i m m u n o r e a c t i v i t y  comes o f f  t h e  HPLC c o lu m n  i n  a 

s i n g l e  peak w ith  e x c e l l e n t  re c o v e ry  o f  t h e  lo a d ed  m a t e r i a l ,  an 

a t t e m p t  was made t o  u s e  HPLC a s  a p r e p a r a t i v e  s t e p ,  f i r s t  a c i d -  

e t h a n o l  s t r i p p i n g  t h e  s e ru m , r u n n in g  t h i s  on HPLC, d r y i n g  down 

th e  a p p r o p r i a t e  f r a c t i o n s  and s u b s e q u e n t ly  runn ing  th e s e  on PAGE. 

However, s i n c e  th e  GH im m u n o reac t iv i ty  comes o f f  th e  HPLC column 

o v e r  3 -5  f r a c t i o n s  o f  0 .5m l e a c h ,  an d  t h e  maximum v o lu m e  w h ic h  

cam be lo a d e d  o n to  a  PAGE g e l  i s  200u l,  i t  was n o t  found p o s s i b l e  

t o  o b t a i n  good  r e c o v e r y  o f  GH i m m u n o r e a c t i v i t y  f rom  t h e  d r i e d  

HPLC f r a c t i o n s .

7 .5  DISCUSSION

An a t t e m p t  was made i n  t h i s  c h a p t e r  t o  e x a m in e  m ass v a r i a n t s  o f  

GH in  d i a b e t i c  and norm al serum. Only one sam ple  d i a b e t i c  serum 

was ru n  on S e p h a d e x ,  b u t  a s  e x p e c t e d ,  t h i s  d i d  n o t  d i f f e r  f ro m  

norm al. More im p o r ta n t ly ,  th e  use  o f  Sephadex d em onstra ted  t h a t  

b o th  s ta n d a r d  p r e p a r a t i o n s  c o n s i s t e d  o f  o n ly  monomeric GH, th u s  

s im p l i f y in g  su b seq u en t a n a l y s i s  o f  r e s u l t s .

The u se  o f  HPLC appeared  t o  be an a t t r a c t i v e  p ro s p e c t  s in c e  i t  i s  

r a p i d ,  r e p r o d u c i b l e  and  a l l o w s  a  r e l a t i v e l y  l a r g e  i n j e c t i o n  

volume. T h is  i s  p a r t i c u l a r l y  im p o rtan t  s in c e  t h e  g r e a t e s t  p ro b lem  

e x p e r i e n c e d  was t h e  e x t r a c t i o n  and  c o n c e n t r a t i o n  o f  GH f ro m  

p lasm a. However, GH would appear t o  be an e x t re m e ly  hydrophob ic  

m o l e c u l e ,  and  d o e s  n o t  come o f f  t h e  c o lu m n  u n t i l  v e r y  h i g h  

o r g a n i c  s o l v e n t  c o n c e n t r a t i o n s  h a v e  b e e n  r e a c h e d .  S in c e  t h e
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m onom eric  GH o f  t h e  s t a n d a r d  p r e p a r a t i o n s ,  i t  i s  p r o b a b l e  t h a t  

t h e  lo w  pH and  h i g h  s o l v e n t  c o n d i t i o n s  u s e d  i n  t h e  HPLC s y s te m  

b r e a k s  down t h e  a g g r e g a t e d  fo rm s  o f  GH fo u n d  in  p l a s m a .  Of more 

im p o r t a n c e  i s  t h e  f a c t  t h a t  HPLC d o e s  n o t  r e s o l v e  t h e  v a r i o u s  

fo rm s  o f  m onom eric  GH. I t  i s  p o s s i b l e  t h a t  w i t h  e x t e n s i v e  

e x p e r im e n ta t io n  w ith  th e  s o l i d  and m o b i le  ph ases ,  t h e  r e s o l u t i o n  

c o u l d  be  im p ro v e d ,  b u t  t h e  d e a t h l y  h u sh  i n  t h e  l i t e r a t u r e  

r e g a r d i n g  HPLC a s  a  means o f  s e p a r a t i n g  GH fo rm s s u g g e s t s  t h a t  

o th e r  w orkers  h av e  had no more s u c c e s s .  However, t h e  a n a l y s i s  o f  

c i r c u l a t i n g  GH forms u s in g  HPLC s u g g e s t s  t h a t  t h e r e  i s  no m ajor 

d i f f e r e n c e  b e tw e e n  d i a b e t i c  a n d  n o rm a l  s u b j e c t s  s i n c e  i n  b o t h  

in s t a n c e s  a  s i n g l e  peak was produced .

The u s e  o f  PAGE a s  a  means o f  s e p a r a t i n g  GH fo rm s  i s  b e t t e r  

c h a r a c t e r i s e d .  Com paring  t h e  PAGE p r o f i l e  o f  t h e  p i t u i t a r y  

e x t r a c t e d  GH s t a n d a r d  p r e p a r a t i o n  w i t h  t h e  r e s u l t s  o f  o t h e r s  

( S t o l a r  e t  a l . ,  1984 , Baumann e t  a l . ,  1 9 8 5 ) ,  i t  i s  a p p a r e n t  t h a t  

t h i s  form o f  chromatography i s  c a p a b le  o f  s e p a r a t in g  th e  20 and 

22k fo rm s  o f  GH. A n a l y s i s  o f  s e ru m  d e m o n s t r a t e d  no d i f f e r e n c e  

b e tw e e n  t h e  p r o f i l e s  o f  n o r m a l  an d  d i a b e t i c  s u b j e c t s .  H ow ever ,  

s i n c e  PAGE i s  v e ry  f a s t i d i o u s  i n  t h a t  th e  sam ple volume h as  t o  be 

s m a l l  and h ig h l y  c o n c e n t r a te d ,  a  v e ry  e f f i c i e n t  e x t r a c t i o n  sy stem  

h a s  t o  be  em p lo y ed .  The r e s u l t s  o b t a i n e d  h e r e  a r e  b a s e d  on t h e  

u se  o f  SEP-PAK e x t r a c t i o n  which p ro d u ces  o n ly  50% r e c o v e ry  from a  

l o a d e d  se ru m  s a m p le .  W ith  t h i s  r e c o v e r y ,  i t  i s  n o t  p o s s i b l e  t o  

s a y  t h a t  some GH fo rm s  w ere  n o t  l o s t .  To o b t a i n  a d e f i n i t i v e  

a n s w e r  a s  t o  w h e th e r  GH fo rm s  a r e  i d e n t i c a l  i n  n o r m a l  a n d  

d i a b e t i c  s e r a  u s i n g  PAGE, a  b e t t e r  e x t r a c t i o n  p r o c e d u r e  w o u ld  

n e e d  t o  be  u s e d .  As o u t l i n e d  i n  s e c t i o n  7 .2 ,  im m u n o a d s o rb e n t  

chrom atography has  been s u c c e s s f u l l y  used , b u t  was n o t  p o s s i b l e
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i n  th e  p r e s e n t  work.

The r e s u l t s  p r e s e n te d  h e re  have  n o t  d em o n s tra ted  any d i f f e r e n c e  

in  th e  n a t u r e  o f  c i r c u l a t i n g  GH in  norm al and d i a b e t i c  s u b j e c t s .  

T h is  p r o j e c t  h a s  n o t  been w ith o u t  i t s  p ro b lem s,  b u t  u n t i l  one o f  

t h e  g r o u p s  o f  w o r k e r s  s p e c i a l i s i n g  i n  a n a l y s i s  o f  GH fo rm s  

u n d e r ta k e s  t o  examine th e  q u e s t io n ,  i t  must be s a i d  t h a t  t h e r e  i s  

no  e v i d e n c e  f o r  an  a b n o rm a l  GH fo rm  o r  p r o p o r t i o n  o f  fo rm s  

c o n t r i b u t i n g  t o  GH h y p e r s e c r e t io n  in  d i a b e t e s .
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CHAPTER 8

I n s u l i n - l i k e  growth f a c t o r - I  and d i a b e t e s

INTRODUCTION

In  t h e  p r e v i o u s  c h a p t e r ,  GH was ex am in ed  a t  c i r c u l a t o r y  l e v e l .  

W ith t h e  measurement o f  i n s u l i n - l i k e  growth f a c t o r - I  ( IG F-I) ,  i t  

is . p o s s i b l e  t o  a s s e s s  th e  e f f e c t s  o f  GH a t  t i s s u e  l e v e l .

IG F -I  i s  t h e  m a jo r  c i r c u l a t i n g  GH d e p e n d e n t  g ro w th  f a c t o r  i n  

a d u l t  man. I t  i s  o f  p o t e n t i a l  i n t e r e s t  i n  t h e  p r e s e n t  work f o r  

two r e a s o n s .  F i r s t l y ,  i t  r e p r e s e n t s  a  t i s s u e  r e s p o n s e  t o  GH and 

c o n t r i b u t e s  t o  t h e  f e e d b a c k  m echan ism . I f ,  a s  d i s c u s s e d  i n  

c h a p te r  1 ( s e c t i o n  1.12), IGF-I l e v e l s  in  d i a b e t e s  a r e  low, t h i s  

w o u ld  p r o v i d e  a  p o s s i b l e  c a u s e  f o r  GH h y p e r s e c r e t i o n  s i n c e  GH 

l e v e l s  w ould  be in c re a s e d  by n e g a t iv e  feedback a t  p i t u i t a r y  and 

h y p o t h a l a m i c  l e v e l .  S e c o n d l y ,  s i n c e  GH h a s  b e e n  p r o p o s e d  a s  a 

p e r m i s s i v e  f a c t o r  i n  t h e  g e n e s i s  o f  d i a b e t i c  m i c r o v a s c u l a r  

c o m p l i c a t i o n s ,  i n f o r m a t i o n  on  l e v e l s  o f  IG F -I  i n  d i a b e t i c  

s u b j e c t s  w i t h  m i c r o v a s c u l a r  d i s e a s e  i s  o f  i m p o r t a n c e  i n  

a t t e m p t in g  t o  v e r i f y  th e  h y p o th e s is .

In  t h e  f o l l o w i n g  c h a p te r ,  th e  r e s u l t s  o f  measurements o f  IG F-I in  

b lo o d  and v i t r e o u s  o f  d i a b e t i c  s u b je c t s  w ith  r e t i n o p a t h y  w i l l  be 

d e s c r ib e d ,  and t h e i r  r e le v a n c e  d i s c u s s e d .

8 .1  Radioimmunoassay f o r  IGF-I

R a d io im m u n o a ssa y  (RIA) o f  IG F - I  i s  a  r e c e n t  d e v e l o p m e n t  s i n c e  

p u r e  fo rm s  o f  t h e  p e p t i d e  a r e  r e q u i r e d  f o r  l a b e l l i n g  a n d  t o  

d e f in e  a  s ta n d a r d  c u rv e  f o r  q u a n t i f i c a t i o n  o f  r e s u l t s .  I n i t i a l l y ,  

i t s  u s e  was l i m i t e d  t o  l a b o r a t o r i e s  which had th e  f a c i l i t i e s  t o  

i s o l a t e  IG F -I  f ro m  se ru m ,  b u t  s i n c e  t h i s  p e p t i d e  i s  now made 

s y n t h e t i c a l l y  and i s  c o m m e rc ia l ly  a v a i l a b l e ,  th e  RIA i s  becoming 

i n c r e a s i n g l y  a v a i l a b l e  t o  c l i n i c i a n s .  P r e l im in a ry  work has  shown
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t n a t  a c c u r a t e  m e a su re m e n t  o f  IG F -I  i s  o f  p r a c t i c a l  u s e  i n  t h e  

a s se s sm en t  o f  ac rom ega ly  and growth f a i l u r e ,  and i t  i s  l i k e l y  t o  

become a  r o u t i n e  measurement i n  c l i n i c a l  e n d o c r in o lo g y .  The a s sa y  

i t s e l f  i s  s t r a i g h t f o r w a r d ,  b u t  t h e  one u n u su a l  f e a t u r e  o f  IGF-I 

i s  t h a t  i n  t h e  c i r c u l a t i o n ,  i t  i s  a l m o s t  t o t a l l y  b ound  t o  i t s  

b in d in g  p r o t e i n .  The r e l e v a n c e  o f  th e  bound and f r e e  components 

i s  u n c l e a r ,  b u t  a l l  RIAs t o  d a t e  m easure t o t a l  IGF-I which seems 

t o  p r o v i d e  c l i n i c a l l y  m e a n i n g f u l  r e s u l t s .  C e r t a i n  a n t i s e r a  t o  

IGF-I a r e  c a p a b le  o f  b in d in g  th e  p e p t id e  w i th o u t  p r i o r  s t r i p p i n g  

o f  th e  b in d in g  p r o t e i n ,  b u t  t h e  m a jo r i t y  r e q u i r e  p r i o r  s e p a r a t i o n  

o f  IGF-I from from i t s  b in d in g  p r o t e i n  by t r e a tm e n t  w i th  a c id .

The a n t i s e ru m  used  in  th e  p r e s e n t  work was a  g i f t  p ro v id e d  by Dr 

R .C .B a x te r  (S y d n ey ,  A u s t r a l i a )  and  d i s t r i b u t e d  t h r o u g h  t h e  

N a t io n a l  Hormone and P i t u i t a r y  Program ( U n iv e r s i ty  o f  M aryland). 

I t  i s  a  m onoc lona l a n t is e ru m ,  and i t s  s p e c i f i c i t y  has  been  f u l l y  

c h a r a c t e r i s e d  ( B a x te r  e t  a l . ,  1982).  I t  h a s  a  h ig h  d e g r e e  o f  

s p e c i f i t y  f o r  I G F - I ,  l i t t l e  o r  no c r o s s r e a c t i v i t y  w i t h  human 

i n s u l i n  o r  C -p e p t id e ,  and 7% c r o s s r e a c t i v i t y  w ith  IG F -II .  I t s  u se  

r e q u i r e s  t h e  p r i o r  rem oval o f  IGF-I b in d in g  p r o t e i n ,  and t h i s  was 

c a r r i e d  o u t  u s i n g  a c i d - e t h a n o l  s t r i p p i n g  (D aughaday e t  a l . ,  

1980). The s ta n d a r d  c u rv e  was made up u s in g  t h e  IGF-I recom binan t 

a n a lo g u e  (Amersham I n t e r n a t i o n a l  p i c ,  Buckingham shire, E ng land ) ,  

which d i f f e r s  from th e  n a t i v e  p e p t id e  o n ly  by th e  s u b s t i t u t i o n  o f  

th r e o n in e  f o r  m e th io n in e  in  p o s i t i o n  59. The l a b e l  was made from 

th e  same m a t e r i a l  io d in a te d  w i th  ch lo ra m in e -T .  Since t h e  a s s a y  o f  

serum sam p les  was c a r r i e d  o u t  in  n e u t r a l i s e d  a c i d - e th a n o l ,  t h e  

s t a n d a r d  c u r v e  w as  m ade u p  i n  s i m i l a r  s a l t  a n d  e t h a n o l  

c o n c e n t r a t i o n s .  Using t h i s  system , b in d in g  o f  35% was r o u t i n e l y  

o b ta in e d .  The a c id - e th a n o l  s t r i p p i n g  p ro c e d u re  r e s u l t s  i n  a  1:7 

d i l u t i o n  o f  t h e  o r i g i n a l  s a m p le .  M e a s u r in g  t h i s  m a t e r i a l
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d i r e c t l y ,  t h e  s e n s i t i v i t y  o f  t h e  a s s a y  e x p r e s s e d  a s  a  

c o n c e n t r a t i o n  was 8 0 n g /m l ,  a s s e s s e d  by  t h e  m e a su re m e n t  o f  20 

/ z e r o '  t u b e s ,  an d  t a k i n g  t h e  lo w e r  l i m i t  o f  s e n s i t i v i t y  o f  t h e  

a s s a y  a s  2 s ta n d a rd  d e v i a t i o n s  from th e  ze ro  v a lu e .  Lower v a lu e s ,  

such  a s  th o s e  found in  v i t r e o u s ,  c o u ld  be measured by d ry in g  down 

th e  a c i d - e th a n o l  and r e c o n s t i t u t i n g  th e  sam ple  in  i t s  o r i g i n a l  o r  

s m a l l e r  volume. The upper l i m i t  o f  th e  a s s a y ,  m easu ring  sam ples 

in  a c i d - e t h a n o l ,  was a p p ro x im a te ly  5000ng/ml. S in ce  p a t i e n t s  w ith  

a c t i v e  acrom egaly  have  v a l u e s  o f  700-1000ng/m l, f u r t h e r  d i l u t i o n  

o f  sam p les  was n ev e r  r e q u i r e d .  The recommended a s s a y  volume was 

lO u l ,  b u t  u s in g  t h i s  vo lum e, a d u l t  v a l u e s  f o r  IG F-I f e l l  on th e  

u p p e r  p a r t  o f  t h e  s t a n d a r d  c u r v e .  T h e r e f o r e ,  w h i l e  t h e  a s s a y  

volum e f o r  th e  s ta n d a rd  c u r v e  was k ep t a t  lO u l ,  t h e  sam ple  volume 

was in c re a s e d  t o  20ul t o  p u t  a d u l t  v a l u e s  on th e  most s e n s i t i v e  

p a r t  o f  t h e  c u r v e .  W i t h i n  an d  b e tw e e n  a s s a y  c o e f f i c i e n t  o f  

v a r i a t i o n  was a s s e s se d  by t h e  u se  o f  2 s ta n d a rd  s a m p le s ,  a  normal 

a d u l t  w i th  a v a l u e  o f  a p p ro x im a te ly  200ng/m l, and an u n t r e a te d  

a c r o m e g a l i c  w i t h  a v a l u e  o f  7 0 0 n g /m l .  A t t h e  d o s e  l e v e l  o f  

2 0 0 n g /m l ,  t h e  i n t r a  and  i n t e r  a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  

w e re  5 and  10% r e s p e c t i v e l y .  The d e t a i l s  o f  t h e  IG F - I  a s s a y  and 

io d i n a t i o n  o f  th e  a n a lo g u e  a r e  g iv e n  in  append ices  B and C.

I t  i s  common t o  e x p r e s s  v a l u e s  f o r  IG F -I  i n  U n i t s / m l ,  1 U n i t  

b e in g  th e  c o n c e n t r a t io n  o f  IGF-I in  p o o le d  serum. However, th e r e  

i s  a s  y e t  no s t a n d a r d i s a t i o n ,  an d  i n  t h i s  w o rk ,  r e s u l t s  a r e  

e x p re s s e d  in  ng/m l a s  re a d  from th e  s ta n d a rd  c u rv e .
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8 .2  Serum l e v e l s  o f  IGF-I in  p a t i e n t s  w ith  v a ry in g  d e g re e s

o f  r e t i n o p a th y

8 . 2 .1  PATIENTS AND METHODS

C l i n i c a l  c h a r a c t e r i s t i c s  o f  t h e  61 norm al and 121 d i a b e t i c  s tu d y  

s u b j e c t s  a r e  g iv e n  in  t a b l e  8.1. The norm al s u b je c t s  w e re .ch o se n  

from amongst s t a f f  members. The d i a b e t i c  s u b j e c t s  were s e l e c t e d  

from th e  D ia b e t ic  R e t in o p a th y  C l i n i c .  The o n ly  s e l e c t i o n  c r i t e r i a  

w e re  t h a t  t h e  s t u d y  s u b j e c t s  s h o u l d  n o t  h a v e  r e n a l  f a i l u r e ,  a s  

i n d i c a t e d  by  an e l e v a t e d  se ru m  c r e a t i n i n e  l e v e l ,  an d  t h a t  t h e  

d i a b e t i c  s u b j e c t s  s h o u l d  h a v e  some d e g r e e  o f  r e t i n o p a t h y .  No 

d i s t i n c t i o n  was made between s u b j e c t s  w i th  in s u l in - d e p e n d e n t  and 

n o n - i n s u l i n - d e p e n d e n t  d i a b e t e s .  B r o a d l y  s i m i l a r  num bers  w e re  

in c lu d e d  w i th in  each  decade o v e r  th e  age range  20-60 y e a r s .  Using 

d i r e c t  an d  i n d i r e c t  o p h th a lm o s c o p y  and c o lo u r  pho tography , t h e  

d i a b e t i c  s u b j e c t s  w ere  d i v i d e d  i n t o  t h o s e  w i th  b a c k g ro u n d  

r e t i n o p a t h y ,  t h o s e  w i t h  p r e v i o u s l y  p r o l i f e r a t i v e  b u t  now 

q u ie s c e n t  r e t i n o p a th y ,  and th o s e  w i th  new v e s s e l s  ( p r o l i f e r a t i v e  

r e t i n o p a t h y )  a t  t h e  t im e  o f  b l o o d  s a m p l i n g .  P a t i e n t s  i n  t h e  

l a t t e r  2 g ro u p s  h ad  had  o r  w ere  u n d e r g o i n g  p h o t o c o a g u l a t i o n  a t  

t h e  t im e  o f  th e  s tudy .

Four p a t i e n t s  w ith  a c t i v e  p r o l i f e r a t i v e  r e t i n o p a th y  and 2 norm al 

s u b j e c t s  were adm itted  t o  h o s p i t a l  f o r  24 hour p r o f i l e s  o f  GH and 

IG F - I  ( s e e  c h a p t e r  3). The p u r p o s e  o f  t h i s  was t o  a s s e s s  t h e  

v a r i a b i l i t y  o f  serum IGF-I in  p a t i e n t s  w i th  GH h y p e r s e c r e t io n  t o  

a s c e r t a i n  t h e  v a l i d i t y  o f  m e a s u r i n g  a  s i n g l e  s a m p l e  a s  

r e p r e s e n t a t i v e  o f  24 hour IGF-I l e v e l s  i n  such  p a t i e n t s .

A l l  o t h e r  s u b j e c t s  had  a s i n g l e  n o n - f a s t i n g  s a m p le  t a k e n  f o r  

m e a s u re m e n t  o f  g l y c o s y l a t e d  h a e m o g lo b in  Al (HbAl) and  se ru m  

IG F -I .

A l l  s t a t i s t i c a l  c a l c u l a t i o n s  on l e v e l s  o f  IGF-I were c a r r i e d  o u t
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TABLE 8.1

CLINICAL CHARACTERISTICS OF STUDY SUBJECTS

number o f  age body mass
s u b j e c t s  (y e a r s ) index

Normal 61 37.1+12.6  22 .9+2 .4
s u b j e c t s

D ia b e t ic  121 41.1+11.8  25 .8+4 .0
S u b je c t s

background 47 39.7+12.3 25 .9+4 .1
r e t i n o p a th y

p re v io u s  40 42.8+10.9 26 .2+ 4 .5
p r o l i f e r a t i v e

a c t i v e  34 42.1+11.9 25 .2+ 3 .0
p r o l i f e r a t i v e

a l l  d a t a  a r e  e x p re s s e d  a s  mean + S.D.

121

HbAl
( %)

5-8 

9 .9 + 2 .4  

9 .9 + 2 .8  

10. 2+2.1  

9 .6 + 2 .2



on l o g  t r a n s f o r m e d  d a t a .  C o r r e l a t i o n s  w ere  c a r r i e d  o u t  u s i n g  

s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  C o m p a r iso n s  b e tw e e n  

m u l t i p l e  g r o u p s  w e re  c a r r i e d  o u t  u s i n g  one way a n a l y s i s  o f  

v a r ia n c e .  Comparisons between 2 g roups  were c a r r i e d  o u t  u s in g  a  

t w o - t a i l e d  u n p a i r e d  t - t e s t .  Body m ass  in d e x  (BMI) ( B e n n e t t ,  

1979) was c a l c u l a t e d  a c c o rd in g  t o  th e  fo rm u la  w e ig h t ( k g ) /h e ig h t  

(m)^. A l l  d a t a  a r e  qu o ted  a s  mean+S.E.M. u n le s s  o th e rw is e  s t a t e d .

8 .2 .2  RESULTS

Of t h e  4 p a t i e n t s  a d m i t t e d  f o r  24 h o u r  p r o f i l e s  o f  s e ru m  GH an d  

IG F -I  t h e  mean a r e a  u n d e r  t h e  24 h o u r  GH c u r v e  was e l e v a t e d  

(2 8 4 + 2 4 m U /l .h r ,  n o r m a l  s u b j e c t s  114 an d  1 4 9 m U /l .h r ) .  D e s p i t e  a  

mean 24 hour c o e f f i c i e n t  o f  v a r i a t i o n  (CV) fo r  serum GH o f  84% 

i n  t h e  d i a b e t i c  s u b j e c t s ,  t h e  mean CV o f  t h e  IG F -I  v a l u e s  was 

19.7% (n o rm a l  15.9%) ( f i g u r e  8 .1 ) .

The mean IGF-I l e v e l  i n  th e  norm al and d i a b e t i c  s u b j e c t s  d id  n o t  

d i f f e r  s i g n i f i c a n t l y  (180 + 8 v s .  173 + 6 n g / m l ,  NS). A 

s c a t t e r p l o t  o f  i n d i v i d u a l  v a l u e s  o f  norm al s u b je c t s  and d i a b e t i c  

s u b j e c t s  d i v i d e d  a c c o r d i n g  t o  r e t i n o p a t h y  g r a d e  i s  show n i n  

f i g u r e  8 .2 . Mean IG F -I  i n  s u b j e c t s  w i t h  b a c k g ro u n d  r e t i n o p a t h y  

was 156 + 10 n g / m l ,  i n  t h o s e  w i t h  p r e v i o u s l y  p r o l i f e r a t i v e  

r e t i n o p a th y  166 + 9 n g /m l,  and in  th o s e  w i th  a c t i v e  p r o l i f e r a t i v e  

r e t i n o p a t h y  206 + 14 n g /m l .  A n a l y s i s  o f  v a r i a n c e  r e v e a l e d  a  

s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  IG F - I  v a l u e s  i n  t h e  3 d i a b e t i c  

g r o u p s  (p = 0 .003 ) ,  b u t  no s i g n i f i c a n t  d i f f e r e n c e  i n  a g e  o r  HbAl. 

P o o l i n g  IG F -I  v a l u e s  f o r  t h o s e  w i t h  b a c k g ro u n d  an d  p r e v i o u s l y  

p r o l i f e r a t i v e  r e t i n o p a th y ,  and com paring v a lu e s  w ith  t h o s e  w i th  

a c t i v e  p r o l i f e r a t i v e  r e t i n o p a th y  showed th e  a c t i v e  g ro u p  t o  be 

s i g n i f i c a n t l y  h i g h e r  (206+14 v s .  161+7 n g /m l ,  pCO.OOl). T h o s e
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w i t h  a c t i v e  r e t i n o p a t h y  a l s o  h ad  a  h i g h e r  mean IG F - I  t h a n  t h e  

n o rm a l  s u b j e c t s  (p<0.05).

On f u r t h e r  a n a l y s i s  o f  d a t a  from th e  norm al s u b j e c t s  by s te p w is e  

m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  w i t h  IG F - I  a s  t h e  d e p e n d e n t  

v a r i a b l e  v e r s u s  BMI and age, o n ly  age e n t e r e d  i n t o  t h e  e q u a t io n  

( r  = - 0 .5 2 ,  p < 0 .0 0 1 ) .  S i m i l a r  a n a l y s i s  o f  d a t a  f ro m  t h e  d i a b e t i c  

s u b j e c t s ,  w i th  IGF-I a s  th e  dependent v a r i a b l e  and e n t e r i n g  age , 

HbAl, BMI a n d  r e t i n o p a t h y  t y p e ,  r e t i n o p a t h y  t y p e  ( r  = 0 .3 2 ,  

p < 0 .001)  an d  HbAl ( r  = - 0 .3 1 ,  p<0.001) e n t e r e d  t h e  e q u a t i o n  w i t h  

a  s i m i l a r  c o n t r i b u t i o n .  The c o r r e l a t i o n  w ith  age was much weaker 

th a n  t h a t  o f  t h e  norm al s u b je c t s  (r  = -0 .18 , p=0.05). The t o t a l  r  

f o r  t h e s e  v a r i a b l e s  was 0 .45 . As w i t h  t h e  n o rm a l  s u b j e c t s ,  BMI 

d id  n o t  e n t e r  t h e  e q u a t io n .

8 .3  measurement o f  IGF-I in  v i t r e o u s

8 .3 .1  PATIENTS AND METHODS

Seven p a t i e n t s  w i th  p r o l i f e r a t i v e  r e t i n o p a th y ,  mean age  44 y e a r s  

( r a n g e  2 0 -6 3  y e a r s )  and  3 c o n t r o l  s u b j e c t s ,  mean a g e  37 y e a r s  

( r a n g e  1 1 -5 0  y e a r s )  w e re  i n c l u d e d  i n  t h e  s tu d y .  The g ro u p  w i t h  

p r o l i f e r a t i v e  r e t i n o p a th y  a l l  had a c t i v e  new v e s s e l s  and  w ere  

u n d e r g o in g  v i t r e c t o m y  f o r  r e c u r r e n t  v i t r e o u s  haem orrhage o r  t o  

d i v i d e  f i b r o u s  r e t i n i t i s  p r o l i f e r a n s .  Of t h e  c o n t r o l  s u b j e c t s ,  

o n e  h a d  d i a b e t e s  w i t h  an  e x u d a t i v e  r e t i n o p a t h y ,  and  was 

u n d e r g o in g  v i t r e c t o m y  t o  d i v i d e  f i b r o u s  t i s s u e .  The o t h e r  two 

were n o n - d i a b e t i c s  w i th  rhegmatogenous r e t i n a l  d e tach m en t.

A t t h e  t i m e  o f  o p e r a t i o n ,  a v i t r e o u s  s a m p le  was t a k e n  f rom  e a c h  

s u b j e c t .  T h i s  was im m e d i a te l y  f r o z e n  a t  -2 0 °C .  S a m p le s  w ere  

s u b m it te d  t o  a c i d - e t h a n o l  s t r i p p i n g  p r i o r  t o  a s s a y  a s  above. The 

r e s u l t a n t  m a t e r i a l  was d r i e d  down, an d  r e c o n s t i t u t e d  i n  i t s  

o r i g i n a l  v o lu m e  i n  a s s a y  b u f f e r .  IG F -I  was m e a s u re d  by  RIA a s
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o u t l i n e d  above  and d e t a i l e d  in  appendix B.

8 .3 .2  RESULTS

The mean IG F - I  v a l u e  i n  t h e  v i t r e o u s  o f  t h e  p a t i e n t s  w i t h  

p r o l i f e r a t i v e  r e t i n o p a th y  was 46.7 +3.3 n g /m l  (mean+S.E.M .), and  

t h a t  o f  t h e  c o n t r o l  g ro u p  44 .9+9 .3  n g /m l  (N.S.).

8.4 S e r i a l  IG F -I  m e a s u re m e n ts  i n  a  d i a b e t i c  s u b j e c t  w i t h  

r a p i d l y  w orsen ing  re t in o p a th y .

A 25 y e a r  o l d  fe m a le  w ith  i n s u l i n  dependent d i a b e t e s  o f  15 y e a r s  

d u r a t i o n  and  a  h i s t o r y  o f  n o n - c o m p l ia n c e  w i t h  h e r  i n s u l i n  

th e ra p y ,  was r e f e r r e d  t o  t h e  D ia b e t ic  R e tin o p a th y  C l i n i c  a t  t h e  

H amm ersm ith H o s p i t a l .  Her g l y c o s y l a t e d  h a e m o g lo b in  (HbAl) o n e  

month p r i o r  t o  r e f e r r a l  was 16% (normal range 5-8%), i n d i c a t i n g  

v e ry  poor g ly caem ic  c o n t r o l .  D ia b e t ic  r e t in o p a th y  was n o te d ,  and 

on l e a r n in g  o f  t h i s ,  th e  p a t i e n t  improved her  d i a b e t i c  c o n t r o l  by 

r e g u l a r l y  t a k i n g  h e r  i n s u l i n  and  home m o n i t o r i n g  o f  h e r  b l o o d  

g l u c o s e  w i t h  a p p r o p r i a t e  a d j u s t m e n t  o f  i n s u l i n  d o s a g e .  A t t h e  

t im e  o f  h e r  f i r s t  v i s i t  t o  t h e  R e t i n o p a t h y  C l i n i c  o n e  m on th  

l a t e r ,  h e r  HbAl h a d  i m p r o v e d  t o  5.2%. O p h t h a l m o l o g i c a l  

exam ina tion  r e v e a l e d  e a r l y  background r e t in o p a th y  in  b o th  e y es .  

R o u t i n e  m e a su re m e n t  o f  h e r  s e ru m  IG F -I  r e v e a l e d  a  v a l u e  o f  

270ng/ml (normal range  80-300ng/m l) When seen  3 months l a t e r ,  h e r  

g ly caem ic  c o n t r o l  remained e x c e l l e n t .  Her r e t i n o p a th y ,  how ever,  

had d e t e r i o r a t e d  and she  now had p r e - p r o l i f e r a t i v e  changes  w i th  

m u l t i p l e  c o t t o n  w o o l s p o t s  an d  i n t r a - r e t i n a l  m i c r o v a s c u l a r  

a b n o m a l i t i e s .  Her serum IGF-I had r i s e n  to  350ng/ml. She h a s  been  

f o l l o w e d  m o n th ly  s i n c e  t h a t  t i m e ,  and 5 m o n th s  a f t e r  t h e  

d i s c o v e r y  o f  background r e t i n o p a th y ,  has d e v e lo p e d  new v e s s e l s  

r e q u i r i n g  p h o t o c o a g u l a t i o n .  Her se ru m  IG F-I h a s  s t a b i l i s e d  a t
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2 2 7 n g /m l .  C han g es  i n  HbAl and  IG F -I  a r e  o u t l i n e d  i n  t a b l e  8.2. 

A l l  IG F - I  v a l u e s  w e re  m e a su re d  i n  t h e  same a s s a y  ( w i t h i n  a s s a y  

c o e f f i c i e n t  o f  v a r i a t i o n  5.3%).

t a b l e  8 .2

Changes in  g ly c o s y la te d  haem oglobin and IGF-I 

p r i o r  t o  a t  tim e o f
r e f e r r a l  r e f e r r a l  3 months 4 months 5 months 6 months

HbAl 16 5 .2  6 .6  6 .7  8 .3  10.0
( %)

IGF-I -  270 350 196 227 227
(ng/m l)

8 .5  DISCUSSION.

The r e s u l t s  p r e s e n te d  in  t h i s  c h a p te r  co n f irm  t h a t  serum l e v e l s  

o f  IG F - I  a r e  n o rm a l  i n  d i a b e t i c  s u b j e c t s  a s  a  g ro u p .  H ow ever,  

w i th in  t h e  g roup , t h e r e  appear t o  be s e v e r a l  f a c t o r s  o p e ra t in g .

A num ber o f  s t u d i e s  h a v e  s u g g e s t e d  t h a t  se ru m  IG F -I  l e v e l s  i n  

p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a t h y  a r e  h i g h e r  t h a n  i n  

p a t i e n t s  w ith  i n a c t i v e  r e t in o p a th y  (Merimee e t  a l . ,  1983, Ashton 

e t  a l . ,  1 9 8 3 ) ,  b u t  t h i s  f i n d i n g  was n o t  c o n f i r m e d  by  o t h e r s  

(L a m b e r to n  e t  a l . ,  1984). The r e s u l t s  p r e s e n t e d  h e r e  a r e  i n  

a g r e e m e n t  w i t h  t h o s e  who h a v e  fo u n d  e l e v a t e d  IG F - I  l e v e l s  i n  

d i a b e t i c  p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a t h y .  T h i s  

o b s e r v a t i o n  has  prompted some t o  su g g e s t  t h a t  IGF-I and hence GH 

a r e  i n v o l v e d  in  t h e  g e n e s is  o f  p r o l i f e r a t i o n ,  b u t  t h i s  i s  ta k in g  

th e  arguem ent to o  f a r  to o  q u ic k ly .  E l e v a te d  serum l e v e l s  o f  IGF-I 

c o u l d  b e  t h e  r e s u l t  o f ,  a s  much a s  t h e  c a u s e  o f  p r o l i f e r a t i o n .  

The f a c t  t h a t  t h e  s u b j e c t s  w ith  p r e v i o u s l y  p r o l i f e r a t i v e  b u t  now 

q u i e s c e n t  r e t i n o p a t h y  h a v e  n o rm a l  l e v e l s  o f  I G F - I ,  w h i l e  o f  

i n t e r e s t ,  does n o t  r e s o l v e  th e  q u e s t io n  s in c e  t h i s  o b s e r v a t i o n  

c o u ld  mean one o f  two th in g s .  I t  c o u ld  im p ly  t h a t  t h e  s t im u lu s  t o
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p r o l i f e r a t i o n ,  p e rh ap s  e l e v a t e d  IG F -I ,  i s  no lo n g e r  p r e s e n t ,  and 

h e n c e  t h e  l a c k  o f  a c t i v i t y  i n  t h e  e y e .  H ow ever,  i t  c o u l d  a l s o  

m ean t h a t  e l e v a t e d  l e v e l s  o f  I G F - I  a r e  p r o d u c e d  b y  t h e  

p r o l i f e r a t i n g  v a s c u l a t u r e  o f  th e  d i s e a s e d  eye i t s e l f ,  r e t u r n i n g  

t o  norm al w ith  t r e a tm e n t  by p h o to c o a g u la t io n .  T h is  i s  p o s s i b l e  in  

v ie w  o f  t h e  a u t o c r i n e  o r  p a r a c r i n e  m ode l p r o p o s e d  f o r  IG F - I  

p ro d u c t io n  (Underwood e t  a l . ,  1986).

A ttem pts  have  been made t o  m easure IG F-I l e v e l s  i n  th e  eye more 

d i r e c t l y .  V i t r e o u s  i s  a  c o n v e n i e n t  o c u l a r  f l u i d  i n  w h ic h  t o  

measure p o t e n t i a l  v a s c u lo g e n ic  f a c t o r s ,  b u t  th e  s i g n i f i c a n c e  o f  

r e s u l t s  o b t a i n e d  a r e  d i f f i c u l t  t o  i n t e r p r e t .  I n  t h e  p r e s e n t  

s t u d i e s ,  we d i d  n o t  f i n d  i n c r e a s e d  l e v e l s  o f  IG F -I  i n  t h e  

v i t r e o u s  o f  d i a b e t i c  p a t i e n t s  w i th  p r o l i f e r a t i v e  d i s e a s e .  T here  

h as ,  however, been a  r e p o r t  t o  th e  c o n t r a r y  (Grant e t  a l . ,  1986). 

T h i s  s u g g e s t s  t h a t  i n  som e  p a t i e n t s  w i t h  p r o l i f e r a t i v e  

r e t in o p a th y ,  b lo o d ,  and hence  IG F -I ,  l e a k s  i n t o  th e  v i t r e o u s ,  b u t  

w hether t h i s  i s  o f  s i g n i f i c a n c e  i s  n o t  c l e a r .

An im portan t  q u e s t io n  t o  be answ ered p r i o r  t o  a s s ig n in g  a  r o l e  t o  

IG F -I  i n  t h e  d e v e l o p m e n t  o f  n e o v a s c u l a r i s a t i o n  i s  w h e th e r  t h e  

r i s e  in  IGF-I a n t e d a te s  t h e  o n s e t  o f  v a s c u l a r  p r o l i f e r a t i o n .  The 

c a se  r e p o r t  in  t h i s  c h a p te r  s u g g e s t s  t h a t  t h i s  i s  t r u e  s i n c e  t h e  

p a t i e n t ' s  IG F -I  l e v e l s  s t a r t e d  r i s i n g  w h i l e  s h e  h a d  o n l y  

background r e t in o p a th y ,  b u t  t h e  sudden improvement in  g ly c a e m ic  

c o n t r o l  i s  a c o m p lic a t in g  f a c t o r .  Sudden improvement in  g ly c a e m ic  

c o n t r o l  i s  known t o  c a u s e  d e t e r i o r a t i o n  i n  r e t i n o p a t h y  (K roc  

C o l l a b o r a t i v e  Study, 1979) and i s  a l s o  known to  cause  a  r i s e  i n  

IG F -I  (T am b o rlan e  e t  a l . ,  1981 ) .  W h e th e r  t h e  r i s e  i n  IG F - I  a n d  

d e t e r i o r a t i o n  i n  r e t i n o p a t h y  a r e  r e l a t e d  cannot be s t a t e d  w i th  

c e r t a i n t y .  A p r o s p e c t i v e  s tu d y ,  i n v o l v i n g  s e r i a l  measurement o f  

IGF-I in  p a t i e n t s  w ith  background r e t i n o p a th y ,  i s  r e q u i r e d  t o  s e e
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i f  p a t i e n t s  who go on t o  d e v e l o p  p r o l i f e r a t i v e  r e t i n o p a t h y  

d e m o n s t ra te  a  p r i o r  r i s e  i n  IG F-I.

T h e r e  a r e  a  number o f  c o r r e l a t i o n s  o f  i n t e r e s t  w i t h i n  t h e  d a t a  

on s e ru m  m e a su re m e n ts  o f  IG F - I .  The w e l l  r e c o g n i s e d  n e g a t i v e  

c o r r e l a t i o n  b e tw e e n  a g e  and  se ru m  IG F -I  l e v e l s  i s  s e e n ,  b u t  i s  

l e s s  m arked  i n  t h e  d i a b e t i c  p a t i e n t s .  T h i s  p r e s u m a b l y  a r i s e s  

s i n c e  o th e r  confounding  f a c t o r s  a r e  p r e s e n t  in  th e  d i a b e t i c s .  As 

d i s c u s s e d  a b o v e ,  t h e r e  i s  a  c o r r e l a t i o n  w i t h  a c t i v i t y  o f  

r e t i n o p a th y .  Of p a r t i c u l a r  i n t e r e s t  i s  th e  n e g a t iv e  c o r r e l a t i o n  

b e tw e e n  g l y c a e m i c  c o n t r o l , a s  a s s e s s e d  by HbAl, and  IG F - I .  T h i s  

has  been  d e s c r ib e d  in  some s t u d i e s  (W inter e t  a l . ,  1979, B le th e n  

e t  a l . ,  1981 , A m ie l e t  a l . ,  1 9 8 4 , Tan  and  B a x t e r ,  1986) b u t  was 

n o t  o b s e r v e d  by o t h e r s  (M erim ee e t  a l .  1983 , M erim ee e t  a l . ,

1 9 8 4 ) .  H ow ever,  a l t h o u g h  a  weak c o r r e l a t i o n ,  i t  h a s  b e e n  

d e s c r ib e d  s u f f i c i e n t l y  f r e q u e n t l y  t o  su g g e s t  t h a t  poor g ly c a e m ic  

c o n t r o l  l e a d s  t o  a  f a i l u r e  o f  IG F-I g e n e r a t io n  in  re sp o n se  t o  GH 

as  d i s c u s s e d  in  c h a p te r  1 ( s e c t i o n  1.12). T h is  may be r e l e v a n t  t o  

th e  c au se  o f  GH h y p e r s e c r e t io n  in  d i a b e t i c  s u b je c t s  s i n c e  such  a  

d e f e c t  would l e a d  t o  a  r i s e  in  GH by n e g a t iv e  feedback . T h a t  t h i s  

may be th e  case  i s  su g g es ted  by t h e  f in d in g s  o f  Tam borlane e t  a l .

(1981) who fo u n d  t h a t  im p ro v e m e n t  i n  g l y c a e m i c  c o n t r o l  i n  

c h i l d r e n  and young a d u l t s  r e s u l t e d  in  a  r i s e  in  serum IG F-I b u t  a  

f a l l  i n  GH.

In  c o n c lu s io n ,  th e  r e s u l t s  p r e s e n te d  h e re  d em o n stra te  t h a t  IG F-I 

l e v e l s  a r e  e l e v a t e d  in  p a t i e n t s  w i th  p r o l i f e r a t i v e  r e t i n o p a t h y ,  

b u t  t h e  s i g n i f i c a n c e  r e m a in s  t o  be  a s s e s s e d .  E v i d e n c e  i s  

p r e s e n t e d  t o  s u g g e s t  t h a t  p o o r  g l y c a e m i c  c o n t r o l  l e a d s  t o  a 

f a i l u r e  o f  IGF-I p ro d u c t io n  which may c o n t r i b u t e  t o  e l e v a t i o n  o f  

GH l e v e l s  in  d ia b e te s .
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CHAPTER 9

h  t r i a l  o f  l o n g - a c t i n g  s o m a t o s t a t i n  a n a l o g u e  SMS 2 0 1 -9 9 5  i n  

p a t i e n t s  w ith  p r o l i f e r a t i v e  r e t i n o p a th y .

INTRODUCTION.

A f i n a l  answ er t o  th e  q u e s t io n  o f  w hether  GH a n d /o r  IG F-I p l a y  a 

r o l e  in  t h e  g e n e s i s  o f  d i a b e t i c  m ic ro v a s c u la r  d i s e a s e  w i l l  o n ly  

be a c h ie v e d  by s e l e c t i v e  s u p p re s s io n  o f  GH in  d i a b e t i c  p a t i e n t s  

w ith  a s se s sm en t  o f  p a ram e te rs  r e l e v a n t  t o  m ic ro v a s c u la r  d i s e a s e .  

E a r ly  a t t e m p ts  t o  u se  s o m a to s ta t in  f o r  t h i s  purpose  (Lundbaek and 

H ansen ,  1 9 8 0 ) ,  a l t h o u g h  p r o m i s i n g ,  w e re  n o t  t h e r a p e u t i c a l l y  

f e a s i b l e  b e c a u s e  o f  t h e  s h o r t  h a l f  l i f e  o f  t h i s  p e p t i d e  w h ich  

t h e r e f o r e  h a d  t o  be  g i v e n  by c o n t i n u o u s  i n f u s i o n .  R e c e n t l y ,  a 

lo n g - a c t in g  a n a lo g u e  o f  s o m a to s ta t in  has  been d e v e lo p e d  (SMS 201- 

995, Sandoz). T h is  i s  an o c ta p e p t id e  which has  a  b i o l o g i c a l  h a l f -  

l i f e  o f  a b o u t  3 h o u r s  (B auer e t  a l . ,  1982).  I t  h a s  b e e n  shown t o  

be  a b o u t  20 t i m e s  more p o t e n t  t h a n  n a t i v e  s o m a t o s t a t i n  i n  

i n h i b i t i n g  GH s e c r e t i o n .  In  t h i s  c h a p te r ,  th e  r e s u l t s  o f  a p i l o t  

s t u d y  t o  a s s e s s  t h e  f e a s i b i l i t y  o f  GH and  IG F -I  s u p p r e s s i o n  i n  

p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a t h y  u s i n g  t h i s  a g e n t  a r e  

r e p o r te d .

9 .1  PATIENTS AND METHODS

Four p a t i e n t s  w i th  i n s u l i n  dependent d i a b e te s  and p r o l i f e r a t i v e  

r e t i n o p a t h y  w h i c h  h a d  n o t  r e s p o n d e d  a d e q u a t e l y  t o  

p h o t o c o a g u l a t i o n  w e re  s e l e c t e d  f o r  s tu d y .  Serum c r e a t i n i n e  was 

w i t h i n  t h e  n o r m a l  r a n g e  a l t h o u g h  one  s u b j e c t  h ad  p r o t e i n u r i a .  

C l i n i c a l  d e t a i l s  a r e  g iv e n  in  t a b l e  9.1.

A l l  s u b j e c t s  w e re  a d m i t t e d  t o  t h e  M e t a b o l i c  U n i t  a t  t h e  

Hammersmith H o s p i t a l  f o r  b a s e l i n e  s t u d i e s  and were g iv e n  a  f u l l  

m e d ica l  e x a m in a t io n  t o  ensu re  good g e n e r a l  h e a l t h .  They were a l s o
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Table 9 .1 .

c l i n i c a l  c h a r a c t e r i s t i c s  o f  th e  s tu d y  s u b je c t s

P a t i e n t  s e x  age  body  m ass  d u r a t i o n  p r o t e i n u r i a  i n i t i a l  
(m / f ) (y rs )  index  o f  d ia b e te s  (y e s /n o )  HbAl

(y ea rs )  (%)

1 f  20 22 .6  19 no 13 .4

2 m 26 23 .6  19 y e s  1 2 .5

3 f  45 23 .3  30 no 1 1 .3

4 f  30 26 .2  20 no 9 .6

body mass index  = w eight ( k g ) /h e i g h t  (m) 2
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examined o p n th a lm o l o g ic a l ly ,  in c lu d in g  c o lo u r  r e t i n a l  pho tography 

and f l u o r e s c e i n  ang iography . B lood was ta k e n  f o r  measurement o f  

g l y c o s y l a t e d  haem oglobin  Al (HbAl). An i n d w e l l i n g  c a t h e t e r  was 

i n s e r t e d  i n t o  a  fo rea rm  v e in  and b lo o d  ta k e n  f o r  measurement o f  

serum GH a t  h o u r ly  i n t e r v a l s  from 0800 t o  2200 and a t  2 h o u r ly  

i n t e r v a l s  from m idn igh t t o  0600 th e  f o l l o w i n g  morning. Blood fo r  

measurement o f  IGF-I was ta k e n  a t  6 h o u r ly  i n t e r v a l s .  Two normal 

s u b j e c t s  (m a le  a g e  31 and  f e m a l e  a g e  30) w e re  a l s o  s t u d i e d  i n  a 

s i m i l a r  f a s h io n  f o r  com parison. P a t i e n t s  were th e n  commenced on a 

low  d o s e  o f  SMS 201-995  t h r e e  t i m e s  d a i l y  by  s u b c u ta n e o u s  

i n j e c t i o n .  T h i s  d o s e  was m a i n t a i n e d  f o r  3 d a y s ,  an d  t h e  24 h o u r  

b l o o d  s a m p l i n g  r e p e a t e d .  The p a t i e n t  was i n s t r u c t e d  on s e l f 

a d m i n i s t r a t i o n  and  d i s c h a r g e d  home. T e l e p h o n e  c o n t a c t  was 

m a i n t a i n e d  an d  f o l l o w - u p  v a r i e d  f rom  1 -6  w eek s .  D u r in g  t h a t  

t im e ,  t h e  p a t i e n t s  were asked t o  g r a d u a l l y  i n c r e a s e  th e  dose o f  

SMS 2 0 1 -9 9 5  t o  t h e  n e x t  d o s e  l e v e l ,  w h ic h  d e p e n d e d  upon t h e  

r e s u l t s  o f  t h e  p r e v i o u s  24 h o u r  GH p r o f i l e  an d  t h e  p a t i e n t ' s  

t o l e r a n c e  o f  t h e  t h e r a p y .  The 24 h o u r  p r o f i l e  was r e p e a t e d  a t  

each  dose  l e v e l .

9 .2  RESULTS

The re sp o n se  t o  SMS 201-995 i s  summarised i n  t a b l e  9.2. P a t i e n t  1 

was commenced on  a  d o s e  o f  lOug t h r i c e  d a i l y ,  i n c r e a s i n g  t o  25, 

50 , 100 ,  200 a n d  500ug t h r i c e  d a i l y .  The l a c k  o f  r e s p o n s e  o r  

untow ard e f f e c t s  i n  t h i s  s u b je c t  prompted a  more r a p id  in c re a s e  

in  dosage in  su b se q u en t s tudy  s u b je c t s .  P a t i e n t  2 was s t a r t e d  on 

25ug t h r i c e  d a i l y ,  and  th e  d o s e  i n c r e a s e d  t o  50 ,  100 and 200ug 

t h r i c e  d a i l y .  The p a t i e n t  d e f a u l t e d  from t h e  s tu d y  a t  t h i s  s tag e .  

P a t i e n t s  3 an d  4 w e re  commenced on a  d o s e  o f  50ug t h r i c e  d a i l y ,  

w h i c h  d o s e  w as  i n c r e a s e d  t o  200 a n d  5 0 0 u g  t h r i c e  d a i l y .
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Table 9.2.

P r i n c i p l e  r e s u l t s  p r i o r  t o  and a f t e r  s t a t e d  doses  o f  SMS 201-995.

dosage o f  
SMS 201-995

P a t i e n t  1 

b a s a l

200ug 3k d a i l y  

500ug 3x d a i l y  

P a t i e n t  2 

b a s a l

200ug 3x d a i l y  

P a t i e n t  _3 

b a s a l

200ug 3x d a i l y  

500ug 3x d a i l y  

P a t i e n t  4_ 

b a s a l

200ug 3x d a i l y  

500ug 3x d a i ly

d a i l y  i n s u l i n
dosage HbAl

(U n its )  (%)

58 13.4

55 10.5

45 12.0

68 12.5

68 12.1

30 11.3

30 7.4

20 11.7

50 9 .6

40 9 .1

30 8.9

24 hour GH mean
( a r e a  under c u rv e )  IGF-I 

(m U /l .h r)  ng /m l)

206.2

212.9  

283.7

428.3

182.5

258.1

241.3  

138.0

246.9

182.6

281.3

233.0

240.0

193.4

271.0

269.0

97 .1

109 .2  

8 7 .5

230 .2  

162 .7

171 .5

Normal S u b je c t  _1 

Normal S u b je c t  2

149.3

113.6

141 .7

205 .9
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I n d i v i d u a l  24 h o u r  GH p r o f i l e s  b e f o r e  t h e r a p y  and  on  maximum 

dosage o f  SMS 201-995 a r e  shown in  f i g u r e  9.1. P r o f i l e s  from th e  

2 n o rm a l  s u b j e c t s  a r e  shown f o r  c o m p a r is o n .  Two o f  t h e  4 s t u d y  

s u b j e c t s  d e m o n s t r a t e d  some d i m i n u t i o n  i n  24 h o u r  GH, o n e  on a 

d o s e  o f  200ug t h r i c e  d a i l y ,  t h e  o t h e r  on a d o s e  o f  500ug  t h r i c e  

d a i l y .  Of th e  3 p a t i e n t s  s t u d i e d  on a  dose o f  500ug t h r i c e  d a i l y  

t h e r e  was a  d e c re a se  i n  t h e  l e v e l  o f  IGF-I which was accom panied 

by a  f a l l  i n  t h e  t o t a l  d a i l y  d o s e  o f  i n s u l i n .  T h e s e  p a t i e n t s  

r e p o r t e d  an  i n c r e a s e d  i n c i d e n c e  o f  h y p o g ly c a e m ia ,  s o m e t im e s  

s e v e r e  and  s lo w  t o  r e s p o n d  t o  o r a l  c a r b o h y d r a t e  i n g e s t i o n .  

P a t i e n t s  m a n ip u la te d  t h e i r  own dosage o f  i n s u l i n ,  and t h e r e  was 

no change in  HbAl. A l l  p a t i e n t s  ex p e r ie n c e d  abdominal d i s c o m f o r t ,  

d i a r r h o e a ,  and i n  p a t i e n t  3 , v o m i t i n g .  P a t i e n t  2 e x p e r i e n c e d  

u n c o m f o r t a b l e  a b d o m in a l  d i s t e n s i o n  a t  a d o se  o f  lOOug t h r i c e  

d a i l y  and above. Abdominal X -ray  dem onstra ted  gaseous s m a l l  bowel 

d i s t e n s i o n .  In  t h e  r e m a i n i n g  3 p a t i e n t s ,  g a s t r o i n t e s t i n a l  

symptoms became a  p r o b l e m  w i t h  d o s e s  i n  e x c e s s  o f  200ug  t h r i c e  

d a i l y ,  b u t  g e n e r a l l y  im p ro v e d  w i t h i n  1 week on an y  p a r t i c u l a r  

d ose .

9 .3  DISCUSSION

In fo rm a t io n  to  d a t e  i n d i c a t e s  t h a t  SMS 201-995 w i l l  be u s e f u l  i n  

th e  t r e a tm e n t  o f  ac ro m eg a ly  (Daughaday, 1985, E d i t o r i a l ,  L an c e t  

1985), hav in g  been shown t o  d e c r e a s e  GH l e v e l s  bo th  i n  t h e  s h o r t  

a n d  l o n g  te rm  (L a m b e r ts  e t  a l . ,  1985 , Ch'ng e t  a l . ,  1 9 8 5 ) .  I t  i s  

t h u s  s u r p r i s i n g  t h a t  t h e r e  was no  c o n s i s t e n t  GH s u p p r e s s i o n  i n  

t h i s  group o f  d i a b e t i c  p a t i e n t s  w i t h  p r o l i f e r a t i v e  r e t i n o p a t h y  

u s in g  doses  5 t im es  g r e a t e r  th a n  th o s e  rep o r te d  t o  be s u c c e s s f u l  

i n  ac ro m eg a lic  p a t i e n t s .  T h is  i s  d is a p p o in t in g  s in c e  we a r e  t h u s  

n o t  o n l y  d e p r i v e d  o f  a  f u r t h e r  m e th o d  o f  t r e a t m e n t  f o r



p r o l i f e r a t i v e  r e t in o p a th y ,  b u t  a l s o  o f  th e  o p p o r tu n i ty  t o  r e 

a s s e s s  t h e  c o n t r i b u t i o n  o f  GH a n d  GH r e l a t e d  f a c t o r s  i n  t h e  

p a t h o g e n e s i s  o f  d i a b e t i c  r e t i n o p a t h y .  The r e s u l t s  d o ,  h o w e v e r ,  

a l l o w  us  t o  s p e c u la t e  f u r t h e r  on t h e  c a u se  o f  GH h y p e r s e c r e t io n  

i n  d i a b e t i c  s u b j e c t s  a s  f o l l o w s .  The n o rm a l  r e s p o n s e  t o  

h y p e rg ly c aem ia  i s  p ro d u c tio n  o f  s o m a t o s t a t i n  which su p p re s se s  GH 

s e c r e t i o n .  I n  c h a p t e r  4, i t  w as n o t e d  t h a t ,  u n l i k e  n o rm a l  

s u b j e c t s ,  d i a b e t i c  s u b je c t s  f a i l  t o  d em o n s tra te  g lu c o s e  m ediated  

s u p p re s s io n  o f  GRF s t im u la t e d  GH s e c r e t i o n .  T h is  f in d in g  su g g e s ts  

t h a t  in  d i a b e t i c  s u b je c t s ,  h y p e rg ly c a e m ia  e i t h e r  f a i l s  t o  e l i c i t  

s o m a t o s t a t i n  p r o d u c t i o n ,  o r  t h a t  t h e y  a r e  r e s i s t a n t  t o  

s o m a to s t a t i n  so  produced. The r e s u l t s  p r e s e n te d  h e re  fa v o u r  th e  

l a t t e r  a r g u m e n t ,  and s u g g e s t  t h a t  a d m i n i s t r a t i o n  o f  a  l o n g -  

a c t i n g  a n a l o g u e  o f  s o m a t o s t a t i n  i s  n o t  t h e  c o r r e c t  a p p ro a c h  t o  

s u p p re s s io n  o f  GH s e c r e t io n  in  d i a b e t e s .

SMS 2 0 1 -9 9 5  i s  a l s o  a p o t e n t  s u p p r e s s o r  o f  o t h e r  horm ones i n  

p a t h o l o g i c a l  c o n d i t i o n s ,  h a v i n g  b e e n  fo u n d  t o  be  e f f e c t i v e  i n  

c a s e s  o f  VIPoma (C le m en ts  an d  E l i a s ,  1 9 8 5 , K r a e n t z l i n  e t  a l . ,  

1985), Z o l l i n g e r  E l l i s o n  syndrome ( B o n f i l s  e t  a l . ,  1986), GRFoma 

(Von W erd e r  e t  a l . ,  1984), c a r c i n o i d  synd rom e  (K v o ls  e t  a l . ,  

1985) a n d  i n s u l i n o m a  (O se i a n d  0 'D o r i s i o ,  1985).  I n  v ie w  o f  t h e  

g a s t r o i n t e s t i n a l  synptoms r e p o r t e d  by t h e  p a t i e n t s  in  t h i s  s tu d y ,  

i t  i s  p r o b a b le  t h a t  gu t hormones w ere su p p re s se d  by SMS 201-995. 

The f a c t  t h a t  hypoglycaemia was a  p ro b le m  in  t h e s e  p a t i e n t s  w ith  

i n s u l i n - d e p e n d e n t  d i a b e t e s  i s  o f  i m p o r t a n c e .  T h i s  p r e s u m a b ly  

a r i s e s  a s  a  r e s u l t  of gu t hormone s u p p re s s io n  l e a d in g  t o  s low ing  

o f  a b s o r p t i o n  o f  i n g e s t e d  c a r b o h y d r a t e ,  a n d ,  a s  a r e s u l t  o f  

g l u c a g o n  s u p p r e s s i o n ,  s l o w  r e c o v e r y  f r o m  e s t a b l i s h e d  

h y p o g ly c a e m i a .  T h a t  t h i s  i s  p r o b a b l e  i s  s u g g e s t e d  by a r e c e n t  

s tu d y  exam in ing  th e  e f f e c t  o f  b o l u s  d o ses  o f  SMS 201-995 g iv e n  t o
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fcjctuienus winn in s u i i n - a e p e n a e n t  a i a o e t e s  (Spinas e t  a l . ,  1985).

I n  c o n c l u s i o n ,  i n  p a t i e n t s  w i t h  p r o l i f e r a t i v e  d i a b e t i c  

r e t i n o p a t h y ,  t r e a t m e n t  w i t h  SMS 2 0 1 -9 9 5  c a u s e d  no a p p r e c i a b l e  

d r o p  i n  24 h o u r  GH l e v e l s ,  and  o n l y  a  m o d e s t  d e c r e a s e  i n  IG F -I .  

T h is  s u g g e s ts  t h a t  p a t i e n t s  w ith  d i a b e t e s  and GH h y p e r s e c r e t io n  

a r e  s o m a t o s t a t i n  r e s i s t a n t .  F u r t h e r ,  s i n c e  t h e  s u c c e s s  o f  

p i t u i t a r y  a b l a t i o n  was t h o u g h t  t o  d e p e n d  on t h e  d e g r e e  o f  

a b l a t i o n  ( J o p l i n  e t  a l . ,  1967, W r ig h t  e t  a l . ,  1 9 6 9 ) ,  i t  i s  

u n l i k e l y  t h a t  SMS 2 0 1 -9 9 5  w i l l  be  u s e f u l  i n  t h e  t r e a t m e n t  o f  

p r o l i f e r a t i v e  r e t in o p a th y .
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CHAPTER 10 

C oncluding remarks

INTRODUCTION

I n  t h i s  w ork ,  an  a t t e m p t  was made t o  an sw e r  two q u e s t i o n s .  The 

f i r s t ,  why d i a b e t i c s  s e c r e t e  e x c e s s iv e  amounts o f  GH, i s  th e  more 

e a s i l y  a p p r o a c h e d  s i n c e  i t  has. n e v e r  b e e n  t h e  s u b j e c t  o f  

s y s te m a t ic  i n v e s t i g a t i o n .  The second, w hether e l e v a t e d  GH l e v e l s  

a r e  a  p e r m i s s i v e  f a c t o r  i n  t h e  g e n e s i s  o f  m i c r o v a s c u l a r  

c o m p l ic a t io n s  o f  d ia b e t e s ,  i s  more d i f f i c u l t  s in c e  th e  id e a  t h a t  

i t  i s  h a s  a l r e a d y  t a k e n  r o o t  i n  p o p u l a r  o p i n i o n .  To b r e a k  new 

g ro u n d ,  t h e r e f o r e ,  t h e  o n u s  i s  on t h e  i n v e s t i g a t o r  t o  e i t h e r  

c o n c l u s i v e l y  p r o v e  o r  d i s p r o v e  t h e  t h e o r y .  E i t h e r  c o u r s e  i s  

e q u a l l y  d i f f i c u l t ,  b u t  t h e r e  i s  s c o p e  f o r  c o n s i d e r i n g  new and  

e s t a b l i s h e d  d a t a  w ith  a  view  t o  form ing an o b j e c t i v e  o p in io n  a s  

t o  w h e th e r  t h e  b a l a n c e  o f  e v i d e n c e  i s  f o r  o r  a g a i n s t  t h e  

h y p o th e s i s .

10 .1  GH h y p e r s e c r e t io n  and d i a b e t e s

P r i o r  t o  c o n s i d e r i n g  t h e  r e s u l t s  r e l e v a n t  t o  t h e  c a u s e  o f  GH 

h y p e r s e c r e t i o n  in  d i a b e t i c  s u b j e c t s  p r e s e n te d  in  t h i s  work, th e  

n a t u r e  o f  t h e  a b n o rm a li ty  sh o u ld  be c o n s id e re d .  GH h y p e r s e c r e t io n  

i n  i n s u l i n - d e p e n d e n t  d i a b e t i c  s u b j e c t s  i s  e a s i l y  d e m o n s t r a t e d  

and h as  been  w e l l  documented. In  n o n - in s u l in - d e p e n d e n t  d i a b e t e s ,  

a l th o u g h  s u b j e c t s  may dem onstra te  e l e v a t e d  GH l e v e l s  r e l a t i v e  t o  

t h e i r  p l a s m a  g l u c o s e  and  a g e ,  GH i s  n o t  e l e v a t e d  i n  a b s o l u t e  

te rm s .  The cause  o f  th e  a b n o rm a l i ty  i s  n o t  c l e a r ,  b u t  i t  i s  w orth  

p o i n t i n g  o u t  t h a t  i t  i s  e x c l u s i v e  t o  GH an d  d o e s  n o t  e x t e n d  t o  

o th e r  p i t u i t a r y  hormones. As a fundam enta l p o i n t ,  i t  i s  p o s s i b l e  

t o  s u g g e s t  t h a t  th e  p rim ary  a b n o rm a l i ty  does n o t  l i e  a t  p i t u i t a r y  

l e v e l ,  s i n c e  any  p i t u i t a r y  a b n o r m a l i t y  w o u ld  be  u n l i k e l y  t o

135



a f f e c t  th e  so m a to tro p h  a lo n e .  The d e f e c t  i s  t h e r e f o r e  more l i k e l y  

t o  r e s id e  i n  t h e  GH r e g u l a t o r y  mechanisms. Due t o  a  p e c u l i a r i t y  

o f  human p h y s io lo g y ,  GH s e c r e t i o n  in  man i s  more c l o s e l y  r e l a t e d  

t o  c i r c u l a t i n g  g l u c o s e  l e v e l s  t h a n  i n  o t h e r  a n i m a l  s p e c i e s .  

Whether t h i s  i s  o f  any p r a c t i c a l  ad v an tag e  i s  d o u b t f u l  s i n c e  th e  

r a t ,  f o r  exam ple ,  manages t o  s u r v i v e  w ith o u t  th e  b e n e f i t  o f  t h i s  

m echan ism . F u r t h e r ,  s i n c e  d i a b e t i c  r a t s  do n o t  d e m o n s t r a t e  GH 

h y p e r s e c r e t io n ,  i t  i s  r e a s o n a b le  t o  assume t h a t  GH h y p e r s e c r e t i o n  

in  d i a b e t i c  man i s  r e l a t e d  t o  th e  abnormal g lu c o se  l e v e l s  a c t i n g  

v i a  t h e  h y p o t h a l a m i c  g l u c o s e  s e n s i t i v e  c e l l s .  C e r t a i n l y ,  a s  

dem onstra ted  i n  c h a p te r  5, improvement in  g ly caem ic  c o n t r o l  in  

d ia b e te s  l e a d s  t o  a  n o r m a l i s a t i o n  o f  abnormal GH s e c r e t i o n .

Beyond t h e s e  b a s i c  o b s e r v a t i o n s ,  l i t t l e  m ore c a n  b e  s a i d  

r e g a r d i n g  t h e  c a u s e  o f  GH h y p e r s e c r e t i o n  i n  d i a b e t e s .  V a r i o u s  

s t i m u l i  s u c h  a s  TRH, a r g i n i n e  and dopam ine h a v e  b e e n  fo u n d  t o  

s t i m u l a t e  GH r e l e a s e  in  d i a b e t i c  b u t  n o t  normal s u b j e c t s ,  b u t  th e  

s i g n i f i c a n c e  o f  t h e s e  o b s e r v a t i o n s  i s  obscure  s in c e  t h e  mechanism 

o f  a c t i o n  o f  t h e s e  s t i m u l i  i s  n o t  known. I t . h a s  b e e n  p r o p o s e d  

t h a t  t h e  GH r e s p o n s e  t o  TRH i n  d i a b e t i c  s u b j e c t s  i s  c a u s e d  by 

o v e r - s e n s i t i v i t y  o f  a  norm al pathway (Chiodera e t  a l . ,  1984), and 

t h e  same may a p p l y  t o  t h e  o t h e r  s t i m u l i .  I n  o t h e r  r e s p e c t s ,  GH 

r e g u l a t i o n  i n  d i a b e t e s  i s  n o rm a l .  B r o m o c r i p t i n e  h a s  a  GH 

s t i m u l a t o r y  e f f e c t  a s  i n  n o rm a l  s u b j e c t s  ( C a s s a r  e t  a l . ,  1 9 7 5 ) ,  

and  a  n o rm a l  r e s p o n s e  t o  h y p o g ly c a e m ia  i n d i c a t e s  t h a t  t h e  

feedback  lo o p  i s  i n t a c t ,  i f  o v e r - s e n s i t i v e .

The p r e s e n t  w ork  h a s  b e e n  an  a t t e m p t  t o  ex am in e  t h e  v a r i o u s  

components o f  t h e  GH r e g u l a t o r y  loop  in  d i a b e t i c  s u b j e c t s .  U sing 

GRF, i t  was d e m o n s t ra te d  t h a t  d i a b e t i c  s u b je c t s  h av e  a  f a i l u r e  o f  

g lu c o s e  m ed ia ted  GH s u p p r e s s io n ,  and work w ith  p i t u i t a r y  c e l l s  in  

c u l t u r e  s u g g e s t s  t h a t  t h i s  i s  n o t  m e d ia te d  a t  p i t u i t a r y  l e v e l .
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T h i s  i n d i c a t e s  t h a t  t h e r e  i s  a  d e f e c t  i n  t h e  t h e  n o rm a l  GH 

i n h i b i t o r y  mechanism i n i t i a t e d  by h yperg lycaem ia  in  d ia b e te s .  In  

n o rm a l  p h y s i o l o g y ,  t h i s  i s  p r o b a b l y  m e d ia te d  by s e c r e t i o n  o f  

s o m a to s ta t in  in  re sp o n se  t o  t h e  e l e v a t e d  b lo o d  g lu c o se  l e v e l ,  and 

t h i s  mechanism i s  in  some way compromised in  d i a b e t i c  s u b je c t s .  A 

p o s s i b l e  e x p la n a t io n  may be d e r i v e d  from th e  o b s e r v a t io n  in  t h e  

p r e s e n t  work t h a t  d i a b e t i c s  w i th  GH h y p e r s e c r e t io n  a r e  r e s i s t a n t  

t o  t h e  GH s u p p r e s s a n t  e f f e c t  o f  lo n g  a c t i n g  s o m a t o s t a t i n  

an a lo g u e .  T h is  s u g g e s ts  t h a t  t h e s e  s u b j e c t s  a r e  r e s i s t a n t  t o  t h e  

e f f e c t s  o f  h y p o t h a l a m i c  s o m a t o s t a t i n .  The s im p le s t  e x p l a n a t i o n  

w o u ld  be  t h a t  c h r o n i c  h y p e r g l y c a e m i a  l e a d s  t o  c h r o n i c  o v e r 

s e c r e t i o n  o f  s o m a t o s t a t i n .  T h i s  i n  t u r n  w o u ld  l e a d  t o  dow n- 

r e g u l a t i o n  o f  p i t u i t a r y  r e c e p t o r s  an d  c o n s e q u e n t  s o m a t o s t a t i n  

r e s i s t a n c e .  A l th o u g h  c o n f i r m a t i o n  i s  needed, t h i s  th e o ry  w ould  

n e a t l y  accoun t f o r  a l l  t h e  d e s c r ib e d  an o m a l ie s  of GH s e c r e t i o n  in  

d i a b e t e s ,  i n c lu d in g  h y p e r s e c r e t io n ,  th e  abnormal o r  e x a g g e ra te d  

GH r e s p o n s e  t o  v a r i o u s  s t i m u l i ,  an d  f o r  f a i l u r e  o f  g l u c o s e  

m ed ia ted  GH i n h i b i t i o n .

S t u d i e s  o f  g l u c o s e  an d  i n s u l i n  i n f u s i o n  i n d i c a t e  t h a t  e v e n  i n  

n o n - d ia b e t i c  s u b je c t s ,  lo w e r in g  o f  t h e  p la sm a  g lu c o se  w i th in  t h e  

n o rm a l  r a n g e  can  c a u s e  GH r e l e a s e .  I t  s h o u l d  n o t  be  f o r g o t t e n  

t h a t  t h i s  mechanism i s  l i k e l y  t o  c o n t r i b u t e  t o  GH h y p e r s e c r e t io n  

i n  t r e a t e d  d i a b e t i c  s u b j e c t s ,  b u t  i t  i s  u n l i k e l y  t o  be  t h e  

p r i m a r y  m echan ism  s i n c e  GH l e v e l s  a r e  h ig h  a t  t h e  t im e  o f  

d ia g n o s i s  o f  d ia b e te s  when b lo o d  g lu c o s e  l e v e l s  a r e  p e r s i s t e n t l y  

h ig h .

The s t u d i e s  o f  i n s u l i n  and g lu c o s e  i n f u s i o n  fu r th e r  d e m o n s tra te  

t h a t  p a t i e n t s  w i th  p o o r l y  c o n t r o l l e d  d i a b e t e s  a r e  c a p a b l e  o f  

s e c r e t i n g  GH i n  zhe  p r e s e n c e  o f  h y p e r g l y c a e m i a .  T h i s  h a s  b e e n  

i n t e r p r e t e d  by  some a s  i n d i c a t i n g  t h a t  d e s p i t e  e l e v a t e d
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e x i s t  i n  t h e s e  p a t i e n t s  due  t o  an  a b n o r m a l i t y  o f  g l u c o s e  

t r a n s p o r t  a c r o s s  t h e  b lo o d - b r a i n  b a r r i e r  (BBB). The work o u t l i n e d  

i n  c h a p t e r  6 i n d i c a t e s  t h a t  h e x o s e  t r a n s p o r t  a c r o s s  t h e  BBB i s  

norm al i n  d i a b e t i c  s u b j e c t s ,  i n c lu d in g  th o se  w ith  m ic r o v a s c u la r  

d i s e a s e .  T h u s ,  t h e r e  i s  no  e v i d e n c e  t o  s u g g e s t  t h a t  GH 

h y p e r s e c r e t i o n  i n  d i a b e t e s  i s  r e l a t e d  t o  c e n t r a l  g l u c o s e  

d e p l e t i o n ,  and no e v id e n c e  f o r  t h e  e x i s t e n c e  o f  t h e  e n t i t y  known 

a s  ' r e l a t i v e  hypoglycaem ia '.

At c i r c u l a t o r y  l e v e l ,  i t  i s  p o s s i b l e  t h a t  an abnormal GH form, or 

p r o p o r t i o n  o f  f o rm s ,  w i t h  a l t e r e d  b i o l o g i c a l  a c t i v i t y ,  c o u l d  

c o n t r i b u t e  t o  GH h y p e r s e c r e t io n  in  d ia b e te s  by i n t e r f e r i n g  w ith  

t h e  n o rm a l  f e e d b a c k  m e ch an ism s .  A l th o u g h  p e r h a p s  t h e  l e a s t  

s a t i s f a c t o r y  o f  th e  c h a p te r s  in  t h i s  work, th e  e v id e n c e  p r e s e n te d  

s u g g e s t s  t h a t  c i r c u l a t i n g  GH fo rm s  i n  d i a b e t i c  s u b j e c t s  do  n o t  

d i f f e r  f ro m  n o r m a l ,  and  p r o v i d e s  no e v i d e n c e  f o r  a  c a u s e  o f  GH 

h y p e r s e c r e t io n  a t  t h i s  l e v e l .

The f in d in g  o f  a  n e g a t i v e  c o r r e l a t i o n  between serum IG F-I l e v e l s  

i n  d i a b e t e s  and g ly c aem ic  c o n t r o l  may p ro v id e  f u r t h e r  c a u s e  fo r  

GH o v e r p r o d u c t i o n ,  e s p e c i a l l y  i n  s u b j e c t s  w i th  p o o r  d i a b e t i c  

c o n t r o l .  T h e re  i s  c o n s i d e r a b l e  i n d i r e c t  e v i d e n c e ,  o u t l i n e d  i n  

c h a p te r  1, s e c t i o n  1.12, t o  s u g g e s t  t h a t  poor g ly c a e m ic  c o n t r o l  

l e a d s  t o  a  d e c re a se  i n  IGF-I g e n e r a t io n ,  and th e  f i n d i n g  o f  t h i s  

c o r r e l a t i o n  p r o v i d e s  f u r t h e r  c o n f i r m a t io n .  Such a  d e f e c t  would 

l e a d  t o  an in  in c r e a s e  in  GH by n e g a t iv e  feedback. However, i t  i s  

hop ed  t h a t  i n  i n s u l i n  t r e a t e d  d i a b e t i c  s u b j e c t s ,  g l y c a e m i c  

c o n t r o l  w o u ld  n o t  be s u f f i c i e n t l y  p o o r  t o  make t h i s  f a c t o r  a 

major d e te rm in a n t  o f  GH l e v e l s .  I t  i s  th e  op in ion  o f  t h e  a u th o r ,  

t h e r e f o r e ,  t h a t  t h i s  m echan ism  i s  l i k e l y  t o  be  a  c o n t r i b u t o r y  

f a c t o r ,  and  n o t  ' t h e  p r i m a r y  c a u s e  o f  GH o v e r p r o d u c t i o n  in
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In  c o n c l u s i o n ,  r e g a r d i n g  t h e  m echan ism  o f  GH h y p e r s e c r e t i o n  i n  

d i a b e t e s ,  a  number o f  p o s s i b l e  c au ses  h ave  been i d e n t i f i e d ,  two 

o f  w h ic h  a r e  shown i n  f i g u r e  10 .1 . The m o s t  a t t r a c t i v e  t h e o r y ,  

which w ould  acco u n t f o r  most o f  th e  d e s c r ib e d  a b n o r m a l i t i e s ,  i s  

s o m a t o s t a t i n  r e s i s t a n c e  in d u c e d  by  c h r o n i c  h y p e r g l y c a e m i a .  

L im ited  c o n f i rm a t io n  o f  t h i s  i s  o b ta in e d  from th e  s t u d i e s  u s in g  

s o m a t o s t a t i n  a n a l o g u e ,  b u t  f u r t h e r  w ork a l o n g  t h e s e  l i n e s  i n  a 

g r e a t e r  number o f  p a t i e n t s  would- be h e l p f u l .  F lu c t u a t i n g  g lu c o s e  

l e v e l s  a n d  low  IG F -I  l e v e l s  i n  p a t i e n t s  w i t h  p o o r  g ly c a e m i c  

c o n t r o l  a r e  l i k e l y  t o  c o n t r i b u t e  t o  h ig h  GH l e v e l s  in  d ia b e te s .  

C e r t a i n  a s p e c t s  o f  t h i s  p a r t  o f  t h e  w ork c o u l d  b e  u s e f u l l y  

expanded. F u r th e r  a ssessm en t o f  th e  i n t e g r i t y  o f  t h e  BBB c o u ld  be 

u n d e r ta k en .  In  th e  p r e s e n t  work, g lu c o s e  t r a n s p o r t  a c r o s s  th e  BBB 

was m e a s u re d  and  fo u n d  t o  be n o r m a l ,  b u t  w h e th e r  t h e  BBB i n  

d i a b e t i c  s u b j e c t s  w ith  r e t i n o p a th y  i s  a b n o rm a l ly  pe rm eab le  a s  h as  

b e e n  s u g g e s t e d  (L o re n z i  e t  a l . ,  1980) r e m a in s  t o  be  a s s e s s e d .  

F u r t h e r  w ork on GH fo rm s  and  b i o - a c t i v i t y  i n  d i a b e t e s  m ig h t  b e  

u s e f u l ,  e s p e c i a l l y  t h e  p o s s i b i l i t y  o f  g l y c a t i o n  l e a d i n g  t o  

im pairm ent o r  a l t e r a t i o n  o f  i t s  b i o l o g i c a l  fu n c t io n .  I t  s h o u ld ,  

how ever, be p o in te d  ou t t h a t  a b n o r m a l i t i e s  o f  GH forms a r e  more 

o f t e n  p ro p o sed  th an  th e  ev id e n c e  w a r r a n ts ,  b u t  t h i s  p r o j e c t  c o u ld  

u s e f u l l y  be c a r r i e d  o u t  by groups who a r e  s tu d y in g  GH v a r i a n t s  in  

o t h e r  c o n d i t i o n s  a n d  who a l r e a d y  p o s s e s s  t h e  n e c e s s a r y  

t e c h n i q u e s .

10 .2  GH and d i a b e t i c  m ic ro v ascu la r  d i s e a s e .

The q u e s t i o n  o f  whether e l e v a t e d  GH l e v e l s  a r e  r e l e v a n t  to  th e  

d e v e lo p m en t o f  d i a b e t i c  m ic r o v a s c u la r  d i s e a s e  i s  l e s s  r e a d i l y  

a n s w e r e d .  A number o f  f a c t o r s  s u g g e s t  t h a t  i t  i s  n o t .  F i r s t l y ,
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The 2 major causes of GH hypersecretion in diabetes proposed 
in this work 1. overproduction of somatostatin (S R IF ) induced  
by chronic hyperglycaem ia leading to p itu itary resistance to the  
effects of somatostatin. 2. fa ilu re of IG F-I generation in response 

to GH induced by poor glycaemic control.

f igure 10.1



t h e  b a s i s  o f  t h e  GH h y p o t h e s i s ,  on r e v i e w  o f  t h e  l i t e r a t u r e ,  i s  

t h i n .  S e c o n d l y ,  a c r o m e g a l i c  p a t i e n t s ,  e v e n  i n  t h e  p r e s e n c e  o f  

d i a b e t e s ,  do n o t  d e v e lo p  a b n o rm a l ly  s e v e r e  m ic r o v a s c u la r  d i s e a s e .  

L a s t l y ,  n o n - i n s u l i n  dependen t d i a b e t i c  s u b je c t s ,  d e s p i t e  t h e  f a c t  

t h a t  t h e i r  GH l e v e l s  a r e  n o t  e l e v a t e d  in  a b s o lu t e  te rm s ,  s t i l l  

d e v e l o p  m i c r o v a s c u l a r  c o m p l i c a t i o n s .  U n d e n ia b l y ,  h o w e v e r ,  

p a t i e n t s  who u n d e rw e n t  p i t u i t a r y  a b l a t i o n  f o r  p r o l i f e r a t i v e  

r e t i n o p a th y  seem t o  h a v e  done e x t re m e ly  w e l l  w ith  r e g a rd  t o  b o th  

r e t i n o p a t h y  and  n e p h r o p a t h y .  N e v e r t h e l e s s ,  t h i s  p r o v i d e s  no 

s p e c i f i c  e v id e n c e  t h a t  r e d u c t io n  o f  GH was r e s p o n s ib l e  f o r  t h i s  

b e n e f i c i a l  e f f e c t .  For in s t a n c e ,  p i t u i t a r y  a b l a t i o n  may h a v e  had 

c e r t a i n  haemodynamic e f f e c t s ,  a s  su g g e s te d  by th e  p l o t  o f  b lo o d  

u r e a  v e r s u s  t im e  p o s t - a b l a t i o n .  F u r t h e r ,  w i th  t h e  p a s s a g e  o f  

t im e , and th e  i s o l a t i o n  o f  an  in c r e a s in g  number o f  hormones from 

th e  p i t u i t a r y  g la n d ,  th e  GH h y p o th e s i s  seems in c r e a s i n g l y  n a iv e .  

For i n s t a n c e ,  f i b r o b l a s t  g ro w th  f a c t o r  h a s  r e c e n t l y  b e e n  

i d e n t i f i e d  i n  t h e  p i t u i t a r y  g l a n d .  T h i s  g ro w th  f a c t o r  h a s  b e e n  

shown t o  s t i m u l a t e  p r o d u c t i o n  o f  e x t r a c e l l u l a r  m a tr ix  t o g e t h e r  

w ith  v a s c u l a r  p r o l i f e r a t i o n ,  and has  been found in  e x c e ss  i n  t h e  

v i t r e o u s  o f  p a t i e n t s  w i t h  n e o v a s c u l a r i s a t i o n  ( B a i r d  e t  a l . ,

1985).  Such f i n d i n g s  s u g g e s t  t h a t  r e d u c t i o n  o f  GH f o l l o w i n g  

p i t u i t a r y  a b l a t i o n  may s i m p l y  s u p p l y  a  c o r r e l a t i o n  w i t h  t h e  

r e d u c t i o n  o f  some o t h e r  f a c t o r  ( a s  was o r i g i n a l l y  s u g g e s t e d  

(W rig h t  e t  a l . ,  1 9 6 9 )) .  U n f o r t u n a t e l y ,  an  a t t e m p t  t o  a n s w e r  t h e  

q u e s t i o n  o f  w h e th e r  GH i s  s p e c i f i c a l l y  i n v o l v e d ,  by s e l e c t i v e  

s u p p r e s s i o n  o f  GH s e c r e t i o n  i n  d i a b e t i c s  u s in g  s o m a t o s t a t i n  

an a lo g u e ,  was u n s u c c e s s fu l .

P a r t  o f  t h e  a l l u r e  o f  t h e  GH h y p o t h e s i s  i s  t h a t  j u s t  when t h e  

id e a  i s  go ing  ou t o f  f a s h io n ,  a d d i t i o n a l  s u g g e s t iv e  in fo r m a t io n  

i s  p ro v id e d .  Such i s  t h e  c a s e  in  t h i s  work w ith  th e  d a t a  o f  serum
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IG F -I  l e v e l s .  I n  common w i t h  o t h e r  w o r k e r s  i n  t h e  f i e l d ,  i t  was 

fo u n d  t h a t  s e ru m  IG F -I  l e v e l s  a r e  e l e v a t e d  i n  p a t i e n t s  w i t h  

p r o l i f e r a t i v e  r e t in o p a th y .  As p o in te d  o u t  in  c h a p te r  8, however, 

i t  w i l l  be n e c e s s a ry  t o  p ro v e  t h a t  l e v e l s  a r e  e l e v a t e d  p r i o r  t o  

t h e  o n s e t  o f  p r o l i f e r a t i o n  b e f o r e  a  r o l e  i n  t h e  g e n e s i s  o f  

p r o l i f e r a t i o n  can  be a s c r ib e d  t o  IG F-I.

T h u s ,  t h e  q u e s t i o n  o f  w h e th e r  GH an d  IG F -I  a r e  i n v o l v e d  i n  t h e  

developm ent o f  d i a b e t i c  m ic r o v a s c u la r  d i s e a s e  rem ains unanswered. 

F u t u r e  work s h o u l d  be  d i r e c t e d  to w a r d s  more d ynam ic  s t u d i e s  o f  

serum IGF-I i n  p a t i e n t s  w i th  r e t i n o p a th y ,  f o l lo w in g  th e  p ro g re s s  

o f  t h e  r e t i n o p a t h y  t o g e t h e r  w i th  s e r i a l  m e a su re m e n ts  o f  IG F - I .  

C o n c u r re n t ly ,  an open mind sh o u ld  be  m a in ta in e d ,  and o th e r  growth 

f a c t o r s  s h o u ld  be  i n v e s t i g a t e d .  To f i n a l l y  answer t h e  q u e s t io n ,  a 

m e thod  o f  s e l e c t i v e l y  i n h i b i t i n g  GH i n  d i a b e t i c  s u b j e c t s  w i th  

r e t i n o p a t h y  m u s t  b e  d e v e l o p e d .  As d i s c u s s e d  i n  c h a p t e r  1, 

a n t i c h o l i n e r g i c  a g e n t s  may p r o v i d e  t h e  b e s t  r e s u l t s  s i n c e  

s o m a to s ta t in  a n a lo g u e s  may n o t  be e f f e c t i v e .

I f  p re s s e d  f o r  an o p in io n ,  h av in g  rev iew ed  th e  l i t e r a t u r e  and th e  

d a t a  in c lu d e d  in  t h i s  work, th e  a u th o r  w ould co n c lu d e  t h a t  t h e r e  

i s  n o t  y e t  s u f f i c i e n t  e v id e n c e  t o  in c r im in a te  GH a s  a  p e r m is s iv e  

f a c t o r  in  th e  g e n e s i s  o f  d i a b e t i c  m ic ro v a sc u la r  d i s e a s e .
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APPENDIX A

The growth hormone assay

M a te r i a l s

b u f f e r  ( i )  Stock b u f f e r  c o n ta in s

1 4 .7g b a rb i to n e  sodium 

9.7g  anhydrous sodium a c e t a t e  

Made up t o  500ml w ith  d i s t i l l e d  w a te r  and s to r e d  a t  4°C.

( i i )  Working b u f f e r

100ml s to ck  b u f f e r  

1 5 .3g NaCl

D i s s o l v e d  and  made up t o  2 l i t r e s  w i t h  d i s t i l l e d  w a t e r .  4g BSA 

( f r a c t i o n  V) and 200mg th io m e rs a l  added . pH a d ju s t e d  t o  7 .4 .

S tan d a rd

W ork ing  s t a n d a r d s  w ere  o b t a i n e d  f ro m  Dr J  S e th ,  Im m unoassay  

S e c t i o n ,  D e p a r tm e n t  o f  C l i n i c a l  C h e m i s t r y ,  R o y a l  I n f i r m a r y ,  

Edinburgh. They c o n ta in e d  hGH 2 5 u IU /f re e z e  d r i e d  ampoule.

2.5ml a s s a y  b u f f e r  added to  g i v e  a  c o n c e n t r a t i o n  o f  10mIU/l 

D ouble d i l u t e d  to  o b ta in  a s t a n d a r d  c u rv e  o f  10, 5, 2.5, 1.25 

and 0.625 mIU/1

A ntiserum

R a b b i t  anti-HGH was o b ta in ed  from W ellcom e Reagents  ( c a t .  RD 16, 

now d is c o n t in u e d ) .  This  c o n s i s te d  o f  0.5ml a l i q u o t s  f r e e z e  d r i e d  

a t  1 :1 0 0 0  d i l u t i o n ,  s t o r e d  a t  4°C. E ach  a l i q u o t  was made up t o  

32 .5m l i n  1 :200  non-immune r a b b i t  s e ru m  (NIRS) i n  a s s a y  b u f f e r  

( i e  a  working d i l u t i o n  o f  1:65,000).

T ra c e r

T h is  was p rep a red  in  th e  l a b o r a to r y  by io d in a t in g  hGH u s in g  th e  

ch lo ra m in e -T  method, and p u r i f i e d  on a  Sephadex column.
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Non-immune r a b b i t  serum

O b ta i n e d  f ro m  W e l lc o m e  R e a g e n t s  and  s t o r e d  a t  -2 0 ° C  i n  2ml 

a l i q u o t s  d i l u t e d  1 :1 0 .  Each a l i q u o t  was made up  t o  40ml w i th  

a s s a y  b u f f e r  ( i e  a  1 :200  d i l u t i o n ) ,  and  u s e d  t o  d i l u t e  t h e  

a n t is e ru m  a s  above.

Second A ntibody

G oat a n t i - r a b b i t  se ru m  was o b t a i n e d  f ro m  G u i l d h a y  ( S u r r e y ,  

E n g l a n d ) ,  an d  s t o r e d  i n  0 .5m l a l i q u o t s ,  n e a t ,  a t  -2 0 °C .  Each 

b a t c h  was t i t r a t e d  t o  o b t a i n  maximum b i n d i n g  o f  z e r o  t u b e s ,  and 

a l i q u o t s  d i l u t e d  a c c o rd in g ly .

Q u a l i ty  c o n t r o l

Lypho-Chek p o o l s  I - I V  were used ,  a p p r o p r i a t e l y  d i l u t e d  t o  l i e  on 

4 p o in t s  on th e  s ta n d a rd  cu rv e .

Method

Day 1.

An a s s a y  s h e e t  was p r e p a r e d ,  and  s a m p le s  d i l u t e d  1 :5  and 

1:25 in  a s s a y  b u f f e r .  A l l  sam ples were a s say ed  n e a t ,  1:5 and 

1 :2 5 .

S ta n d a rd s ,  q u a l i t y  c o n t r o l  s e r a  and a n t is e ru m  w ere p re p a re d  

a s  a b o v e .  S a m p l e  v o lu m e  w as lO O u l  t o  w h i c h  lO O u l  

an tiserum /N IR S  m ix tu re  and 200ul o f  b u f f e r  was added. Non

s p e c i f i c  b in d in g  (NSB) tu b e s  co n ta in ed  o n ly  NIRS and b u f f e r  

t o  a  t o t a l  v o lu m e  o f  4 0 0 u l .  Four b l a n k  t u b e s  w e re  l e f t  t o  

m easure t o t a l  c o u n ts .

T u b es  w e re  i n c u b a t e d  f o r  4 h o u r s  a t  room t e m p e r a t u r e  

f o l l o w i n g  w h ic h  lOOul o f  t r a c e r  (1 0 ,0 0 0  c o u n t s  p e r  60 

seconds)  was added t o  a l l  tu b e s  ( in c lu d in g  t o t a l  c o u n ts  and 

NSB). These w ere in c u b a ted  o v e rn ig h t  a t  room t e m p e r a t u r e .
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Day 2.

Goat a n t i - r a b b i t  serum (lOOul) was added, and tu b e s  in c u b a te d  

a t  room t e m p e r a t u r e  f o r  5 h o u r s .  At t h e  end  o f  t h i s  t i m e ,  

t h e y  w ere  c e n t r i f u g e d  a t  3000rpm f o r  20 m in a t  20°C , 

a s p i r a t e d  and coun ted  f o r  60 seco n d s .

The s t a n d a r d  c u r v e  was p l o t t e d  on l o g - l o g i t  p a p e r  a f t e r  

c o r r e c t i o n  fo r  n o n - s p e c i f i c  b in d in g ,  and sample v a l u e s  re a d  from 

t h i s  cu rv e .  The sam ple d i l u t i o n  which f e l l  on th e  optimum p a r t  o f  

t h e  c u rv e  was used. The w i th i n  and between assay  c o e f f i c i e n t s  o f  

v a r i a t i o n  a t  a  d o s e  l e v e l  o f  2 2 .9 m IU / l  (which r e q u i r e d  a  1 :5  

d i l u t i o n )  were 8 .9  and 19.8% r e s p e c t i v e l y .
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APPENDIX B

The IGF-I assay

M a te r ia l s

The a s sa y  b u f f e r  c o n ta in e d  4 .7g  sodium phospha te

200mg p ro tam ine  s u lp h a te  

200mg sodium a z id e  

T h i s  was made up  t o  1 l i t r e  w i t h  d i s t i l l e d  w a te r  and  t h e  pH 

a d j u s t e d  t o  7 .5 .  A t t h e  t i m e  o f  t h e  a s s a y ,  0.25% RIA g r a d e  BSA 

(Sigma) was added.

Monoclonal A ntiserum

T h i s  was o b t a i n e d  on a p p l i c a t i o n  t o  t h e  NIH. Each  f r e e z e  d r i e d  

v i a l  i s  d i l u t e d  w ith  2ml o f  a s s a y  b u f f e r ,  and f ro z e n  a t  -20°C in  

a l i q u o t s  o f  lOOul. At th e  t im e  o f  a s s a y ,  each  a l i q u o t  was d i l u t e d  

t o  10ml w i t h  a s s a y  b u f f e r  (w o rk in g  d i l u t i o n  1 :1 0 0 ,0 0 0 ) ,  w h ich  

q u a n t i t y  was s u f f i c i e n t  f o r  100 tu b e s .

S tan d a rd

T h i s  w a s  o b t a i n e d  f r o m  A m e r s h a m  I n t e r n a t i o n a l  p i c  

( B u c k in g h a m s h i r e ,  E n g la n d ) ,  and  c o n s i s t e d  o f  t h e  r e c o m b in a n t  

a n a l o g u e  o f  I G F - I ,  d i f f e r i n g  f ro m  t h e  n a t i v e  p e p t i d e  by t h e  

s u b s t i t u t i o n  o f  t h r e o n i n e  f o r  m e t h i o n i n e  i n  p o s i t i o n  59. The 

f r e e z e  d r i e d  m a t e r i a l  was r e c o n s t i t u t e d  w i t h  0.1M a c e t i c  a c i d ,  

mixed w ith  f r e e z e  d ry in g  s o l u t i o n ,  and l y o p h i l i s e d  in  a l i q u o t s  o f

0 .25ug . At t h e  t i m e  o f  a s s a y ,  e a c h  a l i q u o t  was made up  to  0.5ml 

i n  a s s a y  b u f f e r .  W ith  a  s t a n d a r d  a s s a y  v o lu m e  o f  l O u l ,  t h i s  was 

e q u i v a l e n t  t o  5 n g / t u b e .  T h i s  was d o u b l e  d i l u t e d  down to  g i v e  a 

s t a n d a r d  c u r v e  o f  5 ,  2 .5 ,  1 .2 5 ,  0 .6 2 5 ,  0 .3 1 2 ,  0 .15  and 0.075 

n g / t u b e .

T ra c e r

P r e p a r a t io n  o f  t r a c e r  i s  o u t l in e d  in  appendix  C.
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n v n  j - u u m » t w v -  1 I U U J C  O C L  L U l l

A l i q u o t s  o f  2 0 0 u l  w e re  f r o z e n  a t  -2 0 °C .  A t t h e  t i m e  o f  a s s a y ,  

t h i s  was made up t o  1 0 m l,  and  lO O ul a d d e d  p e r  t u b e ,  g i v i n g  2 u l  

non-immune mouse se ru m /tu b e .

Second Antibody

Donkey an ti-m ouse  serum was t i t r a t e d  t o  o b ta in  maximum b in d in g  o f  

t r a c e r  in  ze ro  t u b e s .  S u i t a b le  a l i q u o t s  were s to r e d  a t  -20^C.

Q u a l i ty  C on tro l Serum

Two se ru m  s a m p le s  w ere  u s e d ,  e a c h  b e i n g  e x t r a c t e d  w i t h  t h e  

sam p le s  p r i o r  t o  a s sa y .  The lo w er  sam ple  (normal s u b j e c t )  had a  

v a l u e  o f  a p p r o x i m a t e l y  2 0 0 n g /m l  a n d  t h e  u p p e r  ( a c r o m e g a l i c  

s u b j e c t )  had a v a lu e  o f  a p p ro x im a te ly  700ng/ml.

Sample E x t ra c t io n

T h is  was c a r r i e d  o u t  acc o rd in g  t o  t h e  method o f  Daughaday e t  a l .

(1 9 8 0 ) .  The p rocedu re  was a s  fo l lo w s  : -

1. 0 .2m l serum t o  0.8ml o f  87.5% e t h a n o l  and 12.5% 2N HCl.

2. mix and s ta n d  a t  room te m p e ra tu re  f o r  30 min.

3. c e n t r i f u g e  a t  1860g fo r  30 min a t  4°C

4. remove s u p e rn a ta n t  (0.5m l) and add t o  0 .2  ml 0.855M T r i s  b a s e .

A f t e r  e x t r a c t i o n ,  e x t r a c t s  c a n  b e  s t o r e d  f o r  up t o  a  w eek . The 

e x t r a c t i o n  p r o c e d u r e  r e s u l t s  i n  a  1 :7  d i l u t i o n  o f  t h e  o r i g i n a l  

sam ple . Serum sam ples  were a ssay ed  d i r e c t l y ,  b u t  v i t r e o u s  sa m p le s  

were d r i e d  down and r e c o n s t i t u t e d  i n  t h e  o r i g i n a l  volume.

Method

Day 1.

The assay  s h e e t  was p re p a re d ,  and sam ples  e x t r a c t e d  a s  above .  

Antiserum , non-immune mouse serum and s ta n d a rd s  were p r e p a r e d
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a s  d e s c r ib e d .  The s ta n d a rd  a s sa y  volume o f  lO u l ,  and sam ple  

a s sa y  vo lum e o f  2 0 u l was added to  each  tube  ( th e  sam p le  a s s a y  

v o lu m e  w as i n c r e a s e d  t o  p l a c e  v a l u e s  on t h e  c e n t r e  o f  t h e  

s ta n d a rd  c u r v e ) .  For serum sam ples ,  2 0u l o f  a c i d - e t h a n o l / T r i s  

base  m ix tu re  was added t o  each  s ta n d a rd  tu b e  t o  e q u a l i s e  t h e  

s a l t  and e t h a n o l  c o n c e n t r a t i o n s  in  s ta n d a rd  and unknown tu b e s .  

A ntiserum  and non-immune mouse serum were added t o  each  tu b e ,  

and th e  f i n a l  volume made up t o  400ul w i th  a s s a y  b u f f e r .  Tubes 

f o r  a s s e s s m e n t  o f  n o n - s p e c i f i c  b i n d i n g  c o n t a i n e d  o n l y  n o n -  

immune m ouse se ru m  and b u f f e r .  T r a c e r  ( lO O u l,  10 ,000cpm ) was 

im m ed ia te ly  added t o  a l l  tu b e s  which were in c u b a te d  a t  4°C f o r  

18 h o u r s .

Day 2.

Donkey a n t i -m o u s e  serum, lOOul o f  an a p p r o p r i a t e  d i l u t i o n ,  was 

added and tu b e s  in c u b a ted  a t  4^C f o r  30 m inu tes .  P o ly e th y le n e  

g l y c o l  (PEG), 1ml o f  a  6% s o l u t i o n ,  was t h e n  a d d e d  t o  e a c h  

tu b e  which w ere th e n  c e n t r i f u g e d  and a s p i r a t e d .  The s ta n d a rd  

cu rv e  was th e n  p l o t t e d  on l o g - l o g i t  p ap e r  a f t e r  c o r r e c t i o n  f o r  

NSB (which was t y p i c a l l y  4%). Sample v a l u e s  were r e a d  from th e  

c u rv e  in  n g / t u b e  and c o n v e r te d  t o  c o n c e n t r a t i o n s  i n  ng/m l ( fo r  

serum s a m p le s ,  w i th  an a ssay  volume o f  2 0 u l ,  t h i s  in v o l v e d  a 

f a c t o r  o f  50 t o  e x p re ss  th e  c o n c e n t r a t io n  p e r  m l , and a f a c t o r  

o f  7 t o  a l l o w  f o r  th e  e x t r a c t i o n  p ro ced u re ) .

A ssaying t h e  a c i d  e th a n o l  m ix tu re  d i r e c t l y ,  t h e  s e n s i t i v i t y  o f

th e  a ssay  was 80ng/m l. The w i th in  and between a s s a y  c o e f f i c i e n t s

o f  v a r i a t i o n  w ere 5 and 10% r e s p e c t i v e l y .
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APPENDIX C 

I o d in a t io n  o f  IGF-I 

Recombinant a n a lo g u e  o f  IGF-I (Amersham I n t e r n a t i o n a l  p i c ) ,  lOug, 

was r e c o n s t i t u t e d  w i t h  1ml 0.1M a c e t i c  a c i d  and  50mg l a c t o s e .  

T h i s  was f r e e z e  d r i e d  i n  a l i q u o t s  o f  l u g  f o r  i o d i n a t i o n .  The 

io d i n a t i o n  p ro c e d u re  was a s  f o l l o w s  : -

1. a  30 x 1 cm g l a s s  c o lu m n  was p r e p a r e d  and  s i  1 i c o n i s e d  u s i n g  

S ig m a c o te  (S igm a). T h i s  was e q u i l i b r a t e d  w i t h  S e p h a d e x  G50 

( f in e )  (Pharm acia, Sweden) and run  th rough  w ith  0.1M ammonium 

c a rb o n a te ,  pH 7.9, c o n ta in in g  0.05% RIA grade  BSA (Sigma).

2. t h e  f r e e z e  d r i e d  p e p t i d e  was r e c o n s t i t u t e d  w i t h  5 0 u l  0.5M 

pho sp h a te  b u f f e r .

3. lmCi -*-^1 in  lO ul was added.

4. lO u l  o f  0 .5m g/m l c h l o r a m i n e - T  was added  and  m ix e d  f o r  20 

seconds .

5. t h e  r e a c t i o n  w as  s t o p p e d  w i t h  l O u l  o f  5 m g /m l  s o d i u m  

m e ta b i s u lp h i t e .

6. t h i s  i o d i n a t i o n  m i x t u r e  was l a y e r e d  o n to  t h e  p r e - p r e p a r e d  

column, and 30 x 1ml f r a c t i o n s  c o l l e c t e d  and co u n ted .

The c o u n t  p r o f i l e  t y p i c a l l y  p ro d u c e d  3 p e a k s ,  t h e  f i r s t  

r e p r e s e n t i n g  ' a g g r e g a t e s "  a n d  c o m in g  o f f  t h e  c o l u m n  f r o m  

f r a c t i o n s  1 1 -1 4 .  The s e c o n d  p e a k  c o n t a i n e d  t h e  i o d i n a t e d  IG F - I  

and t y p i c a l l y  appeared  in  f r a c t i o n s  17-20. The l a s t ,  and  l a r g e s t ,  

peak c o n ta in e d  th e  io d in e  s a l t s  and  appeared in  f r a c t i o n s  23-30. 

The f r a c t i o n s  f ro m  t h e  s e c o n d  p e a k  w ere  s t o r e d  w i t h  a d d i t i o n a l  

BSA an d  a l i q u o t e d  i n  5 0 u l  v o lu m e s .  The i n c o r p o r a t i o n  w as 

t y p i c a l l y  200uCi/ug p e p t id e .

143



REFERENCES

A l t s z u l e r ,  N. (1974) A c t i o n s  o f  g ro w th  horm one on c a r b o h y d r a t e  

m e ta b o l i s m .  I n  Handbook o f  P h y s i o l o g y , ed .  K n o b i l ,  E. & S aw yer ,  

W.H. s e c t i o n  7 : E n d o c r i n o l o g y ,  v o l . 4 ,  p a r t  2 ,  p p 2 3 3 - 5 2 .  

W ashington DC : American P h y s io lo g i c a l  S o c ie ty .

A m ie l ,  S.A., S h e rw in ,  R .S.,  H i n t z ,  R.L., G e r t n e r ,  J .M ., P r e s s ,  M. 

& T a m b o r la n e ,  W.V. (1984) E f f e c t  o f  d i a b e t e s  an d  i t s  c o n t r o l  on 

i n s u l i n - l i k e  g ro w th  f a c t o r s  i n  t h e  young s u b j e c t  w i t h  t y p e  I  

d i a b e t e s .  D i a b e t e s , 33 ,1175-79 .

A s h to n ,  I .K . ,  D o rn an ,  T .L ., P o c o c k ,  A.E., T u r n e r ,  R.C. St B ro n ,  

A.J. (1983) P lasm a somatomedin a c t i v i t y  and d i a b e t i c  r e t in o p a th y .  

C l i n i c a l  E n d o c r in o lo g y , 19 ,105-10 .

B a i r d ,  A., C u l l e r ,  F .,  J o n e s ,  K.L. St G u i l l e m i n ,  R. (1985) 

A ngiogen ic  f a c t o r  in  human o c u la r  f l u i d .  L a n c e t , 2 ,563 .

B a r n e s ,  A .J . ,  K o h n e r ,  E.M., B loom , S.R., J o h n s t o n ,  D.G., A l b e r t i ,  

K.G.M.M. St S m ythe , P. (1978) I m p o r t a n c e  o f  p i t u i t a r y  ho rm ones  i n  

th e  a e t i o l o g y  o f  d i a b e t i c  k e t o a c id o s i s .  L a n c e t , 1 ,1171-74 .

B a u e r ,  W., B r i n e r ,  U., D o e p fn e r ,  W., H a l l e r ,  R ., H u g u en in ,  R., 

M a rb a c h ,  P . ,  P e t c h e r ,  T .J .  St P l e s s ,  J .  (1982) SM S-201-995 : a 

v e r y  p o t e n t  and  s e l e c t i v e  o c t a p e p t i d e  a n a lo g u e  o f  s o m a to s ta t in  

w i th  p ro lo n g e d  a c t io n .  L i f e  S c ie n c e s , 31,1133-40.

Baumann, G., M a c C a r t ,  J.G. St Amburn, K. (1983) The m o l e c u l a r  

n a t u r e  o f  c i r c u l a t i n g  growth hormone in  norm al and ac ro m e g a l ic  

man : e v id e n c e  f o r  a p r i n c i p a l  and minor monomeric form. J o u r n a l  

o f  C l i n i c a l  E ndocrino logy  and M etabolism , 5 6 ,9 4 6 -5 2 .

Baumann, G., S t o l a r ,  M.W. St Amburn, K. (1985) M o l e c u l a r  fo rm s  o f

149



<j j . l u l u .a t i n g  grow tn normone d u r in g  spon taneous s e c r e t o r y  e p iso d e s  

an d  i n  t h e  b a s a l  s t a t e .  J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  and  

M etabolism , 60 ,1216-20 .

B ax te r ,  R.C., A xiak, S. & R a iso n ,  R.L. (1982) M onoclonal a n t ib o d y  

a g a i n s t  human so m a to m e d in -C / in s u l in -1  ik e  growth f a c t o r - I .  J o u r n a l  

o f  C l i n i c a l  E ndocrino logy  and M etabolism , 54 ,474-6 .

B eaum ont,  P .,  H o l lo w s ,  F.C ., S c h o f i e l d ,  P .J . ,  W i l l i a m s ,  J .F .  & 

S t e i n b e c k ,  A.W. (1971) G row th  horm one, s o r b i t o l  a n d  d i a b e t i c  

c a p i l l a r y  d i s e a s e .  L a n c e t , 1 ,579-81 .

B e e t h a m ,  W.P. ( 1 9 6 3 )  V i s u a l  p r o g n o s i s  o f  p r o l i f e r a t i n g  

r e t i n o p a th y .  B r i t i s h  J o u r n a l  o f  Ophthalmology, 47 ,611-19 .

B e n n e t t ,  P.H. (1979) R eco m m en d a tio n s  on t h e  s t a n d a r d i s a t i o n  o f  

methods and r e p o r t i n g  o f  t e s t s  f o r  d ia b e te s  and i t s  m i c r o v a s c u l a r  

c o m p l ic a t io n s .  D ia b e te s  C a re , 2 ,98 -104 .

B e n s o u s s a n ,  D., L e v y - T o le d a n o ,  P a s s a ,  P .,  Caen, J .  & C a n i v e t ,  J .  

(1975) P l a t e l e t  h y p e r  a g g r e g a t i o n  and in c re a s e d  p la sm a  l e v e l  o f  

v o n  W i l l e b r a n d  f a c t o r  i n  d i a b e t i c s  w i t h  r e t i n o p a t h y .  

D ia b e to lo g ia , 11 ,307-12 .

B e r e l o w i t z ,  M., S z a b o ,  M., F rohm an, L.A., F i r e s t o n e ,  S . ,  Chu, L. 

& H i n t z ,  R.L. (1981) Som atom edin -C  m e d ia t e s  g ro w th  ho rm one  

n e g a t i v e  f e e d b a c k  by e f f e c t s  on b o th  t h e  h y p o th a l a m u s  a n d  

p i t u i t a r y .  S c ie n c e , 212,1279.

B e w la y ,  T.A. St L i ,  C.H. (1975) The c h e m i s t r y  o f  human p i t u i t a r y  

grow th hormone. Advances i n  Enzymology, 42,73-166.

B la c k a rd ,  W.G. St H e id i n g s f e l d e r ,  S.A. (1968) A dren erg ic  r e c e p t o r  

c o n t r o l  m echanism  f o r  g ro w th  hormone s e c r e t i o n .  J o u r n a l  o f

150



t u n i c a i  i n v e s t i g a t i o n , 47,1407-14 .

B l e t h e n ,  S .L .,  S a r g e a n t ,  D.T., W h i t lo w ,  M.G. & S a n t i a g o ,  J .V .

(1981) E f f e c t  o f  p u b e r t a l  s ta g e  and r e c e n t  b lo o d  g lu c o s e  c o n t r o l  

on p l a m s a  so m ato m ed in -C  i n  c h i l d r e n  w i t h  i n s u l i n - d e p e n d e n t  

d i a b e t e s  m e l l i t u s .  D ia b e te s , 30 ,868-72.

B l i c k l e ,  J .F . ,  S c h l i e n g e r ,  J .T . ,  D e L a h a rp e ,  F. & S te p h a n ,  F.

(1982) Growth hormone response  to  t h y r o t r o p i n  r e l e a s i n g  horm one 

i n  i n s u l i n  d e p e n d e n t  d i a b e t i c s  w i t h  o r  w i t h o u t  s e v e r e  

m ic r o v a s c u la r  l e s i o n s .  D iabe te  e t  M e tab o l ism e , 8 ,197-201.

B o n f i l s ,  S .,  R u s z n ie w s k i ,  P. & C o s t i l ,  V. (1986) P r o l o n g e d  

t r e a t m e n t  o f  Z o l l i n g e r  E l l i s o n  s y n d r o m e  b y  l o n g  a c t i n g  

s o m a t o s t a t i n .  L a n c e t , 1 ,5 5 4 -5 .

Boyd, A.E., L e b o w i tz ,  A.E. & P f e i f f e r ,  J .G . (1970) S t i m u l a t i o n  o f  

human growth hormone s e c r e t io n  by L-dopa. New England  J o u r n a l  o f  

M edicine 283 ,1425-29 .

B r a d l e y ,  R .F .,  R e e s ,  S.B. & F a g e r ,  S.G. (1965) P i t u i t a r y  a b l a t i o n  

i n  t h e  t r e a t m e n t  o f  d i a b e t i c  r e t i n o p a t h y .  M e d ic a l  C l i n i c s  o f  

N orth  A m erica , 49 ,1105-24.

B r a t u s c h - M a r r a i n ,  P.R., S m ith ,  D. & D e F ro n z o ,  R.A. (1982) The 

e f f e c t  o f  g r o w th  hormone on g l u c o s e  m e t a b o l i s m  and  i n s u l i n  

s e c r e t i o n  i n  m an . J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  and 

M etabo lism , 55 ,9 7 3 -8 2 .

B r a z e a u ,  P . ,  V a l e ,  W., B u rg u s ,  R., L in g ,  N., B u t c h e r ,  M., R i v i e r ,  

J .  & G u i l l e m in ,  R. (1973) Hypothalamic p o l y p e p t id e  t h a t  i n h i b i t s  

t h e  s e c r e t i o n  o f  im m u n o re a c t iv e  p i t u i t a r y  g ro w th  horm one. 

S c i e n c e , 1 7 9 ,7 7 -7 9 .

151



B ro o k s ,  D .J . ,  G ib b s ,  J .S .R .,  S h a rp ,  P .S . ,  H e r o l d ,  S . ,  T u r t o n ,  

D.R., L u t h r a ,  S.K., K o h n er ,  E.M., B loom , S.R. & J o n e s ,  T. (1986a) 

R eg io n a l  c e r e b r a l  g lu c o s e  t r a n s p o r t  in  in s u l i n - d e p e n d e n t  d i a b e t i c  

p a t i e n t s  s t u d i e d  u s i n g  ( ^ C ) 3 - 0 - m e t h y l - D - g l u c o s e  a n d  p o s i t r o n  

e m i s s i o n  to m o g ra p h y .  J o u r n a l  o f  C e r e b r a l  B l o o d  F lo w  a n d  

M etabolism , 6 ,2 4 0 -4 4 .

B ro o k s ,  D .J . ,  B e a n e y ,  R .P.,  Lammertsma, A.A., H e r o l d ,  S . ,  T u r t o n ,  

D.R., L u t h r a ,  S.K., F ra c k o w ia k ,  R .S .J . ,  Thomas, D.G.T., M a r s h a l l ,  

J .  & J o n e s ,  T. (1986b) G lu c o s e  t r a n s p o r t  a c r o s s  t h e  b l o o d - b r a i n  

b a r r i e r  i n  n o r m a l  human s u b j e c t s  and  p a t i e n t s  w i t h  c e r e b r a l  

tu m o u rs  s t u d i e d  u s i n g  ( '* '^ C )3 -0 -m e th y l -D -g lu c o s e  a n d  p o s i t r o n  

e m i s s i o n  to m o g ra p h y .  J o u r n a l  o f  C e r e b r a l  B l o o d  F l o w  a n d  

M etabolism , 6 ,2 3 0 -3 9 .

B u rd a y ,  S .Z .,  F i n e ,  P.H. & S c h a l c h ,  D.S. (1968) G ro w th  horm one 

s e c r e t i o n  in  re sp o n se  t o  a r g in i n e  in fu s io n  in  norm al and d i a b e t i c  

s u b j e c t s :  r e l a t i o n s h i p  t o  b l o o d  g l u c o s e  l e v e l s .  J o u r n a l  o f  

L ab o ra to ry  and C l i n i c a l  M ed ic ine , 71,897-911.

B u r t ,  R.D. & T a y l o r ,  L. (1980) M u s c a r in i c  r e c e p t o r  b i n d i n g  i n  

sheep  a n t e r i o r  p i t u i t a r y .  N euroendocrino logy , 30 ,344-49 .

C a i r d ,  F . I .  & G a r r e t ,  C .J. (1963) P r o g n o s i s  f o r  v i s i o n  i n  

d i a b e t i c  r e t i n o p a t h y .  D ia b e t e s , 12 ,389-97.

C a i r d ,  F . I . ,  P i r i e ,  A. & R a m s e l l ,  T.G. (e d s .)  (1969) I n  D i a b e t e s  

a n d  t h e  E y e , 1 s t  e d .  p 9 8 .  O x f o r d  : B l a c k w e l l  S c i e n t i f i c  

P u b l i c a t i o n s .

C a s a n u e v a ,  F .F . ,  B e t t i ,  R . ,  C e l i a ,  S .G .,  M u l l e r ,  E .E . & 

M a n te g a z z a ,  P. (1983) E f f e c t s  o f  a g o n i s t s  and  a n t a g o n i s t s  o f  

c h o l i n e r g i c  n e u r o t r a n s m i s s i o n  on  growth hormone r e l e a s e  i n  t h e

152



dog. A cta  E n d o c r in o lo g ic a , 103 ,15-20 .

C a s a n u e v a ,  F .F .,  V i l l a n u e v a ,  L .,  D ie g u e z ,  C., C a b r a n e s ,  J .A .,  

D ia z ,  Y., S z o k e ,  B., S c a n l o n ,  H .F., S c h a l l y ,  A.U. & F e r n a n d e s -  

C ru z ,  A. (1986) A t r o p i n e  b l o c k a d e  o f  g ro w th  horm one (GH)- 

r e l e a s i n g  hormone induced  GH s e c r e t i o n  in  man i s  n o t  e x e r t e d  a t  

p i t u i t a r y  l e v e l .  J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  and  

M etabolism , 62 ,186-91 .

C a s s a r ,  J . ,  E d w ard s ,  R., M a s h i t e r ,  K. & K ohner ,  E.M. (1975) 

B r o m o c r i p t i n e  an d  se ru m  g ro w th  horm one l e v e l s  i n  d i a b e t e s  

m e l l i t u s .  L a n c e t , 2 ,181 .

C eda , G.P., H offm an , A.R., S i l v e r b e r g ,  G.D., W i l s o n ,  D.M. & 

R o s e n fe ld ,  R.G. (1985) R e g u la t io n  o f  growth hormone r e l e a s e  from 

c u l t u r e d  human p i t u i t a r y  adenom as by  somatomedins and i n s u l i n .  

J o u r n a l  o f  C l i n i c a l  E ndocrino logy  and M etabo lism , 60,1204-9.

Chawla, R.K., P a rk s ,  J.S. & Rudman, D. (1983) S t r u c t u r a l  v a r i a n t s  

o f  g ro w th  horm one : b i o c h e m i c a l ,  g e n e t i c  and  c l i n i c a l  a s p e c t s .  

Annual Review o f  M edicine , 34 ,519-47 .

C heek , D.R & H i l l ,  D.E. (1974) E f f e c t  o f  g ro w th  hormone on c e l l  

an d  s o m a t i c  g ro w th .  In  Handbook o f  P h y s i o l o g y , ec .  K n o b i l ,  E. & 

S aw y er ,  WH. S e c t i o n  7 : E n d o c r i n o l o g y ,  v o l .  4 , p a r t  2, p p l 5 9 - 8 5 .  

W ashington DC : American P h y s io lo g i c a l  S o c ie ty .

C h io d e r a ,  P . ,  C o i r o ,  V., S p e r o n i ,  G., C a p r e t t i ,  P .,  M u z e t to ,  P . ,  

V o l p i ,  R. & B u t t u r i n i ,  K. (1984) The g ro w th  hormone r e s p o n s e  t o  

TRH i n  i n s u l i n - d e p e n d e n t  d i a b e t i c s  i n v o l v e s  a c h o l i n e r g i c  

m echan ism . J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  and M e t a b o l i s m , 

5 9 ,7 9 4 -9 7 .

153



k,n ng, l.j ., s a n d i e r ,  l.m., K r a e n t z l i n ,  M.E., B u r r i n ,  J .M ., 

J o p l i n ,  G .F. & B lo o m , S .R . ( 1 9 8 5 )  L ong  t e r m  t r e a t m e n t  o f  

a c r o m e g a ly  w i t h  l o n g - a c t i n g  a n a l o g u e  o f  s o m a t o s t a t i n .  B r i t i s h  

M edical J o u r n a l , 290 ,284-5 .

C le m e n t s ,  D. & E l i a s ,  E. (1985)  R e g r e s s i o n  o f  m e t a s t a t i c  VIPoma 

w ith  s o m a to s t a t i n  analogue SMS 201-995. L a n c e t , 1 ,8 7 4 -5 .

C lem m ons, D.R., K l i b a n s k i ,  A ., U nderwood, L.E., M c A rth u r ,  J.W., 

R idgw ay , E.C., B e i t i n s ,  I .Z .  & Van Wyk, J . J .  (1981) R e d u c t i o n  o f  

p l a s m a  im m u n o re a c t iv e  so m a to m e d in -C  d u r i n g  f a s t i n g  i n  humans. 

J o u r n a l  o f  C l i n i c a l  E n d o c r in o lo g y  and M etabo lism , 53 ,1247-50.

C ohen, N.P., J a s t i ,  K. & R ye ,  D.L. (1977) Som atom edin  i n  i n s u l i n -  

dependen t d i a b e t e s  m e l l i t u s .  J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  

and M e ta b o l ism , 45,236-39.

Comar, D., B e r r i d g e ,  M., M a z ie r e ,  B. & C r o u z e l ,  C. (1982) 

R a d i o p h a r m a c e u t i c a l s  l a b e l l e d  w i t h  p o s i t r o n - e m i t t i n g  

r a d i o i s o t o p e s .  In  Computed E m is s io n  Tom ography , ed .  E l l ,  P .J .  & 

Holman, B.L. ch . 2, pp 42 -90 . O xford : Oxford U n iv e r s i t y  P r e s s .

C o p e la n d ,  K.C., Underwood, L.E. & Van Wyk, J . J .  (1980) M o d u l a t i o n  

o f  im m unoreac tive  somatomedin-C in  human serum by growth hormone 

: d o s e  r e s p o n s e  r e l a t i o n s h i p s  and  e f f e c t  o f  c h r o m a t o g r a p h i c  

p r o f i l e s .  J o u r n a l  o f  C l i n i c a l  E n d o c r i n o lo g y  and  M e t a b o l i s m , 

5 0 ,6 9 0 -9 7 .

Crone, C. (1965) F a c i l i t a t e d  t r a n s f e r  o f  g lu c o se  from from b lo o d  

i n t o  b r a i n  t i s s u e .  J o u rn a l  o f  P h y s io lo g y , 181 ,103-13 .

C ry er ,  P.E. (1981) G lucose  c o u n te r  r e g u l a t i o n  in  man. D ia b e t e s , 

.3 0 ,2 6 1 -6 4 .

154



1' US

New E ngland  J o u m a 1 o f  **ed c i  e  3 1 3 ,2  2 -  1.

C z e c h ,  M.P. (1982) S t r u c t u r a l  an d  f u n c t i o n a l  h o m o lo g ie s  i n  t h e  

r e c e p t o r s  f o r  i n s u l i n  and i n s u l i n - l i k e  grow th f a c t o r s .  C e l l , 

3 1 ,8 -1 0 .

D a s m a h a p a t r a ,  A., U r d a n i v i a ,  E. & C ohen , M.P. (1981) Growth 

hormone re sp o n se  to  t h y r p t r o p i n  r e l e a s i n g  horm one i n  d i a b e t e s .  

J o u r n a l  o f  C l i n i c a l  E ndocrino logy  and M etabolism , 52 ,859-62 .

D au g h ad ay ,  W.H., H a l l ,  K., R ab en ,  M.S., S a lm o n , W.D., Van den  

B ra n d e ,  J .L .  & Van Wyk, J . J .  (1972) Som atom ed in  : a p r o p o s e d  

d e s ig n a t io n  f o r  s u l f a t i o n  f a c t o r .  N a tu r e , 235,107.

D au g h ad ay ,  W.H., Manz, I.K. & B l e t h e n ,  S.L. (1980) I n h i b i t i o n  o f  

a c c e s s  o f  b o u n d  s o m a t o m e d i n  t o  m e m b ra n e  r e c e p t o r  a n d  

im m u n o b in d in g  s i t e s  : a c o m p a r is o n  o f  r a d i o r e c e p t o r  and  r a d i o 

immunoassay o f  somatomedin in  n a t i v e  and a c i d - e th a n o l  e x t r a c t e d  

serum. J o u r n a l  o f  C l i n i c a l  E n d o c r in o lo g y  and M etabo lism , 51 ,781- 

8 8 .

D au g h ad ay ,  W.H. (1985) A new t r e a t m e n t  f o r  an  o l d  d i s e a s e .  New 

England J o u r n a l  o f  M edicine, 313 ,1064-65 .

D a v i e s ,  R.R., T u r n e r ,  S. & J o h n s t o n ,  D.G. (1984) O r a l  g l u c o s e  

i n h i b i t s  g ro w th  hormone s e c r e t i o n  in d u c e d  by  human p a n c r e a t i c  

g ro w th  horm one r e l e a s i n g  f a c t o r  ( 1 -4 4 )  i n  n o rm a l  man. C l i n i c a l  

E n d o c r in o lo g y , 21,477-81.

D a v i s ,  M.D., H i l l e r ,  R. & M a g l i ,  Y.L. (1979)  P r o g n o s i s  f o r  l i f e  

i n  p a t i e n t s  w i t h  r e t i n o p a t h y  : r e l a t i o n  t o  s e v e r i t y  o f

155



r e t i n o p a t h y .  T r a n s a c t i o n s  o f  t h e  A m erican  O p h t h a l m o l o g i c a l  

S o c i e ty , 7 7 ,1 4 4 -7 0 .

D e c k e r t ,  T .,  S im o n se n ,  E. & P o u l s e n ,  J .E . (1967) P r o g n o s i s  f o r  

v i s i o n  i n  p r o l i f e r a t i v e  r e t i n o p a t h y  i n  j u v e n i l e  d i a b e t e s .  

D ia b e t e s , 1 6 ,7 2 8 -3 3 .

D e c k e r t ,  T .,  P o u l s e n ,  J .E .  & L a r s e n ,  M. (1978) P r o g n o s i s  o f  

d i a b e t i c s  w ith  d i a b e t e s  o n s e t  b e fo re  th e  age o f  31. D ia b e t o lo g i a , 

14 ,363 -70 .

D eF ro n zo ,  R.A., A n d r e s ,  R., B l e s d o e ,  T.A., F a l o o n a ,  G.A. & T o b in ,  

J.D. (1977) A t e s t  o f  t h e  h y p o t h e s i s  t h a t  t h e  r a t e  o f  f a l l  i n  

g l u c o s e  c o n c e n t r a t i o n  t r i g g e r s  c o u n t e r r e g u l a t o r y  h o rm o n a l  

re sp o n se s  in  man. D ia b e t e s , 26 ,445-52 .

D eF ro n zo ,  R.A., T o b in ,  J.D. & A n d re s ,  R. (1979) G l u c o s e  c l a m p  

t e c h n i q u e  : a m e th o d  f o r  q u a n t i f y i n g  i n s u l i n  s e c r e t i o n  and  

r e s i s t a n c e .  American J o u r n a l  o f  P h y s io lo g y , 237,E214-232.

D eF ro n zo ,  R.A., H e n d l e r ,  R. & C h r i s t e n s e n  N. (1980) S t i m u l a t i o n  

o f  c o u n t e r r e g u l a t o r y  hormonal re sponses  in  d i a b e t i c  man by a  f a l l  

in  p lasm a g lu c o se  c o n c e n t r a t i o n .  D ia b e te s , 29 ,125 -131 .

Di M a t t i o ,  J . ,  Z a d u a i s k y ,  J.A. & A l t s z u l e r ,  N. (1984) O n s e t  o f  

c h a n g e s  i n  g l u c o s e  t r a n s p o r t  a c r o s s  o c u l a r  b a r r i e r s  i n  

s t r e p t o z o t o c i n  induced  d i a b e t e s .  I n v e s t i g a t i v e  O ph tha lm ology  and 

V is u a l  S c ie n c e , 25 ,820 -26 .

E d i t o r i a l  (1985) S o m a to s ta t in  : hormonal and t h e r a p e u t i c  r o l e s .  

L a n c e t , 2 ,7 7 -8 .

E l l i s ,  S . ,  V o d ia n ,  M.A. & G r i n d e l a n d ,  R.D. (1978) S t u d i e s  on 

b i o a s s a y a b l e  g ro w th  h o r m o n e - l i k e  a c t i v i t y  o f  p l a s m a .  R e c e n t

156



p ro g re s s  in  Hormone R e s e a rc h , 34 ,213-38 .

E n tm a c h e r ,  P .S . ,  R o o t ,  H.F. & M arks ,  H.H. (1964) L o n g e v i t y  o f  

d i a b e t i c  p a t i e n t s  i n  r e c e n t  y e a r s .  D ia b e t e s , 13 ,373-77 .

E v a n s ,  H.M. & Long, J.A . (1921) The e f f e c t  o f  t h e  a n t e r i o r  l o b e  

o f  th e  hypophysis  a d m in is te re d  i n t r a p e r i t o n e a l l y  upon grow th  and 

m a tu r i ty  and e s t r o u s  c y c l e s  o f  r a t s .  A natom ical R ecord , 2 1 ,6 2 .

F a g l i a ,  P . ,  B e c k - P e c c o z ,  P . ,  & F e r r a r i ,  C. ( 1 9 7 3 )  P l a s m a  

t h y r o t r o p h i n  r e s p o n s e  t o  t h y r o t r o p h i n  r e l e a s i n g  ho rm one i n  

p a t i e n t s  w ith  p i t u i t a r y  and  h y p o t h a l a m i c  d i s o r d e r s .  J o u r n a l  o f  

C l i n i c a l  E ndocr in o lo g y  and M etabo lism , 37,595-601.

Few, J.D. D a v i e s ,  C.T.M. (1980) The i n h i b i t o r y  e f f e c t  o f  

a t r o p i n e  on HGH r e l e a s e  d u r i n g  e x e r c i s e .  E u ro p ean  J o u r n a l  o f  

A p p lied  P h y s io lo g y , 43 ,221-28 .

F ra k o w ia k ,  R .S .J . ,  L e n z i ,  G.L., J o n e s ,  T. & H e a th e r ,  J.D . (1980)  

Q u a n t i t a t i v e  m e a su re m e n t  o f  r e g i o n a l  c e r e b r a l  b l o o d  f l o w  a n d  

oxygen  m e ta b o l i s m  i n  man u s i n g  - ^ 0  a n a  p o s i t r o n  e m i s s i o n  

tomography. J o u r n a l  o f  Computer A s s i s s t e d  Tomography, 4 ,7 2 7 -3 6 .

F r a s e r ,  T.R., J o p l i n ,  G .F., L e w is ,  J.W., M o r r i s o n ,  R. & S t e i n e r ,  

R.E. (1959) N e e d le  i m p l a n t a t i o n  o f  y t t r i u m  s e e d s  f o r  p i t u i t a r y  

a b l a t i o n  in  c a s e s  o f  secondary  c a n c e r .  L a n c e t , 1,382.

F r a s e r ,  T.E., G a v in ,  J .R . ,  D aughaday , W.H., H ilm a n ,  R.E. & 

W eldon , V.V. (1980) G row th  horm one d e p e n d e n t  g ro w th  f a i l u r e .  

P e d ia t r  i c  R e s e a rc h , 14,478.

F r i g e r i ,  L.G., P e t e r s o n ,  S.M. & L e w is ,  U .J . (1979) The 2 0 ,0 0 0  

d a l t o n  s t r u c t u r a l  v a r i a n t  o f  human growth hormone : la c k  o f  some 

e a r l y  i n s u l i n - l i k e  e f f e c t s .  B iochem ical and B io p h y s ic a l  R e se a rc h

157



com m unica tions, 91 ,778-82 .

F r o e s c h ,  E.R., B u r g i ,  H., R a m s e ie r ,  E.B., B a l l y ,  P. & L a b h a r t ,  A. 

(1963) A ntibody s u p p r e s s a b le  and  n o n - s u p p r e s s a b l e  i n s u l i n - l i k e  

a c t i v i t i e s  i n  human se ru m  an d  t h e i r  p h y s i o l o g i c  s i g n i f i c a n c e .  

J o u rn a l  o f  C l i n i c a l  I n v e s t i g a t i o n , 42,1816-34 .

Frohman, L.A., Burek, L. & S ta c h u ra ,  M.E. (1972) C h a r a c t e r i s a t i o n  

o f  growth hormones o f  d i f f e r e n t  m o le c u la r  w eigh ts  i n  r a t ,  dog and 

human p i t u i t a r i e s .  E n d o c r in o lo g y , 91,262-69.

Frohman, L.A. & B e rn a rd is ,  L.L. (1968) Growth hormone and i n s u l i n  

l e v e l s  in  w e a n lin g  r a t s  w i th  v e n t ro m e d ia l  hy p o th a lam ic  l e s i o n s .  

E n d o c r in o lo g y , 82 ,1125-32 .

G a t l e y ,  S . J . ,  H o l d e n ,  J . E . ,  H a la m a ,  J . R . ,  D e G ra d o ,  T .R . ,  

B e r n s t e i n ,  D.R. & Ng, C.K. (1984) P h o s p h o r y l a t i o n  o f  g l u c o s e  

a n a l o g  3 - 0 - m e t h y l - D - g l u c o s e  by r a t  h e a r t .  B i o c h e m i c a l  and  

B io p h y s ic a l  R esearch  Comm unications, 119,1008-14.

G er ich ,  J.E. (1984) R o le  o f  growth hormone in  d i a b e t e s  m e l l i t u s .  

New England J o u rn a l  o f  M ed ic in e , 310,848-49.

G je d d e ,  A. & C ro n e ,  C. (1981) B l o o d - b r a i n  g l u c o s e  t r a n s f e r  : 

r e p r e s s io n  in  c h ro n ic  hyp erg ly caem ia .  S c ie n c e , 214 ,456 -57 .

G l i c k ,  S.M., R o th ,  J . ,  Y a l l o w ,  R.S. & B e rs o n ,  S.A. (1965 )  The 

r e g u l a t i o n  o f  g ro w th  horm one s e c r e t i o n .  R e c e n t  P r o g r e s s  i n  

Hormone R esea rc h , 21 ,241 -83 .

G o l d s t e i n ,  S . ,  S t i v a l e t t a ,  L.A. & P h i l l i p s ,  L.A. ( 1 9 8 5 )  

S e p a ra t io n  o f  somatomedins an d  som atom ed in  i n h i b i t o r s  i n  s e ru m  

fro m  n o rm a l  an d  d i a b e t i c  r a t s .  J o u r n a l  o f  C h r o m a to g r a p h y , 

339 ,388-93 .

158



woodman, H.M. & S c h w a r tz ,  J .  (1972) G row th  horm one a n d  l i p i d  

m etabo lism . In  Handbook o f  P h y s io lo g y , ed. K nob il ,  E. & Sawyer, 

W.H. s e c t i o n  7 : E n d o c r i n o l o g y ,  v o l .  4 , p a r t  2 , pp  2 1 1 -3 1 .  

Washington DC : American P h y s i o l o g i c a l  S o c ie ty .

G r a e f ,  I .  & M a ie r ,  H.C. (1962) O b s e r v a t i o n s  on t h e  i n f l u e n c e  o f  

ad ren a lec to m y  on d i a b e t i c  r e t i n o p a th y .  D ia b e te s , 11 ,485-90 .

G r a n t ,  M., R u s s e l ,  B., F i t z g e r a l d ,  C. & M erim ee, T .J .  (1986) 

I n s u l i n - l i k e  growth f a c t o r s  in  th e  v i t r e o u s  : s t u d i e s  i n  c o n t r o l  

and d i a b e t i c  s u b je c t s  w ith  n e o v a s c u l a r i s a t i o n .  D ia b e te s , 3 5 ,4 1 6 -  

20.

G re c u ,  E.O. & W a l t e r ,  R.M. Human g ro w th  hormone r e s p o n s e  t o  a 

f a l l  i n  p la s m a  g l u c o s e  c o n c e n t r a t i o n  i n  n o rm a l and  d i a b e t i c  

s u b j e c t s .  D ia b e to lo g ia , 2 4 ,136 -7 .

G reenw ood , R.H., I r e l a n d ,  J .T . ,  J o n e s ,  D.J. & M a h l e r ,  R.F. 

(1975) D i a b e t i c  c o m p l i c a t i o n s  i n  a  p a t i e n r  w i th  c o e x i s t i n g  

a n t e r i o r  h y p o p i tu i ta r i s m .  D ia b e te s , 24 ,1027-31.

G ro ssm an , A., S a v a g e ,  M.O., L y t r a s ,  N., P r e e c e ,  M.A., S u e i r a s -  

D i a s ,  J . ,  Coy, D.H., R e e s ,  L.H. & B e s s e r ,  G.M. (1984) R e s p o n s e s  

t o  a n a l o g u e s  o f  g ro w th  horm one r e l e a s i n g  hormone i n  n o r m a l  

s u b j e c t s  and  in  g ro w th  horm one d e f i c i e n t  c h i l d r e n  an d  young  

a d u l t s .  C l i n i c a l  E ndocrino logy , 21 ,324 -30 .

G u i l l e m i n ,  R., B ra z e a u ,  P .,  B o h le n ,  P . ,  E sch , F .,  L in g ,  N. & 

W e h re n b e rg ,  W.B. (1982) Growth horm one r e l e a s i n g  f a c t o r  f ro m  a  

human p a n c r e a t i c  tumour t h a t  cau sed  acrom egaly . S c ience  2 1 8 ,5 8 5 -  

87.

H a e u p t l e ,  M.T., A u b e r t ,  M.L., D j i a n e ,  J .  & K r a e h e n b u h l ,  J .P .

159



vx^u j ; oxnuxuy s il k s  lul xduuuyem c ana som atogenic  normones from 

r a b b i t  mammary g la n d  and l i v e r .  J o u r n a l  o f  B i o l o g i c a l  C h em is try / 

2 5 8 ,305 -14 .

H a l l ,  K. & S a r a ,  V.A. (1984) Som atom edin l e v e l s  i n  c h i l d h o o d ,  

a d o l e s c e n c e ,  a n d  a d u l t  l i f e .  C l i n i c s  i n  E n d o c r i n o l o g y  and  

M etabo lism , 13 ,91 -112 .

H a n se n ,  A.P. & J o h a n s e n ,  K. (1970) D i u r n a l  p a t t e r n  o f  b l o o d  

g l u c o s e ,  s e ru m  f r e e  f a t t y  a c i d s ,  i n s u l i n ,  g l u c a g o n  an d  g ro w th  

hormone in  n o rm a ls  and j u v e n i l e  d i a b e t i c s .  D i a b e t o lo g ia , 6 ,27-33 .

Hansen, A.P. (1971) N o rm a l i s a t io n  o f  growth hormone h y p e rre sp o n se  

t o  e x e r c i s e  in  j u v e n i l e  o n s e t  d i a b e te s  a f t e r  'n o r m a l i s a t i o n '  o f  

b lo o d  su g a r .  J o u r n a l  o f  C l i n i c a l  I n v e s t i g a t i o n , 50 ,1806-11 .

H a n se n ,  A.P. (1973) A b n o rm al serum  g ro w th  horm one r e s p o n s e  t o  

e x e r c i s e  in  m a tu r i t y  o n s e t  d i a b e t i c s .  D ia b e te s , 22 ,619-28 .

H an sen ,  A .P., O r s k o f ,  H., S e y e r  H ansen , K. & L u n d b a e k ,  K. (1973) 

Some a c t i o n s  o f  growth hormone r e l e a s e  i n h i b i t i n g  f a c t o r .  B r i t i s h  

M ed ica l  J o u r n a l , 2 ,523-4 .

H a r r i s ,  M. & P r o u t ,  B .J. (1970) R e l a t i v e  h y p o g ly c a e m ia .  L a n c e t , 

2 ,3 1 7 .

H a r s o u l i s ,  P . ,  M a r s h a l l ,  J .C . ,  Kuku, S.F. B u rk e ,  C.W., L ondon , 

D.R. & F r a s e r ,  T.R. (1973) Combined t e s t  f o r  a s s e s s m e n t  o f  

a n t e r i o r  p i t u i t a r y  f u n c t io n .  B r i t i s h  M edical J o u r n a l , 4326-29 .

H ayek , A., P e a k e ,  G.T. & G r e e n b e r g ,  R.E. (1978) A new s y n d ro m e  o f  

s h o r t  s t a t u r e  due  t o  b i o l o g i c a l l y  i n a c t i v e  b u t  im m u n o a c t iv e  

grow th hormone. P e d i a t r i c  R esea rc h ,  12,413.

160



H a y f o r d ,  J .T . ,  D anney , M.M., H e n d r ix ,  J.A. & Thom pson, R.G. 

(1980) I n t e g r a t e d  c o n c e n t r a t i o n  o f  g ro w th  hormone i n  j u v e n i l e  

o n s e t  d i a b e t e s .  D ia b e t e s , 29 ,391-98.

H e r t z ,  M.M., P a u l s o n ,  O.B., B a r r y ,  D .I . ,  C h r i s t i a n s s e n ,  J .S .  & 

Svendsen , P.A. (1981) I n s u l i n  i n c r e a s e s  g l u c o s e  t r a n s f e r  a c r o s s  

t h e  b l o o d - b r a i n  b a r r i e r  i n  m an. J o u r n a l  o f  C l i n i c a l  

I n v e s t i g a t i o n , 67 ,597-604 .

H im sw o rth ,  R.L., C a rm e l ,  P.W. & F r a n t z ,  A.G. (1972) The l o c a t i o n  

o f  t h e  chem orecep tor  c o n t r o l l i n g  grow th hormone s e c r e t i o n  d u r in g  

hypoglycaem ia in  p r im a te s .  E n d o c r in o lo g y , 91,217-26.

H i n t z ,  R.L. (1984) P la s m a  fo rm s  o f  som atom ed in  and  t h e  b i n d i n g  

p r o t e i n  phenom enon. C l i n i c s  i n  E n d o c r i n o l o g y  and  M e t a b o l i s m , 

1 3 ,3 1 -4 2 .

H o k f e l . t ,  T .,  E f e n d i c ,  S .,  H e l l e r s t o m ,  C., J o h a n s e n ,  0 . ,  L u f t ,  R. 

& A r im u ra ,  A. (1975) C e l l u l a r  l o c a l i s a t i o n  o f  s o m a t o s t a t i n  i n  

e n d o c r i n e - l i k e  c e l l s  and  n e u r o n s  o f  t h e  r a t  w i t h  s p e c i a l  

r e f e r e n c e  t o  t h e  A c e l l s  o f  t h e  p a n c r e a o i c  i s l e t s .  A c ta  

E n d o c r in o lo g ic a , supplem ent 2 0 0 ,5 -4 1 .

H o r n e r ,  J .M ., Kemp, S.F. & H i n t z ,  S.L. (1981)G row th  horm one a n d  

s o m a to m ed in  i n  i n s u l i n - d e p e n d e n t  d i a b e t e s  m e l l i t u s .  J o u r n a l  o f  

C l i n i c a l  E ndocrinology and M etabo lism , 53 ,1145-53.

H o u s s a y ,  B.A. & B i a s s o t i ,  A. ( 1 9 3 1 )  P a n k r e a s d i a b e t e s  u n d  

Hypophyse beim Hund. P f lu g e r s  A r c h iv e s , 227,664-84.

Humbel, R. (1984) I n s u l i n - l i k e  grow th  f a c t o r s ,  somatomedins and 

m u l t i p l i c a t i o n  s t i m u l a t i n g  a c t i v i t y  : c h e m is t r y .  I n  H orm o n a l 

p r o t e i n s  an d  p e p t i d e s , ed .  L i ,  C.H. v o l .  12 , pp 5 7 -7 9 .  L o n d o n ,

161



New York : Academic P re s s .

Im a k i ,  T .,  S h i b a s a k i ,  T .,  M asuda, A., H o t l a ,  M., Y am auch i,  N., 

Demura, H., S h izu m e ,  K., W ak a b ay ash i ,  I .  & L in g ,  N. (1986) The 

e f f e c t  o f  g l u c o s e  an d  f r e e  f a t t y  a c i d s  on  g ro w th  horm one (GH)- 

r e l e a s i n g  f a c t o r - m e d i a t e d  GH s e c r e t i o n  i n  r a t s .  J o u r n a l  o f  

C l i n i c a l  E ndocrino logy  and M etabolism, 63 ,2390-94 .

I r e l a n d ,  J .T . ,  P a r t n a i k ,  B.K. & Duncan, J . J . P .  (1967) E f f e c t  o f  

p i t u i t a r y  a b l a t i o n  on r e n a l  a r t e r i o l a r  and g lo m e r u la r  l e s i o n s  in  

d i a b e t e s .  D ia b e t e s , 2 5 ,636 -42 .

J a c k s o n ,  R .D ., W o r t s m a n ,  J .  & M a l a r k e y ,  W.B. (1 9 8 5 )  

C h a r a c t e r i s a t i o n  o f  a  l a r g e  m o le c u la r  w eigh t p r o l a c t i n  in  women 

w ith  i d i o p a t h i c  h y p e rp ro la c t in e m ia  and norm al menses. J o u r n a l  o f  

C l i n i c a l  E ndocrino logy  and M etabolism , 61 ,258-64 .

J e f f e r s o n ,  L .S .,  R o b e r t s o n ,  J.W. & T olm an , E.L. (1972) I n  G row th 

and  G row th  Hormone, ed .  P e c i l e ,  A. & M u l l e r ,  E.E. p p l 0 6 - 2 3 .  

Amsterdam : E x ce rp ta  Medica.

J o h a n s e n ,  K. & H a n se n ,  A.P. (1971) D i u r n a l  s e ru m  g ro w th  horm one 

l e v e l s  in  p o o r ly  and w e l l  c o n t r o l l e d  j u v e n i l e  d i a b e t e s .  D ia b e te s , 

20 ,239 -45 .

J o n e s ,  T. (1982) The a p p l i c a t i o n  o f  p o s i t r o n  em is s io n  tomography. 

In  Computed e m i s s i o n  to m o g ra p h y , ed . E l l ,  P .J .  & H olm an , B.J. ch . 

6 , pp 211-39. Oxford : Oxford U n iv e r s i ty  P r e s s .

J o p l i n ,  G .F., H i l l ,  D.W., S c o t t ,  D.J. & F r a s e r ,  T.R. (1962) 

P i t u i t a r y  a b l a t i o n  i n  t h e  t r e a tm e n t  o f  d i a b e t i c  r e t i n o p a th y .  In  

D iso rd e rs  o f  C a rb o h y d ra te  M etabolism , ed. Pyke, D.A. pp  207-212. 

London, M asse ch u se t ts  : Pitman Medical P u b l is h in g .

162



j o p u n ,  u . f . ,  F r a s e r ,  T.R., H i l l ,  D.W., O a k le y ,  N.W., S c o t t ,  D.J.

& D oyle , F.H. (1965) P i t u i t a r y  a b l a t i o n  f o r  d i a b e t i c  r e t i n o p a th y .  

Q u a r t e r l y  J o u r n a l  o f  M edic ine , 34*443-65.

J o p l i n ,  G.F., O a k le y ,  N.W., H i l l ,  D.W., K ohner,  E.M. & F r a s e r ,  

T.R. (1967) D i a b e t i c  r e t i n o p a t h y  : c o m p a r i s o n  o f  d i s e a s e  

r e m i s s i o n  in d u c e d  by  v a r i o u s  d e g r e e s  o f  p i t u i t a r y  a b l a t i o n  by 

Y-90. D i a b e t o l o g i a , 3,406-12.

Jung, R. (1984) E n d o c r in o lo g ic a l  a s p e c t s  o f  o b e s i ty .  C l i n i c s  in  

E ndocrino logy , 13 ,597-612 .

K aneko , K., Komine, S .,  M aeda, T .,  O h ta ,  M., T s u s h im a ,  T. & 

S h izu m e , K. (1985) G row th horm one r e s p o n s e s  t o  g ro w th  horm one 

r e l e a s i n g  hormone and t h y r o t r o p in  r e l e a s i n g  hormone in  d i a b e t i c  

p a t i e n t s  w ith  and w ith o u t  r e t i n o p a th y .  D ia b e te s , 34 ,710-13 .

K een, H., R o se ,  G., Pyke ,  D.A., B o y n s ,  D., C h l o u v e r a k i s ,  C. & 

M i s t r y ,  S. (1965) B lo o d  s u g a r  an d  a r t e r i a l  d i s e a s e .  L a n c e t ,

2 ,5 0 5 -5 8 .

K j e l d s e n ,  H., H ansen , A.P. & L u n d b ae k ,  K. (1975) Tw enty  f o u r  h o u r  

serum growth hormone l e v e l s  in  m a tu r i t y  o n se t  d ia b e te s .  D ia b e t e s , 

24 ,977-82 .

K l a p p e r ,  D.C., S v o b o d a ,  M.E. an d  Van Wyk, J . J .  (1983) S e q u e n c e  

a n a l y s i s  o f  som atom ed in -C  : c o n f i r m a t i o n  o f  i d e n t i t y  w i t h  

i n s u l i n - l i k e  growth f a c t o r - I .  E n d o c r in o lo g y , 112,2215-17.

K n a t t e r u d ,  G.L. (1983) M o r t a l i t y  e x p e r i e n c e  i n  t h e  d i a b e t i c  

r e t i n o p a th y  s tudy . I s r a e l  J o u r n a l  o f  M ed ica l S c ie n ce , 19 ,424-28 .

K o h n e r ,  E.M., D o l l e r y ,  C.T., F r a s e r ,  T.R. & B u l p i t t ,  C .J. (1970)  

E f f e c t  o f  p i t u i t a r y  a b l a t i o n  on d i a b e t i c  re t in o p a th y  s t u d i e d  by

163



f l u o r e s c e n c e  ang iography . D iab e te s  19 ,703-14.

K o h n e r ,  E.M., P a n i s s e t ,  A., C heng, H. & F r a s e r ,  T.R. (1971) 

D ia b e t ic  r e t i n o p a th y  : new v e s s e l s  a r i s i n g  from t h e  o p t i c  d i s c  : 

g ra d in g  system  and n a t u r a l  h i s t o r y .  D ia b e t e s , 20 ,816-23 .

K o h n e r ,  E.M., J o p l i n ,  G.F., B la c h ,  R.K., Cheng, H. & F r a s e r ,  T.R. 

( 1 9 7 2 )  P i t u i t a r y  a b l a t i o n  i n  t h e  t r e a t m e n t  o f  d i a b e t i c  

r e t i n o p a t h y  : a r a n d o m i s e d  t r i a l .  T r a n s a c t i o n s  o f  t h e

O p h th a lm o lo g ica l  Soc i e t y  o f  th e  UK, 92 ,72 -90 .

K o h n e r ,  E.M., H a m i l to n ,  A.M., J o p l i n ,  G.F. & F r a s e r ,  T.R. (1976) 

F l o r i d  d i a b e t i c  r e t i n o p a t h y  and  i t s  r e s p o n s e  t o  t r e a t m e n t  by 

p h o to c o a g u la t io n  o r  p i t u i t a r y  a b l a t i o n .  D ia b e t e s , 25 ,1054-10 .

K ohr,  W.R., K eck , R. & H a r k in s ,  R.N. (1982) C h a r a c t e r i s a t i o n  o f  

i n t a c t  and t r y p s i n  d ig e s t e d  b io s y n th e t i c  human grow th  hormone by 

h ig h  p r e s s u r e  l i q u i d  c h ro m a to g ra p h y .  A n a l y t i c a l  B i o c h e m i s t r y , 

122 ,348-59 .

K o r n e r ,  A. (1969) The e f f e c t  o f  g ro w th  horm one on  p r o t e i n  

s y n t h e s i s  in  t h e  absence  of p e p t id e  c h a in  i n i t i a t i o n .  B iochim ica 

e t  B io p h y s ic a  A c ta , 174,351-58.

K o s ty o ,  J .L .  & N u t t i n g ,  G,F. (1974) G row th  horm one a n d  p r o t e i n  

m e ta b o l i s m .  In  H andbook o f  P h y s i o l o g y , ed .  K n o b i l ,  E. & Sawyer 

W.H. S e c t i o n  7 : E n d o c r i n o lo g y ,  v o l .  4 ,  p a r t  2 ,  p p  187 -2 1 0 .  

W ashington DC : American P h y s io lo g ic a l  S o c ie ty .

K o w a rs k i ,  A.A., S c h n e i d e r ,  J . ,  Ben G a l im ,  E., W e ld o n ,  V.V. & 

D au g h ad ay ,  W.H. (1978) Growth f a i l u r e  w i t h  n o rm a l  s e ru m  RIA-GH 

and low somatomedin a c t i v i t y .  J o u rn a l  o f  C l i n i c a l  E n d o cr in o lo g y  

and M etabo lism , 47 ,461-64 .

164



K r a e n t z l i n ,  M.E., C h 'ng , L . J . ,  Wood, S.M., C a r r ,  D.H. & B loom , 

S.R. Long t e r m  t r e a t m e n t  o f  VIPoma w i t h  s o m a t o s t a t i n  a n a l o g u e  

r e s u l t i n g  i n  r e m i s s i o n  o f  sym ptom s an d  p o s s i b l e  s h r i n k a g e  o f  

m e ta s ta s e s .  G a s t ro e n te ro lo g y , 8 8 ,1 8 5 -8 7 .

K roc C o l l a b o r a t i v e  S tu d y  (1984) B lo o d  g l u c o s e  c o n t r o l  and  

e v o l u t i o n  o f  d i a b e t i c  r e t i n o p a th y  and a lb u m in u r ia  : a  p r e l i m i n a r y  

m u l t i c e n t e r  t r i a l .  New England M edica l J o u r n a l , 311 ,365 -72 .

K u z u y a ,  H., B l i x ,  P .M .,  H o r w i t z ,  D .L ., S t e i n e r ,  D .F. & 

R u b i n s t e i n ,  A.H. (1977) D e t e r m i n a t i o n  o f  f r e e  and  t o t a l  i n s u l i n  

and C -p ep t id e  in  i n s u l i n  t r e a t e d  d i a b e t i c s .  D ia b e te s , 2 6 ,2 2 -2 9 .

K v o l s ,  L.K., M a r t i n ,  J .K .,  M a rs h ,  H.M. & M o e r t e l ,  C.G. (1985) 

R a p id  r e v e r s a l  o f  c a r c i n o i d  c r i s i s  w ith  s o m a to s ta t in  a n a lo g u e .  

New England J o u rn a l  o f  M ed ic in e , 313 ,1229-30 .

L a m b e r to n ,  P.R., Goodman, A.D., K a s o f f ,  A., R u b in ,  C.L., T r e b l e ,  

D.H., S a b a ,  T .M ., M e r im e e ,  T . J .  & D o d d s ,  J.W. ( 1 9 8 4 )  V on 

W i l le b ra n d  f a c t o r ,  f i b r o n e c t i n ,  and i n s u l i n - l i k e  growth f a c t o r s  I  

and I I  in  d i a b e t i c  r e t i n o p a th y  and nephropathy . D ia b e te s , 3 3 ,1 2 5 -  

29.

L a m b e r ts ,  S.W., O o s te ro m , R ., N e u f e l d ,  K. & d e l  P o z o ,  E. (19 8 5 )  

The s o m a t o s t a t i n  a n a l o g  SMS 2 0 1 - 9 9 5  i n d u c e s  l o n g - a c t i n g  

i n h i b i t i o n  o f  g ro w th  horm one w i t h o u t  rebound h y p e r s e c r e t io n  in  

a c r o m e g a l i c  p a t i e n t s .  J o u r n a l  o f  C l i n i c a l  E n d o c r i n o l o g y  an d  

M etabolism , 60,1161-65.

Lammertsma, A.A., W ise , R .J .S . ,  H e a t h e r ,  J .D .,  G ib b s ,  J .M .,  

L e e n d e r s ,  K.L., F ra k o w ia k ,  R .S . J . ,  R hodes, C.G. & J o n e s ,  T. 

(1983) C o r re c t io n  f o r  th e  p r e s e n c e  o f  i n t r a v a s c u l a r  oxygen-15 in  

t h e  s t e a d y  s t a t e  t e c h n i q u e  f o r  m e a s u r in g  r e g i o n a l  o x y g e n

165



e x t r a c t i o n  i n  t h e  b r a i n .  J o u r n a l  o f  C e r e b r a l  B lo o d  F low  and  

M etabolism , 3 ,4 2 5 -3 1 .

L a n e s ,  R., R e c k e r ,  B ., F o r t ,  B. & L i f s h i t z ,  F. (1985) Im p a i r e d  

somatomedin g e n e r a t io n  t e s t  in  c h i l d r e n  w i t h  i n s u l i n - d e p e n d e n t  

d i a b e t e s  m e l l i t u s .  D ia b e t e s , 34 ,156-60.

L e w is ,  U .J . ,  P e t e r s o n ,  S.M., B o n ew a ld ,  L .F .,  S e a v e y ,  B.K. & 

V a n d e r la a n ,  W.P. (1977) An i n t e r c h a i n  d i s u l p h i d e  dimer o f  human 

growth hormone. J o u r n a l  o f  B i o l o g i c a l  C hem is try , 252,3697-702.

L e w is ,  U .J . ,  B o n e w a ld ,  L.F. & L e w is ,  L .J .  (1980a) The 20 ,000  

d a l t o n  v a r i a n t  o f  human g ro w th  horm one : l o c a t i o n  o f  t h e  amino 

a c i d  d e l e t i o n .  B i o c h e m i c a l  a n d  B i o p h y s i c a l  R e s e a r c h  

Communications, 92 ,511 -16 .

L e w i s ,  U . J . ,  S i n g h ,  R .N .P .,  T u t w i l e r ,  G .F . ,  S i g e l ,  M.B., 

V a n d e r la a n ,  E.F. & V an d e r la an ,  W.P. (1980b) Human grow th hormone 

: a c o m p le x  o f  p r o t e i n s .  R e c e n t  P r o g r e s s  i n  Hormone R e s e a r c h , 

36 ,477-508 .

L e w is ,  U.J. (1984) V a r i a n t s  o f  g ro w th  horm one and  p r o l a c t i n  and  

t h e i r  p o s t t r a n s l a t i o n a l  m o d i f i c a t i o n s .  A n n u a l  R e v i e w  o f  

P h y s io lo g y , 4 6 ,3 3 -4 2 .

L i ,  C.H. & E v a n s ,  H.M. (1944) The i s o l a t i o n  o f  p i t u i t a r y  g ro w th  

hormone. S c ie n c e , 99 ,183-84 .

L i ,  C.H., L i u ,  W-K. & D ixon, J .S .  (1966) C h a r a c t e r i s a t i o n  o f  

human grow th hormone. Jo u rn a l  o f  th e  American Chem ical S o c ie ty , 

88 ,2050-51 .

L o r e n z i ,  M., K aram , J .H .,  M c l l r o y ,  M.B. & F o rsh a m , P.H. (1980) 

I n c r e a s e d  g ro w th  horm one r e s p o n s e  t o  d o p am in e  i n f u s i o n  i n

166



i n s u l i n - d e p e n d e n t  d i a b e t i c  s u b j e c t s .  J o u r n a l  o f  c l i n i c a l  

I n v e s t i g a t i o n , 65 ,146 -53 .

L u f t ,  R. & O l i v e c r o n a ,  H. (1955) H ypophysectom y i n  man : f u r t h e r  

e x p e r ie n c e  in  s e v e r e  d i a b e t e s  m e l l i t u s .  B r i t i s h  M ed ica l  J o u r n a l , 

2 ,752 -56 .

L undbaek ,  K., M a lm ro s ,  R. & A n d e r s e n ,  H .C . (1969) H ypophysec tom y  

f o r  d i a b e t i c  r e t i n o p a t h y  : a  c o n t r o l l e d  c l i n i c a l  t r i a l .  I n  

Symposium on th e  t r e a tm e n t  o f  d i a b e t i c  r e t in o p a th y ,  A i r l i e  House, 

W a r r i n g to n ,  V i r g i n i a ,  S e p t  2 9 -O c t  1 , 1 9 6 8 , ed . G o l d b e r g ,  M.F., 

F i n e ,  S.L. pp 2 9 1 -3 1 1 .  W a s h in g to n  DC : US G o v ern m en t P r i n t i n g  

O f f i c e .

L u ndbaek ,  K., C h r i s t e n s e n ,  N .J . ,  J e n s e n ,  V.A., J o h a n s e n ,  K., 

O l s e n ,  T .S ., H an sen ,  A .P., O r s k o v ,  H. & O s t e r b y ,  R. (1970) 

D ia b e te s ,  d i a b e t i c  a n g io p a th y  and grow th hormone. L a n c e t , 2 ,1 3 1 -  

33.

L u n d b a e k ,  K. (1 9 7 6 )  G r o w th  h o r m o n e ' s  r o l e  i n  d i a b e t i c  

m icroang iopa thy . D ia b e t e s , 25 ( su p p l  2),845-49.

L undbaek ,  K. & H ansen , A.P. (1980) G row th hormone : a  c a u s a l  

f a c t o r  in  th e  developm ent o f  d i a b e t i c  angiopathy . In  Secondary  

D ia b e te s  j_ th e  spectrum  o f  t h e  d i a b e t i c  syndromes ed P o d o lsk y ,  S. 

& V iswanathan, M. pp 373-90. New York : Rea v an  P r e s s .

M a l in s ,  J .  (1962) A drenalectom y f o r  d i a b e t i c  r e t i n i t i s .  D ia b e t e s , 

11 ,4 8 3 -5 .

M a r t i a l ,  J .A ., H a l l e w e l l ,  R.A., B a x t e r ,  J.D. & Goodman, H.M.

(1979) Human g ro w th  horm one : c o m p le m e n ta ry  DNA c l o n i n g  a n d  

e x p re s s io n  in  b a c t e r i a .  S c ie n c e , 205 ,602-7 .

167



M a s s a r a ,  F .,  G h ig o ,  E., G o f f i ,  S .,  M o l i n a t t i ,  G.M., M u l l e r ,  E.E.

& Cam anni, F. (1984)  B lo c k a d e  o f  H pG R F -40-induced  GH r e l e a s e  i n  

n o rm a l  man by  a  c h o l i n e r g i c  m u s c a r i n i c  a n t a g o n i s t .  J o u r n a l  o f  

C l i n i c a l  E ndocrino logy  and M etabolism , 59, 1025-6.

M c C a l l ,  A.L., M i l l i n g t o n ,  W.R. & W urtm an, R .J .  (1982) M e t a b o l i c  

f u e l  and  am ino  a c i d  t r a n s p o r t  i n t o  t h e  b r a i n  i n  e x p e r i m e n t a l  

d i a b e t e s  m e l l i t u s .  P roced ings  o f  th e  N a t io n a l  Academy o f  S c ience  

o f  th e  USA, 79 ,5 4 0 6 -1 0 .

M e n d e ls o n ,  W.B., S i t a r a m ,  N., W y a t t ,  R .J . ,  G i l l i n ,  J .C . & J a c o b s ,  

C.S. (1978) M e th o s c o p o la m in e  i n h i b i t i o n  o f  s l e e p . r e l a t e d  GH 

s e c r e t i o n  : e v i d e n c e  f o r  a c h o l i n e r g i c  s e c r e t o r y  m echanism . 

J o u r n a l  o f  C l i n i c a l  I n v e s t i g a t i o n , 61 ,1683 -90 .

M erim ee , T . J . ,  F i n e b e r g ,  S.E ., M acK usick ,  V.A. & H a l l ,  J .  (1970) 

D ia b e te s  m e l l i t u s  and s e x u a l  a t e l i o t i c  dw arfism  : a  com para tive  

s tu d y .  J o u r n a l  o f  C l i n i c a l  I n v e s t i g a t i o n , 49,1096-1102.

Merimee, T.J. (1979) The p i t u i t a r y  g la n d  and i t s  hormones : growth 

horm one. I n  E n d o c r i n o l o g y , ed . D eG roo t v o l .  1 , pp  1 2 3 -3 2 .  New 

York, London : Grune and S t r a t t o n .

M erim ee , T . J . ,  Z a p f ,  J .  & F r o e s c h ,  E.R. (1983) I n s u l i n - l i k e  

g r o w t h  f a c t o r s  : s t u d i e s  i n  d i a b e t i c s  w i t h  a n d  w i t h o u t  

r e t in o p a th y .  New England J o u rn a l  o f  M ed ic in e , 309 ,527-30 .

M erim ee ,  T . J . ,  G a r d n e r ,  D.F., Z a p f ,  J .  & F r o e s c h ,  E.R. (1984) 

E f f e c t  o f  g ly c e m ic  c o n t r o l  on serum i n s u l i n - l i k e  growth f a c t o r s  

in  d i a b e t e s  m e l l i t u s .  D iabetes ,  33 ,790-93 .

M organ , C.R. & L a z a ro w ,  A. (1963) Im m unoassay  f o r  i n s u l i n  : two 

a n t ib o d y  sys tem  : p l a s n a  i n s u l i n  l e v e l s  i n  n o rm a l ,  s u b d ia b e t ic

168



and d i a b e t i c  r a t s .  D ia b e t e s , 1 2 ,115 -26 .

M orikaw a, M., N ix o n ,  T. & G re e n ,  H. (1982) Growth horm one a n d  t h e  

a d ip o se  c o n v e rs io n  o f  3T3 c e l l s .  C e l l , 29,783-89.

M o r t im e r ,  C.H., T u n b r i d g e ,  W.M.G., C a r r ,  D., Yeomans, L .,  L in d ,  

T .,  Coy, D.H., B loom , S .R ., K a s t i n ,  A., M a l l i n s o n ,  C.N., B e s s e r ,  

G.M., S c h a l l y ,  A.V. & H a l l ,  R. (1974) E f f e c t s  o f  g ro w th  ho rm one  

r e l e a s e  i n h i b i t i n g  hormone on c i r c u l a t i n g  g lucagon , i n s u l i n ,  and 

g r o w t h  h o rm o n e  i n  n o r m a l ,  d i a b e t i c ,  a c r o m e g a l i c ,  a n d  

h y p o p i tu i t a r y  p a t i e n t s .  L a n c e t , 1 ,697-701.

N a t io n a l  D iab e te s  Data Group (1979) C l a s s i f i c a t i o n  and d i a g n o s i s  

o f  d ia b e te s  m e l l i t u s  and o th e r  c a t e g o r i e s  o f  g lu c o se  i n t o l e r a n c e .  

D ia b e te s , 28,1039-105.

N i s s l e y ,  S.P. & R e c h l e r ,  M.M. (1984) S o m a t o m e d i n / i n s u l i n - l i k e  

g ro w th  f a c t o r  t i s s u e  r e c e p t o r s .  C l i n i c s  i n  E n d o c r i n o l o g y  an d  

M etabolism , 13 ,43 -68 .

O a k le y ,  N.W., H i l l ,  D.W., J o p l i n ,  G.F., K ohner, E.M. & F r a s e r ,  

T.R. (1967) D i a b e t i c  r e t i n o p a t h y  I  : t h e  a s s e s s m e n t  o f  s e v e r i t y  

and  p r o g r e s s  by c o m p a r i s o n  w i t h  a s e t  o f  s t a n d a r d  f u n d u s  

pho tographs. D i a b e t o l o g i a , 3 ,4 0 2 -5 .

O s e i ,  K. & O 'D o r i s io ,  T.M. (1985)  M a l i g n a n t  i n s u l i n o m a  : e f f e c t s  

o f  s o m a to s ta t in  a n a lo g u e  (compound SMS 201-995) on serum g l u c o s e ,  

g ro w th  hormone and  g a s t r o - e n t e r o - p a n c r e a t i c  hormones. A n n a ls  o f  

I n t e r n a l  M edicine, 103 ,223-25 .

O a k le y ,  N.W., J o p l i n ,  G .F., K o h n e r ,  E.K., B la c h ,  R., H a r t o g ,  M. & 

F r a s e r ,  T.R. (1969) The t r e a t m e n t  o f  d i a b e t i c  r e t i n o p a t h y  by  

p i t u i t a r y  im p la n ta t io n  o f  r a d i o a c t i v e  yntrium. In  Symposium o f

169



t h e  t r e a tm e n t  o f  d i a b e t i c  r e t i n o p a th y ,  A ir  l i e  House, W arr ing ton ,

V i r g i n i a ,  S e p t  2 9 -O c t  1 1 9 6 8 , ed .  G o ld b e r g ,  M.F. & F i n e ,  S.L. pp  

317-29. W ashington DC : US Government P r i n t i n g  O ff ic e .

O s t e r b y ,  R., S e y e r - H a n s e n ,  V. & G u n d e rs e n ,  H.J.G. (1978) G row th  

horm one e n h a n c e s  b a s e m e n t  membrane t h i c k e n i n g  i n  e x p e r i m e n t a l  

d i a b e te s .  D i a b e t o l o g i a , 15 ,487-89.

P an ison ,  J.C. & Tannenbaum, G.S. (1985) E f f e c t s  o f  i n t r a c e l l u l a r  

g lu c o p e n ia  on p u l s a t i l e  growth hormone s e c r e t i o n  : m e d ia t io n  in  

p a r t  by s o m a to s t a t i n .  E n d o c r in o lo g y , 117,1132-38.

P a n i s s e t ,  A., K o h n e r ,  E.M., Cheng, H. & F r a s e r ,  T.R. (1971) New 

v e s s e l s  a r i s i n g  f ro m  t h e  o p t i c  d i s c  : r e s p o n s e  t o  p i t u i t a r y  

a b l a t i o n  by y t t r iu m -9 0  im p lan t .  D ia b e t e s , 20,824-33.

P a r t r i d g e ,  W.M. & O l e n d o r f ,  W.H. (1975) K i n e t i c s  o f  b l o o d - b r a i n  

b a r r i e r  t r a n s p o r t  o f  h e x o s e s .  B io c h im ic a  e t  B io p h y s i c a  A c t a , 

382 ,377-92 .

P a s s a ,  P .,  G a u v i l l e ,  C. & C a n i v e t ,  J .  (1974) I n f l u e n c e  o f  

m u s c u l a r  e x e r c i s e  on t h e  p la s m a  l e v e l  o f  g ro w th  horm one i n  

d i a b e t i c s  w ith  and w ith o u t r e t in o p a th y .  L a n c e t , 2 ,72 -4 .

P h i l l i p s ,  L.S., V a s i l o p o u l o u - S e l l i n ,  R. (1980) Somatomedins. New 

England J o u r n a l  o f  M edicine, 302 ,371-80 .

P h i l l i p s ,  L.S. (1985) N u t r i t i o n ,  so m a to m e d in s  an d  t h e  b r a i n .  

M etab o l ism , 35 ,78 -87 .

P o r t a ,  M., M a n e s c h i ,  M., W h i te ,  M.C. & K ohner ,  E.M. (1981) 24 

hour v a r i a t i o n s  o f  von W il le b ra n d  f a c t o r  and f a c t o r  V I I I  r e l a t e d  

a n t ig e n  in  d i a b e t i c  re t in o p a th y .  M etabo lism , 30,695-99.

170



P o u lse n ,  J.D. (1953) D ia b e te s  and a n t e r i o r  p i t u i t a r y  d e f ic ie n c y .  

D i a b e t e s ,  2 ,7 -1 2 .

P o u ls e n ,  J.D. (1966) D ia b e te s  and a n t e r i o r  p i t u i t a r y  d e f i c i e n c y  : 

f i n a l  c o u r s e  an d  p o s t - m o r tu m  s t u d y  o f  a  d i a b e t i c  p a t i e n t  w i t h  

Sheehan 's  syndrome. D ia b e t e s , 15 ,73-77 .

P o w e l l ,  E.D.U., F r a n t z ,  A.G., R a b k in ,  M.T. & F i e l d ,  R.A. (1966) 

Growth hormone in  r e l a t i o n  t o  d i a b e t i c  r e t in o p a th y .  New England  

J o u rn a l  o f  Med i c i n e , 275 ,922-25 .

P r e s s ,  M., T a m b o r la n e ,  W.V. & S h e rw in ,  R.S. (1984) I m p o r t a n c e  o f  

r a i s e d  g ro w th  horm one l e v e l s  i n  m e d i a t i n g  t h e  m e t a b o l i c  

d e r a n g e m e n ts  o f  d i a b e t e s .  New E n g la n d  J o u r n a l  o f  M e d i c i n e , 

310 ,810-15 .

R e i c h l i n ,  S. ( 1 9 7 4 )  R e g u l a t i o n  o f  s o m a t o t r o p h i c  h o r m o n e  

s e c r e t i o n .  In  Handbook o f  P h y s i o l o g y , ed . K n o b i l ,  E. & Saw yer 

W.H. s e c t i o n  7 : E n d o c r i n o l o g y ,  v o l .  4 , p a r t  2 , pp  4 0 5 -4 7 .  

W ashington DC : American P h y s io lo g i c a l  S o c ie ty .

R ieu , M. & Binoux, M. (1985) Serum l e v e l s  o f  i n s u l i n - l i k e  grow th 

f a c t o r  an d  IGF b i n d i n g  p r o t e i n  i n  i n s u l i n  d e p e n d e n t  d i a b e t i c s  

d u r i n g  an  e p i s o d e  o f  s e v e r e  m e t a b o l i c  d e c o m p e n s a t io n  an d  i t s  

r e c o v e ry  phase. J o u rn a l  o f  C l i n i c a l  E ndocrinology and M e tab o l ism , 

61 ,781-85 .

R i v i e r ,  J . ,  S p i e s s ,  J . ,  T h o r n e r ,  M.O. & V a l e ,  W. ( 1 9 8 2 )  

C h a r a c t e r i s a t i o n  o f  a  g ro w th  horm one r e l e a s i n g  f a c t o r  f ro m  a  

human p a n c r e a t i c  i s l e t  tumour. N a tu r e , 300,276-78.

R i z z a ,  R.A., M a n d a r in o ,  L .J .  & G e r i c h ,  J .E . (1982) E f f e c t s  o f  

g ro w th ' hormone on i n s u l i n  a c t i o n  in  man : mechanisms o f  i n s u l i n



r e s i s t a n c e ,  i m p a i r e d  s u p p r e s s i o n  o f  g l u c o s e  p r o d u c t i o n ,  and  

im pa ired  s t i m u l a t i o n  o f  g lu c o s e  u t i l i s a t i o n .  D ia b e t e s , 31 ,663-69 .

Rogot, E., G o ld b erg ,  I.D. & G o ld s t e i n ,  H. (1966) S u r v iv o r s h ip  and 

c a u s e s  o f  d e a t h  among t h e  b l i n d .  J o u r n a l  o f  C h r o n ic  D i s e a s e s , 

1 9 ,179 -97 .

R o o t ,  H .F . ,  M i r s k y ,  S. & D i t z e l ,  J .  ( 1 9 5 9 )  P r o l i f e r a t i v e  

r e t i n o p a th y  in  d ia b e te s  m e l l i t u s  : a  rev iew  o f  e i g h t  hundred and 

f o r t y  s e v e n  c a s e s .  J o u r n a l  o f  t h e  A m erican  M e d ic a l  S o c i e t y , 

169 ,903 -9 .

R o t h ,  J . ,  G l i c k ,  S .M ., Y a l l o w ,  R .S . & B e r s o n ,  S .S .  ( 1 9 6 3 )  

H y p o g ly c a e m ia  : a  p o w e r f u l  s t i m u l u s  t o  t h e  s e c r e t i o n  o f  g ro w th  

hormone. S c i e n c e , 140,987-88.

Rudman, D., K u tn e r ,  M.H., B l a c k s t o n ,  R.D., Cushman, R.A., B a in ,  

R.P. & P a t t e r s o n ,  JH. (1981) C h i l d r e n  w i t h  n o r m a l  v a r i a n t  s h o r t  

s t a t u r e  : t r e a tm e n t  w ith  human grow th hormone f o r  s i x  months. New 

England J o u r n a l  o f  M edicine, 305 ,123-31 .

R u d o l f ,  M.C.J., S h e rw in ,  R.S., M a rk o w itz ,  R ., B a t e s ,  S .E ., G e n e l ,  

M., H o c h s t a d t ,  J .  & L a m b o r la n e ,  W.V. (1982) E f f e c t  o f  i n t e n s i v e  

i n s u l i n  t r e a tm e n t  on l i n e a r  growth in  th e  young d i a b e t i c  p a t i e n t .  

J o u r n a l  o f  P e d i a t r i c s , 101,333-39.

Salmon, W.D. J r .  & Daughaday, W.H. (1957) A h o rm o n a l ly  c o n t r o l l e d  

serum f a c t o r  which s t im u la t e s  s u l f a t e  i n c o r p o r a t io n  by c a r t i l a g e  

in  v i v o . J o u r n a l  o f  L abora to ry  and C l i n i c a l  M ed ic ine , 49,825-36.

S a r j i ,  K.E., L e v i n e ,  J .H .,  N a i r ,  R.M.G., S a g e l ,  J .  & C o l w e l l ,  

J.A. (1977) R e l a t i o n  b e tw ee n  g ro w th  horm one l e v e l s  and  von  

W i l le b r a n d  f a c t o r  a c t i v i t y .  J o u r n a l  o f  C l i n i c a l  E ndocrino logy  and

172



M etabolism y 44 ,853-56 .

S h a l e t ,  S.M., B e a r d w e l l ,  C.G., M a c F a r la n e ,  I .A .,  M o r r i s  J o n e s ,  

P.H. (1977) E ndocrine  m o r b i d i ty  i n  a d u l t s  t r e a t e d  w i t h  c e r e b r a l  

i r r a d i a t i o n  f o r  b r a i n  t u m o u r s  d u r i n g  c h i l d h o o d .  A c t a  

E n d o c r in o lo g ic a , 8 4 ,6 7 3 -8 0 .

S h a r p ,  P .S .,  F o l e y ,  K., V i t e l l i ,  F ., M a n e s c h i ,  F. & K o h n e r ,  E.M. 

(1984a) Growth hormone re sp o n se  to  h y p e r in s u l in a e m ia  i n  i n s u l i n -  

d e p e n d e n t  d i a b e t i c s  w i t h  and  w i th o u t  r e t i n o p a t h y .  D i a b e t i c  

M edicine, 1 ,5 5 - 8 .

S h a r p ,  P .S . ,  F o l e y ,  K., C h a h a l ,  P. & K o h n e r ,  E.M. (1984b)  The 

e f f e c t  o f  p la sm a g lu c o s e  on th e  growth hormone r e s p o n s e  t o  human 

p a n c r e a t i c  g ro w th  horm one r e l e a s i n g  f a c t o r  i n  no rm al s u b j e c t s .  

C l i n i c a l  E n d o c r in o lo g y , 20 ,497-501 .

S h a r p ,  P .S . ,  F o l e y ,  K. & K o h n e r ,  E.M. (1984c) E v i d e n c e  f o r  a 

c e n t r a l  a b n o rm a l i ty  in  t h e  r e g u l a t i o n  o f  growth hormone s e c r e t i o n  

in  in s u l in -d e p e n d e n t  d i a b e t e s .  D ia b e t ic  M ed ic ine , 1 ,2 0 5 -8 .

S h a r p ,  P .S .,  Mohan, V ., M a n e s c h i ,  F., V i t e l l i ,  F . ,  C l o k e ,  H.R., 

B u r r i n ,  J.M. & K o h n e r ,  E.M. (198€a) C hanges  i n  p l a s m a  g ro w th  

hormone in  d i a b e t i c  and n o n - d ia b e t ic  s u b j e c t s  d u r in g  t h e  g lu c o s e  

c la m p .  M etabo lism , in  p r e s s .

S h a r p ,  P .S . ,  Mohan, V ., V i t e l l i ,  F., M a n e s c h i ,  F. & K o h n e r ,  E.M. 

(1986b) C hanges  i n  i n s u l i n  r e s i s t a n c e  w i t h  i n s u l i n  t r e a t m e n t .  

D ia b e te s  Care , i n  p r e s s .

S h i b a s a k i ,  T ., S h iz u m e ,  K, N a k a h a ra ,  M, M asuda, M., J i b i k i ,  K., 

Demura, H., W akabayashi, I .  & L ing, N. (1984) Age r e l a t e d  changes  

i n  p l a s m a  g ro w th  horm one r e s p o n s e  t o  g ro w th  horm one r e l e a s i n g

173



f a c t o r  i n  man. J o u r n a l  o f  C l i n i c a l  E ndocrino logy  and M etab o lism , 

58 ,212 -4 .

S in g h ,  R.N.P., S e a v e y ,  B.K. & L e w is ,  U.J. (1974) H e t e r o g e n e i t y  o f  

human growth hormone. Endocrine  R esearch  Communications, 1 ,449-64

S k o r ,  D.A., W h i te ,  N.H., Thomas, L. & S a n t i a g o ,  J .V .  (1985) 

I n f lu e n c e  o f  growth hormone on o v e r n ig h t  i n s u l i n  re q u ire m e n ts  in  

in s u l in - d e p e n d e n t  d i a b e t e s .  D ia b e t e s , 34,135-39.

S k y l e r ,  J .S . ,  Baumann, G. & C hram bach , A. (1977) A c a t a l o g u e  o f  

is o h o rm o n e s  o f  human g ro w th  horm one b a s e d  on q u a n t i t a t i v e  

p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s .  A c ta  E n d o c r i n o l o g i c a , 8 5 ,  

supplem ent 2 1 1 ,1 -4 0 .

S o n k se n ,  P .,  S r i v a s t a v a ,  M.C., T o m p k in s ,  C.V. & N a b a r r o ,  J.D.N.. 

(1972) Growth hormone and c o r t i s o l  re sp o n s e s  t o  i n s u l i n  in f u s io n  

in  p a t i e n t s  w i th  d i a b e t e s  m e l l i t u s .  L a n c e t , 2,155-59.

S p e r l i n g ,  M.A., W o l l e s e n ,  F, & D eL am ate r ,  P.V. (1973) D a i l y  

p ro d u c t io n  and m e ta b o l i c  c l e a r a n c e  o f  growth hormone in  j u v e n i l e  

d i a b e te s  m e l l i t u s .  D ia b e t o lo g ia , 9 ,380-83 .

S p i n a s ,  G.A., B ock, A. & K e l l e r ,  U. (1985) R educed p o s t - p r a n d i a l  

h y p e r g l y c e m i a  a f t e r  s u b c u ta n e o u s  i n j e c t i o n  o f  a s o m a t o s t a t i n  

a n a l o g u e  (SMS 2 0 1 -9 9 5 )  i n  i n s u l i n  dependen t d i a b e te s  m e l l i t u s .  

D iab e te s  C a re , 8 ,4 2 9 -3 5 .

S t o l a r ,  M.W., Baumann, G, V an ce ,  M.L. & T h o rn e r ,  M.O. (1984) 

C i r c u l a t i n g  growth hormone forms a f t e r  s t i m u l a t i o n  o f  p i t u i t a r y  

s e c r e t i o n  w i th  growth h o rm o n e - re le a s in g  f a c t o r  in  man. J o u r n a l  o f  

C l i n i c a l  E ndocrino logy  and M etabolism , 59 ,235-39 .

T a y l o r ,  B .J . ,  S m ith ,  P .J .  & B ro o k ,  C.G.D. (1985) I n h i b i t i o n  o f

174



p n y s i o i o g i c a i  g ro w th  horm one s e c r e t i o n  by a t r o p i n e .  C l i n i c a l  

E n d o c r in o lo g y , 22 ,497-501.

T a m b o r la n e ,  W.V., H i n t z ,  R.L., B ergm an, M., G e n e l ,  M., F e l i g ,  P.

& S h e rw in ,  R.S. (1981) I n s u l i n  i n f u s i o n  pump t r e a t m e n t  o f  o f  

d i a b e t i c s  : i n f l u e n c e  o f  im p ro v e d  m e t a b o l i c  c o n t r o l  on p la s m a  

somatomedin l e v e l s .  New England  J o u r n a l  o f  M edicine , 305,303-7.

Tan, K. & B ax te r ,  R.C. (1986) Serum i n s u l i n - l i k e  growth f a c t o r - I  

l e v e l s  i n  a d u l t  d i a b e t i c  p a t i e n t s  : t h e  e f f e c t  o f  age. J o u r n a l  o f  

C l i n i c a l  E ndocrino logy  and M etabolism , 63 ,651-55 .

T annenbaum , G .S., R o r s t a d ,  0 .  & B r a z e a u ,  P. (1979) E f f e c t s  o f  

p ro lo n g e d  food d e p r i v a t i o n  on th e  u l t r a d i a n  growth hormone rhythm 

a n d  im m u n o s o m a to s ta t in  l e v e l s  i n  t h e  r a t .  E n d o c r i n o l o g y , 

104 ,1733-38 .

U nderw ood, L.E., D 'E r c o l e ,  A .J . ,  C lemmons, D.R. & Van Wyk, J . J .  

(1986) P a r a c r i n e  f u n c t i o n s  o f  t h e  so m a to m e d in s .  C l i n i c s  i n  

E ndocrino logy  and M e ta b o l ism , 15,59-78 .

Van Wyk, J . J .  (1984) The so m a to m e d in s  : b i o l o g i c a l  a c t i o n s  and  

p h y s i o l o g i c  c o n t r o l  m e ch an ism s . In  H orm onal P r o t e i n s  and  

P e p t i d e s , ed . L i ,  C.H. v o l .  12 , pp  8 1 -1 2 5 .  London, New Y ork : 

A cadem ic P re ss .

V i g n e r i ,  R., S q u a t r i t o ,  S . ,  P e z z i n o ,  V., F i l l e t t i ,  S . ,  B r a n c a ,  S. 

& P o l o s a ,  P. ( 1 9 7 6 )  G r o w th  h o rm o n e  l e v e l s  i n  d i a b e t e s  : 

c o r r e l a t i o n  w ith  th e  c l i n i c a l  c o n t r o l  o f  th e  d i s e a s e .  D ia b e t e s , 

2 5 ,1 6 7 -7 2 .

V on W e r d e r ,  K ., L o s a ,  M., M u l l e r ,  O .A ., S c h w e i b e r e r ,  L . ,  

F a h l s b u s c h ,  R. & d e l  P o zo ,  E. (1984) T r e a tm e n t  o f  m e t a s t a s i s i n g

175



GRF p r o d u c i n g  tum our w i t h  l o n g  a c t i n g  s o m a t o s t a t i n  a n a l o g u e .  

L an c e t ,  2 ,2 8 2 -3 .

W a l d h a u s l ,  W. (1972) S t i m u l a t i o n  o f  im m unoreactive  i n s u l i n  and 

human g ro w th  hormone r e l e a s e  by  a d m i n i s t r a t i o n  o f  a r g i n i n e  i n  

p a t i e n t s  w i th  d i a b e t i c  r e t in o p a th y .  A cta  E n d o c r in o lo g ic a , 7 0 ,719- 

BO.

W a l l i s ,  M. (1980) G rowth horm one : d e l e t i o n s  i n  t h e  p r o t e i n  and  

in t r o n s  i n  t h e  gene. N a tu re ,  284 ,512.

W a l l i s ,  Mi, H o w e l l ,  S.L. & T a y l o r ,  K.W. ( e d s . )  (1985) Hormones o f  

t h e  adenohypophysis  : growth hormone. In  The B io ch em is try  o f  th e  

P o ly p e p t id e  Hormones, pp 184-222. C h ic h e s te r ,  New York, T oron to , 

S ingapore  : John W iley and Sons.

W ern e r ,  H., Okon, E., F r i d k i n ,  M. & K och, Y. (1986) L o c a l i s a t i o n  

o f  growth hormone r e l e a s i n g  hormone in  th e  human hypothalam us and 

s t a l k .  J o u r n a l  o f  C l i n i c a l  E n d o c r in o lo g y  and M etabo lism , 6 3 ,4 7 -  

50.

W ilh e lm i,  A.E. (1982) In  Hormone d ru g s ,  P roc FDA/USP Workshop on 

D rugs and  R e f e r e n c e  S t a n d a r d s  f o r  I n s u l i n s ,  S o m a t o t r o p in s  an d  

T h y r o id  H orm ones, pp  3 6 9 -81 .  R o c k v i l l e  MD : US P h a r m a c o p e ia l  

C onven tion .

W i l l i a m s ,  T., B e re lo w itz ,  M., J o f f e ,  S.M., Thorner,  M.O., R i v i e r ,  

J . ,  V a l e ,  W. & Frohman, L.A. (1984) I m p a i r e d  g ro w th  horm one 

r e s p o n s e  t o  g ro w th  hormone r e l e a s i n g  f a c t o r  i n  o b e s i t y .  New 

England J o u r n a l  o f  M edicine, 311 ,1403-7 .

W i n t e r ,  R . J . ,  P h i l l i p s ,  L .S .,  K l e i n ,  M.N., T ra i s m a n ,  H.S. & 

G re e n ,  O.C. (1979) Somatomedin a c t i v i t y  an d  d i a b e t i c  c o n t r o l  i n

176



c h i l d r e n  w ith  i n s u l in - d e p e n d e n t  d ia b e te s .  D ia b e t e s , 28 ,952-54.

Wood, S.M., C h 'ng , J .L .C . ,  Adams, E .F .,  W e b s t e r ,  J .D .,  J o p l i n ,  

G .F., M a s h i t e r ,  K. & B loom , S.R. (1983) A b n o r m a l i t i e s  o f  g ro w th  

horm one r e l e a s e  t o  human p a n c r e a t i c  g ro w th  horm one r e l e a s i n g  

f a c t o r  (HpGRF (1-44)) i n  acrom egaly  and h y p o p i tu i t a r i s m .  B r i t i s h  

M edical J o u r n a l , 286 ,1687-91 .

W r ig h t ,  A.D., K o h n e r ,  E.M., O a k le y ,  N.W., H a r t o g ,  M., J o p l i n ,  

G.F. & F r a s e r ,  T.R. (1969) Serum GH and  t h e  r e s p o n s e  o f  d i a b e t i c  

r e t i n o p a t h y  t o  p i t u i t a r y  a b l a t i o n .  B r i t i s h  M e d ic a l  J o u r n a l ,  

2 ,3 4 6 -4 8 .

W r ig h t ,  D.R., Goodman, A.D. & T r i m b l e ,  K.D. (1974) S t u d i e s  on b ig  

g ro w th  horm one f ro m  human p la s m a  and  p i t u i t a r y .  J o u r n a l  o f  

C l i n i c a l  I n v e s t i g a t i o n , 54 ,1064-73 .

Young, P.W., R i c k n e l l ,  R .J .  & S c h o f i e l d ,  J.G. (1979) A c e ty l  

c h o l i n e  s t i m u l a t e s  g ro w th  hormone s e c r e t i o n ,  p h o s p h a t i d y l  

i n o s i t o l  l a b e l l i n g ,  Ca e f f l u x  and c y c l i c  GMP a c c u m u la t io n  in  

b o v i n e  a n t e r i o r  p i t u i t a r y  g l a n d s .  J o u r n a l  o f  E n d o c r i n o l o g y , 

8 0 ,203 -13 .

Z a p f ,  J . ,  M o re l  1 ,  B., W a l t e r ,  H., L a r o n ,  Z. & F r o e s c h ,  E.R.

(1980) Serum l e v e l s  o f  i n s u l i n - l i k e  growth f a c t o r  and i t s  c a r r i e r  

p r o t e i n  i n  v a r i o u s  m e t a b o l i c  d i s o r d e r s .  A c ta  E n d o c r i n o l o g i c a ,

9 5 ,505 -17 .

Z a p f ,  J . ,  S chm id ,  C.H. & F ro e s c h ,  E.R. (1984) B i o c h e m i c a l  and 

im m unolog ica l p r o p e r t i e s  o f  i n s u l i n - l i k e  grow th f a c t o r s  (IGF) I  

and I I .  C l i n i c s  in  E ndocrino logy  and M e tab o l ism , 1 3 ,3 -3 0 .

GLASGOW
1UNV

177


