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A b s t r a c t

THE ROLE OF cAMP IN CARBOHYDRATE METABOLISM: AN ATTEMPT TO

ELUCIDATE THE METABOLIC DEFECT AND THE INHERITANCE PATTERN OF

DIABETES MELLITUS

by

A l i c e  J a n e  M ic h a e l s  Wolf 

A d v i s e r :  P r o f e s s o r  K ur t  H i r s c h h o r n

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

p o l y g e n i c ,  bu t  t o  d a t e  t h e  g e n e t i c s  o f  t h e  d i s e a s e  a s  w e l l  a s  t h e  

b a s i c  m e ta b o l i c  d e f e c t s  a r e  p o o r l y  u n d e r s t o o d .  T h i s  i s  due ,  i n  p a r t ,  

t o  a v a r i e d  gene e x p r e s s i v i t y  w h ich  i s  r e l a t e d  t o  i l l - d e f i n e d  i n t e r a c t i o n s  

w i t h  e n v i ro n m e n ta l  f a c t o r s ,  such  a s  a g e i n g ,  d i e t  and neu rohormonal  

r e a c t i o n s .  An i n  v i t r o  sy s tem  c o u l d  t h e r e f o r e  be  u s e f u l  i n  d e l i n e a t i n g  

t h e  b a s i c  b io c h e m ic a l  d e f e c t s  o f  t h i s  d i s e a s e .  F i b r o b l a s t  c u l t u r e s  

d e r i v e d  from s k i n  b i o p s i e s  a r e  e m i n e n t l y  s u i t a b l e  f o r  such  a s t u d y  of  

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

s e v e r a l  g e n e r a t i o n s  removed from t h e  neurohorm ona l  i n f l u e n c e  o f  t h e  

body.

G o l d s t e i n  e t  a l .  (1969)  h a v e  shown t h a t  f i b r o b l a s t s  from p r e ­

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

r e c e n t l y  i t  has  b e e n  d e m o n s t r a t e d  t h a t  c y c l i c  3 ' , 5 ' - a d e n o s i n e  monophosphate 

(cAMP) can  i n h i b i t  c e l l  d i v i s i o n .  T h e r e f o r e ,  i t  may be t h a t  t h e  d e c re a s e d  

p l a t i n g  e f f i c i e n c y  o f  d i a b e t i c  f i b r o b l a s t s  i s  due  t o  abnormal cAMP 

l e v e l s .  I t  has  b e e n  d e m o n s t r a t e d  t h a t  t h e r e  a r e  i n c r e a s e d  l e v e l s  o f
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cAMP i n  a d i p o s e  t i s s u e  and h e p a t i c  c e l l s  d e r i v e d  from d i a b e t i c  s u b j e c t s .

A number o f  i n v e s t i g a t o r s  have shown th e  i m p o r t a n c e  o f  cAMP i n  e p i n e p h ­

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

m e ta b o l i s m .  More r e c e n t l y  Solomon e t  a l .  ( 1 9 7 0 )  have shown d i v e r g e n t  

e f f e c t s  o f  cAMP and i t s  d e r i v a t i v e  d i b u t y r y l  cAMP (DBcAMP) on g l u c o s e  

o x i d a t i o n  o f  f a t  c e l l s .  I have s t u d i e d  t h e  e f f e c t s  o f  t h e s e  compounds 

on a d i p o c y t e s  and have shown t h a t  t h e i r  a c t i o n s  can be m o d i f i e d  by  t h e  

v a r i a t i o n s  i n  a d i p o s e  c e l l  s i z e .

I t  seemed a p p r o p r i a t e  t h e r e f o r e ,  t o  i n v e s t i g a t e  p o s s i b l e  d i f f e r e n c e s  

i n  t h e  cAMP s ys tem  o f  d i a b e t i c s ,  and c o n t r o l  s u b j e c t s  u t i l i z i n g  i n  v i t r o  

s t u d i e s  o f  f i b r o b l a s t s  d e r i v e d  from both  g r o u p s .  D i r e c t  a s s a y  o f  cAMP 

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

i n  t h e  cAMP c o n t e n t  o f  normal and d i a b e t i c  c e l l s  when t r e a t e d  w i t h  

e p i n e p h r i n e - i n s u l i n .  A t te m p ts  were  made t o  d i s c e r n  d i f f e r e n c e s  i n  m e ta ­

b o l i c  f u n c t i o n  o f  t h e  c e l l s  d e r i v e d  from t h e s e  s u b j e c t s .  The e f f e c t s  

o f  a d d i t i o n s  o f  exogenous  cAMP and DBcAMP was a l s o  d e t e r m i n e d .

S i n c e  d i f f e r e n c e s  i n  cAMP had a l r e a d y  b e e n  d e m o n s t r a t e d  i n  f a t  

c e l l s  d e r i v e d  from normal and d i a b e t i c  s u b j e c t s ,  t h e  s t u d i e s  on 

f i b r o b l a s t s  have  been c o r r e l a t e d  w i t h  p a r a l l e l  s t u d i e s  on  a d i p o s e  t i s s u e .

The f o l l o w i n g  methods were used  f o r  t h e s e  s t u d i e s :  cAMP and  a d e n y l

c y c l a s e ^ d e t e r m i n a t i o n s  were  made by th e  r ad io im m unoassay  t e c h n i q u e  o f  

S t e i n e r  e t  a l .  (1969 ) ;  t h e  c e l l s  were  c h a l l e n g e d  w i th  e p i n e p h r i n e  and 

a m i x t u r e  of  e p i n e p h r i n e  and i n s u l i n .  S t u d i e s  o f  s t i m u l a t e d  m e t a b o l i c  

a c t i v i t y  i n c l u d e d  14C0g p r o d u c t i o n  from g l u c o s e - 1 - * 4C02 and  g l y c e r o l  

p r o d u c t i o n .  The f i b r o b l a s t s  were o b t a in e d  w i t h o u t  t r y p s i n i z a t i o n  and 

i n c u b a t e d  f o r  48 h o u r s  i n  E a g l e ' s  minimum e s s e n t i a l  medium w i t h
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p e n i c i l l i n  and s t r e p t o m y c i n .  Some f l a s k s  c o n t a i n e d  cAMP (5  x 1 0 ~ % )  

o r  DBcAMP (1 x 1 0 " % ) .  The  f a t  c e l l s  w e re  f i r s t  i s o l a t e d  by t h e  

method of  R o d b e l l  ( 1 9 6 4 ) ,  and t h e i r  c e l l  s i z e  d e t e r m i n e d  a s  d e s c r i b e d  

by H i r s c h  and G a l l i a n  ( 1 9 6 8 ) .  T h e  c e l l s  w ere  i n c u b a t e d  i n  K reb s -R in g e r  

b i c a r b o n a t e  b u f f e r .

I t  was found in  t h i s  i n v e s t i g a t i o n  t h a t  t h e  cAMP l e v e l  of  f i b r o ­

b l a s t s  o b t a i n e d  from d i a b e t i c  s u b j e c t s  was  much l e s s  r e s p o n s i v e  t o  a 

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

from normal ( c o n t r o l )  s u b j e c t s .  I t  i s  hoped  t h a t  f u r t h e r  s tudy  o f  

t h i s  system may p r o v i d e  much n e e d e d  a d d i t i o n a l  i n f o r m a t i o n  on t h e  b a s i c  

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

d e l i n e a t i o n  o f  t h e  i n h e r i t a n c e  p a t t e r n  o f  t h e  d i s e a s e .
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INTRODUCTION

F or  t h e  c l i n i c i a n ,  d i a b e t e s  m e l l i t u s  i s  p r o b a b l y  t h e  most  

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

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

symptoms have  b een  known f o r  many y e a r s ,  i t s  c a u s e  r em a in s  unknown.

The most  w i d e l y  h e l d  t h e o r y  i s  t h a t  o f  an i n s u f f i c i e n c y  i n  t h e  s e c r e ­

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

R e c e n t l y  C e r a s i  and L u f t  (1970)  found t h a t  i n s u l i n  s e c r e t i o n  was 

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

by a g ly c e m ic  s u b s t a n c e ,  f o l l o w e d  by a s u s t a i n e d  r e l e a s e  p h a s e .  I n  

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

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

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

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

k i d n e y s ,  d e v e l o p s  (M a rb le ,  1967)  which  i n  i t s  e a r l i e r  s t a g e s  can  be 

d e m o n s t r a t e d  i n  t h e  t h i c k e n i n g  o f  t h e  basem en t  membranes o f  s m a l l  b lood  

v e s s e l s .  I n t e r e s t i n g l y ,  more p a t i e n t s  w i t h  a f a m i l y  h i s t o r y  o f  

d i a b e t e s  have  s m a l l  v e s s e l  c o m p l i c a t i o n s  t h a n  t h o s e  w i t h o u t  

(R e in h e im e r  e t  a l . ,  1 9 6 7 ) ,  s u g g e s t i n g  a g e n e t i c  b a s i s .  I n  obese  

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

r e s i s t a n c e ,  on t h e  o t h e r  hand ,  t h e r e  i s  a h i g h  p e r c e n t a g e  o f  l a r g e  

v e s s e l  c o m p l i c a t i o n s .

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

s i n c e  t h e y  e x i s t e d  on a low mean c a l o r i c  i n t a k e  and were  more p h y s i c a l l y  

a c t i v e .  I n  t h e i r  f e a s t  o r  f am ine  e x i s t e n c e  r a p i d  i n s u l i n  s e c r e t i o n  

may have  p r o v i d e d  them w i t h  a d d i t i o n a l  a d i p o s e  r e s e r v e  d u r i n g



t i m e s  o f  s t a r v a t i o n  (N e e l ,  1962) .  F u r t h e r m o re ,  Neel  h y p o t h e s i z e d  t h a t  

e a r l i e r  s o m a t ic  c e l l  m a t u r a t i o n  o f  d i a b e t i c  women c a u s e s  e a r l i e r  

menarche .  A ls o ,  t h e  h i g h e r  b i r t h  w e i g h t s  o f  t h e i r  c h i l d r e n  c o u ld  be 

a d v a n t a g e o u s  when a d e q u a t e  m e d ic a l  c a r e  i s  l a c k i n g .  S t u d i e s  have 

shown t h a t  i n f a n t s  o f  d i a b e t i c  m o th e r s  can  b e t t e r  h a n d l e  g l u c o s e  

l o a d s  t h a n  i n f a n t s  o f  no rm als  (Neel ,  1962) .  T h es e  mechanisms may c r e a t e  

a s l i g h t  i n c r e a s e  i n  t h e  f e r t i l i t y  among d i a b e t i c  women b o th  compen­

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

m a i n t a i n i n g  and i n c r e a s i n g  t h e  gene  f r e q u e n c y ( i e s ) .

In  c e r t a i n  p o p u l a t i o n s  t o d a y  c hange s  i n  e a t i n g  p a t t e r n s  have 

m a rk e d ly  i n c r e a s e d  t h e  p r e v a l e n c e  o f  t h e  d i a b e t i c  p h e n o ty p e .  I t  may 

be such  changes  i n  d i e t a r y  i n t a k e ,  a l o n g  w i t h  im proved  d e t e c t i o n  

methods  and p ro lo n g e d  l i f e s p a n  t h a t  have  r e s u l t e d  i n  t h e  i n c r e a s e d  

f r e q u e n c y  o f  c l i n i c a l  d i a b e t e s  m e l l i t u s  i n  t h e  w o r l d ' s  p o p u l a t i o n .

Whi le t h e  a b i l i t y  t o  c l i n i c a l l y  r e c o g n i z e  d i a b e t e s  i s  w e l l  known, 

i t s  i n h e r i t a n c e  p a t t e r n s  rem ain  u n e s t a b l i s h e d .  For  many y e a r s  i t  was 

c o n s i d e r e d  t h a t  d i a b e t e s  was d e t e rm in e d  by a s i n g l e  a u to s o m a l  r e c e s s i v e  

gene  ( P in c u s  and W hi te ,  1934) .  When i t  became e v i d e n t  t h a t  a l l  c h i l d r e n  

o f  two d i a b e t i c  p a r e n t s  d id  n o t  t h e m s e l v e s  become d i a b e t i c ,  t h e  t h e o r y  

was m o d i f i e d  t o  i n c l u d e  in c o m p le t e  p e n e t r a n c e .  U s in g  s i b s h i p s  

c o n t a i n i n g  j u v e n i l e  d i a b e t i c s  B a r r a i  and Cann (1965)  found s u p p o r t  f o r  

r e c e s s i v e  t r a n s m i s s i o n  by s e g r e g a t i o n  a n a l y s e s .  They d e m o n s t r a t e d  

s e g r e g a t i o n  f r e q u e n c y  f o r  b a c k c r o s s  m a t in g s  a b o u t  t w i c e  t h a t  found i n  

i n t e r c r o s s  m a t in g s ,  p e n e t r a n c e  a s  low a s  25% i n  b o th  m a t in g  g r o u p s ,  and 

a b s e n c e  o f  s p o r a d i c  c a s e s ,  a l l  i n  human f a m i l i e s .  However,  on t h e  

b a s i s  o f  c o n s a n g u i n i t y  s t u d i e s ,  m a r r i a g e s  be tw ee n  two d i a b e t i c s ,  t h e



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

t h e o r y  o f  a n t e p o s i t i o n ,  P av e l  and P i e p t e a  (1968)  p ro p o sed  a dominant  

p a t t e r n  o f  i n h e r i t a n c e .  I n  a d d i t i o n  H a r r i s  (1950)  p roposed  t h e  

t h e o r y  t h a t  j u v e n i l e  d i a b e t i c s  were homozygous f o r  a m u tan t  gene and 

m a t u r i t y  o n s e t  d i a b e t i c s  were  h e t e r o z y g o u s  f o r  t h e  gene.

I t  i s  a p p a r e n t  t h a t  r a t h e r  t h a n  b e i n g  i n h e r i t e d  i n  any  s i n g l e  

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

d i s o r d e r s .  I t  i s  t h u s  d i f f i c u l t  t o  c o n c e i v e  o f  i t  a s  b e i n g  cau s ed  by 

a s i n g l e  gene .  The d i s t r i b u t i o n  o f  b lo o d  g l u c o s e  l e v e l s  do no t  show 

a b i m o d a l i t y  b e tw ee n  t h e  g e n e r a l  p o p u l a t i o n  and d i a b e t i c s  a s  would be 

e x p e c t e d  f o r  a s i n g l e  gene ( N e e l ,  1967) .  As m en t ioned  p r e v i o u s l y ,  no t  

a l l  c h i l d r e n  o f  c o n j u g a l  d i a b e t i c s  become d i a b e t i c .  And w h i l e  i t  i s  

c l e a r  t h a t  t h e  p r e d i s p o s i t i o n  t o  d ev e lo p  d i a b e t e s  i s  g r e a t e r  among 

t h e  s i b s  of  d i a b e t i c s  t h a n  among t h e  g e n e r a l  p o p u l a t i o n ,  t h e  p r e d i s ­

p o s i t i o n  f r e q u e n c i e s  do n o t  f i t  any s i n g l e  g ene  h y p o t h e s i s ,  u n l e s s  

m o d i f y in g  g e n e s  a r e  c o n s i d e r e d  (Simpson,  1962) .  T he re  i s  a marked 

e x c e s s  o f  d i a b e t i c s  among t h e  f i r s t  d e g r e e  r e l a t i v e s  o f  d i a b e t i c s ,  

s u g g e s t i n g  an  a c c u m u l a t i o n  o f  " h i g h  r i s k "  f a c t o r s  (Simpson ,  1964) ,  

and u s i n g  Edw ards '  e q u a t i o n  f o r  r e l a t i v e  f r e q u e n c y  f o r  m u l t i f a c t o r i a l  

i n h e r i t a n c e ,  t h e  d a t a  s u p p o r t  t h i s  h y p o t h e s i s .  I n d e e d ,  a t  t h e  p r e s e n t  

t i m e  many i n v e s t i g a t o r s  a r e  f a v o r i n g  m u l t i f a c t o r i a l  i n h e r i t a n c e  a s  t h e  

most  l i k e l y  h y p o t h e s i s .

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

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

g e n e t i c  and e n v i r o n m e n t a l  f a c t o r s  ( C a r t e r ,  1969) .  R e c e s s i v e  i n h e r i t a n c e  

i s  r u l e d  o u t  b e c a u s e  t h e  i n c i d e n c e  i s  a s  h ig h  i n  s i b s  a s  i n  c h i l d r e n .
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Dominance can  be r u l e d  o u t  b e c a u s e  t h e  i n c i d e n c e  i n  s i b s  i s  i n c r e a s e d

two f o l d  when one p a r e n t  i s  a l s o  d i a b e t i c .  A d d i t i o n a l  s u p p o r t  f o r  a

m u l t i f a c t o r i a l  p a t t e r n  o f  i n h e r i t a n c e  i s  d e r i v e d  by u t i l i z i n g  a method

de v e lo p e d  i n  q u a n t i t a t i v e  g e n e t i c s  f o r  d e a l i n g  w i t h  t h r e s h o l d  c h a r a c t e r s

o o
t e rm e d  h e r i t a b i l i t y  (h ) .  h i s  e s t i m a t e d  from t h e  d e g r e e  o f  r e s e m ­

b l a n c e  be tw een  r e l a t i v e s ,  e x p r e s s i n g  t h e  e x t e n t  t o  w hich  p h e n o t y p e s  

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

c o r r e l a t i o n  o r  r e g r e s s i o n  c o e f f i c i e n t  ( F a l c o n e r ,  1965) .  I f  t h e  

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

D i f f e r e n c e s  due  t o  sex  and age  can  be  i n c o r p o r a t e d  i n t o  t h e s e  e q u a t i o n s .  

F i n a l l y ,  i f  t h e r e  i s  even  one m a jo r  gene  c o n t r i b u t i n g  t o  t h e  d i s e a s e ,  

t h e  a n a l y s i s  b r e a k s  down and can  be o b s e r v e d .

When t h e  t h r e s h o l d s  were  c a l c u l a t e d  f o r  t h e  c o n t r o l  p o p u l a t i o n  

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

f o r  r e l a t i v e s  was e q u i d i s t a n t  from t h e  o t h e r  two t h r e s h o l d s  (Edwards ,  

1 9 7 0 ) ,  s u p p o r t i n g  m u l t i f a c t o r i a l  i n h e r i t a n c e .  I n  a d d i t i o n a l  a n a l y s e s  

o f  d i a b e t i c s  and t h e i r  f i r s t  d e g r e e  r e l a t i v e s ,  d i a b e t i c s  were  d i v i d e d  

i n t o  age  g r o u p s  ( F a l c o n e r ,  1 967 ) .  h was v e ry  h i g h  i n  young p e o p l e  

(70-80%) and d e c r e a s e d  i n  p e o p l e  o v e r  55 (30-40%),  s u g g e s t i n g  t h a t  

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

n o t  a f f e c t  members o f  a f a m i l y  e q u a l l y .  When t h e  d a t a  was c a l c u l a t e d  

by s e x ,  h2 f o r  b r o t h e r s  d i d  n o t  change  w i t h  a g e ,  b u t  h2 f o r  s i s t e r s  

d e c r e a s e d  w i t h  age  (Simpson,  1969) .  T h i s  may have  o c c u r r e d  b e c a u s e  

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

f e m a le  p o p u l a t i o n  w i t h  age .  Most r e c e n t l y ,  when c e r t a i n  m o d i f i c a t i o n s  

were  a p p l i e d  t o  t h i s  and new d a t a ,  c o r r e l a t i o n  c o e f f i c i e n t s  d e m o n s t r a t e d  

t h a t  d i a b e t i c s  o f  a l l  a g e s  have  some g e n e t i c  f a c t o r s  i n  common (Sm ith



e t  a l . , 1972) .

F u r t h e r m o r e ,  i t  has  b e e n  d e m o n s t r a t e d  t h a t  t h e  r i s k  o f  a r e l a t i v e  

o f  a d i a b e t i c  d e v e l o p i n g  d i a b e t e s  i n c r e a s e s  w i t h  age  t o  age  70 

( F a l c o n e r  e t  a l . , 1971) .  A l s o ,  t h e  age  o f  o n s e t  and s e x  o f  t h e  proband  

have  b een  i m p l i c a t e d  a s  p l a y i n g  a r o l e  i n  t h e  r i s k s  o f  d e v e l o p i n g  t h i s  

d i s e a s e  (S impson,  1969) .

F i n a l l y ,  i t  must  be p o i n t e d  o u t  t h a t  t h e  m a j o r i t y  o f  s t u d i e s  have  

b e e n  b a s e d  on p a t i e n t  c o m p le te d  q u e s t i o n n a i r e s ,  and o f  n e c e s s i t y  

r e f l e c t  t h e  i n a c c u r a c i e s  i n h e r e n t  i n  t h i s  method o f  d a t a  c o l l e c t i o n  

(K l im t  e t  a l . , 1967; Keen and T r a c k ,  1968) .

I n  c l i n i c a l  s t u d i e s  o f  d i a b e t e s ,  c e r t a i n  d e f i n i t i o n s  have become 

g e n e r a l l y  a c c e p t e d .  The p e o p l e  who a r e  most  l i k e l y  t o  d e v e l o p  d i a b e t e s  

b u t  a r e  c l i n i c a l l y  no rmal a r e  t e rm ed  p r e d i a b e t i c s .  T h i s  c l a s s i f i c a t i o n  

i n c l u d e s  t h e  i d e n t i c a l  n o n d i a b e t i c  t w in  o f  a d i a b e t i c ;  c h i l d r e n  of  

c o n j u g a l  d i a b e t i c s ;  women w i t h  c e r t a i n  abnormal o b s t e t r i c a l  h i s t o r i e s ;  

o b e s e  i n d i v i d u a l s ;  and s u b j e c t s  w i t h  d i a b e t e s - l i k e  v a s c u l a r  m a n i f e s t a ­

t i o n s  ( C a m e r in i - D a v a l o s ,  1 9 6 5 ) .  The o b s t e t r i c a l  a b n o r m a l i t i e s  i n c l u d e  

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

o r  to x e m ia  o f  p r e g n a n c y .  V a r io u s  a b n o r m a l i t i e s  have  b een  d e s c r i b e d  i n  

p r e d i a b e t i c s  such  a s  e l e v a t e d  serum l e v e l s  o f  i n s u l i n ,  f r e e  f a t t y  a c i d s ,  

s i a l i c  a c i d  and s y n a lb u m in  and v a s c u l a r  l e s i o n s  and a b n o r m a l i t i e s  o f  

t h e  basem e n t  membranes (R im oin ,  1967) .  The plasma i n s u l i n  r e s p o n s e  t o  

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

l e v e l s  t h a n  i n  n o r m a l s ,  and i t  h a s  been  s u g g e s t e d  t h a t  a n o t h e r  d i a b e t o ­

g e n i c  f a c t o r  must  be  added t o  t h e  a b n o rm a l ly  d e l a y e d  i n s u l i n  s e c r e t i o n  i n  

p r e d i a b e t i c s  b e f o r e  d i a b e t e s  becomes c l i n i c a l l y  m a n i f e s t  ( C e r a s i  and L u f t ,

1 9 6 7 ) .



A n o th e r  subgroup  i s  t h e  c h e m ic a l  d i a b e t i c  who h a s  a normal 

f a s t i n g  b lood  g l u c o s e  b u t  whose t o l e r a n c e  t o  g l u c o s e  i s  im p a i r e d ,  

a f i r s t  c l i n i c a l  s i g n  o f  d i a b e t i c s .

A t t e m p t s  have been  made t o  a s s o c i a t e  d i a b e t e s  w i t h  b e t t e r  d e f i n e d  

i n h e r i t e d  p r o p e r t i e s  and o t h e r  d i s e a s e  s t a t e s .  E a r l y  r e p o r t s  found a 

p o s s i b l e  a s s o c i a t i o n  be tween  ABO, Rhesus  and MN b lo o d  g ro u p s  

( B u c k w a l t e r ,  1964) .  One s t u d y  r e p o r t e d  an  i n c r e a s e d  f r e q u e n c y  o f  

b lo o d  t y p e  B and a d e c r e a s e d  f r e q u e n c y  o f  AB i n  d i a b e t i c s .  The 

s t a t i s t i c a l  s i g n i f i c a n c e  was b o r d e r l i n e  and c o u l d  be due t o  sam p l ing  

e r r o r .  A l a t e r  s t u d y  (B erg  e t  a l . , 1967) showed no a s s o c i a t i o n  w i t h  

t h e  ABO group  s ys tem ,  b u t  a p o s s i b l e  r e l a t i o n s h i p  w i t h  t h e  Hp and Gm 

s y s t e m s .  A p o s s i b l e  r e l a t i o n s h i p  was a l s o  s u g g e s t e d  be tween  d i a b e t e s  

and g o u t ,  p e r n i c i o u s  anemia and h y p e r t h y r o i d i s m  (Pyke ,  196813) . H igher  

b i r t h  w e i g h t s  a r e  found i n  t h e  o f f s p r i n g  o f  d i a b e t i c  m o th e r s  (Hsia  and 

G e l l i s ,  1957) .  Normal h o m e o s t a t i c  mechanisms i n  d i a b e t i c  m o th e r s  a r e  

d i s r u p t e d  so t h a t  m a t e r n a l  b lo o d  g l u c o s e  l e v e l s  may i n t e r f e r e  w i th  

f e t a l  c e l l  m e ta b o l i s m  r e s u l t i n g  i n  t h e  deve lopm en t  o f  c o n g e n i t a l  

d e f e c t s  (R e id ,  1970) .  K e s s l e r  (1970) s u g g e s t s  t h a t  t h e r e  may even be a 

r e l a t i o n s h i p  be tween  d i a b e t e s  m e l l i t u s  and  c a r c in o m a .  The hexose  mono­

p h o s p h a te  s h u n t  which i s  d e p r e s s e d  i n  d i a b e t e s  may be  a c t i v a t e d  i n  

c a r c i n o g e n e s i s  and he f e e l s  t h i s  may p r e s e n t  an  e x p l a n a t i o n  f o r  d e c r e a s e d  

f r e q u e n c y  o f  c a n c e r  i n  c e r t a i n  p o p u l a t i o n s  w i t h  a h i g h  f r e q u e n c y  o f  

d i a b e t e s .

The b a s i c  d e f e c t  i n  d i a b e t e s  m e l l i t u s ,  however ,  s t i l l  r em a ins  

u n d e t e rm in e d .  E x p e r i m e n t a l  m a t i n g s  and i n  v i v o  t e s t s  c a n n o t  e a s i l y  be 

p e r fo rm e d  i n  humans.  A t t e m p t s  have  b e e n  made t o  s i m u l a t e  d i a b e t e s  i n  

a n i m a l s  by v a r i o u s  means s u c h  a s  s u r g i c a l  p a n c r e a t e c t o m y ,  i n j e c t i o n s



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

and f l u o r o a c e t i c  a c i d  ( T a y l o r ,  1968^ ) .  D i a b e t i c  models  a r e  found i n  

some l a b o r a t o r y  an im a l  p o p u l a t i o n s .  I n  t h e  mouse d i a b e t e s  i s  c a u s e d  

by a s i n g l e  r e c e s s i v e  gene (Coleman and Hummel, 1 967 ) .  Many o f  t h e  

m e t a b o l i c  and f u n c t i o n a l  changes  o b s e rv e d  r e s e m b l e  t h o s e  s e e n  i n  man.

D i a b e t e s  i n  t h e  C h in e se  h a m s t e r  e x h i b i t s  an  i n h e r i t a n c e  s i m i l a r  t o  

man, t h a t  i s ,  a p o l y g e n i c  sy s tem  w i th  genes  f o r  p r e d i s p o s i t i o n  i n  t h e  

p r e s e n c e  o f  e n v i r o n m e n t a l  s t r e s s  ( B u t l e r ,  1967) .

However,  t o  d e f i n e  b o t h  t h e  p a t t e r n  o f  i n h e r i t a n c e  and t h e  

p r im a ry  d e f e c t  i n  d i a b e t e s  m e l l i t u s ,  i n  v i t r o  s t u d i e s  must  b e  c a r r i e d  

o u t  on human t i s s u e  and a n im a l  mode ls .  T e s t s  c an  be pe r fo rm e d  which  

a r e  n o t  p o s s i b l e  i n  i n  v i v o  s i t u a t i o n s .  C u l t u r e d  human s k i n  f i b r o ­

b l a s t s  a r e  assumed t o  c o n t a i n  t h e  same g e n e t i c  m a t e r i a l  a s  o t h e r  c e l l s ,  

b u t  can  be m a i n t a i n e d  u n d e r  c a r e f u l l y  c o n t r o l l e d  e n v i r o n m e n t a l  c o n d i ­

t i o n s  so  t h a t  t h e i r  r e s p o n s e s  t o  normal and abnormal p h y s i c a l  o r  

ch e m ic a l  s i t u a t i o n s  can  be s t u d i e d .  With p r o p e r  s t o r a g e  t e c h n i q u e s  

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

s t u d i e s  and ,  a s  e v e r y  c e l l  c o n t a i n s  t h e  same g e n e t i c  m a t e r i a l ,  

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

d i s e a s e s .  Many o f  t h e  e x p e r i m e n t a l  d e s i g n s  d e v e lo p e d  f o r  o t h e r  c e l l  

t y p e s  can  be  a d a p t e d  f o r  f i b r o b l a s t s .

S i n c e  t h e  m i d - f i f t i e s  when i t  was d e m o n s t r a t e d  t h a t  f a t  c e l l s  were 

m e t a b o l i c a l l y  a c t i v e ,  t h e y  have  become a p o p u l a r  c e l l  t y p e  f o r  s t u d y  o f  m e ta ­

b o l i c  and e n z y m a t i c  a c t i v i t y .  These  s t u d i e s  became even  more m e a n in g fu l  

a f t e r  R odbe l l  (1964) d e v i s e d  a t e c h n i q u e  f o r  i s o l a t i n g  f a t  c e l l s  from whole  

t i s s u e  and made i t  p o s s i b l e  t o  c o n f i n e  e x p e r i m e n t s  t o  t h e  s i n g l e  c e l l  t y p e



p r e s e n t .  U n l i k e  f i b r o b l a s t s ,  however,  f a t  c e l l s  must be used  im m e d ia te ly  

a f t e r  remova l  from an  o r g a n i s m ,  w h i l e  t h e y  a r e  s t i l l  i n f l u e n c e d  by i t s  

neurohormonal  e n v i ro n m e n t s  im m e d i a t e l y  p r i o r  t o  t h e  e x p e r i m e n t .  There  

i s  no way t o  c o m p l e t e l y  c o m p en sa te  f o r  t h e s e  i n f l u e n c e s .  Where 

p o s s i b l e  p a r a l l e l  s t u d i e s  be tw ee n  f a t  c e l l s  and f i b r o b l a s t s  were  made 

t o  s e e  i f  t h e  two c e l l  t y p e s  r e a c t e d  s i m i l a r l y .  A f r e q u e n t l y  

examined p a r a m e t e r  i s  l i p o l y s i s  and  i t s  s e n s i t i v i t y  t o  hormonal  

s t i m u l a t i o n .  *^C02 p r o d u c t i o n  from g l u c o s e - l - 14C has  been  u sed  i n  a 

s i m i l a r  manner ,  and h a s  been  compared w i t h  l i p o l y t i c  a c t i v i t y  t o  h e l p  

d e t e r m i n e  t h e  mechan isms o f  ho rm ona l  a c t i o n .

I n  1956 S u t h e r l a n d  and h i s  c o - w o r k e r s  d i s c o v e r e d  a compound, 

a d e n o s i n e  3 ' 5 '  monophosphate  (cAMP) w h i l e  i n v e s t i g a t i n g  t h e  h e p a t i c  

g l y c o g e n o l y t i c  a c t i o n  o f  t h e  hormones g lu c a g o n  and e p i n e p h r i n e  

( S u t h e r l a n d  and R o b i s o n ,  1 969 ) .  I t  was found t h a t  cAMP was t h e  

s u b s t a n c e  t h a t  m e d ia te d  a c t i v a t i o n  o f  p h o s p h o r y l a s e  by e p i n e p h r i n e  and 

g lu c a g o n .  F u r t h e r  s t u d i e s  d e m o n s t r a t e d  t h a t  t h e s e  two hormones were  

n o t  t h e  o n ly  ones  whose a c t i o n s  w ere  m e d ia te d  by cAMP. I n s u l i n  

s e c r e t i o n  and a c t i o n  a r e  b e l i e v e d  t o  be u n d e r  t h e  c o n t r o l  o f  t h e  cAMP 

sys tem .  A lso  cAMP h a s  been  found i n  a l l  c e l l  t y p e s  i n v e s t i g a t e d ,  

e x c e p t  m a tu re  e r y t h r o c y t e s  o f  some mammals, a s  w e l l  a s  i n  c e l l s  o f  

h i g h e r  p l a n t s .

A d e n y la t e  c y c l a s e  i s  a membrane bound enzyme which  c a t a l y z e s  t h e  

c o n v e r s i o n  o f  ATP t o  cAMP and  i n o r g a n i c  p y r o p h o s p h a te  i n  t h e  p r e s e n c e  

o f  magnesium ( B u t c h e r  e t  a l . ,  1 9 6 5 ) .  T h i s  i s  a r e v e r s i b l e  r e a c t i o n .

Under p h y s i o l o g i c a l  c o n d i t i o n s ,  c y c l i c  3*5'  n u c l e o t i d e  p h o s p h o d i e s t e r a s e  

(PDE) c a t a l y z e s  t h e  h y d r o l y s i s  o f  cAMP t o  5 ’ a d e n o s i n e  monophosphate



(Cheung,  1967) .  T h i s  i s  t h e  o n l y  known mechanism f o r  t h i s  c o n v e r s i o n .

I n  c e l l s ,  PDE i s  p r e s e n t  i n  a much h i g h e r  c o n c e n t r a t i o n  t h a n  a d e n y l  

c y c l a s e  and i t s  a c t i v i t y  i s  c r i t i c a l l y  r e l a t e d  t o  t h e  t i s s u e  l e v e l  o f  

cAMP. PDE i s  i n h i b i t e d  by t h e  m e t h y l x a n t h i n e s , e s p e c i a l l y  c a f f e i n e  and 

t h e o p h y l l i n e .  A n o th e r  l i n k  i n  t h e  s e r i e s  o f  e v e n t s  was t h e  d i s c o v e r y  

o f  a cAMP-dependent p r o t e i n  k i n a s e  which  c a t a l y z e s  t h e  p h o s p h o r y l a t i o n  

o f  p h o s p h o r y l a s e  k i n a s e  (Langan,  1969; G reengard  and Kuo, 1970) .  T h i s  

t y p e  o f  k i n a s e  a l s o  c a t a l y z e s  t h e  p h o s p h o r y l a t i o n  o f  h i s t o n e s .  Such 

p r o t e i n  k i n a s e s  have  b een  i s o l a t e d  from many t i s s u e s .

When cAMP s t i m u l a t e s  p r o t e i n  k i n a s e ,  which  t h e n  p h o s p h o r y l a t e s  h i s ­

t o n e s ,  t h e  g e n e t i c  m a t e r i a l  may be u n c o v e re d ,  r e g u l a t i n g  RNA s y n t h e s i s .

A d e f e c t  i n  t h i s  s y s tem  c o u ld  c a u s e  s e r i o u s  d e f e c t s ,  w hich  may even be 

i n c o m p a t i b l e  w i t h  l i f e .  I n  h i g h e r  o rg a n i s m s  cAMP h a s  d e f i n i t e l y  been  

l i n k e d  w i t h  RNA s y n t h e s i s  (A v e rn e r  e t  a l . , 1 972 ) .  I n  E. c o l i  w here  t h e  

s y s tem  i s  much l e s s  complex ,  cAMP can  r e v e r s e  c a t a b o l i t e  r e p r e s s i o n  o f  

in d u c ed  enzyme s y n t h e s i s .  By u s i n g  i n d u c e r s  and i n h i b i t o r s ,  cAMP 

a p p e a r e d  t o  a c t  on t r a n s c r i p t i o n  ( J a c q u e t  and Kepes,  1969) .  The l a c  

sy s t e m ,  which  i s  known i n  d e t a i l ,  h a s  a p r o m o t e r  s i t e  a t  which  RNA 

p o ly m e ra s e  b i n d s  t o  t h e  DNA and m-RNA s y n t h e s i s  i s  i n i t i a t e d .  Only 

m u t a n t s  which  have d e l e t i o n s  f o r  most  o f  t h e  p ro m o te r  a r e  u n r e s p o n s i v e  

t o  cAMP ( P a s t a n  and P e r lm an ,  1970) .  An i n t a c t  p r o m o t e r  l o c u s  i s  

r e q u i r e d  f o r  t h e  s t i m u l a t o r y  e f f e c t  o f  t h e  cAMP recep to r -cA M P complex .  

T h i s  complex  p rom otes  t h e  f o r m a t i o n  o f  a p r e - i n i t i a t i o n  complex  

be tw een  RNA p o ly m e ra s e  and DNA ( N i s s l e y  e t  a l . ,  1972) .

Adenyl c y c l a s e  c o n s i s t s  o f  two s u b u n i t s ,  n o t  u n l i k e  a s p a r t a t e  

t r a n s c a r b a m y l a s e .  The r e g u l a t o r y  s u b u n i t  f a c e s  t h e  e x t r a c e l l u l a r  

s p a c e  and i n t e r a c t i o n s  w i t h  i t  a r e  t r a n s f e r r e d  t o  t h e  c a t a l y t i c
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s u b u n i t  on t h e  i n s i d e .  P h o s p h o l i p i d s  a r e  b e l i e v e d  t o  r e g u l a t e  t h e  

a c t i v i t y  o f  t h e  enzyme ( P a s t a n  and P e r lm an ,  1971) .  P h o s p h o l i p a s e  C, 

d e p e n d in g  on i t s  c o n c e n t r a t i o n ,  w i l l  i n c r e a s e  o r  d e c r e a s e  ad e n y l  

c y c l a s e  a c t i v i t y .

The f o l l o w i n g  c r i t e r i a  must  be s a t i s f i e d  t o  s u p p o r t  ad en y l  c y c l a s e ' s  

r o l e  i n  hormonal  a c t i o n  ( S u t h e r l a n d  e t  a l . ,  1968) .

I .  Adenyl c y c l a s e  i n  b r o k e n  c e l l  p r e p a r a t i o n s  s h o u ld  re s p o n d

t o  t h e  same hormones which  a r e  e f f e c t i v e  i n  t h e  i n t a c t  

t i s s u e .  A na logues  s h o u ld  show t h e  same o r d e r  o f  p o t e n c y  

and c o m p e t i t i v e  a n t a g o n i s t s  s h o u ld  behave s i m i l a r l y .

I I .  The l e v e l  o f  cAMP i n  i n t a c t  t i s s u e s  s h o u ld  change  a p p r o ­

p r i a t e l y  i n  r e s p o n s e  t o  hormonal  s t i m u l a t i o n .  I f  p o s s i b l e ,  

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

m o n i to r e d  and t h e  change  i n  t h e  cAMP l e v e l  s h o u ld  p r e c e d e  

t h e  p h y s i o l o g i c a l  r e s p o n s e .

I I I .  Hormones which s t i m u l a t e  a d e n y l  c y c l a s e  s h o u ld  be p o t e n t i a t e d  

by d r u g s  which  i n h i b i t  PDE a c t i v i t y ,  when t h e  c o n c e n t r a t i o n  

o f  t h e  hormone d o e s  n o t  p ro d u c e  t h e  maximal r e s p o n s e .

IV. When p o s s i b l e ,  a t t e m p t s  s h o u ld  be  made t o  mimic t h e

e f f e c t s  o f  t h e  hormone w i t h  exogenous  cAMP o r  i t s  

d e r i v a t i v e s .

To e s t a b l i s h  a r e l a t i o n s h i p  o f  cAMP t o  a d i s e a s e  s t a t e ,  t h e  p r e c e d i n g  

c r i t e r i a  s h o u ld  be s a t i s f i e d  and p r e p a r a t i o n s  from normal  and d i s e a s e d  

t i s s u e s  s h o u ld  be compared.  I f  d i f f e r e n c e s  a r e  p r e s e n t  t h e n  t h e  

b i o c h e m i c a l  l e s i o n  i n  t h e  d i s e a s e  may i n v o l v e  cAMP.

cAMP h a s  been  r e f e r r e d  t o  a s  t h e  " se co n d  m essenger"  ( B u t c h e r  e t  al.,  

1968a ) .  The f i r s t  m e ss e n g e r ,  t h e  hormone,  t r a v e l s  from t h e  c e l l s  o f
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o r i g i n  t o  t h e  t a r g e t  t i s s u e  t o  c a u s e  an  a l t e r a t i o n  i n  t h e  i n t r a c e l l u l a r  

l e v e l  o f  cAMP which  t h e n  s e t s  o f f  t h e  c h a i n  o f  e v e n t s  l e a d i n g  t o  t h e  

c e l l ' s  f i n a l  r e s p o n s e .  Most r a p i d l y - a c t i n g  hormones s t i m u l a t e  a d e n y l  

c y c l a s e  a c t i v i t y ,  t h u s  i n c r e a s i n g  t h e  i n t r a c e l l u l a r  l e v e l  o f  cAMP. 

I n s u l i n ,  however ,  d e c r e a s e s  t h e  i n t r a c e l l u l a r  l e v e l  o f  cAMP.

cAMP h a s  been  i m p l i c a t e d  i n  d i a b e t e s  m e l l i t u s  ( S u t h e r l a n d  and 

R o b is o n ,  1 9 6 9 ) .  cAMP enhanc es  t h e  r e l e a s e  o f  i n s u l i n  from p a n c r e a t i c  

b e t a  c e l l s .  I n s u l i n  t r a v e l s  t o  t h e  l i v e r  and a d i p o s e  t i s s u e  t o  

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

o f  cAMP i n  m usc le .  The mechanism by which  i n s u l i n  a f f e c t s  cAMP c o n c e n ­

t r a t i o n  i s  unknown. The cAMP-forming mechanism may be d e f e c t i v e  i n  

d i a b e t i c s ,  m a n i f e s t e d  a s  a d e f e c t i v e  ad en y l  c y c l a s e  s y s t e m  o r  a s  

e x c e s s i v e  PDE a c t i v i t y .  Or i f  t h e  ad e n y l  c y c l a s e  mechanism i s  n o r m a l ,  

am ylo id  d e p o s i t s  found w i t h i n  t h e  p a n c r e a t i c  i s l e t s  m ig h t  a c t  a s  a 

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

b l o o d s t r e a m .  T h i s  b a r r i e r  migh t  impede g luc agon  from g a i n i n g  a c c e s s  

t o  t h e  a d e n y l  c y c l a s e  o f  t h e  b e t a  c e l l s .  I n  b o th  c a s e s ,  i f  t h e  fo rm a ­

t i o n  o f  cAMP c o u ld  be  i n c r e a s e d ,  t h e  d e f e c t  would be ove rcom e .  A n o t h e r  

p o s s i b i l i t y  may be a d e f e c t i v e  basement  membrane which im pedes  t h e  

r e l e a s e  o f  i n s u l i n  by r e v e r s e  p i n o c y t o s i s .  In  t h e  f o l l o w i n g  s t u d i e s  

a t t e m p t s  were  made t o  d e m o n s t r a t e  a r o l e  f o r  t h e  adeny l  c y c l a s e  sy s t e m  

i n  n o rm a ls  and d i a b e t i c s .

I n v e s t i g a t o r s  have  shown t h a t  c e l l  s i z e  can  be a d e t e r m i n i n g  

f a c t o r  i n  t h e  c e l l ' s  m e t a b o l i c  r e s p o n s e  ( Z i n d e r  and S h a p i r o ,  1 9 7 1 ) .  

L a r g e r  f a t  c e l l s  h ave  h i g h e r  b a s a l  (Hartman e t  a l . ,  1971)  and 

e p i n e p h r i n e  s t i m u l a t e d  l i p o l y s i s  ( J a c o b s s o n  and Smith,  1 9 7 2 ) .  B a s a l  

14C0 p r o d u c t i o n  i s  u n a f f e c t e d  by c e l l  s i z e ,  b u t  i n s u l i n  s t i m u l a t i o n
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d e c r e a s e s  a s  c e l l  s i z e  i n c r e a s e s  ( S a l a n s  and D o u g h e r ty ,  1971;  S a la n s

e t  a l . ,  1968) .  T h e s e  phenomena a r e  t r u e  f o r  b o t h  r a t  and human a d i p o s e

c e l l s  (S m i th ,  1971; G o l d r i c k  and McLoughlin ,  1970) .  Thus ,  a v a l i d

com par ison  c o u l d  be  made be tween  t h e  p r o p e r t i e s  o f  r a t  and human f a t

c e l l s  and human d i a b e t i c  c e l l s .  When f a t  c e l l s  from n o n d i a b e t i c s  and

d i a b e t i c s  a r e  com pared ,  d i a b e t i c  c e l l s  a r e  l e s s  s e n s i t i v e  t o  i n s u l i n  

14s t i m u l a t i o n  o f  C02 p r o d u c t i o n  ( B j o r n t r o p ,  1966) .

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

r a t  a d i p o c y t e s  o f  v a r y i n g  s i z e s  w ere  i n c u b a t e d  w i t h  cAMP o r  i t s

d e r i v a t i v e ,  N6 , 0 2 ' d i b u t y r y l  cAMP (DBcAMP) and t h e i r  g l y c e r o l  r e l e a s e  

14and C02 p r o d u c t i o n  w e re  exam ined .  Both  cAMP and DBcAMP were  used  

b e c a u se  many i n v e s t i g a t o r s  r e p o r t e d  t h a t  cAMP i s  w i t h o u t  e f f e c t  on 

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

p e n e t r a t e  t h e  c e l l  r e a d i l y  (Goodman, 1969) .  S u b s t i t u t i n g  DBcAMP may 

n o t  always be v a l i d ,  however ,  s i n c e  Solomon e t  a l .  (1970)  found  t h a t  i n  

■^CO p r o d u c t i o n ,  cAMP and DBcAMP have  d i v e r g e n t  a c t i o n s .
a

The p o s s i b i l i t y  was c o n s i d e r e d  t h a t  l a r g e  c e l l  s i z e  may be t h e  

m a jo r  f a c t o r  i n  t h e  c e l l ' s  r e s p o n s e  and t h e r e f o r e  r a t s  were i n j e c t e d  

w i t h  monosodium g l u t a m a t e  (MSG) a n d / o r  r a t  g row th  hormone (GH). MSG i s  

known t o  i n c r e a s e  t h e  a n i m a l ' s  f a t  c e l l  s i z e ,  w h i l e  t h e  e f f e c t s  o f  

c h r o n i c  i n j e c t i o n s  o f  GH i n  r a t s  i s  n o t  e s t a b l i s h e d .  I n  humans, t r e a t ­

ment w i th  human g ro w th  hormone (HGH) en h an c es  t h e  i n s u l i n  r e s p o n s e  t o  

g l u c o s e  ( S u t h e r l a n d  and R o b ison ,  1969) .  I n  some a n i m a l s  i n j e c t i o n s  o f  

GH a r e  d i a b e t o g e n i c  ( T a y l o r ,  1968a ) .  The c e l l s  from t h e s e  r a t s  were 

t e s t e d  w i th  cAMP, DBcAMP, i n s u l i n  and g row th  hormone.  Growth hormone 

was used s i n c e  i t  d e m o n s t r a t e s  many i n s u l i n - l i k e  a c t i v i t i e s .  Both of  

t h e s e  hormones i n c r e a s e  t r a n s p o r t  o f  g l u c o s e  i n t o  a d i p o s e  t i s s u e ,
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i n c r e a s e  t h e  u p t a k e  and u t i l i z a t i o n  o f  a v a r i e t y  o f  m o n o s a c c h a r r i d e s  

and i n c r e a s e  t h e  u p t a k e  and d e g r a d a t i o n  o f  l e u c i n e .  A l s o ,  t h e y  i n c r e a s e  

t h e  i n c o r p o r a t i o n  o f  amino a c i d s  i n t o  a d i p o s e  t i s s u e  p r o t e i n .  In  

a d d i t i o n ,  l i k e  i n s u l i n ,  GH i n t e r f e r e s  w i t h  some a s p e c t  o f  t h e  f o r m a t i o n  

o f  cAMP b e c a u se  i t  does  no t  d e c r e a s e  t h e  l i p o l y t i c  s t i m u l a t i o n  p roduced  

by DBcAMP (Goodman, 1970) .  The known e f f e c t s  o f  i n s u l i n  i n  l a r g e  c e l l s  

can  be compared t o  t h o s e  o f  GH, cAMP and DBcAMP. I t  can  t h e n  be 

d e m o n s t r a t e d  w h e th e r  t h e s e  c e l l s  r e s p o n d  l i k e  l a r g e  c e l l s  o r  w h e th e r  

t h e  i n j e c t i o n s  changed t h e i r  e x p e c t e d  s e n s i t i v i t i e s .

F a t  c e l l s  a r e  known t o  c o n t a i n  cAMP ( B u t c h e r  e t  a l . , 1965) .  I n  

o r d e r  t o  s a t i s f y  S u t h e r l a n d ' s  second c r i t e r i o n ,  f a t  c e l l s  o f  v a r y i n g  

s i z e s  were s t u d i e d  w i t h  e p i n e p h r i n e  and e p i n e p h r i n e - i n s u l i n .  I n s u l i n  

was n o t  used  a l o n e  b e c a u se  o t h e r s  have  shown t h a t  i t  was n o t  p o s s i b l e  

t o  show s i g n i f i c a n t  d e p r e s s i o n  o f  b a s a l  l e v e l s  o f  cAMP ( B u t c h e r  e t  a l . , 

1966) .  S in c e  m e t a b o l i c  r e s p o n s e s  t o  e p i n e p h r i n e  and t o  i n s u l i n  a r e  

a f f e c t e d  by c e l l  s i z e  i t  i s  p o s s i b l e  t h a t  cAMP l e v e l s  migh t  r e f l e c t  

changes  o f  s e n s i t i v i t y  t o  t h e s e  s u b s t a n c e s .  A d i m i n i s h e d  e f f e c t  o f  

i n s u l i n  on cAMP l e v e l s  i n  l a r g e r  c e l l s  may be  s u g g e s t i v e  o f  t h e  

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

Human f a t  c e l l s  s t u d i e s  o f  ^COg p r o d u c t i o n  were  a l s o  p e r fo rm e d  

w i t h  cAMP and DBcAMP. These  s t u d i e s  w ere  p e r fo rm e d  on t i s s u e s  from 

n o rm a l s ,  o b e s e  p a t i e n t s ,  and g row th  hormone d e f i c i e n t  c h i l d r e n .  Obese 

p a t i e n t s  were  used  b e c a u se  o f  t h e i r  l a r g e  f a t  c e l l  s i z e  ( S a l a n s  e t  a l . ,

1968) .  GH d e f i c i e n t  c h i l d r e n  o f t e n  have  abnorm a l  g l u c o s e  t o l e r a n c e  

t e s t s  and show low i n s u l i n  l e v e l s  w i t h  f a s t i n g  ( R a i t i  and B l i z z a r d ,

1970) o r  upon g l u c o s e  and a r g i n i n e  a d m i n i s t r a t i o n .  The r e s u l t s  from
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humans and r a t s  can  be compared (K a h le n b e rg  e t  a l . , 1966; G r i e s  and 

S t e i n k e ,  1967; James and B u rn s ,  1969) .

S t u d i e s  were  a l s o  p e r fo rm ed  on human s k i n  f i b r o b l a s t s .  G o l d s t e i n  

e t  a l .  (1969)  d e m o n s t r a t e d  t h a t  t h e r e  was a d e c r e a s e d  p l a t i n g

e f f i c i e n c y  i n  p r e d i a b e t i c  f i b r o b l a s t s  a s  compared t o  normal f i b r o b l a s t s .

14As i n  f a t  c e l l s ,  C02 p r o d u c t i o n  i n  f i b r o b l a s t s  i s  s t i m u l a t e d  by 

i n s u l i n  ( G o l d s t e i n  and L i t t l e f i e l d ,  1969; Wolf e t  a l . , 1971).  I t  i s  

p o s s i b l e  t h a t  cAMP and DBcAMP would p ro d u ce  d i f f e r e n t  r e s p o n s e s  i n  

c e l l  s t r a i n s  d e r i v e d  f rom normal  and d i a b e t i c  o r  d i a b e t i c - l i k e  p e r s o n s .

A l l  human d i p l o i d  f i b r o b l a s t s  h ave  a f i n i t e  l i f e - s p a n  and p r o c e e d  

t h r o u g h  t h r e e  p h a s e s  ( H a y f l i c k  and Moorhead,  1961) .  D ur ing  t h e  l a s t  

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

form a c o n f l u e n t  m ono layer  ( H a y f l i c k ,  1965) .  D i a b e t i c  c u l t u r e s  

a r r i v e  a t  t h i s  s t a g e  w i t h i n  a few s u b d i v i s i o n s .  They have a s h o r t e r  

i n  v i t r o  r e p l i c a t i v e  l i f e - s p a n  t h a n  normal c e l l s .  I t  was h y p o t h e s i z e d  

t h a t  t h e y  may have  a l r e a d y  gone  t h r o u g h  more d i v i s i o n s  i n  v iv o  

( M a r t i n  e t  a l . , 1970) .

R e c e n t l y ,  DBcAMP h a s  b e e n  added  t o  m a l ig n a n t  c u l t u r e s  and t h e i r  

g ro w th  r a t e  h a s  d e c r e a s e d  ( J o h n s o n  e t  a l . , 1971a ; Johnson  e t  a l .  , 1971^;  

H s i e  and Puck ,  1971; H e i d r i c k  and Ryan,  1970) .  cAMP l e v e l s  i n  t h e s e  c e l l  

l i n e s  a r e  lo w e r  t h a n  i n  normal  c e l l s  (S h ep p a rd ,  1972; O t t e n  e t  a l . ,  1 9 7 1 ) .  

cAMP c o n c e n t r a t i o n  p r o b a b l y  i s  r e l a t e d  t o  g row th  r a t e .  T he re  may be a 

c o r r e l a t i o n  be tween  t h e  g row th  r a t e  i n  normal f i b r o b l a s t s  and b a s a l  

cAMP l e v e l s .  I f  a p a r a l l e l  c a n  be drawn from t h e  m a l ig n a n t  c e l l s ,  t h e  

s l o w e r  g row ing  d i a b e t i c  c e l l s  may have  a h i g h e r  cAMP c o n t e n t  t h a n  

normal c e l l s .  D i a b e t i c  and g row th  hormone d e f i c i e n t  c e l l s  were 

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



Changes i n  m e t a b o l i c  a c t i v i t y  s h o u ld  be r e f l e c t e d  by c hange s  i n  

cAMP l e v e l s .  I n s u l i n  s h o u ld  d e c r e a s e  cAMP l e v e l s .  cAMP s t i m u l a t e d  

l e v e l s  may d i f f e r  be tween  d i a b e t i c  and normal c e l l s .  The c e l l s  may 

a l s o  show a d i f f e r e n c e  t o  s t i m u l a t i o n  by o t h e r  s u b s t a n c e s ,  such  a s  

e p i n e p h r i n e .

To f u l f i l l  t h e  f i r s t  c r i t e r i o n ,  a d e n y l  c y c l a s e  a c t i v i t y  can  be 

measured  i n  broken  c e l l  p r e p a r a t i o n s .  T h i s  w i l l  d e t e r m i n e  w h e th e r  

ad e n y l  c y c l a s e  i s  b e i n g  a c t e d  on d i r e c t l y  by t h e  hormone.  I t  may a l s o  

i n d i c a t e  i f  i t  i s  t h e  enzyme w hich  may be d i f f e r e n t  i n  d i f f e r e n t  c e l l s .

To e s t a b l i s h  o t h e r  m e t a b o l i c  d i f f e r e n c e s  be tw ee n  c e l l  t y p e s  a 

b i o l o g i c a l  ty p e  o f  a s s a y  c a n  be u s e d .  C e l l s  t h a t  d i f f e r  m e t a b o l i c a l l y  

may remove d i f f e r e n t  amounts  o f  s u b s t a n c e s  from t h e  medium i n  which 

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

can  be done  i n  which  one t y p e  o f  c e l l  i s  i n c u b a t e d  i n  medium from d i f f e r ­

e n t  c e l l  t y p e s .  I n  t h i s  c a s e  t h e  medium from f i b r o b l a s t  c u l t u r e s  was 

added t o  f a t  c e l l  i n c u b a t i o n  medium. F a t  c e l l s  a r e  q u i t e  s e n s i t i v e  

m e t a b o l i c a l l y  and t h e y  may be  a b l e  t o  d e t e c t  any d i f f e r e n c e s  i n  t h e  

medium i t s e l f  o r  t h e  p r e s e n c e  o f  any  i n h i b i t o r s  added t o  t h e  medium 

by t h e  f i b r o b l a s t s .

From t h e  above  s t u d i e s  i t  i s  p o s s i b l e  t h a t  a b i o c h e m i c a l  d e f e c t  

may be found i n  d i a b e t i c  c e l l s  w h ich  may t h e n  be u s e f u l  i n  

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



METHODS AND MATERIALS

I. Tissue Preparation 
Free Fat Cells:

Sprague Dawley rats were decapitated and their epididymal or 

parametrial pads were removed, washed in warm saline solution and 

weighed. Isolated fat cells were prepared by Rodbell's method (1964).
The tissue was incubated in 6 ml Krebs Ringer bicarbonate buffer, pH 7.4, 
and collagenase, 3.3 mg/ml (Worthington Biochemicals Corp., Freehold,
N. J.) for one (1) hour at 37°C in a metabolic shaker with gentle 
shaking. After a short period of vigorous shaking, the cells were 
poured through a nylon filter to remove the interstitial tissue. The 
fat cells were collected by low speed centrifugation and the infranate 
was removed. The cells were washed three times with buffer to remove 
the collagenase. The concentrated cell fraction was used directly in 
the experiments.

Human adipose tissue was obtained by needle aspiration from the 
patient's buttock (Hirsch et al-, 1960) or from surgical specimens from 
the abdominal wall. The tissue was washed in Krebs Ringer bicarbonate 
buffer pH 7.4 at 37°C before use. Minced tissue was used in the 
experiments due to the small quantity available.
Fat Cell Size:

Adipose cell size (jig lipid/cell) was determined as described by 
Hirsch and Gallian (1968). The number of fixed cells was compared 
with the total amount of lipid present. The cells were fixed by 

incubating them at 37°C for 48 hours in a solution of osmium tetroxide 
in 1 M collidine buffer. Duplicate samples were taken from each specimen.
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These cells were electronically counted in a Coulter Electronic 
Counter (Coulter Electronics, Inc., Hialeah, Fla.).

From the same specimen, a sample was taken for lipid extraction.
The sample was placed in a Folch solution (2 chloroform: 1 methanol) 

and extracted overnight (Folch et al,,1957). After rectification with 
distilled water, the amount of lipid in the chloroform layer was deter­
mined by measurement of carboxyl esters present as described by 
Rapport and Alonzo (1955).

Cell size of the rat free cells was calculated by pipetting a 
known volume of cells into each solution. The minced tissue was 
weighed before placing it into each solution. All fat cell calculations 

were done on a per cell basis.
Fibroblasts:

Skin biopsies obtained from normal, diabetic, and growth hormone 

deficient persons were used to initiate human fibroblast cultures. The 
skin explants, and later the fibroblasts were maintained in McCoy's 
Medium 5A (BBL, Los Angeles, Calif.) with 15% fetal calf serum, 
penicillin (100 units/ml), streptomycin (100 mg/ml) and glutamine 
(2mM/ml) (Grand Island Biological Company, Grand Island, New York). 
Cultures were grown in 25 cm2 Falcon flasks (Bioquest, Los Angeles, 
Calif.). The media was changed once a week. The pH was stabilized at 
7.2 by gassing with 90% air:10% carbon dioxide when necessary.

After approximately 4 weeks enough fibroblasts had migrated out 
of the explants to start propagating the culture. The cells were 
dispersed with 0.25% trypsin (Grand Island Biological Co.).
Subsequently, when a confluent monolayer was reached, the cells were 
split 1:3, each split representing 1 trypsinization number.
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The quantity of tissue used in each experiment was determined by 

DNA measurements as described by Tedesco and Mellman (1967). After 
the addition of 5% perchloric acid, the samples were incubated at 70°C 
for 20 minutes. Diphenylamine reagent (1.5gm. in 100ml glacial acetic 
acid, 1.5 ml concentrated sulfuric acid, 0.5 ml aqueous acetaldehyde) 
was added and the tubes incubated for 20 hours at 30°C. The tubes were 
read at 600 p  in a Beckman spectrophotometer (Beckman Instruments, Inc., 
Palo Alto, Calif.).

II. Metabolic Studies 
Lipolytic activity:

Lipolytic activity was measured in isolated rat adipocytes by 
pipetting adipocytes into siliconized 25ml Erlenmeyer flasks containing 
2ml Krebs Ringer bicarbonate buffer with 0.5 mg/ml glucose and 5% fat 
free albumin (Armour fraction V, Chicago, 111.). Each flask was sealed 
by a rubber cap, equilibrated at pH 7.4 by gassing with 95% 02: 5% COg 
for 5 minutes, and incubated for 2 hours at 37°C with gentle shaking.
All incubations were done in triplicate. The amount of glycerol 

released into the medium was determined by the enzymatic method of 
Wieland (1957). From each sample a duplicate glycerol determination 
was made.

For the above incubations the flasks were divided into at least 
three (3) groups: those containing 5 mM cAMP (Sigma, St. Louis,
Missouri); 1 mM DBcAMP (Sigma); and no additional compounds. In some 
experiments the cells were also tested with glucagon free insulin 

(Eli Lilly, Indianapolis, Ind.) 500/iU/ml, and rat growth hormone 
(1 pg/ml) (Sigma).
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The glycerol reaction mixture contained adenosine triphosphate, 
nicotinamidei adenine dinucleotide (NAD) (Sigma), glycerol dehyrogenase 
and glycerokinase (Boehringer Mannheim, N.Y., N.Y.) in hydrazine 
hydrate buffer. After 40 minutes the conversion of NAD to nicotinamide 

adenine dinucleotide reduced (NADH) was measured in a Gilford micro­
spectrometer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio) at 
342 jim.

14C02 Production:
14COg production was measured in 25 ml siliconized Erlenmeyer 

flasks containing 2 ml of buffer with 0.5 jiC/ml glucose-1 -14C (Schwarz 

Mann, Orangeburg, N.Y.). The flasks were sealed by rubber stoppers 
from which plastic wells were suspended and the contents were equili­
brated at pH 7.4 by gassing with 95% 02: 5% C02 for 5 minutes. They 
were incubated at 37°C with gentle shaking. At the end of the incuba­
tion period, 0.25ml hydroxyl hyamine (New England Nuclear Corp., Boston, 
Mass.) was injected into the well and 1 ml 6N HgSO^ added to the medium. 
14co2  was captured by the hydroxyl hyamine during an additional hour of 
shaking and was counted in a Packard TriCarb Scintillation Counter 
(Hewlett-Packard Corp., Avondale, Pa.) at 80% efficiency in a liquofluor 
(New England Nuclear Corp., Boston, Mass.) -toluene mixture of 1:20. 

Corrections for background and isotope impurities were made by 
incubating flasks with medium without tissue. All incubations were done 

in triplicate. The same additional compounds were added as in the 

glycerol incubations.
The rat adipocytes and human adipose tissue was incubated in 

Krebs Ringer bicarbonate buffer with 1 mg/ml glucose and 2 mg/ml 
gelatin. An equal volume of rat adipocytes was pipetted into each
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f l a s k  and t h e  f l a s k s  were  i n c u b a t e d  f o r  2 h o u r s .  The amount o f  l i p i d  

added t o  each  f l a s k  was c a l c u l a t e d  from a g i v e n  volume o f  c e l l s  

e x t r a c t e d  i n  F o lc h  s o l u t i o n .  The sample  o f  minced human t i s s u e  was 

a p p r o x i m a t e l y  e q u a l l y  d i v i d e d  among t h e  f l a s k s .  The f l a s k s  were  

i n c u b a t e d  f o r  4 h o u r s .  The t i s s u e  was c a u g h t  i n  s m a l l  N i t e x  f i l t e r s  

and t h e  l i p i d  was e x t r a c t e d  i n  M s o l u t i o n  (20 ml o f  4 i s o p r o p a n o l :

1 h e p ta n e :  0 . 1  IN s u l f u r i c  a c i d ) .  To d e t e r m i n e  t h e  amount o f  -^C

i n c o r p o r a t e d  i n t o  t r i g l y c e r i d e  an  a l i q u o t  o f  t h e  r e c t i f i e d  h e p t a n e  l a y e r  

was coun ted  i n  l i q u o r f l u o r - t o l u e n e  s o l u t i o n  i n  t h e  P ackard  s c i n t i l l a t i o n  

c o u n t e r .

The f i b r o b l a s t s  w ere  p r e p a r e d  f o r  t h i s  e x p e r i m e n t  by i n c u b a t i n g  

them o v e r n i g h t  i n  Minimum E s s e n t i a l  Medium (MEM) f o r  s u s p e n s i o n  

c u l t u r e s  (Grand I s l a n d  B i o l o g i c a l  Co . )  w i t h  g l u t a m i n e  (2  mM) 

p e n i c i l l i n  (100  u n i t s / m l )  and s t r e p t o m y c i n  (100 mg/m l) .  The c e l l s  were 

s c r a p e d  from t h e  s i d e s  o f  t h e  f l a s k s  w i t h  a r u b b e r  p o l i c e m a n  and washed 

w i t h  MEM f o r  m ono laye r  c u l t u r e s  (Grand  I s l a n d  B i o l o g i c a l  C o . ) .  The 

c e l l s  from s e v e r a l  f l a s k s  w ere  combined .  The f i b r o b l a s t s  were  i n c u b a t e d  

i n  MEM f o r  m ono layer  c u l t u r e s  f o r  24 o r  48 h o u r s .

E l u a t e s :

*^C02 p r o d u c t i o n  from g l u c o s e - l - ^ C  i n  f a t  c e l l s  was measured  

f o l l o w i n g  t h e  above  p r o c e d u r e  b u t  i n  an  a l t e r e d  i n c u b a t i o n  medium. Two 

days  b e f o r e  t h e  e x p e r i m e n t ,  t h e  McCoy's medium was removed from t h e  

f i b r o b l a s t  c u l t u r e s  w hich  were  i n  m ono layer  and f r e s h  medium, l a t e r  

used  f o r  t h e  e x p e r im e n t ,  was added .  S i m u l t a n e o u s l y ,  a f l a s k  w i t h  j u s t  

medium was a l s o  i n c u b a t e d  f o r  2 d a y s  a t  37°C, u n d e r  a n  a tm o s p h e re  of  

90% a i r : 10% C02 . The f a t  c e l l  i n c u b a t i o n  medium was composed o f  

in c u b a t e d  McCoy's medium and  K rebs  R i n g e r  b i c a r b o n a t e  b u f f e r  ( 2 : 5 ) .
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The effect of the McCoy's medium from each cell strain on fat cell C0o 
production was studied with and without glucagon-free insulin (1000 ̂ iU/ml).

III. Cyclic AMP studies 
cAMP content:

The basal cAMP content of fat cells and fibroblasts was measured.
This level was compared with the amount of cAMP present after the cells 
had been stimulated with epinephrine (1 ;ug/ml) (Parke Davis, Detroit,
Mich.) or with a combination of glucagon-free insulin (50 /iU/ml) and 
epinephrine (1 jig/ml).

Measurement of cAMP content of human skin fibroblasts was performed
Oin 25 cm Falcon flasks. Flasks of the same trypsinization number were 

chosen and were trypsinized three days before the experiment. The 
night before the experiment those flasks which contained the fibro­
blasts in monolayer, or nearly in monolayer were refed with 15% McCoy's 
medium. Cells from each flask represented a single cAMP determination.

The cAMP content of human skin fibroblasts was determined after 
the cells had been washed free of fetal calf serum and antibiotics by 
rinsing them three times with McCoy's 5A medium with no additives. Cells 
were incubated in 3 ml McCoy's 5A medium with or without hormones at 
37°C for 5 minutes after being equilibrated at pH 7.2 by gassing with 
90% air: 10% C02 for 30 seconds. One (1) ml 6% cold trichloroacetic 
acid (TCA) was added, and the cells were scraped from the flasks and 

transferred to test tubes.
Isolated rat fat cell cAMP content was determined by adding

0.03 ml of cells to 0.5 ml of Krebs Ringer bicarbonate buffer with 
5% fat free albumin with or without added hormones. The cells were
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i n c u b a t e d  i n  a m e t a b o l i c  s h a k e r  w i t h  g e n t l e  s h a k i n g  a t  37°C f o r  5

m i n u t e s  and e q u i l i b r a t e d  a t  pH 7 . 4  by g a s s i n g  w i t h  95% Or,: 5% CO f o r
z 2

30 s e c o n d s .  The  r e a c t i o n  was s to p p e d  by a d d i n g  0 .1  ml i c e - c o l d  50%

TCA. The c e l l s  i n  TCA s o l u t i o n  were  s o n i c a t e d  a t  h ig h  speed  f o r  30 

se c o n d s  ( S o n i f e r ,  B r inkm an ,  W es tbu ry ,  N. Y. )  a t  4°C and c e n t r i f u g e d  

a t  1 7 , 0 0 0  rpm f o r  20 m i n u t e s  i n  a S u p e r s p e e d  r e f r i g e r a t e d  c e n t r i f u g e  

( S o r v a l ,  Norwalk ,  C o n n . ) .  The s u p e r n a t e  was removed and e x t r a c t e d  3 

t i m e s  w i t h  5 ml w a t e r  s a t u r a t e d  p e t r o l e u m  e t h e r .  The aqueous  f r a c t i o n  

was h e a t e d  a t  70°C f o r  3 m i n u t e s  and l y o p h i l i z e d  ( V i r t i s ,  G a rd n e r ,  N.Y. ) .  

The p e l l e t  from t h e  f i b r o b l a s t s  was k e p t  f o r  DNA measurements ;  t h e  

p e l l e t  from t h e  f a t  c e l l s  was d i s c a r d e d  and f a t  c e l l  number was

d e t e r m i n e d  f rom an  a l i q u o t  o f  f a t  c e l l s .

cAMP was m e a su re d  by t h e  rad io im m unoassay  o f  S t e i n e r  e t  a l .  (1969 ,  

1972) .  The r e a g e n t s ,  r a b b i t  an t i -cAMP a n t i b o d y ,  s u c c i n y l  cAMP-methyl 

t y r o s i n e  e s t e r  (ScAMP-MTE I"*-2®), and sheep  a n t i - r a b b i t -

im munog lobu l in  G ( IgG )  w ere  p u r c h a s e d  from C o l l a b o r a t i v e  R e s e a r c h  In c .  

(Waltham, M a s s . )  and f rom  Schwarz  Mann.

The l y o p h i l i z e d  s a m p l e s  were  d i l u t e d  w i t h  c o l d  0 .0 5  M sodium 

a c e t a t e  b u f f e r ,  pH 6 . 4  s o  t h a t  t h e i r  cAMP c o n c e n t r a t i o n  would be i n  

t h e  r a n g e  measured  by t h e  ra d io im m u n o a ss a y .  0 . 3  ml o f  t h e  cAMP unknown 

was f i r s t  p i p e t t e d  i n t o  t h e  t e s t  t u b e .  0 .1  ml r a b b i t  ant i-cAMP 

a n t i b o d y  i n  0 . 0 5  M sod ium a c e t a t e  b u f f e r ,  pH 6 . 4 ,  and 0 .1  ml 

ScAMP-MTE i 125 w ere  ad d e d .  The s o l u t i o n  o f  ScAMP-MTE i 12^ f r 0 m Schwarz 

Mann c o n t a i n e d  s h e e p  a n t i - r a b b i t  IgG. These  t u b e s  were l e f t  t o  

i n c u b a t e  o v e r n i g h t  a t  4°C. With r e a g e n t s  from C o l l a b o r a t i v e  R e s e a r c h ,  

sheep  a n t i - r a b b i t  IgG and normal r a b b i t  serum (Grand I s l a n d  B i o l o g i c a l

C o . ) w e re  added  a f t e r  t h e  s a m p le s  had been  i n c u b a t i n g  f o r  3 h o u r s  a t
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4°C. The samples were Incubated overnight.

To obtain the precipitated bound ScAMP-MTE I125, 2.5 ml 60%
saturated ammonium sulfate was added to each tube. The tubes were
centrifuged at 5000 rpm in a Superspeed refrigerated centrifuge at 
o4 C for 30 minutes. The supernate was discarded. In a few experiments, 
the precipitates were separated by 45 p millipore filters (Millipore, 
Bedford, Mass.). The precipitates were counted in a Nuclear Chicago 
gamma spectrophotometer (G.D. Searle and Co., Des Plaines, 111.). All 
incubations and cAMP determinations were done in triplicate.
Adenyl cyclase:

Adenyl cyclase activity was measured in fibroblasts that had been 
homogenized in 50 mM Tris-HCl buffer (Sigma) pH 7.6 at 4°C and 
centrifuged at 600 x g for 10 minutes at 4°C. This procedure was 
repeated three times. The membranes were incubated at 30°C in a 
reaction mixture containing 50 mM Tris HC1, pH 7.6, 4 mM ATP (Sigma),

3.0 mM MgCl2» 10 mM theophylline, 10 jug pyruvate kinase (Sigma) and 
2.6 mM phosphoenolpyruvic acid (Sigma) for 15 minutes. The samples 
were boiled for 3 minutes and centrifuged at 2500 x g for 10 minutes.
The supernate was removed for assay and was diluted with 250/Ul sodium 
acetate buffer pH 6.4. The samples were divided into those containing 
1 pg/ml epinephrine; 1 pg/ml epinephrine and 50 pU insulin; and 10 mM 
NaF. Corrections for cAMP present initially were made by adding 

boiled tissue to the incubation medium, incubating for 15 minutes, 
and adding enzyme to the incubation medium but not incubating it. The 

cAMP formed was measured with the radioimmunoassay for cAMP as 

described above.



RESULTS

I .  F a t  C e l l  S t u d i e s

G l y c e r o l  r e l e a s e  w i t h  cAMP and DBcAMP i n  f a t  c e l l s  o f  v a r y i n g  

s i z e s :

R a t  w e i g h t s  and f a t  c e l l  s i z e s  u sed  a r e  shown i n  T a b l e  1. As 

r e p o r t e d  by o t h e r s ,  t h e  a d d i t i o n  o f  cAMP produced  l i t t l e  s t i m u l a t i o n  

above  b a s a l  l i p o l y s i s .  DBcAMP, however ,  c a u s e d  s i g n i f i c a n t  i n c r e a s e s  

i n  g l y c e r o l  r e l e a s e .  T h es e  e f f e c t s  were  o b s e r v e d  i n  c e l l s  o f  d i f f e r e n t  

s i z e s  ( T a b l e  2 ) .  C e l l  s i z e  a p p e a r e d  t o  be a d e t e r m i n i n g  f a c t o r  i n  t h e  

m a g n i tu d e  o f  t h e  l i p o l y t i c  r e s p o n s e  o f  t h e  c e l l .  C e l l  s i z e  and b a s a l  

g l y c e r o l  r e l e a s e  were  p o s i t i v e l y  c o r r e l a t e d  ( r  = 0 . 7 8 6 7 ) .  S ince  cAMP 

i n  i t s e l f  d i d  n o t  m a rk e d ly  change  l i p o l y s i s ,  i n c r e a s e s  i n  a c t i v i t y  o f  

cAMP s t i m u l a t e d  c e l l s  were s im p ly  r e f l e c t i o n s  o f  i n c r e a s e s  i n  b a s a l  l i p o ­

l y t i c  a c t i v i t y .  DBcAMP s t i m u l a t e d  a c t i v i t y  was much h i g h e r  t h a n  b a s a l ;  

t h u s  l i p o l y t i c  a c t i v i t y  can  change  i n d e p e n d e n t l y  o f  b a s a l  l e v e l s .  I n  th e  

s m a l l e r  c e l l s  DBcAMP s t i m u l a t e d  a c t i v i t y  was h ig h  and i t  did no t  i n c r e a s e  

s i g n i f i c a n t l y  w i t h  s i z e  change  (Graph 1 ) .  C o n s e q u e n t ly ,  a s  c e l l  s i z e  

i n c r e a s e d  t h e  p e r  c e n t  change  d e c r e a s e d ,  i n d i c a t i n g  t h a t  t h e r e  i s  a l i m i t  

t o  t h e  amount o f  s t i m u l a t i o n  p o s s i b l e .  P e r  c e n t  change  due t o  t h e  

a d d i t i o n  o f  cAMP was low and d i d  n o t  change  s i g n i f i c a n t l y  (Graph 2 ) .

COg p r o d u c t i o n  i n  r a t  a d i p o c y t e s  o f  v a r y i n g  s i z e s :

F a t  c e l l  s i z e  p l a y s  a r o l e  i n  CO^ p r o d u c t i o n .  The c e l l  s i z e s  

t e s t e d  r a n g e d  from 0 .0 2  t o  0 .7171  j ig l i p i d / c e l l  ( T a b l e  3 ) .  B a s a l  

■^CO,, p r o d u c t i o n  was n o t  a f f e c t e d  by c e l l  s i z e  ( T a b l e  4 ) .  However,
a

s t i m u l a t i o n  due t o  t h e  a d d i t i o n  o f  cAMP d e c r e a s e d  a s  c e l l  s i z e  

i n c r e a s e d .  I n h i b i t i o n  which  was o b s e rv e d  i n  t h e  r e s p o n s e  t o  DBcAMP

24
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d e c r e a s e d  a s  c e l l  s i z e  i n c r e a s e d ,  t h i s  s u b s t a n c e  becoming s l i g h t l y  

s t i m u l a t o r y  i n  t h e  l a r g e r  c e l l s  (Graph  3 ) .  I n d e e d ,  i n  t h e  l a r g e s t  

c e l l s  t h e  e f f e c t s  p roduced  by cAMP and DBcAMP were  a b o u t  e q u a l .  In  

t h e  s m a l l e r  c e l l s  p e r  c e n t  change was n e g a t i v e  f o r  DBcAMP and became 

p o s i t i v e  w i t h  i n c r e a s i n g  c e l l  s i z e .  I n  t h e  l a r g e s t  c e l l s  cAMP had 

l i t t l e  e f f e c t  and t h i s  caused  p e r  c e n t  change  t o  d e c r e a s e  w i t h  c h a n g e s  

i n  c e l l  s i z e  (Graph  4 ) .

C e l l  s i z e  may be a l t e r e d  by c h r o n i c a l l y  i n j e c t i n g  a n i m a l s  w i t h  

c e r t a i n  compounds; such  a s ,  monosodium g l u t a m a t e  (MSG), g ro w th  hormone 

(GH) and MSG-GH. R a t s  i n j e c t e d  w i t h  t h e s e  s u b s t a n c e s  w ere  u sed  i n  a 

s e r i e s  o f  e x p e r i m e n t s .  These c h e m ic a l s  seemed t o  p r o d u c e  i n c r e a s e d  

f a t  c e l l  s i z e s  ( T a b l e  5 ) .  I f  t h e  compounds b a s i c a l l y  a f f e c t  t h e  c e l l  

by s p e e d i n g  up t h e  p r o c e s s e s  which n o r m a l ly  i n c r e a s e  c e l l  s i z e ,  t h e n  

t h e  c e l l ' s  r e s p o n s e s  t o  exogenous  cAMP and hormones s h o u l d  p a r a l l e l  

t h o s e  f o r  n o r m a l ly  o c c u r r i n g  l a r g e  c e l l s .  C h r o n ic  i n j e c t i o n s  o f  r a t  GH 

may change  t h e  c e l l ' s  r e s p o n s e s  and i t s  a d e n y l  c y c l a s e  s y s t e m .

The i n j e c t e d  r a t s  had above  normal f a t  c e l l  s i z e s .  The l a r g e s t  

c e l l s  were  found i n  t h e  MSG-GH male i n j e c t e d  a n i m a l s .  When t h e  r e s u l t s  

f o r  g l y c e r o l  r e l e a s e  were compared w i t h  t h e  r e s u l t s  o f  t h e  p r e c e d i n g  

g l y c e r o l  e x p e r i m e n t ,  i t  was s e e n  t h a t  most o f  t h e  r e s u l t s  w e re  w i t h i n  

a c c e p t a b l e  p e r  c e n t  c o n f i d e n c e  l i m i t s  f o r  t h e i r  f a t  c e l l  s i z e s  ( T a b l e  6 ) .  

The o n l y  e x c e p t i o n  was t h e  g rowth  hormone i n j e c t e d  m a l e s .  T hus ,  t h e  

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

c e l l s '  b a s a l  r e s p o n s e  o r  t h e i r  r e s p o n s e s  t o  cAMP and DBcAMP. The 

e f f e c t s  o f  growth  hormone and i n s u l i n  on l i p o l y s i s  w e re  s m a l l  ( b o t h  

n e g a t i v e  and p o s i t i v e )  and no s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  be  d e t e c t e d  

among t h e  g r o u p s .



26

I n  g e n e r a l  ^COg p r o d u c t i o n  i n  t h e  i n j e c t e d  r a t s  was q u a n t i t a ­

t i v e l y  low ( T a b l e  7 ) .  The  p e r  c e n t  change  o v e r  b a s a l  when cAMP,

DBcAMP, i n s u l i n  o r  GH was added  t o  t h e  medium was a l s o  low. A l th o u g h  

i n s u l i n  i s  known t o  s t i m u l a t e  COg p r o d u c t i o n ,  o n ly  i n  t h e  MSG i n j e c t e d  

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

c a n t .  Many o f  t h e s e  r e s u l t s  d e m o n s t r a t i n g  low r e s p o n s e  may be 

a t t r i b u t a b l e  t o  t h e  e x t r e m e l y  l a r g e  f a t  c e l l  s i z e  o f  t h e  a n im a l s .

When compared w i t h  t h e  p r e c e d i n g  e x p e r i m e n t  on *^C02 p r o d u c t i o n ,  some 

o f  t h e  r e s u l t s  w ere  be low  t h e  a c c e p t a b l e  p e r  c e n t  c o n f i d e n c e  l i m i t s  

f o r  t h a t  c e l l  s i z e .  F a t  c e l l s  from males  and f e m a le s  t h a t  r e c e i v e d

t h e  same t r e a t m e n t  d i d  n o t  a lw ays  p ro d u c e  t h e  same COg r e s p o n s e .  Com-

14p a r i s o n  o f  t h e  r e s u l t s  from t h e  COg p r o d u c t i o n  and g l y c e r o l  r e l e a s e  

e x p e r i m e n t s  s u g g e s t  t h a t  t h e  c h r o n i c  i n j e c t i o n s  had a g r e a t e r  e f f e c t  on 

f a t  c e l l  ^ C 0 2 p r o d u c t i o n .

The e n t i r e  s e r i e s  o f  i n j e c t i o n s  and i n  v i t r o  i n c u b a t i o n s  must  be 

r e p e a t e d  a number o f  t i m e s  b e f o r e  any d e f i n i t e  c o n c l u s i o n s  can be made 

a s  t o  t h e  e f f e c t s  o f  c h r o n i c  i n j e c t i o n s  o f  MSG, GH and MSG-GH on 

i n  v i t r o  s t u d i e s  w i t h  cAMP, DBcAMP, i n s u l i n  and GH.

COg p r o d u c t i o n  i n  human f a t  c e l l s :

I n  a manner  s i m i l a r  t o  r a t  f a t  c e l l s  t h e r e  was no c o r r e l a t i o n  

be tween  f a t  c e l l  s i z e  and ^ C O g p r o d u c t i o n  from g l u c o s e - l - ^ C  ( T a b l e  8,  

Graph 5 ) .  T h i s  r e l a t i o n s h i p  h e l d  t r u e  when a l l  p a t i e n t s  were con­

s i d e r e d  a s  one g ro u p  and when t h e y  were  d i v i d e d  i n t o  t h e i r  r e s p e c t i v e  

g ro u p s :  n o rm a l ,  GH d e f i c i e n t  and  o b ese  (T a b l e  9 ) .  U n l ik e  r a t  f a t

c e l l s ,  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  be tw een  c e l l  s i z e  and 

*4 C0 p r o d u c t i o n  when t h e  c e l l s  were  s t i m u l a t e d  by cAMP o r  DBcAMP.A
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However,  i f  t h e  r e s p o n s e s  from t h e  f a t  from GH d e f i c i e n t  c h i l d r e n  

were  a n a l y z e d  s e p a r a t e l y  t h e r e  was 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  

o f  cAMP s t i m u l a t e d  *4C02 p r o d u c t i o n  w i t h  f a t  c e l l  s i z e .  I f  p e r  c e n t  

change  due t o  cAMP o r  DBcAMP o v e r  b a s a l  i s  c a l c u l a t e d ,  t h e  o n l y  

c o r r e l a t i o n  w i t h  c e l l  s i z e  was f o r  cAMP s t i m u l a t i o n  o f  GH d e f i c i e n t  f a t  

c e l l s  (T a b l e  10,  Graph 6 ) .

The f a t  c e l l  s i z e s  o f  t h e  p a t i e n t s  from w h ich  f a t  was sampled  

form a c o n t i n u o u s  sp ec t ru m  o f  c e l l  s i z e s .  However,  on t h e  b a s i s  o f  

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

f a t  c e l l  s i z e s  o f  t h e  growth  hormone d e f i c i e n t  and  t h e  o b e s e  p a t i e n t s  

were  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  normals  ( T a b l e  1 1 ) .  T h e r e  were  

no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e i r  b a s a l  14C02 

p r o d u c t i o n  o r  t h e i r  cAMP o r  DBcAMP s t i m u l a t e d  r e s p o n s e s ,  e i t h e r  

a b s o l u t e  o r  p e r  c e n t  change .

With 14C - g l u c o s e  p r e s e n t  i n  t h e  medium i n  which  f a t  c e l l s  a r e

14i n c u b a t i n g ,  t h e  i n c o r p o r a t i o n  o f  C i n t o  t r i g l y c e r i d e s  c a n  a l s o  be 

m easured  ( T a b l e  12 ) .  F a t  c e l l  s i z e  had no s i g n i f i c a n t  e f f e c t  upon 

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

p e r  c e n t  change  (Graph 7 ,  8 ) .  When t h e  c e l l  s i z e s  a r e  t r e a t e d  a s  one 

d i s t r i b u t i o n  cAMP s t i m u l a t i o n  was p o s i t i v e l y  c o r r e l a t e d  w i t h  i n c r e a s i n g  

c e l l  s i z e  ( r  = 0 . 5 3 1 6 ) .  However,  when t h e  c e l l s  were c o n s i d e r e d  i n  

g r o u p s ,  o n ly  t h e  g row th  hormone d e f i c i e n t  c e l l s  showed a s i g n i f i c a n t  

c o r r e l a t i o n  ( r  = 0 . 9 2 2 5 ) ,  a l t h o u g h  t h e  c o r r e l a t i o n  c o e f f i c i e n t  was 

a l s o  h ig h  f o r  t h e  o b e s e  c e l l s  ( r  = 0 .7 1 4 1 )  ( T a b l e  1 3 ) .  No s i g n i f i c a n t  

r e l a t i o n s h i p  e x i s t e d  between t h e  p e r  c e n t  s t i m u l a t i o n  due  t o  cAMP and 

c e l l  s i z e .
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A lth o u g h  t h e r e  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  p e r  

c e n t  c hange s  a t t r i b u t e d  t o  cAMP o r  DBcAMP when norm al  c e l l s  a r e  compared 

t o  g row th  hormone d e f i c i e n t  c e l l s ,  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  

be tween  t h e  two g r o u p s  f o r  b a s a l  i n c o r p o r a t i o n  and cAMP and DBcAMP 

s t i m u l a t e d  a c t i v i t y  ( T a b l e  1 4 ) .  T h i s  may i n d i c a t e  t h a t  t h e  h i g h e r  

cAMP and DBcAMP l e v e l s  a r e  more a f u n c t i o n  o f  t h e  b a s a l  l e v e l s  t h a n  o f  

t h e  i n c r e a s e d  s e n s i t i v i t y  t o  cAMP and DBcAMP, s i n c e  b o t h  g r o u p s  were  

s t i m u l a t e d  t o  a p p r o x i m a t e l y  t h e  same d e g r e e .

The d i f f e r e n c e s  t h a t  were  e v i d e n t  be tw een  t h e  normal  and o b e s e  

g ro u p s  were  b a s a l  and cAMP s t i m u l a t e d  14C i n c o r p o r a t i o n .  A ga in  t h e r e  

was no d i f f e r e n c e  i n  t h e  p e r  c e n t  s t i m u l a t i o n  due t o  cAMP. 

cAMP l e v e l s  i n  r a t  f a t  c e l l s :

The cAMP l e v e l s  i n  f a t  c e l l s  o f  v a r i o u s  s i z e s  a r e  shown i n  

T a b l e  15.  As d e m o n s t r a t e d  by r e g r e s s i o n  e q u a t i o n  a n a l y s e s ,  t h e r e  were  

p o s i t i v e  c o r r e l a t i o n s  b e tw ee n  c e l l  s i z e  and b a s a l  cAMP l e v e l s  ( r  = 0 . 9 0 5 1 ) ,  

e p i n e p h r i n e  ( r  = 0 . 7 1 2 5 )  and e p i n e p h r i n e - i n s u l i n  ( r  = 0 .9 2 2 )  t r e a t e d  

l e v e l s  (Graph 9 )  w i t h  l a r g e r  f a t  c e l l s  c o n t a i n i n g  more cAMP. I n  t h e  

r a n g e  o f  c e l l  s i z e  i n v e s t i g a t e d  t h e r e  d o e s  n o t  a p p e a r  t o  be a l i m i t  

t o  t h e  amount o f  cAMP c o n t a i n e d .  P e r  c e n t  change  p roduced  by e p i n e p h r i n e  

and e p i n e p h r i n e - i n s u l i n  a s  compared t o  b a s a l  l e v e l s  showed no c o r r e l a t i o n  

w i t h  c e l l  s i z e .  E p i n e p h r i n e - i n s u l i n  s t i m u l a t i o n  compared t o  e p i n e p h r i n e  

a l o n e  a l s o  showed no c o r r e l a t i o n  (Graph 1 0 ) .

I I .  F i b r o b l a s t  s t u d i e s

COg p r o d u c t i o n  i n  f i b r o b l a s t s :

*4C02 p r o d u c t i o n  f rom g l u c o s e - 1 - ^ C O g  by f i b r o b l a s t s  was s t i m u l a t e d  

by i n s u l i n .  I n s u l i n  t e n d e d  t o  s t i m u l a t e  t h e  c e l l s ,  e x c e p t  i n  one
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e x p e r i m e n t  where i t  i n h i b i t e d  14C02 p r o d u c t i o n  f o r  a l l  s t r a i n s  t e s t e d  

( T a b l e  1 6 ) .  The i n s u l i n  may have  been  o ld  o r  t h e  s o l u t i o n  i n c o r r e c t l y  

made.  Not enough s t r a i n s  o f  e a c h  t y p e  were t e s t e d  t o  make any v a l i d  

c o m p a r i s o n s  among n o rm a l s ,  d i a b e t i c s ,  and GH d e f i c i e n t  c e l l s ,  and t h e  

v a r i a t i o n  i n  p e r  c e n t  s t i m u l a t i o n  was v e r y  l a r g e .

S i n c e  cAMP i s  a l a b i l e  compound a t  37°C, and s i n c e  r a p i d  c hange s  

i n  i n t r a c e l l u l a r  cAMP l e v e l s  p ro d u c e  l a r g e  c h a n g e s  i n  o t h e r  p a r a m e t e r s ,  

a t t e m p t s  were  made t o  l o c a l i z e  t h e  t i m e  o f  i t s  a c t i o n .  A f t e r  i n c u b a t i n g  

t h e  c e l l s  f o r  24 h o u r s ,  cAMP was added and t h e  c e l l s  were  f u r t h e r  

i n c u b a t e d  f o r  4 h o u r s .  T h i s  p roduced  s l i g h t  i n h i b i t i o n  o f  COg 

p r o d u c t i o n .  When t h e  c e l l s  were i n c u b a t e d  f o r  24 h o u r s  w i t h  cAMP 

p r e s e n t  a l l  t h e  t i m e ,  t h e  r e s u l t s  were  i n c o n s i s t e n t .  C e l l s  i n c u b a t e d  

w i t h  cAMP f o r  48 h o u r s  u s u a l l y  showed a s t i m u l a t i o n  o f  C02 p r o d u c t i o n ,  

b u t  t h e  p e r  c e n t  v a r i a t i o n  was l a r g e .  I t  a p p e a r s  t h a t  cAMP may i n h i b i t  

^4C02 p r o d u c t i o n  d u r i n g  t h e  i n i t i a l  p e r i o d s ,  o n l y  l a t e r  becoming 

s t i m u l a t o r y .  A l s o ,  i n  t h e  f o u r  h o u r  i n c u b a t i o n s  t h e  c e l l s  may n o t  

h ave  had s u f f i c i e n t  t im e  t o  r e c o v e r  from t h e  i n i t i a l  shock  o f  t h e  

a d d i t i o n  o f  t h e  cAMP o r  DBcAMP. At 48 h o u r s  t h e  r e s p o n s e s  t o  DBcAMP 

w ere  v e r y  s i m i l a r  t o  t h o s e  p roduced  by cAMP, b e i n g  i n c o n s i s t e n t  a t  

24 h o u r s ,  b u t  s t i m u l a t o r y  a t  48 h o u r s .  However, t h e r e  seemed t o  be no 

d e f i n i t e  r e l a t i o n s h i p  be tween  t h e  p e r  c e n t  s t i m u l a t i o n  p ro d u ced  by t h e  

two compounds.

cAMP l e v e l s  i n  human c u l t u r e d  f i b r o b l a s t s :

I n t r a c e l l u l a r  cAMP c o n t e n t  was measured  i n  c u l t u r e d  human s k i n  

f i b r o b l a s t s  whose donors  had been  no rm al ,  d i a b e t i c  o r  GH d e f i c i e n t .

I n  eac h  e x p e r i m e n t  a t  l e a s t  one normal  s t r a i n  was compared t o  a t  l e a s t  

one abnormal s t r a i n .



A l l  c e l l  s t r a i n s  w ere  s e n s i t i v e  t o  e p i n e p h r i n e  s t i m u l a t i o n  

( T a b l e  1 7 ) .  The b a s a l  cAMP l e v e l s  o f  t h e  t h r e e  g roups  were  n o t  s i g n i f  

c a n t l y  d i f f e r e n t ,  and e p i n e p h r i n e  s t i m u l a t i o n  d i d  n o t  p ro d u ce  any 

s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  g r o u p s  (T a b l e  1 9 ) .  The p e r  c e n t  

change  i n  t h e  p r e s e n c e  o f  e p i n e p h r i n e  a l s o  was 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  (Graph 1 1 ) .

Most c e l l  s t r a i n s  were  a t  l e a s t  s l i g h t l y  s e n s i t i v e  t o  i n s u l i n  

d e p r e s s i o n  o f  e p i n e p h r i n e  s t i m u l a t e d  cAMP l e v e l s .  In  n o rm a l s ,  b a s a l  

and e p i n e p h r i n e - i n s u l i n  t r e a t e d  l e v e l s  o f  cAMP 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  ( T a b l e  1 8 ) .  B u t ,  i n s u l i n  had low er  o r  no e f f e c t s  on t h e s e  

l e v e l s  i n  d i a b e t i c  and GH d e f i c i e n t  c e l l s  (T a b l e  1 7 ) .  The a n a l y s e s  of  

v a r i a n c e  h ave  b een  c a l c u l a t e d  w i t h  and w i t h o u t  c e l l  s t r a i n  #606 

b e c a u s e  i n  t h e s e  e x p e r i m e n t s  #606 a p p e a re d  t o  behave  d i f f e r e n t l y  in  

c o m p a r i s o n  t o  t h e  o t h e r  n o r m a l s .  When #606 was i n c lu d e d  w i th  t h e  

n o rm a l s  t h e r e  were  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be tween 

n o rm a l s  and d i a b e t i c s ,  o r  no rm a l s  and grow th  hormone d e f i c i e n t  c e l l s  

f o r  t h e i r  r e s p o n s e  t o  e p i n e p h r i n e - i n s u l i n ,  e i t h e r  i n  a b s o l u t e  v a l u e s  

o r  p e r  c e n t  change  o v e r  b a s a l  ( T a b l e  1 9 ) .  However, i f  #606 i s  n o t  

i n c l u d e d  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  n o rm a ls  and 

d i a b e t i c s  and n o rm a l s  and g row th  hormone d e f i c i e n t .  The p e r  c e n t  

change  p ro d u c e d  by e p i n e p h r i n e - i n s u l i n  o v e r  e p i n e p h r i n e  was s i g n i f i ­

c a n t l y  d i f f e r e n t  from t h e  no rm a l s  i n  d i a b e t i c s  and growth  hormone 

d e f i c i e n t  c e l l s ,  even  when #606 was i n c l u d e d .  T h e re  was no o v e r l a p  

among t h e  n o rm a l s  and t h e  o t h e r  two g r o u p s  w i t h  t h e  e x c e p t i o n  o f  

#606.  I n s u l i n  a l o n e  was n o t  t e s t e d  b e c a u s e  o t h e r s  have d e m o n s t r a t e d  

t h e  need  f o r  a d e n y l  c y c l a s e  s t i m u l a t i o n  t o  show i n h i b i t o r y  e f f e c t s .
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A d e n y l a t e  c y c l a s e  i n  f i b r o b l a s t s :

E p i n e p h r i n e  and NaF s t i m u l a t e d  a d e n y l  c y c l a s e  l e v e l s  i n  a l l  c e l l  

s t r a i n s  (T ab le  2 0 ) .  NaF p roduced  e x t r e m e l y  h i g h  s t i m u l a t i o n .  However,  

i n s u l i n  t r e a t m e n t  d e p r e s s e d  e p i n e p h r i n e  s t i m u l a t e d  cAMP l e v e l s  below 

b a s a l  l e v e l s  i n  most  s t r a i n s ,  b u t  two c e l l  s t r a i n s  (45T8 and 679T9) 

had e p i n e p h r i n e - i n s u l i n  l e v e l s  which w ere  i n s i g n i f i c a n t l y  above  b a s a l  

l e v e l s .  The p e r  c e n t  change  produced  by t h e  p r e s e n c e  o f  i n s u l i n  w i t h  

e p i n e p h r i n e  compared w i t h  e p i n e p h r i n e  a l o n e  was a l w a y s  be tw een  46 and 

96 p e r  c e n t  (Graph 12 ) .

I n  normal c e l l  s t r a i n s  t h e r e  were  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  be tw een  b a s a l  and e p i n e p h r i n e ,  and b a s a l  and NaF s t i m u l a t e d  

cAMP l e v e l s ,  b u t  no d i f f e r e n c e  be tween b a s a l  and e p i n e p h r i n e - i n s u l i n  

t r e a t e d  l e v e l s  ( T a b l e  2 1 ) .  To p a r a l l e l  t h e  p r o c e d u r e  f o l l o w e d  f o r  cAMP 

l e v e l s ,  t h e  c a l c u l a t i o n s  were done w i t h  and w i t h o u t  #606 .  I n  t h e s e  

c a s e s  o m i s s io n  o f  #606 produced  no d i f f e r e n c e s .

When t h e  t h r e e  g ro u p s  of  c u l t u r e d  s t r a i n s  w e re  compared ,  no 

s i g n i f i c a n t  d i f f e r e n c e s  were s e e n  among them f o r  b a s a l  a c t i v i t y ,  

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

a c t i v i t y  (T a b le  22 ) .  S i m i l a r l y ,  t h e r e  were  no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  be tween  t h e  s t r a i n s  f o r  p e r  c e n t  c h a n g e s  o f  e p i n e p h r i n e  o r  

e p i n e p h r i n e - i n s u l i n  o v e r  b a s a l  l e v e l s ,  o r  o f  e p i n e p h r i n e - i n s u l i n  o v e r  

e p i n e p h r i n e .  O m iss ion  o f  #606 from t h e  norm al  g r o u p  s t i l l  d i d  n o t  

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

T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  be tw een  normal and d i a b e t i c  

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

b a s a l  l e v e l s .  However,  a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  be tw een  normal 

and growth  hormone d e f i c i e n t  c e l l s  f o r  p e r  c e n t  ch a n g e  o f  NaF o v e r
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b a s a l  l e v e l s  and a s u g g e s t i v e  d i f f e r e n c e  (P^O.IO) between NaF s t i m u l a t e d  

and b a s a l  l e v e l s .

I n f l u e n c e  o f  f i b r o b l a s t  media on ^COg p r o d u c t i o n  i n  r a t  a d i o p o c y t e s :

I n c u b a t i o n  o f  i s o l a t e d  r a t  a d i p o c y t e s  i n  McCoy's medium d i m i n i s h e d  

14t h e  s t i m u l a t i o n  o f  COg p r o d u c t i o n  n o r m a l l y  p roduced  by i n s u l i n .  The 

g r e a t e s t  i n h i b i t i o n  was o b s e r v e d  w i t h  McCoy's medium which had been  

m a i n t a i n e d  a t  37°C f o r  2 d a y s  w i t h o u t  c e l l s  (T a b l e  23 ) .  I n c u b a t i o n  

w i t h  f i b r o b l a s t s  a l t e r e d  t h e  medium i n  some manner so t h a t  i t  was l e s s  

i n h i b i t o r y .  T h e re  were  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c e l l  

f r e e  media from normal  and g row th  hormone d e f i c i e n t  c e l l s .  U n f o r t u ­

n a t e l y ,  on d i f f e r e n t  days  "^COg p r o d u c t i o n  w i t h  McCoy's medium 

i n c u b a t e d  w i t h o u t  c e l l s  v a r i e d ,  making i t  d i f f i c u l t  t o  make v a l i d  

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



DISCUSSION

I. Metabolic studies

For metabolic studies isolated fat cells are preferred to whole 
tissue, due to their homogeneity. The most commonly used method 
designed to free cells is trypsinization. However, tryspin has adverse 

effects on fat cells, decreasing their glucose metabolism and causing 
insensitivity to the antilipolytic action and stimulatory effect on 
glucose oxidation of insulin (Fain and Loken, 1969). The collagenase 

technique (Rodbell, 1964) is believed to leave all the metabolic 
properties intact and is the most widely utilized in fat cells. This 
was the method applied in my studies. Recently, McKeel and Jarett 
(1970) have proposed another method for isolating cells.

One of the first activities attributed to cAMP mediation was 
lipolysis. It was observed that agents which raised intracellular 
cAMP levels increased lipolytic activity and those that lowered intra­
cellular cAMP, lowered lipolytic activity. Based on the assumption 
that cAMP was causing these changes, either directly or indirectly, the 
addition of exogenous cAMP to the incubation medium should produce a 
similar effect to that produced by an agent which raised intracellular 
cAMP levels. Many investigators have found that cAMP was ineffective, 
or was required in very high concentrations to elicit a response. 
Therefore, they used its dibutyryl analogue, DBcAMP. In order to 

compare DBcAMP and cAMP, both compounds were used in all experiments 
performed here.

Lipolysis:
All four of Sutherland's criteria (Sutherland et al,, 1968) have
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been applied to lipolysis and have been met. In rat fat cells, epi­
nephrine, norepinephrine, glucagon, adrenocorticotrophin (ACTH), 
thyroid stimulating hormone, and DBcAMP are lipolytic. However, 
insulin, the prostaglandins (PGE) and growth hormone (GH) are anti­
lipolytic (Appelman and Sevilla, 1970). Theophylline and caffeine, 
inhibitors of phosphodiesterase (PDE) act synergistically with the 
lipolytic compounds. Nicotinic acid, a stimulator of PDE, inhibits 
lipolytic action and beta adrenergic blocking agents which block the 
formation of cAMP also inhibit lipolytic activity (Robison et al., 1968).

Glycerol release is a saturable process. Changes in cAMP level 
above 50% stimulation (with epinephrine) do not cause any further 

increases in free fatty acid release (Butcher, 1966). There is a 
correlation between cAMP levels and lipolysis when intracellular cAMP 
concentration is between 180-300 picomoles/gm wet weight. Lipolytic 
changes due to epinephrine stimulation are seen within five minutes, 
but significant alterations in cAMP levels are seen within 30 seconds 
(Butcher et al., 1968a). This delayed response is probably due to the 
chain of events which leads to the activation of triglyceride lipase.
A cascade mechar.ism involving protein kinase, glycogen phosphorylase 
and glycogen synthetase is probably set into motion (Appelman and 
Sevilla, 1970). Beside increased levels of cAMP, this reaction 
requires adenosine triphosphate (ATP) and magnesium ions (Mg*2)

(Robison et al., 1971).
The adenyl cyclase system and lipolysis are extremely sensitive 

to alteration in pH. This may be related to changes in the biological 
effect of drugs or to the ionization of the receptor site at different
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pH. At low pH, less free fatty acids dissociate, causing them to 
accumulate in the cell, resulting in decreased lipolysis (Nahas et al., 
1971).

Numerous investigators (Blecher et al., 1968) have found no 
lipolytic effect with cAMP, and thus confined most of their studies to 
the lipolytic effect of DBcAMP. One reason may have been their choice 
of buffer. The ionic composition of the medium is very critical for 
the cells' response. Mosinger and Vaughan (1967) demonstrated that 

cAMP stimulated lipolysis in phosphate-saline (with sodium) buffer, but 
was inhibitory when basal lipolysis was high in phosphate-saline (with 
potassium) buffer. In Krebs-Ringer phosphate buffer cAMP had no effect. 

Another explanation may be the concentration of cAMP added. With
-310 M cAMP, the lipolytic response with theophylline was not increased.

— o — OHowever, when 5 x 10 M or 1 x 10 M was used, this response was
greatly stimulated (Goodman, 1969). Theophylline may decrease the

—3breakdown of the exogenous cAMP. My studies, using 5 x 10 M cAMP 
showed a small stimulatory lipolytic effect of cAMP in the same buffer 
used by Goodman, but without the added theophylline. Changing the buffer 
from Krebs-Ringer bicarbonate to phosphate-saline (with sodium) may have 
increased the response (Mosinger and Vaughan, 1967). Also, in that 
buffer the effects of cAMP and DBcAMP are qualitatively and quantita­
tively similar (Braun et al., 1969). Even in Krebs-Ringer bicarbonate 
buffer in my studies the DBcAMP response is highly significant and 
shows the rate limiting effect on lipolysis.

Since DBcAMP stimulation is so great, alterations of this stimula­
tory activity by other compounds can be used as an indication of their 
effects on the adenyl cyclase system. Insulin alone is without effect
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on DBcAMP l i p o l y s i s .  However,  i t  r e v e r s e s  t h e  s y n e r g i s t i c  e f f e c t  o f

t h e o p h y l l i n e  o r  c a f f e i n e  w i t h  low l e v e l s  o f  DBcAMP. N i c o t i n i c  a c i d

i n h i b i t i e d  DBcAMP s t i m u l a t e d  l i p o l y s i s  ( B l e c h e r  e t  a l . , 1 968 ) .  U n l ik e

i n s u l i n ,  t o l b u t a m i d e  and p h e n fo rm in ,  which  n o n - c o m p e t i t i v e l y  i n h i b i t

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

o f  DBcAMP and t h e o p h y l l i n e  (Brown e t  a l . , 1969) .  A m i t r i p t y l i n e ,

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

and t h e o p h y l l i n e  ( L o v r i e n  e t  a l . , 1972) .

DBcAMP a s  a s u b s t i t u t e  f o r  cAMP:

To s t r e n g t h e n  a rgum en ts  f o r  t h e  s u b s t i t u t i o n  o f  DBcAMP f o r  cAMP,

s t u d i e s  on i t s  p h y s i o l o g i c a l  and c h e m ic a l  p r o p e r t i e s  have  been  made.

B l e c h e r  (1971)  found  t h a t  PDE d o es  n o t  a t t a c k  DBcAMP b e c a u s e  o f  t h e

6 9 fs t e r i c  h i n d e r a n c e  o f  t h e  s u b s t i t u e n t  g r o u p s  on t h e  N and 0 p o s i t i o n s .  

D u r in g  m e t a b o l i c  s t u d i e s  i n  a d i p o c y t e s ,  t h e s e  g r o u p s  a r e  n o t  removed 

e n z y m a t i c a l l y ,  t h u s  a l l o w i n g  t h e  e n t r y  o f  DBcAMP i n t o  t h e  c e l l s .  The 

n o n -e n z y m a t i c  f o r m a t i o n  o f  b u t y r i c  a c i d  amounted t o  n o t  more t h a n  4% 

o v e r  2 h o u r s  o f  i n c u b a t i o n .  O t h e r  i n v e s t i g a t o r s ,  however ,  have  u rg e d  

c a u t i o n  i n  t h e  u s e  o f  DBcAMP. Commercial  p r e p a r a t i o n s  o f  DBcAMP a r e  

n o t  p u r e ,  c o n t a i n i n g  m onobu ty ry l  cAMP (MBcAMP) and b u t y r i c  a c i d  and 

cAMP. T h i s  r e q u i r e d  t h a t  t h e  compound be p u r i f i e d  b e f o r e  u s e  

( J o h n s o n  e t  a l . ,  1971a ) .  However, even  when t h e  compound i s  p u r i f i e d ,  

a 3 h o u r  i n c u b a t i o n  i n  K r e b s - R i n g e r  b i c a r b o n a t e  b u f f e r  w i l l  c a u s e  up 

t o  60% o f  DBcAMP t o  decompose t o  MBcAMP and o t h e r  p r o d u c t s .  When 

DBcAMP i s  s t o r e d  d r y  o r  i n  e t h a n o l  f o r  4 months ,  no c h a n g e s  a r e  n o t i c e d  

by ch rom a to g rap h y .  I f  s t o r e d  a s  an aqueous  s o l u t i o n  DBcAMP decomposed 

a t  - 1 5 °  t o  +5° C ( S w i s l o c k i ,  1 9 7 0 ) .  A f t e r  s t o r a g e  and u s e  o f  an  opened
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bottle of dry DBcAMP for more than 6 months, 1 noted changes in 
biological activity as compared to a new unopened bottle. The odor of 

butyric acid was also apparent. In addition, in a number of cases 
DBcAMP and cAMP have demonstrated opposite effects in skeletal muscle, 
isolated fat cells, HeLa cells, melanophores and intestinal smooth 

muscle (Robison, et al., 1971). The problem of decomposition may have 
resulted in incubation with compounds other than DBcAMP which may them­
selves have been responsible for the effects attributed to DBcAMP.
Recently, investigators have run parallel experiments with the 
decomposition products. This must cast some doubt on the validity of 
many previous studies using DBcAMP as a substitute for cAMP. Since 
the DBcAMP available commercially is not 100% pure, at no time do I 
attribute actions to cAMP solely on the basis of results observed with 
DBcAMP. However, I continued to study DBcAMP to compare my results 

with previous reports.
Effects of cell size:

In my studies, basal glycerol and cAMP stimulated release in rat 
fat cells was positively correlated with increasing cell size. However, 
the response to DBcAMP is unaffected by cell size. This may illustrate 
the maximal response of the lipolytic system and thus its saturation 
point. If maximally stimulated by cAMP or a derivative, the lipase 
system is unaffected by cell size. When the system is unsaturated, cell 

size plays an important role in lipolysis and lipase activity (Netel et al.,
1969). In rat cells enlarged by high fat, low carbohydrate diet, there 
is a decrease in epinephrine and glucagon stimulated lipolysis calculated 
by tissue weights (Gorman et al., 1972). Norepinephrine stimulation on a
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per cell basis, like DBcAMP stimulation is unaffected by changes in 
cell size (Hartman et al., 1971).
1-4C02 production:

14Unlike lipolysis, basal CO^ production is unrelated to cell
size. However, stimulation by insulin is negatively correlated with
increasing cell size (Salans and Dougherty, 1971). This same pattern
was observed in my studies of basal and cAMP stimulation. The

similarity between the responses to insulin and cAMP was not expected
because insulin action is believed to be mediated by decreased cAMP
levels. The cyclic nucleotides of cytidine, inosine, thymidine and

14uridine also stimulate C0g production. However, DBcAMP and cyclic 
guanosine 3'5' nucleotide and caffeine and theophylline inhibit 14COg 
production (Kitabchi et al., 1970; Bray, 1967). The divergent effects 
of cAMP and DBcAMP become greater with increasing concentrations
(Solomon et al., 1970). This divergent effect was observed only when

14 14both butyryl groups were present and when glucose-1- C or glucose-U- C
was used. DBcAMP was stimulatory with glucose-6-14C (Solomon and
Kitabchi, 1972). At constant concentrations, I found that the effects
of cAMP and DBcAMP on 14C02 production from glucose~l-14C became more
similar as fat cell size increased. At the present time, it is
difficult to explain the inconsistency between the two actions of cAMP
and insulin, unless cAMP is being altered in some manner or cAMP is not
involved in glucose oxidation. The divergence of cAMP and DBcAMP may

reflect differences in their structure or action.
Effects of GH and/or MSG injections:

Insulin exerts its action by decreasing cAMP levels in cells by
an unknown mechanism. GH has many insulin-like properties. Incubation



with it enhances submaximal lipolytic activity stimulated by 
catecholamines and theophylline. Stimulation by DBcAMP is unaffected, 
suggesting that GH stimulated the synthesis of a protein involved in 
the formation but not in the action of cAMP (Fain, 1968). The different 
response may be explained by GH's biphasic effects. There is an 
initial inhibition of lipolysis followed by an acceleration of the 
lipolytic response to epinephrine in the presence of glucocorticoids 
or of theophylline. Its effects on glucose metabolism are also 
biphasic with early acceleration followed later by inhibition (Goodman, 
1970). The results from my study demonstrated antilipolytic or insig­
nificantly lipolytic effect on cells from GH and/or MSG injected 
animals. In all groups the insulin response is very similar to the
GH effects, thus agreeing with the insulin-like properties of GH’s

14first phase of action. However, GH effect on CO production isz
slightly negative or positive, not following a definite pattern. If a
parallel is drawn with insulin, then larger cells would not be expected
to show a significant response. Insulin response in these cells was

generally poor and may have been affected by the previous injections.
In general my studies indicate that except for the significant

increase in fat cell size, the GH and/or MSG injected rats' fat did
not differ significantly in its lipolytic response from what would be
expected for cells of equal size. It is possible that the cells were

14so large that any differences were obscured by cell size. CC>2 
production, however, is more affected. The males who had smaller cells, 
are less responsive than expected for their cell size. Since they were 
injected with GH, which is sometimes diabetogenic, their lack of
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r e s p o n s e  may be c o r r e l a t e d  w i t h  t h e  poor  r e s p o n s i v e n e s s  t o  i n s u l i n  o f  

human d i a b e t i c s .  The f e m a l e ' s  e x t r e m e l y  l a r g e  c e l l  s i z e s  migh t  have  

o b s c u re d  any d i f f e r e n c e s .

Compar isons  be tween  l i p o l y s i s  and ^COg p r o d u c t i o n :

A l th o u g h  two m e t a b o l i c  p a r a m e t e r s  may be med ia ted  by cAMP, t h e  

e f f e c t s  o f  a p a r t i c u l a r  s u b s t a n c e  can  be v e r y  d i f f e r e n t  on each  param­

e t e r .  PGE and n i c o t i n i c  a c i d ,  which a r e  a n t i l i p o l y t i c  w i t h  e p i n e p h r i n e ,  

h ave  no e f f e c t  on i t s  s t i m u l a t i o n  o f  g l u c o s e  o x i d a t i o n .  Both  e f f e c t s  

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

b l o c k e r s  i n h i b i t  b o t h  a c t i o n s .  I n  c o n t r a s t ,  b e t a  b l o c k e r s  i n t e r f e r e d  

o n l y  w i t h  t h e  l i p o l y t i c  a c t i v i t y  of  ACTH and g lucagon .  The e f f e c t s  o f  

t h e s e  hormones  on g l u c o s e  u t i l i z a t i o n  a r e  n o t  accompanied by an  i n c r e a s e  

i n  p r o d u c t i o n  and r e l e a s e  o f  f r e e  f a t t y  a c i d s .  These two m e t a b o l i c  

p a r a m e t e r s  o p e r a t e  i n d e p e n d e n t l y .  G lucose  o x i d a t i o n  may i n v o l v e  a 

t r a n s p o r t  mechanism, r a t h e r  t h a n  cAMP ( B l e c h e r  e t  a l . ,  1969) .  T h i s  

may e x p l a i n  a l a c k  o f  c o r r e l a t i o n  be tween  l i p o l y t i c  a c t i v i t y  and 

g l u c o s e  o x i d a t i o n  s t i m u l a t e d  by cAMP and DBcAMP.

Human a d i p o s e  t i s s u e  compared w i t h  r a t  a d i p o s e  t i s s u e :

I n  g e n e r a l  most  f a t  c e l l  s t u d i e s  were  performed on r a t s  f o r  

c o n v e n i e n c e ,  and t h e i r  r e s u l t s  e x t r a p o l a t e d  t o  p o s s i b l e  mechan isms o f  

a c t i o n  i n  man. The r a t  may n o t  be  t h e  b e s t  model.  U n l ik e  t h e  r a t ,  

human a d i p o s e  t i s s u e  h a s  a p o o r  c a p a c i t y  t o  s y n t h e s i z e  f a t t y  a c i d s  

de  novo. The c i t r a t e  c l e a v a g e  enzyme i s  m i s s i n g  and many o t h e r  enzymes 

a r e  i n  low c o n c e n t r a t i o n .  I n  humans t h e  r a t e  o f  i n c o r p o r a t i o n  o f  

l a b e l e d  c i t r a t e  i n t o  f a t t y  a c i d s  i s  much low er  t h a n  i n  r a t s .  The 

m a j o r i t y  o f  t h e  c a r b o n s  found i n  human l i p i d s  a r e  m e t a b o l i z e d  t h r o u g h  

a l p h a - g l y c e r o l  p h o s p h a t e ,  s o  t h a t  most o f  t h e  l a b e l s  a p p e a r  i n  t h e
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g l y c e r o l  m o lecu le .  Only 0.6% g lu c o s e - * ^ C  i s  r e c o v e r e d  a s  f a t t y  a c i d s .  

The r e s t  i s  i n c o r p o r a t e d  i n t o  g l y c e r i d e - g l y c e r o l  ( G a l t o n ,  1 968 ) .  The 

g l y c e r o l  m o ie ty  i n  o l d e r  and d i a b e t i c  r a t s  a l s o  c o n t a i n s  most o f  t h e  

l a b e l  (S h rago  e t  a l . ,  1971) .  Thus ,  a good model  f o r  human f a t  t i s s u e  

would be o l d e r  l a r g e r  r a t s ,  a s  were  u s e d  i n  my s t u d i e s .  A n o th e r  an im a l  

which would p r o v id e  a good c o m p a r i s o n  i s  t h e  dog  ( C a r l s o n  e t  a l .  , 1970) .

P e rh a p s  t h e  most  b a s i c  d i f f e r e n c e  b e tw ee n  human and r a t  a d i p o s e  

c e l l s  i s  t h a t  human c e l l s  have  b o t h  a l p h a  and b e t a  a d r e n e r g i c  r e c e p t o r s  

w h i l e  r a t  c e l l s  have o n ly  b e t a  r e c e p t o r s  (R o b i s o n  e t  a l . ,  1 972 ) .

G ly c e r o l  r e l e a s e  i n  r a t s  i s  s e n s i t i v e  t o  g l u c a g o n ,  GH and ACTH. Human 

c e l l s  a r e  n o t  s e n s i t i v e  t o  t h o s e  t h r e e  hormones .  Both  a d i p o s e  c e l l s  

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

DBcAMP and t h e o p h y l l i n e  (James  and B u rn s ,  1 9 6 9 ) ,  and i n s u l i n  and 

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

g l u c o s e  i n t o  g l y c e r o l  i n  b o t h  human and r a t  c e l l s ,  b u t  t h e  i n s u l i n  

r e s p o n s i v e n e s s  was much low er  i n  humans t h a n  i n  r a t s  (K a h le n b e rg  e t  a l . ,  

1966) .  T h i s  may be a f u n c t i o n  o f  c e l l  s i z e  b e c a u s e  a s  r a t  w e ig h t  

i n c r e a s e s ,  t h e  r e s p o n s i v e n e s s  d e c r e a s e s .  I n  man,  a g e  a l s o  seemed t o  

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

h i g h e r  m e t a b o l i c  a c t i v i t y  t h a n  whole  t i s s u e  b o t h  b a s a l l y  and w i t h  

i n s u l i n .  T i s s u e  segments  a r e  more a c t i v e  t h a n  i s o l a t e d  c e l l s  i n  man 

( G r i e s  and S t e i n k e ,  1967) .  The d e c r e a s e d  r e s p o n s i v e n e s s  may be  due t o  

i n c r e a s e d  c e l l  b re a k a g e  d u r i n g  i s o l a t i o n .  The q u a n t i t y  o f  t i s s u e  

r e q u i r e d  t o  p e r fo rm  t h e  e x p e r i m e n t s  i s  much g r e a t e r  t h a n  can  be 

o b t a i n e d  by n e e d l e  b i o p s y .  Most p u b l i s h e d  r e p o r t s  r e l i e d  on s u r g i c a l  

spec im ens  which may r a i s e  t h e  q u e s t i o n  o f  t h e  e f f e c t  o f  t h e  a n e s t h e s i a
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on the cells' responses. Human cell responses are more variable than 
rat responses. In my studies due to the size of the specimens, segments 
of tissue were used.

Lipolysis in human adipose tissue:

As the majority of studies with human adipose tissue are concerned 
with lipolytic activity some comments must be included. The anti­
lipolytic effect of insulin is slight with no effect on epinephrine 

lipolytic activity. Norepinephrine is a strong lipolytic agent whose 
action can be potentiated by theophylline (Galton and Bray, 1967; Possa,
1970). Epinephrine at lO^^g/ml produces a response which is maximal 

at 1 jig/ml. Lipolytic stimulation by DEAE II, a lipolytic peptide 
derived fjrom human pituitary powder, can be reduced by insulin (Burns 
and Langley, 1968a). Similar to rat cells, human cells responded to 
DBcAMP, but not to cAMP (Burns and Langley, 1968^). Lipolytic stimula­
tion by DBcAMP can be potentiated by theophylline and insulin can 
inhibit this increase. cAMP and theophylline produce a lower response 
than theophylline alone. Neither phentolamine (an alpha adrenergic 
blocking agent) nor propranolol (a beta adrenergic blocking agent) 
influence the effect of DBcAMP plus theophylline. Phentolamine 
increases the effect of epinephrine, but has no effect in rats. 
Propranolol causes epinephrine stimulated lipolysis to fall below basal 
values (Burns and Langley, 1970a). Alterations in epinephrine 

stimulated lipolysis are paralleled by changes in cAMP levels (Burns 
and Langley, 1970b). PGE interferes with norepinephrine plus theophyl­

line stimulation, but not with DBcAMP stimulation (Moskowitz and Fain, 
1969; Efendic, 1970°).
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F o r m a t io n  o f  cAMP i s  t h e  r a t e  l i m i t i n g  f a c t o r  i n  t h e  l i p o l y t i c  

r e s p o n s e .  cAMP must  be s t i m u l a t i n g  a l i p a s e  (Ostman e t  a l . ,  1969) .

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

a t  l e a s t  f o u r  h o u r s  (R ob ison  e t  a l . , 1972) .  The i n c r e a s e d  c o n c e n t r a ­

t i o n  o f  cAMP i n  t h e  b u f f e r  can  be d e t e c t e d  d u r i n g  t h e  f i r s t  h o u r  

(Burns  e t  a l . , 1971) .

^ C 0 2 p r o d u c t i o n :

L ik e  r a t  c e l l s ,  human a d i p o s e  c e l l s  a r e  s e n s i t i v e  t o  i n s u l i n  

s t i m u l a t i o n  o f  1^C02 p r o d u c t i o n .  The m a g n i tu d e  o f  t h e  r e s p o n s e  i s  

d e p e n d e n t  on t h e  g l u c o s e  c o n c e n t r a t i o n  p r e s e n t  ( G o l d r i c k ,  1 9 6 7 ) .  I n  

g e n e r a l ,  t h e  human c e l l s  t e s t e d  i n  my s t u d i e s  were  l e s s  r e s p o n s i v e  t o  

cAMP and DBcAMP t h a n  r a t  c e l l s ,  t h u s  p a r a l l e l i n g  t h e  p a t t e r n  o f  r e s p o n s e  

t o  i n s u l i n .

C e l l  s i z e  a l s o  p r o b a b l y  p l a y s  a d e t e r m i n i n g  r o l e  i n  a human 

c e l l ' s  r e s p o n s e .  L a r g e r  c e l l s  from t h e  same spec im en  h ave  a g r e a t e r  

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

e f f e c t s  o f  i n s u l i n  (S m i th ,  1971) .  I n  some s t u d i e s  s u b c u t a n e o u s  and 

om enta l  f a t  from t h e  same p a t i e n t  were compared b e c a u s e  s u b c u t a n e o u s  

f a t  c e l l s  a r e  l a r g e r  t h a n  om e n ta l  c e l l s .  A ga in  t h e  l a r g e r  c e l l s  had a 

h i g h e r  r a t e  o f  b a s a l  l i p o l y s i s ,  b u t  t h e  i n s u l i n  and t h e o p h y l l i n e  s t i m u ­

l a t e d  l i p o l y s i s  d oes  no t  d i f f e r  ( G o l d r i c k  and McLoughl in ,  1 9 7 0 ) .  T h e re  

i s  no d i f f e r e n c e  i n  DBcAMP s t i m u l a t e d  a c t i v i t y ,  s u g g e s t i n g  t h e  maximal 

r a t e  may have been  a c h i e v e d  a s  o b s e rv e d  i n  r a t  c e l l s  ( E f e n d i c ,  1970^).  

However,  PGE i n h i b i t s  b a s a l  l i p o l y s i s  more i n  s u b c u t a n e o u s  c e l l s  

( C a r l s o n  and H a l l b e r g ,  1968) .  N o r e p i n e p h r i n e ,  e p i n e p h r i n e  and 

i s o p r o t e r e n o l  s t i m u l a t e d  l i p o l y s i s  i s  g r e a t e r  i n  l a r g e r  c e l l s  ( J a c o b s s o n
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and Smith, 1972). Thus, depending on the individual hormone or
compound, cell size may be important. The range of human cell sizes
which can be studied is not as great as that in rats, and changes
which would be seen over a wider range are not significant over a
narrower range. This may explain the difference in human and rat
correlation with cell size. In my studies there were no significant
correlations between cell size and response. The human cell sizes were
in a range which did not show great changes in the rats. The human
cells were also in the range where there was no inhibition with
DBcAMP and the amount of difference between cAMP and DBcAMP was
becoming smaller.
14C incorporation into triglycerides:

As mentioned, the major portion of lipid synthesis in humans is
14Into glyceride-glycerol. The incorporation of C into triglycerides

14provides a measure of this production. Although cAMP stimulated COg 
production more than DBcAMP, 1 found that DBcAMP stimulation of 14C 
incorporation is generally higher than cAMP stimulation. cAMP stimu­
lated levels are positively correlated with cell size when all the 
results are considered as one distribution, but only the growth hormone 
deficient cells are significantly correlated when each group is 
analyzed separately. Upon separation, the other groups may not have 
produced a wide enough range of sizes to demonstrate a difference.
Since DBcAMP stimulation is not correlated with cell size, it is 
suggested that DBcAMP is maximally stimulating the pathway. cAMP 
stimulation, although lower, would still be considered effective.
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14CC>2 p r o d u c t i o n  i n  human s k i n  f i b r o b l a s t s :

Normal s e r i a l l y  c u l t u r e d  f i b r o b l a s t s  d e g r a d e  g l u c o s e  t o  C02 o r

l a c t a t e ,  w i t h  t h e  l a t e r  p r e d o m i n a t i n g .  The m e ta b o l i s m  o f  t h e s e  c e l l s

w i l l  d i f f e r  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  d e p e n d in g  on t h e  method o f

c u l t i v a t i o n ,  pH and s p e c i e s  o f  serum u sed  ( C r i s t o f a l o  and K r i t c h e v s k y ,

1 9 6 5 ) .  T h e r e  e x i s t s  a d i r e c t  c o r r e l a t i o n  be tween  r a t e s  o f  g l u c o s e

u p t a k e  and r a t e s  o f  p r o l i f e r a t i o n  and p o p u l a t i o n  d e n s i t y  (K ru se  and

Miedema, 1965) .  Thus ,  s t u d i e s  o f  r a t e s  o f  g l u c o s e  o x i d a t i o n  s h o u ld  be

c o n d u c te d  u n d e r  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  When g l u c o s e - l - ^ C

i s  added  t o  t h e  medium, o n ly  a s m a l l  b u t  s u f f i c i e n t  p r o p o r t i o n  o f  i t s

14o x i d a t i o n  i s  r e p r e s e n t e d  by C02 p r o d u c t i o n .

A t t e m p t i n g  t o  f i n d  t h e  b a s i c  g e n e t i c  d e f e c t ( s )  i n  d i a b e t e s ,  

G o l d s t e i n  and L i t t l e f i e l d  (1969)  s t u d i e d  g l u c o s e  o x i d a t i o n  i n  normal  

and d i a b e t i c  f i b r o b l a s t s .  They w ere  l o o k i n g  f o r  t h e  c a u s e  o f  d e c r e a s e d  

p l a t i n g  e f f i c i e n c y  o b s e rv e d  i n  p r e d i a b e t i c  c e l l s  ( G o l d s t e i n  e t  a l . ,  

1 969 ) .  B a s a l  r a t e s  showed no d i f f e r e n c e s .  I n s u l i n  p roduced  a s l i g h t  

b u t  s i g n i f i c a n t  s t i m u l a t i o n .  A g a in ,  no d i f f e r e n c e s  were  o b s e rv e d  

be tween  t h e  two c e l l  t y p e s .  I t  was hoped t h a t  t h e  d i a b e t i c  f i b r o b l a s t s  

would show i n s u l i n  r e s i s t a n c e ,  l i k e  d i a b e t i c  f a t  c e l l s .

I n s u l i n  i s  a r e q u i r e m e n t  f o r  normal  growth  and m e ta b o l i s m  o f  

c u l t u r e d  c e l l s  (S c h w a r t z  and Amos, 1968) .  I t  f a c i l i t a t e s  g l u c o s e  

u p t a k e  and s t i m u l a t e s  p r o t e i n  s y n t h e s i s ,  DNA hnd RNA s y n t h e s i s ,  

g l y c o l y s i s  and p i n o c y t o s i s  i n  c u l t u r e d  c e l l s  ( G r i f f i t h s ,  1 9 7 0 ) .  I n  

f a t  c e l l s  t h e s e  a c t i v i t i e s  may n o t  r e q u i r e  i n s u l i n  b e c a u s e  j ln v i v o  

c o n d i t i o n s  may be  s t i m u l a t i n g  enough.  I n  my s t u d i e s ,  when o n l y  

g l u c o s e - l - ^ C  i s  u s e d ,  i n s u l i n  s i g n i f i c a n t l y  s t i m u l a t e s  CO^ p r o d u c t i o n
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during 48 hour incubations of fibroblasts from normal patients, with 

the exception of one experiment. It inhibits 14C0 production in cells 
from growth hormone deficient children. This may indicate insulin 
resistance in those cells. Goldstein and Littlefield (1969) may not 
have detected this difference because of their choice of buffer, 
position of label in the glucose molecule and use of trypsin. Also, 
their incubation period was much shorter.

In general, incubation with cAMP and DBcAMP produced significant 
14stimulation of CO^ production, with the stimulation due to cAMP being 

greater. Inherent in this experiment was the degradation of DBcAMP 
during the 48 hour incubation period. Shorter incubations produced more 
inconsistent results. The greater stimulation by cAMP might be 
explained by the recent findings of Ryan and Durick (1972) that cAMP 
may be actively transported into the cell and DBcAMP is not.
Effect of fibroblast media on fat cells:

Unfortunately, the eluate experiments did not produce the results 
that were hoped for. Very precise standardizing of all parts of the 
experiments would be required before highly reliable conclusions could 
be obtained. The fibroblasts should have always been fed with the same 
lot numbers of McCoy's medium, antibiotics and especially, fetal calf 
serum. These lots should be standard throughout the cell strains 
compared. Attempts to standardize the number of cells per flask from 

which the medium was taken should be made by trypsinizing the cells 
from different strains on the same day, keeping the number of days 

between trypsinization and use constant, and at trypsinization the 
flasks should always be inoculated with the same number of cells. For
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the rat portion of the experiment, the same strain of rats, purchased 
from the same supplier, at the same age and in the same nutritional 
state should be used. These precautions may eliminate the basic 
dissimilarities present in the experiment.

II. cAMP system
The mechanisms of action of adenyl cyclase are only now becoming 

apparent. This information transfer unit is composed of a discriminator, 

a transducer, and an amplifier. The discriminator selects the input 
signals and thus imparts specificity to the system. The transducer 
converts signals coming from the discriminator so that they are recog­
nized as instructions by the amplifier and accelerate its catalytic 
function. This system can amplify the input signal (the hormone) by a 
factor of 104 to 10s. The amplifier is most likely Mg+2-ATP and its 
activity is enhanced by the binding of Mg+^ to a site distinct from the 
catalytic site. Each hormone interacts with a distinct and specific 
discriminator that is located on the outer surface of the plasma 
membranes (Birnbaumer et al., 1970).

Only one adenyl cyclase molecule has been identified, and it 
gains its specificity by the receptor site. Receptors for the 
hormones and NaF are believed to bind at different points because of 
the differences in their characteristics of activation. Fluoride and 
ACTH stimulated activities are affected differently in the presence of 
potassium and manganous ions, and ACTH concentration curves are 
hyperbolic while fluoride concentration curves are sigmoid. Also, the 
Km for fluoride activation is much more temperature sensitive than 
that of ACTH (Birnbaumer et al., 1969). ATP can protect against the
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effect of urea on the NaF stimulation of adenyl cyclase, but cannot 
prevent urea's effect on hormonal stimulation (Rodbell et al., 1970). 
NaF is found to stimulate all broken cell preparations without 
specificity, suggesting that it may act at some point beyond the 
discriminator.

Evidence for one adenyl cyclase is derived from the studies in 
which more than one hormone was added simultaneously without observing 
any additive responses. The specificity of the receptors can be demon** 
strated by the calcium requirement of ACTH, the trypsin sensitivity of 
the insulin, glucagon, secretin and ACTH receptors, but the resistance 
of epinephrine and NaF receptors (Rodbell et al., 1970). When two 

activators are competing for the same binding site, their effect when 
combined at concentrations near their Km is approximately equal to the 
arithmetic mean of their effects tested separately at twice that 

concentration (Birnbaumer and Rodbell, 1969). All activators of adenyl 
cyclase have no effect upon the Km of the reaction, but increase the 
Vtnax of the enzyme (Drummond et al., 1971).

Adenyl cyclase prepared from broken cell preparations is a very 
labile compound. It is rapidly degraded even at 0°C. However, 
preparations can be stored at -80°C for at least two weeks and still be 
sensitive to epinephrine. Enzymatic activity remains constant for at 
least 10 minutes of incubation and is maximal at pH 8 (Vaughan and 

Murad, 1969).
A major concern in using any assay for cAMP or adenyl cyclase is 

the degradation of cAMP by PDE. PDE is inhibited by the 
methylxanthines, inorganic polyphosphates and nucleoside triphosphates
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» o(Cheung, 1967). It requires Mg and is stimulated by imidazole 

(Butcher and Sutherland, 1962). PDE requires a protein activator which 
is removed during the purification process (Cheung, 1970). Unlike 
adenyl cyclase, PDE has been found in multiple molecular forms. No 

one tissue contains more than four components (Monn and Christiansen,
1971). Most tissues contain two forms, a high molecular weight fraction 
in which the enzymatic affinity for cyclic guanosine 3',5'-monophosphate 
(cGMP) is greater than that for cAMP and a lower molecular weight 
fraction that has a high affinity for cAMP and is negatively cooperative 
(Thompson and Appleman, 1971). Further involvement of cGMP with PDE is 
an observed increase in the hydrolysis rate of cAMP in the presence of 

low concentrations of cGMP (Beavo et al., 1971). It has been suggested 
that a pool of unlabelled cAMP, instead of theophylline which can be 
inhibitory on adenyl cyclase activity, be used to protect labelled 
cAMP produced during an assay from destruction by PDE (Sheppard, 1970).

Of great importance in the cascade of enzymes in the adenyl 
cyclase system is cAMP-dependent protein kinase. In vivo, this enzyme 
catalyzes the phosphorylation of histone by ATP. In the presence of 
cAMP, its activity is stimulated twenty fold, associated with a decrease 
in Km of the enzyme for ATP, but with no effect on the Km for the 
histone (Miyamota, et al., 1969). There is evidence that a protein 
associated with the 80s ribosomal fraction is the substrate in vivo and 

that the serine and threonine residues are phosphorylated by the 
kinase (Walton et al., 1971). From in vivo studies in liver, kinase 
phosphorylates specific serine residues in the lysine rich (f 1) 
histone (Langan, 1969). cAMP activation of protein kinase results in
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the induction of RNA and protein synthesis. This phosphorylation is 

not blocked by actinomycin D or cycloheximide which indicates that 
this reaction occurs on intact histone molecules and that it is not 
dependent on the synthesis of new enzyme molecules. Induction of RNA 
synthesis might be brought about by a change in DNA-histone interaction 
resulting from histone phosphorylation (Langan, 1971). Thus, a role 
for cAMP in regulating transcription or translation is implied. The 
mechanism by which hormones can control RNA and protein synthesis 
probably acts through the effect of hormones on adenyl cyclase 
(Langan, 1970).

The number of assays for cAMP and adenyl cyclase appearing in the 
literature seems to multiply at an incredible rate, with each new 

method claiming advantages over previous methods. Considerations in 
choosing a method must include the quantity of tissue available, the 
time involved, the specificity desired, the number of samples to be 
run, and the difficulty involved in separating the final product. The 
first system devised was based upon phosphorylase activation with a 

number of intervening enzymatic steps (Butcher et al., 1965). Other 
methods involve the conversion of labeled ATP to cAMP with purification 
by zinc barium precipitation (Krishna et al., 1968) or separation by 
chromotagraphy (Bar and Hechter, 1969a; Makman, 1970; Rao et al., 1971). 
Many other methods have been proposed (Breckenridge, 1964; Turtle and 
Kipnis, 1967; Aurbach and Houston, 1968; Brooker, 1971; Brooker et al., 
1968; Breckenridge, 1971; Gilman, 1970; Kuo and Greengard, 1970;
Wastila et al., 1971). My attempts to use the assays involving the 
conversion of ATP-dfP32 or ATP-14C to labeled cAMP were not very 
successful. The amount of tissue that was required minimally was
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enormous In terms of the number of flasks of fibroblasts necessary. 
After running the assay it became apparent that even more tissue was 
required to distinguish any differences above blank values, due to the 
low adenyl cyclase activity of the cells.

In my studies a radioimmunoassay for cAMP was used to study the 
cAMP content and adenyl cyclase activity. The assay is based on the 
competition between a labeled and unlabeled antigen for binding on a 

specific antibody. For development of the assay, an antibody of high 
specificity for the antigen to be measured and a highly specific 
radioactive derivative of the antigen to be used as a marker are 
required (Steiner et al., 1970). The antibody to cAMP was obtained by 
immunizing rabbits with an antigen prepared by conjugating succinyl 
cAMP with human serum albumin. The highly specific radioactive 
derivative was prepared by synthesizing succinyl cAMP tyrosine methyl 
ester and iodinating the phenol hydroxyl group of the tyrosine with
I O C I. The original description suggested 5-10 mg of tissue and found

125that displacement of I-ScAMP-TME by unlabeled cAMP, when plotted as
a semilogarithmetic function was linear over a concentration range of
2-100 picomoles cAMP (Steiner et al., 1969). The free and antibody 

125bound I labeled cyclic nucleotide could be separated by a second 
antibody precipitation or by ammonium sulfate fractionation. Further 
work with the assay showed that binding equilibrium was reached in 

24 hours, but sensitive and reproducible assays were obtained after 4 
to 6 hours of incubation. By choosing the appropriate antiserum and 
decreasing the volume of the assay the sensitivity could be increased 
to the femtomolar range (10-15). In general, most antisera used were
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able to measure 0.01 pmoles of cAMP per tube and the results obtained 
were in close agreement with those from other assays (Steiner et al., 
1972a). To measure adenyl cyclase activity the same incubation procedure 

utilized by Bar and Hechter (1969a) was used but in smaller volumes and 
without a radioactive label. At the end of the incubation the supernate 
which contains cAMP could be added directly to the radioimmunoassay.

Again the results were in close agreement with previous studies 
(Steiner et al., 1972b). I found this assay reproducible and reliable, 
requiring less than one jug of DNA per tube. It was also convenient 
for running over 100 samples simultaneously. Due to the high specificity 
of reactivity with only cAMP no very precise time-consuming purification 
was necessary before the unknown cAMP was added to the reagents. Use 
of this assay for measurement of adenyl cyclase was advantageous 
because the assay could detect smaller changes in cAMP concentration 

than other assays.
Fat cell cAMP content:

Many of the assays for cAMP and adenyl cyclase were originally 
designed for rat fat cells, which are a convenient source of material 
and respond to a wide variety of hormones. One report found that 
isolated rat fat cells contain 6.3+0.75 pmoles cAMP/mg protein which 

can be stimulated to 29.9hh5.6 pmoles/mg protein by 1.25 p g / m l epinephrine 
(Steiner et al., 1972^). The cell size of these animals was not 
reported and any differences between those studies and mine may be due 
to cell size and manner of calculating data. My studies showed a range 
of 0.01 to 0.321 pmoles per cell for basal cAMP levels. I also showed 
that there was a positive correlation with increasing cell size.
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Epinephrine (ljig/ml) stimulated cAMP levels were varied from 0.042 to
0.371 pmoles per cell, and again increases in cAMP levels correlated
with larger cell size. Cell size is an important factor in cAMP
concentration of fat cells.

In attempting to measure any changes in cAMP levels, the time
period after the addition of the hormone or chemical is very critical.

Reports have appeared in which no effects were demonstrated while later
studies, which "caught" the activity of the tissue more quickly,

demonstrated a pronounced effect. Epinephrine produces a detectable
change in fat cell cAMP within 30 seconds after its addition. The
maximal effect appeared at six minutes and then declined (Butcher et al.,
196th. My studies were performed after incubations of 5 minutes, the
time which produced the best and most consistent response, without

imposing impossible conditions on the experiments.
cAMP mediates the effects of insulin, but the mechanism is

unestablished. Insulin lowers cAMP levels. In an early study,
Jungas (1966) reported an inhibitory effect of insulin on epinephrine
stimulated cAMP. He stated that this resulted from insulin's inhibition
of adenyl cyclase. Insulin can also decrease cAMP levels in cells

aexposed to ACTH and glucagon (Butcher et al., 1968). There may also 
be a relation between cAMP levels and the stimulatory effects of cAMP 
on the glucose entry mechanism (Blecher, 1967). Some investigators 
have failed to detect changes in adenyl cyclase activity with insulin. 
This may be explained by the insulin concentration used. Cuatrecasas 
(1972) observed an inhibitory effect with 5 ;uU/ml insulin. This effect 
was no longer apparent with more than 200 jiU/ml insulin. He was
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unable to detect an effect of Insulin on cAMP breakdown or recovery.

In my studies, 50 ̂ iU/ml insulin was always capable of lowering 

epinephrine stimulated cAMP levels to near basal levels.
Insulin receptors:

Recently, the entire phenomenon of insulin sensitivity has been 
investigated in detail. Basic to these experiments was the development

l p cof an assay which measured the specific binding of I-insulin to 
intact cells and membrane fractions. The binding was time- and 
temperature-dependent, saturable with respect to insulin, and involved 

no chemical alterations or formation of stable covalent bonds 
(Cuatrecasas, 1971a). This receptor is localized on the cell membrane 

and is a protein. The disappearance of the insulin response in trypsin 
treated cells can be attributed to the destruction of the receptor by 
trypsin (Cuatrecasas, 1972). Trypsin, which does not penetrate the 
cell membrane, may be removing certain sialic acid residues from the 
membrane and in this manner interfere with the transmission of informa­
tion from the insulin receptor complex (Cuatrecasas, 1971b). Treatment 
with phospholipase increases the affinity of insulin to its receptors, 

because the enzyme probably alters the accessibility and exposure of 
the receptor sites (Cuatrecasas, 1971°). Definite evidence that 
insulin does not enter the cell, but interacts with the surface, is 
derived from studies in which insulin is covalently bound to Sepharose 
beads and still mimicked native insulin (Cuatrecasas, 1969).

In my studies, attempts were made to correlate diabetic insulin 

resistance with large fat cell resistance. cAMP levels in the larger 
cells are higher and their epinephrine-insulin levels are higher, but
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t h e  p e r  c e n t  i n h i b i t i o n  p ro d u ced  by i n s u l i n  on e p i n e p h r i n e  s t i m u l a t e d  

cAMP l e v e l s  does  n o t  change  s i g n i f i c a n t l y  w i t h  c e l l  s i z e .  I n s u l i n  

r e s i s t a n t  r a t  f a t  c e l l s  do n o t  show a d e c r e a s e  i n  t h e  q u a n t i t y  o f  

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

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

membrane ( C u a t r e c a s a s ,  1972) .  The p r i m a r y  d e f e c t  may i n v o l v e  an 

a b n o r m a l i t y  in  t h e  t r a n s m i s s i o n  o f  s i g n a l s  which  may be r e l a t e d  t o  t h e  

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

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

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

number o f  i n s u l i n  r e c e p t o r s  p e r  u n i t  o f  membrane a r e a .  The s i g n a l  

t r a n s m i s s i o n  from i n s u l i n  r e c e p t o r  t o  t r a n s p o r t  s y s tem  i s  p a r t i a l l y  

d i s r u p t e d  by t h e  i n c r e a s e  i n  i n t e r v e n i n g  membrane s p a c e  o r  s t r u c t u r e s ,  

r e s u l t i n g  i n  i n s u l i n  r e s i s t a n c e .  The f a t  c e l l  may have  t h e  c a p a c i t y  t o  

expand w i t h o u t  a f f e c t i n g  i n s u l i n  s e n s i t i v i t y  u n t i l  a c r i t i c a l  s i z e  i s  

r e a c h e d  ( L i v i n g s t o n  e t  a l . , 1972) .

O l d e r  r a t s ,  which n o r m a l ly  would have  l a r g e r  f a t  c e l l s  t h a n  

y ounge r  r a t s ,  d e m o n s t r a t e  a d e c r e a s e  i n  e p i n e p h r i n e ,  n o r e p i n e p h r i n e  

and NaF s t i m u l a t e d  a d e n y l  c y c l a s e  compared t o  yo u n g e r  r a t s .  However,  

t h e i r  PDE a c t i v i t y  i s  h i g h e r  ( F o r n  e t  a l . , 1 9 7 0 ) .  I n  r a t s  made d i a b e t i c  

by a v a r i e t y  o f  m e thods ,  no change  i n  PDE was found  by 

M u l l e r - O e r l i n g h a u s e n  e t  a l .  ( 1 9 6 8 ) .  I n  c o n t r a s t ,  S e n f t  e t  a l .  (1968)  

r e p o r t e d  a d e c r e a s e  i n  PDE a c t i v i t y  i n  r a t s  made d i a b e t i c  by a l l o x a n ,  

which  c o u ld  be r e v e r s e d  by i n s u l i n .  Lower PDE a c t i v i t y  i s  a l s o  

d e t e c t e d  i n  a d i p o s e  t i s s u e  o f  s p o n t a n e o u s l y  d i a b e t i c  mice  ( K u p i e c k i ,  

1 969 ) .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  p o s i t i v e  c o r r e l a t i o n  w i t h
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increasing cell size would be lower PDE activity in larger cells, 
allowing the accumulation of more cAMP.

Adenyl cyclase has been found in Chang's liver cells, 3T6 fibro­
blasts, HeLa cells, malignant mouse cells and rat and hamster fibro­
blasts (Klein and Makman, 1971; Peery et al., 1971). Adenyl cyclase 
is present in human cultured skin fibroblasts and it can be measured. 
The cells have very low adenyl cyclase activity (Makman, 1970).

Rao et al. (1971) found that the formation of cAMP is linear from 
5-20 minutes, after which it declined due to PDE activity. Adenyl 

cyclase activity is maximal with 10 mM NaF. The specific activities 
fall in a narrow range and do not appear to be affected by the number 
of culture passages or the cell strain used. However, in rat embryo 
fibroblasts and SV40 transformed 3T3 cells, fluoride stimulated, but 
not basal levels, fell with successive passages (Peery et al., 1971). 
Since extensive studies on the effects of passage number on adenyl 
cyclase activities have not been performed, I tried to limit the range 
of passage numbers used. I found no significant differences among the 

strains and that 10 mM NaF produced the greatest stimulation. 

cAMP levels:
cAMP content has been measured in a number of mouse fibroblast 

lines. Steady-state levels of cAMP in normal density-dependent 
fibroblasts are twice as high as in the corresponding viral and 
spontaneous transformants. During logarithmic growth, both cells have 
similar cAMP levels, but at confluency the transformed cells contain 
less cAMP (Burger et al., 1972). Agents which stimulate confluent 
normal cells to resume division decrease cellular cAMP levels
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temporarily; the depression of cellular cAMP levels may be a signal 
for continued division. Otten et al. (1971) agree that cAMP levels 
are lower in more rapidly growing cell lines. However, they found 

that levels of cAMP rise during contact inhibition of growth, whereas 
in cultures of non-contact inhibited cell lines, the cAMP levels fell 
when the cells became confluent. Catecholamine-induced cAMP levels, 
at least in astrocytoma cells, are dependent on the cell density, being 

greater in cells in the log phase of growth than in cells near terminal 
density (Clark and Perkins,. 1971). The addition of trypsin decreases 
cAMP levels within 5 minutes. Serum, which contains PDE activity, 
depresses cAMP levels. Insulin without a cAMP stimulator is found 
to decrease cAMP levels. The concentration used, 80 mU ml-1 is 
extremely high (Sheppard, 1972). Cuatrecasas (1972) finds that only 

low concentrations of insulin are effective.
Otten et al. (1972) found that cAMP levels rose as human diploid 

fibroblasts become confluent. Like Sheppard (1972) they found that 
serum and trypsin decreased cAMP levels. However, they found that 
insulin alone does not alter basal cAMP levels, even at 125 mU/ml.
With PGE present, which increased cAMP levels, insulin lowered cAMP 

levels.
Since all my studies were performed with contact inhibited human 

diploid fibroblasts, it was important to standardize their stage of 
growth at the time of assay. All assays were performed three days 
after trypsinization when the cells had reached confluency. The cells 

were in phase II of their growth cycle and in general were in passage 
eight and nine. Some of the diabetic cells were in earlier passage
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numbers b u t  b e c a u s e  o f  t h e i r  s h o r t e r  i n  v i t r o  l i f e  s p a n ,  a t  l a t e r  

p a s s a g e  numbers t h e y  may a l r e a d y  be d e g e n e r a t i n g .  U n f o r t u n a t e l y ,  due 

t o  d i f f e r e n c e s  i n  age  and d i s e a s e  s t a t e  i t  i s  d i f f i c u l t  t o  p r e c i s e l y  

s t a n d a r a d i z e  c e l l  " a g e " .

Human s k i n  f i b r o b l a s t s  a r e  s e n s i t i v e  t o  e p i n e p h r i n e  and,  l i k e  

f a t  c e l l s ,  t h e y  a r e  s e n s i t i v e  t o  t h e  i n h i b i t o r y  e f f e c t s  o f  low co n ce n ­

t r a t i o n s  o f  i n s u l i n  on e p i n e p h r i n e  s t i m u l a t e d  cAMP l e v e l s .  T h i s  i n s u l i n  

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

w h ich  a r e  s i m i l a r  i n  p r o p e r t i e s  t o  f a t  c e l l  r e c e p t o r s  (G av in  e t  a l . ,

1 972 ) .  I n  ag ree m en t  w i t h  t h e  e s t a b l i s h e d  p r o p e r t i e s  o f  f a t  c e l l  

r e c e p t o r s ,  my u s e  of  50 yiU/ml i n s u l i n  t o  p ro d u ce  an  e f f e c t  seems t o  be 

w i t h i n  t h e  e x p e c t e d  r a n g e .  Sheppard  (1972)  and O t t e n  e t  a l .  (1972)  

w ere  b o th  u s i n g  enormous  c o n c e n t r a t i o n s  which  were  w e l l  beyond 

p h y s i o l o g i c a l  r a n g e .  T h e i r  r e s u l t s  may n o t  have been  t h e  d i r e c t  r e s u l t  

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

p ro d u ced  by t h e  huge i n s u l i n  c o n c e n t r a t i o n s .

A n a l y s i s  o f  t h e  combined r e s u l t s  from a l l  normal f i b r o b l a s t  

s t r a i n s  shows a s t a t i s t i c a l l y  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  

l e v e l s  and e p i n e p h r i n e  s t i m u l a t e d  l e v e l s  (P < 0 . 0 2 5 ) ,  b u t  no d i f f e r e n c e  

b e tw ee n  b a s a l  and e p i n e p h r i n e - i n s u l i n  t r e a t e d  l e v e l s  ( P < 0 . 2 5 ) .

However, t h e r e  i s  o n ly  a q u e s t i o n a b l e  d i f f e r e n c e  be tw een  e p i n e p h r i n e  

and e p i n e p h r i n e - i n s u l i n  r e s p o n s e s  ( P < 0 . 1 ) .  C a r e f u l  e x a m i n a t i o n  o f  t h e  

d a t a  r e v e a l s  t h a t  s t r a i n  #606 a p p e a r s  t o  have h i g h  e p i n e p h r i n e - i n s u l i n  

t r e a t e d  cAMP l e v e l s  a s  compared t o  t h e  o t h e r  normal  s t r a i n s .  I n  t h e  

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

s t i m u l a t e d  l e v e l s .



59

The normal c e l l s ,  e x c l u d i n g  #606 ,  show be tw een  6 0 . 5  and 80 p e r  

c e n t  d i f f e r e n c e s  be tw een  e p i n e p h r i n e  and e p i n e p h r i n e - i n s u l i n  v a l u e s .

The p e r  c e n t  change  f o r  #606 i s  2 8 .1  which  f a l l s  i n  t h e  same r a n g e  a s  

t h a t  o f  t h e  d i a b e t i c  and g row th  hormone d e f i c i e n t  c e l l s  ( - 2 2  t o  60%). 

Even when #606 i s  i n c l u d e d  i n  t h e  a n a l y s i s  o f  t h i s  c a l c u l a t i o n ,  t h e r e  

i s  a s i g n i f i c a n t  d i f f e r e n c e  be tw een  normal  and d i a b e t i c  c e l l s  ( P < 0 . 0 0 5 ) ,  

and normal and g row th  hormone d e f i c i e n t  c e l l s  ( P < 0 . 0 5 ) .  Because  o f  

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

w i t h o u t  #606 i n c l u d e d  w i t h  t h e  normal  s t r a i n s .

Compar isons  o f  normal  c e l l s  w i t h  d i a b e t i c  c e l l s  o r  g row th  hormone 

d e f i c i e n t  c e l l s  d e m o n s t r a t e  no d i f f e r e n c e s  i n  b a s a l  o r  e p i n e p h r i n e  

s t i m u l a t e d  l e v e l s .  A l th o u g h  c e l l s  from g ro w th  hormone d e f i c i e n t  

c h i l d r e n  were  used  b e c a u s e  t h e  c h i l d r e n  had  some d i a b e t i c - l i k e  

c h a r a c t e r i s t i c s ,  I d i d  n o t  f e e l  j u s t i f i e d  i n  i n c l u d i n g  them w i t h i n  t h e  

d i a b e t i c  g roup ,  s i n c e  l i t t l e  i s  known a b o u t  t h e i r  i n  v i t r o  m e t a b o l i c  

r e s p o n s e s .  They a r e  younger  t h a n  t h e  d i a b e t i c  p a t i e n t s  and may n o t  

have  a l l  t h e  same c h a r a c t e r i s t i c s  a s  t h e  d i a b e t i c s .  However, w henever  

t h e r e  was a d i f f e r e n c e  d e m o n s t r a t e d  i n  t h e  d i a b e t i c  c e l l s  compared t o  

n o rm a l s ,  t h e r e  was a l s o  a s i m i l a r  d i f f e r e n c e  i n  t h e  g row th  hormone 

d e f i c i e n t  c e l l s .

A l th o u g h  t h e  cAMP r e s p o n s e s  t o  e p i n e p h r i n e - i n s u l i n  o f  normal  

c e l l s  compared t o  d i a b e t i c  o r  g row th  hormone d e f i c i e n t  c e l l s  do n o t  

show s i g n i f i c a n t  d i f f e r e n c e s  when #606 was i n c l u d e d  i n  t h e  c a l c u l a ­

t i o n s ,  t h e s e  d i f f e r e n c e s  were  s t a t i s t i c a l l y  s i g n i f i c a n t  when #606 was 

o m i t t e d  (PC0.025 d i a b e t i c  c e l l s ;  P<0.001 g row th  hormone d e f i c i e n t  

c e l l s ) .
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To insure that no error had been made in assaying #606, it was 
retested, yielding similar results. Unfortunately I was unable to 
obtain a complete history on the individual from whom strain #606 was 

developed, as this strain was obtained from the cell bank at Camden,
New Jersey. The file on this donor simply states that he is a 
chromosomally normal male in his twenties. It is quite possible that 
he may have a family history of diabetes, be a prediabetic, or have 
abnormal carbohydrate metabolism.

Adenyl cyclase activity:
This data presents preliminary evidence that there may be a defect 

in the adenyl cyclase system of diabetics. Consequently adenyl cyclase 
activity in the same lines was measured. The fibroblasts demonstrate 
sensitivity to epinephrine, epinephrine-insulin and NaF. The stimula­
tion produced by epinephrine and NaF elevated enzyme activities 
significantly, while the response to epinephrine-insulin was not 
significantly different from basal activities. The differences which 
appeared in cAMP levels after exposure to epinephrine-insulin are not 

reflected in differences in adenyl cyclase activities.
The discrepancy between the results for cAMP and adenyl cyclase 

does not rule out a defect in the adenyl cyclase system of diabetics.
In broken cell preparations previously unexposed receptors may become 
accessible. This study did not include assays for PDE activity and it 

is possible that differences may be present at that level, which are 
not evident when the cells are broken.

Suspicion of the adenyl cyclase system for the possible biochemical 

defect in diabetes mellitus draws support from the regulation of
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Insulin secretion by adenyl cyclase. In intact mice, intravenous 

administration of cAMP or DBcAMP stimulates insulin release, which can 
be blocked by beta adrenergic blockers (Bressler et al., 1969).
In vitro studies with perfused isolated rat pancreas also demonstrate 
cAMP stimulation of insulin release (Sussman and Vaughan, 1967). The 

defective insulin release observed in prediabetics and diabetics may 
be due to an alteration of specific receptors of the beta cells for 
glucose. During hyperglycemia there is diminished cAMP formation 

because the beta cell is unable to recognize the hyperglycemic state 
and activate adenyl cyclase. Under basal conditions, adenyl cyclase 
behaves normally (Luft and Cerasi, 1970). This abnormality may also 
be present in nonpancreatic cells (Luft and Cerasi, 1970). It is 
interesting that administration of aminophylline to prediabetics will 
normalize or improve their insulin response to glucose infusion. This 

PDE inhibitor has no effect on diabetics or normals. In prediabetics, 
aminophylline may be increasing cAMP levels to those required for 
normal insulin secretion. Normals already have the required levels; 
diabetics may require a greater stimulus (Cerasi and Luft, 1969).

S u g g e s t i o n s  f rom i n  v i t r o  s t u d i e s  o f  a r e l a t i o n s h i p  be tw ee n

diabetes and the adenyl cyclase system may be derived from a comparison
of the growth behavior of diabetic cells and the addition of DBcAMP to
the medium of malignant cells. As mentioned, diabetic cells begin to

degenerate after a short in vitro life. They enlarge and grow very
slowly. Their growth and appearance very closely resembles that seen
in DBcAMP treated cultures of malignant cells (Johnson et al., 1971a;

bHsie et al., 1971; Hsie and Puck, 1971; Johnson et al., 1971 ;
Sheppard, 1971; Ryan and Heidreck, 1968). On a purely observational
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level, diabetic cells seem to adhere to the substratum more tightly 
than normal cells. This has also been observed in DBcAMP treated 

cells (Johnson and Pastan, 1972). Unfortunately, in the strains used, 
there was no evidence for the accumulation of cAMP. It is possible 
that this occurs at higher passage numbers and may be a phenomenon common 
to all fibroblasts with aging.

From my investigations it appears that the adenyl cyclase system 
may play an important role in diabetes mellitus. Fat cells which 
demonstrate insulin resistance are also less sensitive to nonsaturating 
cAMP and BDcAMP stimulation of metabolic activities. There may be an 
error or alteration in the transmission signals, producing decreased 
sensitivity. Human fibroblasts provide even more convincing evidence 
for an alteration in this membrane bound system. Since their environment 
before incubation is standardized, the changes observed in cAMP levels 
are more meaningful. The insulin resistance of diabetic adipose cells 

might be logically explained by the decreased sensitivity to insulin 
of cAMP content in fibroblasts. Many more cell strains, both normal 
and diabetic, must be examined before any definite conclusions can be 
made. Then family studies may help to define the pattern of inheritance 
of diabetes mellitus, and predict the development of the disease in 
suspected prediabetics.



Summary

A lth o u g h  t h e  p a t t e r n  o f  i n h e r i t a n c e  o f  d i a b e t e s  m e l l i t u s  r e m a in s  

u n d e t e r m i n e d ,  t h e  b a s i c  d e f e c t  i s  u n q u e s t i o n a b l y  m e t a b o l i c .  My 

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

human s k i n  f i b r o b l a s t s  and f a t  t i s s u e  from r a t s  and humans.  F i b r o ­

b l a s t s  a r e  shown t o  be m e t a b o l i c a l l y  a c t i v e ,  s e n s i t i v e  t o  hormones and 

t o  have  m e a s u r e a b l e  q u a n t i t i e s  o f  a d e n y l  c y c l a s e  and cAMP

The e s t a b l i s h e d  in v o lv e m e n t  o f  cAMP i n  l i p o l y s i s  prompted  t h e  

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

more s i m i l a r  t o  human c e l l s  t h a n  s m a l l e r  r a t  c e l l s ,  t h e  e f f e c t s  o f  

c e l l  s i z e  w ere  s t u d i e d .  B a s a l  l e v e l s  o f  l i p o l y s i s  a r e  p o s i t i v e l y  

c o r r e l a t e d  w i t h  c e l l  s i z e ,  a s  a r e  cAMP s t i m u l a t e d  l e v e l s .  However, t h e  

p e r  c e n t  change  i s  low and s t a t i s t i c a l l y  i n s i g n i f i c a n t  s u g g e s t i n g  t h a t  

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

o f  i n c r e a s e d  b a s a l  l e v e l s .  One (1 )  mM DBcAMP s t i m u l a t e d  l i p o l y t i c  

a c t i v i t y  i s  u n a f f e c t e d  by c e l l  s i z e .

T h i s  i n v e s t i g a t i o n  d e m o n s t r a t e s  t h a t  u n d e r  r e s t i n g  c o n d i t i o n s  

i n t r a c e l l u l a r  cAMP l e v e l s  i n c r e a s e  a s  c e l l  s i z e  i n c r e a s e s .  These  

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

r a t  a d i p o c y t e s  and p e r h a p s  i n  human c e l l s .  The cAMP l e v e l  i s  o n l y  r a t e  

l i m i t i n g  f o r  l i p o l y s i s  w i t h i n  a r a n g e  o f  180-300  pmoles cAMP/gm wet 

w e i g h t .  I t  i s  d e m o n s t r a t e d  t h a t  e p i n e p h r i n e  s t i m u l a t e d  i n t r a c e l l u l a r  

cAMP l e v e l s  a r e  a l s o  p o s i t i v e l y  c o r r e l a t e d  w i t h  c e l l  s i z e .  T h i s  would 

e x p l a i n  t h e  p o s i t i v e  c o r r e l a t i o n  b e tw ee n  e p i n e p h r i n e  s t i m u l a t e d  

l i p o l y s i s  and c e l l  s i z e  o b s e r v e d  by some i n v e s t i g a t o r s .  The e f f e c t s  

o f  o t h e r  hormones  may be  e x p l a i n e d  s i m i l a r l y .  Normal human f a t  c e l l s  

may f o l l o w  t h e  p a t t e r n s  o b s e r v e d  i n  l a r g e  r a t  c e l l s .

63
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S in c e  d i a b e t e s  i s  e x p r e s s e d  a s  abnormal g l u c o s e  m e ta b o l i s m ,

g l u c o s e  o x i d a t i o n  may be e x p e c te d  t o  d i f f e r  i n  d i a b e t i c s .  The e x a c t

r o l e  o f  cAMP i n  t h i s  p a r a m e t e r  i s  n o t  e s t a b l i s h e d ,  b u t  t h e  known

e f f e c t s  o f  i n s u l i n  and e p i n e p h r i n e  on C02 p r o d u c t i o n  s u g g e s t  t h a t  t h e

a d e n y l  c y c l a s e  sy s tem  may be i n v o l v e d .  I t  i s  d e m o n s t r a t e d  t h a t  b a s a l

^ C 0 2 p r o d u c t i o n  i s  u n a f f e c t e d  by c e l l  s i z e  i n  b o th  r a t s  and humans.

The a d d i t i o n  o f  cAMP c a u s e s  changes  i n  p r o d u c t i o n  t o  be n e g a t i v e l y

c o r r e l a t e d  w i t h  c e l l  s i z e  i n  r a t s ,  b u t  no t  s i g n i f i c a n t l y  c o r r e l a t e d  i n

humans, e x c e p t  i n  g row th  hormone d e f i c i e n t  c h i l d r e n .  DBcAMP changes

a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  c e l l  s i z e  i n  r a t s ,  b u t  n o t  i n  humans.

The r a n g e  o f  c e l l  s i z e s  u sed  i n  humans may n o t  have b een  g r e a t  enough t o

show t h o s e  d i f f e r e n c e s .  A l s o ,  t h e  l a r g e r  human c e l l s  were  o b t a i n e d

from p e o p l e  n o t  i n  t h e  normal  g ro u p .  F i n a l l y ,  t h e  c e l l s '  neurohorm ona l

en v i ro n m e n t  im m e d ia te ly  p r i o r  t o  t h e  e x p e r i m e n t  may have  a l t e r e d  t h e i r

r e s p o n s e s .  Both  t h e  g row th  hormone d e f i c i e n t  c h i l d r e n  and t h e  o b e s e

p a t i e n t s  have  l a r g e r  t h a n  normal f a t  c e l l  s i z e s ,  b u t  b o th  g r o u p s  may

a l s o  have  some d i a b e t i c  c h a r a c t e r i s t i c s .  U n f o r t u n a t e l y ,  no c l e a r

d i f f e r e n c e s  c o u ld  be d e t e c t e d  be tw een  t h e  no rm als  and t h e  o t h e r  two

14g ro u p s .  To p a r a l l e l  t h e  f a t  c e l l  s t u d i e s  C09 p r o d u c t i o n  was s t u d i e d  

i n  f i b r o b l a s t s .  No s i g n i f i c a n t  d i f f e r e n c e s  c o u ld  be d e t e c t e d  be tw een  

g ro u p s  f o r  s e n s i t i v i t y  t o  cAMP o r  DBcAMP.

D i r e c t  s t u d y  o f  cAMP l e v e l s  and a d e n y l  c y c l a s e  a c t i v i t i e s  i n  

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

o f  t h e  m e t a b o l i c  pa thways  measured .  I t  i s  d e m o n s t r a t e d  t h a t  f i b r o ­

b l a s t s  i n  t h e  same p h ase  o f  g row th  and l i f e  c y c l e  a p p e a r  t o  have  

a p p r o x i m a t e l y  t h e  same i n t r a c e l l u l a r  cAMP l e v e l s  and r e a c t  s i m i l a r l y  

t o  e p i n e p h r i n e .  The c e l l s  a r e  s e n s i t i v e  t o  e p i n e p h r i n e  and t h e  c o m b in a t i o n



65

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

s t i m u l a t e d  l e v e l s  o f  cAMP. However, i n  c e l l s  d e r i v e d  from b i o p s i e s  

from normal p e r s o n s ,  t h i s  d e p r e s s i o n  i s  much g r e a t e r  t h a n  i n  c e l l s  

d e r i v e d  from d i a b e t i c  p a t i e n t s  and g ro w th  hormone d e f i c i e n t  c h i l d r e n .  

T h i s  s u g g e s t s  an a l t e r a t i o n  i n  t h e  r e s p o n s e  o f  t h e  cAMP sy s tem  t o  

i n s u l i n ,  p o s s i b l y  a b a s i c  d e f e c t  i n  d i a b e t e s .  A l th o u g h  t h e  s i g n i f i ­

c a n t  d i f f e r e n c e s  be tw ee n  no rm a l s  and d i a b e t i c s  were  a l s o  o b s e rv e d  

b e tw een  no rm als  and g row th  hormone d e f i c i e n t  c h i l d r e n ,  who o f t e n  

d e m o n s t r a t e  d i a b e t i c - l i k e  c h a r a c t e r i s t i c s ,  e n l a r g e m e n t  of  t h e  sample  

may unco v e r  s p e c i f i c  d i f f e r e n c e s  f o r  d i a b e t e s  m e l l i t u s  which may be  

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

S i g n i f i c a n t l y ,  measurement o f  a d e n y l  c y c l a s e  a c t i v i t i e s  i n  t h e  

same p a t i e n t s  d i d  n o t  r e v e a l  any d i f f e r e n c e s  i n  b a s a l  a c t i v i t y ,  o r  

a c t i v i t y  i n  t h e  p r e s e n c e  of  e p i n e p h r i n e ,  e p i n e p h r i n e - i n s u l i n  o r  NaF. 

The d i f f e r e n c e s  o b s e rv e d  i n  cAMP l e v e l s  c o u l d  a l s o  be  cau s ed  by 

d i f f e r e n c e s  i n  PDE a c t i v i t i e s  o f  t h e  abnorm al  c e l l s .  T h e re  may a l s o  

be a l t e r a t i o n s  i n  t h e  i n s u l i n  r e c e p t o r  s i t e s  which  may be r e s p o n s i b l e  

f o r  t h e  d i f f e r e n c e s  o b s e r v e d .  B o th  PDE a c t i v i t y  and t h e  i n s u l i n  

r e c e p t o r  s i t e s  r e q u i r e  f u r t h e r  s t u d y .

My s t u d i e s  s u g g e s t  t h a t  t h e  a d e n y l  cyclase-cAMP sys tem  may be 

i n v o l v e d  i n  d i a b e t e s  m e l l i t u s .  I t  i s  a l s o  shown t h a t  f i b r o b l a s t s ,  

e a s i l y  o b t a i n a b l e  from d i a b e t i c s  and t h e i r  f a m i l i e s ,  a r e  a f e a s i b l e  

and r e l i a b l e  t o o l  f o r  i n v e s t i g a t i o n  o f  t h i s  d i s e a s e .
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Table 1: Animal sizes used for lipolysis

body weight pad weight cell size no,
(gins) sex (gms) ) ig lipid/cell anirai

386.0+31.4 M 2.003+0.124 0.2130 5
266.7+ 3.3 F 1.301+0.197«• 0.2812 3
350.0+20.0 F 3.955+0.173 0.4758 2
560.0 M 4.760+0.139 0.5846 1
550.0 M 3.124+0.057 0.7171 1
360.0 F 16.760 1.1180 1

Average weights + S.E.M.
a epididymal pads in M and parametrial pads in F.
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Table 2: Glycerol production In rat adipocytes of varying sizes

«0 .^uaoles glycerol x 10 /cell
cell size Basal cAMP DBcAMP

0.2130 0.621*0.033 0.838+0.000 3.562+0.453
0.2812 0.163+0.005 0.243+0.173 0.932+0.080
0.4758 0.726+0.001 0.903*0.011 3.999*0.018
0.5846 2.472+0.084 3.383+0.136 10.544*0.337
0.7171 1.034*0.048 1.284*0.030 3.643+0.039
1.1180 4.120*0.469 3.580+0.315 4.504+0.182

Average values + S.E.M.
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Table 3: Animal 14sizes used for C00 production

body weight 
(gm) sex

epididymal pad 
weight (gm)

cell size 
(jig lipid/cell)

256.0+2.70 M 0.795+0.053 0.0200

260.0+0.00 M 0.670+0.030 0.2577
267.6+1.47 M 1.411+0.076 0.2816
560.0 M 4.760+0.129 0.5846
520.0 M 2.447+0.211 0.6000
550.0 M 3.124±0.057 0.7171

no. of 
animals

4 
2

5 

1 

1 

1

Average values ± S.E.M.
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T a b l e  4: 14C02 p r o d u c t i o n i n  r a t  a d i p o c y t e s o f  v a r y i n g  s i z e s

c e l l  s i z e B asa l

c p m / c e l l

cAMP DBcAMP

0 . 0 2 0 0 87 .29+ 5 . 4 4 0 193.50+ 5 .7 2 5 25.51+ 5 .896imm

0 .2 5 7 7 145 .76+  0 . 2 8 0 21 1 .1 0 + 2 2 .0 0 0 156 .70+14 .070

0 .2 8 1 6 53 .68+ 1 . 2 9 0 1 4 8 .7 1 + 1 6 .9 2 0 83 .32+  2 .6 3 0—m

0 .5 8 4 6 67 .98+  3 .3 2 7 9 5 .3 2 +  4 . 8 6 0 9 2 .8 0 + 1 8 .0 5 0

0 . 6 0 0 0 58.12+ 5 . 7 7 0 150 .30+ 23 .257 120 .10+  5 .007

0 .7 1 7 1 8 5 .5 1 + 1 7 .3 2 0 106 .52+  2 .0 6 9 105 .22+10 .106

Average values + S.E.M.
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Table 5: Injected animal sizes

treatment sex
body weight 

(gm)
pad8 weight 

(gm)
cell
size

NaCl M 386.00±31.40 2.003010.124 0.2130
NaCl F 310.00+ 7.07b 3.5704+0.850 0.5311
NaCl F 360b 16.7600 1.1181

GH-NaCl M 371.00± 9.87 2.4500±0.461 0.4531
GH-NaCl F 346.70+30.31b 6.7900*1.520 1.2080
MSG-NaCl M 346.00+16.48 1.6580+0.414 0. 5490
MSG-NaCl F not done

MSG-GH M 423.33+21.74 4.0830+2.070 2.0645
MSG-GH F 287.50+11.93 6.3680+1.770 0.7440

5
2

1

3
3
4

3
4

aM epididymal pad, F parametrial pad
bAnimals were born at the same time as the others but were killed 

at least 4 months later 
Average values + S.E.M.

GH growth hormone
MSG monosodium glutamate



Table 6: Lipolysis in injected rats

pinoles glycerol x 10-6/cell
treatment-sex NaCl M NaCl F GH M GH F MSG M MSG-GH M MSG-GH F
Basal 0.62+0.03 5.12+0.54 0.G4+0.00 1.21+0.02 1.96+0.01 3.86+0.09 0.98+0.01

expected 1.0044 3.7637 1.3834 8.1609 2.1843

L1 2.8365a 6.4478b 2.7686a 14.31803 3.5167s
—0.8279a 1.0796b -0.0018s 2.00383 0.8519s

cAMP 0.84+0.00 4.55+0.44 0.85+0.04 1.61+0.02 3.14+0.13 4.76+0.07 1.17+0.24
% change 34.70 -11.07 19.0000 39.9600 60.1000 23.3000 19.0200
expected 1.2554 3.5902 1.5522 6.2389 2.1553

L1 2.8932a 6.4641b 2.7958a 11.7631s 3.3489s

L2 -0.3824s 0.7163b 0.3086a 0.7147s 0.9617s
DBcAMP 3.56+0.45 4.22+0.26 1.27+0.78 0.96+0.10 4.71+0.71 6.05+0.14 1.48+0.39

% change 497.20 -17.51 51.1900 -23.4500 140.6000 56.9000 50.5500
expected 4.3142 5.7727 4.4995 7.4275 4.8763



Table 6: continued

treatment-sex NaCl M NaCl F

growth hormone 
% change 

insulin
% change

0.63+0.01
0.50

0.54+0.15
-17.30

3.35+0.24
-34.64

2.65+0.98
-48.24

® 95% confidence limits 
b 98% confidence limits 
c 99% confidence limits 

Average values + S.E.M.
GH - growth hormone
MSG - monosodium glutamate

cell sizes as in Table 5; NaCl F = 1.1181

GH M 

6.4002° 
2.3282° 

3.16+0.06 
-62.3800 

0.27+0.05 

-68.0900

p g  lipid/cell

GH F MSG M
13.0680® 8.7578®

-1.5234® 0.2412®
1.29+0.22 2.19+0.50
6.6100 11.7000
1.26+0.14
4.1300

MSG-GH M MSG-GH F

25.7213® 8.9570®

■10.8663® 0.7956®
3.89+0.20 1.02+0.11
-0.5000 3.7600
4.05+0.11 0.82+0.07
4.9000 -16.5800

--j
to



T a b le  7: 14
C09 p r o d u c t i o n  i n  i n j e c t e d 1 r a t s

c p m /c e l l

t r e a t m e n t - s e x NaCl M NaCl F GH M GH F MSG M MSG-GH M MSG-GH F

B a s a l 2 4 .9 0 + 1 .5 2 1 5 .9 9 + 1 .0 2 1 4 .7 5 + 2 .1 5 2 3 .6 7 + 1 .9 0 2 9 .4 7 6 8 .0 8 + 2 .3 0 1 4 .8 6 + 1 .2 6

e x p e c te d 81 .4081 52 .4696 7 7 .7 3 2 0 19 .6362 71 .0012

L1 149 .1329° 141 .5 6 8 1 3 1 2 7 .8 6 6 9 b 145 .7 7 2 7 3 1 2 8 .6 5 8 7 a

L2 13 .6 8 3 3 ° —3 6 . 5289a 2 7 . 5971b - 1 0 6 . 5075a 1 3 .3 4 3 7 s

cAMP 2 1 .2 5 + 5 .5 8 1 6 .1 2 + 0 .7 5 2 5 .6 4 + 1 .6 2 2 9 .2 0 + 1 .6 9 2 4 .8 8 + 1 .5 0 5 8 .2 0 + 3 .1 5 8 .8 6 + 1 .2 8

% change - 1 4 .0 0 0 .8 6 7 5 .1 0 2 3 .4 6 1 5 .6 0 - 1 4 .4 0 - 4 4 .1 0

e x p e c te d 145 .0260 4 1 .7585 131 .9073 -7 5 .4 0 7 5 106 .3320

L1 20 4 .0 0 3 2 ° 1 1 9 .2366a 1 8 5 .5439° 1 0 9 .6272c 1 8 9 .4 5 0 2 °

L2 87 .0488° - 3 6 . 7196a 7 8 .2 7 0 7 ° -2 6 0 .4 4 2 2 c 2 3 .2 1 3 8 °

DBcAMP 3 0 .5 3 + 6 .7 3 1 2 .6 8 + 0 .4 6 9 .0 9 + 1 .9 9 3 2 .1 0 + 3 .7 1 4 .9 9 + 1 .7 7 9 0 .8 0 + 4 .6 3 2 0 .3 2 + 0 .8 5

% change 22 .61 - 2 0 .6 6 - 3 8 .3 0 3 5 .6 2 - 8 3 .0 0 3 3 .4 0 2 8 .0 0

e x p e c te d 105 .8834 161.8033 109.0319 230 .3901 124.6471



Table 7: continued

t r e a t m e n t - s e x NaCl M NaCL F GH M GH F MSG M MSG-GH M

L1 1 8 7 .6964c 3 0 6 .8 4 9 6b 183 .3865c 3 8 5 . 1521a

L2 2 4 . 0704c 1 6 .7 5 7 0b 34.6773C 75.62813

gro w th  hormone 3 1 .5 7 + 2 .1 4 1 3 .0 4 + 2 .6 2 6 .6 2 + 1 .4 8 2 6 .8 5 + 0 .1 0 1 5 .6 8 + 4 .9 5 9 2 .8 0 + 6 .1 7

% change 2 6 .0 0 - 1 8 .4 3 - 5 5 .1 0 13 .41 - 4 6 .3 0 3 6 .3 0

i n s u l i n 3 9 .4 6 + 9 .3 2 8 .7 4 + 0 .4 1 2 9 .9 1 + 1 .2 8 1 5 .2 0 + 0 .4 7 1 0 0 .2 5 + 9 .7 0 8 9 .2 6 + 0 .9 1

% change 5 8 .4 6 - 4 5 .3 0 1 9 2 .8 0 - 3 5 .7 0 2 4 0 .1 0 3 1 .1 0

MSG-GH F

239.9773C 

9 . 3169c 

1 9 .2 3 + 1 .6 1  

2 1 .1 0  

8 .9 0 + 2 .0 1  

- 2 5 .0 0

a 95% c o n f id e n c e  l i m i t s  

b 98% c o n f id e n c e  l i m i t s  

c 99% c o n f id e n c e  l i m i t s  

A verage  v a l u e s  + S.E.M.

GH -  g row th  hormone

MSG -  monosodium g lu t a m a te

C e l l  s i z e s  a s  i n  T a b le  5; NaCl F = 0 .5311  yig  l i p i d / c e l l



14Table 8:____ C0o production in human fat cells

patient

E.R.
M.F.

R.F.
J.O.

L.G.

R.O.

D.R.

C.H.
R.C.
R.M.
M.C.

J.C.

cell size 
0.2096 
0.2324 

0.2661 
0.2784 

0.3134 

0.3357

0.3524

0.3972
0.4056
0.4125
0.4712

0.6025

diagnosis
normal

growth hormone 
deficient

obese

sex Basal
M 79.99+11.81
M 24.60+ 6.59

M 49.94+ 4.74
M 22.50+ 6.50

M 74.85+ 3.09

M 59.0 + 1.53
F 65.70+ 4.10

F 46.22+ 2.69
M 74.30+11.87
M 89.42+ 8.65
M 16.83+ 4.60

F 98.3 +16.84

cAMP 
213.45+44.57 
33.21+ 6.49 

55.04+ 1.95 
54.34+ 0.44 

137.48+ 3.85

66. 00+11.00 

108.30+ 2.33 

127.82+24.61 
172.30+ 3.38 
163.43+19.06 
23.23+ 4.27 

170.00+66.53

DBcAMP 
120.40+14.24 

14.70+ 7.53 
11.65+ 2.60 
41.22+ 2.12 

44.71+ 4.92

55.30+ 3.93 
78.70+ 9.21 

50.76+13.10 
97.00+ 8.00 
86.29+ 6.67 
8.03+ 1.59 

127.54+14.03



Table 8: continued

patient cell size diagnosis sex

D.G. 0.6074 obese F

V.C. 0.6505 " F
A.P. 0.7500 " F

Average values + S.E.M.

Basal 

35.21+ 2.89 

80.70+ 7.26 

56.35+ 0.56

cAMP 
34.42+14.31 

112.08+ 6.08 
76.48+ 3.76

DBcAMP 
49.17+ 1.32 

89.64+ 5.26 
30.13+ 4.16

Cl
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14Table 9: C0o production
in human fat cells as a function of cell size

Group

Normals

regression
equation

<y=)

Basal 1.4852x-49.5
cAMP -473.485x-f221.935
DBcAMP -478.394x-fl70.845

Growth Hormone deficient
Basal 215.614x-15.135
cAMP 1266.841x-354.59
DBcAMP 292.818x-35.84

Obese
Basal 144.185x-31.384

cAMP 187.2x-32.139
DBcAMP 86.665x47.592

correlation
coefficient

(r)

0.0022

•0.2590

•0.4490

0.4410
0.9670
0.4860

0.4503

0.3225
0.1872

not significant 
not significant 
not significant

not significant 
significant P<0.01 
not significant

not significant 
not significant 
not significant
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14Table 10: Per cent change C0o production
as a function of human fat cell size

Group

All
cAMP

DBcAMP

Normals
cAMP
DBcAMP

regression
equation

(y=)

107.537xf35.85 
55.89x-30.039

325.69x-l-3.128 
-328.94x+79.96

Growth Hormone deficient
cAMP 219.98x-721.48
DBcAMP 120.25X-35.727

Obese

cAMP 51.644x-f9.929
DBcAMP -259.96xfl58.087

correlation
coefficient

(r)

0.2713
0.1585

0.2020

■0.1980

0.9850
0.3570

0.1436
•0.5620

not significant 
not significant

not significant 
not significant

significant P<0.01 
not significant

not significant 
not significant
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14Table 11: Comparison of COp production in

d f  SS MS

C e l l  s i z e

Normal vs grow th  hormone d e f i c i e n t  

Betw een g ro u p s  1 0 .0367  0 .0367

W ith in  g ro u p s  8 0 .0108  0 .0014

Normal vs o b ese

Between g ro u p s  1 0 .2975  0 .2975

W ith in  g ro u p s  8 0 .0695  0 .0087

B a s a l  a c t i v i t y

Norm als vs g row th  hormone d e f i c i e n t  

Between g ro u p s  1 684 .9218  684 .9218

W ith in  g ro u p s  8 3972 .0483  496 .5060

N orm als vs o b ese  

Between g ro u p s  1 126 .0959 126.0959

W ith in  g ro u p s  8 7273 .7225  909 .2153

cAMP s t i m u l a t i o n

N orm als vs  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 2253 .0337  2253.0337

W ith in  g ro u p s  8 30196 .2577  3774.5322

N orm als v s  o b ese  

Between g ro u p s  1 587 .6835  587 .6835

W i th in  g ro u p s  8 37334 .7299  4666 .8412

human fat cells

28 .2307  

s i g n .  P<0.001

3 4 .1954  

s i g n .  P<0.001

1.3794  

n o t  s i g n .

0 .1 3 8 6  

n o t  s ig n .

0 .6017  

n o t  s ig n .

0 .1259  

n o t  s ig n .
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Table 11: continued

d f SS MS Fs

DBcAMP s t i m u l a t i o n

N orm als vs grow th hormone d e f i c i e n t

Between g ro u p s 1 1842.5036 1842 .5036

W ith in  g ro u p s 8 9299 .2097 1162 .4012 n o t

N orm als vs o b ese

Between g ro u p s 1 516.8558 5 1 6 .8 5 5 8

W ith in  g ro u p s 8 16863.7445 2107 .9681 n o t

P e r  c e n t  change cAMP

N orm als vs grow th hormone d e f i c i e n t

Between g ro u p s 1 1640.0994 1640 .0994

W ith in  g ro u p s 8 41121.1955 51 4 0 .1494 n o t

Norm als vs obese

Between g ro u p s 1 5285.8185 5 2 8 5 .8185

W ith in  g ro u p s 8 21184.2227 2 6 4 8 .0 2 7 8 n o t

P e r  c e n t  change DBcAMP

N orm als vs grow th hormone d e f i c i e n t

Between g ro u p s 1 148.9715 148 .9 7 1 5

W ith in  g ro u p s 8 19780.5851 2472 .5731 n o t

N orm als vs obese

Between g ro u p s 1 28 .9680 2 8 .9 6 8 0

W ith in  g ro u p s 8 25611.1966 3 2 0 1 .3996 n o t

1 .5 8 5 0

0 .2451

0 .3 1 9 0

1 .9961

0 .0602

0 .0 0 9 0
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14Table 12: C Incorporation into triglycerides
in human fat cells

cell size basal cAMP DBcAMP
0.2096 31.27+ 9.61 49.30+ 7.18 41.17+ 9.40
0.2324 22.47+ 2.53 26.20+ 3.09 18.64+ 1.21
0.2661 41.66+ 0.54 23.60+ 4.24 25.75+ 2.20
0.2784 16.50+ 3.18 22.76+ 9.18 85.72+ 3.49
0.3134 43.47+ 2.38 52.66+ 2.39 93.66+ 7.87

0.3357 78.29+ 1.45 76.93+ 7.97 137.55+ 9.36
0.3524 55.70+ 4.71 51.00+ 9.41 122.30+ 4.82

0.3972 45.15+ 1.86 112.98+ 0.17 94.94+ 9.38

0.4056 110.44+ 4.09 137.76+ 9.36 244.92+20.84
0.4125 72.89+ 5.11 126.99+14.35 184.20+ 2.62
0.4712 41.39+ 3.85 44.99+14.94 41.29+ 3.11

0.6025 97.67+10.08 113.55+15.18 163.05+11.23

0.6074 51.73+ 9.15 61.55+ 2.30 70.55+17.31

0.6505 91.48+ 3.35 111.72+ 1.86 174.04+ 4.41

0.7500 52.93+ 7.01 91.14+ 6.20 58.94+ 8.66

Average values + S.E.M.
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14Table 13: C incorporation into triglycerides

in human fat cells as a function of cell size

regression correlation
equation coefficient

Group (y=) (r)
:mal

Basal - 1 3 8 . 5X+68.3221 - 0 .4 7 0 9 not significant
cAMP 25.0147X+28.3987 0 .0 6 9 7 not significant
% stim. - 2 6 4 . 8823X+86.8329 - 0 .0 4 0 3 not significant
DBcAMP 6 1 0 .5X -105 .6789 0 .7 2 7 0 not significant
% stim. 1 8 3 8 .1764X -377 .052 0 .4 0 2 1 not significant

Growth Hormone deficient
Basal 1 6 3 .727x+10.227 0 .2 6 6 8 not significant
cAMP 1 1 0 8 .0 9 09X -319 .9445 0 .9 2 2 5 significant P<0.05

% stim. 1 3 1 1 .9545X -451.5 2 5 8 0 .6 7 2 7 not significant

DBcAMP 8 8 3 .4772X -179.4694 0 .4 9 7 0 not significant
% stim. 6 6 6 .3 8 6 3 x -1 3 7 .6 2 6 6 0 .7 9 8 9 not significant

Obese
Basal - 1 1 4 . 035X+135.4976 - 0 .3 7 3 4 not significant
cAMP 2 2 6 .4637X -55 .5735 0 .7 1 4 1 not significant

% stim. 2 0 4 .2341X -97 .1227 0 .8 2 2 7 not significant

DBcAMP 2 6 4 .5831X -59.6625 0 .3 8 9 0 not significant

% stim. 1 3 7 .2 8 8 x -4 3 .1 4 2 1 0 .2 8 9 2 not significant

. % stim.

cAMP 63.4492X+6.0961 0 .2 3 3 2 not significant

DBcAMP -94.3752x-t-126.3256 0 .1 4 1 6 not significant
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Table 14: Comparisons of incorporation into triglycerides

i n  n o rm a l ,  g row th  hormone d e f i c i e n t  and o b ese  f a t  c e l l s

d f SS MS

B a sa l

N orm als v s  g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 4289 .0408  4289 .0408

W ith in  g ro u p s  8 3996 .5752  499.5719

N orm als v s  o b e se  

Between g ro u p s  1 3233 .8828  3233.8828

W ith in  g ro u p s  8 3179 .1142  397.3893

cAMP s t i m u l a t i o n

N orm als v s  g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 10965 .3700  10965.3700

W ith in  g ro u p s  8 6123 .1130  765.3891

Normals v s  o b e se  

Between g ro u p s  1 6171 .7404  6171.7404

W ith in  g ro u p s  8 4590 .1658  573.7707

DBcAMP s t i m u l a t i o n

Normals vs g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 26932 .9860  26932.9860

W ith in  g ro u p s  8 18690.3192 2336.2899

N ormals v s  o b ese  

Between g ro u p s  1 5901.4914 5901.4914

W ith in  g ro u p s  8 20231.8883 2528.9860

8 .5 8 5 0  

s ig n .  P<0.025

8 .1 3 7 8  

s ig n .  P < 0 .025

1 4 .3265  

s ig n .  P (0 .0 1

10 .7564 

s ig n .  P<0 .025

11 .5281  

s ig n .  P^O.Ol

2 .3335  

n o t  s ig n .
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T a b le  14: c o n t in u e d

P e r  c e n t  change

d f

cAMP

SS MS

N orm als vs  

Betw een g ro u p s  

W i th in  g ro u p s

Norm als vs 

Between g ro u p s  

W ith in  g ro u p s  

P e r  c e n t  change

g ro w th  hormone d e f i c i e n t  

1 3222 .1865  3222 .1865

8 22101 .1032  2887 .6379

o b e se

1 236 .4870  236 .4 8 7 0

8 15874 .1080  1984 .2645

DBcAMP

N orm als vs 

Between g ro u p s  

W ith in  g ro u p s

Norm als vs 

Between g ro u p s  

W ith in  g ro u p s

g ro w th  hormone d e f i c i e n t  

1 452 .2 5 6 2  452 .2562

8 579615.0184 72451.8773

o b e s e

1 8335 .9238  8335 .9238

8 50655 .8576  6331 .9822

1 .1158  

n o t  s ig n .

0 .1189 

n o t  s ig n .

0 .0620  

n o t  s ig n .

1 .3164  

n o t  s ig n .
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T a b le  15: cAMP l e v e l s  i n  i s o l a t e d  r a t  a d ip o s e  c e l l s

cAMP p m o l e s / c e l l

s t i m u l a n t

c e l l  s i z e  b a s a l  e p i n e p h r i n e  e p i . - i n s u l i n

0 .1 5 0 0 0 .0 2 5 0 .0 4 5 0 .0 2 8

0 .1 7 2 6 0. 030 0 .0 6 2 0 .0 4 7

0 .1766 0 .0 1 0 0 .0 4 2 0 .0 3 3

0 .2 0 0 0 0 .095 0 .291 0 .0 7 2

0 .2 3 8 0 0 .0 0 3 0 .063 0 .0 0 6

0 .3 6 3 6 0 .0 7 2 0 .4 1 7 0 .1 3 8

0 .4 0 3 3 0 .1 1 1 0 .1 9 0 0 .0 8 6

0 .6 1 8 0 0 .321 0.371 0 .1 8 8



86

14 8T a b le  16: CO p r o d u c t i o n  i n  c u l t u r e d  human f i b r o b l a s t s

s t r a i n d i a g n o s i s d a t e
cAMP-B

B
DBcAMP-B

B
i n s u l i n - B

B

48 h o u r in c u b a t io n

27 norma1 6 /1 0 3 4 7 .3 4 9 7 .2 9 - 8 7 .3 6  '

11 tT 5 /2 5 8 0 .3 9 501.89 138 .51

13 ft 5 /2 5 8 6 .3 6 21 .41 6 0 .4 5

25 If 7 /9 9 5 2 .4 0 299 .71 6 0 2 .46

25 ff 7 /2 8 - 4 .2 9 3 .8 6 N.D.

45 If 2 /1 5 1 2 8 5 .4 8 N.D. 257 .66

27 ft 7 /7 1 7 2 .6 6 9 5 .2 9 N.D.

27 ft 8 /1 2 - 7 5 .8 0 8 4 .5 2 N.D.

21 g ro w th  hormone 
d e f i c i e n t 6 /1 0 3 4 2 .8 5 -5 8 .3 3 -2 8 .5 1

21 If 7 /7 - 1 3 .7 6 33 .91 N.D.

12 tf 5 /25 - 6 5 .7 3 -1 7 .4 1 13 .59

41 If 2 /15 - 3 9 .2 0 N.D. - 8 .1 3

P .S . d i a b e t i c

24

7 /9

h o u r

2 0 3 .82

i n c u b a t io n

168 .45 245 .4 6

45 norma1 2 /15 - 1 4 .0 0 N.D. 159 .27

27 ft 6 /8 4 9 .6 1 9 7 .3 N.D.

27 ft 8 /1 2 244 .19 9 5 56 .23 N.D.

41 g ro w th  hormone 
d e f i c i e n t 2 /15 - 1 5 .1 2 N.D. - 3 .2 9
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T a b le  16: c o n t in u e d

cAMP-B DBcAMP-B 
s t r a i n  d i a g n o s i s  d a t e  B B

24 h o u r  i n c u b a t io n  —  4 h o u rs  w i th  compound

27 norm al 7 /1 5  - 1 6 .5 2  2 4 .5 3

25 " 7 /2 8  - 2 1 .3 5  - 4 .5 3

41 g row th  hormone
d e f i c i e n t  8 /1 2  - 1 6 .1 6  2 5 4 .3 6

B b a s a l

N.D. n o t  done

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

C o n c e n t r a t i o n s  u sed :

5mM cAMP 

ImM DBcAMP

4 0 ,0 0 0  i n s u l i n / m l

i n s u l i n - B
B

N.D.

N.D.

N.D.
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Table 17: cAMP levels in human cultured skin fibroblasts

pmoles cAMP/pg DNA
stimulant

strain
45T8
44T9
592T9

679T9
606T9
42T7
54T5
55T7

57T5
58T8
20T8

39T8
40T9
41T9

diagnosis
normal

diabetic

growth hormone 
deficient

basal
3.320
5.262

7.435
4.683
8.948
2.100

5.010

4.643
15.261
9.478

0.916

2.836
5.089
9.793

epinephrine
50.750
20.320

21.160
14.018
47.714
18.233
26.387
19.113
44.368

23.669

12.922
13.640
18.605
27.060

epi.-
insulin
12.540
5.830

8.376
3.810

34.307
13.725
14.000
15.081
35.207

22.339

13.564

13.090
22.970
16.924
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Table 18: Comparisons of cAMP levels in normal

f i b r o b l a s t s  w i th  and w i t h o u t  s t i m u l a t i o n

d f SS

B a s a l  v s  e p in e p h r in e  

Between g ro u p s  1 1545.3970

W ith in  g ro u p s  8 1188.6670

B a s a l  vs e p i . - i n s u l i n  

Between g ro u p s  1 124.0100

W ith in  g ro u p s  8 631 .6290

E p i .  v s  e p i . - i n s u l i n  

Between g ro u p s  1 793.8633

W ith in  g ro u p s  8 1779.9238

B a s a l  vs e p in e p h r in e  (w i th o u t  #6 0 6 )a 

Between g ro u p s  1 914.7901

W ith in  g ro u p s  6 809.4536

B a s a l  vs e p i . - i n s u l i n  (w i th o u t  #606) 

Between g ro u p s  1 12.1377

W ith in  g ro u p s  6 49 .1872

E p i .  v s  e p i . - i n s u l i n  (w i th o u t  #606) 

Between g ro u p s  1 716.5970

W ith in  g ro u p s  6 853.0522

MS

1545 .3970

148 .5834

124 .0 1 0 0

7 8 .9 5 4 0

793 .8633

222 .4905

914 .7901

134.9089

1 2 .1377

8 .1 9 8 0

7 1 6 .5 9 7 0

142 .1770

10 .4008  

s i g n .  P<0.025

1.5707 

n o t  s i g n .

3 .5 6 8 0  

s i g n .  P<0.1

6 .7807  

s i g n .  P<0.05

1.4805  

n o t  s ig n .

5 .0401  

s i g n .  P ( 0 . 07

a F or  e x p l a n a t i o n  o f  c a l c u l a t i o n s  w i t h o u t  #606 s e e  d i s c u s s i o n
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T a b le  19: C o m p ar iso n s  o f  cAMP l e v e l s  i n  n o rm al ,  d i a b e t i c

and g ro w th  hormone d e f i c i e n t  f i b r o b l a s t s

d f SS MS

B a sa l

Norm als v s  d i a b e t i c s  

Between g ro u p s  1 4 .7 0 6 9

W i th in  g ro u p s  8 127 .6798

Norm als v s  g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 3 .5 9 1 0

W ith in  g ro u p s  7 6 4 .0 6 6 0

Norm als ( w i th o u t  #606) v s  d i a b e t i c s  

Between g ro u p s  1 10 .0379

W i th in  g ro u p s  7 116 .4629

4 .7 0 6 9

15 .9599

3 .5 9 1 0

9 .1 5 2 3

10.0379

16.6376

n o t

n o t

n o t

Normals ( w i th o u t  #606) v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 0 .5 3 4 0  0 .5 3 4 0

W ith in  g ro u p s  6 5 2 .6778  8 .7796  n o t

E p in e p h r in e  s t i m u l a t i o n  

Norm als v s  d i a b e t i c s  

Betw een g ro u p s  1 4 9 .2 4 9 8  4 9 .2498

W ith in  g ro u p s  8 1618 .5632  202 .3204  n o t

Norm als v s  g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 360 .4371  360.4371

W i th in  g ro u p s  7 1 2 9 5 .2680  185 .0 3 8 0  n o t

Norm als ( w i t h o u t  #606 )  v s  d i a b e t i c s  

Between g ro u p s  1 0 .0 9 6 3  0 .0963

Within groups 7 1249.7525 178.5361 not

0.2949

s i g n .

0 .3924

s ig n .

0 .6033

s ig n .

0 .0608  

s ig n .

0 .2434

s ig n .

1 .9479

s ig n .

0 .0005

sign.
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Table 19: continued

d f  SS MS Fs

Normals (w i th o u t  #606) v s  g ro w th  hormone d e f i c i e n t  

Between g ro u p s  1 144 .7679  144 .7679  0 .9371

W ith in  g ro u p s  6 9 2 6 .8 8 6 9  154 .4812  n o t  s ig n .

E p i . - i n s u l i n  s t i m u l a t i o n

Normals v s  d i a b e t i c s  

Between g ro u p s  1 125 .9256  125 .9256

W ith in  g ro u p s  8 947 .7 5 0 1  118 .4688

Normals v s  grow th  hormone d e f i c i e n t  

Between g ro u p s  1 2 9 .8 4 0 0  2 9 .8 4 0 0

W ith in  g ro u p s  7 703 .4 9 5 6  100 .4994

Normals (w i th o u t  #606) v s  d i a b e t i c s  

Between g ro u p s  1 3 4 3 .4 2 1 5  343 .4 2 1 5

W ith in  g ro u p s  7 2 7 8 .6 5 7 8  3 9 .8 0 8 3

N ormals (w i th o u t  #606) v s  g row th  hormone d e f i c i e n t

Between g ro u p s  1 261 .9282

W ith in  g ro u p s  6 5 .7104

P e r  c e n t  change : E p i .  o v e r  b a s a l

261 .9282

0 .9 5 1 7

1. 0629 

n o t  s i g n .

0 .2969  

n o t  s i g n .

8 .6279  

s i g n .  P<0.025

275 .2213  

s i g n .  P<0.001

34154 .6736

177032 .7296

Norm als vs d i a b e t i c s  

Between g ro u p s  1 34154 .6736

W ith in  g ro u p s  8 1416261.8368

N ormals vs  grow th  hormone d e f i c i e n t  

Between g ro u p s  1 4 9 7 4 .8 5 8 0  4 9 7 4 .8 5 8 0

Within groups 7 1998227.4894 285461.0699

0.1929  

n o t  s ig n .

0 .0174  

n o t  s i g n .
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Table 19: continued

d f  SS MS

Norm als ( w i th o u t  #606) v s  d i a b e t i c s  

Between g ro u p s  1 37640 .2502  37640 .2502

W ith in  g ro u p s  7 1422743.9587 203249 .1370  no t

Norm als ( w i th o u t  #606) v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 2318 .4645  2318 .4645

W i th in  g ro u p s  6 1994710.5674 332451.7612 n o t

P e r  c e n t  ch an g e s :  e p i . - i n s u l i n  o v e r  b a s a l

N orm als v s  d i a b e t i c s  

Between g ro u p s  1 41185 .5897  41185 .5897

W i th in  g ro u p s  8 214283 .7471  26785.4684 no t

Norm als vs g row th  hormone d e f i c i e n t  

Betw een g ro u p s  1 401352 .0564  401352.0564

W ith in  g ro u p s  7 1076681 .8970  153811.6996 no t

Norm als ( w i th o u t  #606) v s  d i a b e t i c s  

Between g ro u p s  1 64263.0281 64263.0281

W i th in  g ro u p s  7 179502 .5910  25643.2273 no t

Norm als ( w i th o u t  #606) v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 435585 .1096  435585.1096

W ith in  g ro u p s  6 1041900.3899 173650.0650 not

P e r  c e n t  ch a n g e s :  e p i . - i n s u l i n  o v e r  e p i .

0 .1851

s i g n .

0 .0069

s i g n .

1 .5 3 7 6

s i g n .

2 .6 0 9 3

s i g n .

2 .5 0 6 0  

s i g n .

2 .5 0 8 4

s ig n .

Norm als v s  d i a b e t i c s  

Between g ro u p s  1 3 5 2 8 .0108  3528 .0108  17 .8301

Within groups 8 1582.9390 197.8674 sign. P<0.005
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T a b le  19: c o n t in u e d

d f  SS MS I

N ormals v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 5778 .0851  5778 .0851  7.

W ith in  g ro u p s  7 5327 .4997  761 .0713  s ig n .

Normals ( w i th o u t  #606) vs  d i a b e t i c s  

Between g ro u p s  1 4 6 9 0 .1 6 7 7  4690 .1677  27.

W ith in  g ro u p s  7 1180 .1265  168 .5895  s ig n .

N orm als ( w i th o u t  #606) vs g row th  hormone d e f i c i e n t  

Between g ro u p s  1 6 9 3 7 .1318  6937 .1318  10.

W ith in  g ro u p s  6 3 9 2 4 .6 8 7 0  654 .1 1 4 5  s ig n .

5920 

P < 0 ,05

8200

P<0.005

6053 

P< 0 .025
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Table 20; Adenyl cyclase activity in human cultured

skin fibroblasts

pmoles cAMP/fog DNA/hr 
stimulant 

epi. —
strain basal epinephrine insulin NaF (NaF-B)/B8
Normal
45T8 10.900 39.840 12.849 175.379 1508.920

44T9 11.155 23.875 3.828 125.988 1029.430
529T9 16.379 45.169 12.182 297.287 1715.050

679T9 3.168 9.283 3.511 41.261 1202.360
606T8 13.665 26.078 1.132 160.903 1077.456
Diabetic

42T7 15.754 62.469 8.139 269.407 1610.110

54T5 21.811 57.442 19.172 423.108 1839.880

55T7 7.106 12.186 5.153 81.988 1053.790

58T4 15.997 33.032 13.763 213.174 1243.560

Growth hormone deficient
20T8 14.504 30.544 5.024 74.434 414.570

39T9 5.303 7.543 2.890 62.074 1062.951

40T9 5.603 8.403 4.535 46.431 728.750

41T9 9.079 13.158 4.548 31.179 243.430

a per cent stimulation by NaF over basal



T a b le  21: C om parisons o f  a d e n y l  c y c l a s e  a c t i v i t y  i n  norm al f i b r o b l a s t s

d f  SS MS

B a s a l  v s  e p i .  s t i m u l a t i o n

Between g ro u p s  1 791 .7086  791 .7086

W ith in  g ro u p s  8 898 .7866  112 .3483

B a s a l  v s  e p i . - i n s u l i n  s t i m u l a t i o n

Between g ro u p s  1 4 7 .3 7 1 3  4 7 .3713

W ith in  g ro u p s  8 214 .6793  26 .8349

B a s a l  v s  NaF s t i m u l a t i o n

Between g ro u p s  1 55584 .6200  55584 .6200

W ith in  g ro u p s  8 3 4 434 .5100  4 3 0 4 .3140

7 .0469  

s i g n .  P<0.05

1 .7653  

n o t  s i g n .

12 .9137  

s i g n .  P<0.01

( w i th o u t  #606)

5 .0324  

s i g n .  P<0 .070

0 .3 8 1 8  

n o t  s i g n .

7 .7 9 9 7  

s i g n .  P<0.050



Table 22: Comparisons of adenyl cyclase activities in normal,

d i a b e t i c  and g row th  hormone d e f i c i e n t  f i b r o b l a s t s

d f SS MS

B a s a l  a c t i v i t y

Normal v s  d i a b e t i c  

Between g ro u p s  1 3 7 .6035

W ith in  g ro u p s  7 207 .5 5 2 0

Normal v s  g row th  hormone d e f i c i e n t  

Betw een g ro u p s  1 13 .1384

W i th in  g ro u p s  7 142 .3327

E p in e p h r in e  s t i m u l a t e d  a c t i v i t y  

Normal v s  d i a b e t i c  

Betw een g ro u p s  1 343 .4 8 4 0

W ith in  g ro u p s  7 2427 .1060

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 431 .7849

Within groups 7 1146.6286

37 .6035

29 .6503

13 .1384

20 .3185

3 43 .4 8 4 0

346.7294

431 .7849

163.8041

1 .2682  

n o t  s ig n .

0 .6 4 6 6  

n o t  s ig n .

0 .9906  

n o t  s i g n .

2 .6 3 6 0  

n o t  s i g n .

Fs
( w i th o u t  #606)

1 .3628  

n o t  s ig n .

0 .2835  

n o t  s ig n .

0 .6842  

n o t  s ig n .

2 .2 5 9 5  

n o t  s i g n .



Table 22: continued

d f  SS

E p i . - i n s u l i n  s t i m u l a t e d  a c t i v i t y  

Normal v s  d i a b e t i c  

Between g ro u p s  1 52 .4092

W ith in  g ro u p s  7 232 .8318

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 13 .3514

W ith in  g ro u p s  7 119 .9017

NaF s t i m u l a t e d  a c t i v i t y  

Normal v s  d i a b e t i c  

Between g ro u p s  1 16725 .6428

W ith in  g ro u p s  7 94229 .9054

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 25268 .5100

Within groups 7 35397.0500

MS
s

( w i th o u t  #606)

52 .4092

33 .2617

13 .3514

17 .1288

16725 .6428

13461.4151

25268 .5100

1 .5765  

n o t  s i g n .

0 .7794  

n o t  s ig n .

1 .2424  

n o t  s i g n .

4 .9 7 7 0

0 .7 4 2 0  

n o t  s ig n .

2 .1843 

n o t  s ig n .

0 .9625  

n o t  s i g n .

3 .8 4 1 0

5056.7214 sign, P<0.10 sign. P<0.10



Table 22: continued

d f  SS

P e r  c e n t  change : E p i .  o v e r  b a s a l

Normal v s  d i a b e t i c  

Between g ro u p s  1 36 .8361

W ith in  g ro u p s  7 57759 .2410

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 19417.2272

W ith in  g ro u p s  7 31644 .9428

P e r  c e n t  change : e p i . - i n s u l i n  o v e r  b a s a l

Normal v s  d i a b e t i c  

Between g ro u p s  1 9 .5 5 0 3

W ith in  g ro u p s  7 8246 .0657

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 673 .3770

Within groups 7 8519.5560

MS
Fs

( w i th o u t  #606)

36 .8361

8251.3201

19417.2272

4520 .7061

9 .5 5 0 3

1178.0094

673 .3770

0.0044  

n o t  s ig n .

4 .2 9 5 1  

n o t  s i g n .

0 .0081  

n o t  s i g n .

0 .5533

0 .0 4 4 5  

n o t  s ig n .

5 .4579  

n o t  s i g n .

0 .2374  

n o t  s i g n .

1 .9183

1217.0794 not sign. not sign.



Table 22: continued

d f  SS

P e r  c e n t  change : NaF o v e r  b a s a l

Normal v s  d i a b e t i c  

Between g ro u p s  1 37666 .4594

W ith in  g ro u p s  7 1124509.1301

Normal v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 1070987 .3310

W ith in  g ro u p s  7 739777 .7468

P e r  c e n t  change : e p i . - i n s u l i n  o v e r  e p i .

Normal v s  d i a b e t i c  

B etw een g ro u p s  1 53 .0034

W ith in  g ro u p s  7 1868 .4999

N orm als v s  g row th  hormone d e f i c i e n t  

Between g ro u p s  1 143 .7980

Within groups 7 2021.7220

MS ( w i th o u t  #606)

37666.4594

160647.1614

0.2344  

n o t  s i g n .

0 .0967  

n o t  s ig n .

1070987 .3310

105682,5353

10 .1340  

s i g n .  P<0.025

10 .0534  

s i g n .  P<0.025

53 .0034 

266 .9286

0 .1 9 8 5  

n o t  s i g n .

0 .0 1 4 5  

n o t  s i g n .

143 .7980 0 .4 9 6 6 0.0371

288.8174 not sign. not sign.
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14Table 23: CO? production In rat adipocytes with
fibroblast medium

cpm/cell
date strain diagnosis basal insulin % change
7 /2 3 no cells (incubated) 3 6 .0 3 3 6 .7 2 1 .87

tf 27 normal 6 9 .7 5 8 4 .3 7 2 1 .0 0

It 31 growth hormone 
deficient 2 8 .2 0 6 6 .8 0 36 .87

8 /1 0 no cells (incubated) 6 1 .7 7 5 8 .3 1 - 5 . 6

tf 30 normal 2 4 9 .1 4 2 6 2 .6 5 5 .42

tf 31 growth hormone 
deficient 7 0 .1 1 166 .5 7 1 3 7 .6 0

1 0 /4 no cells (incubated) 4 0 .7 1 1 0 .2 7 131 .6 8

ft 32 normal 215 .8 4 280 .1 5 29 .79

ft 38 normal 1 2 2 .7 2 169 .53 3 8 .1 4

1 0 /1 2 no cells (incubated) 6 .7 0 6 .7 8 1 .19

tt no cells (unincubated) 1 1 .7 2 8 .1 9 -27*00

ft 25 normal 1 3 .6 5 1 1 .9 - 1 2 .8 2

ft 31 growth hormone 
deficient 19 .7 1 1 0 .0 4 - 4 9 .0 0



101

G ra p h  I : R e g re s s io n  e q u a t io n  f o r  g ly c e ro l  r e le a s e  as a  f u n c t io n
o f  c e l l  s i z e ( r a t s )

a (I0 .544)

DBcAMP

^  3.5- -

x  3 ,0 .

y = ^ 9 5 3  ± 4 . 3 d |x - ( a 6 9 0  ± 2 7 5 )  
d r  = 0 .7 8 6 7

y^ 3 . ? 6 ? M ^ .8 3 ) x |4 6  ± 2 .4 4 )
r  = 0 .7 6 5 2
A D B cA M P x .

y =(1.932 ± 1 3 2 0 x 4 3 .4 3 9  ± 8 .4 7 )  
7 r= O .I9 9 0

0 .2  0 .3 ~m  iOfe j 6' o'7 ; 0.8 asT wo
< CELL S IZ E  ( ^ g  llp id /c e li)  ~ .

V a lu e s  ±95A * co n fid en ce  lim its
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4 8 0

4 4 0

G ra p h  Z: P e r  c e n t ch an g e  in  lip o ly sis  w i th  
cAMP an d  DBcAM P (ra ts )
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G ra p h  3 :  ^ 2  production as  a  fu n c t io n  o f  ce ll s iz e  
in r a t  ad ipocy tes

200-

1 8 0 -

160-

140-
co
u 120-
■o2ex 100.p j  “o

8 0 -

Basai6 0

4 0

20 -

CELL S I Z E ( / * g  lip i< j/c e llJ  

oB asal ocAMP
y = (-3 & 3 3 4 itl5 5 k 5 4 )x + (9 8 ,7 7 8 ±7387) y = H 3 6 .7 9 6 ± i4 7 .7 9 > x -+ (2 Q 7 .0 0 8 ± 7 Q 3 4  
r = - 0 3 0 2 3  r = - 0 7 9 3 0

! : a d b c a m p

1 y = (8 0 0 7 8 ± 2 0 7 8 8 ) x + ( 6 5 i0 6 9 ± 9 6 5 5 )
r = 0 4 8 0 8
Values ±  9 5 a* c o r f  iderc* limits
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G ra p h  4 :  P er c e n t  change in r a t  ad ipocy tes 
w i t h  cAM P and DBcAMP
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G ra p h  5*. *^C02  p ro d u c t io n  in  h u m a n  f a t  c e l l s  * ^ C 0 2  p r o d u c t io n

o Basal

y  =C3Q 8 9 5  ±  9 0 .4 0 )x + t o  19 ± 4 0 5 0 )  
r = 0 2 0 0 5  

qcAMP

y = (-2 6 .0 0 7  ±2I6I7)x **{114066 ±  9 6 8 4 ) 
r = - 0 0 7 l 8

^DBcAMP • 
y = £ & l9 9 ± l3 7 .4 0 )x + (4 8 .5 3 6 ± 6 l5 6 )

[•=0,122

Values ±  95.\% confidence lim its

DBcAMP a

0 ^ 0  0 .2 6  Q 32  Q 3 8  , 0 4 4  , Q 50  Q 5 6  Q 6 2  Q 6 8  07$ 0 8 0
normal (Jh deficient , , o b e s e

CELL S lZ E ( /< g  l i p i d / c e i y
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14G r a p h  6 ‘. P e r  c e n t  c h a n g e  C 0 P p r o d u c t io n  in  h u m a n  f a t  c e l l s
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wG raph  7: Incorporation o f  C in to  tr ig ly c e r id e s  in  h u m a n  f a t  cells 

o B a s a l
y =(81344±  8 S 2 4 )x + (2 2 .7 9 5 ±  3 9 ,5l)

20,o |  r = 0 ,4 8 9 5  A

acAM P
2 2 0 f  y = 0 2 7 .O 9 7 ± l2 U 5 )x ^ Q 2 9 9 ± 5 4 3 7 )

r = 0 .5 3 1 6 '
2 D 0 | ^D B cA M P

y = f l3 4 3 4 8 ± 2 2 a i8 ) x + 6 7 ,5 0 4 ±  99 .64 )
180l- r = 0 .3 3 6 6  A

V alues  ±  9 5 confidence lim its  *
160-

=  1404

2 0

Q2bf Q26 O.fo Q318 ,04*4 ,05b 05*6 06*2
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G ra p h f i: R tf cen t change in  *4 C inco rpo ra tion  in to  triglycerides in  h u m a n  fa t cells
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G ra p h  9 -  c A M P  l e v e l s  In  r a t  a d ip o c y te s
0.50f

, oBasai
n acL  y=0T578±Q28)x-[O.O85±O.O9;0 .45J- -  r= Q 9 0 5 l

aE p ln ep h rin e  . 
y =  C O .688±Q 52Jx -  (0 .0 4 5 ±CXI7) .t ^  ̂  i «%r*

r = u , n £ o
A E p i . - i n s u l i n  , 

y = p .3 3 5 ± Q I6 )x - (0 .0 2 2  ±  0 ,05 ) . 
1 r = 0 .9 2 2  7
Values±95.\* confidence limits

0 .2 5 -
i . -  in su lin

e d %  0 .2 0  0 .2 5
CELL S l Z E ^ g  l i p i ^ c e l l )
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G r a p h  10: P er c e n t  change In  cAMP c o n te n t b y  s t im u la t io n
In  r a t  ad ipocy tes
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Graph 12: Per cent change with stimulation inadenyl cyclase actlv it)/hour in human fibroblasts

E p in e p h r in e -B a sa l 
B a sa l

( E p i . -  i n s u l in ) - B a s a l  
B a s a l

E p i . - ( E p i . -  in s u lin )
E p i .m

|4 5 T 8  4 4 T 9  59219  679T 9  6 0 6 T 8 ||4 2 T 7  54T 5  55T 7  , 58T 4  |( 2 Q T 8  3 9 T 9  4 0 T 9  41 T 9 ]
n o rm a d ia b e tic g row th  ho rm o n e  deficient

STRAIN



BIBLIOGRAPHY

Appleman,  M. M. and C. L. S e v i l l a .  1970. C y c l i c  3',5* - a d e n o s i n e
monophosphate and t h e  e f f e c t s  o f  hormones on hormone s e n s i t i v e  
l i p a s e  from a d i p o s e  t i s s u e .  In:  Role  o f  C y c l i c  AMP i n  C e l l
F u n c t i o n ,  Adv. Biochem. P s y c h o p h a r m a c o l . ,  v o l .  3 ,  e d i t e d  by 
P. G reengard  and E. C o s t a ,  pp .  209-216.  New York:  Raven P r e s s .

A urbach ,  G. D. and B. H. H ouston .  1968.  D e t e r m i n a t i o n  o f  3 ' , 5 ' -  
a d e n o s i n e  monophosphate w i t h  a method based  on a r a d i o a c t i v e  
p h o s p h a t e  exchange  r e a c t i o n .  J .  B i o l .  Chem. 2 4 3 :5 9 3 5 -5 9 4 0 .

A v e r n e r ,  M. J . , M. L. Brock and J .  J o s t .  1972.  S t i m u l a t i o n  o f
r i b o n u c l e i c  a c i d  s y n t h e s i s  i n  h o r s e  lym phocy tes  by exogenous  
c y c l i c  a d e n o s i n e  3 * , 5 ' -m onophospha te .  J .  B i o l .  Chem.
2 4 7 :4 1 3 -4 1 7 .

B a r ,  H. P. and 0 .  H e c h t e r .  1969a . Adenyl c y c l a s e  a s s a y  i n  f a t  c e l l  
g h o s t s .  A n a l y t i c a l  Biochem. 2 9 :4 7 6 -4 8 9 .

B a r ,  H. P. and 0 .  H e c h t e r .  1969*3. Adenyl c y c l a s e  and hormone a c t i o n .
I .  E f f e c t s  o f  ACTH, g l u c a g o n  and e p i n e p h r i n e  on p lasm a membranes 
o f  r a t  f a t  c e l l s .  P r o c .  Nat .  Acad.  S c i .  USA 6 3 : 3 5 0 - 3 5 6 .

B a r r a i ,  I .  and H. M. Cann.  1965.  S e g r e g a t i o n  a n a l y s i s  o f  j u v e n i l e  
d i a b e t e s  m e l l i t u s .  J .  Med. G ene t .  2 : 8 - 1 1 .

Beavo,  J .  A . ,  J .  G. Hardman and E. W. S u t h e r l a n d .  1971.  S t i m u l a t i o n  
o f  a d e n o s i n e  3 ' , 5 ' -m onophospha te  h y d r o l y s i s  by g u a n o s i n e  3 ' , 5 ' -  
monophosphate .  J .  B i o l .  Chem. 246 :3841-3846 .

B e n n e t t ,  G. V. and P. C u a t r e c a s a s .  1972.  I n s u l i n  r e c e p t o r  o f  f a t  
c e l l s  i n  i n s u l i n - r e s i s t a n t  m e t a b o l i c  s t a t e s .  S c i e n c e  
1 76 :8 0 5 -8 0 6 .

B e rg ,  K . , S. A a r s e t h ,  J .  L u n d e v a l l  and T. R e in sk o u .  1967.  Blood 
g r o u p s  and g e n e t i c  serum t y p e s  i n  d i a b e t e s  m e l l i t u s .
D i a b e t o l o g i a  3 : 3 0 - 3 4 .

B irn b a u m er ,  L . , S. L. Pohl  and M. R o d b e l l .  1969.  Adenyl c y c l a s e  i n
f a t  c e l l s .  I .  P r o p e r t i e s  and t h e  e f f e c t s  o f  a d r e n o c o r t i c o t r o p i n  
and f l u o r i d e .  J .  B i o l .  Chem. 244 :3468-3476 .

B i rnba um er ,  L. and M. R o d b e l l .  1969.  Adenyl c y c l a s e  i n  f a t  c e l l s .
I I .  Hormone r e c e p t o r s .  J .  B i o l .  Chem. 244 :3 4 7 7 -3 4 8 2 .

B i rn b a u m er ,  L . , S. L. P o h l ,  H. M i c h i e l i ,  J .  K raus  and M. R o d b e l l .
1970.  The a c t i o n s  o f  hormones  on t h e  a d e n y l  c y c l a s e  s y s tem .
I n :  R o le  o f  C y c l i c  AMP i n  C e l l  F u n c t i o n ,  Adv. Biochem.
P sychopharm aco l .  e d i t e d  by P. G reengard  and E. C o s t a ,  v o l .  3,  
pp .  185-208 .  New York:  Raven P r e s s .

113
—v



114

B j o r n t o r p ,  P. 1966.  S t u d i e s  on a d i p o s e  t i s s u e  from o b e s e  p a t i e n t s  
w i t h  o r  w i t h o u t  d i a b e t e s  m e l l i t u s .  I I .  B a s a l  and i n s u l i n -  
s t i m u l a t e d  g l u c o s e  m e ta b o l i s m .  A c ta .  Med. Scand.  1 7 9 :229 -234 .

B l e c h e r ,  M. 1967.  E v id e n c e  f o r  in v o lv e m e n t  o f  c y c l i c  3 ' , 5 ' - a d e n o s i n e  
monophosphate  i n  g l u c o s e  u t i l i z a t i o n  by i s o l a t e d  r a t  e p id id y m a l  
a d i p o s e  c e l l s .  Biochem. B io p h y s .  Res .  Commun. 2 7 :5 6 0 -5 6 7 .

B l e c h e r ,  M . , N. S. M e r l i n o  and J .  T.  Ro'Ane.  1968. C o n t r o l  o f  t h e  
m e ta b o l i s m  and l i p o l y t i c  e f f e c t s  o f  c y c l i c  3 ' , 5 ' - a d e n o s i n e  
monophosphate  i n  a d i p o s e  t i s s u e  by i n s u l i n ,  m e t h y l x a n t h i n e s ,  
and n i c o t i n i c  a c i d .  J .  B i o l .  Chem. 2 43 :3973 -3977 .

B l e c h e r ,  M . , M. S. M e r l i n o ,  J .  T.  Ro'Ane and P. D. F lynn .  1969.
In d e p e n d e n c e  o f  t h e  e f f e c t s  o f  e p i n e p h r i n e ,  g lu c a g o n ,  and 
a d r e n o c o r t i c o t r o p i n  on g l u c o s e  u t i l i z a t i o n  from t h o s e  on 
l i p o l y s i s  i n  i s o l a t e d  r a t  a d i p o s e  c e l l s .  J .  B i o l .  Chem. 
244 :3 4 2 3 -3 4 2 9 .

B l e c h e r ,  M. 1971.  B i o l o g i c a l  e f f e c t s  and c a t a b o l i c  m e ta b o l i s m  o f
3 ' , 5 ' - c y c l i c  n u c l e o t i d e s  and d e r i v a t i v e s  i n  r a t  a d i p o s e  t i s s u e  
and l i v e r .  M e tabo l i sm  2 0 :6 3 - 7 7 .

B raun ,  T . , 0.  H e c h t e r  and H. P. B ar .  1969.  L i p o l y t i c  a c t i v i t y  o f
r i b o n u c l e o t i d e  and d e o x y r i b o n u c l e o t i d e  3 ' 5 '  c y c l i c  monophosphate  
i n  i s o l a t e d  r a t  f a t  c e l l s .  P ro c .  Soc.  Exp.  B i o l .  Med.
132 :2 3 3 -2 3 6 .

Bray ,  G. A. 1967.  I n h i b i t i o n  o f  g l u c o s e  o x i d a t i o n  i n  a d i p o s e  t i s s u e
by d i b u t y r y l  a d e n o s i n e  3 ' , 5 ' -m onophospha te .  Biochem. B iophys .
Res .  Commun. 2 8 :6 2 1 -6 2 7 .

B r e c k e n r i d g e ,  B. McL. 1964.  Measurement o f  c y c l i c  a d e n y l a t e  i n  t i s s u e s .  
P ro c .  N at .  Acad. S c i .  USA 52 :158 0 -1 5 8 6 .

B r e c k e n r i d g e ,  B. McL. 1971. Methods o f  a s s a y  o f  c y c l i c  n u c l e o t i d e s .
In :  C y c l i c  AMP and C e l l  F u n c t i o n ,  A nna ls  N.Y. Acad.  S c i . ,
e d i t e d  by G. A. R o b is o n ,  G. G. Nahas and L. T r i n e r ,  v o l .  185,
pp.  4 2 -4 9 .  New York; N.Y. Acad. S c i .

B r e s s l e r ,  R . , M. V. Cordon and K. B r e n d e l .  1969.  S t u d i e s  on t h e  r o l e  
o f  a d e n y l c y c l a s e  i n  i n s u l i n  s e c r e t i o n .  Arch.  I n t e r n .  Med. 
12 3 :248 -251 .

B ro o k e r ,  G . , L. J .  Thomas and M. M. Appleman.  1968.  A ssay  o f
a d e n o s i n e  3 ' , 5 ' - c y c l i c  monophosphate and g u a n o s in e  3 ' , 5 ' - c y c l i c  
monophosphate  i n  b i o l o g i c a l  m a t e r i a l s  by e n z y m a t i c  r a d i o i s o t o p e  
d i s p l a c e m e n t .  B i o c h e m i s t r y  7 :4 1 7 7 -4 1 8 1 .

B ro o k e r ,  C-. 1971.  High p r e s s u r e  a n i o n  exchange  ( 14C) c h r o m a t o g r a p h i c
measurement o f  c y c l i c  a d e n o s i n e  monophosphate  s p e c i f i c  a c t i v i t y  i n  
myocardium p r e l a b e l e d  w i t h  -^C a d e n o s i n e .  J .  B i o l .  Chem.
246 :7810 -7816 .



115

Brown, J .  D. , D. B. S to n e  and A. A. S t e e l e .  1969.  Mechanism o f
a c t i o n  o f  a n t i l i p o l y t i c  a g e n t s :  com par i son  o f  t h e  e f f e c t s  of
i n s u l i n ,  t o l b u t a m i d e ,  and phen fo rm in  on l i p o l y s i s  induc ed  by 
d i b u t y r y l  c y c l i c  AMP p l u s  t h e o p h y l l i n e .  Metabol ism 1 8 :9 2 6 -9 2 9 .

B u c k w a l t e r ,  J .  A. 1964.  D i a b e t e s  m e l l i t u s  and t h e  blood g r o u p s .
D i a b e t e s  1 3 :1 6 4 -1 6 8 .

B u r g e r ,  M. M. , B. M. Bomber,  B. McL. B r e c k e n r id g e  and J .  R. S hep p a rd .  
1972.  C y c l i c  a l t e r a t i o n s  i n  c e l l  c y c l e  c o r r e l a t e d  w i t h  growth  
c o n t r o l .  N a tu r e  (New B i o l . )  239 :161-163 .

B urns ,  T. W. and P. E. L an g ley .  1968a . O b s e r v a t i o n s  on l i p o l y s i s
w i t h  i s o l a t e d  a d i p o s e  t i s s u e  c e l l s .  J .  Lab.  C l i n .  Med. 7 2 :8 1 3 - 8 2 3 .

B u rn s ,  T.  W. and P.  E. L an g ley .  1968b . Hormonal i n f l u e n c e s  on l i p o ­
l y t i c  a c t i v i t y  o f  i s o l a t e d  human a d i p o s e  t i s s u e  c e l l s  ( a b s ) .
J .  Lab.  C l i n .  Med. 72 :863 .

B u rn s ,  T.  W. and P. E. L a n g le y .  1970a . L i p o l y s i s  by human a d i p o s e
t i s s u e :  t h e  r o l e  o f  cAMP and a d r e n e r g i c  r e c e p t o r  s i t e s .  J .  Lab .
C l i n .  Med. 7 5 :9 8 3 -9 8 7 .

B u rn s ,  T. W. and P. E. L an g ley .  1970b . L i p o l y t i c  a c t i v i t y  o f  human
a d i p o s e  t i s s u e :  e f f e c t s  o f  a l p h a  and b e t a  a d r e n e r g i c  b l o c k i n g
a g e n t s  on cAMP and g l y c e r o l  r e l e a s e .  C l i n .  Res .  18 ;86 ( A b s t r a c t ) .

B u rn s ,  T.  W. , P.  E. L an g ley  and G. A. Robison .  1971.  A d r e n e r g i c
r e c e p t o r s  and c y c l i c  AMP i n  t h e  r e g u l a t i o n  o f  human a d i p o s e  t i s s u e  
l i p o l y s i s .  I n :  C y c l i c  AMP and C e l l  F u n c t i o n ,  Anna ls  N.Y. Acad.
S c i . ,  e d i t e d  by G. A. R ob ison ,  G. G. Nahas and L. T r i n e r ,  
v o l .  185,  pp .  1 1 5 -128 .  New York; N.Y. Acad.  S c i .

B u t c h e r ,  R. W. and E. W. S u t h e r l a n d .  1962.  Adenos ine  3 ' , 5 ' - p h o s p h a t e  
i n  b i o l o g i c a l  m a t e r i a l s .  I .  P u r i f i c a t i o n  and p r o p e r t i e s  o f  
c y c l i c  3 1, 5 * - n u c l e o t i d e  p h o s p h o d i e s t e r a s e  and u se  of  t h i s  enzyme 
t o  c h a r a c t e r i z e  a d e n o s i n e  3 * , 5 ’ - p h o s p h a te  i n  human u r i n e .
J .  B i o l .  Chem. 237 :1244-1250 .

B u t c h e r ,  R. W. , R. J .  Ho, H. C. Meng and E.  W. S u t h e r l a n d .  1965.
A denos ine  3 ' , 5 *  monophosphate i n  b i o l o g i c a l  m a t e r i a l s .  I I .  The  
measurement o f  a d e n o s i n e  3 ' , 5 '  monophosphate i n  t i s s u e s  and t h e  
r o l e  o f  t h e  c y c l i c  n u c l e o t i d e  i n  t h e  l i p o l y t i c  r e s p o n s e  o f  f a t  t o  
e p i n e p h r i n e .  J .  B i o l .  Chem. 240 :4515-4523 .

B u t c h e r ,  R. W. 1966.  K. c y c l i c  3*,5 '-AMP and t h e  l i p o l y t i c  e f f e c t s  
o f  hormones on a d i p o s e  t i s s u e .  Pharm. Rev. 1 8 ( p a r t  I ) : 237-241 .

B u t c h e r ,  R. W. , J .  G. T.  Sneyd,  C. R. P a r k  and E. W. S u t h e r l a n d .
1966.  E f f e c t  o f  i n s u l i n  on a d e n o s i n e  3 f , 5 ' -monophospha te  i n  t h e  
r a t  e p i d id y m a l  f a t  p ad .  S c i e n c e  241 :1651-1653 .



116
B u t c h e r ,  R. W. , G. A. R o b is o n ,  J .  G. Hardman and E. W. S u t h e r l a n d .

1968a . The r o l e  o f  cAMP i n  hormone a c t i o n s .  Adv. Enz.  Reg. 
6 :3 5 7 -3 8 9 .

B u t c h e r ,  R. W. , C. E. B a i r d  and E. W. S u t h e r l a n d .  1968^.  The
e f f e c t s  o f  l i p o l y t i c  and a n t i l i p o l y t i c  s u b s t a n c e s  on a d e n o s i n e  
3 ' , 5 ' -m onophospha te  i n  i s o l a t e d  f a t  c e l l s .  J .  B i o l .  Chem.
243 :1705-1712 .

B u t l e r ,  L. 1967. The i n h e r i t a n c e  o f  d i a b e t e s  i n  t h e  C h in e se  h a m s t e r .  
D i a b e t o l o g i a  3 : 1 2 4 - 1 2 7 .

C a m e r i n i - D a v a l o s , R. A. 1965.  P r e v e n t i o n  o f  d i a b e t e s  m e l l i t u s .
M edica l  C l i n i c s  o f  N. America  4 9 : 8 6 5 - 8 7 9 .

C a r l s o n ,  L. A. and D. H a l l b e r g .  1968.  B a s a l  l i p o l y s i s  and e f f e c t s  of  
e p i n e p h r i n e  and p r o s t a g l a n d i n  on l i p o l y s i s  i n  human s u b c u ta n e o u s  
and om enta l  a d i p o s e  t i s s u e .  J .  Lab.  C l i n .  Med. 7 1 :3 6 8 -3 7 7 .

C a r l s o n ,  L. A . ,  D. H a l l b e r g  and H. M i c h e l i .  1969.  Q u a n t i t a t i v e  
s t u d i e s  on t h e  l i p o l y t i c  r e s p o n s e  o f  human s u b c u ta n e o u s  and 
om en ta l  a d i p o s e  t i s s u e  t o  n o r a d r e n a l i n e  and t h e o p h y l l i n e .
A c ta  Med. Scand.  1 8 5 :465 -469 .

C a r l s o n ,  L. A . ,  R. W. B u t c h e r  and H. M i c h e l i .  1970.  F a t  m o b i l i z i n g  
l i p o l y s i s  and l e v e l s  o f  cycl' ie^AMP i n  human and dog a d i p o s e  
t i s s u e .  Acta Med. Scand.  1 8 7 :5 2 5 -5 2 8 .

C a r t e r ,  C. 0 .  1969.  F a m i l i a l  p r e d i s p o s i t i o n  i n  man. Br.  Med. B u l l ,
2 5 :5 2 - 5 7 «

C e r a s i ,  E. and R. L u f t .  1967.  "What i s  i n h e r i t e d  -  what  i s  added" 
H y p o th e s i s  f o r  t h e  p a t h o g e n e s i s  o f  d i a b e t e s  m e l l i t u s .  D i a b e t e s  
16 :615 -627 .

C e r a s i ,  E. and R. L u f t .  1969.  An e f f e c t  o f  an  a d e n o s i n e  3 ' , 5 ’ -  
monophosphate d i e s t e r a s e  i n h i b i t o r ,  a m i n o p h y l l i n e  on i n s u l i n  
r e s p o n s e  t o  g l u c o s e  i n f u s i o n  i n  p r e d i a b e t i c  and d i a b e t i c  s u b j e c t s .  
Hormone Met.  Res .  1 :162 .

C e r a s i ,  E. and R. L u f t .  1970.  I s  d i a b e t e s  m e l l i t u s  a d i s o r d e r  o f  t h e
c e l l u l a r  i n f o r m a t i o n  t r a n s m i s s i o n .  A c ta  D i a b e t o l o g i a  L a t .
7 (S u p p l .  1 ) : 2 7 8 - 2 9 7 .  -  ------ ----------

C h e r a s k i n ,  A . ,  W. M. R i n g s d o r f ,  A. T.  S. H. S e ty a a d m a d j a , R. A. B a r r e t t ,
G. T.  S i b l e y  and R. W. R e id .  1968.  E n v i r o n m e n ta l  f a c t o r s  i n
b lood  g l u c o s e  r e g u l a t i o n ; ~ '~ J v  A m . 'G e rT 'S o c .  1 6 :8 2 3 -8 2 5 .

Cheung,  W. Y. 1967.  P r o p e r t i e s  o f  c y c l i c  3 ' , 5 1- n u c l e o t i d e
p h o s p h o d i e s t e r a s e  from r a t  b r a i n .  B i o c h e m i s t r y  6 :1 0 7 9 -1 0 8 7 .



117

Cheung,  W. Y. 1970.  C y c l i c  3 ' , 5 ' - n u c l e o t i d e  p h o s p h o d i e s t e r a s e
d e m o n s t r a t i o n  o f  an  a c t i v a t o r .  Biochem. B iophys .  Res.  Commun. 
3 8 :5 3 3 -5 3 8 .

C l a r k ,  R. B. and J .  P. P e r k i n s .  1971 .  R e g u l a t i o n  o f  a d e n o s in e  3* s 5* — 
c y c l i c  monophosphate c o n c e n t r a t i o n  i n  c u l t u r e  human a s t r o c y t o m a  
c e l l s  by c a t e c h o l a m i n e s  and h i s t a m i n e .  P roc .  N a t .  Acad.  S c i .  USA 
6 8 :2 7 5 7 -2 7 6 0 .

Coleman,  D. L. and K. P. Hummel. 1967. S t u d i e s  w i t h  t h e  m u t a t i o n ,  
d i a b e t e s ,  i n  t h e  mouse.  D i a b e t o l o g i a  3 : 2 3 8 - 2 4 8 .

C r i s t o f a l o ,  V. J .  and D. K r i t c h e v s k y .  1965. Growth and g l y c o l y s i s  
i n  t h e  human d i p l o i d  c e l l  s t r a i n  WI-38.  P ro c .  Soc.  Exp. B i o l .
Med. 1 1 8 :1 109 -1113 .

C u a t r e c a s a s ,  P. 1969.  I n t e r a c t i o n  o f  i n s u l i n  w i t h  c e l l  membranes:
P r im a ry  a c t i o n  o f  i n s u l i n .  P r o c .  N a t .  Acad.  S c i .  USA 6 3 :4 5 0 -4 5 7 .

C u a t r e c a s a s ,  P. 1971a . I n s u l i n - r e c e p t o r  i n t e r a c t i o n s  i n  a d i p o s e  
t i s s u e  c e l l s :  D i r e c t  measurement and p r o p e r t i e s .  P roc .  N a t .
Acad.  S c i .  USA 6 8 :1264-1268 .

C u a t r e c a s a s ,  P. 1971*3. P e r t u r b a t i o n  o f  t h e  i n s u l i n  r e c e p t o r  o f
i s o l a t e d  f a t  c e l l s  w i t h  p r o t e o l y t i c  enzymes:  D i r e c t  measurement
o f  i n s u l i n  r e c e p t o r  i n t e r a c t i o n s .  J .  B i o l .  Chem. 246 :6522-6531 .

C u a t r e c a s a s ,  P. 1971° .  Unmasking o f  i n s u l i n  r e c e p t o r s  i n  f a t  c e l l s  
and f a t  c e l l  membranes -  p e r t u r b a t i o n  o f  membrane l i p i d s .
J .  B i o l .  Chem. 246 :6532-6542 .

C u a t r e c a s a s ,  P. 1972.  P r o p e r t i e s  o f  t h e  i n s u l i n  r e c e p t o r  i s o l a t e d
from l i v e r  and f a t  c e l l  membranes. J .  B i o l .  Chem. 247 :1980 -1991 .

D’A rm ie n to ,  M . , G. S. J o h n s o n  and I .  P a s t a n .  1972. R e g u l a t i o n  o f
a d e n o s i n e  3 ' : 5 ' - c y c l i c  monophospha te  p h o s p h o d i e s t e r a s e  a c t i v i t y  
i n  f i b r o b l a s t s  by i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  c y c l i c  a d e n o s i n e  
monophosphate .  Pro .  Na t .  Acad.  S c i .  USA 6 9 :4 5 9 -4 6 2 .

Di G iro lam o  and S. Mendenger.  1969.  V a r i a t i o n s  i n  g l u c o s e  m e ta b o l i s m ,  
l i p o g e n e s i s ,  g l y c e r i d e  s y n t h e s i s  and i n s u l i n  r e s p o n s i v e n e s s  o f  
e n l a r g i n g  a d i p o s e  c e l l s  i n  t h r e e  mammalian s p e c i e s .  D i a b e t e s  
18 :353  ( A b s t r a c t ) .

Drummond, G. I . ,  D. L. S e v e r s o n  and L. Duncan. 1971. Adenyl c y c l a s e :  
K i n e t i c  p r o p e r t i e s  and n a t u r e  o f  f l u o r i d e  and hormone s t i m u l a t i o n .  
J .  B i o l .  Chem. 2 46 :4166-4173 .

Edwards ,  J .  H. 1970.  The n a t u r e  o f  f a m i l i a l  p r e d i s p o s i t i o n .  A cta  
D i a b e t o l o g i a  L a t .  7 (S u p p l .  l ) ; 3 6 0 - 3 7 5 .



118
t  a

E f e n d i c ,  S. 1970 . C a te c h o la m in e s  and m e ta b o l i s m  o f  human a d i p o s e  
t i s s u e .  I I I .  Compar ison  between r e g u l a t i o n  i n  om e n ta l  and 
s u b c u ta n e o u s  a d i p o s e  t i s s u e .  A cta  Med. Scand.  1 8 7 :4 7 7 -4 8 3 .

» h
E f e n d i c ,  S. 1970 . I n f l u e n c e  o f  PGE, on l i p o l y s i s  i n d u c e d  by

n o r a d r e n a l i n e ,  i s o p r o p y l n o r a d r e n a l i n e ,  a d r e n a l i n e ,  t h e o p h y l l i n e  
and d i b u t y r y l  c y c l i c  AMP i n  human om en ta l  a d i p o s e  t i s s u e  i n  v i t r o .  
A c ta  Med. Scand.  187 :503 -507 .

F a i n ,  J .  N. 1968. E f f e c t  o f  D i b u t y r y l - 3 ’ 5 ’ -AMP, t h e o p h y l l i n e  and
n o r e p i n e p h r i n e  on l i p o l y t i c  a c t i o n  o f  g row th  hormone and g l u c o ­
c o r t i c o i d  i n  w h i t e  f a t  c e l l s .  E n d o c r i n o lo g y  8 2 : 8 2 5 - 8 3 0 .

F a i n ,  J .  N. and S. C. Loken.  1969.  Response  o f  t r y p s i n - t r e a t e d  brown 
and w h i t e  f a t  c e l l s  t o  hormones: P r e f e r e n t i a l  i n h i b i t i o n  o f
i n s u l i n  a c t i o n .  J .  B i o l .  Chem. 2 4 4 :3 5 0 0 -3 5 0 6 .

F a l c o n e r ,  D. S. 1960.  I n t r o d u c t i o n  t o  Q u a n t i t a t i v e  G e n e t i c s .
New York;  Ronald  P r e s s  Co.

F a l c o n e r ,  D. S. 1965. The i n h e r i t a n c e  o f  l i a b i l i t y  t o  c e r t a i n
d i s e a s e s ,  e s t i m a t e d ,  from t h e  i n c i d e n c e  among r e l a t i v e s .  Ann. Hum. 
G ene t .  2 9 :5 1 -7 6 .

F a l c o n e r ,  D. S. 1967.  The i n h e r i t a n c e  o f  l i a b i l i t y  t o  d i s e a s e s  w i t h
v a r i a b l e  age  o f  o n s e t ,  w i th  p a r t i c u l a r  r e f e r e n c e  t o  d i a b e t e s  
m e l l i t u s .  Ann. Hum. Genet .  3 1 :1 - 2 0 .

F a l c o n e r ,  D. S . ,  L. J .  P. Duncan and C. S m i th .  1971.  A s t a t i s t i c a l  
and g e n e t i c a l  s t u d y  o f  d i a b e t e s .  I .  P r e v a l e n c e  and m o r b i d i t y .
Ann. Hum. G ene t .  3 4 :3 4 7 -3 6 9 .

F o l c h ,  J . , M. Lees and G. H. S t a n l e y .  1957. A s i m p l e  method f o r  t h e  
i s o l a t i o n  and p u r i f i c a t i o n  o f  t o t a l  l i p i d s  f rom a n im a l  t i s s u e s .
J .  B i o l .  Chem. 226 :497-509 .

F o rn ,  J . , P. S. S c h o n h o fe r ,  I .  F. Skidmore and G. K r i s h n a .  1970.
E f f e c t  o f  a g i n g  on t h e  ad en y l  c y c l a s e  and p h o s p h o d i e s t e r a s e
a c t i v i t y  o f  i s o l a t e d  f a t  c e l l s  o f  r a t .  B io ch im .  B iophys .  Acta 
2 0 8 :304 -309 .

G a l t o n ,  D. J .  and G. A. Bray .  1967.  S t u d i e s  on l i p o l y s i s  i n  human 
a d i p o s e  c e l l s .  J .  C l i n .  I n v e s t .  4 6 :6 2 1 -6 2 9 .

G a l t o n ,  D. J .  1968.  L i p o g e n e s i s  i n  human a d i p o s e  t i s s u e .  J .  L i p i d  
Res .  9 : 1 9 - 2 6 .

G av in ,  J .  R . , J .  R o th ,  P. J e n  and P. F r e y c h e t .  1972.  I n s u l i n  r e c e p t o r s  
i n  human c i r c u l a t i n g  c e l l s  and f i b r o b l a s t s .  P r o c .  Nat .  Acad. S c i .  
USA 69 :74 7 -7 5 1 .

Gilman ,  A. G. 1970.  A p r o t e i n  b i n d i n g  a s s a y  f o r  a d e n o s i n e  3 ' : 5 ' -  
c y c l i c  monophospha te .  P roc .  Nat .  Acad.  S c i .  USA 6 7 :3 0 5 -3 1 2 .



119

G o l d r i c k ,  R, B. 1967.  E f f e c t s  o f  i n s u l i n  on g l u c o s e  m e ta b o l i s m  i n  
i s o l a t e d  human f a t  c e l l s .  J .  L i p i d  Res .  8 : 5 8 1 - 5 8 8 .

G o l d r i c k ,  R. B. and G. M. McLoughl in .  1970. L i p o l y s i s  and l i p o -  
g e n e s i s  from g l u c o s e  i n  human f a t  c e l l s  o f  d i f f e r e n t  s i z e :
E f f e c t s  o f  i n s u l i n ,  e p i n e p h r i n e  and t h e o p h y l l i n e .  J .  C l i n .  
I n v e s t .  4 9 :1 2 1 3 -1 2 2 3 .

G o l d s t e i n ,  S . ,  J .  W. L i t t l e f i e l d  and  J .  S. S o e l d n e r .  1969.  D i a b e t e s  
m e l l i t u s  and  a g i n g :  d i m i n i s h e d  p l a t i n g  e f f i c i e n c y  o f  c u l t u r e d
human f i b r o b l a s t s .  P r o c .  N a t .  Acad.  S c i .  USA 6 4 :1 5 5 -1 6 0 .

G o l d s t e i n ,  S. and J .  W. L i t t l e f i e l d .  1969.  E f f e c t  o f  i n s u l i n  on t h e  
c o n v e r s i o n  o f  g l u c o s e - C - 1 4  t o  C -14 -0  by normal and d i a b e t i c  
f i b r o b l a s t s  i n  c u l t u r e .  D i a b e t e s  1 8 :5 4 5 -5 4 9 .

Goodman, H. M* 1969.  The e f f e c t s  o f  i n s u l i n  on l i p o l y s i s  evoked by 
c y c l i c  AMP and i t s  d i b u t y r y l  a n a l o g .  P ro c .  Soc.  Exp.  B i o l .  Med. 
1 3 0 :97-iOO.

Goodman, H. M. 1970.  A n t i l i p o l y t i c  e f f e c t s  o f  g row th  hormone.  
M e tab o l i sm  1 9 :8 4 9 -8 5 5 .

Gorman, R. R . , H. M. Tepperman and J .  Tepperman.  1972.  E f f e c t s  o f
s t a r v a t i o n ,  r e f e e d i n g ,  and f a t  f e e d i n g  on a d i p o c y t e  g h o s t  ad e n y l  
c y c l a s e  a c t i v i t y .  J .  L i p i d  Res .  1 3 :2 7 6 -2 8 0 .

G o t t l i e b ,  M. S. and H. F. Root.  1968. D i a b e t e s  m e l l i t u s  i n  t w i n s .  
D i a b e t e s  1 7 :6 9 3 -7 0 4 .

G re e n g a rd ,  P. and J .  F. Kuo. 1970.  On t h e  mechanism o f  a c t i o n  o f  
c y c l i c  AMP. In ;  R o le  o f  C y c l i c  AMP i n  C e l l  F u n c t i o n ,  Adv. 
Biochem. P s y c h o p h a r m a c o l . ,  e d i t e d  by P. G reengard  and E. C o s t a ,  
v o l .  3 ,  pp .  2 8 7 -306 .  New York: Raven P r e s s .

G r i e s ,  F. A. and J .  S t e i n k e .  1967.  C om pa ra t ive  e f f e c t s  o f  i n s u l i n  on 
a d i p o s e  t i s s u e  segm en ts  and i s o l a t e d  f a t  c e l l s  o f  r a t  and man.
J .  C l i n .  I n v e s t .  4 6 :1 4 1 3 -1 4 2 1 .

G r i f f i t h s ,  J .  B. 1970.  The e f f e c t  o f  i n s u l i n  on t h e  g row th  and 
m e ta b o l i s m  o f  t h e  human d i p l o i d  c e l l ,  WI-38.  J .  C e l l .  S c i .  
7 : 5 7 5 - 5 8 5 .

H a r r i s ,  H. 1950.  F a m i l i a l  d i s t r i b u t i o n  o f  d i a b e t e s ;  a s t u d y  o f  
r e l a t i v e s  o f  1241 d i a b e t i c  p r o p o s i t i .  Ann. Eugen.  Lond.  
1 5 : 9 5 - 1 1 9 .

H artman,  A. D . , A. I .  Cohen,  C. J .  R ic h an e  and T.  Hsu.  1971.
L i p o l y t i c  r e s p o n s e  and a d e n y l  c y c l a s e  a c t i v i t y  o f  r a t  a d i p o c y t e s  
a s  r e l a t e d  t o  c e l l  s i z e .  J .  L i p i d  Res .  1 2 :498 -505 .

H a y f l i c k ,  L. and P.  S. Moorhead,  1961.  The s e r i a l  c u l t i v a t i o n  o f  
human d i p l o i d  c e l l  s t r a i n s .  Exp.  C e l l  Res .  2 5 :5 8 5 -6 2 1 .



120

H a y f l i c k ,  L. 1965. The l i m i t e d  i n  v i t r o  l i f e t i m e  o f  human d i p l o i d  
c e l l  s t r a i n .  Exp.  C e l l  Res .  3 7 :6 1 4 -6 3 6 .

H e i d r i c k ,  M. L. and W. L. Ryan. 1970.  C y c l i c  n u c l e o t i d e s  on c e l l
g ro w th  i n  v i t r o . Cance r  Res .  2 0 :3 7 6 -3 7 8 .

H i r s c h ,  J . , J .  W. F a r q u h a r ,  E. H. A h r e n s ,  J r . ,  M. L. P e t e r s o n  and
W. S t o f f e l .  1960.  S t u d i e s  o f  a d i p o s e  t i s s u e  i n  man: A m i c r o -
t e c h n i c  f o r  s a m p l in g  and a n a l y s i s .  Am. J .  C l i n .  N u t r .  8 :4 9 9 -5 1 1 .

H i r s c h ,  J .  and E. G a l l i a n .  1968.  Methods f o r  t h e  d e t e r m i n a t i o n  of  
a d i p o s e  c e l l  s i z e  and c e l l  number i n  man and a n i m a l s .  J .  L i p i d  
Res .  9 :1 1 0 -1 1 9 .

H s i a ,  D. Y. Y. and S. S. G e l l i s .  1957.  B i r t h  w e ig h t  i n  i n f a n t s  of  
d i a b e t i c  m o t h e r s .  Ann. Hum. G e n e t .  2 2 :8 0 - 9 2 .

H s i e ,  A. W. and T.  T. Puck.  1971.  M o r p h o lo g ic a l  t r a n s f o r m a t i o n  o f  
C h in e se  h a m s t e r  c e l l s  by d i b u t y r y l  a d e n o s i n e  c y c l i c  3 ' : 5 ' -  
monophospha te  and t e s t o s t e r o n e .  P ro c .  Nat .  Acad.  S c i .  USA 
6 8 :3 5 8 -3 6 1 .

H s i e ,  A. W . , C. J o n e s  and T. T. Puck.  1971.  F u r t h e r  c hange s  i n  
d i f f e r e n t i a t i o n  s t a t e  accompanying  t h e  c o n v e r s i o n  o f  C h in e se  
h a m s t e r  c e l l s  t o  f i b r o b l a s t i c  form by d i b u t y r y l  a d e n o s i n e  c y c l i c  
3 ' : 5 ' -monophosphate  and hormones .  P ro c .  N a t .  Acad.  S c i .  USA 
68 :16 4 8 -1 6 5 2 .

I l l i a n o ,  G. and P. C u a t r e c a s a s .  1972.  M o d u la t io n  o f  a d e n y l a t e  c y c l a s e  
a c t i v i t y  i n  l i v e r  and f a t  c e l l  membranes by i n s u l i n .  S c i e n c e  
1 7 5 :906 -908 .

J a c o b s s o n ,  B. and U. Smith.  1972.  E f f e c t  o f  c e l l  s i z e  on l i p o l y s i s
and a n t i l i p o l y t i c  a c t i o n  o f  i n s u l i n  i n  human f a t  c e l l s .  J .  L i p id  
Res .  13 :65 1 -6 5 6 .

J a c q u e t , M. and A. Kepes.  1969. The s t e p  s e n s i t i v e  t o  c a t a b o l i t e  
r e p r e s s i o n  and i t s  r e v e r s a l  by 3 ' - 5 '  c y c l i c  AMP d u r i n g  induced  
s y n t h e s i s  o f  b e t a - g a l a c t o s i d a s e  i n  E. c o l i .  Biochem. B iophys .
Res .  Commun. 3 6 :8 4 - 9 2 .

Jam es ,  R. C. and T. W. Burns .  1969.  E f f e c t s  o f  i n s u l i n ,  p r o s t a g l a n d i n s ,  
c a t i o n s  on l i p o l y t i c  a c t i v i t y  o f  c a t e c h o l a m i n e s ,  t h e o p h y l l i n e  and 
d i b u t y r y l  c y c l i c  AMP i n  r a t  and human a d i p o s e  t i s s u e  c e l l s .
D i a b e t e s  1 8 :3 6 0  ( A b s t r a c t ) .

v„
J o h n so n ,  G. S . ,  R. M. Fr iedman and I .  P a s t a n .  1971a . R e s t o r a t i o n  o f  

s e v e r a l  m o r p h o l o g ic a l  c h a r a c t e r i s t i c s  o f  normal f i b r o b l a s t s  in  
sarcoma c e l l s  t r e a t e d  w i t h  a d e n o s i n e - 3 ' : 5 1- c y c l i c  monophospha te  
and i t s  d e r i v a t i v e s .  P roc .  Nat .  Acad.  S c i .  USA 6 8 :4 2 5 -4 2 9 .



121

J o h n s o n ,  G. S . ,  R. M. F r ied m an  and I .  P a s t a n .  1971b . C y c l i c  AMP-
t r e a t e d  sarcoma c e l l s  a c q u i r e  s e v e r a l  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  
o f  normal f i b r o b l a s t s .  I n :  C y c l i c  AMP and C e l l  f u n c t i o n ,  A n n a ls
N.Y. Acad.  S c i . ,  e d i t e d  by G. A. R o b is o n ,  G. G. Nahas and L. T r i n e r ,  
v o l .  185,  p p .  4 1 3 -4 1 6 .  New York:  N.Y. Acad.  S c i .

Jo h n so n ,  G. S. and I .  P a s t a n .  1972.  C y c l i c  AMP i n c r e a s e s  t h e  
a d h e s i o n  o f  f i b r o b l a s t s  t o  s u b s t r a t u m .  N a t u r e  (New B i o l . )  
2 3 6 :2 4 7 -2 4 9 .

J u n g a s ,  R. L. 1966. R o le  o f  c y c l i c - 3 ' , 5 ' -AMP i n  t h e  r e s p o n s e  o f
a d i p o s e  t i s s u e  t o  i n s u l i n .  P r o c .  N a t .  Acad.  S c i .  USA 5 6 :7 5 7 -7 6 3 .

K a h le n b e r g ,  A . , J .  R u b in g e r  and  N. K a l a n t .  1966 .  D i f f e r e n c e s  i n  t h e  
g l u c o s e  m e ta b o l i s m  and i n s u l i n  r e s p o n s i v e n e s s  o f  r a t  and human 
a d i p o s e  t i s s u e .  Can.  J .  Biochem. 4 4 : 6 4 5 - 6 4 8 .

Keen,  H. and N. S.  T r a c k .  1968 .  Age o f  o n s e t  and i n h e r i t a n c e  o f
d i a b e t e s :  The im p o r t a n c e  o f  ex a m in in g  r e l a t i v e s .  D i a b e t o l o g i a
4 : 3 1 7 - 3 2 1 .

K e s s l e r ,  I .  I .  1970.  A g e n e t i c  r e l a t i o n s h i p  be tw een  d i a b e t e s  and 
c a n c e r .  L a n c e t  2 : 2 1 8 - 2 2 0 .

K i t a b c h i ,  A. E . , S. S. Solomon and J .  S. B ru sh .  1970.  The i n s u l i n ­
l i k e  a c t i v i t y  o f  c y c l i c  n u c l e o t i d e s  and t h e i r  i n h i b i t i o n  by 
c a f f e i n e  on t h e  i s o l a t e d  f a t  c e l l s .  Biochem. B iophy .  Res .  Commun. 
3 9 :1 0 6 5 -1 0 7 2 .

K l e i n ,  M. I .  and M. H. Makman. 1971.  A d e n o s in e  3 ' , 5 ' -m o nophospha te -  
de p e n d e n t  p r o t e i n  k i n a s e  o f  c u l t u r e d  mammalian c e l l s .  S c i e n c e  
1 7 2 :8 6 3 -8 6 4 .

K l im t ,  C. R . , C. L. M e i n e r t ,  I .  P.  Ho, and F. W. B r i e s e .  1967.  S tudy  
o f  f a m i l i a l  p a t t e r n s  o f  r e p o r t e d  d i a b e t e s :  E v a l u a t i o n  o f
q u e s t i o n n a i r e  d a t a .  D i a b e t e s  1 6 :4 0 -5 0 .

K r i s h n a ,  G . , B. W eiss  and  B. B. B r o d i e .  1968.  A s i m p l e ,  s e n s i t i v e  
method f o r  t h e  a s s a y  o f  a d e n y l  c y c l a s e .  J .  P ha rm aco l .  Exp.
T h e r .  1 6 3 :3 7 9 -3 8 5 .

K ru s e ,  P. F. and E. Miedema. 1965.  G lu c o s e  u p t a k e  r e l a t e d  t o
p r o l i f e r a t i o n  o f  a n i m a l  c e l l s  i n  v i t r o .  P ro c .  Exp.  B i o l .  Med. 
119 :1 1 1 0 -1 1 1 2 .

Kuo, J .  F.  and P. G re e n g a rd .  1970.  C y c l i c  n u c l e o t i d e - d e p e n d e n t
p r o t e i n  k i n a s e s .  V I I I .  An a s s a y  method f S r ~ t h e  measurement o f  
a d e n o s i n e  3 ’ , 5 ' - m o n o p h o s p h a te  i n  v a r i o u s  t i s s u e s  and a s t u d y  o f  
a g e n t s  i n f l u e n c i n g  i t s  l e v e l s  i n  a d i p o s e  c e l l s .  J .  B i o l .  Chem. 
2 4 5 :4 0 6 7 -4 0 7 3 .



122

K u p i e c k i , F. P. 1969.  Reduced a d e n o s i n e  3 ' 5 ' -m onophospha te  phos ­
p h o d i e s t e r a s e  a c t i v i t y  i n  t h e  p a n c r e a s  and a d i p o s e  t i s s u e  o f  
s p o n t a n e o u s l y  d i a b e t i c  mice.  L i f e  S c i .  8 ( p a r t  I I ) : 645-649 .

Langan,  T.  A. 1969.  A c t i o n  o f  a d e n o s i n e  3 * , 5 ' -m onophospha te  d e p e n d e n t
h i s t o n e  k i n a s e  i n  v i v o . J .  B i o l .  Chem. 244 :5763-5765 .

Langan,  T .  A. 1970.  P h o s p h o r y l a t i o n  o f  h i s t o n e s  i n  v iv o  u n d e r  c o n t r o l
o f  c y c l i c  AMP and hormones .  In :  Ro le  o f  CyclTc AMP i n  C e l l
F u n c t i o n .  Adv. Biochem. P s y c h o p h a r m a c o l . ,  e d i t e d  by P.  G reen g a rd  
and E. C o s t a ,  v o l .  3 ,  pp .  307-324 .  New York; Raven P r e s s .

Langan,  T.  A. 1971.  C y c l i c  AMP and h i s t o n e  p h o s p h o r y l a t i o n .  In :
C y c l i c  AMP and C e l l  F u n c t i o n ,  A nna ls  N.Y. Acad.  S c i . ,  e d i t e d  by 
G. A. R o b is o n ,  G. G. Nahas and L. T r i n e r ,  v o l .  185,  pp .  166-180 .
New York: N.Y. Acad.  S c i .

L i v i n g s t o n ,  J .  N . , P.  C u a t r e c a s a s ,  and D. H. Lockwood. 1972.  I n s u l i n  
i n s e n s i t i v i t y  o f  l a r g e  f a t  c e l l s .  S c i e n c e  177 :626 -628 .

L o v r i e n ,  F. C . , A. A. S t e e l e ,  J .  D. Brown and D. B. S tone .  1972.
E f f e c t  o f  a m i t r i p t y l i n e  on l i p o l y s i s  and c y c l i c  AMP c o n c e n t r a t i o n  
i n  i s o l a t e d  f a t  c e l l s .  M etabo l i sm  2 1 :2 2 3 -2 2 9 .

L u f t ,  R. and E. C e r a s i .  1970.  P o s s i b l e  p a t h o g e n i c  mechanisms of
d i a b e t e s  i n  man. A cta  D i a b e t o l o g i a  L a t .  7 (S u p p l .  1) :  378-393 .

Makman, M. H. 1970.  Adenyl c y c l a s e  o f  c u l t u r e d  mammalian c e l l s :  
A c t i v a t i o n  by c a t e c h o l a m i n e s .  S c i e n c e  170:1421-1423.

M arb le ,  A. 1967.  A n g io p a th y  i n  d i a b e t e s :  An u n s o lv e d  prob lem .
D i a b e t e s  1 6 :8 2 5 -8 3 8 .

M a r t i n ,  G. M . , C. A. S prague  and C. J .  E p s t e i n .  1970.  R e p l i c a t i v e  
l i f e - s p a n  o f  c u l t i v a t e d  human c e l l s :  E f f e c t s  o f  d o n o r ' s  age ,
t i s s u e  and g e n o ty p e .  Lab.  I n v e s t .  2 3 :8 6 -9 2 .

McKee1,  D. W. and L. J a r e t t .  1970. P r e p a r a t i o n  and c h a r a c t e r i z a t i o n  
o f  a plasma membrane f r a c t i o n  from i s o l a t e d  f a t  c e l l s .  J .  C e l l  
B i o l .  4 4 :4 1 2 -4 3 2 .

Miyamoto,  E . , J .  F. Kuo and P. G reenga rd .  1969. C y c l i c  n u c l e o t i d e -  
d e p e n d e n t  p r o t e i n  k i n a s e s .  I I I .  P u r i f i c a t i o n  and p r o p e r t i e s  o f  
a d e n o s i n e  3 ’ , 5 ' -m o n o p h o s p h a te -d ep en d en t  p r o t e i n  k i n a s e  from b o v in e  
b r a i n .  J .  B i o l .  Chem. 244 :6395-6402 .

Monn, E. and R. 0 .  C h r i s t i a n s e n .  1971. A denos ine  3 ' , 5 ' -m o n o p h o s p h a te
p h o s p h o d i e s t e r a s e :  M u l t i p l e  m o l e c u l a r  forms .  S c i e n c e  1 7 3 :5 4 0 -5 4 1 .

M os inger ,  B. and M. Vaughan.  1967.  The a c t i o n  o f  c y c l i c  3 ' 5 ' -  
a d e n o s i n e  monophospha te  on l i p o l y s i s  i n  r a t  a d i p o s e  t i s s u e .
Biochim. B iophys .  Acta  144 :569-582 ,



123

Moskowitz,  J .  and J .  N. F a in .  1969 .  Hormonal r e g u l a t i o n  o f  l i p o l y s i s  
and p h o s p h o r y l a s e  a c t i v i t y  i n  human f a t  c e l l s .  J .  C l i n .  I n v e s t .
48 :1802-1808 .

M u l l e r - O e r l i n g h a u s e n ,  U. Schwabe,  A. H a s s e l b l a t t  and F. H. S ch m id t .  1968.  
A c t i v i t y  o f  3 ' , 5 ’ - a d e n o s i n e  monophosphate  p h o s p h o d i e s t e r a s e  i n  
l i v e r  and a d i p o s e  t i s s u e  o f  no rmal and d i a b e t i c  r a t s .  L i f e  S c i .
7 ( p a r t  I I ) : 593-598.

Nahas ,  G. G. , C. F. P o y a r t ,  J .  P.  K l e i s b a u e r ,  M. Verosky and Y.
Vul l i em oz .  1971.  A c t i v a t e d  l i p o l y s i s  and pH ch an g e s .  In :
C y c l i c  AMP and C e l l  F u n c t i o n ,  A n n a l s  N.Y. Acad.  S c i . ,  e d i t e d  by 
G. A. Robison ,  G. G. Nahas ,  and L. T r i n e r ,  v o l .  185, pp. 137-151.
New York: N.Y. Acad.  S c i .

N a v a r r e t e ,  V. N. and I .  H. T o r r e s .  1965. A t r i a m c i n o l o n e - g l u c o s e
t o l e r a n c e  t e s t  i n  t h e  e a r l y  d i a g n o s i s  o f  d i a b e t e s .  D i a b e t e s  
1 4 :481 -488 .

N a v a r r e t e ,  V. N. and I .  H. T o r r e s .  1967.  T r i a m c i n o l o n e  p r o v o c a t i v e
t e s t  i n  o f f s p r i n g  o f  two d i a b e t i c  p a r e n t s .  D i a b e t e s  1 6 :5 7 -6 0 .

N e e l ,  J .  V. 1962. D i a b e t e s  m e l l i t u s :  A " t h r i f t y "  g e n o ty p e  r e n d e r e d
d e t r i m e n t a l  by " p r o g r e s s ” . Amer. J .  Hum. G e n e t .  1 4 :3 5 3 -3 6 2 .

N e e l ,  J .  V. 1967. C u r r e n t  c o n c e p t s  o f  t h e  g e n e t i c  b a s i s  o f  d i a b e t e s  
m e l l i t u s  and t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  d i a b e t i c  p r e d i s ­
p o s i t i o n .  E x c e r p t a  Med. I n t e r n a t .  C o n g res s  S e r i e s  No. 1725,
S upp l .  P ro c .  S i x t h  C o n g re s s  o f  t h e  I n t e r n a t .  D i a b e t e s  Fed.  68-78 .

N e t e l ,  P. J . , W. A u s t i n  and C. Foxman. 1969.  L i p o p r o t e i n  l i p a s e
c o n t e n t  and t r i g l y c e r i d e  f a t t y  a c i d  u p t a k e  i n  a d i p o s e  t i s s u e  o f  
r a t s  o f  d i f f e r i n g  body w e i g h t s .  J .  L i p i d  Res .  10 :38 3 -3 8 7 .

N i s s l e y ,  P . ,  W. B. A nderson ,  M. G a l l o ,  I .  P a s t a n  and R. L. Per lm an .
1972.  B in d in g  o f  c y c l i c  a d e n o s i n e  monophosphate  r e c e p t o r  t o  
d e o x y r i b o n u c l e i c  a c i d .  J .  B i o l .  Chem. 247 :4 2 6 4 -4 2 6 9 .

Olney ,  J .  W. 1969.  B r a i n  l e s i o n s ,  o b e s i t y  and o t h e r  d i s t u r b a n c e s  i n  
mice t r e a t e d  w i t h  monosodium g l u t a m a t e .  S c i e n c e  1 6 4 :719 -721 .

f
Ostman, J . , S. E f e n d i c  and P. A r n e r .  1969.  C a t e c h o la m in e s  and 

m e tab o l i sm  o f  human a d i p o s e  t i s s u e .  I .  Compar ison  be tween  
i n  v i t r o  e f f e c t s  o f  n o r a d r e n a l i n e ,  a d r e n a l i n e ,  and t h e o p h y l l i n e  
on l i p o l y s i s  i n  om e n ta l  t i s s u e .  Acta Med. Scand.  186 :2 4 1 -2 4 6 .

O t t e n ,  J . , G. S. Jo h n so n  and I .  P a s t a n .  1971.  C y c l i c  AMP l e v e l s  i n  
f i b r o b l a s t s :  R e l a t i o n s h i p  t o  g row th  r a t e  and c o n t a c t  i n h i b i t i o n
o f  growth .  Biochem. B io p h y s .  Res .  Commun. 44 :119 2 -1 1 9 8 .

O t t e n ,  J .  , G. S. J o h n s o n  and I .  P a s t a n .  1972.  R e g u l a t i o n  o f  c y c l i c  
AMP l e v e l s  i n  f i b r o b l a s t s  by i n s u l i n ,  t r y p s i n ,  serum and 
p r o s t a g l a n d i n  E. ( a b s )  Fed .  P r o c .  3 1 :4 4 0 .



124

P a s t a n ,  I .  and R. Pe r lm an .  1970. C y c l i c  a d e n o s i n e  monophosphate i n  
b a c t e r i a .  S c i e n c e  1 6 9 :3 3 9 -3 4 4 .

P a s t a n ,  I .  and R. L. P e r lm an .  1971. C y c l i c  AMP i n  m e tabo l i sm .
N a t u r e  (New B i o l . )  2 2 9 : 5 - 7 .

P a v e l ,  I .  and R. P i e p t e a .  1968.  On t h e  mode o f  t r a n s m i s s i o n  o f  
h e r e d i t a r y  d i a b e t e s .  D i a b e t o l o g i a  4 :3 5 8 -3 6 4 .

P e e r y ,  C. V. ,  G. S. Jo h n so n  and I .  P a s t a n .  1971.  Adenyl c y c l a s e  i n
norm al  and t r a n s f o r m e d  f i b r o b l a s t s  i n  t i s s u e  c u l t u r e :  A c t i v a t i o n
by p r o s t a g l a n d i n s .  J .  B i o l .  Chem. 246 :5785-5790 .

P e l l ,  S. and C. A. D 'A lonzo .  1970.  F a c t o r s  a s s o c i a t e d  w i th  l o n g - t e r m  
s u r v i v a l  o f  d i a b e t i c s .  J .  Amer. Med. Assoc .  214 :1833-1840 .

P i n c u s ,  G. and P. W hi te .  1934.  On t h e  i n h e r i t a n c e  o f  d i a b e t e s  m e l l i t u s .
I I .  A f u r t h e r  a n a l y s i s  o f  f a m i l y  h i s t o r i e s .  Am. J .  Med. S c i .  
1 8 8 :7 8 2 -7 9 0 .

P o s s a ,  G. 1970.  C y c l i c  AMP and t h e  r e g u l a t i o n  o f  l i p o l y s i s  i n  human 
a d i p o s e  t i s s u e  i n c u b a t i o n  i n  v i t r o .  A c ta  D i a b e t o l o g i a  L a t .
7 ( S u p p l . 1 ) : 3 0 0 - 3 1 1 .

P yke ,  D. A. 1968a . P o t e n t i a l  d i a b e t e s ,  p r e d i a b e t e s  and th e  p r e v e n t i o n  
o f  d i a b e t e s .  In :  C l i n i c a l  D i a b e t e s  and  i t s  B ioc hem ica l  B a s i s ,
e d i t e d  by W. B. O a k le y ,  D. A. Pyke and K. W. T a y l o r ,  pp. 198-209.  
O xfo rd :  B la c k w e l l  S c i e n t i f i c  P u b l .

P yke ,  D. A. 1968*5. A e t i o l o g i c a l  f a c t o r s .  In :  C l i n i c a l  D i a b e t e s  and
i t s  B io c h e m i c a l  B a s i s ,  e d i t e d  by W. B. O akley ,  D. A. Pyke and K. W. 
T a y l o r ,  pp .  210-251 .  O xfo rd :  B la c k w e l l  S c i e n t i f i c  Publ .

R a i t i ,  S. and R. M. B l i z z a r d .  1970. Human growth  hormone; C u r r e n t  
knowledge  r e g a r d i n g  i t s  r o l e  i n  no rmal and abnormal m e ta b o l i c  
s t a t e s .  Adv. P e d i a t r .  17 :99 ,

Rao,  G. J .  S . ,  M. Del Monte and H. L. N a d l e r .  1971.  Adenyl c y c l a s e
a c t i v i t y  i n  c u l t i v a t e d  human s k i n  f i b r o b l a s t s .  N a tu re  (New B i o l . )  
2 3 2 :2 5 3 -2 5 5 .

R a p p o r t ,  M. M. and N. A lonzo .  1955.  P h o t o m e t r i c  d e t e r m i n a t i o n  o f  
f a t t y  a c i d  e s t e r  g r o u p s  i n  p h o s p h o l i p i d s .  J .  B i o l .  Chem.
2 1 7 :1 9 6 3 -1 9 6 8 .

R e i d ,  R. A. 1970.  D i a b e t e s  and c o n g e n i t a l  a b n o r m a l i t i e s .  L a n c e t  
1 :1 0 3 0 -1 0 3 1 .

R e i n h e i m e r ,  W. , G. B l i f f e n ,  J .  McCoy, D. W a l la c e  and M. J .  A l b r i n k .
1967.  Weight  g a i n ,  serum l i p i d s  and v a s c u l a r  d i s e a s e  i n  d i a b e t i c s .  
Amer. J .  C l i n .  N u t r .  2 0 :9 8 6 -9 9 6 .



125

Rim oin ,  D. L. 1967.  G e n e t i c s  o f  d i a b e t e s  m e l l i t u s .  D i a b e t e s  
16 :346-351 .

R o b is o n ,  G. A . ,  R. W. B u tc h e r  and E. W. S u t h e r l a n d .  1968.  C y c l i c  
AMP. Ann. Rev.  Biochem. 3 7 :1 4 9 -1 7 4 .

R o b ison ,  G. A . ,  M. J .  Schmidt  and E. W. S u t h e r l a n d .  1970.  On t h e
development and p r o p e r t i e s  o f  t h e  b r a i n  a d e n y l  c y c l a s e  sys tem .
In:  R o le  o f  C y c l i c  AMP i n  C e l l  F u n c t i o n ,  Adv. Biochem. P sycho­
p h a r m a c o l . ,  e d i t e d  by P. G reengard  and E. C o s t a ,  v o l .  3 ,  pp.  11-30 .  
New York: Raven P r e s s .

R o b ison ,  G. A . ,  R. W. B u t c h e r  and E. W. S u t h e r l a n d .  1971.  C y c l i c  AMP.
New York; Academic P r e s s .

R o b is o n ,  G. A . ,  P. E. L an g ley  and T.  W. B u rn s .  1972.  A d r e n e r g i c
r e c e p t o r s  i n  human a d i p o c y t e s  -  D i v e r g e n t  e f f e c t s  on a d e n o s i n e  
3 ' , 5 ' -monophosphate  and l i p o l y s i s .  Biochem. P ha rm ac o l .
21 :5 89 -592 .

R o d b e l l ,  M. 1964.  M etabo l i sm  o f  i s o l a t e d  f a t  c e l l s .  I .  E f f e c t s  o f
hormones on' g l u c o s e  m e ta b o l i s m  and l i p o l y s i s .  J .  B i o l .  Chem.
239 :375-380 .

R o d b e l l ,  M . , L. B i rnba um er ,  S. L. Pohl  and H. M. J .  K ra u s .  1970.
P r o p e r t i e s  o f  a d e n y l  c y c l a s e  s y s t e m s  i n  l i v e r  and a d i p o s e  c e l l s :
The mode o f  a c t i o n  o f  hormones .  Acta D i a b e t o l o g i a  L a t .
7 ( S u p p l . 1 ) : 9 - 5 7 .

R o h l f ,  F. J .  and R. R. S o k a l .  1969.  S t a t i s t i c a l  t a b l e s .  San F r a n c i s c o :  
W. H. Freeman and Co.

Ryan,  W. L. and M. L. H e i d r i c k .  1968.  I n h i b i t i o n  o f  c e l l  g rowth
i n  v i t r o  by a d e n o s i n e  3 1, 5 ' -m onophospha te .  S c i e n c e  162 :1484-1485 .

Ryan,  W. L. and M. A. D u r ic k .  1972.  A denos ine  3 ' , 5 ' -m o n o p h o s p h a te  and 
N® 2 ' 0  d i b u t y r y l  a d e n o s i n e  3 ' , 5 ' -m onophospha te  t r a n s p o r t  i n  c e l l s .  
S c i e n c e  177 :1 002-1003 .

S a l a n s ,  L. B. , J .  L. K n i t t l e  and J .  H i r s c h .  1968.  The r o l e  o f  a d i p o s e  
c e l l  s i z e  and a d i p o s e  t i s s u e  i n s u l i n  s e n s i t i v i t y  i n  t h e  c a r b o ­
h y d r a t e  i n t o l e r a n c e  o f  human o b e s i t y .  J .  C l i n .  I n v e s t .
47 :153 -165 .

S a l a n s ,  L. B. and J .  W. D ougher ty .  1971.  The e f f e c t  o f  i n s u l i n  
upon g l u c o s e  m e ta b o l i s m  by a d i p o s e  c e l l s  o f  d i f f e r e n t  s i z e :
I n f l u e n c e  o f  c e l l  l i p i d  and p r o t e i n  c o n t e n t ,  age  and n u t r i t i o n a l  
s t a t e .  J .  C l i n .  I n v e s t .  50 :13 9 9 -1 4 0 9 .

S c h w a r tz ,  A. G. and H. Amos. 1968.  I n s u l i n  d e p e n d e n c e  o f  c e l l s  i n  
p r im a ry  c u l t u r e :  I n f l u e n c e  on r ibosom e  i n t e g r i t y .  N a t u r e  
219 :1366-1367 .



126

S e n f t ,  G . , G. S c h u l t z ,  K. Munske and M. Hoffman.  1968.  I n f l u e n c e  
o f  i n s u l i n  on c y c l i c  3 ' , 5 ' - A M P  p h o s p h o d i e s t e r a s e  a c t i v i t y  i n  
l i v e r ,  s k e l e t a l  m u s c l e ,  a d i p o s e  t i s s u e  and k id n e y .  D i a b e t o l o g i a  
4 :3 2 2 - 3 2 9 .

S h ep p a rd ,  H. 1970.  I n h i b i t i o n  o f  n o r e p i n e p h r i n e  s t i m u l a t e d  ad e n y l  
c y c l a s e  by t h e o p h y l l i n e .  N a t u r e  2 2 8 :5 6 7 -5 6 8 .

S h e p p a rd ,  J .  R. 1971.  R e s t o r a t i o n  o f  c o n t a c t  i n h i b i t e d  g row th  o f
t r a n s f o r m e d  c e l l s  by d i b u t y r y l  3 ' , 5 '  c y c l i c  a d e n o s i n e  monophos­
p h a t e .  P ro c .  Nat .  Acad.  S c i .  USA 6 8 :1316-1320 .

S hep p a rd ,  J .  R. 1972.  D i f f e r e n c e  i n  t h e  c y c l i c  a d e n o s i n e  3 ' , 5 ' -  
monophosphate  l e v e l s  i n  normal and t r a n s f o r m e d  c e l l s .  N a t u r e  
(New B i o l . )  2 3 6 :1 4 - 1 6 .

S h l a t z ,  L. and G. V. M a r i n e t t i .  1972.  H ormone-ca lc ium i n t e r a c t i o n s
w i t h  t h e  p la sm a membrane o f  r a t  l i v e r  c e l l s .  S c i e n c e  1 7 6 :1 7 5 -1 7 7 .

S h ra g o ,  E . , J .  A. Glennon  and E. S. Gordon.  1971. Com para t ive  a s p e c t s  
o f  l i p o g e n e s i s  i n  mammalian t i s s u e s .  M e tabo l i sm  2 0 :5 4 - 6 2 .

Simpson,  N. E. 1962.  The g e n e t i c s  o f  d i a b e t i c s :  A s t u d y  o f  233
f a m i l i e s  o f  j u v e n i l e  d i a b e t i c s .  Ann. Hum. G ene t .  2 6 : 1 - 2 0 .

Simpson,  N. E. 1964.  M u l t i f a c t o r i a l  i n h e r i t a n c e :  A p o s s i b l e
h y p o t h e s i s  f o r  d i a b e t e s .  D i a b e t e s  1 3 :4 6 2 -4 7 1 .

Simpson,  N. E. 1968.  D i a b e t e s  i n  t h e  f a m i l i e s  o f  d i a b e t i c s .  Can.
Med. Ass .  J .  9 8 : 4 2 7 - 4 3 2 .

Simpson,  N. E. 1969.  H e r i t a b i l i t i e s  o f  l i a b i l i t y  t o  d i a b e t e s  when
s e x  and age  a t  o n s e t  a r e  c o n s i d e r e d .  Ann. Hum. G ene t .  3 2 :2 8 3 -3 0 3 .

S m i th ,  C. 1970.  H e r i t a b i l i t y  o f  l i a b i l i t y  and c o n c o rd a n c e  i n  
monozygous t w i n s .  Ann. Hum. G ene t .  3 4 :8 5 - 9 1 .

S m i th ,  C. , D. S. F a l c o n e r  and L. J .  P. Duncan.  1972.  A s t a t i s t i c a l
and g e n e t i c a l  s t u d y  o f  d i a b e t e s .  I I .  H e r i t a b i l i t y  o f  l i a b i l i t y .  
Ann. Hum. G en e t .  8 5 :2 8 1 -2 9 9 .

S m i th ,  U. 1971.  E f f e c t  o f  c e l l  s i z e  on l i p i d  s y n t h e s i s  by human 
a d i p o s e  t i s s u e  i r :j v i t r o .  J .  L i p i d  Res.  1 2 :6 5 -7 0 .

I
S o k a l ,  R. R. and F. J ,  R o h l f .  1969.  B iom et ry .  San F r a n c i s c o :

W. H. Freeman and Co.

Solomon, S. S . ,  J .  S. B rush  and A. E. K i t a b c h i .  1970. D i v e r g e n t
b i o l o g i c a l  e f f e c t s  o f  a d e n o s i n e  and d i b u t y r y l  a d e n o s i n e  3 ' , 5 ' -  
monophosphate  on t h e  i s o l a t e d  f a t  c e l l .  S c i e n c e  167 :3 8 7 -3 8 8 .



127

Solomon, S. S. and A. E. K i t a b c h i .  1972.  S t u d i e s  o f  a d e n o s i n e  and 
d i b u t y r y l  a d e n o s i n e  3 ' , 5 1-m onophospho r ic  a c i d  on i s o l a t e d  f a t  
c e l l s .  D i a b e t e s  21 :1027-1034 .

S t e i n e r ,  A. L . , D. M. K i p n i s ,  R. U t i g e r  and C. P a r k e r .  1969.
Radioimmunoassay f o r  t h e  measurement o f  a d e n o s i n e  3 ' , 5 ' - c y c l i c  
p h o s p h a t e .  P ro c .  Nat .  Acad.  S c i .  USA 6 4 :3 6 7 -3 7 4 .

S t e i n e r ,  A. L . , C. W. P a r k e r  and D. M. K i p n i s .  1970. The measurement 
o f  c y c l i c  n u c l e o t i d e s  by rad io im m unoassay .  In :  R o le  o f  C y c l i c
AMP i n  C e l l  F u n c t i o n ,  Adv. Biochem. P s y c h o p h a r m a c o l . ,  e d i t e d  by 
P. G reengard  and E. C o s t a ,  v o l .  3,  pp.  89 -112 .  New York:  Raven
P r e s s .

S t e i n e r ,  A. L . , C. W. P a r k e r  and D. M. K i p n i s .  1972a . Rad io immunoassay  
f o r  c y c l i c  n u c l e o t i d e s .  I .  P r e p a r a t i o n  o f  a n t i b o d i e s  and 
i o d i n a t e d  c y c l i c  n u c l e o t i d e s .  J .  B i o l .  Chem. 2 4 7 :1 1 0 6 -1 1 1 3 .

S t e i n e r ,  A. L . , A. S. P a g l i a r a ,  L. R. Chase and D. M. K i p n i s .  1972b . 
Radioimmunoassay f o r  c y c l i c  n u c l e o t i d e s .  I I .  A d e n o s in e  3 ' , 5 ' -  
monophosphate  and g u a n o s in e  3 * , 5 ' -m onophospha te  i n  mammalian 
t i s s u e s  and body f l u i d s .  J .  B i o l .  Chem. 2 4 7 :1 1 1 4 -1 1 2 0 .

Sussman,  K. E. and G. D. Vaughan.  1967.  I n s u l i n  r e l e a s e  a f t e r  ACTH, 
g lu c a g o n  and a d e n o s i n e  3 ' - 5 ' - p h o s p h a t e  ( c y c l i c  AMP) i n  t h e  
p e r f u s e d  i s o l a t e d  r a t  p a n c r e a s .  D i a b e t e s  1 6 :4 4 9 -4 5 4 .

S u t h e r l a n d ,  E. W. and G. A. Rob ison ,  1969.  The r o l e  o f  c y c l i c  AMP
i n  t h e  c o n t r o l  o f  c a r b o h y d r a t e  m e ta b o l i s m .  D i a b e t e s  1 8 :7 9 7 -8 1 9 .

S u t h e r l a n d ,  E. W., G. A. Rob ison  and R. W. B u t c h e r .  1968.  Some a s p e c t s  
o f  t h e  b i o l o g i c a l  r o l e  o f  a d e n o s i n e  3 ' , 5 ' -m onophospha te  ( c y c l i c  
AMP). C i r c u l a t i o n  3 7 :2 7 9 -3 0 6 .

S w i s l o c k i ,  N. I .  1970. D eco m p o s i t io n  o f  D i b u t y r y l  c y c l i c  AMP i n
aqueous  b u f f e r s .  A n a l y t i c a l  Biochem. 3 8 :2 6 0 -2 6 9 .

T a y l o r ,  K. W. 1968a . The r e g u l a t i o n  o f  m e ta b o l i s m  by hormones  o t h e r  
t h a n  i n s u l i n .  In :  C l i n i c a l  D i a b e t e s  and i t s  B io c h e m i c a l  B a s i s ,
e d i t e d  by W. B. O akley ,  D. A. Pyke and K. W. T a y l o r ,  pp.  7 6 -98 .  
Oxford :  B la c k w e l l  S c i e n t i f i c  P u b l .

T a y l o r ,  K. W. 1968b . E x p e r i m e n t a l  d i a b e t e s  and i t s -  r e l a t i o n s h i p  t o  
human d i a b e t e s .  In:  C l i n i c a l  D i a b e t e s  and i t s  B io c h e m i c a l  
B a s i s ,  e d i t e d  by W. B. O ak ley ,  D. A. Pyke and K. W. T a y l o r ,  
pp .  128-146.  Oxford :  B la c k w e l l  S c i e n t i f i c  P u b l .

T e d e sc o ,  T. A. and W. J .  Mellman.  1967. D e s o x y r i b o n u c l e i c  a c i d  a s s a y  
a s  a measure  o f  c e l l  number i n  p r e p a r a t i o n s  from m o n o la y e r  c e l l  
c u l t u r e s  and b lood  l e u c o c y t e s .  E x p t l .  C e l l .  Res .  4 5 :2 3 0 - 2 3 2 .

Thompson,  G. S. 1965. G e n e t i c  f a c t o r s  i n  d i a b e t e s  m e l l i t u s  s t u d i e d  by 
t h e  o r a l  g l u c o s e  t o l e r a n c e  t e s t .  J .  Med. G ene t .  2 :2 2 1 - 2 2 6 .



128

Thompson, W. J .  and M. M. Appleman.  1971. C h a r a c t e r i z a t i o n  o f  c y c l i c  
n u c l e o t i d e  p h o s p h o d i e s t e r a s e s  o f  r a t  t i s s u e s .  J .  B i o l .  Chem. 
246 :3145-3150 .

T u r t l e ,  J .  R. and D. M. K i p n i s .  1967.  A new a s s a y  f o r  a d e n o s i n e
3 ' 5 ' - c y c l i c  m onophospha te  i n  t i s s u e .  B i o c h e m i s t r y  6 :3 9 7 0 -3 9 7 6 .

Vaughan,  M. and F. Murad.  1969 .  Adenyl c y c l a s e  a c t i v i t y  i n  p a r t i c l e s  
from f a t  c e l l s .  B i o c h e m i s t r y  7 :3 0 9 2 -3 0 9 9 .

W ajchenberg ,  B. L. , A. A. Pupo ,  E. R. Q u i n t a o ,  N. Leon,  P. H. S a ld a n h a .  
1964.  P r e d i s p o s i t i o n  t o  d i a b e t e s  a s  e v a l u a t e d  by t h e  c o r t i s o n e -  
g l u c o s e  t o l e r a n c e  t e s t  i n  c h i l d r e n :  A p r e l i m i n a r y  s t u d y .
D i a b e t e s  1 3 :5 6 9 -5 7 1 .

Walsh,  D. A . , J .  P. P e r k i n s  and  E. G. K rebs .  1968.  An a d e n o s i n e
3 ’ , 5 ' -m onophospha te  d e p e n d e n t  p r o t e i n  k i n a s e  from r a b b i t  s k e l e t a l  
m usc le .  J .  B i o l .  Chem. 2 4 3 :3 7 6 3 -3 7 6 4 .

W al ton ,  G. M . , G. N. G i l l ,  I .  B. A b r a s s  and I .  D. G a r r e u .  1971.
P h o s p h o r y l a t i o n  o f  r ib o s o m e  a s s o c i a t e d  p r o t e i n  by an  a d e n o s i n e  
3 ' , 5 ' - c y c l i c  m o n o p h o s p h a te -d e p e n d e n t  p r o t e i n  k i n a s e :  L o c a t i o n
o f  t h e  microsom al  r e c e p t o r  and p r o t e i n  k i n a s e .  P ro c .  N at .  Acad.
S c i .  USA 6 8 :8 8 0 -8 8 4 .

W a s t i l a ,  W. B . , J .  T. S t u l l ,  S. E. Mayer and D. A. Walsh.  1971.  
Measurement o f  c y c l i c  3 ’ , 5 ’ - a d e n o s i n e  monophosphate  by  t h e  
a c t i v a t i o n  o f  s k e l e t a l  m u s c l e  p r o t e i n  k i n a s e .  J .  B i o l .  Chem.
246:1996-2003 .

W hi te ,  P. 1965.  The i n h e r i t a n c e  o f  d i a b e t e s .  Med. C l i n i c s  o f  N.
America .  4 9 :8 5 7 -8 6 3 .

W ie land ,  0 .  1957. E i n e  e n z y m a t i s c h e  Methode z u r  best immung von G l y c e r i n .
Biochem. Z. 3 2 9 :3 1 3 -3 1 9 .

Wolf ,  S. A . ,  M. G e r t n e r ,  K. H i r s c h h o r n  and J .  L. K n i t t l e .  1971.
E f f e c t s  o f  i n s u l i n  on 14CC>2 p r o d u c t i o n  by c u l t u r e d  f i b r o b l a s t s  
from normal and d i a b e t i c  s u b j e c t s .  D i a b e t e s  2 0 (S u p p l .  1 ) : 3 8 3  
( A b s t r a c t ) .

Z i n d e r ,  0 .  and B. S h a p i r o .  1971.  E f f e c t  o f  c e l l  s i z e  on e p i n e p h r i n e -  
ACTH-induced f a t t y  a c i d  r e l e a s e  from i s o l a t e d  f a t  c e l l s .  J .  o f  
L i p i d  Res .  1 2 :9 1 - 9 5 .


