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SUMMARY

A l l  the  s t u d i e s  p r e s e n t e d  i n  t h i s  t h e s i s  in v o l v e  a s p e c t s  

o f  the  r e g u l a t i o n  o f  hGH. and hPRL r e l e a s e .  The f i r s t  two 

s e c t i o n s  d e s c r i b e  s t u d i e s  o f  the  e f f e c t s  o f  d ip h e n y lh y d a n to in  

(DPH) and a l c o h o l  and the  t h i r d  s e c t i o n  d e s c r i b e s  s t u d i e s  of  

hypo tha lam ic  r e g u l a t i o n  of  hGH and hPRL r e l e a s e  i n  normal 

s u b j e c t s  and i n  p a t i e n t s  w i t h  H u n t in g t o n ’ s chorea .

S tu d ie s  o f  the  e f f e c t s  o f  DPH dem onst ra te  t h a t  t h i s  

drug p o t e n t i a t e s  the  hGH re s p o n s e  to  e x e r c i s e  (Chapter  1 ) .  

Glucose lo a d in g  dem o n s t r a ted  im pa i red  g luc ose  t o l e r a n c e  and 

i n s u l i n  r e l e a s e  i n  e p i l e p t i c s  r e c e i v i n g  long term t r e a t m e n t  

w i t h  DPH (Chapter  2 ) .  The e f f e c t  o f  a l co h o l  on h y p o th a la m ic /  

p i t u i t a r y  f u n c t i o n  was i n v e s t i g a t e d  by examining the  e f f e c t  

of  a l c o h o l  on hGH and hPRL r e l e a s e  (Chapters  3, 4 ) .  Alcohol  

i n c r e a s e d  the  hGH r e s p o n s e  ,to e x e r c i s e  i n  normal s u b j e c t s  

s u g g e s t i n g  t h a t  a l c o h o l  a l t e r s  h y p o t h a l a m i c / p i t u i t a r y  

r e g u l a t i o n  of  hGH r e l e a s e .  The hGH res p o n s es  to e x e r c i s e  

and i n s u l i n  induced  hypoglycaemia were im pai red  i n  a number 

o f  a l c o h o l i c s  and c l i n i c a l  ev idence  s u g g e s te d  t h a t  the  p r e s e n c e  

o f  an im pa i red  hGH r e s p o n s e  may be r e l a t e d  to  a l c o h o l  

w i thd raw a l  (Chap ters  5 and 6 ) .
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The i n v e s t i g a t i o n s  d e s c r i b e d  i n  S e c t io n  I I I  p ro v id e  

ev idence  t h a t  hGH and hPRL r e l e a s e  i s  i n f l u e n c e d  by 

hypo tha lam ic  dopam inerg ic ,  n o r a d r e n e r g i c  and s e r o t o n e r g i c  

r e c e p t o r s .  The dopamine a g o n i s t  b ro m o c r i p t in e  produced  

s i g n i f i c a n t  e l e v a t i o n  of  hGH c o n c e n t r a t i o n s  i n  normal 

s u b j e c t s  and s u p p re s s e d  b o t h  hGH and hPRL l e v e l s  i n  a 

p a t i e n t  w i th  acromegaly (Chapter  7 ) ,  S tu d ie s  of  the 

e f f e c t s  of  the  p h e n o t h i a z i n e  d e r i v a t i v e ,  f l u p h e n a z i n e ,  

dem ons t ra te  t h a t  t h i s  drug e l e v a t e s  b a s a l  hPRL c o n c e n t r a 

t i o n s ,  enhances the  hPRL re s p o n s e  to  i n s u l i n  induced  

hypoglycaemia and im p a i r s  th e  hGH response  to t h i s  s t im u lu s  

(Chapters  8 and 9 ) .  These e f f e c t s  of  f l u p h e n a z in e  on hGH 

and hPRL r e l e a s e  a r e  c o n s i s t e n t  w i th  the  dopamine r e c e p t o r  

b l o c k in g  p r o p e r t i e s  of  p h e n o t h i a z i n e  d rugs .  The i n t r a 

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

c l o n i d i n e  was a s s o c i a t e d  w i t h  e l e v a t i o n  o f  hGH and s u p p r e s 

s i o n  o f  hPRL c o n c e n t r a t i o n s  (Chapter  10) ,  A d m i n i s t r a t i o n  o f  

5 - h y d ro x y -L - t ry p to p h a n ,  the  p r e c u r s o r  of  s e r o t o n i n ,  produced  

a s i g n i f i c a n t  r i s e  i n  b o t h  hGH and hPRL c o n c e n t r a t i o n s  

(Chap ter  11) ,

The r e g u l a t i o n  o f  r e l e a s e  of  hGH and hPRL by hypo tha lam ic  

p e p t i d e  f a c t o r s  was s t u d i e d  by i n v e s t i g a t i n g  the  e f f e c t  of
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s o m a t o s t a t i n  on hormonal  and m e ta b o l i c  changes d u r in g  and 

a f t e r  e x e r c i s e  i n  normal s u b j e c t s  (Chapter  12).  The 

growth hormone r e l e a s e  i n h i b i t i n g  p r o p e r ty  o f  t h i s  p e p t i d e  

was conf irmed  and the  s u p p r e s s i o n  of  the  hGH re sp o n se  d id  n o t  

appea r  to have any marked e f f e c t  on f a t  m o b i l i s a t i o n  dur ing  

e x e r c i s e .

The p r e s e n c e  o f  an  e a r l i e r  hGH response  to i n s u l i n  induced  

hypoglycaemia  was confi rmed i n  p a t i e n t s  w i th  H u n t in g t o n ’s 

chorea  (C hapter  13) .  F u r t h e r  s t u d i e s  of the  hGH and hPRL 

re s p o n s es  to  b r o m o c r i p t i n e ,  c l o n i d i n e  and 5~hydroxy-L- 

t ry p to p h a n  in  p a t i e n t s  w i t h  t h i s  d i s o r d e r  dem ons t ra ted  

s i g n i f i c a n t l y  reduced  hGH re s p o n s e s  to th e s e  t h r e e  agen ts  

and a g r e a t e r  hPRL r e s p o n s e  to  5~HTP. The r e s u l t s  do n o t  

p ro v id e  ev idence  o f  i n c r e a s e d  s e n s i t i v i t y  o f  hypo tha lam ic  

c a t e c h o l a m in e r g i c  o r  s e r o t o n e r g i c  r e c e p t o r s  s t i m u l a t i n g  hGH 

r e l e a s e  i n  p a t i e n t s  w i t h  H u n t i n g t o n ' s  chorea .
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INTRODUCTION



This  t h e s i s  d e s c r i b e s  the  work c a r r i e d  o u t  by m yse l f  

w h i l e  working as a r e s e a r c h  s t u d e n t  i n  the  Depar tment o f  

Neurology of  the  U n i v e r s i t y  o f  Glasgow. The i n t r o d u c t i o n  

p ro v id e s  the  background to the  v a r i o u s  s t u d i e s  and the  

r e s u l t s  have been  o rg a n i s e d  i n t o  t h r e e  s e c t i o n s ;  ( I )  s t u d i e s  

o f  the  e f f e c t s  of  d ip h e n y lh y d a n to i n ,  ( I I )  s t u d i e s  of  the  

e f f e c t s  o f  a l c o h o l  and ( I I I )  s t u d i e s  of  the  r e g u l a t i o n  of  

r e l e a s e  of  growth  hormone (hGH) and p r o l a c t i n  (hPRL).

W i th in  each  s e c t i o n  the  r e s u l t s  a r e  p r e s e n t e d  and d i s c u s s e d  

s e p a r a t e l y  i n  each  c h a p t e r .  A f i n a l  c h a p t e r  c o n t a i n s  a 

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

A l l  the  s t u d i e s  i n c lu d e d  i n  t h i s  t h e s i s  i n v o lv e  a s p e c t s  

of  the  r e g u l a t i o n  of  hGH and hPKL r e l e a s e .  In  some i n v e s 

t i g a t i o n s  i n t e r m e d i a r y  me tabo l i sm  was a l s o  s t u d i e d  p a r t i c u -
I

l a r l y  i n  r e l a t i o n  to  known m e t a b o l i c  s t i m u l i  a f f e c t i n g  hGH 

and hPRL r e l e a s e .  Growth hormone r e l e a s e  was examined i n  

s u b j e c t s  t r e a t e d  w i t h  v a r i o u s  drugs  though t  to  have an a c t i o n  

on the  h y p o t h a l a m i c / p i t u i t a r y  a x i s  and r e g u l a t i o n  of  hGH and 

hPRI r e l e a s e  was i n v e s t i g a t e d  i n  normal s u b j e c t s  and p a t i e n t s  

w i t h  ev idence  o f  a l t e r e d  h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n .



GENERAL

Animals grow, d i f f e r e n t i a t e ,  r e p ro d u c e ,  r espond  and 

m a i n t a i n  themselves  by v i r t u e  o f  a g r e a t  number o f  i n d i v i d u a l  

i n t e g r a t e d  b ioc hem ic a l  r e a c t i o n s  t h a t  t o g e t h e r  c o n s t i t u t e  the  

m e taboli sm o f  th e  an imal .  I t  i s  th e  i n t e g r a t i o n  and 

r e g u l a t i o n  o f  t h e se  r e a c t i o n s  t h a t  i s  e s s e n t i a l  f o r  normal 

f u n c t i o n  and s u r v i v a l .  The concep t  t h a t  i n t e r n a l  s e c r e t i o n s  

can r e g u l a t e  i n t e r n a l  f u n c t i o n  i n  an imals  d a t e s  from the  

s t u d i e s  o f  Claude Bernard  (1855) on h e p a t i c  g lycogen .  B ay l i s  

and S t a r l i n g  (1904) p u b l i s h e d  t h e i r  work on s e c r e t i n  and 

dem ons t ra ted  t h a t  a s p e c i f i c  chemica l  messenger  o r  hormone 

could be s e c r e t e d  by an o rgan  o r  t i s s u e  i n t o  the  b lood  

s t r e a m  and e f f e c t  the  f u n c t i o n  o f  an o th e r  organ  o r  t i s s u e .

A number of  hormones have now been found to r e g u l a t e  

m e tabo l i sm  by m odi fy ing  some a s p e c t  of  c e l l u l a r  me taboli sm 

and the  t i s s u e s  which  r e l e a s e  t h e s e  hormones a re  known 

c o l l e c t i v e l y  as the  e n d o c r in e  system.  The nervous  system 

and th e  en d o c r in e  sys tem a re  b o th  l i n k e d  d eve lopm en ta l ly  

and i n  some cases  the  en d o c r in e  sys tem a c t s  as an e x t e n s i o n  

o f  the  nervous  system. The p i t u i t a r y  g land  or  hypophys is  

i s  o f  majo r  im por tance  i n  th e  en d o c r in e  system as i t  l i n k s  

the  c e n t r a l  nervous  system to the  en d o c r in e  system and as a 

number o f  p i t u i t a r y  hormones r e g u l a t e  r e l e a s e  of  hormones 

from o t h e r  e n d o c r in e  t i s s u e s .



The Adenohypophysis

The hypophys is  o r  p i t u i t a r y  g land  develops  embryo- 

l o g i c a l l y  from R a t h k e ' s  pouch,  an é v a g i n a t i o n  of  e p i t h e l i a l  

t i s s u e  t h a t  w i l l  form the  r o o f  of  the  mouth and a down 

growth of  n e u r a l  ec toderm from the  t i s s u e  t h a t  w i l l  e v e n t u a l l y  

form the  f l o o r  o f  the  t h i r d  v e n t r i c l e .  I t  i s  p o s s i b l e  to 

d i v i d e  the  g land  h i s t o l o g i c a l l y  i n t o  the  h ig h l y  v a s c u l a r i s e d  

a n t e r i o r  p i t u i t a r y  o r  adenohypophysis  which r e c e i v e s  b lood  

from the  p o r t a l  p le xus  system (H a r r i s  and Green,  1947),  and 

t h e  p o s t e r i o r  o r  neurohypophys is  w i t h  i t s  r i c h  supply  of 

b ra n c h in g  unm ye l ina ted  n e rv e  f i b r e s  most  of  which o r i g i n a t e  

i n  the  hypotha lamus ( F i s h e r ,  Ingram and Ranson,  1938).

The s i x t e e n t h  ce n tu ry  a n a t o m is t  V e s a l u i s  b e l i e v e d  t h a t  

the  p i t u i t a r y  g land  f u n c t i o n e d  as a f i l t e r  o r  t r a p  whereby 

the  phlegm or  p i t u i t a ,  th e  w as te  p r o d u c t  of  th e  t r a n s f o r m a t i o n  

i n  the  c e r e b r a l  v e n t r i c l e s  o f v i t a l  s p i r i t s  i n t o  animal s p i r i t s ,  

found i t s  way i n t o  th e  nose o r  pharynx ( S in g e r ,  1952).  This  

e a r l y  i n t e r p r e t a t i o n  of  the  r e l a t i o n s h i p  between the  g land  

and the  b r a i n  may be somewhat i n c r e d i b l e  today b u t  much o f  

the  t w e n t i e t h  c e n t u r y  r e s e a r c h  work i n t o  the  r e g u l a t i o n  of  

r e l e a s e  o f  p i t u i t a r y  hormones s t i l l  i n v o lv e s  th e  concep t  of  

a ' f low of s e c r e t i o n ’ from th e  b r a i n  to  the  g la n d .  Crowe, 

Cushing and Hamons (1910) rev iewed the  e a r l y  work on hypo- 

physectomy. Most o f  the  e a r l y  s t u d i e s  were u n s a t i s f a c t o r y  

as the  an imals  u s u a l l y  d ie d  im media te ly  a f t e r w a r d s  and few 

o b s e r v a t i o n s  were made on an imals  t h a t  d id  s u r v iv e  f o r  any



l e n g t h  o f  t ime.  Smith (1930) c a r r i e d  ou t  s u c c e s s f u l  hypo- 

physectomy in. young r a t s  and n o te d  end organ a t rophy  and 

dwarf ism. The e f f e c t  of  e x c i s i n g  the  adenohypophysis  i s  

now known to  i n c lu d e  a t rophy  o f  the  gonad, t h y r o i d  and 

a d r e n a l  c o r t e x ,  f a i l u r e  of  m i lk  s y n t h e s i s  and a r r e s t  o f  

growth.  R e c o g n i t i o n  o f  t h e se  e f f e c t s  s t i m u l a t e d  the  

s e a r c h  f o r  a t  l e a s t  s i x  a n t e r i o r  p i t u i t a r y  hormones. At 

l e a s t  seyen  d i s t i n c t  a n t e r i o r  p i t u i t a r y  hormones have been 

i d e n t i f i e d .  Four of  t h e s e  hormones f o l l i c l e  s t i m u l a t i n g  

hormone (FSH), l u e h i n i a i n g  hormone (LH), t h y r o i d  s t i m u l a t i n g  

hormone (TSH) and a d r e n o c o r t i c o t r o p h i c  hormone (ACTH) a c t  on 

o t h e r  en d o c r in e  g l a n d s .  However, the  remain ing  t h r e e  

hormones,  growth hormone,  p r o l a c t i n  and melanocyte s t i m u l a t i n g  

hormone (MSB) e x e r t  t h e i r  e f f e c t s  d i r e c t l y  on t a r g e t  t i s s u e s .

The i d e n t i f i c a t i o n  o f  the  p o r t a l  p lexus  system and i t s  

c l o s e  a s s o c i a t i o n  to  ne rve  f i b r e s  from the hypothalamus l e d  

to  the  s u g g e s t io n  o f  a neurohormonal  j u n c t i o n  between the  

hypotha lamus and g l a n d u l a r  c e l l s  o f  the  adenohypophysis  

( H a r r i s ,  1955).  An e s s e n t i a l  f e a t u r e  of  the  e a r l y  id e a s  of  

hypo tha lam ic  c o n t r o l  of the  adenohypophysis  was t h a t  nerve  

im pulses  r e l e a s e d  humoral  ag en t s  i n t o  the  p o r t a l  p le xus  system 

which s t i m u l a t e d  s e c r e t i o n  o f  a n t e r i o r  p i t u i t a r y  hormones. 

Evidence f o r  the  e x i s t e n c e  of  th e s e  humoral  f a c t o r s  has come 

main ly  from o b s e r v a t i o n s  o f  the  e f f e c t s  of  l e s i o n s  i n  the



hypotha lamus and the  e f f e c t s  o f  e x t r a c t s  of  hypo tha lam ic  

t i s s u e  on r e l e a s e  o f  hormones from adenohypophysis  t i s s u e  

’ i n  v i t r o ' .  A h i e r achy of  c o n t r o l  has  been s u g g e s te d  i n  

which the  a n t e r i o r  p i t u i t a r y  hormone promotes s e c r e t i o n  of  

t a r g e t  organ hormone which can feedback  on the  hypothalamus  

o r  p i t u i t a r y  to r e g u l a t e  f u r t h e r  r e l e a s e  o f  p i t u i t a r y  hormone. 

The c o n t r o l  of  growth hormone and p r o l a c t i n  r e l e a s e  was 

t h ough t  to i n v o lv e  feedback  o f  the  p i t u i t a r y  hormone i t s e l f  

on the  hypothalamus o r  p i t u i t a r y  (G reer ,  1957; G u i l l em in ,  

1964),  An im p o r ta n t  f e a t u r e  of  t h e s e  ide as  of  p i t u i t a r y  

hormone c o n t r o l  was t h a t  the  v a r io u s  mechanisms o p e r a t e d  

i n d e p e n d e n t ly  f o r  each  hormone.

Growth hormone

Growth hormone i s  s y n t h e s i s e d  by s p e c i f i c  a n t e r i o r  

p i t u i t a r y  c e l l s  d i s t i n c t ' f r o m  th o se  t h a t  s y n t h e s i s e  o t h e r  

p i t u i t a r y  hormones i n c l u d i n g  p r o l a c t i n  (Mar t in ,  1973).

Growth hormone i s  a s i n g l e  ch a in  p o l y p e p t id e  c o n t a i n i n g  190 

amino a c id  r e s i d u e s  the  sequence o f  which has  now been 

e l u c i d a t e d  (L i ,  1972),  I t  accoun ts  f o r  4-10% o f  the  wet 

w e igh t  o f  the  a n t e r i o r  p i t u i t a r y  i n  the  human a d u l t  (5-15 mg/ 

g land )  and c i r c u l a t e s  i n  the  p lasma i n  an unbound form. The 

h a l f  l i f e  o f  hGH has  been e s t i m a t e d  a t  17-45 minu tes  w i th  

m e ta b o l i c  c l e a r a n c e  o c c u r r i n g  p r i n c i p a l l y  by h e p a t i c  up take  

(Cameron, Burger and C a t t ,  1969).



S tu d ie s  i n  humans have dem ons t ra ted  t h a t  hGH can enhance 

u p take  o f  FFA and d e c r e a s e  g lu c o se  up take  (Rd)inowitz, K lassen  

and Z i e r l e r ,  1965).  I t  i s  r e l e a s e d  i n  re sponse  to  a f a l l  i n  

b lood  g lucose  (Roth,  G l i c k ,  Yalow and Berson,  1963; H unte r ,  

Fonseka and Passmore,  1965a) ,  a f a l l  i n  p lasma FFA (Har tog ,

Have1, C o p in s ch i ,  E a r l l  and R i t c h i e ,  1967; I r i e ,  Sakuma,

Tsushima,  Shizume and Nakaro,  1967) and as a r e s u l t  o f  d i u r n a l  

v a r i a t i o n  (G l ick  and G oldsm ith ,  1968).  The s e c r e t i o n  of  hGH 

appears  to  produce  m e ta b o l i c  a d ju s tm e n t  i n  f a t  and c a rb o h y d ra te  

me tabo li sm such  t h a t  t h e r e  i s  d e c r e a s e d  g lucose  u s e ,  main tenance  

o f  glycogen  s t o r e s ,  i n c r e a s e d  o x i d a t i o n  of  f a t  and main tenance  of  

b lood  g lu c o se  l e v e l s  i n  a d d i t i o n  to  i t s  b e t t e r  known e f f e c t s  on 

p r o t e i n  me tabo li sm.  The mechanism by which growth hormone 

r e g u l a t e s  c a rb o h y d ra t e  and f a t  me tabo l i sm i s  u n c l e a r  b u t  i t  

seems l i k e l y  t h a t  i t  i n t e r f e r e s  w i t h  the  p h o s p h o r y l a t i o n  of  

g lu c o se  and t h i s  may in v o l v e  FFA o r  k e to n e s  which a re  known to 

i n h i b i t  i n d i r e c t l y  th e  p h o s p h o r y l a t i n g  enzyme h e x o k in a se .

P r o l a c t i n

U n t i l  c o m p a ra t iv e ly  r e c e n t l y  th e  e x i s t e n c e  of  a d i s t i n c t  

human p r o l a c t i n  hormone had n o t  been  c o n c l u s i v e l y  dem ons t ra ted  

a l th o u g h  t h e r e  was c o n s i d e r a b l e  c l i n i c a l  ev idence  to  s u p p o r t  

the  e x i s t e n c e  of  t h i s  hormone (F o rbes ,  Henneman, Griswold  and 

A l b r i g h t ,  1954).  The s i m i l a r i t y  i n  p h y s i c a l ,  chemical  and 

b i o l o g i c a l  p r o p e r t i e s  o f  growth hormone and p r o l a c t i n  has



c o n t r i b u t e d  t o  the  d i f f i c u l t y  i n  i s o l a t i n g  human p r o l a c t i n .  

In a d d i t i o n ,  poo led  p i t u i t a r y  e x t r a c t s  c o n t a i n  l a r g e  concen

t r a t i o n s  of  growth hormone and sm al l  amounts o f  p r o l a c t i n  

(Guyda and F r i e s en,  1971),  Recent  s t u d i e s  have ,  however,  

p ro v id e d  overwhelming ev id en ce  to su p p o r t  the  e x i s t e n c e  of  

p r o l a c t i n  i n  p r im a te  s p e c i e s  (Nicho l  and N ic h o l s ,  1971).

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

s p e c i e s  i s  on ly  now b e g in n in g  to be d e f in e d .  An amazing 

number of  a c t i v i t i e s  have  been  a s c r i b e d  to  t h i s  hormone 

i n c l u d i n g  mamotrophic ,  l a c t o g e n i c ,  o sm o reg u la to ry ,  d i a b e t 

ogen ic  and l u t e o t r o p h i c  e f f e c t s  (Nico l  and Bern,  1972).  A 

r o l e  f o r  p r o l a c t i n  i n  l a c t o g e n e s i s  i n  man i s  f a i r l y  w e l l  

e s t a b l i s h e d  (Tyson,  K ho jand i ,  Hath and A ndreassen ,  1976) 

and i n t r a v e n o u s  i n f u s i o n  of  p r o l a c t i n  produces  marked 

l i p o l y s i s  i n  man ( B e r l e ,  F i n s t e r w a l d e r  and A p o s t o l a k i s ,  

1974).  E x e r c i s e  and hypoglycaemia  a r e  b o th  known to 

s t i m u l a t e  hPRL r e l e a s e  (N oe l , Suh, Stone and F r a n t z ,  1972).

R e g u la t i o n  o f  hGH and hPRL r e l e a s e

There i s  c o n s i d e r a b l e  ev id en ce  from a l a r g e  number of  

s t u d i e s  i n  man and animals  s u g g e s t i n g  t h a t  hGH and hPRL 

r e l e a s e  i s  c o n t r o l l e d  by th e  hypotha lamus .  This  ev idence  

i n c lu d e s  the  o b s e r v a t i o n s  t h a t  p i t u i t a r y  s t a l k  s e c t i o n  

p r e v e n t s  th e  normal r i s e  i n  hGH i n  re sponse  to  hypoglycaemia



CBrown and R e i c h l i n ,  1972) and t h a t  median eminence l e s i o n s  

p r e v e n t  growth hormone res p o n s es  i n  monkeys (Brown, Schalch  

and R e i c h l i n ,  1971).  In  a d d i t i o n ,  t r a n s e c t i o n  of  the  

p i t u i t a r y  s t a l k  i n  man (T urk ing ton ,  Underwood and Van Wyk,

1971) as w e l l  as a u t o t r a n s p l a n t a t i o n  o f  the p i t u i t a r y  in  

animals ( E v e r e t t ,  1966) produces  e l e v a t i o n  of  p r o l a c t i n  

l e v e l s  r e l a t i v e  to o t h e r  p i t u i t a r y  hormones. These 

o b s e r v a t i o n s  s u g g e s t  t h a t  growth hormone r e l e a s e  i s  under  

th e  c o n t r o l  of  a h y p o th a lam ic  r e l e a s i n g  f a c t o r  and t h a t  the  

t o n i c  i n f l u e n c e  o f  the  hypotha lamus on p r o l a c t i n  r e l e a s e  i s  

i n h i b i t o r y .  However, a l th o u g h  t h e r e  i s  c o n s i d e r a b l e  

ev idence  t h a t  p e p t i d e  hypo tha lam ic  hormonal f a c t o r s  r e g u l a t e  

hGH and hPRL r e l e a s e  none o f  th e s e  f a c t o r s  have  been 

i s o l a t e d  a n d  c h a r a c t e r i s e d  w i th  the  e x c e p t io n  of a growth 

hormone r e l e a s e  i n h i b i t i n g  p e p t i d e ,  s o m a t o s t a t i n .

In  r e c e n t  y e a r s  a v a r i e t y  of  p e p t i d e  hormones have been 

i s o l a t e d  from the  mammalian hypothalamus and s e v e r a l ,  

i n c l u d i n g  t h y r o t r o t g p h i n  r e l e a s i n g  f a c t o r  (TRE) l u t e i n i z i n g  

hormone r e l e a s i n g  f a c t o r  and 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  have been c h a r a c t e r i s e d  and s y n t h e s i s e d  

(M ar la rkey ,  1976).  However, r e c e n t  r e s e a r c h  has q u e s t i o n e d  

the  independence  of  h y p o t h a l a m i c / p i t u i t a r y  c o n t r o l  mechanisms 

For  example,  TRH.which s t i m u l a t e s  TSH s e c r e t i o n ,  has a l s o  

been shown to s t i m u l a t e  hPRL r e l e a s e  ( Jacobs ,  Snyder,  W i lber ,



U t i g e r  and Daughaday,  1971) ,  and hGH. r e l e a s e  i n  p a t i e n t s  

w i th  acromegaly (Saman, Leavens and J e s s e ,  1974).

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

from th e  ov ine  hypotha lamus  (Brazeau ,  Vale ,  Burgus,  L ing ,

B u tc h e r ,  R i v i e r  and G u i l l e m in ,  1973) can i n h i b i t  hGH 

s e c r e t i o n  i n  r e sp o n se  to  a number o f  s t i m u l i  ( H a l l ,  B esse r  

and S c h a l ly ,  1973; Hansen, Orskov,  Seyer-Hansen and 

Lundbask, 1973) ,  w h i l e  a l s o  i n h i b i t i n g  s e c r e t i o n  o f  t h y r o -  

t r o p h i n  ( S i l e r ,  Yen, Vale and G u i l l em in ,  1974) g lucagon 

(G er ich ,  Lo renz i  and S ch n e id e r ,  1974) and i n s u l i n  (Ch idecke l ,  

Pa lm er and Koerker,  1975).  M u l t i p l e  a c t i o n s  have  been  

d e s c r i b e d  f o r  a l l  the  hypo tha lam ic  f a c t o r s  so f a r  i s o l a t e d  

and the  concep t  of  a s i n g l e  hypo tha lam ic  f a c t o r  r e g u l a t i n g  a 

s i n g l e  a n t e r i o r  p i t u i t a r y  hormone i s  no lo n g e r  t e n a b l e .

R e g u l a t i o n  of  hGH and hPRL r e l e a s e  by hypo tha lam ic  n e u ro 
t r a n s m i t t e r s

There i s  growing ev id en ce  t h a t  hypo tha lam ic  n e u r o t r a n s m i t t e r s  

r e g u l a t e  a n t e r i o r  p i t u i t a r y  hormone r e l e a s e .  For  example,  t h e r e  

i s  ev idence  f o r  a s t i m u l a t i o n  o f  s e c r e t i o n  of  hGH by the  dopamine 

r e c e p t o r  a g o n i s t s ,  apomorphine (L a i ,  de l a  Vega,  Sourkes and 

F r i e s e n ,  1973; Maany, F r a z e r  and Mendels ,  1975),  and b ro m o c r i p t i n e  

(Cammani, Massara,  B e l f o r t e  and M o l i n a t t i ,  1975; T o l l s ,  P i n t e r  

and F r i e s e n ,  19 75) w h i l e  the  drugs ch lo rp rom azine  and r e s e r p i n e



which a l t e r  b r a i n  c a tech o lam in e  metabo l i sm im pa i r  the  hGH 

re sp o n se  to i n s u l i n  hypoglycaemia  (Sherman,  Kim, Benjamin 

and Kolodny,  1971; Cavagnini  and P e r a c c h i ,  1971).  There 

i s  a l s o  ev idence  f o r  s e r o t o n e r g i c  involvement i n  hGH 

r e l e a s e  (Imura,  Nakai and Yoshimi,  1973).  Recent  r e s e a r c h  

s u g g e s t s  t h a t  t h e r e  i s  a hiera ichy of  hypo tha lam ic  c o n t r o l  

o f  hGH r e l e a s e .  Chlo rp romazine  and r e s e r p i n e  im p a i r  the  

hGH re sponse  to  hypoglycaemia  b u t  the  i n c r e a s e  i n  hGH i n  

r e sp o n se  to  L~dopa a d m i n i s t r a t i o n  i s  n o t  a l t e r e d  by h y p e r -  

g lycaemia  (Boyd, L e b o v i tz  and P f i e f f e r ,  1970).  In  a d d i tb n  

oC-adrenergic b loc kade  p r e v e n t s  the  hGH response  to  hypo

g lycaemia  (B lackard  and H e i d i n g s f e l d e r , 1968),  e x e r c i s e  

(Hansen,  1971) and t o  L-dopa (K ansa l ,  Buse and T a l b e r t ,  1972),  

However, s l e e p  in duced  hGH r e l e a s e  i s  no t  a l t e r e d  by a d r e n e r 

g i c  b lockade  (Lucke and G l i c k ,  1971).  These o b s e r v a t i o n s
I

s u g g e s t  t h a t  t h e r e  i s  a hiera ichy of  c o n t r o l  o f  hGH r e l e a s e  i n  

th e  hypotha lamus w i t h  a f i n a l  common pathway p ro b ab ly  i n v o l v in g  

the  r e l e a s e  o f  growth hormone r e l e a s i n g  f a c t o r .

There i s  a l s o  e v id en ce  t h a t  hPRL r e l e a s e  i s  modulated  by 

hypo tha lam ic  n e u r o t r a n s m i t t e r s .  This  ev idence  i n c l u d e s  the  

o b s e r v a t i o n s  t h a t  hPRL l e v e l s  a re  d e c re ase d  by L-dopa ( F r i e s e n ,  

Guyda, Wang, Tyson and Barbeau ,  1972) and e l e v a t e d  by pheno- 

t h i a z i n e s  (Beumont, Ge lder  and F r i e s e n ,  1974; W i le s ,  Kolakowska,  

McNeil ly ,  Mandelbor te  and G e ld e r ,  1976).  S tu d ie s  of  s p e c i f i c
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dopamine r e c e p t o r  a g o n i s t s  apomorphine and b r o m o c r i p t i n e  

s u g g e s t  t h a t  dopamine i n h i b i t s  hPRL r e l e a s e  (M ar t in ,  L a i ,

T o l i s  and F r i e s e n ,  1974; Del Pozo,  Brun,  Varga and F r i e s e n ,

1972).  There i s  a l s o  ev idence  t h a t  s e r o t o n e r g i c  mechanisms 

r e l e a s e  hPRL (Kato,  Naka i ,  Imura,  Chiha ra  and Ohgo, 1973).

There i s  t h e r e f o r e  c o n s i d e r a b l e  ev idence  s u g g e s t in g  

t h a t  hypo tha lam ic  n e u r o t r a n s m i t t e r s  c o n t r o l  hGH and hPRL 

r e l e a s e .  The mechanisms f o r  t h i s  a c t i o n  a re  unknown b u t  i t  

seems l i k e l y  t h a t  m o d u la t i o n  o f  r e l e a s e  o f  hypo tha lam ic  

p e p t i d e  r e l e a s e  o r  i n h i b i t i n g  f a c t o r s  i s  in v o l v e d .  However, 

as  a l r e a d y  d i s c u s s e d ,  only  growth hormone r e l e a s e  i n h i b i t i n g  

hormone has  been  i s o l a t e d  and c h a r a c t e r i s e d ,  t h e r e f o r e ,  any 

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

th e  o t h e r  proposed  p e p t i d e  f a c t o r s  must  be s p e c u l a t i v e .  

N e v e r t h e l e s s ,  th e  e f f e c t  o f  hypo tha lam ic  n e u r o t r a n s m i t t e r s  on 

hypo tha lam ic  p e p t i d e  f a c t o r s  remains  an e x c i t i n g  a r e a  f o r  

f u t u r e  r e s e a r c h .

A majo r  o b j e c t i v e  of  the  s t u d i e s  d e s c r ib e d  i n  t h i s  t h e s i s  

was to  i n v e s t i g a t e  the  e f f e c t s  o f  v a r io u s  drugs  on growth 

hormone and p r o l a c t i n  r e l e a s e  and to  de te rmine  i f  t h e r e  was 

any ev idence  f o r  an a l t e r a t i o n  o f  h y p o t h a l a m i c / p i t u i t a r y  

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

a s p e c t s  o f  hGH and hPRL r e l e a s e  were a l s o  examined i n  normal
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s u b j e c t s  and i n  p a t i e n t s  w i th  ev idence  of  a l t e r e d  h y p o th a la m ic /  

p i t u i t a r y  f u n c t i o n .  The fo l l o w i n g  p a r t  of  t h i s  i n t r o d u c t i o n  

p r o v id e s  the background  to the  v a r io u s  i n v e s t i g a t i o n s  c a r r i e d  

ou t .

D ipheny lhydan to in

S tu d ie s  i n  an imals  have  dem onst ra ted  t h a t  DPI! s t i m u l a t e s  

the  p i t u i t a r y  g land  and a d r e n a l  c o r t e x  (Woodbury, 1952) .  In 

man DPH a d m i n i s t r a t i o n  produces  an i n i t i a l  i n c r e a s e  i n  hydro -  

x y c o r t i c o i d  e x c r e t i o n  (C os ta ,  G la s e r  and B o n n y cas t le ,  1955) 

and i t  i s  p o s s i b l e  t h a t  t h i s  e f f e c t  i s  due to  s t i m u l a t i o n  of  

th e  h y p o t h a l a m i c / p i t u i t a r y  a x i s .  I t  was t h e r e f o r e  dec ided  to  

i n v e s t i g a t e  th e  e f f e c t  of  DPE on growth hormone and m e ta b o l i c  

changes i n  r e sp o n se  to e x e r c i s e  and g lucose  l o a d in g .

A lcohol  and A lcoho l ism  ^

Oral  a l c o h o l  i n g e s t i o n  has  been  r e p o r t e d  to  e l e v a t e  hGH 

( B e l l e t ,  Yoshimine,  De C a s t r o ,  Roman, Parmar and Sandberg,

1971) and c o r t i s o l  (Merry and Marks, 1969; B e l l e t ,  Roman, De 

C a s t ro  and H e r r e r a ,  1970) i n  normal s u b j e c t s  and the  c o r t i s o l  

re sponse  i s  r e p o r t e d  to  be a b s e n t  i n  p a t i e n t s  w i t h  p i t u i t a r y  

adenomas ( J e n k in s  and Conno l ly ,  1968) .  This  ev idence  su g g e s t s  

t h a t  a l c o h o l  has  an e f f e c t  on th e  h y p o t h a l a m i c / p i t u i t a r y  ax i s  

and i t  was p roposed  to i n v e s t i g a t e  the  e f f e c t  o f  a l c o h o l  and .
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e x e r c i s e  on hGH and hPRL r e l e a s e  i n  normal s u b j e c t s  and to  

s tu d y  h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n  in  ch ro n ic  a l c o h o l i c s .

R e g u la t io n  o f  r e l e a s e  o f  hGH and hPRL

There i s  ev idence  t h a t  hypo tha lam ic  n e u r o t r a n s m i t t e r s  

r e g u l a t e  hGH and hPRL r e l e a s e  and some o f  t h i s  ev idence  has 

a l r e a d y  been d i s c u s s e d .  A majo r o b j e c t i v e  of  t h i s  t h e s i s  

was to  i n v e s t i g a t e  c a t e c h o l a m i n e r g i c  and s e r o t o n e r g i c  r egu 

l a t i o n  o f  hGH and hPRL r e l e a s e  i n  normal s u b j e c t s  and to  

deve lop t e c h n iq u e s  f o r  the  i n v e s t i g a t i o n  of  hypo tha lam ic  

n e u r o t r a n s m i t t e r  f u n c t i o n  i n  p a t i e n t s .

Brom ocr ip t ine

B rom ocr ip t ine  i s  an a c t i v e  e r g o t  a l k a l o i d  w i th  the  

p r o p e r t i e s  of  a dopamine r e c e p t o r  a g o n i s t .  I t  was dec ided

to i n v e s t i g a t e  the  e f f e c t  of  b r o m o c r i p t i n e  on hGH and hPRL
I

r e l e a s e  i n  normal s u b j e c t s  and an o p p o r t u n i t y  a l s o  a ro s e  to  

s tudy  the  r e s p o n s e s  i n  a p a t i e n t  w i th  acromegaly.

P h e n o th i a z in e s

Oral  a d m i n i s t r a t i o n  o f  p h e n o t h i a z i n e s  i s  known to  e l e v a t e  

hPRL l e v e l s  i n  man (Beumont e t  a l . , 1974) and to  im p a i r  the  

hGH re sponse  to hypoglycaemia (Sherman e t  a l . ,  1971).  Most 

s t u d i e s  o f  p h e n o t h i a z i n e s  have  in v o lv ed  o r a l  a d m i n i s t r a t i o n  of  

ch lo rp rom azine  and i t  was t h e r e f o r e  p roposed  to i n v e s t i g a t e
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the  e f f e c t s  of  a depo t  p r e p a r a t i o n  o f  f lu p h e n a z in e  on b a s a l  

hPRL l e v e l s  and on hGH re s p o n s e s  to hypoglycaemia .

C lo n id in e

C lo n id in e  i s  an a n t i h y p e r t e n s i v e  drug which s t i m u l a t e s  

c e n t r a l  n o r a d r e n a l i n e  r e c e p t o r s .  I t  was dec ided  to  

i n v e s t i g a t e  the  p o s s i b l e  im por tance  of  n o r a d r e n e r g i c  

mechanisms i n  the  r e g u l a t i o n  o f  hGH and hPRL r e l e a s e  by 

examining the  r e s p o n s e  of  t h e s e  hormones to 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  of  c l o n i d i n e .

5~hydroxy-L-1 ryp toph  an

A d m i n i s t r a t i o n  of  5-HTP, the  p r e c u r s o r  of  s e r o t o n i n ,  i s  

known to  e l e v a t e  b r a i n  s e r o t o n i n  l e v e l s  (C or rod i ,  Fuxe and 

H o k f l e t ,  1967).  I t  was p roposed  to  i n v e s t i g a t e  s e r o t o n e r g i c  

r e g u l a t i o n  of  hGH and hPRL r e l e a s e  by examining changes in  

hGH and hPRL l e v e l s  f o l l o w i n g  i n t r a v e n o u s  i n f u s i o n  o f  5-HTP i n  

normal s u b j e c t s .

S o m a t o s t a t i n

S o m a t o s t a t i n  i s  a c y c l i c  t e t r a d e c a p e p t i d e  p o s t u l a t e d  to  be 

a hypo tha lam ic  growth hormone r e l e a s e  i n h i b i t i n g  hormone 

(Brazeau  e t  a l . ,  1973).  S o m a t o s t a t i n  i n h i b i t s  hGH re s p o n s es  

to  e x e r c i s e  (Hansen e t  a l . ,  1973) and a l s o  i n h i b i t s  i n s u l i n
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(Chidechel  e t  a l . ,  1975) and g lucagon  r e l e a s e  (Ger ick  

e t  a l . ,  1974).  S y n t h e t i c  s o m a t o s t a t i n  may be a u s e f u l  

t o o l  i n  th e  i n v e s t i g a t i o n  o f  the  m e ta b o l i c  e f f e c t s  o f  a 

number of  hormones and i t  was t h e r e f o r e  p roposed  to  s tudy  

the  e f f e c t  o f  s o m a t o s t a t i n  induced  s u p p r e s s i o n  o f  hGH, 

i n s u l i n  and g lucagon  on k e to n e  p r o d u c t i o n  and u t i l i s a t i o n  

of  m e ta b o l i c  f u e l s  d u r in g  and a f t e r  e x e r c i s e .

H u n t in g t o n ’̂ s chorea

H u n t in g t o n ’ s cho rea  i s  an i n h e r i t e d  d i s o r d e r  o f  the  

nervous  system a f f e c t i n g  the  b a s a l  g a n g l i a  and i n  p a r t i c u l a r  

the  cauda te  n u c l e u s  and putamen (Bruyn,  1968; E a r l e ,  1973),

The d i s o r d e r  i s  c h a r a c t e r i s e d  by the  appearance  o f  i n v o l u n t a r y  

movements o r  cho rea  which develop  i n  most cases  between the 

ages of  40-50 y e a r s .  There i s  ev idence  to  i m p l i c a t e  dopamine 

i n  the  d i s o r d e r ,  as drugs which a l t e r - b r a i n  dopamine metab

o l i sm ,  f o r  example,  h a l o p e r i d o l  (Vaisberg  and Saunders ,  1963) 

p h e n o t h i a z i n e s  (C a n d e l i s e ,  F a g l i o n i  and S p i n n l e r ,  1973) and 

t e t r a b e n a z i n e  (McLel lan,  Chalmers and Johnson ,  1974) a l l  

reduce  chorea .  Biochemical  a b n o r m a l i t i e s  i n  the  b r a i n s  

o b t a in e d  p o s t  mortem from p a t i e n t s  who have s u f f e r e d  from 

H u n t in g t o n ' s  chorea  i n c lu d e  a r e d u c t i o n  o f  ^ - a m i n o b u t y r i c  

a c id  (GABA) c o n c e n t r a t i o n s  and g lu t a m ic  a c i d  d e c a rb o x y la s e  

a c t i v i t y  ( P e r r y ,  Hansen and K l o s t e r ,  1973; B i rd  and I v e r s e n ,  

1974; S t a h l  and Svanson,  1974). There i s  f u r t h e r
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ev id en ce  f o r  a r e l a t i o n s h i p  be tween GABA and dopamine 

tu r n o v e r  (Shoulson,  K a r t z i n e l  and Chase,  1976) and i t  i s  

p o s s i b l e  t h a t  th e  h y p e r k i n e t i c  c o n d i t i o n  p r e s e n t  i n  the 

d i s o r d e r  may be r e l a t e d  to  a change i n  the  r e l a t i o n s h i p  

between dopamine and GABA. P a t i e n t s  w i th  the  d i s o r d e r  show 

e x c e s s i v e  sw e a t ing  and w e ig h t  l o s s  and t h i s  has  been 

a t t r i b u t e d  to a l t e r e d  h y po tha lam ic  f u n c t i o n  (Bruyn,  1973).

An e a r l i e r  hGH re s p o n s e  to  hypoglycaemia has been r e p o r t e d  

i n  p a t i e n t s  w i th  the  d i s o r d e r  and i t  has been s u g g e s te d  t h a t  

t h i s  e a r l i e r  r e sponse  may be r e l a t e d  to  h y p e r s e n s i t i v i t y  of 

dopamine r e c e p t o r s  m e d ia t i n g  hGH r e l e a s e  (Keogh, Johnson ,  

Nanda and Sulaiman,  1976; P h i l l i p s o n  and B i rd ,  1976).  A 

majo r  o b j e c t i v e  of  t h i s  t h e s i s  was to  conf i rm  th e s e  f i n d i n g s  

and to  i n v e s t i g a t e  c a t e c h o l a m in e r g i c  and s e r o t o n e r g i c  

r e g u l a t i o n  o f  hGH and hPRL r e l e a s e  i n  p a t i e n t s  w i th  the  

d i s o r d e r .
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METHODS



1. EXERCISE

S u b je c t s  e x e r c i s e d  on an e l e c t r i c ,  v a r i a b l e  lo a d ,  Elema 

Shonander b i c y c l e  e rgom e te r  ( type  EM 369).  This  machine 

a l low ed  e x e r c i s e  to be per formed a t  a c o n s t a n t  known workload .  

The s u b j e c t s  m a in ta in e d  a r e l a t i v e l y  s t e a d y  r a t e  of  e x e r c i s e  

by m o n i to r in g  the  r.p<m. of  the  b i c y c l e  a t  i n t e r v a l s .  The 

e x e r c i s e  t e s t  per formed in  t h i s  manner was bo th  q u a n t i t a t i v e  

and r e p r o d u c i b l e .

2. ORAL TOLERANCE TESTS AND DRUGS 

Glucose t o l e r a n c e  t e s t

A s t a n d a r d  o r a l  g lu c o s e  t o l e r a n c e  t e s t  was per formed by 

g iv i n g  the  s u b j e c t  50g o f  g lu c o se  d i s s o l v e d  i n  200 ml of  w a te r .  

Venous b lood  samples were taken  a t  30 minu te  i n t e r v a l s  a f t e r  

o r a l  g lu c o se  f o r  2§ h o u r s .

Alcohol  a d m i n i s t r a t i o n

To s tudy  the  e f f e c t  o f  a l c o h o l  pure  e t h a n o l  (Burroughs 

L t d . )  was g iven  o r a l l y  i n  a w e ig h t  r e l a t e d  dose (0 .5 g /k g  body 

w e ig h t )  and made up to  200 ml w i th  w a te r .

Drugs

The f o l l o w in g  drugs were used in  the  v a r i o u s  i n v e s t i g a t i o n s  

d e s c r i b e d  i n  t h i s  t h e s i s .
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B rom ocr ip t ine  ( P a r l o d e l )  Sandoz P ro d u c t s  L td .

C lo n id in e  ( C a ta p re s )  Boehr inger  Inge lhe im  Ltd

D ipheny lhydan to in  (Epanu t in )  P a rk e ,  Davis & Co. L td .

F luphena z ine  decanoa te  (Modec a t e )  E . R. Squib & Son L td .

5 -hydroxyÏ - L - t ry p t o p h a n  (5-HTP) B.D.H. L td .

S o m a t o s t a t i n  ( s y n t h e t i c  c y c l i c  s o m a t o s t a t i n )  A y e r s t

L a b o r a t o r i e s  L td .

The method of  a d m i n i s t r a t i o n  and the  dose of  drug used  

i s  g iven  i n  the  a p p r o p r i a t e  c h a p t e r .
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3. BIOCHEMICAL ANALYSIS 

Sampling t e chn ique

Venous b lood samples were withdrawn a t  a p p r o p r i a t e  

i n t e r v a l s  of  t ime from a p o ly th e n e  cannu la  i n  an a n t e c u b i t a l  

v e i n .  For  each  sample t a k e n ,  4 ml was added to  5 ml o f  i c e  

c o ld  10% ^ / v  p e r c h l o r i c  a c i d  i n  a preweighed  tube  f o r  the  

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

3 - h y d ro x y b u ty ra t e  and g l y c e r o l .  An a d d i t i o n a l  10 ml of  

b lood  was added to a h e p a r i n i s e d  c o n t a i n e r  f o r  the  

e s t i m a t i o n  o f  p lasma f r e e  f a t t y  a c i d s ,  growth hormone,  

i n s u l i n ,  p r o l a c t i n  and c o r t i s o l .  Immedia tely a f t e r  an 

i n v e s t i g a t i o n  samples were weighed ,  c e n t r i f u g e d  a t  3,000 

r . p . m .  f o r  1 0 minu tes  and s t o r e d  a t  -20^C u n t i l  r e q u i r e d .

Trea tm ent o f  d e n a tu r e d  b lood

The p e r c h l o r i c  a c i d  e x t r a c t  was c e n t r i f u g e d  (2,500

r .p . m .  f o r  10 m i n u t e s ) ,  poured i n t o  a g ra d u a te d  tube and

th e  volume n o te d .  The e x t r a c t  was n e u t r a l i s e d  w i th  20%

p o ta s s iu m  h y ro x id e  u s in g  BDH u n i v e r s a l  i n d i c a t o r  to  remove 
per

p o ta s s iu m  ( c h lo ra te  p r e c i p i t a t e .  The volume o f  the  n e u t r a l i s e d  

e x t r a c t  was n o te d .  B iochemical  d e t e r m i n a t i o n  of g lu c o s e ,  

l a c t a t e ,  p y r u v a t e ,  3 - h y d r o x y b u t y r a t e , a c e t o a c e t a t e  and g l y c e r o l  

were c a r r i e d  ou t  on a known volume of th e  n e u t r a l i s e d  e x t r a c t .

A d i l u t i o n  f a c t o r  was c a l c u l a t e d  from the  volume o f  b lood  

added to  5 ml of  p e r c h l o r i c  a c i d  and the  change i n  volume 

a f t e r  n e u t r a l i s a t i o n .
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4. BIOCHEMICAL METHODS 

Blood p y ru v a te

Py ru v a te  was e s t i m a t e d  by the  enzymic method o f  

H ohors t ,  Kreu tz  and Bucher (1959).  This  as say  measures the 

d e c re ase d  o p t i c a l  d e n s i t y  due to  the  o x i d a t i o n  of  reduced  

n ic o t in a m id e  aden ine  d i n u c l e o t i d e  (NADH) a t  340 nm f o l lo w in g  

the  r e d u c t i o n  o f  p y ru v a te  to  l a c t a t e  by l a c t a t e  dehydrogenase  

(LDH) a t  pH 7 .0 .

Py ru v a te  + NADH + H~̂ p—  ̂ L a c t a t e  + NAD 

Blood l a c t a t e

L a c t a t e  was e s t i m a t e d  by th e  enzymic method of  H ohors t ,  

K reu tz  and Bucher,  (1959) .  This  a s say  measures the  i n c r e a s e  

i n  o p t i c a l  d e n s i t y  due t o  th e  r e d u c t i o n  of  NAD a t  340 nm 

f o l lo w in g  th e  o x i d a t i o n  o f  l a c t a t e  to p y ru v a te  by l a c t a t e  

dehydrogenase  a t  pH 9 . 5 . '  P y ru v a te  was removed i n  the  form 

o f  i t s  hydrazone .

L a c t a t e  + NAD  ̂P y ru v a te  + NADH + H

Blood a c e t o a c e t a t e

A c e t o a c e t a t e  was de te rm ine d  by the  enzymic method of  

W i l l i am son ,  Mellanby and Krebs ,  (1962).  This  a s say  measures  

the  d e c r e a s e  i n  o p t i c a l  d e n s i t y  due to  the  o x i d a t i o n  o f  NADH 

a t  340 nm fo l l o w i n g  th e  r e d u c t i o n  o f  a c e t o a c e t a t e  to 

3 - h y d ro x y b u ty ra t e  by 3 -h y d ro x y b u ty ra t e  dehydrogenase  (HBDH) 

a t  pH 7 .0 .

A c e t o a c e t a t e  + NADH 4 3 -h y d ro x y b u ty ra t e  + NAD
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Blood 3- h y d r o x y b u ty r a t e

3 - h y d ro x y b u ty ra t e  was de te rm ined  by the  enzymic method of  

Will iamson e_t  ̂ a h . , (1962) .  This  as say  measures the  i n c r e a s e d  

o p t i c a l  d e n s i t y  due to  the  r e d u c t i o n  o f  NAD a t  340 nm 

fo l lo w in g  the  o x i d a t i o n  of 3 -h y d ro x y b u ty ra t e  to  a c e t o a c e t a t e  

by (HBDH) a t  pH 9 .5 .  -- A c e t o a c e t a t e  i s  removed i n  the  form of 

i t s  hydrazone .

3 -h y d ro x y b u ty ra t e  + NAD a c e t o a c e t a t e  + NADH + H*”

Blood g l y c e r o l

G ly ce ro l  was de te rm ine d  by th e  enzymic method o f  Kreutz  

(1962) .  G ly c e ro k in a s e  (GK) was used  to  c a t a l y s e  the  phosphory

l a t i o n  o f  g l y c e r o l  to  g l y c e r o l  ~ 1 -  phospha te  from adenos ine  

t r i p h o s p h a t e  (ATP).

g l y c e r o l  + ATP y—------ ^ g l v c e r o l - l - p h o s p h a t e  + ADP

The adenos ine  d ip h o s p h a te  was r e p h o s p h o r y l a t e d  to  ATP w i th  

phosphoenol  p y ru v a te  (PEP) and p y ru v a te  k i n a s e .

ADP + PEP q- ATP + P y ru v a te

P y ru v a te  was then  reduced  to  l a c t a t e  w i th  LDH and the  d e c r e a s e  

i n  o p t i c a l  d e n s i t y  due to  the  coupled  o x i d a t i o n  o f  NADH 

measured a t  340 nm.

P y ru v a te  + NADH + H^ -y - ^—— L a c t a t e  + NAD.

The o v e r a l l  r e a c t i o n  i s ; -
* |-

g l y c e r o l  + PEP + NAD + H = g l y c e r o l - l - p h o s p h a t e  + l a c t a t e

+ NAD,
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Plasma f r e e  f a t t y  a c id s

Free  f a t t y  a c id s  were e s t i m a t e d  i n  plasma by the  

c o l o r i m e t r i c  method of  I t a y a  and Ui (1965) w i th  the 

m o d i f i c a t i o n s  o f  D a l ton  and Kowalski (1967) f o r  an automated 

p ro c e d u re .  This  method i n v o l v e s  the  e x t r a c t i o n  of f r e e  f a t t y  

a c id s  (FFA) f i r s t l y  i n t o  aqueous b u f f e r  then  i n t o  ch lo ro fo rm .  

The FFA i s  e s t i m a t e d  i n  th e  c h lo ro fo rm  e x t r a c t  as the  copper 

soap w i th  d i e t h y l d i t h i o c a r b a m a t e .

Blood g lucose

Blood g luc ose  was e s t i m a t e d  by the  g luc ose  o x id a s e  method 

(Bergmeyer and B e r n t ,  1963) u s in g  a Boehr inger  Biochemical  T es t  

Combination (No. 5 755) Werner,  Rey arid W i e l in g e r ,  1970,

Glucose i s  o x i d i s e d  by g lu c o s e  o x id a s e  to g lu c o n o la c to n e  which 

i n  aqueous s o l u t i o n  i s  c o n v e r t e d  to  g lu c o n ic  a c i d ,  

g lu c o se  + 0^ + H^O -— ^ g lu c o n ic  a c id  +

In  the  p re s e n c e  of  p e r o x i d a s e ,  th e  hydrogen p e ro x id e  

o x i d i s e s  the  chromogen w i th  t h e  fo rm a t io n  of  a dye.

+ chromogen — —̂  dye + H^O

The i n t e n s i t y  of  th e  dye i s  p r o p o r t i o n a l  to  th e  concen

t r a t i o n  of  g lu c o se  and was measured a t  440 nm.

Plasma 1 1 -h y d r o x y c o r t i c o id s

D e te rm in a t io n  o f  1 1 - h y d r o x y c o r t i c o id  c o n c e n t r a t i o n s  was 

per formed  u s in g  a f l u c t im e t r i c  method ( M a t t in g ly ,  1962).
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In  t h i s  method c o r t i c o s t e r o i d s  a re  e x t r a c t e d  i n t o  d i c h l o r o -  

methane and f l u o r e s c e n c e  o f  1 1 - h y d r o x y c o r t i c o id s  i s  

measured a f t e r  mixing  the  d ich lo rom ethane  e x t r a c t  w i th  

f l u o r e s c e n c e  r e a g e n t .  In  man the  p r i n c i p a l  f r e e - h y d r o x y -  

c o r t i c o i d  i s  c o r t i s o l  a l th o u g h  c o r t i c o s t e r o n e  i s  a l s o  

p r e s e n t  i n  smal l  amounts (Bush and Sandberg,  1953).

Serum D ip heny lhydan to in

Serum DPH was measured by g a s - l i q u i d  chromatography 

u s in g  a Pye Unicam gas chromatograph (Type 104) .  The 

method used i s  a v a r i a t i o n  o f  t h a t  d e s c r ib e d  by Goudie and 

B u r n e t t  (1973) u s ing  p - t o l y l  ph en y lh y d an to in  as an i n t e r n a l  

s t a n d a r d  and on column m é t h y l a t i o n  w i th  t r i m e t h y l  phenyl  

ammonium h ydrox ide .
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4. RADIOIMMUNOASSAY

The development o f  radioimmunoassay t e c h n iq u e s  has  made 

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

many p e p t i d e  hormones i n  b i o l o g i c a l  f l u i d s .  The g e n e r a l  

p r i n c i p l e  of  th e s e  t e c h n iq u e s  i s  the  co m p e t i t io n  f o r  a b in d i n g  

s i t e  on a f i x e d  amount o f  an t i -ho rm one  an t ibody  between a known 

amount of  r a d i o a c t i v e l y  l a b e l l e d  hormone (A*) and an unknown 

amount o f  u n l a b e l l e d  hormone (A).

A + a n t i - A  + A* %%%%% A ; a n t i - A  : A* + A + A*

Because of  c o m p e t i t i o n ,  th e  amount o f  l a b e l l e d  hormone 

bound to  the  a n t ib o d y  w i l l  d e c r e a s e  as the  c o n c e n t r a t i o n  of  

u n l a b e l l e d  hormone i n c r e a s e s .  The r e a c t i o n  i s  a l lowed  to  go 

to  com ple t ion  and th e  an t ibody-bound  hormone i s  s e p a r a t e d  from 

the  f r e e  hormone and th e  d i s t r i b u t i o n  of  r a d i o a c t i v i t y  

de te rm ined .

Double an t ib o d y  system

In  the  double an t ibody  system the  an t ib o d y  hormone complex 

i s  s e p a r a t e d  from the  f r e e  hormone by a second a n t ibody  a g a i n s t  

the  immunoglobulins of the  antihormone  serum (Morgan and 

L azarow ,1963).

Human Growth Hormone

Human growth hormone was measured  u s in g  a double  an t ib o d y  

t e ch n iq u e  i n  which  the  f i n a l  im m u n o p rec ip i ta te  was s e p a r a t e d  '
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by f i l t r a t i o n  (Morgan, 1966; S o r in  Gruppo Radioch im ica ,

I t a l y ) .  The growth  hormone c o n c e n t r a t i o n s  were ex p re s s e d  

i n  terms o f  the W.H.O. 1 s t  I n t e r n a t i o n a l  Refe rence  

P r e p a r a t i o n  of  Growth Hormone 66/217 (1 mg = 2 i . n , ) .

P r o l a c t i n

P r o l a c t i n  was measured u s in g  a double an t ib o d y  t e c h n iq u e .

The second an t ib o d y  was f i x e d  on a c t i v a t e d  c e l l u l o s e  u s in g

the  Wide method (Wide, 1969; S o r in  Gruppo R ad ioch im ica ,  I t a l y ) .  

(S ta n d a rd ,  1 mg = 40 I .U.  MRC 71 /22 ) .

I n s u l i n

I n s u l i n  was e s t i m a t e d  by a s i n g l e  a n t ibody  method. The

an t i -ho rm one  an t ib o d y  remained i n  s o l u t i o n  b u t  the  f r e e  hormone

i s  removed by a b s o r p t i o n  on to  ch a rc o a l  (Hunter  and G angui i ,

1971; Yalow and P e rson ,  1960; S o r in  Gruppo Rad ioch im ica ,  I t a l y ) .  

(S ta n d a rd ,  WHO 1 s t  IRP of  i n s u l i n  66 /304) .

Glucagon

Plasma samples had 1000 K a l l i k r e i n  i n h i b i t i n g  u n i t s  of 

a p r o t i n i n  ( T r a s y l o l )  added f o r  each  ml and were f ro z e n  (-20°C) 

f o r  l a t e r  rad io immunoassay,  MRC 69/104 g lucagon  s t a n d a r d  made 

up i n  g lucagon f r e e  p lasma was used t o g e t h e r  w i th  a p a n c r e a t i c  

g lucagon s p e c i f i c  a n t i s e r u m  (Bloom, 1974).  This  assay  g ives  

lower b a s a l  g lucagon  v a l u e s  th a n  th o s e  r e p o r t e d  by o t h e r  

workers  (Vinger and L e fe b v re ,  1972) because  i n t e r f e r e n c e  from 

n o n - s p e c i f i c  e f f e c t s  (Weir,  Turner  and M a r t in ,  1973) has been 

minimized.
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CHAPTER 1

THE EFFECT OF DIPHENYLHYDANTOIN ON THE GROWTH HORMONE 

AND METABOLIC RESPONSE TO EXERCISE



INTRODUCTION

Diphenyl l iydan to in  (DPE) i s  known to  im pa i r  the  i n s u l i n  

r e l e a s e  i n  re sponse  to  g lu c o s e  lo a d in g  (Malherbe,  B u r r i l l ,

Lev in ,  ICaram and Forsham, 1972) and t h e r e  i s  ev idence  t h a t  

DPE i n h i b i t s  i n s u l i n  r e l e a s e  from i s o l a t e d  pancreas  (Levin ,  

Booker,  Smith and Cradsky,  1970) .  Such hormonal e f f e c t s  may 

have im p o r ta n t  i m p l i c a t i o n s  f o r  t r e a t m e n t  w i th  DPH and i t  was 

t h e r e f o r e  dec ided  to  i n v e s t i g a t e  the  e f f e c t  of  the  drug on 

ca rb o h y d ra t e  and f a t  m e tabo l i sm  i n  re sponse  to e x e r c i s e .  In 

a d d i t i o n ,  growth  hormone r e l e a s e  was examined f o r  ev idence  o f  

any e f f e c t  of  DPH on r e l e a s e  of  p i t u i t a r y  hormones.

METHODS

S u b je c t s  and p ro ced u re

Six  normal h e a l t h y  s u b j e c t s  aged 22-40 y e a r s  (mean 29 

y e a r s )  were i n v e s t i g a t e d  on two s e p a r a t e  o c c a s i o n s .  The 

s u b j e c t s  were asked  to  f a s t  o v e r n i g h t  b e f o r e  each  i n v e s t i 

g a t i o n .  On the  f i r s t  o c c a s io n  the  s u b j e c t s  r e c e iv e d  DPH 

(500 mg) by mouth o v e r n i g h t  and th e  fo l l o w in g  morning e x e r c i s e d  

on a b i c y c l e  e rgom e te r  a t  600 kpm f o r  30 m in u te s .  On the  

second o c c a s io n  th e  same s u b j e c t s  performed an i d e n t i c a l  

e x e r c i s e  t e s t  b u t  r e c e iv e d  no m e d ic a t io n .

Blood samples were taken  from a cannula  i n  an a n t e c u b i t a l  

v e in  b e f o r e ,  a t  10 minu te  i n t e r v a l s  d u r in g  e x e r c i s e  and a t  

5, 15, 30,  60,  90 and 120 minu tes  a f t e r  e x e r c i s e .  Blood samples
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were an a ly se d  f o r  l a c t a t e ,  p y r u v a t e ,  a c e t o a c e t a t e ,  

3 -h y d ro x y b u ty ra t e ,  g lu c o se  and g l y c e r o l .  Plasma samples 

were an a ly se d  f o r  FFA and hGH and r e s t i n g  serum samples 

f o r  DPH. The s i g n i f i c a n c e  of  d i f f e r e n c e s  were examined 

u s in g  th e  Mann-Miitney n o n - p a r a m e t r i c  U t e s t  f o r  smal l  

samples (Mann and Whi tney,  1947).
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RESULTS

Serum d ip h e n y lh y d a n to in

Serum c o n c e n t r a t i o n s  o f  DPH were s i m i l a r  (mean 30,7 

; im ol / l :  range  23 .2  ~ 44 .4  pmol /1 )  and were j u s t  below the  

ac c e p te d  t h e r a p e u t i c  range  (40-80 pimol/1) f o r  e p i l e p t i c  

p a t i e n t s  (Lance t ,  1975).

Blood l a c t a t e  and p y ru v a te

Basa l  b lood  l a c t a t e  and p y ru v a te  c o n c e n t r a t i o n s  were 

s i m i l a r  on b o th  o c c a s i o n s .  During e x e r c i s e  b lood  l a c t a t e  

reached  maximum l e v e l s  a f t e r  10 minu tes  of  3 .4  pmol/ml and 

3 .1  pmol/ml (mean c o n c e n t r a t i o n s  w i t h  and w i th o u t  DPH 

r e s p e c t i v e l y ) .  Blood l a c t a t e  c o n c e n t r a t i o n s  r e t u r n e d  to 

normal r e s t i n g  l e v e l s  60 minu tes  a f t e r  the  end o f  e x e r c i s e .

The changes i n  p y ru v a te  c o n c e n t r a t i o n s  were s i m i l a r .  There 

was no s i g n i f i c a n t  d i f f e r e n c e  between c o n c e n t r a t i o n s  o f  

l a c t a t e  o r  p y ru v a te  a t  any t ime d u r in g  the  i n v e s t i g a t i o n  on 

the  two o c c a s i o n s .

Plasma FFA (Fig  l .X )

Basa l  p lasma FFA c o n c e n t r a t i o n s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  on th e  two o c c a s i o n s .  There was a r i s e  i n  FFA 

c o n c e n t r a t i o n s  towards th e  end o f  e x e r c i s e  on th e  two o cca s io n s  

and mean FFA c o n c e n t r a t i o n s  a f t e r  DPH were h i g h e r  than  the  

c o r re s p o n d in g  c o n t r o l  v a lu e s  a f t e r  e x e r c i s e  and were s i g n i f i 

c a n t l y  g r e a t e r  15 minutes  a f t e r  e x e r c i s e  (P< 0 . 0 5 ) .
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Blood g l y c e r o l  (F ig l . I )

B asa l  b lood  g l y c e r o l  c o n c e n t r a t i o n s  were s i m i l a r  on both  

o c c a s i o n s .  E x e r c i s e  was a s s o c i a t e d  w i th  a r i s e  i n  b lood  

g l y c e r o l  c o n c e n t r a t i o n s  and th e  g l y c e r o l  c o n c e n t r a t i o n s  a f t e r  

DPH t r e a tm e n t  were s i g n i f i c a n t l y  g r e a t e r  than  the  co r re sp o n d in g  

c o n t r o l  v a lu e s  a t  5,  15, 30 and 60 minu tes  a f t e r  e x e r c i s e  

(P< 0 . 0 1 ,  0 .0 1 ,  0 .05  and 0 .05  r e s p e c t i v e l y ) .

T o t a l  b lood  k e to n es  (.Fig 1 .1 )

Basal  c o n c e n t r a t i o n s  o f  t o t a l  k e to n e s  ( a c e t o a c e t a t e  + 

3 -h y d ro x y b u ty ra t e )  were s i m i l a r  on b o th  o c c a s i o n s .  A f t e r  

e x e r c i s e  k e tone  c o n c e n t r a t i o n s  ro s e  on b o th  o c c a s io n s  and 

th e  c o n c e n t r a t i o n s  a f t e r  DPH t r e a t m e n t  were s i g n i f i c a n t l y  

g r e a t e r  than  th e  c o r r e s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s  a t  

15, 30, 60,  90 and 120 m inu tes  a f t e r  e x e r c i s e  (P< 0 . 0 5 ,

0 . 0 1 ,  0 .0 0 1 ,  and 0 .001  r e s p e c t i v e l y ) .

Blood g lucose

E x e r c i s e  was a s s o c i a t e d  w i th  a s i m i l a r  smal l  f a l l  i n  

g luc ose  c o n c e n t r a t i o n s  on b o th  o c c a s io n s  bu t  a f t e r  e x e r c i s e  

l e v e l s  r e t u r n e d  q u ic k ly  towards b a s a l  c o n c e n t r a t i o n s .  There 

was no s i g n i f i c a n t  d i f f e r e n c e  i n  b lood  g lucose  c o n c e n t r a t i o n s  

on the  two oc c a s io n s  a t  any t ime d u r in g  the  i n v e s t i g a t i o n .

Plasma growth hormone (F ig l . I I )

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  growth hormone 

c o n c e n t r a t i o n s  on the  two o c c a s i o n s .  E x e r c i s e  produced a marked
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r i s e  i n  hGH c o n c e n t r a t i o n s  r e a c h in g  a peak a t  the end of  

e x e r c i s e  on b o th  o c c a s i o n s .  Growth hormone c o n c e n t r a t i o n s  

d u r ing  e x e r c i s e  were s i g n i f i c a n t l y  g r e a t e r  than  the 

co r re s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s  a t  10, 20 and 30 minu tes  

(P< 0 , 0 5 ,  0 .001  and 0 .0 1  r e s p e c t i v e l y ) .
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FIG l . I  Plasma FFA, b lood  g l y c e r o l  and t o t a l

b lood k e to n e  ( a c e t o a c e t a t e  + 

3“hydroxyb.u tyra te )  c o n c e n t r a t i o n s  

(jumol/ml, mean -  SEM) d u r in g  and 

a f t e r  e x e r c i s e  i n  s i x  normal s u b j e c t s  

with. C®——©) and w i th o u t  C S -— EI) 

a d m i n i s t r a t i o n  o f  DPH C500 mg).
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FIG l . I I  P lasma hOR c o n c e n t r a t i o n s  (mn/1 j,

mean SEM) d u r in g  and a f t e r  e x e r c i s e

i n  s i x  normal s u b j e c t s  w i t h  C®  —®)

and w i t h o u t  a d m i n i s t r a t i o n

of  DPR C500 mg) .
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem ons t ra te  t h a t  

a d m i n i s t r a t i o n  o f  DPH to  normal s u b j e c t s  a l t e r s  m e ta b o l i c  and 

liGH responses  to  e x e r c i s e .  The o b s e r v a t i o n  o f  a g r e a t e r  

r i s e  i n  FFA and b lood  g l y c e r o l  d u r in g  and i n i t i a l l y  a f t e r  e x e r 

c i s e  s u g g es t s  t h a t  DPH produces  g r e a t e r  l i p o l y s i s  d u r ing  

e x e r c i s e .  The development o f  marked p o s t  e x e r c i s e  k e t o s i s  

was a l s o  no ted  f o l l o w in g  DPH t r e a t m e n t .

The f a c t o r s  r e s p o n s i b l e  f o r  the  i n c r e a s e d  l i p o l y s i s  

a s s o c i a t e d  w i th  DPH t r e a t m e n t  a r e  unknown. Moderate e x e r c i s e  

has  been  shown to  cause a r i s e  i n  plasma c o r t i s o l  as  e x e r c i s e  

c o n t in u es  CSutton, Young, L a z a ru s ,  H ickie  and M askvy t i s ,  1968) 

and DPH s t i m u l a t e s  h y d r o x y c o r t i c o i d  e x c r e t i o n  (Cost a  e t  a l . ,  

1955; K r ie g e r ,  1962; D i l l ,  1966).  C o r t i s o l  i n h i b i t s  FFAre —

■ t - j s e t r i f i c a t i o n  and p o t e n t i a t e s  FFA r e l e a s e  by a d r e n a l i n e ,
t

( S h a f r i r  and K erpe l ,  1969).  Plasma ca techo lam ine  concen

t r a t i o n s  a re  r e p o r t e d  to  i n c r e a s e  w i th  e x e r c i s e  CBloom, 

Johnson,  P a rk ,  Rennie and Sula iman,  1976) and ca techo lam ines  

promote l i p o l y s i s  CHavel and G o ld f i e n ,  1959).  I t  i s  n o t  

known i f  changes i n  c i r c u l a t i n g  l e v e l s  of c o r t i s o l  or  

ca techo lam ines  were im p o r ta n t  f a c t o r s  l e a d in g  to i n c r e a s e d  

l i p o l y s i s  a f t e r  DPH t r e a tm e n t  i n  the  p r e s e n t  s tudy  and t h i s  

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The p r e s e n t  o b s e r v a t i o n s  

d id  n o t  dem ons t ra te  any i n c r e a s e d  l i p o l y s i s  a t  r e s t  b e f o r e  

e x e r c i s e  s u g g e s t in g  t h a t  the  drug p o t e n t i a t e s  re s p o n s es  to  

e x e r c i s e .
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Ketone c o n c e n t r a t i o n s  d id  n o t  a l t e r  g r e a t l y  d u r in g  

e x e r c i s e  on b o th  o c c a s io n s  s u g g e s t i n g  t h a t  ke tone  p r o d u c t i o n  

and u t i l i z a t i o n  was c l o s e l y  matched dur ing  e x e r c i s e .

T rea tm en t  w i th  DPH was a s s o c i a t e d  w i th  a marked r i s e  i n  

k e to n e s  a f t e r  e x e r c i s e .  The g r e a t e r  r i s e  in  ke tone  concen

t r a t i o n s  i s  p robab ly  r e l a t e d  to  th e  g r e a t e r  l i p o l y s i s  d u r ing  

and i n i t i a l l y  a f t e r  e x e r c i s e  combined w i th  a dec re ase d  

a e r o b i c  o x i d a t i o n  th rough  th e  c i t r i c  a c id  c y c l e .  This  

e f f e c t  may have been  produced  by a reduced r a t e  o fye-^es te r i f i -  

c a t i o n  of  FFA a f t e r  e x e r c i s e .  I n s u l i n  l e v e l s  a re  known to 

f a l l  du r ing  e x e r c i s e  and to  r i s e  immedia te ly  a f t e r  e x e r c i s e  

p a r a l l e l i n g  changes i n  a d r e n e r g i c  a c t i v i t y  (Johnson ,  P a rk ,  

Rennie and Sula iman,  1974).  A f a i l u r e  of  r e l e a s e  o f  i n s u l i n  

a f t e r  e x e r c i s e  i n  the  s u b j e c t s  t r e a t e d  w i th  DPH would be
I

c o n s i s t e n t  w i t h  th e  known e f f e c t s  o f  DPH in  i n h i b i t i n g  i n s u l i n  

r e l e a s e  (Malherbe e t  a l . , 1972; Levin  e t  a l . ,  1970) and such 

an e f f e c t  could delayre^est e r i f i c a t i o n  of  FFA as i n s u l i n  i s  

known to  l i m i t  f a t  m o b i l i z a t i o n  ( B ie b e r d o r f ,  Chern ick  and 

Scow, 1970).

The p r e s e n t  o b s e r v a t i o n s  i n d i c a t e  t h a t  DPH t r e a t m e n t  

produces  a g r e a t e r  hGH re s p o n s e  to e x e r c i s e .  Growth hormone 

i s  known to  have l i p o l y t i c  p r o p e r t i e s  (Hunter ,  Fonseka and 

Passmore,  1965b; Rabinowitz  e t  a l . ,  1965) b u t  the  absence  of  

an i n c r e a s e  i n  hGH d u r in g  e x e r c i s e  i n  p a t i e n t s  w i t h  hypo

p i t u i t a r i s m  d id  n o t  p r e v e n t  f a t  m o b i l i z a t i o n  d u r in g  e x e r c i s e
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(Johnson,  Rennie ,  Walton and Webste r ,  1971).  I t  t h e r e f o r e  

seems u n l i k e l y  t h a t  the g r e a t e r  e l e v a t i o n  o f  hGH produced 

the  g r e a t e r  l e v e l  o f  l i p o l y s i s  d u r ing  and i n i t i a l l y  a f t e r  

e x e r c i s e  i n  th e  p r e s e n t  i n v e s t i g a t i o n .  Hypoglycaemia

(Roth e_t__a](. , 1953) and a f a l l  i n  FFÂ ( I r i e  e t  a l . , 1967) have 

been r e p o r t e d  to  s t i m u l a t e  hGH r e l e a s e .  Blood g lucose  

c o n c e n t r a t i o n s  were s i m i l a r ' i n  th e  p r e s e n t  i n v e s t i g a t i o n  on 

b o th  o c c a s io n s  d u r ing  and a f t e r  e x e r c i s e  and FFA c o n c e n t r a t i o n s  

i n c r e a s e d  i n  a s i m i l a r  manner k luring  e x e r c i s e  on b o th  

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

t h a t  DPH. s t i m u l a t e s  h y p o t h a l a m i c / p i t u i t a r y  mechanisms 

r e g u l a t i n g  hGH r e l e a s e  w i t h o u t  a f f e c t i n g  kno\ra m e ta b o l i c  

s t i m u l i .

There i s  e v id en ce  t h a t  hGH r e l e a s e  d u r ing  e x e r c i s e  i s  

c o n t r o l l e d  by a d r e n e r g i c  and s e r o t o n e r g i c  mechanisms 

(B lackard  and H e i d i n g s f e l d e r , 1968; Smythe and L a z a ru s ,  1974).  

T rea tment  w i t h  DPH i s  known to e l e v a t e  b r a i n  s e r o t o n i n  l e v e l s  

(B o n n y c a s t i e , Paasonen and Giarman,  1956) and i t  i s  p o s s i b l e  

t h a t  t h i s  e f f e c t  may be t h e  b a s i s  f o r  the  enhancedhGH re sponse  

t o  e x e r c i s e  a f t e r  DPH t r e a t m e n t  i n  the  p r e s e n t  i n v e s t i g a t i o n .

The r e s u l t s  r e p o r t e d  i n  t h i s  c h a p t e r  dem o n s t r a te  t h a t  

a d m i n i s t r a t i o n  of DPH i n c r e a s e s  l i p o l y s i s  d u r in g  and i n i t i a l l y  

a f t e r  e x e r c i s e  and i s  a s s o c i a t e d  w i th  marked p o s t  e x e r c i s e  

k e t o s i s .  DPH produced  g r e a t e r  e l e v a t i o n  of  hGH i n  re sponse  to
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e x e r c i s e  s u g g e s t in g  t h a t  th e  drug s t i m u l a t e s  th e  hypo

t h a l a m i c / p i t u i t a r y  a x i s .  F u r t h e r  s t u d i e s  of  the 

mechanism by which DPH a l t e r s  l i p o l y s i s  and hGH r e l e a s e  

a re  i n d i c a t e d  as t h e s e  m e ta b o l i c  and hormonal  e f f e c t s  

may have im p o r t a n t  i m p l i c a t i o n s  f o r  t r e a tm e n t  w i th  t h i s  

drug.
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SUMMARY

1. M e tabo l ic  and hGH re s p o n s e s  to  e x e r c i s e  were i n v e s t i g a t e d  

i n  s i x  normal h e a l t h y  s u b j e c t s  on two oc c a s io n s  w i t h  and 

w i t h o u t  an o r a l  dose o f  DPH (500 mg).

2. Serum DPH c o n c e n t r a t i o n s  were s i m i l a r  i n  a l l  th e  s u b j e c t s  

and were j u s t  below th e  ac c e p te d  t h e r a p e u t i c  range  f o r  

e p i l e p t i c  p a t i e n t s .

3. There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b lood  l a c t a t e ,  

p y ru v a te  o r  g lu c o se  c o n c e n t r a t i o n s  a s s o c i a t e d  w i th  DPH 

t r e a t m e n t .  Plasma FFA and b lood g l y c e r o l  c o n c e n t r a t i o n s  

were g r e a t e r  d u r ing  and i n i t i a l l y  a f t e r  e x e r c i s e  and the 

c o n c e n t r a t i o n s  o f  t o t a l  k e to n e s  were a l s o  g r e a t e r  a f t e r  

e x e r c i s e  fo l l o w in g  DPH t r e a t m e n t .

4. Trea tm ent w i t h  DPH was a s s o c i a t e d  w i th  s i g n i f i c a n t l y  g r e a t e r  

c o n c e n t r a t i o n s  o f  hGH d u r in g  e x e r c i s e  and the  r e s u l t s  

s u g g e s t  t h a t  DPH has  a s t i m u l a t i n g  a c t i o n  on h y p o th a la m ic /  

p i t u i t a r y  f u n c t i o n ,

5. F u r t h e r  i n v e s t i g a t i o n  o f  the  mechanisms by which DPH 

a l t e r s  l i p o l y s i s  and hGH r e l e a s e  would be o f  v a l u e  as 

th e s e  m e ta b o l i c  and hormonal  e f f e c t s  may have  im p o r ta n t  

im p l i c a t i o n s  f o r  t r e a t m e n t  w i th  t h i s  drug.
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CHAPTER 2

THE EFFECT OF DIPHENYLHYDANTOIN ON GLUCOSE 

TOLERANCE IN EPILEPTICS



INTRODUCTION

D ipheny lhydan to in  (DPR) i s  known to  produce  hyperg lycaem ia  

i n  an imals  (B e l to n ,  E t h e r i d g e  and M i l l i c h a p ,  1965; Sanbar ,  

Conway, S w e i f l e r  and Smet, 1967) and i n  p a t i e n t s  t r e a t e d  w i th  

h i g h  doses of  DPH i n t r a v e n o u s l y  f o r  e p i l e p s y  o r  n e u r o l o g i c a l  

d i s o r d e r s  (K le in ,  1966; Goldberg and Sanbar,  1969).  Other  

s t u d i e s  have dem ons t ra ted  t h a t  DPH im pa ir s  i n s u l i n  r e l e a s e  

i n  re sponse  to  g lu c o se  l o a d in g  (Malherbe e t  a l . ,  1972) and 

i n h i b i t s  i n s u l i n  r e l e a s e  from i s o l a t e d  r a t  p an c re a s  ' i n  v i t r o '  

(Levin  e t  a l . ,  1970),  S tu d ie s  of  DPH induced  hyperg lycaem ia  

have i n v o l v e d  a d m i n i s t r a t i o n  of  r e l a t i v e l y  h ig h  doses of  DPH 

and i t  i s  n o t  c l e a r  i f  hype rg lyc aem ia  or  im pa i red  i n s u l i n  

r e l e a s e  a r e  im p o r ta n t  s i d e  e f f e c t s  of  long te rm t r e a tm e n t  

w i th  t h e r a p e u t i c  doses of  t h i s  d rug .  I t  was dec ided  to  

i n v e s t i g a t e  th e  p o s s i b l e  im por tance  of  t h i s  e f f e c t  by 

s tu d y in g  g lu c o se  t o l e r a n c e  i n  a group of  ch ro n ic  e p i l e p t i c  

p a t i e n t s  on long  te rm t r e a t m e n t  w i t h  DPH.

METHODS

P a t i e n t s  and S u b je c t s

Six p a t i e n t s  r e s i d e n t  i n  an e p i l e p s y  c e n t r e  ( Q u a r r i e r ' s  

Homes, Bridge  o f  Weir) were s t u d i e d .  The p a t i e n t s ,  t h r e e  

males and t h r e e  females  (aged 29-40 y e a r s )  were a l l  r e c e i v i n g  

long term t r e a t m e n t  w i th  DPH (200-500 mg/day) and had r e c e iv e d  

s i m i l a r  doses of  t h i s  drug f o r  n o t  l e s s  th a n  f i v e  y e a r s .
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None of t h e  p a t i e n t s  were known to  be d i a b e t i c  and they  a l l  

gave t h e i r  c onsen t  to  t ake  p a r t  i n  th e  i n v e s t i g a t i o n .  In 

a d d i t i o n  s i x  normal h e a l t h y  c o n t r o l  s u b j e c t s ,  t h r e e  males and 

t h r e e  females  (aged 30-52 y e a r s )  v o lu n t e e r e d  f o r  the  

i n v e s t i g a t i o n ,

P rocedure

Blood samples were withdrawn from a cannula  i n  an 

a n t e c u b i t a l  v e i n  a t  r e s t  and a t  30,  60,  90, 120 and 150 

minu tes  a f t e r  t a k in g  50g o f  g lu c o se  i n  200 ml o f  w a te r  

o r a l l y .  R e s t i n g  serum samples were ana lysed  f o r  DPH and 

p lasma samples a n a ly s e d  f o r  hGH and i n s u l i n .  Blood samples 

were a ssayed  f o r  g lu c o s e .  S i g n i f i c a n c e  of  d i f f e r e n c e s  were 

examined u s in g  the  Mann-Wlritney n o n - p a r a m e t r i c  U - t e s t  f o r  

s m a l l  samples (Mann and Whi tney,  1947).
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RESULTS

Serum d ip h e n y lh y d a n to in  (Table 2 .1 )

Serum DPH c o n c e n t r a t i o n s  were s i m i l a r  i n  the  s i x  

p a t i e n t s  and were a l l  w i t h i n  th e  acc ep ted  t h e r a p e u t i c  

range  of  40-80 ^mol /1 (L a n c e t ,  1975),

Blood g lucose  (F ig  2 .1 )

There w a s  no d i f f e r e n c e  between b a s a l  b lood  g lucose  

c o n c e n t r a t i o n s  be tween p a t i e n t s  and c o n t r o l s .  A f t e r  the  

a d m i n i s t r a t i o n  o f  g l u c o s e ,  b lood  g lu c o se  c o n c e n t r a t i o n  ro s e  

i n  b o th  groups b u t  th e  c o n c e n t r a t i o n s  i n  th e  p a t i e n t s  were 

s i g n i f i c a n t l y  g r e a t e r  than  th e  c o n t r o l s  a t  30 ,  60,  90 and 

120 minu tes  (P<0,05,  0 , 0 1 ,  0 ,0 5  and 0.05  r e s p e c t i v e l y ) .

Plasma i n s u l i n  (F ig  2 .1 )

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  i n s u l i n

c o n c e n t r a t i o n s  be tween th e  two g roups .  A f t e r  g lucose
I

a d m i n i s t r a t i o n  i n s u l i n  c o n c e n t r a t i o n s  ro s e  i n  b o th  groups and 

reac h ed  peak c o n c e n t r a t i o n  i n  the  c o n t r o l s  30 minu tes  a f t e r  

g lu c o se  whereas i n  the  p a t i e n t s  t h e  peak c o n c e n t r a t i o n  o c c u r re d  

a t  60 m in u te s .  The i n s u l i n  c o n c e n t r a t i o n s  i n  the  p a t i e n t s  

were s i g n i f i c a n t l y  lower tha n  th e  c o n t r o l s  a t  30 minu tes  

(P<0 .05) .

Plasma growth hormone

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  hGH
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c o n c e n t r a t i o n s  between the  two g roups .  Both groups showed 

a s i m i l a r  d e p r e s s i o n  i n  hGH c o n c e n t r a t i o n s  a f t e r  o r a l  g lucose  

and 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  i n  hGH c o n c e n t r a t i o n s  

be tween the  groups a t  any t ime d u r in g  the  i n v e s t i g a t i o n .
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TABLE 2 .x

Serum DPH. c o n c e n t r a t i o n s  i n  s i x  e p i l e p t i c s  

b e f o r e  a g lu c o se  t o l e r a n c e  t e s t .

P a t i e n t
No.

Age
Years Sex Serum DPH 

pmol/1

1 40 M 59.2

2 33 F 72.8

3 34 M 46.4

4 31 M 67,2

5 29 ! M 81.6

6 32 ■ F 61 .2



FIG 2 .x  Blood g luc ose  (mmol/1, mean -  SEM) 

and plasma i n s u l i n  c o n c e n t r a t i o n s  

(pU/ml, mean -  SEM) i n  s i x  e p i l e p t i c

p a t i e n t s  t r e a t e d  w i th  DPH (©------------

and i n  s i x  h e a l t h y  c o n t r o l  s u b j e c t s  

(© ©).
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Î
 20 -

,G lu cose

Patients

Controls

30 60 90

Time (mln)

120 150



DISCUSSION

The r e s u l t s  r e p o r t e d  i n  t h i s  c h a p t e r  dem ons t ra te  an 

im pa i red  g lu c o se  t o l e r a n c e  i n  e p i l e p t i c  p a t i e n t s  r e c e i v i n g  

long te rm t r e a t m e n t  w i t h  DPH. Plasma i n s u l i n  c o n c e n t r a t i o n s  

i n c r e a s e d  i n  r e sp o n se  to  g lu c o se  i n  a l l  th e  p a t i e n t s  b u t  the  

r a t e  of  i n c r e a s e  was s low er  and th e  peak  i n s u l i n  c o n c e n t r a t i o n s  

were lower than  the  c o n t r o l s .  The r e s u l t s  s u gges t  t h a t  the  

im pa i red  g lucose  t o l e r a n c e  was a t  l e a s t  p a r t l y  due to  a 

reduced  i n s u l i n  r e s p o n s e .

S tu d ie s  of  g lu c o se  t o l e r a n c e  i n  young e p i l e p t i c s  t r e a t e d  

w i th  DPH (Cummings, Rosenbloom, Kohler  and W i lde r ,  1973) and 

i n  s i  X c h ro n ic  e p i l e p t i c s  r e c e i v i n g  long te rm  t r e a t m e n t  w i th  

DPH (C a s t l e d e n  and K ichens ,  1973) have  f a i l e d  to  dem ons t ra te  

any impairment o f  g lu c o se  t o l e r a n c e  o r  i n s u l i n  r e l e a s e .  The

hyperg lycaem ia  e f f e c t  of  DPH has  been  r e p o r t e d  to  be r e l a t e d
/

to the  amount o f  drug a d m i n i s t e r e d  (P a r i s  and b u t c h e r ,  1971).  

C a s t l e d e n  and Richens (1973) r e p o r t e d  t h a t  t h e i r  p a t i e n t s  had 

serum DPH c o n c e n t r a t i o n s  o f  25'-'125 pmol/1 which  i s  s i m i l a r  to 

th e  range o f  c o n c e n t r a t i o n s  found i n  th e  p a t i e n t s  i n  th e  

p r e s e n t  i n v e s t i g a t i o n  and th e  im pa i red  g luc ose  t o l e r a n c e  found 

i n  th e  p a t i e n t s  i n  t h e  p r e s e n t  s tudy  was n o t  t h e r e f o r e  a s s o c i "  

a t e d  w i t h  g r e a t e r  serum DPH c o n c e n t r a t i o n s .  E l e v a t e d  growth 

hoimone l e v e l s  a r e  known to  im p a i r  g luc ose  u t i l i s a t i o n  (Luf t  

and C e r a s i ,  1964) b u t  b a s a l  hGH c o n c e n t r a t i o n s  were n o t  

e l e v a t e d  i n  th e  p a t i e n t s  i n  the  p r e s e n t  s tudy  and hGH
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c o n c e n t r a t i o n s  showed the  normal s u p p r e s s i o n  f o l lo w in g  

g lu c o se  lo a d in g  (Roth,  G lfck ,  Yallow and Berson ,  1963).

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem ons t ra te  

im pa i red  g lu c o se  t o l e r a n c e  and a reduced  i n s u l i n  r e sp o n se  i n  

p a t i e n t s  r e c e i v i n g  long te rm t r e a t m e n t  w i th  DPR. These 

r e s u l t s  a re  n o t  i n  agreement w i th  o t h e r  s t u d i e s  o f  g lu c o se  

t o l e r a n c e  i n  DPR t r e a t e d  e p i l e p t i c s  b u t  th e  a l t e r a t i o n  o f  

g luc ose  t o l e r a n c e  and the  i n s u l i n  re sponse  was r e l a t i v e l y  

sm al l  and t h i s  s u g g e s t s  t h a t  hyperg lycaem ia  and im pa i red  

i n s u l i n  r e l e a s e  a re  n o t  im p o r t a n t  s i d e  e f f e c t s  of  long term 

t r e a t m e n t  w i t h  t h e r a p e u t i c  doses o f  DPR.
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SUMMARY

1. Glucose t o l e r a n c e  was i n v e s t i g a t e d  i n  s i x  e p i l e p t i c  

p a t i e n t s  r e c e i v i n g  long terra t r e a tm e n t  w i th  DPH 

(200-500 mg/day) ,

2. Serum DPR c o n c e n t r a t i o n s  were a l l  w i t h i n  the  

ac c e p te d  t h e r a p e u t i c  range  (40-80 j i m o l / l ) ,

3. Blood g lu c o se  c o n c e n t r a t i o n  i n  r e sponse  to 

g luc ose  lo a d in g  were s i g n i f i c a n t l y  g r e a t e r  than  

c o n t r o l s  and i n s u l i n  c o n c e n t r a t i o n s  were 

s i g n i f i c a n t l y  lower tha n  c o n t r o l s .

4.  The impairment of  g lu c o se  t o l e r a n c e  and th e  

r e d u c t i o n  of  th e  i n s u l i n  re sponse  were b o th  

r e l a t i v e l y  smal l  i n  the  p a t i e n t s  and t h i s  

s u g g e s t s  t h a t  h y perg lycaem ia  and im pa i red  

i n s u l i n  r e l e a s e  a r e  n o t  im p o r ta n t  s i d e  e f f e c t s  

o f  long term t r e a tm e n t  w i th  t h e r a p e u t i c  doses 

o f  DPR.

42



CHAPTER 3

THE EFFECT OF ALCOHOL ON GROWTH HORMONE AND PROLACTIN 

CONCENTRATIONS AT REST AND IN RESPONSE TO EXERCISE



INTRODUCTION

Alcohol i s  known to  produce  a number o f  changes i n  

e n d o c r i n e  f u n c t i o n s  (Gordon and Sou thern ,  1977).  Reduced 

growth has been  d em ons t ra ted  i n  young an imals  t r e a t e d  w i th  

a l c o h o l  compared w i th  i s o ca lo n ca l ly  matched c o n t r o l s  

( L e i b e r ,  Jones  and De C a r l i ,  1965).  Growth r e t a r d a t i o n  has 

been  a t t r i b u t e d  to  energy  w as tage  s i n c e  microsomal e t h a n o l  

me tabo li sm g e n e r a t e s  no high'  energy  bonds and energy  i s  

d i s s i p a t e d  as h e a t  ( L e i b e r , 1973).  However, t h e r e  have 

been  no s t u d i e s  o f  growth hormone i n  r e l a t i o n  to  growth 

r e t a r d a t i o n  by a l c o h o l  and the  p o s s i b i l i t y  e x i s t s  t h a t  a l c o h o l  

a f f e c t s  h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n  and a l t e r s  growth 

hormone r e l e a s e .  An a c t i o n  of  a l c o h o l  on the  h y p o th a la m ic /  

p i t u i t a r y  ax i s  i s  s u g g e s te d  by the  r e p o r t s  t h a t  a d m i n i s t r a t i o n  

o f  a l c o h o l  i s  a s s o c i a t e d  w i t h  a r i s e  i n  c o r t i s o l  c o n c e n t r a t i o n s
I

i n  normal s u b j e c t s  (Merry and Marks,  1969; B e l l e t  e t  a l . , 1970) 

and t h a t  t h i s  r e s p o n s e  i s  a b s e n t  i n  p a t i e n t s  w i t h  p i t u i t a r y  

adenomas CJenkins and Conno l ly ,  1968) .  In a d d i t i o n , i n c r e a s e d  

hGH r e l e a s e  i s  r e p o r t e d  to  f o l l o w  a d m i n i s t r a t i o n  of  e t h a n o l  

(1 .5  ml /kg  body w e ig h t )  ( B e l l e t  e t  a l . , 1971).  S tu d ie s  of  

p lasma c o n c e n t r a t i o n s  o f  hGH and hPRL may be of  v a lu e  i n  

d e t e rm in in g  i f  a l c o h o l  has  an e f f e c t  on h y p o t h a l a m i c / p i t u i t a r y  

f u n c t i o n .  I t  was t h e r e f o r e  d ec ided  to  i n v e s t i g a t e  the  e f f e c t  

o f  a l c o h o l  on hGH and hPRL l e v e l s  a t  r e s t  and i n  r e sp o n se  to 

e x e r c i s e .  The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  a r e  p r e s e n t e d  and 

d i s c u s s e d  i n  t h i s  c h a p t e r .
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I .  INVESTIGATIONS AT REST

S u b jec t s

Five  normal h e a l t h y  male s u b j e c t s ,  mean age 28 y ea r s  

(range 22-35 y e a r s )  were s t u d i e d .  The s u b j e c t s  were 

i n v e s t i g a t e d  in  th e  morning fo l l o w i n g  an o v e r n i g h t  f a s t  and 

remained a t  r e s t  s i t t i n g  o r  l y i n g  down th roughout  the  

i n v e s t i g a t i o n .

Procedure

Blood samples were t a k en  from a cannula  i n  an a n t e -  

c u b i t a l  v e in  b e f o r e  and a t  15, 30, 40,  50,  60,  70, 80, 90 and 

12 minu tes  a f t e r  they  had taken  a d r i n k  c o n t a i n i n g  e t h a n o l  

(0 .5 g /k g  body w e ig h t )  made up to 200 ml w i th  w a te r .  Plasma 

samples were assayed  f o r  hGH and hPRL.

RESULTS
I

Plasma hGH and hPRL (F ig .  3 .1 )

There was no s i g n i f i c a n t  change from b a s a l  hGH or  hPRL 

c o n c e n t r a t i o n s  a f t e r  the  i n g e s t i o n  o f  a l c o h o l .
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FIG, 3 . 1  Plasma growth, hormone and p r o l a c t i n  

c o n c e n t r a t i o n s  (mu/1, mean -  SEM) 

b e f o r e  and a f t e r  o r a l  a d m i n i s t r a t i o n  of  

a l c o h o l  (0 ,5 g /k g  body w e igh t )  i n  f i v e  

normal h e a l t h y  male s u b j e c t s .
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I I .  INVESTIGATIONS DURING AMD AFTER EXERCISE

S u b jec t s

Five  normal h e a l t h y  male s u b j e c t s  aged 22-35 y e a r s  

(mean age 28 y e a r s )  were i n v e s t i g a t e d  i n  the  morning fo l lo w in g  

an o v e r n i g h t  f a s t .

P rocedu re

The s u b j e c t s  performed e x e r c i s e  on a b i c y c l e  e rgom e te r  

a t  600 kpm f o r  30 minu tes  on two occas ions  w i t h  and w i t h o u t  

an o r a l  dose o f  a l c o h o l  C0.5g/kg body w e i g h t ) .  Blood 

samples were ta ken  from a cannu la  i n  an a n t e c u b i t a l  v e i n  

b e f o r e ,  a t  f i v e  minute  i n t e r v a l s  d u r ing  e x e r c i s e  and a t  

5, 15, 30, 45, 60 and 90 minu tes  a f t e r  e x e r c i s e .  The 

e x e r c i s e  t e s t  commenced 15 minu tes  a f t e r  th e  a l c o h o l  had 

been  a d m in i s t e r e d .
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RESULTS

Plasma hGH ( f i g  3 . I I )

There was no s i g n i f i c a n t  d i f f e r e n c e  be tween b a s a l  hGH 

c o n c e n t r a t i o n s  on the  two o c c a s i o n s .  E x e r c i s e  was 

a s s o c i a t e d  w i t h  a r i s e  i n  hGH and c o n c e n t r a t i o n s  a t  35,  45 

and 60 minu tes  were s i g n i f i c a n t l y  g r e a t e r  than  th e  

c o r re s p o n d in g  c o n t r o l  v a l u e s  (P< 0 , 0 1 ,  0,05  and 0 ,02  

r e s p e c t i v e l y ) .

Plasma hPRL (Fig 3 . I I )

Basal  hPRL c o n c e n t r a t i o n s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  on th e  two o c c a s i o n s .  E x e r c i s e  was n o t  

a s s o c i a t e d  w i t h  any s i g n i f i c a n t  change i n  hPRL c o n c e n t r a 

t i o n s  on e i t h e r  o c c a s io n  and 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  i n  hPRL c o n c e n t r a t i o n s  on the  two oc c a s io n s  

a t  any time d u r in g  the  i n v e s t i g a t i o n .
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FIG. 3 . I I  Plasma growth hormone and p r o l a c t i n  

c o n c e n t r a t i o n s  (mu/1, mean -  SEM) 

d u r in g  and a f t e r  e x e r c i s e  i n  f i v e  

normal h e a l t h y  male s u b j e c t s  w i th

(o —o) and w i th o u t  (O— --©) an

o r a l  dose of  a l c o h o l  ( 0 .5 g /k g  body 

. w e i g h t ) . 7
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem o n s t r a te  t h a t  

a l c o h o l  C0*5g/kg body w e ig h t )  had no e f f e c t  on hGH o r  hPRL 

c o n c e n t r a t i o n s  a t  r e s t  o r  on hPRL l e v e l s  d u r ing  e x e r c i s e  b u t  

do dem onst ra te  t h a t  a l c o h o l  s i g n i f i c a n t l y  i n c r e a s e d  the  hGH 

re sponse  to e x e r c i s e .  The f a i l u r e  to  f i n d  a change in  hGH 

and hPRL c o n c e n t r a t i o n s  a f t e r  a l c o h o l  a t  r e s t  i s  c o n s i s t e n t  

w i th  the  r e p o r t e d  absence  o f  any r e sponse  to  I g /k g  body w e igh t  

CTorOj Kolodny,  M as te rs  and Daughaday,  1973) ,  b u t  i s  n o t  i n  

agreement w i t h  the  f i n d i n g  o f  an e l e v a t i o n  o f  hGH i n  re sponse  

to 1.5 ml /kg body w e ig h t  ( B e l l e t  e t  a l . , 19 70) .  B e l l e t  and 

co-workers  r e p o r t e d  b lood  a l c o h o l  l e v e l s  up to  140mg/I00ml 

i n  t h e i r  s tudy  whereas 0 . 5 g /k g  body w e igh t  i s  known to  produce 

b lood  a l c o h o l  l e v e l s  o f  on ly  40mg/100ml (Chalmers,  1976).

The p o s s i b i l i t y  t h e r e f o r e  e x i s t s  t h a t  the  dose o f  a l c o h o l  used 

i n  the  p r e s e n t  s tudy  d id  no t  produce  s u f f i c i e n t  e l e v a t i o n  of  

b lood  a l c o h o l  l e v e l s  to  produce  an e f f e c t  on hGH r e l e a s e  a t  

r e s t .

The i n c r e a s e d  hGH re sp o n se  to e x e r c i s e  a s s o c i a t e d  w i th  

a l c o h o l  i n  the  p r e s e n t  s tu d y  was n o t  due simply  to  e l e v a t i o n  

o f  r e s t i n g  hGH l e v e l s  and th e  change i n  hGH l e v e l s  appeared  

to  be independen t  of  any change i n  hPRL l e v e l s .  The 

a l t e r a t i o n  of  the  hGH re s p o n s e  may be due to  some e f f e c t  of  

a l c o h o l  on m e ta b o l i c  s t i m u l i  o r  r e l e a s e  mechanisms.  Growth
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hormone i s  known to  be r e l e a s e d  i n  r e sponse  to  a f a l l  i n  

b lo o d  g lu c o se  (H un te r ,  Fonseka and Passmore,  1965a) or  FFA 

(Har tog,  Havel ,  C o p in sch i ,  E a r l l  and R i t c h i e ,  1967) and to  a 

r i s e  i n  b lood  l a c t a t e  ( S u t to n ,  Young, Laz a rus ,  H ick ie  and 

M askvy t i s ,  1968).  The e f f e c t  o f  a l c o h o l  ( 0 ,5g /kg  body 

w e ig h t )  on m e ta b o l i c  changes d u r in g  e x e r c i s e  has  been  th e  

s u b j e c t  o f  e a r l i e r  i n v e s t i g a t i o n s  and a l c o h o l  was n o t  found 

to  be a s s o c i a t e d  w i t h  a g r e a t e r  e l e v a t i o n  of  b lood  l a c t a t e  

du r in g  e x e r c i s e ,  o r  a s i g n i f i c a n t  change i n  b lood g luc ose  

b u t  was a s s o c i a t e d  w i t h  i n c r e a s e d  l e v e l s  of  g l y c e r o l  and FFA 

du r in g  e x e r c i s e  (Chalmers , 1976) .  I t  t h e r e f o r e  appears  

u n l i k e l y  t h a t  th e  g r e a t e r  hGH re sp o n se  found i n  the  p r e s e n t  

i n v e s t i g a t i o n  i s  due to  an e f f e c t  o f  a l c o h o l  on g lu c o s e ,  

l a c t a t e  or  FFA c o n c e n t r a t i o n s  d u r in g  e x e r c i s e .  I t  i s  

p o s s i b l e  t h a t  the  g r e a t e r  e l e v a t i o n  o f  hGH was due to  a 

d e c r e a s e  i n  p e r i p h e r a l  hGH,uptake o r  metaboli sm b u t  t h e r e  was 

no ev idence  f o r  t h i s  i n  th e  s t u d i e s  a t  r e s t .  The r e s u l t s  

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

the  hGH re sponse  to e x e r c i s e  and t h a t  t h i s  e f f e c t  i s  n o t  

r e l a t e d  to  a change i n  m e ta b o l i c  s t i m u l i  f o r  hGH r e l e a s e .

The hGH re s p o n s e  to  a r g i n i n e  has been r e p o r t e d  to be 

reduced  by a l c o h o l  i n f u s i o n  (75g a l c o h o l  over  4 h o u r s )  and 

i t  has  been su g g e s te d  t h a t  t h i s  may be due to  an a c t i o n  of 

a l c o h o l  on the  hypothalamus  (Tamburrano,  Tamburrano, 

Gambardella  and A ndrean i ,  1976).  Although t h i s  r e s u l t  i s
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n o t  c o n s i s t e n t  w i th  th e  p r e s e n t  f i n d i n g s  o f  an enhanced hGH 

re sp o n se  to  e x e r c i s e  t h i s  may r e f l e c t  a d i f f e r e n c e  i n  the  

r e g u l a t i o n  o f  r e l e a s e  o f  hGH to  th e s e  d i f f e r e n t  s t i m u l i .  

A d m i n i s t r a t i o n  o f  the  ^ - a d r e n e r g i c  r e c e p t o r  b lo c k in g  a g e n t ,  

p h e n to la m in e , b l u n t s  the  hGH re sponse  to e x e r c i s e  (Hansen,

1971) b u t  th e  r e p o r t s  o f  th e  e f f e c t  of  t h i s  drug on the  

a r g i n i n e  induced  hGH re s p o n s e  a r e  n o t  c o n s i s t e n t ,  ( S t r a u c h ,  

M o d ig l i an i  and B r i c a i n e ,  1968; B u ck le r ,  Bold ,  T abe rne r  and 

London, 1969; L u fk in ,  Greene and Meek, 1971).  The a n t i -  

s e r o t i n e r g i c  d rug ,  c y p r o h e p t a d in e ,  has been shown to reduce  

b o th  the  hGH re sp o n se  to  e x e r c i s e  and to a r g i n i n e  (Smythe 

and L a z a ru s ,  1974; Nakai  e t  a l . ,  1973),  and t h i s  su g g e s t s  

t h a t  s e r o t o n i n  i s  in v o lv e d  i n  r e g u l a t i n g  hGH r e l e a s e  t o  b o th  

t h e s e  s t i m u l i .  Al though th e  r e g u l a t i n g  mechanism f o r  th e s e  

hGH re s p o n s es  a r e  n o t  c l e a r l y  e s t a b l i s h e d  th e  ev idence  does 

s u g g e s t  t h a t  the  e x e r c i s e  re s p o n s e  in v o lv e s  a d r e n e r g i c  and 

s e r o t o n e r g i c  mechanisms whereas f o r  the  a r g i n i n e  r e sp o n se  

on ly  s e r o t o n e r g i c  mechanisms have been  e s t a b l i s h e d .  I t  i s  

p o s s i b l e  t h a t  the  d i f f e r e n t  e f f e c t s  o f  a l c o h o l  on the  hGH 

re sponses  to e x e r c i s e  and a r g i n i n e  a re  r e l a t e d  to  d i f f e r e n c e s  

i n  th e  r e g u l a t i o n  of  r e l e a s e  o f  hGH to  th e s e  s t i m u l i  b u t  

t h i s  s u g g e s t i o n  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .

S tu d ie s  of  the  e f f e c t s  o f  a l c o h o l  on b r a i n  s e r o t o n i n  a re  

n o t  c o n s i s t e n t  and a cu te  a l c o h o l  a d m i n i s t r a t i o n  does n o t  

s i g n i f i c a n t l y  a l t e r  s t e a d y  s t a t e  l e v e l s  o f  b r a i n  n o r a d r e n a l i n e
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o r  dopamine (Noble and Tew ar i ,  1977).  However, t h e r e  i s  

ev id en ce  t h a t  a l c o h o l  a l t e r s  b r a i n  amine tu rn o v e r  (C o r ro d i ,

Fuxe and H o k f e l t ,  1966) and the  p o s s i b i l i t y  t h a t  the  a l t e r 

a t i o n  o f  hGH re sponses  to  e x e r c i s e  and a r g i n i n e  by a l c o h o l  i s  

r e l a t e d  to  an e f f e c t  on hypo tha lm ic  ca techo lam ine  tu r n o v e r  

r e q u i r e s  f u r t h e r  s tu d y .  The r e s u l t s  p r e s e n t e d  i n  t h i s  

c h a p t e r  dem ons t ra te  t h a t  a l c o h o l  a l t e r s  hGH r e l e a s e  i n  

normal s u b j e c t s  and i t  was dec id ed  to  i n v e s t i g a t e  hGH re s p o n s es  

i n  c h ro n ic  a l c o h o l i c s  to  de te rm ine  i f  t h e r e  i s  any ev idence  

f o r  a l t e r e d  hGH r e l e a s e  fo l l o w i n g  c h r o n ic  a l c o h o l  abuse .

The r e s u l t s  o f  a number o f  s t u d i e s  i n  p a t i e n t s  w i th  a 

p r o g r e s s i v e  a l c o h o l  problem a re  p r e s e n t e d  i n  the  n e x t  t h r e e  

c h a p t e r s ,
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SUMMARY

1. The e f f e c t  o f  o r a l  a d m i n i s t r a t i o n  of  a l c o h o l  

(0 .5  g /kg body w e ig h t )  on b a s a l  hGH. and hPRL 

c o n c e n t r a t i o n s  was i n v e s t i g a t e d  i n  f i v e  normal 

h e a l t h y  s u b j e c t s .  In  a d d i t i o n ,  c o n c e n t r a t i o n s  

of  hGH and hPRL were i n v e s t i g a t e d  dur ing  and 

a f t e r  e x e r c i s e  i n  f i v e  h e a l t h y  s u b j e c t s  on two 

o cca s ions  w i th  and w i th o u t  an o r a l  dose of  

a l c o h o l  (0 .5  g /kg  body w e i g h t ) .

2. Alcohol  a d m i n i s t r a t i o n  d id  n o t  s i g n i f i c a n t l y  a l t e r

b a s a l  c o n c e n t r a t i o n s  o f  hGH o r  hPRL.

3. Growth hormone c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  

g r e a t e r  d u r in g  e x e r c i s e  a f t e r  a l c o h o l  adm in is 

t r a t i o n  th a n  i n  the  c o n t r o l  i n v e s t i g a t i o n .  

C o n c e n t r a t i o n s  o f  hPRL d u r in g  and a f t e r  e x e r c i s e  

were n o t  s i g n i f i c a n t l y  a l t e r e d  by a l c o h o l .

4. The r e s u l t s  s u g g e s t  t h a t  a l c o h o l  p o t e n t i a t e s  hGH

r e l e a s e  i n  r e s p o n s e  to  e x e r c i s e .  This  e f f e c t  

does n o t  appear  to  be a s s o c i a t e d  w i t h  a f a l l  i n  

b lood  glucose,  o r  FFA c o n c e n t r a t i o n s  and may be 

r e l a t e d  to  a d i r e c t  e f f e c t  of  a l c o h o l  on hGH 

r e l e a s e  mechanisms.
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CHAPTER 4

THE METABOLIC RESPONSE TO EXERCISE IN CHRONIC ALCOHOLICS



INTRODUCTION

Moderate e x e r c i s e  p roduces  i n c r e a s e d  l e v e l s  of  human 

growth hormone i n  the  b lood  (Hunter  e ^  a l .  , 1965a) and the  

changes i n  c e r t a i n  m e t a b o l i t e s  w i th  e x e r c i s e  g ive  an 

i n d i c a t i o n  of  c a rb o h y d ra t e  and f a t  metabol i sm. Acute 

i n g e s t i o n  o f  e t h a n o l  can a l s o  l e a d  to i n c r e a s e d  s e c r e t i o n  

o f  human growth hormone ( B e l l e t  e t  a l . ,  1971) and a f f e c t s  

c a rb o h y d ra t e  me tabo l i sm  (Hawkins and K a lan t ,  1972).

P a t i e n t s  w i t h  a h i s t o r y  of  c h r o n i c a l l y  h ig h  a l c o h o l  i n t a k e  

have a g r e a t e r  d e c r e a s e  i n  muscle glycogen d u r in g  e x e r c i s e  

than  normal s u b j e c t s  (Suominen,  F o r sb e rg ,  H eikkinen  and 

O s te rb ack ,  1974).  There i s  ev idence  t h a t  some c h ro n ic  

a l c o h o l i c s  have a d e p r e s s i o n  of  t h e i r  h y p o t h a l a m i c / p i t u i t a r y /  

a d r e n a l  ax i s  as t h e i r  c o r t i s o l  r e sponse  to  o r a l  i n g e s t i o n  of  

e t h a n o l  i s  a b s e n t  (Merry and Marks, 1969).  In o r d e r  to  

i n v e s t i g a t e  m e ta b o l i c  and hormonal  re sponses  to e x e r c i s e  in  

ch ro n ic  a l c o h o l i s m  s i x  s u b j e c t s  were s t u d i e d  w i t h i n  a few days 

o f  adm iss ion  f o r  management o f  t h i s  problem. They had n o t  

i n g e s t e d  a l c o h o l  i n  the  i n t e r v e n i n g  t ime.

METHODS

S ub jec t s

Six male s u b j e c t s  (.age 40-48 y e a r s )  who had a p r o g r e s s i v e  

a l c o h o l  problem of n o t  l e s s  than  s i x  y e a r s  d u r a t i o n  were
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s t u d i e d .  A lcohol  abuse had been  so p e r s i s t e n t  t h a t  i t  had 

a f f e c t e d  t h e i r  everyday l i v e s  (Table 4 . 1 ) .  They had a mean 

h e i g h t  of  173 cm.-  3 .0  (S .E .M.) and a mean weigh t  of  72.2  kg 

- 3 . 2  (S .E .M .) .  S ix  h e a l t h y  male s u b j e c t s  (age 26-40 y e a r s )  

were a l s o  examined as c o n t r o l s .  They were a l l  members of  the 

U n i v e r s i t y  Depar tment of  Neuro logy,  had no adm i t t e d  a l c o h o l  

problem or ev idence  o f  i t ,  and to  the  b e s t  o f  my knowledge had 

a b s t a i n e d  from a l c o h o l  f o r  th e  p rev io u s  24 h o u r s .  They had a 

mean h e i g h t  of  176 cm -  3 . 0  (S.E .M.) and a mean w e igh t  of  

74.2  kg -  3 .6  (S .E .M .) .  The p a t i e n t s  were i n v e s t i g a t e d  a f t e r  

they had been  ad m i t t e d  to  a p s y c h i a t r i c  u n i t  f o r  t r e a t m e n t  o f  

t h e i r  c h ro n ic  a l c o h o l i s m .  None of  the  p a t i e n t s  had taken  

a l c o h o l  s i n c e  adm iss ion  9-16 days e a r l i e r  and l i v e r  f u n c t i o n  

t e s t s  were a l l  normal .

P rocedure

A f t e r  an o v e r n i g h t  f a s t ,  p a t i e n t s  and c o n t r o l  s u b j e c t s  

performed e x e r c i s e  on a b i c y c l e  e rgomete r  (Elema Schonander 

c o n s t a n t  load  e rgom eter  EM 369) f o r  20 minu tes  a t  a f i x e d  work 

load of  100 w a t t s .  H e a r t  r a t e  was r e c o rd e d  d u r ing  e x e r c i s e  

and f o r  5 minu tes  a f t e r  e x e r c i s e  u s in g  an e l e c t r o c a r d i o g r a p h .

A c a t h e t e r  was p l a c e d  i n  a fo rearm  v e in  and b lood  samples 

were ta ken  b e f o r e  e x e r c i s e ,  a t  f i v e  minute i n t e r v a l s  d u r in g  

e x e r c i s e  and th en  a t  15, 30, 60 and 90 minu tes  a f t e r  

e x e r c i s e .  Blood samples were an a ly se d  f o r  g lu c o s e ,  l a c t a t e ,  

p y r u v a t e ,  g l y c e r o l ,  a c e t o a c e t a t e  and 3 - h y d r o x y b u t y r a t e .

53



Plasma samples were an a ly se d  f o r  f r e e  f a t t y  a c id s  (FFA) 

and f o r  human growth hormone (hGH). S i g n i f i c a n c e s  

of  d i f f e r e n c e s  were examined w i th  the  Mann-Whitney non-  

p a r a m e t r i c  U t e s t  f o r  sm a l l  samples (Mann and N h i t n e y , 

1947).
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RESULTS

H ear t  r a t e  (Table 4 . I I )*

The mean h e a r t  r a t e s  o f  th e  a l c o h o l i c s  were s l i g h t l y  

g r e a t e r  b o th  a t  the  end o f  e x e r c i s e  and f i v e  minu tes  a f t e r  

e x e r c i s e  b u t  the  d i f f e r e n c e s  were n o t  s i g n i f i c a n t .

Blood g lu c o se

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  b lood 

g lu c o se  o f  the  a l c o h o l i c s  and the  c o n t r o l  s u b j e c t s .

Blood l a c t a t e  (F ig  4 . I)

Both p a t i e n t s  and s u b j e c t s  showed i n c r e a s e d  b lood l a c t a t e  

c o n c e n t r a t i o n s  d u r ing  e x e r c i s e  and a r a p i d  r e c o v e ry  to  w i t h i n  

the  r e s t i n g  l e v e l  a f t e r  e x e r c i s e .  There was no s i g n i f i c a n t  

d i f f e r e n c e  be tween th e  r e s t i n g  l a c t a t e  c o n c e n t r a t i o n s  in  the 

two groups .  At th e  end of  e x e r c i s e  th e  b lood l a c t a t e  o f  the 

a l c o h o l i c s  was s i g n i f i c a n t l y  g r e a t e r  (P< .0 .01)  th a n  the 

co r re s p o n d in g  l e v e l  f o r  the  c o n t r o l  s u b j e c t s .

Blood p y ru v a te  (F ig  4 .1 )

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  r e s t i n g  

p y ru v a te  c o n c e n t r a t i o n s  of  the  two groups .  At th e  end o f  

e x e r c i s e  the  p y ru v a te  c o n c e n t r a t i o n  of  t h e  a l c o h o l i c s  was 

s i g n i f i c a n t l y  g r e a t e r  (P C O .05 )  than  the  c o r re s p o n d in g  l e v e l  

f o r  the  c o n t r o l  s u b j e c t s .  During the  p o s t - e x e r c i s e  p e r i o d  

the  b lood p y ru v a te  of  the  a l c o h o l i c s  remained s i g n i f i c a n t l y
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g r e a t e r  ( P C 0 .0 1 )  tha n  the  c o r re s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s .

T o t a l  k e to n e s  (F ig  4.11)

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  t o t a l  

b lood  k e to n e s  o f  the  a l c o h o l i c s  and c o n t r o l s  a t  r e s t .  Both 

groups showed a s i m i l a r  f a l l  i n  ke tones  d u r ing  e x e r c i s e .

A f t e r  e x e r c i s e  the  t o t a l  k e to n e s  r o s e  i n  b o th  g roups ,  however,  

the  c o n c e n t r a t i o n s  reached  by the  a l c o h o l i c s  were s i g n i f i c a n t l y  

g r e a t e r  (P'< 0 .001 )  than  i n  the  c o n t r o l s  f o r  samples t aken  a t  

90 and 120 m i n u t e s .

Blood g l y c e r o l  (F ig  4 , I I I )

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  r e s t i n g  

g l y c e r o l  c o n c e n t r a t i o n s  i n  the  two groups .  In  a l l  samples 

t aken  d u r in g  e x e r c i s e  the  b lood  g l y c e r o l  o f  the  a l c o h o l i c s  was 

s i g n i f i c a n t l y  g r e a t e r  (P< 0 .0 1 )  than  the  c o r re s p o n d in g  l e v e l s  

f o r  th e  c o n t r o l  s u b j e c t s .  The only  s i g n i f i c a n t  d i f f e r e n c e  

between th e  b lood  g l y c e r o l  of  t h e  two groups a f t e r  e x e r c i s e  

o c c u r r e d  i n  th e  samples a t  90 minu tes  when the  b lood g l y c e r o l  

of  the  a l c o h o l i c s  was s i g n i f i c a n t l y  g r e a t e r  (P d ,0 .05 )  than  

the  co r r e s p o n d in g  c o n t r o l  c o n c e n t r a t i o n .

Plasma FFA (F ig  4 . I l l )

The p a t t e r n  o f  change of  FFA was v e ry  s i m i l a r  i n  bo th  the  

a l c o h o l i c s  and the  c o n t r o l  s u b j e c t s .  The a l c o h o l i c s  tended  

to have h i g h e r  FFA l e v e l s  b u t  th e  d i f f e r e n c e  was n o t  

s i g n i f i c a n t .
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Plasma hGH (F ig  4. IV)

R e s t i n g  hGH c o n c e n t r a t i o n s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  i n  the  two g roups .  Plasma hGH c o n c e n t r a t i o n s  

were lower i n  the  a l c o h o l i c s  b o th  d u r ing  and a f t e r  

e x e r c i s e  b u t  d i f f e r e n c e s  were s i g n i f i c a n t  (P4 ,0 .0 5 )  only  

a t  th e  end o f  e x e r c i s e  and a t  5 minutes  a f t e r  e x e r c i s e .
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FIG 4 .1  Blood l a c t a t e  and p y ru v a te  (pmol /m l, 

mean -  SEM) d u r in g  and a f t e r  twenty  

minu tes  o f  e x e r c i s e  i n  s i x  c h r o n ic  

a l c o h o l i c s  Ĉ — ©) and s i x  normal 

c o n t r o l  s u b j e c t s  (b— -a ) .
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FIG 4 . I I  T o t a l  b lood  k e to n es  (3 -h y d ro x y b u ty ra t e

+ a c e t o a c e t a t e ,  )imol/ml mean -  S.E.M.) 

d u r in g  and a f t e r  twenty minu tes  o f  

e x e r c i s e  i n  s i x  c h ro n ic  a l c o h o l i c s  

(©— — and s i x  normal c o n t r o l  

s u b j e c t s  ( e- —o ) .

FIG 4 . I l l  Blood g l y c e r o l  (^mol/ml,  mean -  S.E.M.)

and plasma f r e e  f a t t y  a c id s  (^mol/ml,

+mean -  S .E.M.) d u r in g  and a f t e r  twenty 

minu tes  o f  e x e r c i s e  i n  s i x  c h ro n ic

a l c o h o l i c s  ( e ----—©) and s i x  normal c o n t r o l

s u b j e c t s  (b— “ “S ) .
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FIG 4 . IV Plasma hGH (p u n i t s / m l ,

mean -  S.E.M.) d u r in g  and

a f t e r  twenty minu tes  o f  

e x e r c i s e  i n  s i x  ch ro n ic

a l c o h o l i c s  (©-----©) and s i x

normal c o n t r o l  s u b j e c t s  

—“ta) ,
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DISCUSSION

The a l c o h o l i c s  performed th e  same e x e r c i s e  t e s t  as the  

c o n t r o l s  and had s i m i l a r  h e a r t  r a t e s  b u t  t h e r e  were marked 

d i f f e r e n c e s  obse rved  i n  m e t a b o l i t e s  and hormones i n  the  b lood  

between th e  two g roups .  The a l c o h o l i c  s u b j e c t s  were a l l  

examined when a b s t i n e n t  and t h e r e f o r e  th e  r e s u l t s  a re  r e l e v a n t  

to  th e  p e r i o d  o f  w i th d raw a l  from a l c o h o l .  F u r t h e r  i n v e s 

t i g a t i o n s  w i l l  be n e c e s s a r y  to  de te rm ine  w he the r  th e  m e ta b o l i c  

and hormonal changes obse rved  i n  the  p r e s e n t  s tudy  a re  r e l a t e d  

to  the  c h r o n ic  e f f e c t  o f  a l c o h o l  or  s p e c i f i c a l l y  to  w i th d ra w a l .  

There a r e ,  however,  d i f f i c u l t i e s  i n  examining p a t i e n t s  when 

under  the  e f f e c t  of  a l c o h o l  as the  d i r e c t  m e ta b o l i c  e f f e c t  of 

a l c o h o l  would a l s o  be obse rved .  In the  p r e s e n t  s tudy  the  

a l c o h o l i c s  were found to  have s i g n i f i c a n t l y  g r e a t e r  l a c t a t e  

and p y ru v a te  c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  and a l s o  developed  

a p o s t - e x e r c i s e  k e t o s i s .  G r e a t e r  c o n c e n t r a t i o n s  o f  l a c t a t e  

and p y r u v a t e  a r e  known to occu r  i n  u n t r a i n e d  s u b j e c t s  du r ing  

e x e r c i s e  (Robinson and Harmon, 1941; Holmgren and Strom, 1959; 

Cobb and Johnson ,  1963; Juchems and Kumper, 1968; S a l t i n  and 

K a r l s s o n ,  1971).  A g r e a t e r  p o s t - e x e r c i s e  k e t o s i s  occurs  i n  

u n f i t  compared w i t h  f i t  s u b j e c t s  (Johnson ,  Walton ,  Krebs and 

Wi ll i amson ,  1969; J e n n e t t ,  Johnson  and Rennie ,  1972; Johnson 

and Walton,  1972).  I t  i s ,  t h e r e f o r e ,  p o s s i b l e  t h a t  the  

a l c o h o l i c s  were l e s s  f i t  than  the  c o n t r o l  s u b j e c t s  b u t  t h i s  

seems u n l i k e l y  s i n c e  the  h e a r t  r a t e ,  which i s  known to be a good

58



i n d i c a t i o n  of  f i t n e s s ,  was s i m i l a r  i n  bo th  groups a t  the  end 

of  e x e r c i s e  and d u r ing  r e c o v e ry .

The f u r t h e r  p o s s i b i l i t y  e x i s t s  t h a t  the  a l c o h o l i c s  had 

a reduced  o x i d a t i v e  c a p a c i t y  n o t  r e l a t e d  to  f i t n e s s .  Muscle 

b i o p s i e s  of  a l c o h o l i c s  may show sw ol len  p a l e  muscle f i b r e s  and 

i t  i s  p o s s i b l e  t h a t  such  an abn o rm a l i ty  may be a b a s i s  f o r  

reduced  o x i d a t i v e  c a p a c i t y  i n  a l c o h o l i c s  b u t  t h i s  s u g g e s t io n  

r e q u i r e s  f u r t h e r  s tudy  ( K l i n k e r f u s s , B le i s c h ,  Dioso and P e rk o f f .

1967).  The h ig h  c o n c e n t r a t i o n s  o f  g l y c e r o l  i n  th e  a l c o h o l i c s  

s u g g e s t s  t h a t  t h e r e  was g r e a t e r  l i p o l y s i s  d u r ing  e x e r c i s e  i n  

t h i s  group (Winkler ,  S t e e l e  and A l t s z u l e r ,  1969).  F a t  appea rs  

to  have been  a more im p o r t a n t  f u e l  d u r ing  e x e r c i s e  in  the  

a l c o h o l i c s  b u t  th e  development o f  p o s t - e x e r c i s e  k e t o s i s  

s u g g e s t s  t h a t  th e  o x i d a t i o n  of  f a t  i s  l e s s  e f f i c i e n t  th a n  in  

th e  c o n t r o l  s u b j e c t s .

E x e r c i s e  causes  a r i s e  i n  b lood  l e v e l s  o f  human growth 

hormone and i t  has  been  su g g e s te d  t h a t  growth hormone may p la y  

an im p o r ta n t  r o l e  i n  the  i n i t i a l  m o b i l i z a t i o n  of  f a t  du r ing  

e x e r c i s e  Q lun te r  e t  a l . ,  1965b; Rabinowitz e t  a l . ,  1965;

Winkler  e t  a l . ,  1969).  This  s u g g e s t io n  has  been  weakened 

by the  r e s u l t s  o f  s t u d i e s  o f  p a t i e n t s  w i t h  h y p o p i t u i t a r i s m  

who f a i l  t o  sliow an i n c r e a s e  i n  growth hormone d u r ing  e x e r c i s e
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b u t  have i n c r e a s e d  FFA l e v e l s  (Johnson,  Rennie ,  Walton and 

Webste r ,  1971).  The p r e s e n t  f i n d i n g s  of  lower human growth 

hormone i n  the  a l c o h o l i c s  a l s o  weakens t h i s  s u g g e s t io n  s in c e  

the  l e v e l s  of  g l y c e r o l  were g r e a t e r  than f o r  the  c o n t r o l s  

s u g g e s t in g  i n c r e a s e d  l i p o l y s i s  i n  the  a l c o h o l i c s .

I t  has been  shown t h a t  the  r i s e  of  hGR w i th  e x e r c i s e  i s  

g r e a t e r  f o r  u n t r a i n e d  than  f o r  t r a i n e d  s u b j e c t s  (H a r t l e y ,

Mason, Hogan, J o n e s ,  Kotchen,  Mongey, Wherry,  P enn ing ton  and 

R i c k e t t s ,  1972; Rennie and Johnson,  1974; Bloom e t  a l . ,

1976).  Hypoglycaemia (Hunter  e t  a l . ,  1965a) f a l l  o f  plasma 

FFA (Hartog e t  a l . ,  1967) and a r i s e  of b lood  l a c t a t e  

( S u t to n  e t  a l . ,  1968) have been  r e p o r t e d  as p o s s i b l e  s t i m u l i  

f o r  p roduc ing  an i n c r e a s e  i n  plasma hGH c o n c e n t r a t i o n  du r ing  

e x e r c i s e .  These t h r e e  p o s s i b i l i t i e s  appear to  be u n l i k e l y  

i n  t h i s  s i t u a t i o n ,  because  th e  changes of  b lood  g lu c o se  and 

plasma FFA d u r in g  e x e r c i s e  were s i m i l a r  i n  b o t h  groups and 

b lood  l a c t a t e  was h i g h e r  i n  th e  p a t i e n t s  than  i n  the c o n t r o l s .

In the  p r e s e n t  i n v e s t i g a t i o n  we might  have ex p ec ted  t h a t  i f  

the  i n c r e a s e d  l e v e l s  o f  l a c t a t e  and p y ru v a te  d u r in g  e x e r c i s e  and 

th e  k e t o s i s  a f t e r  e x e r c i s e  i n  th e  a l c o h o l i c s  were due to  lower 

f i t n e s s  a g r e a t e r ,  i n s t e a d  of  a reduce d ,  growth hormone response  

t o  e x e r c i s e  would have o c c u r r e d .

I t  has been dem ons t ra ted  t h a t  acu te  a d m i n i s t r a t i o n  o f  

a l c o h o l  (1 ml /kg body w e igh t )  i n  normal s u b j e c t s  le ads  to
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i n c r e a s e d  c o r t i s o l  l e v e l s  and t h a t  t h i s  r e sp o n se  i s  a b s e n t  

i n  p a t i e n t s  w i t h  p i t u i t a r y  adenoma ( Jenk ins  and Connol ly ,

1968).  This  s u g g e s t s  t h a t  a c u t e  i n t a k e  o f  a l c o h o l  

s t i m u l a t e s  a d r e n o c o r t i c o t r o p h i c  hormone (ACTH) r e l e a s e .  

F u r t h e r  ev id en ce  f o r  an e f f e c t  o f  a l c o h o l  on the  p i t u i t a r y  

comes from the  o b s e r v a t i o n  t h a t  a s i n g l e  o r a l  dose o f  a l c o h o l  

C l .5 ml/kg  body w e ig h t )  can l e a d  to  i n c r e a s e d  s e c r e t i o n  of  

hGH ( B e l i e f  e t  a l . , 1971),

In  some c h ro n ic  a l c o h o l i c s ,  however.  Merry and Marks 

(1969) r e p o r t e d  t h a t  p lasma c o r t i s o l  c o n c e n t r a t i o n s  were 

p a r a d o x i c a l l y  d e p re s s e d  a f t e r  a l c o h o l  a d m i n i s t r a t i o n .  They 

s u g g es ted  t h a t  c h r o n i c a l l y  s e l f  a d m in i s t e r e d  a l c o h o l  has a 

d e p r e s s o r  e f f e c t  on c o r t i s o l  r e l e a s e  v i a  the  h y p o th a la m ic -  

p i t u i t a r y  a x i s .  I t  i s  p o s s i b l e  t h a t  such a d e p r e s s o r  

e f f e c t  may a l s o  accoun t  f o r  the  lower hGH re sponse  to  

e x e r c i s e  i n  the  a l c o h o l i c s  s t u d i e d  i n  t h i s  c h a p t e r .
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SUMMARY

1. The m e ta b o l i c  r e s p o n s e  to  s t e a d y  e x e r c i s e  was s t u d i e d

i n  s i x  c h r o n i c  a l c o h o l i c s  and s i x  normal c o n t r o l  

subj  e c t s .

2 . H igher  c o n c e n t r a t i o n s  o f  l a c t a t e  and p y ru v a te  were

obse rved  i n  th e  a l c o h o l i c s  du r ing  e x e r c i s e  and they 

a l s o  deve loped  p o s t - e x e r c i s e  k e t o s i s .  These changes 

were p ro b ab ly  n o t  due to  reduced  f i t n e s s  o f  the  

a l c o h o l i c s  as th e  h e a r t  r a t e s  o f  b o th  groups were 

s i m i l a r ,

3, The a l c o h o l i c s  had lower l e v e l s  of  growth hormone

d u r in g  e x e r c i s e  compared w i th  the  c o n t r o l s  s u g g e s t in g

t h a t  c h r o n ic  a l c o h o l  consumption has  a d e p r e s s o r
/

e f f e c t  on pathways r e g u l a t i n g  the  r e l e a s e  of  growth 

ho rmone.
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CHAPTER 5

THE GROWTH HORMONE RESPONSE TO INSULIN INDUCED 

HYPOGLYCAEMIA IN ALCOHOLICS



INTRODUCTION

Chronic  a l c o h o l  consumption may be a s s o c i a t e d  w i th  a 

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

i t  has been  observed  t h a t  the  normal r i s e  i n  c o r t i s o l  

c o n c e n t r a t i o n s  i n  r e s p o n s e  to  o r a l  a l c o h o l  and hypoglycaemia  

i s  a b s e n t  i n  a number o f  a l c o h o l i c s  (Merry & Marks, 1972).

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

th e  hClL re sp o n se  to  v a r i o u s  hCII r e l e a s i n g  s t i m u l i  may be 

im p a i red .  ' R e s u l t s  p r e s e n t e d  i n  the  p re v io u s  c h a p t e r  demon

s t r a t e  t h a t  t h e  liGKL re s p o n s e  to  e x e r c i s e  i s  im p a i r ed  i n  

a l c o h o l i c s .  The hGH re sp o n se  to  e x e r c i s e  i s ,  however,  

known to  vary  a c c o rd in g  to  work r a t e  and f i t n e s s  (Bloom 

e t  a l . , 1976) and i t  was t h e r e f o r e  dec ided  to  i n v e s t i g a t e  

the  hGH re sp o n se  to  hypoglycaemia  i n  a l c o h o l i c s .

METHOD

S u b jec t s

The growth hormone r e s p o n s e  to i n s u l i n  hypoglycaemia  

was s t u d i e d  i n  7 male a l c o h o l i c s ,  mean age 42 y e a r s  

( range  32-51) who had g iven  t h e i r  in formed  c onsen t  to  

th e  i n v e s t i g a t i o n  and 10 normal c o n t r o l  s u b j e c t s
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(5 male ,  5 female )  mean age 42 y e a r s  (3 2 -51 ) .  In 

a d d i t i o n  the  c o r t i s o l  r e sp o n se  was s t u d i e d  i n  6 male 

c o n t r o l  s u b j e c t s ,  mean age 38 y e a r s  (23 -51) .  The 

p a t i e n t s  a l l  a d m i t t e d  consuming r e l a t i v e l y  l a r g e  

amounts of a l c o h o l  on a r e g u l a r  b a s i s  f o r  n o t  l e s s  

than  5 y e a r s  and t h e i r  everyday l i f e  had been a f f e c t e d  

(Table  5.%).  L i v e r  f u n c t i o n  t e s t s  and b lood  a l c o h o l  

l e v e l s  on adm iss ion  to  h o s p i t a l  s u g g e s t  t h a t  the  

p a t i e n t s  had been  d r i n k i n g  b u t  do no t  dem onst ra te  

marked l i v e r  damage. The p a t i e n t s  had a l l  s to pped  

d r in k i n g  2-7 days ( range)  b e f o r e  the  i n v e s t i g a t i o n .

The c o n t r o l  s u b j e c t s  were a l l  normal v o l u n t e e r s  who

had no adm i t t e d  a l c o h o l  problem.
I

P rocedure

Blood samples were w i thdrawn from a cannu la  i n  an 

a n t e c u b i t a l  v e i n  b e f o r e  and a t  10, 20, 25, 30,  35, 40,  

45 and 60 minutes  a f t e r  the  i n j e c t i o n  v i a  the  cannula  

o f  s o l u b l e  i n s u l i n  (0 .1  U/kg body w e ig h t ) .  Blood 

samples were an a ly se d  f o r  g lu c o se  and plasma samples 

f o r  hGH and c o r t i c o s t e r o i d s .  S i g n i f i c a n c e  of  

d i f f e r e n c e  was examined w i th  the  Mann-Whitney non

p a r  ame t r i e  U t e s t  f o r  smal l  samples (Mann & Whitney,  

1947).
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RESULTS

Blood g lucose  (Table  5 . I I )

The r a t e  of  f a l l  o f  b lood  g luc ose  a f t e r  i n s u l i n  

i n j e c t i o n  was s i m i l a r  i n  b o th  groups and 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  i n  the  c o n c e n t r a t i o n s  o f  th e  2 

groups a t  any t ime d u r in g  the  i n v e s t i g a t i o n .  A l l  the  

s u b j e c t s  developed  adequa te  hypoglycaemia (blood g lucose  

^ 2 . 2  mmol/1) f o r  th e  hGH re s p o n s e .

Plasma f r e e  f a t t y  a c id s  (F ig .  5 . 1 )

I n s u l i n  produced a s i m i l a r  d e p r e s s i o n  in  FFA 

c o n c e n t r a t i o n s  i n  bo th  groups and 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  i n  the  c o n c e n t r a t i o n s  of  the  2 groups b e f o r e  

o r  a f t e r  th e  i n j e c t i o n .

Plasma growth hormone (Table 5 . I l l )

The c o n c e n t r a t i o n s  of  hGH b e f o r e  and a t  10 and 20 

minu tes  a f t e r  i n s u l i n  i n j e c t i o n  i n  the  a l c o h o l i c s  were 

s i g n i f i c a n t l y  lower th a n  the  co r re s p o n d in g  v a l u e s  f o r  

the  c o n t r o l s .  The mean hGH c o n c e n t r a t i o n s  o f  b o th  

groups showed an i n c r e a s e  30-35 minutes  a f t e r  the  

i n j e c t i o n  and the  a l c o h o l i c s  had s i g n i f i c a n t l y  lower 

hGH c o n c e n t r a t i o n s  a t  45 and 50 minutes  than  the  c o n t r o l s .  

Three of  the  a l c o h o l i c s  had an in a d eq u a te  hGH response  

w i th  a peak c o n c e n t r a t i o n  l e s s  than  10 mu/1,
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Plasma c o r t i s o l  (Table 5 . IV)

A f t e r  th e  i n j e c t i o n  of  i n s u l i n  plasma c o r t i s o l  

c o n c e n t r a t i o n s  i n c r e a s e d  i n  b o th  groups b u t  the  

c o n c e n t r a t i o n s  i n  the  a l c o h o l i c s  were s i g n i f i c a n t l y  

lower a t  40,  45 and 60 m in u te s .  Only 2 of  the  

p a t i e n t s  had a c o r t i s o l  r e sp o n se  g r e a t e r  than  

200 mmol/ and c o r t i s o l  c o n c e n t r a t i o n s  dec re a se d  

a f t e r  i n s u l i n  i n  2 p a t i e n t s .
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FIG 5 . 1  Plasma f r e e  f a t t y  a c i d  c o n c e n t r a t i o n s

()jmol/ml,  mean -  SEM) i n  seven a l c o h o l i c s

(©------ -@) and i n  t e n  c o n t r o l  s u b j e c t s

C©— -"©) b e f o r e  and a f t e r  the  i n j e c t i o n  

of  i n s u l i n  (O.IU/ kg body w e ig h t ) .
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  s u g g e s t  t h a t  

t h e r e  i s  a d e p r e s s i o n  of hGH r e l e a s e  i n  r e s p o n s e  to  

i n s u l i n  induced  hypoglycaemia  i n  a l c o h o l i c  w i th d ra w a l .  

Hypoglycaemia (Roth e t  a l . 1963),  s t r e s s  (S cha lch ,

1967) ,  d i u r n a l  v a r i a t i o n .  (C l ick  & Goldsmith ,  1968) and 

a f a l l  i n  p lasma FFA ( I r i e  e t  a l . 1967) have a l l  been 

r e p o r t e d  as p o s s i b l e  s t i m u l i  p roduc ing  an i n c r e a s e  i n  

serum hGH , I n c r e a s i n g  age may be a s s o c i a t e d  w i t h  a 

low er ing  o f  hGH re s p o n s e s  (Maany e t  a l . 1975).  I t  i s  

p o s s i b l e  t h a t  some o f  t h e s e  f a c t o r s  o p e r a t e d  i n  the  

c o n t r o l  s u b j e c t s  t e n d in g  to  augment t h e i r  hGH r e s p o n s e s .  

However, th e  c o n c e n t r a t i o n s  of  b lood  g lucose  and plasma 

FFA were s i m i l a r  i n  b o th  g roups ,  and a l l  th e  p a t i e n t s  

and s u b j e c t s  deve loped  adequa te  hypoglycaemia (blood  

g lu c o se  < 2 .2  mmol/1) d u r in g  the  i n v e s t i g a t i o n .  The 

s t u d i e s  were c a r r i e d  o u t  a t  the  same t ime in  th e  morning 

and b o th  groups  were matched f o r  age so t h a t  t h i s  would 

n o t  be an im p o r t a n t  f a c t o r .  In  a d d i t i o n ,  the  hGH 

c o n c e n t r a t i o n s  i n  th e  c o n t r o l  s u b j e c t s  a r e  ve ry  s i m i l a r  

to those  r e p o r t e d  i n  normal s u b j e c t s  g iven  the  same dose 

o f  i n s u l i n  (Roth e t  a l . , 1963).  A d e f i c i e n t  growth 

hormone re s p o n s e  to  i n s u l i n  hypoglycaemia  s i m i l a r  to  

t h a t  found i n  some a l c o h o l i c s  i n  the  p r e s e n t  s tudy  has
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been r e p o r t e d  i n  a s i n g l e  a l c o h o l i c  i n  whom hGH re s p o n 

s iv e n e s s  r e t u r n e d  to  normal a f t e r  9 months a b s t i n e n c e  

from a l c o h o l  CAdreani,  Tamburrano and J a v i c o l i ,  1976) .  

Wright ,  F ry ,  Merry and Marks, (1976) r e p o r t e d  t h a t  they 

could  n o t  f i n d  any c o n s i s t e n t  abn o rm a l i ty  i n  the  growth 

hormone r e sp o n se  to  i n s u l i n  hypoglycaemia  i n  a l c o h o l i c s  

b u t  the  p a t i e n t s  they  s t u d i e d  were d r in k i n g  up to  the 

time of  th e  i n v e s t i g a t i o n  whereas the  p a t i e n t s  i n  the  

p r e s e n t  s tudy  had been a b s t i n e n t  f o r  a few days .  This  

s u g g e s t s  t h a t  the  im pa i red  growth hormone r e s p o n s e s  may 

be a f e a t u r e  o f  a l c o h o l  w i th d ra w a l .

The r e s u l t s  f o r  th e  c o r t i s o l  r e sp o n se  a r e  s i m i l a r  

to  th o s e  of  Merry & Marks (1972) ,  who a l s o  found t h a t

the  normal i n c r e a s e  i n  c o r t i s o l  i n  r e sponse  to  i n s u l i n
I

hypoglycaemia i s  im pa i red  i n  a number o f  a l c o h o l i c s .

Two p a t i e n t s  who s h a re d  a f a l l  i n  c o r t i s o l  c o n c e n t r a t i o n s  

had no hGH re s p o n s e ,  s u g g e s t i n g  t h a t  t h e s e  a l t e r e d  

re s p o n s es  may be r e l a t e d  to  a g e n e ra l  impai rment o f  r e l e a s e  

of  p i t u i t a r y  hormones.

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

r e p o r t e d  h e r e  may be r e l a t e d  to w i thd raw a l  fo l lo w in g  the  

c o n t in u ed  and p ro longed  s t i m u l a t i o n  of the  hypotha lamus

6 8



by a l c o h o l .  Recent  ev idence  (L a i ,  T o l l s ,  M a r t i n ,  Brown 

and Guyda, 1975) s u g g e s t s  t h a t  t h e r e  a re  dual  n o r a 

d r e n e r g i c /d o p a m in e r g i c  hGH m odu la t ing  mechanisms. 

S t im u l a t i o n  o f  ^ - a d r e n e r g i c  r e c e p t o r s  (B lacka rd ,  1970) 

and dopaminerg ic  r e c e p t o r s  (Lai  e t  a l . , 19 73) i n c r e a s e s  

hGH c o n c e n t r a t i o n s ,  whereas yG-receptor  s t i m u l a t i o n  

i n h i b i t s  hGH r e l e a s e  (Massara & Camanni, 1971).  In 

p a r t i c u l a r ,  the  hGH re s p o n s e  t o  i n s u l i n  hypoglycaemia  

appea rs  to  be media ted  by o ( - r e c e p t o r s  as the  re sponse  i s  

b lo c k ed  by phen to lam ine  (B lackard  & H e i d i n g s f e l d e r , 1968).  

I t  i s  p o s s i b l e  t h a t  the  im p a i red  hGH r e l e a s e  i n  some of 

th e  a l c o h o l i c s  i n  th e  p r e s e n t  i n v e s t i g a t i o n  i s  due to  an 

a l t e r a t i o n  o f  c a t e c h o l a m i n e r g i c  systems m odu la t ing  hGH 

r e l e a s e .  F u r t h e r  i n v e s t i g a t i o n  of  a l a r g e r  group of 

p a t i e n t s  i s  r e q u i r e d  to  conf i rm  the  p r e s e n t  f i n d i n g s  and 

to  de te rm ine  i f  p ro longed  a l c o h o l  consumption and a l c o h o l  

w i thd raw a l  a l t e r  mechanisms m odu la t ing  hGH and ACTH, and 

to  a s s e s s  the  e x t e n t  to which th e  r e l e a s e  of  o t h e r  

p i t u i t a r y  hormones i s  r e q u i r e d .
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SUMMARY

1. The growth hormone r e s p o n s e  to i n s u l i n  induced  

hypoglycaemia was s t u d i e d  i n  7 a l c o h o l i c  i n - p a t i e n t s  

who had been  a b s t i n e n t  f o r  2-11 days and i n  10 

normal c o n t r o l s .  Blood samples were taken  a t  

i n t e r v a l s  a f t e r  the  i n j e c t i o n  o f  s o l u b l e  i n s u l i n  

(0 .1  U/kg body w e i g h t ) .

2. The growth hormone r e s p o n s e  was im pa i red  i n  4 o f  

the  a l c o h o l i c s  and the  d e p r e s s io n  was n o t  r e l a t e d  

to  d i f f e r e n c e s  i n  b lood  g lucose  o r  p l a s m a - f r e e  

f a t t y  a c i d s .  The c o r t i s o l  re sponse  was a l s o

im p a i red  i n  5 p a t i e n t s .
!

3. The r e s u l t s  s u g g e s t  t h a t  a number o f  a l c o h o l i c s  

obse rved  a f t e r  a l c o h o l  w i thd raw a l  may have a 

d e p r e s s i o n  of  h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n .
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CHAPTER 6

GROWTH HORMONE, PROLACTIN AND CORTISOL 

RESPONSE TO INSULIN HYPOGLYCAEMIA 

IN ALCOHOLICS



INTRODUCTION

Chronic a l c o h o l  consumption has a number o f  im p o r ta n t  

i n t e r a c t i o n s  w i t h  the  en d o c r in e  sys tem (Gordon and S ou the rn ,  

1977).  In  p a r t i c u l a r ,  a p r o p o r t i o n  o f  a l c o h o l i c s  have an 

im pa i red  c o r t i s o l  r e s p o n s e  to  o r a l  a l c o h o l  and hypoglycaemia  

(Merry and Marks, 1972).  The r e s u l t s  p r e s e n t e d  i n  the 

p r e v io u s  c h a p t e r  d em o n s t r a te  t h a t  a number of  a l c o h o l i c s  

i n v e s t i g a t e d  s h o r t l y  a f t e r  c e s s a t i o n  o f  d r i n k i n g  have 

im pa i red  growth hormone (hGH.) re sponses  to  hypoglycaemia .

I t  was dec ided  to  ex ten d  t h e s e  s t u d i e s  by i n v e s t i g a t i n g  

growth hormone,  p r o l a c t i n  (hRRL) and c o r t i c o s t e r o i d  r e s p o n s es  

and r e l e v a n t  f e a t u r e s  o f  the  p a t i e n t ' s  c l i n i c a l  h i s t o r y  was 

a l s o  examined,

METHODS I

P a t i e n t s  and s u b j e c t s

T w en ty - four  male p a t i e n t s ,  mean age 45 y e a r s  (range 

25-65 y e a r s )  w i th  a d i a g n o s i s  o f  a p r o g r e s s i v e  a l c o h o l  problem 

were i n v e s t i g a t e d  2-7 days a f t e r  they  had s topped  d r i n k i n g .

The p a t i e n t s  had a l l  g iv e n  t h e i r  informed c o n s en t  to  the  s tudy ,  

Only p a t i e n t s  who gave a h i s t o r y  o f  symptoms o f  p h y s i c a l  

dependence on a l c o h o l  were s t u d i e d  and p a t i e n t s  known to have 

h e p a t i c  c i r r h o s i s  and hypokalameic  or  j a u n d ic e d  p a t i e n t s  were 

exc luded .  L i v e r  f u n c t i o n  t e s t s  i n c l u d i n g  ^  -g lu t a m y l
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t r a n s p e p t i d a s e  were r o u t i n e l y  performed on adm iss ion  and 

su g g e s te d  t h a t  the  p a t i e n t s  had been d r in k i n g  b e f o r e  adm iss ion  

b u t  d id  n o t  d em o n s t r a te  marked l i v e r  damage. Growth 

hormone and p r o l a c t i n  r e s p o n s e s  were a l s o  s t u d i e d  i n  t e n  

normal h e a l t h y  c o n t r o l s  (5 m a le ,  5 female)  mean age 42 y e a r s  

( range  32-51 y e a r s ) .  In a d d i t i o n ,  the  c o r t i s o l  r e sp o n se  was 

s t u d i e d  i n  6 male c o n t r o l  s u b j e c t s ,  mean age 38 y e a r s  

( range  23-51 y e a r s ) .

P rocedure

Assessment of  the  c l i n i c a l  f e a t u r e s  o f  a l c o h o l i s m  was 

performed i n d e p e n d e n t l y  u s in g  a s t a n d a r d  q u e s t i o n n a i r e  which 

was g iven  when th e  p a t i e n t  no lo n g e r  d i s p l a y e d  s ig n s  o r  

symptoms o f  a l c o h o l  w i th d ra w a l .  The i n f o r m a t io n  was c o r r o b o r 

a t e d  by a r e l a t i v e  when p o s s i b l e .  S e v e r i t y  of  w i thd raw al  

symptoms was e s t i m a t e d  on th e  b a s i s  o f  an o b j e c t i v e  r a t i n g  

s c a l e : "

Score o r  Group Symptoms

0 No symptoms.

1 Tremor,  insomnia ,  a u t o 
nomic nervous  system 
m a n i f e s t a t i o n s .

2 D e l i r i u m  tremens .
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Blood samples were withdrawn from a cannu la  i n  an an te -  

c u b i t a l  v e i n  b e f o r e  and a t  10,  20,  25, 30,  35, 40,  45 and 

60 minutes  a f t e r  th e  i n j e c t i o n  of  s o lu b l e  i n s u l i n  (0 .1  U/kg 

body w e ig h t )  v i a  the  cannu la .  Blood samples were ana ly se d  

f o r  g lu c o se  and plasma samples were an a ly se d  f o r  hGH, hPRL 

and c o r t i s o l .
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RESULTS

The c l i n i c a l  h i s t o r y  o f  the  p a t i e n t s  (Table 6 .1 )  

dem ons t ra ted  t h a t  a l l  t h e  p a t i e n t s  had consumed r e l a t i v e l y  

l a r g e  amounts of  a l c o h o l  on a r e g u l a r  b a s i s  f o r  a number of  

y e a r s .  A l l  th e  p a t i e n t s  had a h i s t o r y  o f  an a l c o h o l  problem 

of n o t  l e s s  than  2 y e a r s  and some o f  the  p a t i e n t s  had been 

a d m i t t e d  to  h o s p i t a l  f o r  t r e a t m e n t  of  an a l c o h o l  prob lem on 

a number o f  p r e v io u s  o c c a s i o n s .

Blood g lu c o se  (Table  6 . I I )

Basa l  b lood  g lu c o se  c o n c e n t r a t i o n s  were s i m i l a r  i n  bo th  

p a t i e n t s  and c o n t r o l s .  The minimum c o n c e n t r a t i o n  a f t e r  the  

i n j e c t i o n  of  i n s u l i n  dem o n s t r a ted  t h a t  a l l  th e  p a t i e n t s  developed  

adequa te  hypoglycaemia (b lood  g l u c o s e < 2 .2 .  mmol/1).

Plasma growth hormone (Table 6 ,11)
f

Basal  hGH c o n c e n t r a t i o n  i n  the  p a t i e n t s  were g e n e r a l l y  

lower than  the  c o n t r o l s .  Nine of  the  twenty fo u r  p a t i e n t s  

s t u d i e d  had an i n a d e q u a te  hGH re sponse  w i th  a peak c o n c e n t r a t i o n  

l e s s  than  10 mu/1.

Plasma p r o l a c t i n  (Table 6 . I l l )

Basa l  hPRL c o n c e n t r a t i o n s  were s i m i l a r  i n  bo th  p a t i e n t s  and 

c o n t r o l s .  Nine o f  the  p a t i e n t s  dem ons t ra ted  a f a l l  or  no 

change from b a s a l  hPRL c o n c e n t r a t i o n s  whereas  the  remain ing  15 

p a t i e n t s  had a t  l e a s t  a sm al l  r i s e  i n  hPRL c o n c e n t r a t i o n s .  Of 

the  n in e  p a t i e n t s  who showed a f a l l  or  no change i n  hPRL 

c o n c e n t r a t i o n s , e i g h t  had im pa i red  hGH r e s p o n s e s .
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TABLE 6 . I I  Basa l  c o n c e n t r a t i o n s  o f  b lood  g lu c o se  (mmol/1) , 
and plasma hGH (mu/1) and minimum c o n c e n t r a t i o n  
o f  g lu c o se  and c o n c e n t r a t i o n  of  hGH a t  45 and 60 
m inu tes  a f t e r  the  i n j e c t i o n  of  i n s u l i n  i n  24 a l c o h o l i c s

P a t i e n t
Blood 

g lu c o se  
mmol/I

Plasma hGH 
mu/1

No. r e s  t minimum r e s t 45 min 60 min
1 4 .68 1.47 2 .6 60.4 25,2
2 5 .4 1 .4 4 .2 88.6 89.0
3 5 . 8 2 .0 2 .0 55 .0 41.6
4 5 .0 0 . 8 2 .8 4 .8 3.6
5 4 .4 1 .8 0 ,2 69.4 71.0
6 4 .6 1.0 8 ,2 33.2 65.4
7 5,6 0 , 8 0 .5 21.0 19.9
8 4 .8 1 .4 2.5 0 .4 0 .6
9 5 .4 1.0 4 .2 95 .8 81.4

10 4,2 1 ,2 0 . 2 21.2 19.1
11 4 .2 1 .1 1 .8 72,6 53 .8
12 6 .3 / 1 . 6 0 ,2 0 .2 0 .2
13 5 .9 1.4 0 .4 31.8 44 .8
14 6 .0 1 .8 2 .1 3.6 5 .8
15 5 .8 1 .3 0 .4 89.2 135.2
16 4 .5 1 .0 0 .8 3 ,0 2,4
17 6,5 1.4 0 ,2 0 .2 0 . 4
18 6 .1 1.1 0 .7 12.7 24 .0

■ 19 6 .8 1.2 2 .8 5 .3 1 .8
20 5 . 0 1 .5 0 .4 1.6 1 .4
21 4 .7 1.1 2 .4 15,6 27.0
22 4 .5 1 .7 4 .8 20 .8 39 .0
23 4 .5 1 .0 0 .8 63 .2 89.4
24 5 .9 1.6 0 .6 1.2 8 .0

Controls

Mean 4 .2 1 .2 7 ,8 71.4 78.6
SEM + 0 .3 0 .2 1.6 17 ,0 9 ,0



TABLE 6 . I l l Basa l  c o n c e n t r a t i o n s  o f  hPRL (mu/1) and 
c o r t i s o l  (mmo1/1)  and c o n c e n t r a t i o n s  a t  
45 and 60 m inu tes  a f t e r  the i n j e c t i o n  of  
i n s u l i n  i n  24 a l c o h o l i c s .

P a t i e n t Plasma hPRL 
mu/1

Plasma c o r t i s o l  
mmol/1

No. r e s t 45 min 60 min r e s t 45 min 60 min

1 120 600 360 489 908 756

2 300 1580 1620 345 566 649
3 160 120 120 541 1065 1228

4 180 160 160 472 574 519
5 120 600 400 613 519 439
6 160 360 300 445 745 552

7 160 700 580 414 657 668
8 60 30 20 439 163 179

9 360 650 900 345 317 436
10 160 240 200 444 693 707
11 180 1640 1740 235 400 502
12 160 120 100 800 259 287
13 120 140 140 502 1041 894

14 120 120 80 469 914 527
15 200 200 240 474 500 500

16 120 100 90 469 524 745
17 240 140 140 497 497 392

18 100 160 240 524 635 607

19 360 360 340 381 351 323

20 860 720 800 287 179 157
21 240 850 850 337 585 773

22 280 400 460 442 657 668

23 100 420 620 226 580 276
24 240 180 100 745 489 444

i t r o l s

le an 207 520 530 453 894 767
3EM + 24 70 81 58 102 102



Plasma c o r t i s o l  (Table  6 . I l l )

T h i r t e e n  p a t i e n t s  and a l l  the  c o n t r o l s  showed an i n c r e a s e  

above b a s a l  c o r t i s o l  c o n c e n t r a t i o n s  g r e a t e r  than  200 mmol/I .

In  4 p a t i e n t s  p lasma c o r t i s o l  i n c r e a s e d ,  b u t  the  r i s e  was l e s s  

th a n  200 mmol/1 and i n  th e  7 remain ing  p a t i e n t s ,  plasma 

c o r t i s o l  d e c r e a s e d  from b a s a l  l e v e l s .  S ix  o f  the  p a t i e n t s  

who showed a d e c re a s e  from b a s a l  c o r t i s o l  c o n c e n t r a t i o n s  had 

im pa i red  hGH. r e s p o n s e s .

R e l a t i o n s h i p  between hGH, hPRL (Table  6 . IV).
and % o r t i s o l  r e s p o n s e s_________

In  an a t t e m p t  to examine i f  t h e r e  was an impairment o f  a l l  

t h r e e  hormone r e s p o n s e s  i n  some p a t i e n t s ,  the  i n c r e a s e  or  

d e c r e a s e  from b a s a l  c o n c e n t r a t i o n  of  hGH a t  45 and 60 minu tes  

was c o r r e l a t e d  w i th  the  c o r r e s p o n d in g  change i n  hPRL and 

c o r t i s o l  c o n c e n t r a t i o n .  The only s i g n i f i c a n t  c o r r e l a t i o n  

found was between th e  hGH and hPRL res p o n s es  a t  45 and 60 

m i n u t e s .

R e l a t i o n s h i p  be tween hGH re s p o n s e  and f e a t u r e s  o f  c l i n i c a l  h i s t o r y

The i n c r e a s e  o r  d e c r e a s e  above b a s a l  c o n c e n t r a t i o n s  of  hGH 

a t  45 and 60 m inu tes  was c o r r e l a t e d  w i th  age,  d u r a t i o n  of  d r i n k i n g ,  

d u r a t i o n  of  a l c o h o l  problem and a d m i t t ed  a l c o h o l  i n t a k e .  In no 

case  was a s i g n i f i c a n t  c o r r e l a t i o n  found.

The c o n c e n t r a t i o n s  o f  th e  v a r io u s  hormones a t  45 and 60 

minu tes  were grouped  acc o rd in g  to the  p a t i e n t ’ s s co re  f o r  w i t h 

drawal symptoms.
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Growth hormone c o n c e n t r a t i o n s  i n  p a t i e n t s  w i th  a w i thd raw al  

s c o re  of  2 were s i g n i f i c a n t l y  lower than  those  w i th  s c o r e s  of  

0 or  1 a t  45 minu tes  (P < 0 .014  and P< 0 ,008  r e s p e c t i v e l y )  and 

a t  60 minu tes  ( P < 0 .024  and P< 0 .002  r e s p e c t i v e l y ) .  (P ig .  6 .1 )  

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  hGH concen

t r a t i o n  o f  Groups 0 and 1. P r o l a c t i n  c o n c e n t r a t i o n  of w i t h 

drawal s co re  group 2 were lower than  f o r  group 0 and 1 a t  45 

and 60 minu tes  b u t  th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t  a t  the  

5% l e v e l .  There was no s i g n i f i c a n t  d i f f e r e n c e  between plasma 

c o r t i s o l  c o n c e n t r a t i o n s  f o r  any of  the  w i thd raw a l  s c o re  groups 

a t  e i t h e r  45 o r  60 m in u te s .

76



r—) •H dCTJ a • p
CQ
cd o

rJ3 VO p

r da ^ bOo d • P
cd d

5:
un

<i)
m X)
cd p o
<D cd r d

o r—1 60
o o

mJ cn
•H p

M P
O P tP

o
0) o o
œ 'vP
cd ■xJ
OJ d d
M cd ■po rP
d A d

•H S CO
fp d

0) r d • p
rd
4-J up

tri o
d O
0) r d d
<u o
3  <4-t *p
■P o p
d o

i d CO d
d "I—] CO

Pk o d o
•H •H • p •p
rd P ip
cn Cd d o
d }-c r d r do P p o

•H d o
P d p 1—I
cd o d cd

r-H d p
d o up

PtH d cd

5
VO

M

Ë-H

d
O m 1—f
d o o
cd O CO . CO
u o•p O S aup

•P V V
d (d
60

•p
CO

d  po d
•p  dp *p rP OV CO
cd d Otp  *p LO (N CM
d  UHP up 9  o O OP d
O O

O  CJ

a rP I—1
p A o H op P5 CO S  COup CO fX| *p P-i *P

d X rd P rd P
d  o P pCO *P o ocd P u o
d  cdP P
Ü P
d  d

■d d
op do o
u

d
CO rP
cd cd
d  COp cd td td Id ida rQ X o  o CiJ CD

rd rd rd rd

d COa d
•rH •p in o
EP S3 vO



FIG 6 . I  I n c r e a s e  o r  d e c r e a s e  from b a s a l

c o n c e n t r a t i o n s  (mn/1) of  growth 

hormone (hGH) and p r o l a c t i n  (HPRL) 

60 minu tes  a f t e r  th e  i n j e c t i o n  o f  

i n s u l i n  (0 .1  U/kg body w e igh t )  i n  

24 a l c o h o l i c s  w i t h  d i f f e r i n g  

. s e v e r i t y  of  w i thd raw al  symptoms 

( see  t e x t ) .
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DISCUSSION

The r e s u l t s  p r e s e n t e d  h e r e  conf irm the  r e s u l t s  o f  e a r l i e r  

s t u d i e s  which d em o n s t r a te  t h a t  hGH res p o n s es  a re  im pa i red  i n  

some a l c o h o l i c s  (A ndreani ,  Tamhurrano and J a v i c o l i ,  1976; 

C hap te r  5 ) .  A l l  the  p a t i e n t s  deve loped adequa te  hypoglycaemia 

f o r  the  hGH response  (blood g l u c o s e ^  2 .2  mmol/1) and n in e  of  

the  p a t i e n t s  had im p a i r ed  hGH. r e s p o n s e s .  P r o l a c t i n  c o n c e n t r a 

t i o n  e i t h e r  dec re a se d  o r  showed a minimal i n c r e a s e  i n  e i g h t  of 

th e  p a t i e n t s  w i t h  im pa i red  hGH r e s p o n s e s .  Seven p a t i e n t s  

showed a d e c re a s e  from b a s a l  c o r t i s o l  c o n c e n t r a t i o n s  and s i x  

o f  them had an im pa i red  hGH r e s p o n s e .  The p r e s e n t  o b s e r v a t i o n  

t h a t  a p r o p o r t i o n  of a l c o h o l i c s  have an im p a i red  c o r t i s o l  

re sponse  to hypoglycaemia i s  c o n s i s t e n t  w i th  o t h e r  p u b l i s h e d  

f i n d i n g s  (Merry and. Marks,  1972; Chapter  5 ) ,  The p re s e n c e  

o f  an impairment i n  the  r e sponse  o f  a l l  t h r e e  hormones i n  some 

p a t i e n t s  s u g g e s t s  t h a t  t h e r e  may be a g e n e r a l  impairment of 

r e l e a s e  o f  t h e s e  hormones i n  some p a t i e n t s .

Impairment o f  r e l e a s e  of  a l l  t h r e e  hormones might  be 

i n d i c a t e d  by a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between the  

t h r e e  r e s p o n s e s  i n  the  p a t i e n t s .  S i g n i f i c a n t  c o r r e l a t i o n s  

were found between th e  hPRL and hGH res p o n s es  a t  45 and 60 

m in u te s .  However, hPRL r e s p o n s es  were r e l a t i v e l y  smal l  and 

v a r i a b l e  and a g r e a t e r  degree  o f  hypoglycaemia  may be r e q u i r e d  

f o r  a more c o n s i s t e n t  hPRL re s p o n s e  (Noel , Sub and F r a n t z ,  

1971),  Although 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  between 

the  hGH and c o r t i s o l  r e s p o n s e s ,  i t  i s  p o s s i b l e  t h a t  i n d i v i d u a l
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d i f f e r e n c e s  i n  a d r e n a l  r e s p o n s iv e n e s s  o r  t im ing  o f  ACTH 

r e l e a s e  may e x i s t .  The r e s u l t s  s u g g e s t  t h a t  b o th  hGH and 

hPRL r e s p o n s e s  were im p a i red  i n  some p a t i e n t s  b u t  f u r t h e r  

i n v e s t i g a t i o n  o f  ACTH re s p o n s e s  w i l l  be r e q u i r e d  to  de te rm ine  

i f  the  r e s p o n s e s  of  a l l  t h r e e  hormones a re  im pa i red .

The most  c o n s i s t e n t  ab n o rm a l i t y  found i n  the  p r e s e n t  

s tudy  was the  p r e s e n c e  o f  an im pa i red  hGH re s p o n s e  , No 

s i g n i f i c a n t  c o r r e l a t i o n  was found between th e  hGH re sponse  

and any of  the  r e c o rd e d  f e a t u r e s  of  the  c l i n i c a l  h i s t o r y .

Growth hormone r e s p o n s e s  a re  known to be r e l a t e d  to  age 

(Maany , F r a z e r  and Mendels ,  1975) ,  b u t  i t  i s  u n l i k e l y  t h a t  

t h i s  r e l a t i o n s h i p  would be a p p a r e n t  i n  the  p r e s e n t  s tudy  

s i n c e  age d i f f e r e n c e s  were r e l a t i v e l y  smal l  and some of the  

p a t i e n t s  dem ons t ra ted  im pa i red  r e s p o n s e s .  I f  the  im pai red  

hGH re sp o n se  was r e l a t e d  to  c h r o n ic  a l c o h o l  consumption ,  

th e n  f a c t o r s  l i k e  d u r a t i o n  o f  d r in k i n g  problem and ad m i t t e d  

a l c o h o l  i n t a k e  migh t  have shown a s i g n i f i c a n t  r e l a t i o n s h i p ,  

b u t  t h e r e  was no ev id e n c e  o f  t h i s  i n  the  p r e s e n t  i n v e s t i g a t i o n .

The hGH re s p o n s e s  i n  th e  f i v e  p a t i e n t s  w i th  the  most 

s e v e re  w i th d ra w a l  symptoms were im pa i red  s u g g e s t in g  t h a t  a l c o h o l  

w i th d raw a l  may be r e q u i r e d  to  d em ons t ra te  t h i s  e f f e c t .  Wright ,  

Merry,  Fry and Marks (1976) i n v e s t i g a t e d  h y p o t h a l a m i c / p i t u i t a r y  

f u n c t i o n  i n  a l c o h o l i c s  and r e p o r t e d  t h a t  the  hGH re sp o n se  to
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i n s u l i n  hypoglycaemia was normal .  However, t h e i r  p a t i e n t s  

were d r i n k i n g  up to  the  t ime of  i n v e s t i g a t i o n  and had n o t  

e x p e r i e n c e d  a l c o h o l  w i th d ra w a l .  An im pai red  hGH response  

to  i n s u l i n  hypoglycaemia has been r e p o r t e d  i n  a s i n g l e  

a b s t i n e n t  a l c o h o l i c  b u t  normal r e s p o n s iv e n e s s  had r e t u r n e d  

when the  p a t i e n t  was s u b s e q u e n t ly  r e i n v e s t i g a t e d  (Andreani  

e t  a l . ,  1976).  I t  appea rs  t h a t  a b s t i n e n c e  o r  w i thd raw a l  

of  a l c o h o l  from the  a l c o h o l i c  may be r e q u i r e d  to  dem ons t ra te  

an im pa i red  hGH re s p o n s e .

The p r e s e n c e  o f  w i th d raw a l  symptoms i s  d i a g n o s t i c  o f  

a l c o h o l  dependence  b u t  the  mechanisms invo lved  i n  the  deve lop

ment o f  a l c o h o l  w i thd raw a l  syndrome a re  n o t  f u l l y  unde r s to o d  

(Here, 1977).  The s i g n i f i c a n c e  o f  the  p r e s e n t  o b s e r v a t i o n  

of  im pa i red  s t r e s s  r e s p o n s e s  i n  some r e c e n t l y  a b s t i n e n t  

a l c o h o l i c s  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n  as i t  may have 

im p o r ta n t  i m p l i c a t i o n s  f o r  the  management of  a l c o h o l  w i thd raw al  

syndrome.
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SUMMARY

1. Growth hormone (hGH), P r o l a c t i n  (hPRL) and c o r t i s o l

r e s p o n s e s  to  i n s u l i n  induced  hypoglycaemia were 

s t u d i e d  i n  24 p a t i e n t s  w i th  a d i a g n o s i s  of  a p r o g r e s 

s i v e  a l c o h o l  problem who had been  a b s t i n e n t  f o r  2-7 

days .  Blood samples were taken  a t  i n t e r v a l s  a f t e r  

the  i n j e c t i o n  of  s o l u b l e  i n s u l i n  (0 .1  U/kg body w e i g h t ) .  

A l l  the  p a t i e n t s  developed  adequate  hypoglycaemia  

(b lood  g l u c o s e < 2 .2  mmol/1) and n in e  of  the  p a t i e n t s  had 

im pa i red  hGH r e s p o n s e s .

2. P r o l a c t i n  c o n c e n t r a t i o n s  showed a f a l l  o r  no change 

from b a s a l  l e v e l s  i n  n in e  p a t i e n t s  and e i g h t  of  them 

a l s o  had im p a i red  hGH re s p o n s e s .  In  seven p a t i e n t s  

c o r t i s o l  c o n c e n t r a t i o n s  d e c re a se d  from b a s a l  l e v e l s  and 

s i x  o f  t h e s e  p a t i e n t s  had im ap i red  hGH re s p o n s e s ,  A 

number o f  p a t i e n t s  had impairment of  a l l  t h r e e  hormone 

r e s p o n s e s  and s i g n i f i c a n t  c o r r e l a t i o n s  were found 

between the  hGH and hPRL r e sponses  a t  45 and 60 m inu te s ,

3. There was no c o r r e l a t i o n  between the  hGH re s p o n s e  and 

age ,  d u r a t i o n  o f  d r i n k i n g ,  d u r a t i o n  of  a l c o h o l  problem 

o r  ad m i t t e d  a l c o h o l  i n t a k e .  Growth hormone responses  

were s i g n i f i c a n t l y  lower i n  the  p a t i e n t s  who had 

e x p e r i e n c e d  th e  s e v e r e s t  w i thdraw al  symptoms. The 

o b s e r v a t i o n s  o f  im pa i red  s t r e s s  r e s p o n s e s  i n  some
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r e c e n t l y  a b s t i n e n t  a l c o h o l i c s  may have im p o r ta n t  

i m p l i c a t i o n s  f o r  th e  management of  a l c o h o l  w i thd raw a l  

syndrome.
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CHAPTER 7

THE GROWTH HORMONE AND PROLACTIN RESPONSES TO 

BROMOCRIPTINE IN NORMAL SUBJECTS AND IN ACROMEGALY



INTRODUCTION

Release  o f  hGH and hPRL i s  known to  be modulated  by 

ca techo lam ines  and s e r o t o n i n  Çlmura e t  a l , ,  1973; Nakai  e t  a l . ,  

1973; Fronham and S t a c h u r a ,  1975; L a 1 e t  a l . , 1975).

Evidence  f o r  th e  invo lvement  o f  dopamine i n  the  r e g u l a t i o n  of  

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

a s p e c i f i c  dopamine r e c e p t o r  a g o n i s t ,  s t i m u l a t e s  hGH and 

s u p p re s s e s  hPRL r e l e a s e  i n  normal s u b j e c t s  (Cammani e t  a l . ,

1975; T o l l s  e t  a l . ,  1975) and s u p p re s s e s  b o th  hGH and hPRL 

i n  acromegaly (Caimnani e t  a l . ,  1975; Thorner ,  C h a i t ,  A i tk e n ,  

Benker,  Bloom, Mortimer ,  S anders ,  S t u a r t  Mason and B es s e r ,

1975).  The a c t i o n  of  b r o m o c r i p t i n e  appears  to  be s p e c i f i c  to  

dopamine r e c e p t o r s  and i t  may t h e r e f o r e  be o f  va lue  i n  i n v e s 

t i g a t i n g  dopaminerg ic  r e g u l a t i o n  o f  hGH and hPRL r e l e a s e  in  

p a t i e n t s  w i th  ev idence  of  a l t e r e d  hypo tha lam ic  f u n c t i o n .

B efo re  c a r r y i n g  o u t  such s t u d i e s  i t  was n e c e s s a r y  to conf i rm  

th e s e  r e s p o n s e s  to  b r o m o c r i p t i n e  and to en s u re  t h a t  the  

re sponses  were n o t  r e l a t e d  to  hypoglycaemia  o r  a f a l l  i n  FFA 

c o n c e n t r a t i o n s .

Acromegaly i s  a d i s o r d e r  i n v o l v in g  abnormal s e c r e t i o n  of  

hGH u s u a l l y  a s s o c i a t e d  w i t h  an a n t e r i o r  p i t u i t a r y  tumour and i s  

c h a r a c t e r i s e d  by marked e l e v a t i o n  of  b a s a l  hGH c o n c e n t r a t i o n s .

An o p p o r t u n i t y  a ro s e  to  i n v e s t i g a t e  the  e f f e c t  o f  b r o m o c r i p t i n e  

i n  a p a t i e n t  w i th  t h i s  d i s o r d e r  and to  m on i to r  hGH and hPRL
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c o n c e n t r a t i o n s  d u r ing  long term t r e a t m e n t  w i th  t h i s  drug .  The 

r e s u l t s  of  t h e se  s t u d i e s  i n  normal s u b j e c t s  and i n  acromegaly 

a re  p r e s e n t e d  i n  t h i s  c h a p t e r .

I  RESPONSE TO BROMOCRIPTINE IN NORMAL SUBJECTS 

METHODS

Seven normal s u b j e c t s  (4 m a le ,  3 female)  aged 23-55 y e a r s  

(mean 44) were s t u d i e d .  The i n v e s t i g a t i o n s  were c a r r i e d  o u t  

i n  th e  morning a f t e r  an o v e r n i g h t  f a s t  and the  s u b j e c t s  remained 

a t  r e s t ,  l y i n g  down, th ro u g h o u t  the  i n v e s t i g a t i o n .  Blood 

samples were taken  from a cannu la  i n  an a n t e c u b i t a l  v e i n  a t  

30, 60,  90, 120, 130, 140, 150, 160,  170, 180 and 210 m inu tes  

a f t e r  o r a l  a d m i n i s t r a t i o n  of b r o m o c r i p t in e  (2 .5  mg). Blood 

samples were an a ly se d  f o r  g lu c o s e  and g l y c e r o l  and plasma 

samples a n a ly s e d  f o r  FFA, hGH and hPRL. S i g n i f i c a n c e  of  

d i f f e r e n c e  was examined u s ing  the  Mann-Whitney n o n - p a r a m e t r i c  

U - t e s t  f o r  sm al l  samples (Mann and Whitney,  1947).

RESULTS

Plasma hGH (F ig  7 .1 )

C o n c e n t r a t i o n s  o f  hGH i n c r e a s e d  2 hours  a f t e r  b r o m o c r i p t in e  

and were s i g n i f i c a n t l y  g r e a t e r  (P < 0 .0 5 ,  0 .0 5 ,  0 .02  and 0 .0 5 )

th an  b a s a l  c o n c e n t r a t i o n s  a t  150, 160, 170 and 180 m in u te s .
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P lasm a  hPRL (F ig  7 .1 )

P r o l a c t i n  c o n c e n t r a t i o n s  d e c re a s e d  a f t e r  b r o m o c r i p t i n e ,  

b u t  a l th o u g h  the  r e s u l t s  s u g g e s t  s u p p r e s s i o n  of  hPRL, 

c o n c e n t r a t i o n s  a f t e r  b r o m o c r i p t i n e  were n o t  s i g n i f i c a n t l y  

lower than  b a s a l  c o n c e n t r a t i o n s .

Plasma FFA and b lood  g l y c e r o l  (F ig  7 . I I )

There was no s i g n i f i c a n t  change from b a s a l  c o n c e n t r a t i o n s  

o f  FFA or  b lood  g l y c e r o l  a t  any t ime dur ing  the  i n v e s t i g a t i o n .

Blood g lucose

Blood g lu c o se  c o n c e n t r a t i o n s  a f t e r  b r o m o c r i p t i n e  were n o t  

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

I I .  RESPONSE TO BROMOCRIPTINE IN ACROMEGALY

METHOD-----------

P a t i e n t  '

One male p a t i e n t  w i t h  a d i a g n o s i s  o f  acromegaly was s tu d i e d ,  

The p a t i e n t  had r e c e i v e d  r a d i o t h e r a p y  t r e a t m e n t  f o u r  y e a r s  

p r e v i o u s l y .  Symptoms had p e r s i s t e d  and one y e a r  l a t e r  he under 

went c r y o s u rg e ry  f o r  the  d e s t r u c t i o n  of  the  a n t e r i o r  p i t u i t a r y  

tumour, b u t  b a s a l  hGH c o n c e n t r a t i o n s  have c o n t in u e d  t o  be 

e l e v a t e d  f o r  the  l a s t  t h r e e  y e a r s  fo l l o w in g  t h i s  p ro c e d u re .

P rocedure

I n v e s t i g a t i o n s  i n v o lv e d  g iv i n g  b ro m o c r ip t in e  o r a l l y  and 

c o l l e c t i n g  b lood  samples a t  a p p r o p r i a t e  i n t e r v a l s  o f  time from 

a cannu la  i n  an a n t e c u b i t a l  v e i n .  Growth hormone and hPRL
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r e s p o n s e s  to  2 .5  and 10 mg o f  b ro m o c r i p t i n e  were s t u d i e d  on two 

s e p a r a t e  o c c a s i o n s .  Hormone l e v e l s  were m on i to red  d u r in g  long 

te rm t r e a tm e n t  by t a k in g  b lood  samples by venepunc tu re  when 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 .  P lasma samples were an a ly se d  

f o r  hGH and hPRL,

RESULTS

Plasma hGH and hPRL (p ig  7 . I l l )

B asa l  hGH and hPRL c o n c e n t r a t i o n s  were e l e v a t e d  on b o th  

oc c a s io n s  b e f o r e  t r e a t m e n t .  A d m in i s t r a t i o n  o f  2 .5  mg and 

10 .0  mg o f  b r o m o c r i p t i n e  on s e p a r a t e  o cca s io n s  was a s s o c i a t e d  

w i t h  a f a l l  i n  hGH and hPRL c o n c e n t r a t i o n s .  A f t e r  t r e a t m e n t  

w i th  2 .5  mg/day f o r  t e n  days ,  hGH and hPRL l e v e l s  were found 

t o  be only  s l i g h t l y  lower tha n  p r e - t r e a t m e n t  l e v e l s  (P ig  7 . IV).  

The dose o f  b r o m o c r i p t i n e  was g r a d u a l l y  i n c r e a s e d  u n t i l  the  

p a t i e n t  was r e c e i v i n g  10 mg/day and t r e a tm e n t  a t  t h i s  dosage 

was a s s o c i a t e d  w i t h  s u p p r e s s i o n  o f  hGH and hPRL c o n c e n t r a t i o n s .  

At one s t a g e  d u r in g  t r e a t m e n t  the  p a t i e n t  e x haus te d  h i s  supp ly  

o f  th e  drug and hGH and hPRL l e v e l s  r e t u r n e d  to  p r e - t r e a t m e n t  

l e v e l s  b u t  were ag a in  su p p re s se d  when t r e a t m e n t  was r e s t a r t e d .
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FIG 7 .1  P lasm a  hGH and hPRL c o n c e n t r a t i o n s

(mu/1, mean -  S.E.M. ) i n  seven  normal 

s u b j e c t s  b e f o r e  and a f t e r  o r a l  

a d m i n i s t r a t i o n  o f  b r o m o c r i p t i n e  (2 .5  mg)
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FIG. 7 . I I  Plasma FFA and b lood  g l y c e r o l

c o n c e n t r a t i o n s  ( jjmol/ml,  mean -  S.E.M.) 

i n  seven normal s u b j e c t s  b e f o r e  and 

a f t e r  o r a l  a d m i n i s t r a t i o n  of  

b r o m o c r i p t i n e  (2 .5  mg).
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FIG. 7 . I l l  P lasm a  hGH and hPRL c o n c e n t r a t i o n s

(mu/1) b e f o r e  and a f t e r  a d m i n i s t r a t i o n  

o f  b r o m o c r i p t i n e  i n  a p a t i e n t  w i th  

ac rom ega ly .
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FIG, 7 . IV P la sm a  hGH and hPRL c o n c e n t r a t i o n s

(mu/1) b e f o r e  and d u r in g  t r e a t m e n t  

w i t h  b r o m o c r i p t i n e  i n  a p a t i e n t  

w i t h  acromegaly .
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem ons t ra te  t h a t  

b r o m o c r i p t i n e  p roduces  s i g n i f i c a n t  e l e v a t i o n  of  hGH i n  normal 

s u b j e c t s  and s u p p re s s e s  hGH and hPRL i n  acromegaly .  These 

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

normal s u b j e c t s  CDgI Pozo e t  a l . ,  1972; T o l l s  e t  a l . j 1975) 

and f o r  a number o f  a c ro m eg a l i c s  CCammani e t  a l . ,  1975; Thorner  

e t  a l . ,  1975).

Growth hormone r e l e a s e  i s  known to  fo l lo w  a f a l l  i n  IFA 

c o n c e n t r a t i o n s  (E ar tog  e t  a l . , 1967) w h i le  hGH and hPRL r e l e a s e  

fo l low s  a f a l l  i n  b lood  g lu c o se  (Hunter  e t  a l . ,  1965e; Noel 

e t  a l . ,  1971) .  There was no ev idence  f o r  a s i g n i f i c a n t  change 

i n  b lood  g lu c o se  c o n c e n t r a t i o n s  a f t e r  b r o m o c r i p t i n e  i n  the  

p r e s e n t  i n v e s t i g a t i o n .  T o l i s  and co-workers  (1975) r e p o r t e d  

a r i s e  i n  p lasma FFA 4-5  hours  a f t e r  o r a l  a d m i n i s t r a t i o n  of  

b r o m o c r i p t i n e  b u t  t h e r e  was no s i g n i f i c a n t  a l t e r a t i o n  o f  plasma 

FFA or  b lood  g l y c e r o l  c o n c e n t r a t i o n s  du r ing  th e  hours  a f t e r  

b r o m o c r i p t i n e  a d m i n i s t r a t i o n  i n  the  p r e s e n t  s tu d y .

In  the  absence  o f  a change i n  known m e ta b o l i c  s t i m u l i  the  

p r e s e n t  r e s u l t s  s u g g e s t  t h a t  b r o m o c r i p t i n e  a c t s  on hypo tha lam ic  

o r  p i t u i t a r y  r e c e p t o r s  r e g u l a t i n g  hGH and hPRL r e l e a s e .  Dopamine 

i s  known to  be p r e s e n t  i n  r e l a t i v e l y  l a r g e  q u a n t i t i e s  i n  the 

median eminence and the  c l o s e  r e l a t i o n s h i p  between dopamine 

c o n t a i n i n g  g r a n u le s  to  c a p i l l i a r i e s  of th e  p o r t a l  p le xus  s u g g e s t s  

t h a t  dopamine may have a r o l e  i n  th e  r e g u l a t i o n  o f  hGH r e l e a s e
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(Fuxe and H o k f e l t ,  1969).  This  s u g g e s t io n  i s  s u p p o r te d  by the  

o b s e r v a t i o n s  t h a t  L~dopa th e  p r e c u r s o r  of  dopamine and the  

dopamine r e c e p t o r  a g o n i s t  apomorphine bo th  e l e v a t e  hGH i n  normal 

s u b j e c t s  (Boyd e t  a l , ,  1970; Maany e t  a l . ,  1975).  Both L-dopa 

and apomorphine a r e  th o u g h t  to  a c t  on CNS l o c i  (Mullerj,  1973).

The p r e s e n t  o b s e r v a t i o n  of  hGH r e l e a s e  i n  re sponse  to 

b r o m o c r i p t i n e  p ro b a b ly  i n v o l v e s  s t i m u l a t i o n  of  hypo tha lam ic  

dopamine r e c e p t o r s  r e g u l a t i n g  GRF o r  GRIR.

P r o l a c t i n  r e l e a s e  i s  known to  be under i n h i b i t o r y  c o n t r o l  

from the  hypothalamus  and t h e r e  i s  ev idence  t h a t  dopamine has 

p r o l a c t i n  r e l e a s e  i n h i b i t i n g  p r o p e r t i e s  (Kamberi,  1973; Zacur 

e t  a l , ,  1976).  F u r t h e r  ev idence  f o r  the  in vo lvem en t  o f  dopamine 

i n  the  r e g u l a t i o n  o f  hPRL r e l e a s e  comes from the  o b s e r v a t i o n s  

t h a t  p h e n o t h i a z i n e s , which a re  known to b lo c k  dopamine and n o r a 

d r e n a l i n e  r e c e p t o r s  i n  t h e  CNS (Sourkes ,  1975) ,  produce  e l e v a t i o n  

o f  hPRL l e v e l s  ( A p o s to la k i s  e t  a l . ,  1972; F r a n t z  e t  a l . ,  1972; 

Beumont e t  a l . ,  1974).  I n  the  p r e s e n t  s tu d y  t h e r e  was ev idence  

o f  s u p p r e s s i o n  of  hPRL by b r o m o c r i p t i n e  i n  normal s u b j e c t s  b u t  

b ecause  o f  v a r i a t i o n  i n  hPRL l e v e l s  t h i s  s u p p r e s s i o n  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  However, th e  marked s u p p r e s s i o n  of  

hPRL i n  the  a c ro m eg a l i c  p a t i e n t  does s u g g e s t  t h a t  b r o m o c r i p t i n e  

i n h i b i t s  hPRL r e l e a s e .

The a c ro m eg a l i c  p a t i e n t  had e l e v a t e d  b a s a l  c o n c e n t r a t i o n s  

o f  b o t h  hGH and hPRL and t h i s  i s  c o n s i s t e n t  w i th  r e p o r t s  o f  the
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e l e v a t i o n  o f  b o th  hormones i n  a number of ac rom ega l i c s  (F ranks ,  

Jacobs  and N abar ro ,  1976).  Long term t r e a t m e n t  w i th  b romocr ip 

t i n e  s u p p re s se d  hGH and hPRL l e v e l s  i n  the  p a t i e n t  and t h i s  

f i n d i n g  i s  i n  agreement w i th  the  r e s u l t s  of  a  number of  t r i a l s  

o f  b r o m o c r i p t i n e  i n  the  t r e a t m e n t  of  acromegaly (Thorner e t  a l . , 

1975; C h io d i n i ,  L i u z z i ,  B o t a l l a ,  O pp izz i ,  M ul le r  and S i l v e s t r i n i ,  

1975; Sachdev,  Gomez-Pan, T unbr idge ,  Duns, Weightman and H a l l ,  

1975).  B rom ocr ip t ine  i s  known to  i n h i b i t  r e l e a s e  o f  hGH and 

hPRL from a n t e r i o r  p i t u i t a r y  tumour c e l l s  ’ i n  v i t r o ’ and t h i s  

s u g g e s t s  t h a t  t h e  s u p p r e s s i o n  o f  hGH and hPRL i n  acromegaly may 

in v o lv e  s t i m u l a t i o n  o f  dopamine r e c e p t o r s  on p i t u i t a r y  c e l l s  

(M ash itev ,  Adams and H o l le y ,  1977) .  In the  p r e s e n t  i n v e s t i g a 

t i o n  th e  s u p p r e s s i o n  of  hPRL i n  normal s u b j e c t s  and i n  the  

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

a d m i n i s t r a t i o n  s u g g e s t i n g  a d i r e c t  a c t i o n  on the  p i t u i t a r y  

whereas the  r i s e  i n  hGH i n  normal s u b j e c t s  was d e lay ed .  The 

p o s s i b i l i t y  t h a t  the  hGH re s p o n s e  i n  normal s u b j e c t s  in v o lv e s  

hypo tha lam ic  s t i m u l a t i o n  whereas  s u p p r e s s i o n  o f  hPRL in v o lv e s  

p i t u i t a r y  r e c e p t o r s  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  conf i rm  th e  r e s u l t s  of  

o t h e r  r e s e a r c h  workers and d em o n s t r a te  t h a t  b r o m o c r i p t i n e  p roduces  

an e l e v a t i o n  o f  hGH i n  normal s u b j e c t s .  B rom ocr ip t ine  p roduced  

s u p p r e s s i o n  o f  b o th  hGH and hPRL i n  an ac rom ega l i c  p a t i e n t  and 

t h e s e  r e s u l t s  s u g g e s t  t h a t  b r o m o c r i p t i n e  may be o f  va lu e  i n  the  

t r e a t m e n t  of  acromegaly .



SUMMARY

1. Growth hormone and hPRL re s p o n s e s  to  o r a l  b r o m o c r i p t i n e  

were i n v e s t i g a t e d  i n  seven  normal h e a l t h y  c o n t r o l  

s u b j e c t s  and i n  one p a t i e n t  w i th  acromegaly.

2. B rom ocr ip t ine  a d m i n i s t r a t i o n  i n  normal s u b j e c t s  

produced a s i g n i f i c a n t  i n c r e a s e  i n  hGH c o n c e n t r a t i o n s  

and th e  hGH r e s p o n s e  was n o t  r e l a t e d  to  a f a l l  i n  

blood g lu c o s e  o r  p lasma FFA c o n c e n t r a t i o n s .  P r o l a c t i n  

c o n c e n t r a t i o n s  i n  t h e  normal s u b j e c t s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  a f t e r  b r o m o c r i p t i n e  adm in is 

t r a t i o n .

3. A d m i n i s t r a t i o n  o f  2 .5  mg and 10 mg o f  b r o m o c r i p t i n e  on 

two s e p a r a t e  o c c a s io n s  produced  s u p p r e s s i o n  o f  bo th  hGH 

and hPRL c o n c e n t r a t i o n s  i n  a p a t i e n t  w i t h  acromegaly.

A f t e r  t r e a t m e n t  w i th  2 .5  mg/day f o r  10 days hGH and hPRL 

c o n c e n t r a t i o n s  were only  s l i g h t l y  lower than  p r e -  

t r e a t m e n t  l e v e l s  b u t  t r e a t m e n t  w i th  10 mg/day was 

a s s o c i a t e d  w i t h  marked s u p p r e s s i o n  o f  b o th  hGH and hPRL 

c o n c e n t r a t i o n s  i n  the  a c ro m eg a l i c ,

4. The r e s u l t s  conf i rm  the  f i n d i n g s  o f  o t h e r  i n v e s t i g a t o r s  

and p ro v id e  f u r t h e r  ev id en ce  f o r  the  invo lvement  of  

dopamine i n  th e  r e g u l a t i o n  o f  hGH and hPRL r e l e a s e .

The marked s u p p r e s s i o n  of  hGH and hPRL d u r in g  b ro m o c r i p t i n e  

t r e a t m e n t  i n  acromegaly s u g g e s t s  t h a t  b r o m o c r i p t i n e  may be 

o f  v a lu e  i n  th e  t r e a t m e n t  o f  t h i s  d i s o r d e r .

89



CHAPTER 8

THE EFFECT OF FLUPHENAZINE ON BASAL PROLACTIN CONCENTRATIONS



INTRODUCTION

Trea tment  w i th  p h e n o t h i a z i n e  d e r i v a t i v e s  i s  known 

to  be a s s o c i a t e d  i n  some p a t i e n t s  w i th  symptoms o f  g a l a c -  

t o r r h o e a  (Gade and H e in r i c h ,  1955) and m e n s t ru a l  d i s o r d e r s  

(P o l i sh u k  and K u lc s a r ,  1956).  The i n t r o d u c t i o n  of  a 

s a t i s f a c t o r y  a ssay  sys tem f o r  human p r o l a c t i n  (hPRL) l e d  to  

the  d e m o n s t r a t io n  t h a t  ch lo rp rom az ine  produces  a r i s e  i n  

b a s a l  hPRL c o n c e n t r a t i o n s  i n  normal s u b j e c t s  ( F r i e s e n ,  Guyda, 

Hwang, Tyson and Barbeau ,  1972) and i n  p a t i e n t s  r e c e i v i n g  

t r e a t m e n t  w i th  t h i s  drug (A p o s to la k i s  e t  a l . , 1972; F r a n t z  

e t  a l . ,  1972).  Most s t u d i e s  of  th e  e f f e c t s  o f  p h e n o t h i a z i n e s  

i n  man have in v o lv e d  s t u d i e s  o f  o r a l  a d m i n i s t r a t i o n  of  

ch lo rp rom az ine  and i t  was t h e r e f o r e  dec ided  to  i n v e s t i g a t e  

the  e f f e c t s  o f  f l u p h e n a z in e  decanoa te  (Modecate) a long 

a c t i n g  depot  p h e n o t h i a z i n e  p r e p a r a t i o n  on b a s a l  hPRL 

c o n c e n t r a t i o n s  and t o  fo l l o w  th e  t ime course  of changes i n  

hPRL a f t e r  a s i n g l e  i n j e c t i o n .  This  background i n f o r m a t io n  

was e s s e n t i a l  b e f o r e  d e s ig n i n g  i n v e s t i g a t i o n s  to s tu d y  the 

e f f e c t s  o f  f l u p h e n a z in e  on h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n .
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METHODS

P a t i e n t s

Basal  hPRL c o n c e n t r a t i o n s  were s t u d i e d  i n  10 male 

c h r o n ic  s c h i z o p h r e n i c s  r e c e i v i n g  long  term t r e a t m e n t  

w i th  f l u p h e n a z in e .  Ten male a l c o h o l i c s  were a l s o  

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

i n j e c t i o n  of  f l u p h e n a z in e  (Modecate 12.5 mg). In 

a d d i t i o n ,  b a s a l  hPRL c o n c e n t r a t i o n s  were s t u d i e d  in  

17 h e a l t h y  male c o n t r o l  s u b j e c t s .  The time cou rse  o f  

changes i n  hPRL c o n c e n t r a t i o n s  was s t u d i e d  i n  8 

a l c o h o l i c s  [7 male ,  1 female )  b e f o r e  and a f t e r  they  

r e c e i v e d  an i n j e c t i o n  o f  f l u p h e n a z i n e .

P rocedure

A l l  r e s t i n g  b lood  samples were ta ken  from the  

v a r i o u s  p a t i e n t s  a t  9-10 a.m. by v en ep u n c tu re .  The 

t ime cou rse  o f  changes i n  hPRL was de te rm ined  by 

t a k i n g  b lood samples a t  a pp rox im a te ly  d a i l y  i n t e r v a l s  

b e f o r e  and f o r  10 days a f t e r  the  i n j e c t i o n  of  

f l u p h e n a z in e .  S i g n i f i c a n c e s  o f  d i f f e r e n c e  were 

examined u s in g  th e  s t u d e n t s  ’ t ' t e s t .

91



RESULTS

Chronic s c h i z o p h r e n i c s (F ig  8 .1 )

B asa l  hPRL c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  

i n c r e a s e d  ( P < 0 .001 )  i n  the  group of  s c h i z o p h r e n i c s  

r e c e i v i n g  long te rm t r e a t m e n t .  P r o l a c t i n  l e v e l s  were 

above the  range  o f  the  c o n t r o l s  (45-440 mu/1) i n  a l l  

th e  p a t i e n t s  and t h r e e  p a t i e n t s  had l e v e l s  g r e a t e r  

than  1000 mu/1.

A lc o h o l i c s  b e f o r e  and a f t e r  t r e a t m e n t  (Fig 8 .1 )

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  

b a s a l  hPRL c o n c e n t r a t i o n s  of  the  c o n t r o l s  and the  

a l c o h o l i c s  b e f o r e  t r e a t m e n t .  The a l c o h o l i c s  showed
i

a s i g n i f i c a n t  i n c r e a s e  (P< 0 ,0 2 )  i n  hPRL l e v e l s  a f t e r  

t r e a t m e n t  and th e  l e v e l s  were a l s o  s i g n i f i c a n t l y  g r e a t e r  

th a n  the  c o n t r o l s  (P< 0 . 0 0 2 ) .  Nine of  th e  t e n  p a t i e n t s  

had a r i s e  i n  hPRL c o n c e n t r a t i o n s  b u t  t h e r e  was 

c o n s i d e r a b l e  v a r i a t i o n  i n  th e  hPRL l e v e l s  o f  i n d i v i d u a l  

p a t i e n t s .

D a i ly  p r o l a c t i n  c o n c e n t r a t i o n s  b e f o r e  and a f t e r  t r e a t m e n t

(Table 8 .1 )

B asa l  hPRL c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  th e  i n j e c t i o n  

o f  f lu p h e n a z in e  i n  a l l  th e  p a t i e n t s .  Two p a t i e n t s  showed
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only minor changes ,  b u t  th e  rem ain ing  s i x  p a t i e n t s  a l l  

showed a marked r i s e  i n  hPRL c o n c e n t r a t i o n s .  The peak 

c o n c e n t r a t i o n s  o c c u r r e d  on the  f i r s t  day a f t e r  the  

i n j e c t i o n  i n  one p a t i e n t  and on the  5 t h ’~6th day in  the  

remain ing  seven p a t i e n t s .
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FIG 8 .1  P ro lac t i .n .  c o n c e n t r a t i o n s  (mu/1, mean -

S.E.M.) i n  10 male s c h i z o p h r e n i c s  

r e c e i v i n g  long te rm t r e a t m e n t  w i th  

f l u p h e n a z i n e ,  i n  .10 male a l c o h o l i c s  

b e f o r e  and a f t e r  a s i n g l e  i n j e c t i o n  

of  f l u p h e n a z in e  (Modecate 12 .5  mg) and 

the  mean c o n c e n t r a t i o n s  i n  17 male 

c o n t r o l  s u b j e c t s .
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  d em ons t r a te  t h a t  

hPRl. c o n c e n t r a t i o n s  a re  e l e v a t e d  i n  a p r o p o r t i o n  of  

p a t i e n t s  r e c e i v i n g  f lu p h e n a z in e  and a re  c o n s i s t e n t  w i th  

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

(A p o s to lak i s  e t  a l . ,  1972; F r a n t z  e t  a l . ,  1972; Beumont 

e t  a l . ,  1974; M e l t z e r  e t  a l . ,  1976;  Wiles e t  a l . , 1976).  

Re lease  o f  hPRL from the  p i t u i t a r y  i s  under i n h i b i t o r y  

c o n t r o l  from the  hypotha lamus and t h e r e  i s  ev id en ce  t h a t  

ca techo lam ines  i n h i b i t  hPRL r e l e a s e  (Kamberi , 1973).  

P h e n o t h i a z i n e s  a re  known to b lo c k  dopamine and n o r a d r e n a l i n e  

r e c e p t o r s  (Sourkes ,  1975) and th e  a b i l i t y  of  p h e n o t h i a z i n e s  

to promote e l e v a t i o n  o f  hPRL c o n c e n t r a t i o n s  may be due to 

b lo c k in g  of  the  i n h i b i t o r y  e f f e c t s  of., c a techo lam ine s  on 

hPRL r e l e a s e .

In the  p r e s e n t  i n v e s t i g a t i o n s  no t  a l l  the  p a t i e n t s  

showed marked e l e v a t i o n  o f  hPKL c o n c e n t r a t i o n s  and those  

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

w i th  the  same dose o f  f l u p h e n a z i n e .  The magnitude  of  

the  r i s e  i n  hPRL i n  re s p o n s e  to  e q u i v a l e n t  o r a l  doses  of  

p h e n o t h i a z i n e s  v a r i e s  w ide ly  i n  s c h iz o p h r e n ic s  (M el tze r  

e t  a l . ,  1976) and the  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
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t h e r e  i s  a l s o  c o n s i d e r a b l e  v a r i a t i o n  in the  hPRL response  

i n  n o n -p g c h o t i c  p a t i e n t s .  Serum ch lorprom azine  (CPZ) 

l e v e l s  vary  i n  p a t i e n t s  r e c e i v i n g  the same o r a l  dose of 

CPZ and some o f  t h i s  v a r i a t i o n  i s  due to me tabo l i sm  o f  CPZ 

by the i n t e s t i n a l  w a l l  d u r in g  a b s o r p ^ t i o n  (Curry ,  M a r s h a l l ,  

Davis and Janovsky ,  1970; Curry ,  1971).  However, t h i s  would 

n o t  have been an im p o r ta n t  f a c t o r  i n  the p r e s e n t  s t u d i e s  as 

f l u p h e n a z in e  was a d m i n i s t e r e d  by in t r a m u s c u l a r  i n j e c t i o n .  

P r o l a c t i n  l e v e l s  a re  kno\m to be r e l a t e d  to  CPZ l e v e l s  

(Kolakowska e t  a l . ,  1975) and the  v a r i a t i o n  i n  hPRL l e v e l s  

i n  p a t i e n t s  r e p o r t e d  i n  t h i s  c h a p t e r  may be due to  i n d i v i d u a l  

d i f f e r e n c e s  i n  m e tabo l i sm  of f l u p h e n a z in e .  A f u r t h e r  

p o s s i b i l i t y  i s  t h a t  hypo tha lam ic  c a t e c h o l a m in e r g i c  systems 

have d i f f e r i n g  s e n s i t i v i t y  to  p h e n o t h i a z i n e s  i n  d i f f e r e n t  

p a t i e n t s .

The n e u ro e n d o c r in e  s t r a t e g y  of i n v e s t i g a t i n g  

p i t u i t a r y  hormone l e v e l s  i n  r e l a t i o n  to menta l  d i s e a s e  and 

p h e n o t h i a z i n e  drugs i s  complex b u t  some i n d i c a t i o n  of  

the invo lvement of  dopamine metaboli sm i s  s u g g e s te d .  In 

p a r t i c u l a r  measurement o f  hPRL l e v e l s  may be u s e f u l  i n  

s tu d y in g  the  e x t e n t  of  dopamine r e c e p t o r  b lockade  as 

t h i s  may be r e l a t e d  to  the  development of  symptoms of  

e x t r a p y r a m i d a l  syndrome as a s i d e  e f f e c t  of  p h e n o t h i a z i n e
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t r e a t m e n t .  The a s s e s sm en t  of  th e  s i g n i f i c a n c e  o f  d a i l y  

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

d a i l y  o r a l  doses  o f  p h e n o t h i a z i n e s  and the  r e s u l t s  

p r e s e n t e d  i n  t h i s  c h a p t e r  s u g g e s t  t h a t  the  p r o l a c t i n  

re sponse  to an i n j e c t i o n  of f lu p h e n a z in e  may p ro v id e  a 

u s e f u l  method o f  m easur ing  the  re sponse  o f  i n d i v i d u a l  

p a t i e n t s  to p h e n o t h i a z i n e s .  The v a r i a t i o n  i n  hPRL 

c o n c e n t r a t i o n  fo l l o w i n g  th e  same dose o f  f lu p h e n a z in e  

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

g a t i o n  i n  r e l a t i o n  to  p h e n o t h i a z i n e  me tabo l i sm  and the 

v a r i a t i o n  i n  r e s p o n s e  to  o t h e r  drugs  and s t i m u l i  t h a t  

e l e v a t e  hPRL. The t ime co u r s e  of  changes i n  hPRL l e v e l s  

dem ons t ra ted  t h a t  peak c o n c e n t r a t i o n s  o c c u r r e d  5~6 days 

a f t e r  the  i n j e c t i o n  i n  most p a t i e n t s  and i t  was t h e r e f o r e  

dec ided  to i n v e s t i g a t e  the  e f f e c t  of  f l u p h e n a z in e  on 

r e l e a s e  of  p i t u i t a r y  hormones by s tu d y in g  p a t i e n t s  seven 

days a f t e r  th e  i n j e c t i o n  of  f lu p h e n a z in e  and th e  r e s u l t s  

of  t h i s  s tudy  a r e  r e p o r t e d  i n  th e  f o l l o w in g  c h a p t e r .
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SUMMARY

1. The e f f e c t  of  f l u p h e n a z in e  on b a s a l  hPRL 

c o n c e n t r a t i o n s  was studied,  i n  10 male s c h i z o p h r e n ic s  

r e c e i v i n g  long term t r e a t m e n t ,  i n  10 male a l c o h o l i c s  

b e f o r e  and a f t e r  t r e a t m e n t  and i n  8 a l c o h o l i c s  a t  

d a i l y  i n t e r v a l s  b e f o r e  and a f t e r  t r e a t m e n t .  The 

r e s u l t s  were compared w i th  b a s a l  hPRL c o n c e n t r a t i o n s  

i n  17 h e a l t h y  male c o n t r o l s .  I n v e s t i g a t i o n s  

in v o lv e d  g iv i n g  f l u p h e n a z in e  (Modecate 12.5 mg) by 

i n t r a m u s c u l a r  i n j e c t i o n  and talcing b lood  samples a t  

a p p r o p r i a t e  i n t e r v a l s  by venepunc tu re ,

2.  Basa l  hPRL c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  

i n c r e a s e d  i n  the. s c h i z o p h r e n i c s .  The a l c o h o l i c s  

showed a s i g n i f i c a n t  r i s e  i n  hPRL c o n c e n t r a t i o n s  

a f t e r  th e  i n j e c t i o n  b u t  t h e r e  was c o n s i d e r a b l e  

v a r i a t i o n  i n  hPRL l e v e l s  of  i n d i v i d u a l  p a t i e n t s .

Most p a t i e n t s  showed marked e l e v a t i o n  of  d a i l y  hPRL 

l e v e l s  w i th  peak c o n c e n t r a t i o n s  o c c u r r i n g  5-6 days 

a f t e r  the  i n j e c t i o n .

3. The r e s u l t s  d em o n s t r a te  t h a t  f lu p h e n a z in e  e l e v a t e s  

b a s a l  hPRL l e v e l s  and th e  v a r i a t i o n  be tween l e v e l s  

of  i n d i v i d u a l  p a t i e n t s  m e r i t s  f u r t h e r  i n v e s t i g a t i o n .  

In f o r m a t io n  on the  changes i n  d a i l y  hPRL c o n c e n t r a t i o n  

a f t e r  the  i n j e c t i o n  was used  to  d e s ig n  f u r t h e r  

i n v e s t i g a t i o n s
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CHAPTER 9

EFFECT OF FLUPHENAZINE ON PITUITARY FUNCTION IN MAN



INTRODUCTION

I n v e s t i g a t i o n s  i n  an imals  have dem onst ra ted  t h a t  

p h e n o t h i a z i n e s  a l t e r  h y po tha lam ic  en d o c r in e  f u n c t i o n s  (de Wied, 

1967).  In  man p h e n o t h i a z i n e s  a re  known to e l e v a t e  hPRL concen

t r a t i o n s  (Beumont e t  a l . ,  1974; M e l t z e r ,  1976; Wiles e t  a l . ,

1976 and p r e v io u s  c h a p t e r ) ,  b u t  s t u d i e s  of  hGH a re  l e s s  

c o n s i s t e n t  and chloprom azine  has  been  r e p o r t e d  to  d ep re s s  

b o t h  b a s a l  hGH c o n c e n t r a t i o n s  and the  re sponse  to hypoglycaemia 

(Sherman,  Kim, Benjamin and Kolodny,  1971) w h i l e  o t h e r s  have 

r e p o r t e d  t h a t  t h i s  r e s p o n s e  i s  enhanced (Schimmelbusch,  M u l le r  

and Scheps ,  19 71) .  I t  was dec ided  to  ex tend  th e s e  s t u d i e s

and to  i n v e s t i g a t e  the  e f f e c t  of  a long  a c t i n g  depot  p r e p a r a 

t i o n  o f  f l u p h e n a z in e  (Modecate)  on hGH and hPRL re s p o n s e s  to  

i n s u l i n  hypoglycaemia .  ^

METHODS

S u b je c t s

S ix  male a l c o h o l i c s  mean age 44 y e a r s  ( range 33-53 y e a r s )  

who had g iv e n  inform ed co n s en t  to  the  i n v e s t i g a t i o n  were 

s t u d i e d .  A l l  the  p a t i e n t s  a d m i t t e d  consuming r e l a t i v e l y  l a r g e  

amounts o f  a l c o h o l  on a r e g u l a r  b a s i s  and l i v e r  f u n c t i o n  t e s t s  

on adm iss ion  to  h o s p i t a l  d id  n o t  dem ons t ra te  any marked l i v e r  

damage. The s i x  a l c o h o l i c s  were s e l e c t e d  from a l a r g e r  group 

o f  n in e  p a t i e n t s  on the  b a s i s  o f  d e m o n s t r a t in g  an adequa te  hGH 

re sponse  to i n s u l i n  hypoglycaemia  when f i r s t  i n v e s t i g a t e d .
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P rocedure

The s i x  p a t i e n t s  were s t u d i e d  on two s e p a r a t e  o cca s io n s .  

The f i r s t  i n v e s t i g a t i o n s  were c a r r i e d  o u t  2-7 days a f t e r  

c e s s a t i o n  o f  d r i n k i n g .  The p a t i e n t s  then  r e c e i v e d  a s i n g l e  

i n t r a m u s c u l a r  i n j e c t i o n  o f  f l u p h e n a z in e  (Modecate 12.5 mg) 

and were r e i n v e s t i g a t e d  seven  days l a t e r .  In each 

i n v e s t i g a t i o n  venous b lood  samples were withdrawn from a 

cannu la  i n  an a n t e c u b i t a l  v e i n  b e f o r e  and a t  10,  20,  25, 30,

35,  40,  45 and 60 minu tes  a f t e r  the  i n j e c t i o n  o f  s o l u b l e

i n s u l i n  (0 .1  U/kg body w e igh t )  v i a  the  cannu la .

Blood samples were a n a ly s e d  f o r  g luc ose  and plasma 

samples were an a ly se d  by rad ioimmunoassay t e c h n iq u e  f o r  hGH 

and hPRL. S i g n i f i c a n c e s  o f  d i f f e r e n c e  were examined u s ing

th e  Mann-Whitney U - t e s t  f o r  sm a l l  samples (Mann & Whitney,  

1947).  I
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RESULTS

B lood g lu c o s e  (F ig  9 .1 )

The r a t e  o f  f a l l  of  b lood  g lu c o se  c o n c e n t r a t i o n s  a f t e r  the  

i n s u l i n  i n j e c t i o n  was s i m i l a r  on b o th  o cca s io n s  b e f o r e  and a f t e r  

f lu p h e n a z in e  t r e a t m e n t .  There was no s i g n i f i c a n t  d i f f e r e n c e  i n  

b lood  g luc ose  c o n c e n t r a t i o n s  a t  any t ime d u r in g  th e  i n v e s t i g a t i o n  

b e f o r e  o r  a f t e r  f l u p h e n a z in e  t r e a t m e n t .  A l l  th e  p a t i e n t s  

developed  adequa te  hypoglycaemia (b lood  g lu c o se  A. 2,2  mmol/1) 

f o r  th e  hGH re s p o n s e .

Plasma hGH (F ig  9 .1 )

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  b a s a l  hGH

c o n c e n t r a t i o n s  on the  two o c c a s i o n s .  Plasma hGH c o n c e n t r a t i o n s

a f t e r  f l u p h e n a z in e  t r e a t m e n t  were s i g n i f i c a n t l y  lower  than  the  

p r e - t r e a t m e n t  c o n c e n t r a t i o n s  a t  40,  45 and 60 min (P4. 0 .0 5 ,

0 ,01  and 0 .02  r e s p e c t i v e l y )  a f t e r  the  i n s u l i n  i n j e c t i o n .

Plasma hPRL (Fig  9 .1 )

Basa l  hPRL c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  i n c r e a s e d  

CP <0 .01 )  a f t e r  f l u p h e n a z in e  t r e a t m e n t .  I n s u l i n  hypoglycaemia  

produced a sm a l l  b u t  c o n s i s t e n t  e l e v a t i o n  i n  hPRL c o n c e n t r a t i o n s  

(peak r e sp o n se  567 mu/1) .  A f t e r  t r e a t m e n t  w i th  f l u p h e n a z in e  a 

g r e a t e r  hPRL re sp o n se  o c c u r r e d  (peak r e sponse  2360 mu/1) and 

hPRL c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  g r e a t e r  th a n  p r e 

t r e a t m e n t  c o n c e n t r a t i o n s  a t  10, 20,  25,  30,  35, 40,  45 and 60 

m inu tes  ( P < 0 . 0 1 ,  0 . 0 1 ,  0 . 0 1 ,  0 . 0 3 ,  0 . 0 5 ,  0 . 0 3 ,  0 .02  arid 0.05
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r e s p e c t i v e l y ) .  Although th e  hPRL re s p o n s e s  were g e n e r a l l y  

much g r e a t e r  a f t e r  f l u p h e n a z in e  t r e a t m e n t ,  t h e r e  was 

c o n s i d e r a b l e  v a r i a t i o n  between p a t i e n t s .
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FIG 9 .1  Blood g lu c o se  (jmiol/1) , p lasma growth 

hormone (jnu/1) and plasma p r o l a c t i n  

(mu/1) i n  s i x  p a t i e n t s  d u r in g  an 

i n s u l i n  t o l e r a n c e  t e s t  (0 ,1  U/kg 

body w e ig h t )  b e f o r e  and a f t e r  

t r e a t m e n t  w i th  f l u p h e n a z in e  

(Modecate 12.5 mg).
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DISCUSSION

There i s  some d i s a g re e m e n t  about  the  e f f e c t  of  

p h e n o t h i a z i n e s  on hGH r e l e a s e  i n  man. The e f f e c t  of 

ch lo rp rom az ine  on the  hGIl r e s p o n s e  to  i n s u l i n  hypoglycaemia  

has been  s t u d i e d  by a number o f  i n v e s t i g a t o r s ,  Sherman 

e t  a l . , (1971) r e p o r t e d  t h a t  t h i s  drug dep re s sed  b o th  b a s a l  

hGH c o n c e n t r a t i o n s  and the  r e s p o n s e  to  hypoglycaemia ,  w h i le  

Sa ldanha ,  H arvard ,  B i rd  and G ardner ,  (1972) found t h a t  the  

hGH re sponse  was lower b u t  cou ld  n o t  d em ons t ra te  a 

s i g n i f i c a n t  im pai rm ent .  However, th e  o b s e r v a t i o n  of  

Schimmelbusch e t  a l . ,  (1971) t h a t  ch lo rp rom azine  t r e a tm e n t  

enhanced t h i s  r e s p o n s e  to  hypoglycaemia i n  s c h i z o p h r e n i c s ,  

i s  i n  marked c o n t r a s t  to  t h e s e  f i n d i n g s .

In  th e  p r e s e n t  i n v e s t i g a t i o n ,  the  hGH re sponse  to  i n s u l i n  

hypoglycaemia was s i g n i f i c a n t l y  im pa i red  i n  th e  p a t i e n t s  a f t e r  

t r e a t m e n t  w i th  a s i n g l e  i n j e c t i o n  o f  f lu p h e n a z in e  (Modecate) .  

This  im pa i red  hGH r e s p o n s e  i s  s i m i l a r  to  t h a t  r e p o r t e d  

f o l lo w in g  o r a l  a d m i n i s t r a t i o n  of  200 mg of ch lo rp rom az ine  f o r  

seven  days (Sherman e t  a l . , 1971) .  Basa l  hPRL c o n c e n t r a t i o n s  

were found to  be e l e v a t e d  a f t e r  a s i n g l e  i n j e c t i o n  of  

f l u p h e n a z in e  (Modecate)  and th e  r e s u l t s  a re  c o n s i s t e n t  w i th  

the  r e s u l t s  p r e s e n t e d  i n  the  p r e v io u s  c h a p t e r  and w i th  a 

number o f  r e p o r t s  on th e  e f f e c t s  o f  p h e n o t h i a z i n e s  i n  man 

(Beumont e t  a l . ,  1974; M e l t z e r ,  1976; Wiles e t  a l . ,  1976).  

Hypoglycaemia can produce  a r i s e  i n  hPRL c o n c e n t r a t i o n s  b u t  

b lood  g lu c o se  c o n c e n t r a t i o n s  lower than  those  r e p o r t e d  in
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t h i s  s tu d y  a re  g e n e r a l l y  r e q u i r e d  f o r  a c o n s i s t e n t  re sponse  

(Noel e t  a l . ,  1971).  The p a t i e n t s  b e f o r e  t r e a t m e n t  showed 

a smal l  r i s e  i n  hPRL c o n c e n t r a t i o n s  a f t e r  the  i n s u l i n  

i n j e c t i o n  bu t  a f t e r  t r e a t m e n t  w i th  f lu p h e n a z in e  a much g r e a t e r ,  

b u t  v a r i a b l e ,  r i s e  i n  hPRL c o n c e n t r a t i o n s  o c c u r r e d .  The 

r e s u l t s  s u g g e s t  t h a t  a s i n g l e  i n j e c t i o n  o f  f l u p h e n a z in e  

(Modecate 12.5  mg) has  a marked e f f e c t  on hypo tha lam ic  

mechanisms c o n t r o l l i n g  hGE and hPRL r e l e a s e .

D i f f e r e n c e s  i n  hGH and hPRL re s p o n s e s  migh t  be produced  by 

d i f f e r e n c e s  i n  th e  r a t e  of  f a l l  of b lood  g lucose  c o n c e n t r a t i o n s ,  

b u 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  i n  b lood  g lu c o se  concen

t r a t i o n s  on the  two o c c a s io n s  i n  our  s tu d y .  In  a d d i t i o n ,  a l l  

the  p a t i e n t s  developed  adequa te  hypoglycaemia  (b lood g luc ose  

C 2 .2  mmol/1) f o r  th e  hGH re s p o n s e  on bo th  o c c a s i o n s .  

P h e n o th i a z in e s  a re  known to b lo c k  dopamine and n o r a d r e n a l i n e  

r e c e p t o r s  (Anden, C a r l s s o n  and Haggendal ,  1969; Sourkes ,  1975) 

and dopam inerg ic  and n o r a d r e n e r g i c  neurones  a re  known to  

modula te  hGH r e l e a s e  (M ar t in ,  1973).  The im pa i red  hGH re s p o n s e  

may be due to b lockade  by f l u p h e n a z in e  of hypo tha lam ic  dopamine 

o r  n o r a d r e n a l i n e  r e c e p t o r s  m e d ia t i n g  hGH r e l e a s e .  R e lease  of  

hPRL i s  under  i n h i b i t o r y  c o n t r o l  from the  hypothalamus and 

t h e r e  i s  ev idence  t h a t  dopamine and n o r a d r e n a l i n e  i n h i b i t  

p r o l a c t i n  r e l e a s e  (Z acur ,  F o s t e r  and Tyson,  1976) .  The 

marked r i s e  i n  b a s a l  hPRL c o n c e n t r a t i o n s  a f t e r  f l u p h e n a z in e
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t r e a t m e n t  and the  i n c r e a s e d  r e s p o n s e  to  hypoglycaemia  

s u g g e s t s  t h a t  hPRL i n h i b i t o r y  c o n t r o l  mechanisms have been 

a l t e r e d  by t h i s  drug.

The r e s u l t s  o f  o t h e r  s t u d i e s  r e p o r t e d  i n  t h i s  t h e s i s  

( c h a p t e r s  5 and 6) d em o n s t r a te  t h a t  t h e r e  i s  an im pa i red  hGH 

re sp o n se  to  i n s u l i n  induced  hypoglycaemia  i n  some a l c o h o l i c s  

a few days a f t e r  c e s s a t i o n  of  d r i n k i n g .  In  the  p r e s e n t  

i n v e s t i g a t i o n  th e  s i x  a l c o h o l i c s  s t u d i e d  a l l  s h a r e d  a normal 

hGH re sp o n se  to  i n s u l i n  hypoglycaemia  when i n v e s t i g a t e d  f o r  

th e  f i r s t  t im e ,  and i t  i s  t h e r e f o r e  u n l i k e l y  t h a t  the  p r e s e n t  

r e s u l t s  a re  due to  im pa i red  h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n  

r e s u l t i n g  from c h ro n ic  a l c o h o l  abuse .  The r e s u l t s  p r e s e n t e d  

i n  t h i s  c h a p t e r  dem ons t ra te  t h a t  a s i n g l e  i n t r a m u s c u l a r  

i n j e c t i o n  of  f l u p h e n a z in e  has  a marked e f f e c t  on hGH and 

hPRL r e l e a s e  mechanisms.  ' F u r t h e r  i n v e s t i g a t i o n  w i l l  be 

r e q u i r e d  to  de te rm ine  i f  t h i s  i s  an im p o r ta n t  e f f e c t  d u r ing  

long term t r e a tm e n t  and to  a s s e s s  the  e x t e n t  to  which the  

r e l e a s e  of  o t h e r  p i t u i t a r y  hormones i s  im pa i red .
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SUMMARY

1. The growth hormone (hGH) and p r o l a c t i n  (hPRL) r e sponse

to  i n s u l i n  induced  hypglycaemia  was s t u d i e d  i n  s i x  

a l c o h o l i c s  on two oc c a s io n s  b e f o r e  and a f t e r  t r e a tm e n t  

w i th  a s i n g l e  i n t r a m u s c u l a r  i n j e c t i o n  of  f l u p h e n a z in e  

(M odeca te ) . On b o th  o c c a s i o n s  b lood samples were 

ta k en  a t  i n t e r v a l s  b e f o r e  and a f t e r  the  i n j e c t i o n  of  

s o l u b l e  i n s u l i n  CO.lU/kg body w e ig h t ) .  The p a t i e n t s  

were i n v e s t i g a t e d  on th e  f i r s t  o c c a s i o n ,  2-7 days 

a f t e r  c e s s a t i o n  o f  d r i n k i n g  and they a l l  dem ons t ra ted  

an adequa te  hGH r e s p o n s e .  They then  r e c e i v e d  an 

i n j e c t i o n  o f  f l u p h e n a z in e  (Modecate 12.5 mg) and were 

r e i n v e s t i g a t e d  one week l a t e r ,

2. The hGH re s p o n s e  to  hypoglycaemia  was s i g n i f i c a n t l y

im pa ired  a f t e r  t r e a t m e n t  w i th  f l u p h e n a z in e .  Basal  hPRL 

c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  i n c r e a s e d  and 

in c r e a s e d  c o n c e n t r a t i o n s  o f  hPRL i n  r e sp o n se  to  

hypoglycaemia  o c c u r r e d  a f t e r  t r e a t m e n t .

3. The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem ons t ra te  t h a t

a s i n g l e  i n j e c t i o n  of  f lu p h e n a z in e  (Modecate 12.5 mg) 

has a marked e f f e c t  on h y p o t h a l a m i c / p i t u i t a r y  

mechanisms c o n t r o l l i n g  hGH and hPRL r e l e a s e .
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CHAPTER 10

GROWTH HORMONE AND PROLACTIN RELEASE IN RESPONSE 

TO INTRAVENOUS ADMINISTRATION OF CLONIDINE



INTRODUCTION

I t  i s  w e l l  e s t a b l i s h e d  t h a t  r e l e a s e  of  p i t u i t a r y  hormones 

i s  under  th e  c o n t r o l  of  the  hypotha lamus ,  C a tec h o la m in e rg i c  

neurones  have been dem ons t r a ted  i n  th e  b a s a l  hypotha lamus and 

most  of  th e s e  neurones  appea r  to be dopaminerg ic  ( Jonson ,

Fuxe and H o k f e l t ,  1972),  Evidence t h a t  c a techo lam ine s  can 

modula te  r e l e a s e  o f  hGH and hPRL i n c lu d e s  the  o b s e r v a t i o n  t h a t  

L -dopa ,  the  p r e c u r s o r  of  dopamine and n o r a d r e n a l i n e ,  produces  

e l e v a t i o n  of  hGH and s u p p re s s e s  hPRL i n  man (Boyd e t  a l . ,  1970; 

Eddy,  J o n e s ,  Chakmakjian and S i l v e r t h o r n e , 1971).  I t  has 

been  proposed  t h a t  L-dopa i n c r e a s e s  b o th  dopamine and 

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

t e n t  w i t h  a r e g u l a t o r y  r o l e  f o r  e i t h e r  o r  bo th  of  t h e s e  

monamines (Eddy e t  a l . , 1971),  There i s  c o n s i d e r a b l e  ev idence  

f o r  th e  i n  volvement o f  dopamine i n  th e  r e g u l a t i o n  o f  hGH and 

hPRL r e l e a s e  and some of t h i s  ev idence  has  a l r e a d y  been  

d i s c u s s e d  (see  c h a p t e r  7 ) ,  However, th e  r o l e  of  n o r a d r e n a l i n e  

i n  th e  r e  g u l a t i o n  of  r e l e a s e  o f  t h e s e  hormones remains  u n c e r t a i n .

The drug c l o n i d i n e  s e l e c t i v e l y  s t i m u l a t e s  c e n t r a l  

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

r e c e p t o r s  (Anden, C o r r o d i ,  Fuxe,  H o k f e l t ,  Rydin and Svensson,  

1970),  I t  was t h e r e f o r e  d ec ided  to  i n v e s t i g a t e  the  e f f e c t  of  

in t r a v e n o u s  a d m i n i s t r a t i o n  of  c l o n i d i n e  on hGH and hPRL r e l e a s e  

and t h e r e s u l t s  a re  p r e s e n t e d  i n  t h i s  c h a p t e r .
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METHOD

S u b je c t s

S ix  normal h e a l t h y  male s u b j e c t s  aged 23-35 y e a r s  (mean 

31 y e a r s )  were s t u d i e d .  The i n v e s t i g a t i o n s  were c a r r i e d  

o u t  i n  the  morning a f t e r  an o v e r n i g h t  f a s t .

P rocedure

Blood samples were c o l l e c t e d  b e f o r e  and a t  10, 20,  30,  

40,  50, 60,  90, and 120 m inu tes  a f t e r  an i n j e c t i o n  of

0 .1  mg c l o n i d i n e  HCl ( C a t a p r e s s ,  Boehr inge r  Inge lhe im  Ltd)  

i n  20 ml o f  s a l i n e  over 10 m in u te s .

Blood samples were a n a ly s e d  f o r  g lucose  and plasma 

samples f o r  i n s u l i n ,  hGH, hPRL and FFA. S i g n i f i c a n c e  of  

d i f f e r e n c e  was examined u s in g  the  Mann-Whitney n o n -p a r a m e t r i e  

U - t e s t  f o r  sm al l  samples (Mann and Whitney,  1947).

f
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RESULTS

B-lood g lu c o s e  (F ig  1 0 .1)

I n j e c t i o n  of  c l o n i d i n e  was a s s o c i a t e d  w i th  a s i g n i f i c a n t  

i n c r e a s e  (P< 0 .0 5 )  i n  b lood  g lu c o s e  c o n c e n t r a t i o n s  a t  10 and 

20 m in u te s .  T h e r e a f t e r ,  b lood  g lu c o se  c o n c e n t r a t i o n s  r e t u r n e d  

to  b a s a l  p r e - i n j e c t i o n  l e v e l s .

Plasma i n s u l i n  (Fig 1 0 . I )

P lasma i n s u l i n  c o n c e n t r a t i o n s  showed a p r o g r e s s i v e  f a l l  

th ro u g h o u t  the  i n v e s t i g a t i o n  a f t e r  the  i n j e c t i o n  and were 

s i g n i f i c a n t l y  lower th a n  b a s a l  c o n c e n t r a t i o n s  a t  90 and 120 

minutes  ( P < 0 .05  and P<  0 .0 2  r e s p e c t i v e l y ) .

Plasma hGH (F ig  10 .11)

Growth hormone c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  the  i n j e c t i o n  

o f  c l o n i d i n e  and r eached  peak c o n c e n t r a t i o n s  a t  40 m in u te s .

The c o n c e n t r a t i o n s  o f  hGH were s i g n i f i c a n t l y  g r e a t e r  (i*̂  0 .002)  

th a n  b a s a l  c o n c e n t r a t i o n s  a t  20,  30,  40,  50 and 60 m in u te s .

Plasma hPRL (F ig  10 .11)

C o n c e n t r a t i o n s  o f  hPRL d e c re a s e d  a f t e r  the  i n j e c t i o n  of  

c l o n i d i n e  and were s i g n i f i c a n t l y  lower (PC 0 .0 5 )  than  b a s a l  

c o n c e n t r a t i o n s  a t  50,  60 90 and 120 m in u te s .

Plasma f r e e  f a t t y  ac id s

There was no s i g n i f i c a n t  change in  FFA c o n c e n t r a t i o n s  a f t e r  

the  i n j e c t i o n  o f  c l o n i d i n e .
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FIG. 10 ,1  Blood g lu c o s e  (mmol/1, mean -  SEM) 

and p lasma i n s u l i n  c o n c e n t r a t i o n s  

( juu/l ,  mean -  SEK) i n  s i x  normal 

h e a l t h y  male s u b j e c t s  b é f o r e  and 

a f t e r  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  c l o n i d i n e  (0 .1  mg).
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DISCUSSION

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  d em ons t r a te  t h a t  

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

c o n s i s t e n t  w i th  th e  r e s u l t s  o f  o t h e r  i n v e s t i g a t o r s  (Lai  e t  a l . ,

19 75) and w i th  the  ev idence  f o r  a d r e n e r g i c  r e g u l a t i o n  o f  hGH 

r e l e a s e  (Blackard  and H e i d i n g s f e l d e r ,  1968) .  In  the  p r e s e n t  

i n v e s t i g a t i o n  c l o n i d i n e  s u p p re s s e d  hPRL c o n c e n t r a t i o n s  and 

t h i s  i s  n o t  i n  agreement w i t h  the  r e p o r t  o f  Lai  and co-workers  

(1975) b u t  i s  c o n s i s t e n t  w i t h  th e  s u p p r e s s i o n  o f  p r o l a c t i n  

l e v e l s  r e p o r t e d  i n  r a t s  f o l l o w i n g  an i n j e c t i o n  o f  n o r a d r e n a l i n e  

i n t o  th e  t h i r d  v e n t r i c l e  o f  the  b r a i n  (Kamberij 1973),

Growth hormone r e l e a s e  i s  known to fo l low  a f a l l  i n  FFA 

c o n c e n t r a t i o n s  (Hartog e t  a l . ,  1967) or  a f a l l  i n  b lood  g lucose  

O lunte r  e t  a l . ,  1965a) .  However, t h e r e  was no i n d i c a t i o n  o f  a 

f a l l  i n  e i t h e r  FFA or  b lood  g lu c o se  c o n c e n t r a t i o n s  i n  the  

p r e s e n t  s tu d y .  Blood g lu c o se  c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  

c l o n i d i n e  a d m i n i s t r a t i o n  i n  th e  p r e s e n t  i n v e s t i g a t i o n  and i t  i s  

p o s s i b l e  t h a t  t h i s  may have l e d  to  some antagonism o f  th e  hGH 

re s p o n s e  as hype rg lyc aem ia  i s  known to  a n t a g o n i s e  hGH r e l e a s e  

(Mims, S c o t t ,  Modebe and Bethune,  1973; E t t i g i ,  L a i , M a r t i n  and 

F r i e s e n ,  1975).  F u r th e rm o re ,  t h e r e  i s  ev idence  t h a t  a d r e n e r g i c  

s t i m u l a t i o n  can i n h i b i t  i n s u l i n  r e l e a s e .  This  ev idence
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i n c lu d e s  the  o b s e r v a t i o n s  t h a t  a d r e n a l i n e  i n f u s i o n  causes  a 

f a l l  i n  i n s u l i n  l e v e l s  and t h a t  i n f u s i o n  o f  a d r e n a l i n e  and 

the  PC-adrenergic b l o c k in g  a g e n t ,  p h e n to la m in e , produces  a 

r i s e  i n  i n s u l i n  l e v e l s ,  (Rober tson  and P o r t e ,  1973) .  The 

p r e s e n t  o b s e r v a t i o n  t h a t  c l o n i d i n e ,  a drug known to  have 

o< -adrenerg ic  s t i m u l a t i n g  p r o p e r t i e s ,  produced s i g n i f i c a n t  

low er ing  o f  i n s u l i n  l e v e l s  i s  f u r t h e r  ev idence  f o r  an 

<K-adrenergic  i n h i b i t o r y  i n f l u e n c e  on i n s u l i n  r e l e a s e .  The 

i n c r e a s e  i n  b lood  g lu c o se  a f t e r  c l o n i d i n e  may be due to  

% -a d re n e rg i c  s t i m u l a t i o n  o f  g ly c o g e n o ly s i s  or g luc oneogenes i s  

(Day, 1975),  a l th o u g h  d e c re a se d  i n s u l i n  r e l e a s e  may a l s o  have 

been an im p o r ta n t  f a c t o r ,

Maj, Baran ,  Grabonska and Snowinska (1973) have proposed  

t h a t  c l o n i d i n e ,  i n  a d d i t i o n  to  s t i m u l a t i n g  n o r a d r e n e r g i c  

r e c e p t o r s ,  may a l s o  i n h i b i t  s e r o t o n i n  r e l e a s e .  However, the 

o b s e r v a t i o n  t h a t  5-HTP, the  p r e c u r s o r  of  s e r o t o n i n ,  e l e v a t e s  

hGH ( c h a p t e r  11) does n o t  support t h i s  s u g g e s t i o n .  The 

p o s s i b i l i t y  t h a t  th e  s u p p r e s s i o n  of  hPRL by c l o n i d i n e  does 

in v o lv e  such  a mechanism r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .

The r e s u l t s  r e p o r t e d  i n  t h i s  c h a p t e r  s u g g e s t  t h a t  hypo

th a la m ic  n o r a d r e n e r g i c  r e c e p t o r s  r e g u l a t e  hGH and hPRL r e l e a s e  

T h e r e f o re ,  because  o f  the  ev idence  f o r  the invo lvement  of 

n o r a d r e n a l i n e  the  r e s u l t s  o f  s t u d i e s  in v o l v in g  n o n - s p e c i f i c  

drugs o r  p r e c u r s o r s ,  e . g .  p h e n o t h i a z i n e s  and L-dopa ,  cannot
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be i n t e r p r e t e d  as r e f l e c t i n g  an a c t i o n  o f  dopamine a lo n e .

The p r e s e n t  r e s u l t s  d em o n s t r a te  a s i g n i f i c a n t  and r e p r o 

d u c i b l e  a c t i o n  o f  c l o n i d i n e  on hGH and hPRL r e l e a s e  and i t  was 

t h e r e f o r e  p o s s i b l e  to  use a s i m i l a r  i n v e s t i g a t i o n  to  s tudy  

n o r a d r e n e r g i c  r e g u l a t i o n  of  n e u ro e n d o c r in e  r e s p o n s e s  i n  

p a t i e n t s ,
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SUMMARY

1. Growth hormone and hPRL c o n c e n t r a t i o n s  were i n v e s t i g a t e d

i n  s i x  normal h e a l t h y  male s u b j e c t s  b e f o r e  and a f t e r  the

i n j e c t i o n  of  c l o n i d i n e  C0*1 mg).

2. C lo n id in e  produced  s i g n i f i c a n t  e l e v a t i o n  of  b lood  g luc ose  

s h o r t l y  a f t e r  th e  i n j e c t i o n  and produced s i g n i f i c a n t  

s u p p r e s s i o n  o f  i n s u l i n  c o n c e n t r a t i o n s .  These o b s e r 

v a t i o n s  a re  c o n s i s t e n t  w i th  the  known ^ - a d r e n e r g i c  

s t i m u l a t i n g  a c t i o n  of  c l o n i d i n e .

3. Growth hormone c o n c e n t r a t i o n s  were s i g n i f i c a n t l y

i n c r e a s e d  and hPRL c o n c e n t r a t i o n s  s i g n i f i c a n t l y  reduced  

a f t e r  the  i n j e c t i o n  of  c l o n i d i n e .  The r e s u l t s  s u g g e s t  

t h a t  hypo tha lam ic  n o r a d r e n e r g i c  r e c e p t o r s  r e g u l a t e  hGH 

and hPRL r e l e a s e  and c l o n i d i n e  may t h e r e f o r e  be a u s e f u l  

drug i n  the  i n v e s t i g a t i o n  o f  n o r a d r e n e r g i c  r e g u l a t i o n  of  

n e u ro e n d o c r in e  r e s p o n s e s .
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CHAPTER 11

THE EFFECT OF 5-HYDROXYTRYPTOPHM ON GROWTH 

HORMONE AND PROLACTIN RELEASE



INTRODUCTION

The mammalian hypotha lamus c o n t a in s  n o r a d r e n e r g i c ,  dopa

m in e rg ic  and s e r o t o n e r g i c  neurones  (Fuxe and H o k f e l t ,  1969).

A number o f  s t u d i e s  have dem ons t r a ted  t h a t  dopamine and n o r a 

d r e n a l i n e  r e l e a s i n g  neurones  p l a y  an im p o r ta n t  r o l e  i n  

r e g u l a t i n g  hGH and hPRL r e l e a s e  (B lackard  and H e i d i n g s f e l d e r , 

1968; Boyd e t  a l . ,  1970; La i  e t  a l . ,  1975; and c h a p t e r s  7 and 

10) ,  b u t  the  r o l e  of  s e r o n t o n e r g i c  neurones  i s  u n c e r t a i n .  The 

p r e c u r s o r  of  s e r o t o n i n ,  5“ hydro x y t ry p to p h an  (5-HTP) has  been 

shown to c ro s s  the  b lood  b r a i n  b a r r i e r  and to  be co n v e r t e d  i n t o  

s e r o t o n i n  i n  an imals  (C o r r o d i ,  Fuxe and H o k f e l t ,  1967).  Ora l  

a d m i n i s t r a t i o n  o f  5-HTP i n  man produces  an e l e v a t i o n  o f  hGH 

and hPRL c o n c e n t r a t i o n s  (Imura e t  a l . ,  1973).  I t  was dec ided  

to  i n v e s t i g a t e  th e  e f f e c t  o f  an i n t r a v e n o u s  dose of  5-HTP on 

hGH and hPRL c o n c e n t r a t i o n s  and th e re b y  de te rm ine  i f  a s u i t a b l e  

i n v e s t i g a t i o n  cou ld  be des ig n ed  to s tu d y  s e r o t o n e r g i c  r e g u l a t i o n  

o f  n e u ro e n d o c r in e  r e s p o n s e s  i n  p a t i e n t s .

METHODS

S u b je c t s

Five  normal h e a l t h y  s u b j e c t s  (4 m a le s ,  1 female)  aged 

28-40 y e a r s  (mean 34 y e a r s )  were s t u d i e d .  The s u b j e c t s  were 

i n v e s t i g a t e d  i n  th e  morning a f t e r  an o v e r n ig h t  f a s t  and 

remained  a t  r e s t  th ro u g h o u t  the  i n v e s t i g a t i o n .
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RESULTS

P lasm a hGH (F ig  1 1 . I )

Growth hormone c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  the  i n f u s i o n  

of  5-HTP. The peak c o n c e n t r a t i o n  o c c u r r e d  40 m inu tes  a f t e r  

the  i n f u s i o n  and c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  g r e a t e r  

than  b a s a l  p r e - i n f u s i o n  l e v e l s  a t  20,  30, 40,  50 and 60 

minu tes  (F < 0 . 0 5 ,  0 . 0 5 ,  0 . 0 0 5 ,  0 .005 and 0,05  r e s p e c t i v e l y ) ,

Plasma hPRL (F ig  1 1 . I )

P r o l a c t i n  c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  5-HTP i n f u s i o n  

r e a c h in g  a peak l e v e l  a t  40 m i n u te s .  C o n c e n t r a t i o n  o f  hPRL 

were s i g n i f i c a n t l y  g r e a t e r  tha n  b a s a l  p r e - i n f u s i o n  l e v e l s  a t  

20, 30,  40 and 50 m inu tes  (P< 0 . 0 5 ,  0 . 0 2 ,  0 .005  and

P< 0 .0 5  r e s p e c t i v e l y ) .

Blood g lucose
I

There was no s i g n i f i c a n t  change i n  b lood  g luc ose  

c o n c e n t r a t i o n s  a f t e r  th e  i n f u s i o n  o f  5-HTP.

Plasma FFA

Plasma FFA c o n c e n t r a t i o n s  d id  n o t  show any s i g n i f i c a n t  

change a f t e r  the  i n f u s i o n  o f  5-HTP.
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FIG, 1 1 . I  Plasma growth hormone and p r o l a c t i n  

c o n c e n t r a t i o n s  (mu/1,  mean -  SEK) 

i n  f i v e  normal h e a l t h y  s u b j e c t s  

b e f o r e  and a f t e r  i n t r a v e n o u s  

i n f u s i o n  o f  S-hydroxy-^L- tryptophan (20 mg)
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DISCUSSION

The r e s u l t s  d e s c r i b e d  i n  th e  p r e s e n t  c h a p t e r  dem onst ra te  

t h a t  in t r a v e n o u s  i n f u s i o n  of  5-ETP (20 mg) p roduced  a 

s i g n i f i c a n t  r i s e  i n  hGH and hPRL c o n c e n t r a t i o n s .  The r e sp o n se  

c o n s i s t e d  o f  a w e l l  d e f in e d  peak  f o r t y  minutes  a f t e r  the  

i n f u s i o n .  S tu d ie s  o f  o r a l  a d m i n i s t r a t i o n  o f  5-HTP (150-200 

mg) a l s o  dem ons t ra te  e l e v a t i o n  of  hGH and hPRL b u t  the  re sponse  

i s  l e s s  w e l l  d e f in e d  a l th o u g h  the  o v e r a l l  maximum i n c r e a s e  

a s s o c i a t e d  w i th  the  l a r g e r  dose o f  5-HTP was g r e a t e r ,  (Imura 

e t  a l . 3 1973; Kato e t  a l . ,  1973).

The mechanism by which 5-HTP e l e v a t e s  hGH and hPRL i s  n o t  

known. The absence  o f  any s i d e  e f f e c t s  o r  symptoms o f  s t r e s s  

i n  t h e  s u b j e c t s  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t s  t h a t  a 

n o n - s p e c i f i c  s t r e s s  e f f e c t  i s  n o t  i n v o lv e d .  Growth hormone 

r e l e a s e  i s  known to fo l l o w  a f a l l  i n  FFA c o n c e n t r a t i o n s  

(Hartog e t  a l . ,  1967) and hGH and hPRL r e l e a s e  to  fo l low  a f a l l  

i n  b lood  g lu c o s e  (Hunter  e t  a l . ,  1965a;Noel  e t  a l . , 1971) b u t  

t h e r e  was no s i g n i f i c a n t  change i n  e i t h e r  FFA or  b lood  g lucose  

a f t e r  th e  i n f u s i o n  i n  the  p r e s e n t  i n v e s t i g a t i o n .  E l e v a t i o n  of  

b r a i n  s e r o t o n i n  l e v e l s  has been a s s o c i a t e d  w i th  5-HTP adm in is 

t r a t i o n  i n  an imals  (Corrod i  e t  a l . ,  1967) and L - t ry p t o p h a n ,  the  

p r e c u r s o r  o f  5-HTP, a l s o  e l e v a t e s  b r a i n  s e r o t o n i n  l e v e l s  i n  

an imals  (Ferus t rom  and Wurtman, 1971) and i n c r e a s e s  hPRL l e v e l s  

I n  man (Macindoe and T u rk in g to n ,  1973).  F u r t h e r  ev idence  t h a t  

the  re sponse  to  5-HTP i s  m ed ia ted  by s e r o t o n i n  comes from the 

o b s e r v a t i o n  t h a t  the  s e r o t o n i n  r e c e p t o r  b l o c k e r  cy p ro h ep tad in e
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i n h i b i t s  t h e  hGH and hPRL re s p o n s e  to  5-HTP (N a k a i , Imura,  

S a k u r a i ,  Kurahachi  and Yoshimi,  1973; Kato e t  a l . ,  1973).

An a l t e r n a t i v e  e x p l a n a t i o n  to  d i r e c t  involvement o f  s e r o t o n i n  

might  i n v o lv e  an a c t i o n  o f  s e r o t o n i n  on c a techo lam ine  r eg u 

l a t i o n  o f  hGH and hPRL r e l e a s e  and t h e r e  i s  ev idence  t h a t  

s e r o t o n i n  can d i s p l a c e  dopamine from dopaminerg ic  neurones  

(Fuxe,  Butcher  and Enge l ,  1971).  However, a l th o u g h  such a 

mechanism cou ld  produce an e l e v a t i o n  o f  hGH dopamine i s  

r e p o r t e d  to  i n h i b i t  hPRL r e l e a s e  (Frohman and S ta c h u ra ,  1975) 

whereas  i n  th e  p r e s e n t  i n v e s t i g a t i o n  5-HTP e l e v a t e d  hPRL.

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  conf i rm  the  f i n d i n g s  

o f  o t h e r  r e s e a r c h  workers (Imura e t  a l . ,  1973) and s u g g e s t  t h a t  

s e r o t o n i n  may be in v o lv e d  i n  the  r e g u l a t i o n  o f  hGH and hPRL 

r e l e a s e .  However, f u r t h e r  i n v e s t i g a t i o n s  a re  r e q u i r e d  to 

de te rm ine  i f  t h e r e  i s  d i r e c t  in vo lvem en t  of  s e r o t o n e r g i c  

neurones  o r  w he ther  the  e f f e c t  o f  s e r o t o n i n  i n v o l v e s  a l t e r a t i o n  

o f  ca techo lam ine  l e v e l s .  The i n f u s i o n  of  5-HTP i n  th e  p r e s e n t  

s tudy  produced  w e l l  d e f i n e d  changes i n  hGH and hPRL c o n c e n t r a 

t i o n s  and i n t r a v e n o u s  a d m i n s t r a t i o n  o f  5-HTP may p ro v id e  a 

u s e f u l  method o f  i n v e s t i g a t i n g  s e r o t o n e r g i c  r e g u l a t i o n  of  

p i t u i t a r y  hormone r e l e a s e .
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SUMMARY

1. Growth hormone and hPRL c o n c e n t r a t i o n s  were measured  i n  

f i v e  normal h e a l t h y  s u b j e c t s  b e f o r e  and a f t e r  the  

i n f u s i o n  of  5 - h y d r o x y - l - t r y p t o p h a n  (5-HTP, 20 mg).

2. The in 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  5-HTP was a s s o c i a t e d  

w i t h  s i g n i f i c a n t  e l e v a t i o n  o f  b o th  hGH and hPRL 

c o n c e n t r a t i o n s .  Changes i n  hGH and hPRL c o n c e n t r a t i o n s  

c o n s i s t e d  of  w e l l  d e f in e d  r e s p o n s e s  w i th  peak 

c o n c e n t r a t i o n s  o c c u r r i n g  40 minu tes  a f t e r  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  5-HTP. There was no s i g n i f i c a n t  

change i n  e i t h e r  b lo o d  g lu c o s e  o r  FRA c o n c e n t r a t i o n s  

a f t e r  5-HTP a d m i n i s t r a t i o n .

3.  The r e s u l t s  s u p p o r t  the  s u g g e s t i o n  t h a t  s e r o t o n i n  i s  

in v o l v e d  i n  t h e  r e g u l a t i o n  o f  b o th  hGH and hPRL
t

r e l e a s e .
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CHAPTER 12

THE EFFECT OF SOMATOSTATIN ON METABOLIC AND HORMONAL 

CHANGES DURING AND AFTER EXERCISE



INTRODUCTION

S o m a t o s t a t i n  i s  a c y c l i c  t e t r a d e c a p e p t i d e  o r i g i n a l l y  

i s o l a t e d  from ov ine  hypothalamus and p o s t u l a t e d  to  be a 

hypo tha lam ic  growth hormone r e l e a s e  i n h i b i t i n g  hormone 

(Brazeau  e t  a l . ,  1973).  Growth hormone r e sponses  to  

e x e r c i s e  (Hansen e t  a l . ,  1973) ,  a r g i n i n e  i n f u s i o n  and 

L-dopa a d m i n i s t r a t i o n  ( S i l e r  e t  a l . ,  1973) a re  i n h i b i t e d  

by s o m a t o s t a t i n .  In a d d i t i o n  to  i t s  e f f e c t s  on hGH 

r e l e a s e ,  s o m a t o s t a t i n  has  been  r e p o r t e d  to i n h i b i t  r e l e a s e  

of  i n s u l i n  (Chideckel  e t  a l , ,  1973),  g lucagon  (Ger ich 

e t  a l . , 1974) and p r o l a c t i n  (Yen e t  a l . ,  1974).

I t  has been  s u g g e s te d  t h a t  hGH may p la y  an im p o r t a n t  

r o l e  i n  f a c i l i t a t i n g  m o b i l i s a t i o n  o f  depo t  f a t  du r ing  

e x e r c i s e  (.Hunter e t  a l . ,  1965b; Greenwood and Landon,  

1966).  The p r e s e n t  i n v e s t i g a t i o n s  were c a r r i e d  ou t  to  

examine the  e f f e c t  o f  s o m a t o s t a t i n  d u r in g  e x e r c i s e  i n  

normal  s u b j e c t s .  S u p p re s s io n  of  hGH and o t h e r  hormones 

a l low s  t h e i r  e f f e c t s  on m o b i l i s a t i o n  and u t i l i s a t i o n  of  

f a t t y  a c id s  and o t h e r  m e t a b o l i c  f u e l s  du r ing  e x e r c i s e  to 

be s t u d i e d .
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METHODS

S u b jec t s

Six  h e a l t h y  male s u b j e c t s  mean age 29 y e a r s  ( range  

23-35 y e a r s )  were i n v e s t i g a t e d  on two occas ions  a f t e r  an 

o v e r n i g h t  f a s t .

P rocedure

The e x e r c i s e  c a p a c i t y  of each  s u b j e c t  was a s s e s s e d  

s e v e r a l  days b e f o r e  the  f i r s t  i n v e s t i g a t i o n  by means o f  an 

i n c r e a s i n g  work t e s t  (S p i r o ,  J u n i p e r ,  Bowman and Edwards,  

1974).  The s u b j e c t s  e x e r c i s e d  on a b i c y c l e  - e r g o m e te r  a t  

a workload  of  200 kpm f o r  2 minu tes  and the  work load  was 

i n c r e a s e d  by 200 kpm every  2 minu tes  u n t i l  they  were unab le  

to  c o n t in u e .

The s i x  s u b j e c t s  were s u b s e q u e n t l y  i n v e s t i g a t e d  on 

two o cca s io n s  d u r ing  and a f t e r  e x e r c i s e  a t  70% of  maximal 

e x e r c i s e  c a p a c i t y  f o r  30 m i n u te s .  On the  f i r s t  o c c a s io n  

each  s u b j e c t  r e c e i v e d  an i n j e c t i o n  o f  s o m a t o s t a t i n  (200 jig) 

im media te ly  b e f o r e  and an i n f u s i o n  of  s o m a t o s t a t i n  (300 yig 

i n  30 ml s a l i n e  a t  1 ml /min) from f i v e  minu tes  a f t e r  the  

s t a r t  o f  e x e r c i s e  u n t i l  f i v e  minu tes  a f t e r  the  com ple t ion  of  

e x e r c i s e .  A c o n t r o l  e x e r c i s e  t e s t  was per formed by a l l  

th e  s u b j e c t s  one week l a t e r  when no s o m a t o s t a t i n  was r e c e i v e d .
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Venous b lood  samples were ta ken  from a cannula  i n  an 

a n t e c u b i t a l  v e i n  b e f o r e  e x e r c i s e ,  a t  f i v e  minu te  i n t e r v a l s  

d u r in g  e x e r c i s e  and a t  5, 15, 30,  45, 60 and 90 minu tes  

a f t e r  e x e r c i s e .  Blood samples were ana ly sed  f o r  l a c t a t e ,  

p y r u v a t e ,  g l y c e r o l ,  a c e t o a c e t a t e ,  3~hydroxybu ty ra te  and 

g lu c o s e .  Plasma samples were an a ly se d  f o r  FFA, i n s u l i n ,  

g lu cagon ,  hGH and hPRL. The s i g n i f i c a n c e  of  d i f f e r e n c e s  

was examined u s ing  the  Mann-Whitney n o n - p a r a m e t r i e  U - t e s t  

f o r  sm al l  samples (Mann and Whitney,  1947).  S y n t h e t i c  

c y c l i c  s o m a t o s t a t i n  was s u p p l i e d  by A y e rs t  L a b o r a t o r i e s  

L im i ted .
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RESULTS

Blood l a c t a t e  and p y r u v a t e

Basal  b lood  l a c t a t e  and p y ru v a te  were s i m i l a r  on b o th  

o c c a s i o n s .  Blood l a c t a t e  c o n c e n t r a t i o n s  i n c r e a s e d  du r ing  

e x e r c i s e  and r e t u r n e d  towards r e s t i n g  c o n c e n t r a t i o n s  a f t e r  . 

e x e r c i s e  on b o th  o c c a s io n s  (E ig .  1 2 . 1 ) .  The changes i n  

p y ru v a te  c o n c e n t r a t i o n s  were s i m i l a r .  There was no 

s i g n i f i c a n t  d i f f e r e n c e  between c o n c e n t r a t i o n s  o f  e i t h e r  

l a c t a t e  o r  p y ru v a te  a t  any t ime d u r in g  the  i n v e s t i g a t i o n  on 

b o th  o c c a s i o n s .

Plasma FFA (F ig .  12 ,1 )

No s i g n i f i c a n t  d i f f e r e n c e  was observed  in  r e s t i n g  FFA 

c o n c e n t r a t i o n s  on th e  two o c c a s i o n s .  There was a r i s e  i n  

FFA c o n c e n t r a t i o n s  towards the  end of  e x e r c i s e  on bo th  

o c c a s i o n s .  C o n c e n t r a t i o n s  o f  FFA te nded  to be lower 

d u r in g  e x e r c i s e  w i th  s o m a t o s t a t i n  th a n  i n  the  c o n t r o l  

i n v e s t i g a t i o n  b u t  the  d i f f e r e n c e  was n o t  s i g n i f i c a n t .

Blood g l y c e r o l  (F ig  12 .1 )

R e s t i n g  c o n c e n t r a t i o n s  o f  b lood  g l y c e r o l  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  on t h e  two o c c a s i o n s .  E x e r c i s e  

was a s s o c i a t e d  w i t h  an i n c r e a s e  i n  b lood  g l y c e r o l  concen

t r a t i o n s  on b o th  o c c a s i o n s .  G ly c e ro l  c o n c e n t r a t i o n s  

d u r in g  e x e r c i s e  w i th  s o m a t o s t a t i n  te nded  to be g r e a t e r
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t h a n  the  c o r re s p o n d in g  c o n t r o l  v a lu e s  b u t  the  d i f f e r e n c e  

was n o t  s i g n i f i c a n t .

T o t a l  b lood  k e to n e s  Cfig 12 .1 )

The c o n c e n t r a t i o n s  o f  t o t a l  b lood  k e to n es  ( a c e t o -

a c e t a t e  + 3" 'hydroxybu ty ra te )  were s i m i l a r  a t  r e s t  on

b o t h  o c c a s i o n s .  There was no s i g n i f i c a n t  change in

k e to n e  c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  on bo th

o c c a s i o n s .  Ketone c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r

e x e r c i s e  on b o th  o c c a s io n s  b u t  i n  th e  i n v e s t i g a t i o n

w i th  s o m a t o s t a t i n  the  r i s e  was g r e a t e r  a f t e r  e x e r c i s e

and c o n c e n t r a t i o n s  a t  45,  60 and 75 minutes  were

s i g n i f i c a n t l y  g r e a t e r  than  the  co r re s p o n d in g  c o n t r o l  
)

c o n c e n t r a t i o n s  (P <0 .05 , 0 .0 1  and 0 .05  r e s p e c t i v e l y ) .

Blood g lu c o se  Gfig.  12 .11)

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  b lood  

g luc ose  c o n c e n t r a t i o n s .  There was a f a l l  i n  b lo o d  g luc ose  

c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  w i th  s o m a t o s t a t i n  and 

c o n c e n t r a t i o n s  a t  15 m inu tes  were s i g n i f i c a n t l y  lower than  

i n  the c o n t r o l  i n v e s t i g a t i o n  (TY0.05).  A f t e r  e x e r c i s e  

w i th  s o m a t o s t a t i n  b lood  g lu c o se  c o n c e n t r a t i o n s  i n c r e a s e d  

and c o n c e n t r a t i o n s  a t  75 minu tes  were s i g n i f i c a n t l y  g r e a t e r  

th an  c o n t r o l  v a lu es  ( 3 ^ 0 .0 5 ) .
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FIG. 12 .1  Blood l a c t a t e ,  p lasma f r e e  f a t t y  

a c i d s ,  b lood  g l y c e r o l  and t o t a l  

ke tone  ( a c e t o a c e t a t e  + S -h y d ro x y b u ty ra te )  

c o n c e n t r a t i o n s  (nmol/ml,  mean -  SEM) 

i n  s i x  normal s u b j e c t s  d u r in g  and 

a f t e r  e x e r c i s e  w i th  the  i n f u s i o n  o f  

s o m a t o s t a t i n  ( 0 —̂—— G) and i n  a 

c o n t r o l  i n v e s t i g a t i o n  CO-------—0 ) .
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P lasm a  i n s u l i n  CPig* 1 2 .1 1 )

Plasma i n s u l i n  c o n c e n t r a t i o n s  were s i m i l a r  a t  r e s t  

and d e c re a se d  d u r in g  e x e r c i s e  i n  b o th  i n v e s t i g a t i o n s .  

C o n c e n t r a t i o n s  o f  i n s u l i n  d u r in g  e x e r c i s e  w i th  

s o m a t o s t a t i n  were lower than  c o n t r o l  v a lues  b u t  the  

d i f f e r e n c e s  were no t  s i g n i f i c a n t .  A f t e r  e x e r c i s e  plasma 

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

i n v e s t i g a t i o n  w i t h  s o m a t o s t a t i n  the  i n c r e a s e  i n  i n s u l i n  

c o n c e n t r a t i o n s  d id  no t  occur  u n t i l  a f t e r  com ple t ion  of 

the  s o m a t o s t a t i n  i n f u s i o n .  The i n s u l i n  v a lues  a t  35 

minu tes  w i t h  s o m a t o s t a t i n  were s i g n i f i c a n t l y  lower than  

the  co r r e s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s  CP<0.05).

Plasma g lucagon  CPig» 12.11)

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  g lucagon 

c o n c e n t r a t i o n s .  Glucagon c o n c e n t r a t i o n s  i n c r e a s e d  

towards the end of  e x e r c i s e  i n  the  c o n t r o l  i n v e s t i g a t i o n  

whereas s o m a t o s t a t i n  i n f u s i o n  was a s s o c i a t e d  w i th  

s i g n i f i c a n t l y  lower g lucagon  c o n c e n t r a t i o n s  a t  5 ,  10, 15,  

20,  25 and 30 minu tes  d u r in g  e x e r c i s e  (P<0.01,  0 .0 0 5 ,

0 .0 0 5 ,  0 . 0 1 ,  0 ,0 2  and 0 .02  r e s p e c t i v e l y ) .  In the  c o n t r o l  

i n v e s t i g a t i o n  glucagon c o n c e n t r a t i o n s  con t inued  to r i s e  

i n i t i a l l y  a f t e r  e x e r c i s e  b u t  t h i s  r i s e  d id  n o t  occu r  u n t i l  

a f t e r  com ple t ion  of  the  s o m a t o s t a t i n  i n f u s i o n  i n  the  o t h e r
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i n v e s t i g a t i o n  and the  g lucagon  c o n c e n t r a t i o n  a t  35 minu tes  

was s i g n i f i c a n t l y  lower (P<0.05) than  the c o r r e s p o n d in g  

c o n t r o l  v a l u e s .

Plasma growth hormone ( F i g . 1 2 . I l l )

Basa l  hGR c o n c e n t r a t i o n s  were s i m i l a r  on the  two 

o c c a s i o n s .  Growth hormone c o n c e n t r a t i o n s  i n c r e a s e d  

d u r in g  e x e r c i s e  i n  the  c o n t r o l  i n v e s t i g a t i o n  b u t  the  

a d m i n i s t r a t i o n  of  s o m a t o s t a t i n  produced  complete 

s u p p r e s s i o n  of  the  hGR r e s p o n s e  and c o n c e n t r a t i o n s  a t  

15, 20, 25, 30 and 35 minu tes  were s i g n i f i c a n t l y  lower 

than  c o r r e s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s  (P (0 ,0 5 ,  0 .0 0 5 ,  

0 ,0 0 1 ,  0 ,001  and 0,001 r e s p e c t i v e l y ) .  Growth hormone 

c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  com ple t ion  of  the  

s o m a t o s t a t i n  i n f u s i o n  whereas  they d e c re a s e d  i n  th e  

c o n t r o l  i n v e s t i g a t i o n s .  C o n c e n t r a t i o n s  a t  75 and 90 

minu tes  in  the  i n v e s t i g a t i o n  w i th  e x e r c i s e  and s o m a t o s t a t i n  

were s i g n i f i c a n t l y  g r e a t e r  than  the  c o r r e s p o n d in g  c o n t r o l  

c o n c e n t r a t i o n s  (P<0 ,05 ) ,

Plasma p r o l a c t i n  (P ig ,  12. I l l )

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  hPRL 

c o n c e n t r a t i o n s .  E x e r c i s e  produced  a smal l  and r a t h e r  

v a r i a b l e  r i s e  i n  hPRL c o n c e n t r a t i o n s  on b o th  o c c a s io n s  and 

hPRL c o n c e n t r a t i o n s  d u r in g  and a f t e r  e x e r c i s e  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  on the  two o c c a s i o n s .



FIG. 1 2 ,1 1  B lood g lu c o s e  (miuol/1, mean ~ S .E .M .)

plasma i n s u l i n  Onu/1) and plasma 

g lucagon  (Pmol/1)  i n  s i x  normal 

s u b j e c t s  d u r in g  and a f t e r  e x e r c i s e  

w i t h  the  i n f u s i o n  of  s o m a t o s t a t i n  

C® ---- ®) and i n  a c o n t r o l

i n v e s t i g a t i o n  (Q —O ) ,

/
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FIG. 1 2 . XII Plasma growth hormone and p r o l a c t i n  

c o n c e n t r a t i o n s  (mu/1, mean -  SEM) 

i n  s i x  normal s u b j e c t s  d u r in g  and 

a f t e r  e x e r c i s e  w i th  th e  i n f u s i o n  of  

s o m a t o s t a t i n  C#-— and i n  a 

c o n t r o l  i n v e s t i g a t i o n  (0— — —0 ) ,
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DISCUSSION

M etab o l ic  and hormonal  r e s p o n s e s  to e x e r c i s e  a r e  r e p o r t e d  

to  v a ry  w i t h  work l e v e l s  and f i t n e s s  (Bloom e t  a l . ,  1976).

In  the  p r e s e n t  s tu d y  the  same s u b j e c t s  performed an i d e n t i c a l  

e x e r c i s e  t e s t  a t  70% of  maximal e x e r c i s e  c a p a c i t y  on the  two 

o c c a s io n s  and i t  i s  u n l i k e l y  t h a t  d i f f e r e n c e s  i n  m e ta b o l i c  

o r  hormonal  r e s p o n s e s  were r e l a t e d  to d i f f e r e n c e s  i n  f i t n e s s .

Blood l a c t a t e  c o n c e n t r a t i o n s  i n c r e a s e ,  d u r in g  e x e r c i s e  

b ecause  o f  a n a e r o b ic  m e tabo l i sm  w i t h i n  muscle c e l l s :  c y to 

p la sm ic  g l y c o l y s i s  ex ce ed in g  m i t o c h o n d r i a l  o x i d a t i v e  c a p a c i t y ,  

(Keul e t  a l . ,  1967),  The p r e s e n t  o b s e r v a t i o n  t h a t  b lood 

l a c t a t e  and p y r u v a te  c o n c e n t r a t i o n s  du r ing  e x e r c i s e  were n o t  

a l t e r e d  by s o m a t o s t a t i n  i n f u s i o n  su g g e s t s  t h a t  s o m a t o s t a t i n  

does n o t  a l t e r  g l y c o l y t i c  a c t i v i t y  i n  working muscle .

!

Free  f a t t y  a c id s  and k e t o n e s ,  produced  by o x i d a t i o n  of  

FFA i n  the l i v e r ,  a r e  u t i l i s e d  as a f u e l  by working musc le .

In the  p r e s e n t  s t u d i e s  e x e r c i s e  produced s i m i l a r  e l e v a t i o n s  

o f  bo th  FFA and g l y c e r o l  c o n c e n t r a t i o n s  on bo th  o c c a s io n s  

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

m o b i l i s a t i o n  o r  u t i l i s a t i o n  d u r in g  e x e r c i s e .  The g r e a t e r  

r i s e i n  k e to n e  c o n c e n t r a t i o n s  im media te ly  a f t e r  e x e r c i s e  

w i th  s o m a t o s t a t i n  s u g g e s t s  t h a t  t h e r e  was g r e a t e r  h e p a t i c
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o x i d a t i o n  o f  FFA, However, t h e r e  was l i t t l e  ev idence  o f  

i n c r e a s e d  l i p o l y s i s  o r  de lay ed  r e - e s t e r i f i c a t i o n  o f  FFA 

a f t e r  e x e r c i s e  w i t h  s o m a t o s t a t i n  i n  t h e se  i n v e s t i g a t i o n s .

In  the c o n t r o l  i n v e s t i g a t i o n  b lo o d  g luc ose  c o n c e n t r a t i o n s  

showed l i t t l e  change dur ing  e x e r c i s e  and t h i s  i s  c o n s i s t e n t  

w i t h  the  o b s e r v a t i o n  t h a t  g lu c o s e  i s  n o t  a major  f u e l  o f  

working  muscle u n t i l  muscle  g ly cogen  c o n c e n t r a t i o n s  f a l l  

(Hermansen ,  P r u e t t ,  Osnes and G ie r e ,  1970),  However, 

i n f u s i o n  o f  s o m a t o s t a t i n  d u r in g  e x e r c i s e  produced a marked 

f a l l  i n  b lood  g lu c o se  c o n c e n t r a t i o n s  i n  the  p r e s e n t  

i n v e s t i g a t i o n .  This  o b s e r v a t i o n  i s  c o n s i s t e n t  w i th  a number 

of  r e p o r t s  t h a t  s o m a t o s t a t i n  induces  hypoglycaemia  (Koerker 

e t  a l . ,  1974; A l fo rd  e t  a l . , 1974; C h r i s t e n s e n  e t  a l . ,  1974;

De Vane e t  a l , , 1974; G er ich  e t  a l . , 1974).  S o m a to s t a t i n  

i n f u s i o n  i n  the  p r e s e n t  i n v e s t i g a t i o n  showed g r e a t e r
I

s u p p r e s s i o n  of  i n s u l i n  d u r in g  e x e r c i s e  and i n h i b i t i o n  of  the 

g lucagon  re sp o n se  to e x e r c i s e  ( B o t t g e r ,  S c h le in ,  F a loona ,  

Knochel and Unger,  1972) and th e s e  o b s e r v a t i o n s  a re  i n  a g r e e 

ment w i th  the r e p o r t e d  i n h i b i t o r y  a c t i o n  of  s o m a t o s t a t i n  on 

i n s u l i n  (Chideckel  e t  a l . , 1973) and glucagon r e l e a s e  

(G er ich  e t  a l . ,  1974).  The hypoglycaemic e f f e c t  of  

s o m a t o s t a t i n  has  been  r e p o r t e d  to  be a s s o c i a t e d  w i t h  i n h i b i t i o n  

o f  h e p a t i c  g lu c o se  p r o d u c t i o n  (B la u th ,  Sonksen,  Tompkins and
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Bloom, 1977).  The d e c re a se d  b lood  g lucose  c o n c e n t r a t i o n s  

a s s o c i a t e d  w i th  s o m a t o s t a t i n  i n f u s i o n  i n  the p r e s e n t  s tudy  

may t h e r e f o r e  be due to d e c re a se d  h e p a t i c  g lu c o se  p r o d u c t i o n  

and t h i s  may be r e l a t e d  to i n h i b i t i o n  of  g lucagon  r e l e a s e  

as bo th  glucagon  and g lu c o s e  c o n c e n t r a t i o n s  i n c r e a s e d  on 

c e s s a t i o n  o f  the  i n f u s i o n  of  s o m a t o s t a t i n .

In the  p r e s e n t  i n v e s t i g a t i o n  the hGH re s p o n s e  to  

e x e r c i s e  was com ple te ly  su p p re s se d  by a d m i n i s t r a t i o n  o f  

s o m a t o s t a t i n .  I t  has been su g g e s te d  t h a t  hGIl may p la y  an 

im p o r ta n t  r o l e  i n  the m o b i l i s a t i o n  of  f a t  d u r in g  e x e r c i s e  

(Hunter  e t  a l . ,  1965b; Greenwood and Landon,  1966).  This  

s u g g e s t i o n  i s  weakened by r e s u l t s  o f  s t u d i e s  i n  p a t i e n t s  

w i t h  h y p o p i t u i t a r i s m  who f a i l  to show an hGH re sp o n se  b u t  

have i n c r e a s e d  FFA and g l y c e r o l  l e v e l s  d u r ing  e x e r c i s e  

(Johnson ,  Rennie,  Walton and Webs te r ,  1971) and by the 

p r e s e n t  o b s e r v a t i o n  t h a t  s u p p r e s s i o n  of  the  hGH re sp o n se  was 

n o t  a s s o c i a t e d  w i th  an a l t e r a t i o n  of  FFA or  g l y c e r o l  l e v e l s .  

Growth hormone c o n c e n t r a t i o n s  i n c r e a s e d  on com ple t ion  of  the 

s o m a t o s t a t i n  i n f u s i o n  i n  the  p r e s e n t  i n v e s t i g a t i o n .  This  

rebound i n  hGR a f t e r  s o m a t o s t a t i n  has been observed  by o t h e r  

i n v e s t i g a t o r s  (B lau th  e t  a l . ,  1977) and i t  i s  l i k e l y  t h a t  t h i s  

may be r e l a t e d  to  the  f a l l  i n  b lood  g lucose  c o n c e n t r a t i o n s  

du r ing  the s o m a t o s t a t i n  i n f u s i o n  as hypoglycaemia i s  a p o t e n t
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s t im u lu s  f o r  hGH r e l e a s e  (Roth e t  a l . ,  1963).  A smal l  b u t  

s i g n i f i c a n t  f a l l  in  hPRL c o n c e n t r a t i o n s  has been  r e p o r t e d  

to fo l lo w  s o m a t o s t a t i n  i n f u s i o n  (Yen e t  a l . ,  1974) bu t  t h e r e  

was no ev idence  f o r  s u p p r e s s i o n  of  hPRL r e l e a s e  i n  the p r e s e n t  

i n v e s t i g a t i o n .

S o m a to s t a t i n  i n f u s i o n  s u p p re s s e d  the  hGH and glucagon  

re s p o n s es  to e x e r c i s e  and produced g r e a t e r  s u p p r e s s i o n  of 

i n s u l i n  d u r in g  e x e r c i s e  i n  the  p r e s e n t  s tu d y .  Reduced 

g luc ose  c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  were p ro b ab ly  r e l a t e d  

to i n h i b i t i o n  of  g lucagon r e l e a s e  by s o m a t o s t a t i n  b u t  t h e r e  

was no ev idence  f o r  any a l t e r a t i o n  of g l y c o l y s i s  o r  f a t  

m o b i l i s a t i o n  o r  u t i l i s a t i o n  d u r in g  e x e r c i s e  w i th  

s o m a t o s t a t i n .

1 2 8



SUMMARY

1. The e f f e c t  of  i n t r a v e n o u s  s o m a t o s t a t i n  on b lo o d  l e v e l s  

of  m e t a b o l i t e s  and hormones has  been examined in  normal 

s u b j e c t s  who per formed  a 30 minu te  p e r i o d  o f  b i c y c l e  

e x e r c i s e  a t  70% maximal e x e r c i s e  c a p a c i t y .  The r e s u l t s  

have  been  compared w i t h  c o n t r o l  s t u d i e s  i n  the  same 

s u b j e c t s ,

2. Measurements were made o f  b lood  l e v e l s  o f  l a c t a t e ,  

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

a c e t a t e ,  3 - h y d r o x y b u t y r a t e ,  i n s u l i n ,  g lucagon ,  growth 

hormone (hGH) and p r o l a c t i n .

3. Growth hormone and g lucagon  r e l e a s e  was s u p p re s s e d  dur ing  

e x e r c i s e  w i t h  s o m a t o s t a t i n  and th e r e  was a subse quen t  

e l e v a t i o n  d u r in g  r e c o v e ry .  There was s l i g h t  p o s t  e x e r c i s e  

d e p r e s s i o n  of  i n s u l i n ,  b u t  no a l t e r a t i o n  o f  plasma 

p r o l a c t i n  s e c r e t i o n .

4. Blood g lu c o se  was reduced  d u r in g  e x e r c i s e  w i t h  s o m a t o s t a t i n  

and in c r e a s e d  d u r in g  r e c o v e ry .  The e l e v a t i o n  o f  ke to n e  

b o d ie s  a f t e r  e x e r c i s e  was g r e a t e r  i n  the  i n v e s t i g a t i o n  

w i th  s o m a t o s t a t i n  b u t  t h e r e  was no s i g n i f i c a n t  changes

i n  o t h e r  m e t a b o l i t e s .
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5. S o m a to s t a t i n  a l th o u g h  c aus ing  i n h i b i t i o n  o f  hGH 

r e l e a s e  appea rs  to have no s i g n i f i c a n t  e f f e c t  

upon f a t t y  a c i d  m o b i l i s a t i o n  d u r ing  e x e r c i s e  and 

the  r e s u l t s  s u g g e s t  t h a t  the  hypoglycaemic  a c t i o n  

o f  s o m a t o s t a t i n  i s  r e l a t e d  to  glucagon s u p p re s s io n ,
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CHAPTER 13

GROWTH HORMONE RESPONSE TO INSULIN INDUCED 

HYPOGLYCAEMIA IN HUNTINGTON'S CHOREA



INTRODUCTION

H u n t i n g t o n ' s  cho rea  i s  an i n h e r i t e d  d i s o r d e r  a s s o c i a t e d  

w i th  n e u ro n a l  d e g e n e r a t i o n  of  t h e  b a s a l  g a n g l i a  and c e r e b r a l  

c o r t e x .  The symptoms in c l u d e  dem en t ia  and i n v o l u n t a r y  

movements o r  chorea  which u s u a l l y  appea r  i n  middle  l i f e .  

N e u r o p a th o l o g ic a l  ev idence  o f  hypo tha lam ic  invo lvement has 

been  dem ons t ra ted  (Bruyn 1968,  1973; K l in t w o r t h ,  1973).

Many p a t i e n t s  w i th  H u n t i n g t o n ' s  cho rea  have w e ig h t  l o s s  and 

e x c e s s i v e  sw ea t ing  and t h i s  has  been  a t t r i b u t e d  to  a l t e r e d  

hypo tha lam ic  f u n c t i o n  (Bruyn, 1973) .  Abnormal hGH 

s e c r e t i o n  has been  r e p o r t e d  i n  p a t i e n t s  w i th  the  d i s o r d e r  

i n  r e s p o n s e  to g lu c o se  l o a d in g  (Podo lsky ,  Leopold and Sax, 

1972) and e a r l i e r  hGH r e l e a s e  has  been  dem ons t ra ted  to  fo l l o w  

i n s u l i n  induced  hypoglycaemia  (Keogh e t  a l . , 1976;

P h i l l i p s o n  and B i rd ,  1976).  Keogh and co-workers  (1976) 

s u g g e s te d  t h a t  s t u d i e s  o f  hGH r e l e a s e  may be o f  v a l u e  i n  the  

d i a g n o s i s  of  t h e  d i s o r d e r  and an o p p o r t u n i t y  a r o s e  to  s tudy  

the  r e sp o n se  i n  f o u r  p a t i e n t s  who were s u s p e c te d  of hav ing  

H u n t i n g t o n ' s  cho rea .  Ev idence  o f  an e a r l i e r  r e l e a s e  o f  hGH 

i n  t h e s e  p a t i e n t s  would h e lp  to  conf i rm  the  d i a g n o s i s .

METHODS

P a t i e n t s

Four p a t i e n t s  w i th  cho rea  were i n v e s t i g a t e d .  Two o f  

the  p a t i e n t s  had a p o s i t i v e  f am i ly  h i s t o r y  o f  H u n t i n g t o n ' s
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chorea  h u t  a t  the t ime of  i n v e s t i g a t i o n  t h i s  was no t  known 

f o r  the  o t h e r  two p a t i e n t s .  The p a t i e n t s ,  (2 male ,  2 female)  

mean age 56 y e a r s  ( range  4 7 -6 8 ) ,  were i n v e s t i g a t e d  a f t e r  an 

o v e r n i g h t  f a s t .  None of  th e  p a t i e n t s  were r e c e i v i n g  any 

m e d ic a t io n  a t  the  t ime of  th e  i n v e s t i g a t i o n .  In a d d i t i o n  

10 h e a l t h y  c o n t r o l s  (5 m a les ,  5 fem a les )  mean age 42 y e a r s  

( range 32-57) were a l s o  s t u d i e d .

P rocedu re

Blood samples were ta ken  from a cannu la  i n  an a n t e c u b i t a l  

v e i n  b e f o r e  and a t  10, 20,  25,  30,  35,  40,  45 and 60 minutes  

a f t e r  t h e  i n j e c t i o n  of  i n s u l i n  (0 .1  U/kg body w e igh t )  v i a  the  

cannu la .  Blood samples were an a ly se d  f o r  g lucose  and plasma 

samples f o r  hGH. 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  were examined 

u s in g  the  Mann-Wliitney n o n -p a r a m e t r i c  U - t e s t  f o r  sm al l  

samples (Mann and Whitney,  1947),
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RESULTS

Blood g lu c o s e  (T a b le  1 3 .1 )

There was no d i f f e r e n c e  i n  b a s a l  b lood g lucose  

c o n c e n t r a t i o n s  between p a t i e n t s  and c o n t r o l s .  A l l  the  

p a t i e n t s  developed  adequa te  hypoglycaemia f o r  the  hGH 

re sponse  (b lood g lu c o se  2 .2  mmol/1) and 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  i n  b lood  g lu c o se  c o n c e n t r a t i o n s  

between p a t i e n t s  and c o n t r o l s  a t  any time a f t e r  the  

i n j e c t i o n  of  i n s u l i n .

Plasma growth hormone (Table  1 3 . XX)

Basal  hGH c o n c e n t r a t i o n s  o f  p a t i e n t s  were no t  

s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s .  Peak hGH c o n c e n t r a 

t i o n s  were s i m i l a r  i n  b o th  groups b u t  the  r i s e  i n  hGH 

c o n c e n t r a t i o n s  i n  th e  p a t i e n t s  was e a r l i e r  than  i n  the  

c o n t r o l s  and hGH c o n c e n t r a t i o n s  of  the  p a t i e n t s  were 

s i g n i f i c a n t l y  g r e a t e r  tha n  the  c o n t r o l s  a t  30 and 35 minu tes
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DISCUSSION

Evidence f o r  a l t e r e d  hGIl r e l e a s e  i n  p a t i e n t s  w i th  

H u n t i n g t o n ' s  chorea  i n c l u d e s  the o b s e r v a t i o n s  t h a t  hGH i s  n o t  

s u p p r e s s i b l e  by hyperg lycaera ia  and t h a t  the  hGH re sponse  to 

L” dopa i s  s u p p r e s s i b l e  by g luc ose  i n  p a t i e n t s  b u t  n o t  i n  

c o n t r o l s  (Podolsky  and Leopold ,  1974).  The e a r l i e r  r i s e  i n  

hGH i n  the  p a t i e n t s  i n  the  p r e s e n t  i n v e s t i g a t i o n  i s  c o n s i s t e n t  

w i t h  o t h e r  p u b l i s h e d  r e p o r t s  (Keogh e t  a l . ,  1976; P h i l l i p s o n  

and B i rd ,  19 76) and h e lp e d  to  conf i rm  the  d i a g n o s i s .  Growth 

hormone re sponses  to hypoglycaemia and hyperg lycaem ia  a re  

s t a n d a r d  methods o f  i n v e s t i g a t i n g  the  i n t e g r i t y  of  th e  hypo-' 

t h a l a m i c / p i t u i t a r y  ax i s  and the  presence of  a l t e r e d  hGH 

re sponses  i n  p a t i e n t s  w i th  H u n t in g t o n ' s  chorea  s t r o n g l y  

su g g e s t s  t h a t  t h e r e  may be a l t e r e d  hypo tha lam ic  f u n c t i o n  i n  

t h i s  d i s o r d e r .  ■

Growth hormone r e l e a s e  i s  known to be m odu la ted  by 

dopam inerg ic ,  n o r a d r e n e r g i c  and s e r o t o n e r g i c  mechanisms 

(Imura e t  a l . , 1973; Nakai e t  a l . , 1973; Lai  e t  a l . , 1975; 

Frohman and S ta c h u ra ,  1975; see a l s o  S ec t io n  I I I ) ,  The hGH 

re s p o n s e  to  hypoglycaemia i s  b locked  by phen to lamine  

(B lackard  and H e i d i n g s f e l d e r , 1968) and i s  im pa i red  by 

p h e n o t h i a z i n e s  (Sherman e t  a l , ,  1974; Chapter  9) and cypro

h e p t a d in e  (Smythe and L a z a ru s ,  1974).  The e a r l i e r  hGH 

re sponse  to hypoglycaemia  i n  p a t i e n t s  w i th  H u n t in g t o n ' s  

chorea  might  c o n ce iv ab ly  in v o lv e  an a l t e r a t i o n  o f  c a t e c h o l a -  

m in e rg ic  or  s e r o t i n e r g i c  r e l e a s e  o f  hGH. This migh t  in v o lv e
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an e a r l i e r  r e l e a s e  o f  n e u r o t r a n s m i t t e r  from p r e s y n a p t i c  t e rm in a l s  

o r  an i n c r e a s e d  s e n s i t i v i t y  of  p o s t s y n a p t i c  r e c e p t o r s .  Keogh 

and co-workers  (1976) su g g es ted  t h a t  t h e r e  may be h y p e r s e n s i t i v i t y  

o f  dopandne r e c e p t o r s  invo lved  i n  hGH r e l e a s e  as t h e r e  i s  

c o n s i d e r a b l e  ev idence  to  i m p l i c a t e  dopamine i n  the  d i s o r d e r .  

A l t e r n a t i v e l y ,  th e s e  a u t h o r s  s u g g e s t  t h a t  th e  e a r l i e r  r e sponse  

might  be due to  w i thd raw a l  of  p h e n o t h i a z i n e s  b u t  the  p a t i e n t s  

i n  the  p r e s e n t  i n v e s t i g a t i o n  a l l  had an e a r l i e r  hGH re sponse  and 

none of  them had r e c e i v e d  p h e n o t h i a z i n e  t r e a tm e n t .

I t  would be of  c o n s i d e r a b l e  v a lu e  to examine neu ro en d o c r in e  

re s p o n s es  i n  H u n t in g to n ’ s chorea  to de termine  i f  t h e r e  i s  any 

ev idence  f o r  a l t e r e d  ca 'becholaminerg ic  o r  s e r o t i n e r g i c  f u n c t i o n  

and i n  p a r t i c u l a r  to  i n v e s t i g a t e  the  b a s i s  f o r  the  a l t e r e d  hGH 

responses  d e s c r i b e d  i n  t h i s  d i s o r d e r .  I t  i s  p o s s i b l e  t h a t  

a l t e r a t i o n s  i n  n eu ro e n d o c r in e  mechanisms may g ive  v a l u a b le  

i n f o r m a t io n  about  th e  n e u r a l  d y s f u n c t i o n  in  the  d i s o r d e r .  I t  

was t h e r e f o r e  dec ided  to  i n v e s t i g a t e  hGH and hPRL re sponses  to 

v a r io u s  drugs a f f e c t i n g  c a t e c h o l a m in e r g i c  and s e r o t o n e r g i c  / 

neu rones  and th e  r e s u l t s  o f  t h e s e  s t u d i e s  a r e  p r e s e n t e d  i n  the 

fo l l o w in g  c h a p t e r s .
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SUMMARY

1. Growth hormone res p o n s es  to  i n s u l i n  hypoglycaemia  were

i n v e s t i g a t e d  i n  fo u r  p a t i e n t s  w i th  chorea  and a p ro b a b le  

d i a g n o s i s  o f  H u n t in g t o n ’ s chorea .

2. C o n c e n t r a t i o n s  o f  hGH showed an e a r l i e r  e l e v a t i o n  th an

c o n t r o l s  i n  th e  f o u r  p a t i e n t s .

3. The p r e s e n c e  of  an e a r l i e r  hGH response  to  hypoglycaemia  

was c o n s i s t e n t  w i th  a d i a g n o s i s  of H u n t in g to n ’ s chorea  

i n  a l l  fo u r  p a t i e n t s .  The r e s u l t s  su g g e s t  t h a t  the  

growth hormone r e s p o n s e  may be of  va lue  i n  h e l p i n g  to

' conf irm c l i n i c a l  d i a g n o s i s  i n  t h i s  d i s o r d e r .
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CHAPTER 14

GROWTH HORMONE AND PROLACTIN RESPONSE TO BROMOCRIPTINE 

IN PATIENTS WITH HUNTINGTON'S CHOREA



INTRODUCTION

The r e s u l t s  p r e s e n t e d  i n  the  p r e v io u s  c h a p t e r  dem ons t ra te  

t h a t  th e  hGH re s p o n s e  to  i n s u l i n  hypoglycaemia  i n  p a t i e n t s  w i th  

H u n t in g t o n ’ s cho rea  showed an e a r l i e r  e l e v a t i o n  than  c o n t r o l s  

and t h i s  r e s u l t  i s  c o n s i s t e n t  w i th  t h e  r e p o r t s  o f  o t h e r  a u th o r s  

who have su g g e s te d  t h a t  the  e a r l i e r  r e sponse  may be due to 

i n c r e a s e d  s e n s i t i v i t y  of  dopamine r e c e p t o r s  i n  the  hypothalamus 

m e d ia t i n g  hGH r e l e a s e ,  Qieogh e t  a l . ,  1976; P h i l l i p s o n  and B i rd ,  

1976).  B rom ocr ip t ine  i s  a  s p e c i f i c  dopamine r e c e p t o r  a g o n i s t  

which produces  an e l e v a t i o n  o f  hGH and d e p re s s e s  p r o l a c t i n  

hPRL c o n c e n t r a t i o n s  i n  normal s u b j e c t s  Cdel Pozo e t  a l . ,  1972; 

Cammani e t  a l . ,  1975; Chapte r  7 ) .  I t  was t h e r e f o r e  dec ided  to 

i n v e s t i g a t e  th e  hGH re sp o n se  to  b r o m o c r i p t i n e  i n  p a t i e n t s  w i th  

H u n t in g t o n ’ s cho rea  to d e t e rm in e  i f  t h e r e  was any ev idence  f o r  

a l t e r e d  s e n s i t i v i t y  of  dopamine r e c e p t o r s  m e d ia t i n g  hGH r e l e a s e  

and the  r e s u l t s  a re  r e p o r t e d  i n  t h i s  c h a p t e r .

METHOD

S u b je c t s

Twelve u n r e l a t e d  p a t i e n t s  w i th  chorea  and a p o s i t i v e  fam i ly  

h i s t o r y  of  H u n t in g t o n ’ s cho rea  were s t u d i e d .  The f i r s t  group 

were a l l  i n p a t i e n t s  i n  Hartwood H o s p i t a l ,  L a n a r k s h i r e  under  the  

c a re  o f  Dr. J .  B o l t .  They were a l l  r e c e i v i n g  a v a r i e t y  of  

drugs  in c l u d i n g  p h e n o t h i a z i n e s , S ix  p a t i e n t s ,  two males and 

f o u r  females  aged 43-53 y e a r s  (mean 47 y e a r s )  were s t u d i e d .
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The second group c o n s i s t e d  o f  f i v e  o u t p a t i e n t s  and one 

i n p a t i e n t  from Hartwood H o s p i t a l ,  who had no t  r e c e i v e d  t r e a t 

ment w i th  p h e n o t h i a z i n e s .  The s i x  p a t i e n t s  comprised two 

males and fo u r  females  aged 47-68 y e a r s  (mean 59 y e a r s ) .  Seven 

normal h e a l t h y  c o n t r o l s ,  f o u r  males and t h r e e  females  aged 

23-55 y e a r s  (mean 44 y e a r s )  were a l s o  s t u d i e d .  Consent  was 

o b t a in e d  a f t e r  the  pu rpose  and p ro ced u re  had been e x p l a in e d  to 

the  p a t i e n t s  and t h e i r  r e l a t i v e s .  The c o n t r o l  s u b j e c t s  a l l  

consen te d  to  take  p a r t  i n  the  i n v e s t i g a t i o n .

P rocedu re

Drug m e d ic a t io n  was s topped  72 hours  b e f o r e  the  

i n v e s t i g a t i o n  which  was c a r r i e d  ou t  i n  the morning fo l l o w in g  an 

o v e r n i g h t  f a s t .  The h a l f  l i f e  of  hGH i s  r e l a t i v e l y  s h o r t  

C20-30 mill) and i t  was t h e r e f o r e  dec ided  to  take  b lood  samples 

a t  10 min.  i n t e r v a l s  d u r in g  the  p e r i o d  of  th e  hGH re s p o n s e .

Blood samples (10ml) were ta k e n  from a cannula  i n  an a n t e c u b i t a l  

v e i n  b e f o r e  and a t  30,  60,  90,  120, 130,  140, 150,  160, 170,

180 and 210 minu tes  a f t e r  an o r a l  dose of  b r o m o c r i p t in e  (2 .5  mg) 

The plasma samples were an a ly se d  f o r  hGH, hPRL and FPA. 

S i g n i f i c a n c e  of  d i f f e r e n c e  was examined w i th  the  Mann-Whitney 

n o n - p a r a m e t r i e  U - t e s t  f o r  sm al l  samples (Mann and Whi tney ,

1947).
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RESULTS

D e t a i l s  o f  th e  r e c e n t  m e d ic a t io n  o f  the  s i x  i n p a t i e n t s  who 

had r e c e i v e d  p h e n o t h i a z i n e s  p r i o r  to th e  i n v e s t i g a t i o n  i s  

g iven  i n  Table 14 .1 .

P lasma growth hormone (hGH) (Table 14.11)

P a t i e n t s  t r e a t e d  w i th  p h e n o t h i a z i n e s .

There was no s i g n i f i c a n t  d i f f e r e n c e  between the  b a s a l  

hGH c o n c e n t r a t i o n s  o f  th e  p a t i e n t s  and c o n t r o l s  b e f o r e  t a k in g  

b r o m o c r i p t i n e .  A l l  the  c o n t r o l s  showed an i n c r e a s e  i n  hGH 

c o n c e n t r a t i o n s  a f t e r  b r o m o c r i p t i n e  b u t  the  r e sp o n se  o f  the  

p a t i e n t s  was s i g n i f i c a n t l y  lower  tha n  th e  c o n t r o l s  a t  160, 170, 

180 and 210 m i n u te s .  Four of  th e  p a t i e n t s  showed an i n c r e a s e  

i n  hGH c o n c e n t r a t i o n s  a f t e r  b r o m o c r i p t i n e  b u t  on ly  t h r e e  showed 

a peak  hGH r e s p o n s e  g r e a t e r  than  10 mu/1 and th e  rem a in ing  two 

p a t i e n t s  f a i l e d  to  show a r e s p o n s e .

P a t i e n t s  n o t  t r e a t e d  w i t h  p h e n o t h i a z i n e s .

There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  r e s t i n g  

hGH c o n c e n t r a t i o n s  b e f o r e  b r o m o c r i p t i n e  between th e  p a t i e n t s  

and c o n t r o l s .  Only t h r e e  o f  th e  p a t i e n t s  showed a r i s e  i n  

hGH c o n c e n t r a t i o n s  a f t e r  t a k i n g  b r o m o c r i p t i n e  b u t  only  one had 

a peak  g r e a t e r  t h a n  10 mu/1.  The hGH c o n c e n t r a t i o n s  o f  the  

p a t i e n t s  were s i g n i f i c a n t l y  lower  tha n  th e  c o r r e s p o n d in g  v a lu e s  

f o r  the  c o n t r o l s  a t  150,  160,  170,  180 and 210 m in u te s .
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TABLE 14 .1  D e t a i l s  o f  s i x  p a t i e n t s  w i th  H u n t in g t o n ' s  chorea  

and drug m e d ic a t io n  r e c e iv e d  d u r in g  t r e a t m e n t

P a t i e n t Sex Age ( y e a r s ) M edica t ion

D.G. M 53 Chlorpromazine

Benzhexol

M.N. M 43 Chlorpromazine

Orphenadr ine

A, R. 47 T r i f l u o p e r a z i n e

T h i o r id a z i n e

A. McL. 45 Diazepam, F luphenaz ine  

Benzhexol Nit razepam

A. McK H 44 T r i f l u o p e r a z i n e ,  Codeine 

Di c h lo ra lphenaz one

M.B. F 0 | Chlorpromazine

Th iop ropaza te



P lasm a  p r o l a c t i n  (hPRL) (T a b le  1 4 . I I I )

P a t i e n t s  t r e a t e d  w i th  p h e n o t h i a z i n e s .

Basa l  hPRL c o n c e n t r a t i o n s  were markedly  e l e v a t e d  

()■ 1000 mu/1) i n  th e  two p a t i e n t s  who f a i l e d  to  show an hGH 

response  and r a i s e d  (mean 835 mu/1) i n  a n o th e r  p a t i e n t .  Basa l  

hPRL c o n c e n t r a t i o n s  i n  the  remain ing  four  p a t i e n t s  were w i t h i n  

the  range o f  the  co r r e s p o n d in g  v a l u e s  f o r  the  c o n t r o l s  (60-440 

mu/1).  Both the  p a t i e n t s  and th e  c o n t r o l  s u b j e c t s  showed a 

c o n s i s t e n t  f a l l  from b a s a l  hPRL c o n c e n t r a t i o n s  a f t e r  

b r o m o c r i p t i n e .

P a t i e n t s  n o t  t r e a t e d  w i t h  p h e n o t h i a z i n e s .

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  hPRL 

c o n c e n t r a t i o n s  a f t e r  t a k in g  b ro m o c r i p t i n e .  Four o f  the  f i v e  

p a t i e n t s  showed a c o n s i s t e n t  f a l l  from r e s t i n g  hPRL concen

t r a t i o n s  a f t e r  t a k in g  b r o m o c r i p t i n e .

Plasma f r e e  f a t t y  a c id s  (F ig  14 .1)

C o n c e n t r a t i o n s  o f  FFA were s i g n i f i c a n t l y  g r e a t e r  i n  the  

p a t i e n t s  n o t  t r e a t e d  w i th  p h e n o t h i a z i n e s  ( P < 0 . 0 2  a l l  s am p les ) .  

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  FFA c o n c e n t r a t i o n s  

between p a t i e n t s  t r e a t e d  w i th  p h e n o t h i a z i n e s  and c o n t r o l s .  The 

a d m i n i s t r a t i o n  o f  b r o m o c r i p t i n e  was n o t  a s s o c i a t e d  w i th  any 

s i g n i f i c a n t  change i n  FFA c o n c e n t r a t i o n s  i n  e i t h e r  group of  

p a t i e n t s  or  th e  c o n t r o l s .
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FIG 14.1  Plasma FFA c o n c e n t r a t i o n s  ( jimol/ml,  

mean -  S .E .H .)  b e f o r e  and a f t e r  o r a l  

a d m i n i s t r a t i o n  o f  b r o m o c r i p t i n e  (2 .5  mg) 

i n  twelve p a t i e n t s  w i th  H u n t in g t o n ’s 

chorea  ( s i x  p a t i e n t s  r e c e i v i n g

p h e n o t h i a z i n e  drugs  (1 ,  □--------- -O )

and s i x  p a t i e n t s  n o t  r e c e i v i n g

p h e n o t h i a z i n e s  (2,  O —O ) and i n

seven  normal c o n t r o l  s u b j e c t s  ( © - - - - - - ® )
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DISCUSSION

The development o f  the  h y p e r k i n e t i c  c o n d i t i o n  c h a r a c t e r i s t i c  

o f  H u n t in g t o n ’ s cho rea  may be r e l a t e d  to  a change i n  th e  i n t e r 

r e l a t i o n s h i p  between dopamine and GABA-containing neurones  

(B ird  and I v e r s e n ,  1974) .  A l though dopamine l e v e l s  a re  normal 

dopamine r e c e p t o r s  may be h y p e r s e n s i t i v e  (ba rbeau ,  1961,  1973; 

B i rd  a t  a l . ,  1976) .  I f  t h e r e  i s  h y p e r s e n s i t i v i t y  of  dopamine 

r e c e p t o r s  we migh t  e x p e c t  to  f i n d  i n c r e a s e d  r e s p o n s iv e n e s s  o f  

dopamine r e c e p t o r s  m e d ia t i n g  hGH r e l e a s e  and t h i s  migh t  be the  

b a s i s  f o r  t h e  e a r l i e r  r e l e a s e  o f  hGH r e p o r t e d  i n  H u n t in g t o n ’ s 

cho rea  (Keogh e t  a l . , 1976; P h i l l i p s o n  and B i r d ,  1976).

There was no ev id en ce  of  a s i g n i f i c a n t  e l e v a t i o n  o f  b a s a l  

hGH l e v e l s  i n  th e  p a t i e n t s  i n  t h e  p r e s e n t  s tudy  as has  been  

r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  ( P h i l l i p s o n  and B i rd ,  1976).

The c o n t r o l  s u b j e c t s  a l l  showed a r i s e  i n  hGH c o n c e n t r a t i o n s  

a f t e r  t a k i n g  b r o m o c r i p t i n e  and th e  r e s u l t s  a r e  c o n s i s t e n t  w i th  

o t h e r  p u b l i s h e d  f i n d i n g s  (T o l i s  e t  a l , ,  1975; Cammani e t  a l . ,

197 5) .  In the  p a t i e n t s  w i t h  H u n t in g t o n ’s cho rea  the  m a j o r i t y  

showed a reduced  hGH re sponse  compared w i t h  c o n t r o l s .  However, 

P a r k e s , Marsden,  Donaldson ,  Galea-Debono, W a l t e r s ,  Kennedy and 

Asselraan (1976) have  r e p o r t e d  t h a t  th e y  f a i l e d  to  f i n d  an hGH 

re s p o n s e  to  2 .5  mg o f  b r o m o c r i p t i n e  i n  p a t i e n t s  w i th  P a r k i n s o n ’ s 

d i s e a s e  a l th o u g h  they  d id  f i n d  a r e s p o n s e  to  h i g h e r  d o s es .  I t  

i s  p o s s i b l e  t h a t  the  dose o f  b r o m o c r i p t i n e  used  i n  the  p r e s e n t
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s tu d y  was too low b u t  i t  was dec ided  n o t  to  i n c r e a s e  the  dose 

as h i g h e r  doses a re  known to  i n c r e a s e  chorea  ( K a r t z i n e l ,  1975).

A f u r t h e r  p o s s i b i l i t y  i s  t h a t  th e  lower peak hGH re sponse  to  

b r o m o c r i p t i n e  found i n  the  p a t i e n t s  w i t h  H u n t in g t o n ’ s cho rea  

i s  due to  an a l t e r a t i o n  of  growth hormone r e l e a s e  mechanisms.

The f i n d i n g  o f  a lower peak hGH re sp o n se  to b r o m o c r i p t i n e  

s u g g e s t s  t h a t  the  e a r l i e r  hGH re s p o n s e  r e p o r t e d  to  fo l lo w  

i n s u l i n  induced  hypoglycaemia  i n  p a t i e n t s  w i th  the  d i s o r d e r  

i s  n o t  due to  i n c r e a s e d  s e n s i t i v i t y  of  dopamine r e c e p t o r s  

m e d ia t i n g  hGH r e l e a s e .

In  the  i n v e s t i g a t i o n  o f  p a t i e n t s  who had p r e v i o u s l y  

r e c e i v e d  p h e n o t h i a z i n e s  t h e  f a i l u r e  to  d e t e c t  a c o n s i s t e n t  hGH 

re s p o n s e  may have been because  only  72 hours  had been  a l lowed  

be tween w i th d raw a l  o f  drug t r e a t m e n t  and the  i n v e s t i g a t i o n .  

P h e n o th i a z in e s  a r e  known to  b lo c k  dopamine r e c e p t o r s  (Anden 

e t  a l . , 1964) to  im p a i r  hGH re s p o n s e s  (Sherman e t  a l . ,  1971; 

c h a p t e r  9) and to  e l e v a t e  hPRL c o n c e n t r a t i o n s  (Beumont e t  a l . ,

1974; M e l t z e r  e t  a l . ,  1976; c h a p t e r s  8 and 9) and t h i s  may 

e x p l a i n  why the  two p a t i e n t s  w i th  the  g r e a t e s t  e l e v a t i o n  o f  

b a s a l  hPRL c o n c e n t r a t i o n s  f a i l e d  to  show an hGH re s p o n s e .

Klawans (1970) has  p roposed  t h a t  dopamine r e c e p t o r  hyper 

s e n s i t i v i t y  may fo l l o w  w i th d raw a l  o f  p h e n o t h i a z i n e  t r e a t m e n t  

b u t  t h e r e  was no e v id en ce  of  a h y p e r s e n s i t i v e  hGH re s p o n s e  

a f t e r  w i thd raw a l  o f  p h e n o t h i a z i n e  t r e a t m e n t  i n  th e  p r e s e n t  s tu d y .  In
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the  i n v e s t i g a t i o n  o f  p a t i e n t s  who had n o t  r e c e i v e d  pheno

t h i a z i n e s  most of  the  p a t i e n t s  showed a d e p r e s s io n  o f  hPRL 

c o n c e n t r a t i o n s  a f t e r  t a k in g  b r o m o c r i p t i n e .

In th e  p r e s e n t  i n v e s t i g a t i o n  PFA c o n c e n t r a t i o n s  were 

s i g n i f i c a n t l y  g r e a t e r  i n  p a t i e n t s  n o t  t r e a t e d  w i th  pheno

t h i a z i n e s  compared to c o n t r o l s .  Ra ised  c o n c e n t r a t i o n s  o f  FFA 

( P h i l l i p s o n  and B i r d ,  1977) and hGH ( P h i l l i p s o n  and B i r d ,  1976) 

have been  r e p o r t e d  i n  p a t i e n t s  w i th  H u n t in g t o n ’s chorea .

Growth hormone, i s  known to  promote l i p o l y s i s  (Raben and 

H o l le n b e rg ,  1959) and i t  has  been sugges ted  t h a t  th e  e l e v a t e d  

FFA l e v e l s  found i n  the  d i s o r d e r  may be due to  th e  l i p o l y t i c  

a c t i o n  o f  hGH ( P h i l l i p s o n  and B i rd ,  1977).  However, b a s a l  

FFA c o n c e n t r a t i o n s  were e l e v a t e d  i n  the  p a t i e n t s  i n  the  p r e s e n t  

s tu d y  b u t  t h e r e  was no ev id en ce  o f  r a i s e d  b a s a l  hGH c o n c e n t r a 

t i o n s .  I t  i s  p o s s i b l e  t h a t  th e  e l e v a t e d  FFA l e v e l s  found in  

p a t i e n t s  w i t h  th e  d i s o r d e r  may be due to  n o n - s p e c i f i c  s t r e s s  

f a c t o r s  o r  a n x i e ty  and t h a t  t h i s  e f f e c t  i s  reduced  i n  p a t i e n t s  

t r e a t e d  w i t h  p h e n o t h i a z i n e  t r a n q u i l l i s e r s .  F u r t h e r  i n v e s t i 

g a t i o n  of  c i r c u l a t i n g  c a techo lam ine  and c o r t i s o l  l e v e l s  would 

be v a lu e  i n  i n v e s t i g a t i n g  t h i s  p o s s i b i l i t y .

The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  dem ons t ra te  t h a t  the  

hGH re sponse  t o  b r o m o c r i p t i n e  i s  s i g n i f i c a n t l y  reduced  i n  

p a t i e n t s  w i th  H u n t i n g t o n ' s  cho rea  and s u g g e s t  t h a t  t h e r e  may be
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an a l t e r a t i o n  o f  dopam inerg ic  neurones  m e d ia t i n g  hGH r e l e a s e ,  

The lower peak hGH re s p o n s e  may be r e l a t e d  to  dec re ase d  

s e n s i t i v i t y  of  dopamine r e c e p t o r s  o r  to  reduced l e v e l s  of  

dopamine a t  the  p o s t  s y n a p t i c  r e c e p t o r  as th e  a c t i o n  of  

b r o m o c r i p t i n e  i s  dependent  on i n t a c t  ca techo lam ine  s y n t h e s i s  

and s t o r a g e  mechanisms (Johnson ,  Loew and V ig o u r e t ,  1976).  

These s u g g e s t io n s  m e r i t  f u r t h e r  i n v e s t i g a t i o n  as n eu ro 

en d o c r in e  s t u d i e s  may g iv e  u s e f u l  i n f o r m a t io n  about  hypo

th a la m ic  neurone  f u n c t i o n  i n  H u n t in g t o n ’ s chorea .
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smmARY

1. Growth hormone ChGli) and p r o l a c t i n  (HPRL) r e s p o n s e s  to 

o r a l  b r o m o c r i p t in e  were s t u d i e d  i n  two groups o f  p a t i e n t s  

w i t h  H u n t i n g t o n ' s  chorea  and i n  seven h e a l t h y  c o n t r o l  

s u b j e c t s .  The p a t i e n t s  i n c lu d e d  s i x  p a t i e n t s  who had 

p r e v i o u s l y  been  t r e a t e d  w i t h  p h e n o t h i a z i n e s  and s i x  

p a t i e n t s  who had n o t  r e c e i v e d  p h e n o t h i a z i n e  t r e a t m e n t .

A l l  m e d ic a t io n  was s to p p e d  72 hours  b e f o r e  the  i n v e s t i 

g a t i o n  which in v o lv e d  t a k in g  b lood  samples f o r  up to  210 

minu tes  a f t e r  t a k in g  b r o m o c r i p t i n e  (2. 5  mg),

2. There was no s i g n i f i c a n t  d i f f e r e n c e  i n  b a s a l  hGH concen

t r a t i o n s  between the  p a t i e n t s  and c o n t r o l s .  The hGH 

re sp o n se  to b r o m o c r i p t i n e  v a r i e d  i n  the  i n d i v i d u a l  

p a t i e n t s  b u t  th e  c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  lower  

i n  th e  p a t i e n t s  compared w i th  the  c o n t r o l s  between 160 

and 210 m i n u te s .  The b a s a l  c o n c e n t r a t i o n s  of  hPRL were 

a l s o  n o t  d i f f e r e n t  a p a r t  from the  f i n d i n g s  o f  e l e v a t e d  

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

w i t h  p h e n o t h i a z i n e s ,

3. The p a t i e n t s  and c o n t r o l s  showed a c o n s i s t e n t  f a l l  i n

hPRX. c o n c e n t r a t i o n s  a f t e r  t a k i n g  b r o m o c r i p t i n e .  The 

lower peak hGH re s p o n s e  to  b r o m o c r i p t i n e  found i n  the  

p a t i e n t s  s u g g e s t s  t h a t  t h e r e  may be an a l t e r a t i o n  o f  

dopaminerg ic  neurones  m e d ia t i n g  hGH r e l e a s e .

4. C o n c e n t r a t i o n s  o f  FFA were s i g n i f i c a n t l y  e l e v a t e d  i n

p a t i e n t s  n o t  t r e a t e d  w i th  p h e n o t h i a z i n e s  and were n o t  

r e l a t e d  to  e l e v a t e d  hGH c o n c e n t r a t i o n s .
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CHAPTER 15

THE EFFECT OF CLONXDINE AND 5-HYDROXYTRYPTOPHAN 

ON GROWTH HORMONE AND PROLACTIN RELEASE 

IN HUNTINGTON’ S CHOREA



INTRODUCTION

There i s  ev idence  t h a t  hGH res p o n s es  a re  a l t e r e d  

i n  p a t i e n t s  w i th  H u n t in g t o n ’ s cho rea .  This  ev idence  

i n c lu d e s  the  o b s e r v a t i o n  t h a t  the  hGH response  to  i n s u l i n  

induced  hypoglycaemia i s  e a r l i e r  i n  p a t i e n t s  w i th  the  

d i s o r d e r  than  i n  c o n t r o l s  (Keogh e t  a l . ,  1976; P h i l l i p s o n  

and B i r d ,  1976; c h a p t e r  13).  Growth hormone r e l e a s e  i s  

known to  be modula ted  by h y p o th a lam ic  dopam inerg ic ,  

n o r a d r e n e r g i c  and s e r o t o n e r g i c  mechanisms ( c h a p t e r s  7, 10 

and 11), . In  the  p r e v io u s  c h a p t e r  dopaminerg ic  r e g u l a t i o n  

o f  hGH r e l e a s e  was i n v e s t i g a t e d  i n  p a t i e n t s  w i th  

H u n t in g to n ’ s cho rea  and the  r e s u l t s  d id  n o t  s u g g e s t  t h a t  

t h e r e  was an e a r l i e r  hGH re s p o n s e  t o  b r o m o c r i p t i n e .

I t  i s  p o s s i b l e  t h a t  th e  e a r l i e r  hGH re sponse  r e p o r t e d  to  

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

may be due to  an a l t e r a t i o n  o f  n o r a d r e n e r g i c  o r  s e r o t o n e r g i c  

r e l e a s e  mechanisms and i t  was t h e r e f o r e  dec ided  to  

i n v e s t i g a t e  hGH and hPRL re s p o n s e s  to  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  of c l o n i d i n e  and 5~hydroxy-L~tryptophan 

i n  p a t i e n t s  w i th  H u n t in g t o n ’ s chorea .
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I .  EFFECT OF CLONIDINE

METHOD

P a t i e n t s  and s u b j e c t s

Four p a t i e n t s  w i t h  chorea  and a p o s i t i v e  fam i ly  h i s t o r y  

o f  H u n t in g to n ’ s cho rea  were i n v e s t i g a t e d .  The p a t i e n t s ,

(2 m a les ,  2 fem ales )  mean age 54 y e a r s  (range 45-68 y e a r s )  

were i n v e s t i g a t e d  i n  t h e  morning fo l l o w in g  an o v e r n ig h t  

f a s t .  A l l  the  p a t i e n t s  had s to pped  t a k in g  any 

m e d ic a t io n  f o r  72 hours  b e f o r e  the  i n v e s t i g a t i o n  and none 

o f  the  p a t i e n t s  had r e c e n t l y  r e c e i v e d  p h e n o th ia z in e  

d rugs .  In  a d d i t i o n ,  s i x  normal h e a l t h y  male s u b j e c t s  

aged 23-35 y e a r s  (mean 31 y e a r s )  were s t u d i e d  as c o n t r o l s .

P rocedure

Blood samples were taken  from a cannula  i n  an a n t e -  

c u b i t a l  v e in  b e f o r e  and a t  10,  20,  30,  40,  50,  60, 90 and 

120 minu tes  a f t e r  the  i n j e c t i o n  o f  0 .1  mg c l o n i d i n e  HCl. 

( C a t a p r e s s ,  B oeh r inge r  In ge lhe im  L td)  i n  20 ml o f  s a l i n e  

over  10 m i n u t e s .

Plasma samples were an a ly se d  f o r  hGH, hPRL and FFA, 

S i g n i f i c a n c e  o f  d i f f e r e n c e  was examined u s ing  the  Mann-Whitney 

n o n - p a r a m e t r i e  U - t e s t ' f o r  smal l  samples (Mann and Wbitney,  

1947).
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RESULTS

P lasm a  g ro w th  hormone ( F ig ,  15 .1 )

There was no d i f f e r e n c e  i n  b a s a l  hGH c o n c e n t r a t i o n s  

between p a t i e n t s  and c o n t r o l s .  Growth hormone 

c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  the  i n j e c t i o n  o f  c l o n i d i n e  

i n  the  c o n t r o l s  and c o n c e n t r a t i o n s  a t  20,  30,  40,  50 and 

60 minu tes  were s i g n i f i c a n t l y  g r e a t e r  tha n  b a s a l  concen

t r a t i o n s  (P<0 . 0 0 2 ) .  The p a t i e n t s  d id  n o t  show any 

s i g n i f i c a n t  change from b a s a l  c o n c e n t r a t i o n s  o f  hGH 

a f t e r  the  a d m i n i s t r a t i o n  of  c l o n i d i n e  and hGH c o n c e n t r a t i o n s  

i n  the  p a t i e n t s  were s i g n i f i c a n t l y  lower than  the  

c o r re s p o n d in g  v a lu e s  f o r  t h e  c o n t r o l s  a t  20,  30, 40 50 and 

60 minu tes  (.P<0 . 0 5 ,  0 . 0 2 ,  0 . 0 1 ,  0 . 0 2 ,  0 .05  r e s p e c t i v e l y ) .

Plasma p r o l a c t i n  (P ig .  15 .1 )

Basa l  hPRL c o n c e n t r a t i o n s  were s i m i l a r  i n  the  p a t i e n t s  

and c o n t r o l s .  The c o n c e n t r a t i o n  o f  hPRL i n  the  c o n t r o l s  a t  

50,  60, 90 and 120 minu tes  were s i g n i f i c a n t l y  lower than  the  

p r e - i n j e c t i o n  c o n c e n t r a t i o n s  (P<0.05) .  The p a t i e n t s  showed 

a s i m i l a r  d e p r e s s i o n  i n  hPRL c o n c e n t r a t i o n s  a f t e r  the  

i n j e c t i o n  bu t  the  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  There 

was no s i g n i f i c a n t  d i f f e r e n c e  between hPRL c o n c e n t r a t i o n s  of  

p a t i e n t s  and c o n t r o l s  a t  any t ime du r ing  the  i n v e s t i g a t i o n .
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P lasm a  FFA ( F ig .  1 5 ,1 1 )

Basal  p r e - i n j e c t i o n  c o n c e n t r a t i o n s  of  FFA i n  the  

p a t i e n t s  were s i g n i f i c a n t l y  g r e a t e r  than c o n t r o l s  

(P^O.Ol) .  A f t e r  the  i n j e c t i o n  of  c l o n i d i n e  th e re  was 

no s i g n i f i c a n t  change i n  FFA c o n c e n t r a t i o n s  i n  the 

c o n t r o l s  whereas i n  th e  p a t i e n t s  FFA c o n c e n t r a t i o n s  

dec re a se d  and c o n c e n t r a t i o n s  a t  20,  30, 40, 50, 60 and 

90 minu tes  were s i g n i f i c a n t l y  lower than p r e - i n j e c t i o n  

c o n c e n t r a t i o n s  (P'CO.02).
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FIG. 1 5 .1  P lasm a  hGH and hPRL c o n c e n t r a t i o n s

Cmu/1, mean -  S.E.M.) b e f o r e  and 

a f t e r  the  a d m i n i s t r a t i o n  of  c l o n i d i n e  

i n  f o u r  p a t i e n t s  w i t h  H u n t in g t o n ’ s 

cho rea  (0—-—©) and i n  s i x  normal 

c o n t r o l  s u b j e c t s  ( 0 - - - 0 )  .
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FIG. 1 5 .1 1  P la sm a  f r e e  f a t t y  a c id s  (pm ol/m l,

mean -  S.E.M.) b e f o r e  and a f t e r  the

a d m i n i s t r a t i o n  of  c l o n i d i n e  i n  fo u r  

p a t i e n t s  w i t h  H u n t in g t o n ’ s chorea

(©-------#) and i n  s i x  normal c o n t r o l

s u b j e c t s  (o-— “OV
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I I .  THE EFFECT OF 5-HYDROXY-L-TRYPTOPHAK 

METHOD

P a t i e n t s  and s u b j e c t s

Six p a t i e n t s  w i t h  chorea  and a p o s i t i v e  fam i ly  h i s t o r y  

o f  H u n t in g t o n ' s  cho rea  were i n v e s t i g a t e d .  The p a t i e n t s ,

C2 m a le s ,  4 f em a les )  aged 47^67 y e a r s  (mean age 55 y e a r s )  

were a l l  i n p a t i e n t s  a t  Hartwood H o s p i t a l ,  L a n a r k s h i r e .

They were i n v e s t i g a t e d  i n  t h e  morning fo l l o w in g  an over^  

n i g h t  f a s t  and a l l  m e d i c a t i o n  was s to pped  f o r  72 hours  

b e f o r e  the  i n v e s t i g a t i o n .  In  a d d i t i o n ,  f i v e  normal 

h e a l t h y  c o n t r o l  s u b j e c t s  (4 m a les ,  1 female)  mean age 

34 y e a r s  Change 28-40 y e a r s )  were a l s o  s t u d i e d .

P ro c e d u re

Blood samples were taken  from a cannu la  i n  an a n t e -  

c u b i t a l  v e i n  b e f o r e  and a t  10, 20,  30,  40, 50,  60,  75, 90,  

105 and 120 m inu tes  a f t e r  the  i n f u s i o n  of  20 ml o f  a 

s o l u t i o n  c o n t a i n i n g  Img/ml 5 -h y d ro x y -L - t ry p to p h a n  CB.D.H. 

L im i ted )  oye r  10 m in u te s .  Plasma samples were an a ly se d  

f o r  hGH andh.pRL, S i g n i f i c a n c e  o f  d i f f e r e n c e  was examined 

u s in g  the  Mann-Whitney n o n - p a r a m e t r i c  U - t e s t  f o r  smal l  

samples (Mann and Whitney,  1947).
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Procedu re

Blood samples were t a k e n  from a cannu la  i n  an a n t e c u b i t a l  

v e i n  b e f o r e  and a t  10, 20,  30,  40, 50,  60,  75, 90, 105 and 120 

minu tes  a f t e r  the  i n f u s i o n  o f  20 ml o f  a s o l u t i o n  c o n t a i n i n g  

1 mg/ml 5 -h y d ro x y -L " t ry p to p h a n  over  t e n  m inu te s .

5” hydroxyl~'L“ t ry p t o p h a n  (B.D.H. L im i ted )  was made up in  0.9% 

s a l i n e  and s t e r i l i z e d  by f i l t r a t i o n .  Blood samples were 

an a ly se d  f o r  g lu c o se  and p lasma samples were a n l a y s e d  f o r  

hGH, hPRL and FFA. S i g n i f i c a n c e  o f  d i f f e r e n c e  was 

examined u s ing  the  Mann-Whitney n o n - p a r a m e t r i c  U - t e s t  f o r  

sm al l  samples (Mann and Whi tney,  1947).
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RESULTS

P lasm a  grow th  hormone ( F ig .  1 5 . I l l )

B asal  hGH c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  g r e a t e r  

(P<0.05) i n  th e  p a t i e n t s  compared to the  c o n t r o l s .

Plasma hGH c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  the  a dm in is 

t r a t i o n  o f  5-HTP i n  the  c o n t r o l s  and c o n c e n t r a t i o n  a t  

20,  30,  40 and 50 minu tes  were s i g n i f i c a n t l y  g r e a t e r  than  

b a s a l  c o n c e n t r a t i o n s  (P^O.Ob, 0 . 0 5 ,  0.005 and 0 .005 

r e s p e c t i v e l y ) .  There was no s i g n i f i c a n t  change i n  hGH 

c o n c e n t r a t i o n s  a f t e r  a d m i n i s t r a t i o n  o f  5-HTP i n  the  

p a t i e n t s  and c o n c e n t r a t i o n  In  th e  p a t i e n t s  were s i g n i f i 

c a n t l y  lower than  co r r e s p o n d in g  c o n t r o l  c o n c e n t r a t i o n s  a t  

40 and 50 minu tes  (P<0 .05) .

Plasma p r o l a c t i n  / (F ig ,  15,111)

Basa l  hPRL c o n c e n t r a t i o n s  were s i m i l a r  i n  b o th  

p a t i e n t s  and c o n t r o l s .  In  b o t h  groups  o f  s u b j e c t s  hPRL 

c o n c e n t r a t i o n s  i n c r e a s e d  a f t e r  a d m i n i s t r a t i o n  o f  5-HTP. 

The c o n c e n t r a t i o n  o f  hPRL i n  the  p a t i e n t s  reached  a peak 

l e v e l  e a r l i e r  and were s i g n i f i c a n t l y  g r e a t e r  than  c o n t r o l  

c o n c e n t r a t i o n s  a t  30 and 40 minu tes  (P<0.05 and 0 .01  

r e s p e c t i v e l y ) ,
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FIG. 1 5 . XII  Plasma hGH and hPRL c o n c e n t r a t i o n s  

Cmu/1, mean -  S .E.M.) b e f o r e  and 

a f t e r  the  a d m i n i s t r a t i o n  of  

S -h y d ro x y -L - t ry p to p h a n  i n  s i x  

p a t i e n t s  w i t h  H u n t i n g t o n ' s  chorea

Co———#) and i n  f i v e  normal c o n t r o l  

s u b j e c t s
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DISCUSSION

Basal  hPRL and hGH c o n c e n t r a t i o n s  have been  r e p o r t e d  

to  be e l e v a t e d  i n  p a t i e n t s  w i th  H u n t in g t o n ’s cho rea  (Caine,  

K a r t a i n e l ,  E b e r t  and C a r t e r ,  1977; C a ra c e n i ,  P a n e r a i ,

P a r a t i ,  Cocchi  and M u l le r ,  1977; P h i l l i p s o n  and B i rd ,  1976).

In  the  p r e s e n t  i n v e s t i g a t i o n  t h e r e  was no ev idence  o f  i n c r e a s e d  

b a s a l  hPRL c o n c e n t r a t i o n s  i n  the  p a t i e n t s  and hGH c o n c e n t r a t i o n s  

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

c l o n i d i n e  and,  a l th o u g h  t h e r e  was ev idence  f o r  s i g n i f i c a n t l y  

g r e a t e r  hGH c o n c e n t r a t i o n s  b e f o r e  the  a d m i n i s t r a t i o n  o f  5-HTP, 

the  c o n c e n t r a t i o n s  i n  the  p a t i e n t s  were w i t h i n  the  range  of  

b a s a l  c o n c e n t r a t i o n s  found i n  normal s u b j e c t s .

Growth hormone r e l e a s e  i n  r e s p o n s e  to the i n f u s i o n  of  

c l o n i d i n e  was a p p a r e n t l y  a b s e n t  i n  the  p a t i e n t s  i n  the  p r e s e n t  

i n v e s t i g a t i o n .  The p a t i e n t s  had no t  r e c e iv e d  t r e a t m e n t  w i th  

p h e n o t h i a z i n e  drugs and the  absence  o f  an hGH re sponse  was n o t  

t h e r e f o r e  r e l a t e d  to the b l o c k i n g  e f f e c t s  of  t h e se  drugs on 

n o r a d r e n e r g i c  r e c e p t o r s  fS ourkes ,  1975).  I t  i s  p o s s i b l e  t h a t  

the  dose of  c l o n i d i n e  a d m in i s t e r e d  was i n s u f f i c i e n t  to produce  

a r e sponse  i n  the  p a t i e n t s  b u t  t h i s  seems un l ike ly  as the  same 

dose produced  s i g n i f i c a n t  e l e v a t i o n  of  hGH i n  c o n t r o l s  and 

produced  a s i m i l a r  s u p p r e s s i o n  o f  hPRL i n  b o th  p a t i e n t s  and 

c o n t r o l s .  A f u r t h e r  p o s s i b i l i t y  i s  t h a t  t h e r e  may be d e c re a se d  

s e n s i t i v i t y  of  h y p o th a lam ic  n o r a d r e n e r g i c  r e c e p t o r s  s t i m u l a t i n g
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hGH r e l e a s e .  However, the  p r e s e n t  i n v e s t i g a t i o n s  on the  

e f f e c t s  of  c l o n i d i n e  i n v o lv e d  on ly  f o u r  p a t i e n t s  and f u r t h e r  

i n v e s t i g a t i o n s  w i l l  be r e q u i r e d  to conf i rm  the  p r e s e n t  

o b s e r v a t i o n s .

P a t i e n t s  w i t h  H u n t in g t o n ’ s cho rea  have been r e p o r t e d  to 

have e l e v a t e d  r e s t i n g  FFA c o n c e n t r a t i o n s  ( P h i l l i p s o n  and B i rd ,  

1977; Chapter  14) .  Basa l  FFA c o n c e n t r a t i o n s  were r a i s e d  i n  

the  p a t i e n t s  i n  the  p r e s e n t  s tu d y  b u t  d e c re ase d  p r o g r e s s i v e l y  

f o l lo w in g  the  i n f u s i o n  o f  c l o n i d i n e .  U r ina ry  ca techo lam ine  

e x c r e t i o n  has  been  r e p o r t e d  to be reduced  by c l o n i d i n e  

(Hed e la n d ,  Dymling and H o k f e l t ,  1971) and the f a l l  i n  FFA 

c o n c e n t r a t i o n s  i n  the  p a t i e n t s  i n  the  p r e s e n t  i n v e s t i g a t i o n  

may be due to a d e c r e a s e  i n  c i r c u l a t i n g  ca techo lam ine  concen

t r a t i o n s  as ca tech o lam in e s  a r e  known to  promote l i p o l y s i s  

(Havel and G o ld f i e n ,  1959).

Ora l  a d m i n i s t r a t i o n  o f  5’̂ HTP (50-100 mg) i n  p a t i e n t s  w i th  

the  d i s o r d e r  i s  r e p o r t e d  to  produce  marked e x a c e r b a t i o n  o f  

motor symptoms (Lee,  Markham and C la rk ,  1968).  Th is  s u g g e s t s  

t h a t  s e r o t o n i n  may be in v o lv e d  in  the  p r o d u c t i o n  o f  cho rea  

a l th o u g h  the p o s s i b i l i t y  t h a t  the  e f f e c t  of  5-HTP on ch o rea  i s  

r e l a t e d  to r e l e a s e  of  dopamine cannot  be exc luded  as adm in is 

t r a t i o n  of  5-HTP to an imals  i s  known to r e l e a s e  dopamine from 

dopam inerg ic  neurones  (Fuxe,  Butcher  and Enge l ,  1971).  The
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e l e v a t i o n  o f  hPRL c o n c e n t r a t i o n s  i n  r e sponse  to 5-HTP in  

the  p r e s e n t  i n v e s t i g a t i o n  does n o t  s u g g e s t  t h a t  5-HTP r e l e a s e d  

dopamine as dopamine i s  known to i n h i b i t  hPRL r e l e a s e  (Zacur 

e t  a l . ,  1976).  In the  p a t i e n t s  in t r a v e n o u s  5-HTP produced  

a g r e a t e r  e l e v a t i o n  of  hPRL l e v e l s  b u t  th e re  was no s i g n i f i c a n t  

hGH re s p o n s e .  This  f i n d i n g  o f  a g r e a t e r  hPRL re sponse  i s  n o t  

c o n s i s t e n t  w i t h  the  r e p o r t  o f  a de lay ed  r i s e  i n  hPRL concen

t r a t i o n s  fo l l o w i n g  i n t r a m u s c u l a r  i n j e c t i o n  of  ch lo rp rom azine  

i n  p a t i e n t s  w i th  the  d i s o r d e r ,  (Hayden, V in ic h ,  Paul  and 

B eigh ton ,  1977).  Hayden and co-workers  s u g g es ted  t h a t  the 

de layed  r i s e  i n  hPRL may be r e l a t e d  to i n c r e a s e d  s e n s i t i v i t y  

of  dopaminerg ic  i n h i b i t o r y  i n f l u e n c e s  on hPRL r e l e a s e  whereas 

the  p r e s e n t  o b s e r v a t i o n  of  a g r e a t e r  hPRL re sponse  to 5-HTP 

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

r e c e t p o r s  s t i m u l a t i n g  hPRL r e l e a s e .  The absence o f  an hGH 

re sponse  to  5-HTP in  th e  p a t i e n t s  may have been  due to  p r e v io u s  

t r e a t m e n t  w i t h  p h e n o t h i a z i n e  drugs  as t h e s e  drugs  a re  known 

to b lo c k  s e r o t o n e r g i c  r e c e p t o r s  (Forham and S t a c h u ra ,  1975).  

H o w e v e r , a n  e l e v a t i o n  o f  hPRL c o n c e n t r a t i o n s  was p r e s e n t  i n  a l l  

the p a t i e n t s  and the p a t i e n t s  had n o t  r e c e iv e d  any m e d ic a t io n  

f o r  72 hours  p r i o r  to the i n v e s t i g a t i o n .  In a d d i t i o n ,  

p h e n o t h i a z i n e s  a re  known to  e l e v a t e  hPRL c o n c e n t r a t i o n s  

fBeumont e t  a l . ,  1974; M e l t z e r  e t  a l . ,  1976) and th e  absence  of
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r a i s e d  hPRL c o n c e n t r a t i o n s  i n  the p a t i e n t s  b e f o r e  5-HTP 

a d m i n i s t r a t i o n  s u g g e s t s  t h a t  t h e r e  was no b lo c k in g  e f f e c t  

o f  p h e n o t h i a z i n e s  on dopamine r e c e p t o r s  72 hours  a f t e r  

w i thd raw a l  of  m e d ic a t io n .

The p r e s e n t  i n v e s t i g a t i o n s  d id  no t  dem ons t ra te  any 

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

s t i m u l a t i n g  hGH r e l e a s e  i n  p a t i e n t s  w i th  H u n t in g t o n ’ s chorea ,  

However, the p r e s e n c e  of  a  g r e a t e r  hPRL re sponse  to 5-HTP 

a d m i n i s t r a t i o n  does s u g g e s t  t h a t  t h e r e  may be enhanced 

r e s p o n s iv e n e s s  of  s e r o t o n e r g i c  r e c e p t o r s  s t i m u l a t i n g  hPRL 

r e l e a s e  and this-  r e s u l t  m e r i t s  f u r t h e r  i n v e s t i g a t i o n  of  hPRL 

res p o n s es  i n  p a t i e n t s  w i t h  the  d i s o r d e r .

- J O



SUMMARY

1. N o ra d re n e rg ic  and s e r o t o n e r g i c  r e g u l a t i o n  o f  hGE and 

hPRL r e l e a s e  was i n v e s t i g a t e d  i n  p a t i e n t s  w i th  

H u n t in g t o n ' s  chorea  by examining hGH and hPRL concen

t r a t i o n s  a f t e r  the 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  of. 

c l o n i d i n e  (0 ,1  mg) and 5 -h y d ro x y -L - t ry p to p h an  (.20 mg) 

on two s e p a r a t e  o c c a s i o n s .

2. Basa l  c o n c e n t r a t i o n s  o f  b o th  hGH and hPRL were s i m i l a r  

i n  b o th  the  p a t i e n t s  and c o n t r o l s  on the two o c c a s i o n s ,

3. I n t r av e n o u s  c l o n i d i n e  produced  a s i g n i f i c a n t  r i s e  i n  hGH 

and a s i g n i f i c a n t  f a l l  i n  hPRL c o n c e n t r a t i o n s  i n  c o n t r o l s .  

In  the  p a t i e n t s ,  the  hGH re sponse  was absen t  a l th o u g h  

hPRL c o n c e n t r a t i o n s  showed a s i m i l a r  s u p p re s s io n  to 

c o n t r o l s .  In a d d i t i o n ,  b a s a l  FFA c o n c e n t r a t i o n s  were 

e l e v a t e d  i n  the p a t i e n t s  and d e c re a s e d  p r o g r e s s i v e l y  a f t e r  

the  a d m i n i s t r a t i o n  o f  c l o n i d i n e .

4. C o n c e n t r a t i o n s  of  b o th  hGH and hPRL in c r e a s e d  s i g n i f i c a n t l y  

a f t e r  t h e  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  of  5-HTP in  the  

c o n t r o l s .  In  the  p a t i e n t s  hGH c o n c e n t r a t i o n s  were 

s i g n i f i c a n t l y  lower than c o n t r o l s  and the  r i s e  i n  hPRL

was g r e a t e r  than c o n t r o l s  a f t e r  in t r a v e n o u s  5-HTP,
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5. The r e s u l t s  d id  n o t  d em o n s t r a te  any h y p e r s e n s i t i v i t y  

o f  n o r a d r e n e r g i c  o r  s e r o t o n e r g i c  r e c e p t o r s  

s t i m u l a t i n g  hGH r e l e a s e  a l t h o u g h  the  g r e a t e r  hPRL 

re sponse  to  5-HTP a d m i n i s t r a t i o n  s u g g es t s  t h a t  t h e r e  

may be enhanced r e s p o n s iv e n e s s  o f  s e r o t o n e r g i c  

r e c e p t o r s  s t i m u l a t i n g  hPRL r e l e a s e  i n  p a t i e n t s  w i th  

H u n t in g t o n ’ s chorea .
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CHAPTER 16

GENERAL DISCUSSION AND SUGGESTIONS FOR 

FURTHER INVESTIGATION



The s t u d i e s  p r e s e n t e d  i n  t h i s  t h e s i s  a l l  i n v o lv e  

a s p e c t s  o f  the r e g u l a t i o n  of  hGH and hPRL r e l e a s e .  The 

f i r s t  two s e c t i o n s  d e s c r i b e  s t u d i e s  o f  the e f f e c t s  of  

d ip h e n y Ih y d a n to in  and a l c o h o l  and in c lu d e  o b s e r v a t i o n s  on 

the  a c t i o n  of  t h e se  drugs on the  r e l e a s e  o f  a n t e r i o r -  

p i t u i t a r y  hormones. I n  t h e  t h i r d  s e c t i o n  hypo tha lam ic  

r e g u l a t i o n  o f  hGH and hPRL r e l e a s e  was i n v e s t i g a t e d  and 

methods developed  f o r  the  s tudy  of  neu ro en d o c r in e  

re s p o n s es  i n  p a t i e n t s .

The s t u d i e s  o f  th e  e f f e c t s  o f  d ip h e n y Ih y d a n to in  

s u g g e s t  t h a t  t h i s  drug p o t e n t i a t e s  hGH re sponses  to 

e x e r c i s e  and the  p o s s i b i l i t y  t h a t  t h i s  i n v o l v e s  an a c t i o n  

on s e r o t o n e r g i c  hGH r e l e a s e  mechanisms m e r i t s  f u r t h e r  

i n v e s t i g a t i o n .  The g r e a t e r  l e v e l s  of  FFA, g l y c e r o l  and 

k e to n es  a f t e r  e x e r c i s e  w i th  DPI! s u g g e s t  t h a t  DPH produced  

de layed  r e - e s t e r i f i c a t i o n  of  FFA and the p o s s i b i l i t y  t h a t  

t h i s  i s  due to im pa i red  i n s u l i n  r e l e a s e  r e q u i r e s  f u r t h e r  

i n v e s t i g a t i o n .  S tu d ie s  of  g lu c o se  lo a d in g  dem ons t ra ted  

a sm a l l  impairment i n  g lu c o se  t o l e r a n c e  and i n s u l i n  r e l e a s e  

i n  e p i l e p t i c s  r e c e i v i n g  long term t r e a tm e n t  w i th  DPH This 

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

and f u r t h e r  i n v e s t i g a t i o n  of  a l a r g e r  group o f  p a t i e n t s  i s  

i n d i c a t e d .  Basa l  growth hormone c o n c e n t r a t i o n s  i n  the
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e p i l e p t i c s  were s i m i l a r  to c o n t r o l s  and showed the  normal 

s u p p r e s s i o n  f o l l o w in g  g lu c o se  l o a d in g .  These o b s e r v a t i o n s  

s u g g e s t  t h a t  the  enhanced hGE response  to e x e r c i s e  i n  

normal s u b j e c t s  i s  an e f f e c t  of  acu te  DPE t r e a tm e n t  and 

t h a t  long term t r e a t m e n t  i s  n o t  a s s o c i a t e d  w i t h  i n c r e a s e d  

b a s a l  hGH c o n c e n t r a t i o n s .

The e f f e c t  of  a l c o h o l  on hGH and hPRL c o n c e n t r a t i o n s  

was i n v e s t i g a t e d  to de te rm ine  i f  a l c o h o l  a l t e r e d  h y p o th a la m ic /  

p i t u i t a r y  f u n c t i o n .  Alcohol  had no e f f e c t  on b a s a l  hGH 

o r  hPRL. c o n c e n t r a t i o n s  a l th o u g h  t h i s  may be due to  the 

r e l a t i v e l y  low dose of  a l c o h o l  used i n  t h e se  s t u d i e s .

However, s t u d i e s  d u r in g  e x e r c i s e  d id  dem ons t ra te  t h a t  

a l c o h o l  enhances the  hGH re sponse  to e x e r c i s e .  F u r t h e r  

i n v e s t i g a t i o n  o f  the  e f f e c t  o f  a l c o h o l  on o t h e r  hGH responses  

i s  i n d i c a t e d  as the  mechanism of  t h i s  a c t i o n  of  a l c o h o l  i s  

unknown. Moderate doses o f  a l c o h o l  have been  r e p o r t e d  to 

have a r e s e r p i n e  l i k e  a c t i o n  i n  d i s p l a c i n g  ca techo lam ines  

from i n t r a c e l l u l a r  s i t e s  i n  the  nervous  sys tem ( R i t c h i e ,

1966),  Such an a c t i o n  would be c o n s i s t e n t  w i th  the 

o b s e r v a t i o n  of  a g r e a t e r  hGH response  to  e x e r c i s e  and w i th  

the  r e p o r t  t h a t  a l c o h o l  e l e v a t e s  hGH i n  normal s u b j e c t s  

( B e l l e t  e t  a l . ,  1970),  However, the  hGH re sp o n se  to a r g i n i n e
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i n f u s i o n  has been  r e p o r t e d  to be impaired  by a l c o h o l  

(Tamburrano e t  a l . ,  1976).  The p o s s i b i l i t y  t h a t  the 

d i f f e r e n t  e f f e c t  o f  a l c o h o l  on the  hGH re sponses  to 

e x e r c i s e  and a r g i n i n e  i n f u s i o n  i s  r e l a t e d  to d i f f e r e n t  

hypo tha lam ic  r e g u l a t i o n  of  t h e s e  re sponses  r e q u i r e s  

f u r t h e r  i n v e s t i g a t i o n .

In an a t t e m p t  to examine f u r t h e r  the  e f f e c t  o f  a l c o h o l  

on h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n ,  hGH and hPRL r e l e a s e  

was examined i n  p a t i e n t s  w i t h  a p r o g r e s s i v e  a l c o h o l  problem. 

The r e s u l t s  d em o n s t r a te  t h a t  t h e r e  i s  im pa i red  r e l e a s e  of  

hGH i n  re sponse  to  e x e r c i s e  and i n s u l i n  hypoglycaemia i n  

some a l c o h o l i s  and e x am in a t io n  of  the  p a t i e n t s ’ r e c e n t  

c l i n i c a l  h i s t o r y  s u g g e s te d  t h a t  t h i s  impairment may be 

r e l a t e d  to the  development o f  a l c o h o l  w i thd raw a l  syndrome. 

The r  e c e n t  r e p o r t  t h a t  th e  TSH response  to TRH i s  im pa i red  

i n  some a l c o h o l i c s  d u r in g  w i thd raw a l  (Loosen and P range ,  

1977) i s  c o n s i s t e n t  w i t h  the  s u g g e s t io n  t h a t  t h e r e  may be 

a g e n e r a l  impairment o f  r e l e a s e  of p i t u i t a r y  hormones i n  

a l c o h o l  w i th d ra w a l  a l t h o u g h  f u r t h e r  i n v e s t i g a t i o n  i s  

r e q u i r e d .  The p o s s i b i l i t y  t h a t  im paired  r e l e a s e  of 

p i t u i t a r y  hormones d u r in g  a l c o h o l  w i thd raw a l  i s  r e l a t e d  

to an a l t e r a t i o n  o f  h y p o th a lam ic  r e g u l a t i n g  mechanisms 

m e r i t s  f u r t h e r  i n v e s t i g a t i o n  as such s t u d i e s  may have 

im p o r ta n t  i m p l i c a t i o n s  f o r  the  u n d e r s t a n d in g  o f  a l c o h o l
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dépendance and the  t r e a tm e n t  of  a l co h o l i s m .

The s u g g e s t i o n  t h a t  b o t h  DPR and a l c o h o l  e x e r t  an 

e f f e c t  on h y p o t h a l a m i c / p i t u i t a r y  f u n c t i o n  could  be f u r t h e r  

i n v e s t i g a t e d  u s in g  the  v a r io u s  methods d e s c r i b e d  i n  the 

s t u d i e s  p r e s e n t e d  i n  S e c t io n  I I I  of  t h i s  t h e s i s .  These 

s t u d i e s  add f u r t h e r  s u p p o r t  to the ev idence  s u g g e s t in g  

t h a t  hGH and hPRL r e l e a s e  i s  i n f l u e n c e d  by hypo tha lam ic  

dopam inerg ic ,  n o r a d r e n e r g i c  and s e r o t o n e r g i c  r e c e p t o r s .  

S tu d ie s  w i t h  the dopamine r e c e p t o r  a g o n i s t ,  b r o m o c r i p t i n e ,  

dem ons t ra ted  an e l e v a t i o n  of hGH i n  normal s u b j e c t s  and a 

s u p p r e s s i o n  of  hGH and hPRL c o n c e n t r a t i o n s  i n  acromegaly.

The r e s u l t s  conf i rm  o t h e r  p u b l i s h e d  f i n d i n g s  and s u p p o r t  

the  s u g g e s t i o n  t h a t  b r o m o c r i p t i n e  may be of  v a l u e  i n  the 

t r e a tm e n t  of  ac romegaly and i n  the  i n v e s t i g a t i o n  of
I

dopaminerg ic  r e g u l a t i o n  o f  hGH and hPRL r e l e a s e .

S tu d ie s  o f  the  e f f e c t s  o f  the  p h e n o t h i a z i n e  d e r i v a t i v e ,  

f l u p h e n a z i n e , dem ons t ra te  t h a t  t h i s  drug e l e v a t e s  hPRL 

c o n c e n t r a t i o n s ,  enhances the  hPRL response  to hypoglycaemia  

and im pa i r s  the hGH r e s p o n s e  to t h i s  s t i m u l u s .  The p r e s e n c e  

o f  i n c r e a s e d  b a s a l  hPRL a f t e r  t r e a tm e n t  w i th  f l u p h e n a z in e  

su g g e s t s  t h a t  t h i s  drug b loc ks  d o p a m i n e r g i c . i n h i b i t o r y  

i n f l u e n c e s  on hPRL r e l e a s e .  The im pai red  hGH re sp o n se  may
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be due,  a t  l e a s t  i n  p a r t ,  to the  b lockade  of  dopaminerg ic  

r e c e p t o r s  b u t  the  c o n t r i b u t i o n  to  t h i s  impairment  by 

b lockade  of  n o r a d r e n e r g i c  and s e r o t o n e r g i c  r e c e p t o r s  

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The marked v a r i a t i o n  

i n  hPRL c o n c e n t r a t i o n s  i n  i n d i v i d u a l  p a t i e n t s  r e c e i v i n g  

the  same dose o f  f l u p h e n a z in e  m e r i t s  f u r t h e r  i n v e s t i g a t i o n  

i n  r e l a t i o n  to i n d i v i d u a l  v a r i a t i o n  i n  the  me tabo l i sm of 

f lu p h e n a z in e  and to the  s e n s i t i v i t y  of  dopaminerg ic  

r e c e p t o r s  to p h e n o t h i a z i n e s  i n  i n d i v i d u a l  p a t i e n t s .  This  

l a t t e r  p o s s i b l e  sou rce  of  v a r i a t i o n  may be of  p a r t i c u l a r  

s i g n i f i c a n c e  as p a t i e n t s  who dem ons t ra te  the  g r e a t e s t  

i n c r e a s e s  i n  hPRL fo l lo w in g  p h e n o t h i a z i n e  a d m i n i s t r a t i o n  

may be more s e n s i t i v e  to the  b lo c k in g  e f f e c t s  o f  th e se  

drugs on dopam inerg ic  r e c e p c o r s  and may a l s o  be more l i k e l y  

to develop  e x t r a p y r a m i d a l  symptoms. F u r t h e r  i n v e s t i g a t i o n  

o f  t h e  r e l a t i o n s h i p  between hPRL c o n c e n t r a t i o n s  and the 

development of  e x t r a p y r a m i d a l  s i d e  e f f e c t s  would be of  

va lu e  i n  i n v e s t i g a t i n g  t h i s  p o s s i b i l i t y .

The a d m i n i s t r a t i o n  o f  c l o n i d i n e ,  a n o r a d r e n a l i n e  

r e c e p t o r  a g o n i s t ,  p roduced  s i g n i f i c a n t  e l e v a t i o n  o f  hGH 

and su p p re s se d  hPRL l e v e l s  i n  normal s u b j e c t s .  These 

o b s e r v a t i o n s  con f i rm  the s u g g e s t i o n  t h a t  n o r a d r e n e r g i c  

r e c e p t o r s  s t i m u l a t e  hGH r e l e a s e  and ex tend  to  man the

163



o b s e r v a t i o n  made i n  an imals  t h a t  hypo tha lam ic  n o r a d r e n e r g i c  

r e c e p t o r s  i n h i b i t  hPRL r e l e a s e .  This  ev idence  f o r  the  

invo lvement of n o r a d r e n e r g i c  r e c e p t o r s  i n  r e g u l a t i n g  

n eu ro e n d o c r in e  r e s p o n s e s  i n d i c a t e s  t h a t  the e f f e c t s  o f  

n o n - s p e c i f i c  drugs  and p r e c u r s o r s ,  f o r  example,  p h e n o t h i a z i n e s  

and L-dopa,  canno t  be  i n t e r p r e t e d  as i n v o l v in g  a s p e c i f i c  

a c t i o n  on dopaminerg ic  r e c e p t o r s .  A d m i n i s t r a t i o n  of 

5 -h y d ro x y -L - t ry p to p h a n  produced  s i g n i f i c a n t  e l e v a t i o n  of 

b o th  hGE and hPRL c o n c e n t r a t i o n s  i n  normal s u b j e c t s  and 

d em ons t ra te  s e r o t o n e r g i c  involvement i n  the r e g u l a t i o n  of 

hGH and hPRL r e l e a s e .

The r e l e a s e  o r  i n h i b i t i o n  o f  a n t e r i o r - p i t u i t a r y  hormones 

by hypo tha lam ic  c a t e c h o l a m i n e r g i c  o r  s e r o t o n e r g i c  r e c e p t o r s  

may be m ed ia ted  by the r e l e a s e  o f  p e p t i d e  t r o p h i c  hormones 

which  a c t  on a n t e r i o r - p i t u i t a r y  c e l l s .  This  a s p e c t  of  the 

r e g u l a t i o n  of  hormone r e l e a s e  was s t u d i e d  by i n v e s t i g a t i n g  

the e f f e c t  o f  s o m a t o s t a t i n  on hGH and hPRL r e l e a s e  i n  re sponse  

to  e x e r c i s e  i n  normal  s u b j e c t s .  I n f u s i o n  of  s o m a t o s t a t i n  

p roduced  comple te  s u p p r e s s i o n  of  the hGH re sponse  to  

e x e r c i s e  con f i rm ing  the  g rowth  hormone r e l e a s e  i n h i b i t i n g  

p r o p e r t i e s  of  t h i s  p e p t i d e .  S o m a t o s t a t i n  had no e f f e c t  on 

hPRL r e l e a s e  b u t  d id  produce  g r e a t e r  s u p p r e s s i o n  of  i n s u l i n  

c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  and a l s o  s u p p re s se d  the
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glucagon  re s p o n s e  to e x e r c i s e .  Decreased  g lucose  

c o n c e n t r a t i o n s  were obse rved  d u r in g  the i n f u s i o n  of  

s o m a t o s t a t i n  s u g g e s t i n g  t h a t  the  s u p p r e s s i o n  o f  g lucagon  

l e v e l s  l e d  to d e c re a s e d  h e p a t i c  g lucose  p ro d u c t i o n .

These e f f e c t s  on i n s u l i n ,  glucagon and g lucose  a r e  

c o n s i s t e n t  w i t h  the  r e p o r t s  o f  o t h e r  i n v e s t i g a t o r s .  The 

s u p p r e s s i o n  of  the hGH re s p o n s e  d id  n o t  appea r  to a l t e r  FFA 

o r  g l y c e r o l  c o n c e n t r a t i o n s  d u r in g  e x e r c i s e  s u g g e s t in g  t h a t  

hGH does n o t  p l a y  an i m p o r t a n t  r o l e  i n  the  m o b i l i s a t i o n  of  

f a t  d u r in g  e x e r c i s e .  The p o s s i b i l i t y  t h a t  the rebound 

r i s e  i n  hGH c o n c e n t r a t i o n s  a f t e r  com ple t ion  of  the 

s o m a t o s t a t i n  was due to  hypoglycaemia  du r ing  the  i n f u s i o n  

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n ,

H u n t i n g t o n ' s  chorea  i s  a d e g e n e r a t i v e  d i s o r d e r  o f  the 

c e n t r a l  ne rvous  sys tem.  N e u r o p a th o l o g ic a l  invo lvement 

of  the hypotha lamus has  been  dem ons t ra ted  i n  t h i s  d i s o r d e r  

(Bruyn,  1968; Bruyn,  1973) and p a t i e n t s  have been  r e p o r t e d  

to have an e a r l i e r  r e l e a s e  o f  hGH i n  re sponse  to i n s u l i n  

induced  hypoglycaemia (Keogh e t  a l . ,  1976; P h i l l i p s o n  and 

B i rd ,  1976).  This  e a r l i e r  r e l e a s e  o f  hGH fo l lo w in g  

hypoglycaemia  was conf irmed  i n  s t u d i e s  p r e s e n t e d  i n  t h i s  

t h e s i s  a n d  i t  appea rs  t h a t  the p re s e n c e  o f  t h i s  a l t e r e d  hGH
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re sponse  may be of  v a lu e  i n  the  d ia g n o s i s  of  H u n t in g t o n ' s  

chorea .  In  o r d e r  to i n v e s t i g a t e  i f  the e a r l i e r  hGH re sp o n se  

to hypoglycaemia  was r e l a t e d  to a l t e r e d  s e n s i t i v i t y  o f  

hypo tha lam ic  dopam inerg ic ,  n o r a d r e n e r g i c  o r  s e r o t o n e r g i c  

r e c e p t o r s  s t i m u l a t i n g  hGH r e l e a s e ,  the hGH and hPRL 

re sponses  to b r o m o c r i p t i n e ,  c l o n i d i n e  and 5 -hydroxy-L-  

t ry p to p h a n  were s t u d i e d  i n  p a t i e n t s  w i th  the d i s o r d e r .

S tu d ie s  w i th  b r o m o c r i p t i n e  dem ons t ra ted  a s i g n i f i c a n t l y  

im pa i red  hGH re sponse  s u g g e s t i n g  t h a t  hypo tha lam ic  dopam

i n e r g i c  r e c e p t o r s  may have reduced  s e n s i t i v i t y  or  t h a t  t h e r e  

i s  im pa i red  s t o r a g e  o r  r e l e a s e  of  dopamine from p r e s y n a p t i c  

n e u ro n e s .  A d m i n i s t r a t i o n  of  c l o n i d i n e  a l s o  demonstrated,  a 

s i g n i f i c a n t l y  im pa i red  hGH re s p o n s e .  However, the  s t u d i e s  

w i th  c l o n i d i n e  in v o lv e d  only  f o u r  s u b j e c t s  and f u r t h e r  

i n v e s t i g a t i o n  i s  r e q u i r e d  to conf i rm  th e s e  f i n d i n g s .  

In t r av e n o u s  a d m i n i s t r a t i o n  o f  5 -h y d ro x y -L - t ry p to p h a n  f a i l e d  

to  p r o d u c e  a s i g n i f i c a n t  hGH re sp o n se  i n  p a t i e n t s  w i th  the 

d i s o r d e r  a l th o u g h  the  hPRL re s p o n s e  was s i g n i f i c a n t l y  g r e a t e r  

than  c o n t r o l s .  Taken t o g e t h e r ,  t h e se  r e s u l t s  do n o t  

p ro v id e  any ev idence  o f  i n c r e a s e d  s e n s i t i v i t y  of  dopam inerg ic ,  

n o r a d r e n e r g i c  o r  s e r o t o n e r g i c  r e c e p t o r s  s t i m u l a t i n g  hGH 

r e l e a s e  i n  p a t i e n t s  w i th  H u n t i n g t o n ' s  chorea .  The p r e s e n c e
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of  s i g n i f i c a n t l y  reduced  hGH responses  to b r o m o c r i p t i n e ,  

c l o n i d i n e  and 5-HTP r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  The 

p re s e n c e  o f  a g r e a t e r  hPRL re sp o n se  to 5-HTP a d m i n i s t r a t i o n  

s u g g e s t s  t h a t  t h e r e  i s  enhanced r e s p o n s iv e n e s s  of  s e r o t o 

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

i n v e s t i g a t i o n  o f  hPRL r e l e a s e  i n  p a t i e n t s  w i t h  the d i s o r d e r  

a re  i n d i c a t e d ,  A major  problem a s s o c i a t e d  the  i n v e s t i g a t i o n  

o f  n e u ro e n d o c r in e  r e s p o n s e s  i n  p a t i e n t s  w i th  H u n t in g t o n ' s  

chorea  i s  the w id es p read  use  o f  n e u r o l e p t i c  drugs  i n  the 

t r e a tm e n t  of  t h i s  d i s o r d e r .  I t  i s  g e n e r a l l y  supposed t h a t  

w i thd raw a l  o f  p h e n o t h i a z i n e  drugs leads  to i n c r e a s e d  

s e n s i t i v i t y  of  r e c e p t o r s  which  a r e  a f f e c t e d  by the  b lo c k in g  

a c t i o n  of  t h e s e  d rugs .  The e x t e n t  to which  the s e n s i t i v i t y  

o f  hypo tha lam ic  r e c e p t o r s  r e g u l a t i n g  hGH and hPRL r e l e a s e  i s  

a l t e r e d  f o l lo w in g  w i th d ra w a l  o f  p h e n o t h i a z i n e s  r e q u i r e s  

f u r t h e r  i n v e s t i g a t i o n .  F u r t h e r  s t u d i e s  o f  hypo tha lam ic  

r e g u l a t i o n  of a n t e r i o r - p i t u i t a r y  hormone r e l e a s e  i n  p a t i e n t s  

w i th  H u n t in g t o n ' s  chorea  may be o f  va lue  i n  i d e n t i f y i n g  

a l t e r a t i o n s  of  h y po tha lam ic  n e u r a l  f u n c t i o n  i n  t h i s  d i s o r d e r .
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