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SUMMARY

EFFECTS OF ETHANOL ON GROWTH AND CYCLIC 

A LIT IU CULTURE!) CEILS

S t u d i e s  on t h e  e f f e c t s  o f  e t h a n o l  on t h e  body have so 

f a r  f a i l e d  t o  i d e n t i f y  any d i r e c t  mechanism o f  a c t i o n  t h a t  

may a c c o u n t  f o r  t h e  t y p i c a l  p a t t e r n  o f  a l c o h o l  i n t o x i c a t i o n  

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

c e l l  membrane o f  any c e l l  i n  t h e  body and i s  known t o  c a u se  

i o n i c  and p h y s i c a l  a l t e r a t i o n s  i n  membrane s t r u c t u r e  i n  v i v o .

The i n t r a c e l l u l a r  m o le c u le  a d e n o s i n e  3 f , 5 f -  c y c l i c  m onophospha te  

( c y c l i c  AMP) h a s  a p o s t u l a t e d  r o l e  a s  a  m e d i a t o r  o f  hormone 

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

l y s e d  by t h e  enzyme a d e n y l  c y c l a s e ,  which i s  p o s i t i o n e d  on 

t h e  c e l l  membrane.  I t  h a s  been  s u g g e s t e d  t h a t  some o f  t h e  

i n v iv o  e f f e c t s  o f  e t h a n o l  may be r e l a t e d  t o  c y c l i c  AMP m e ta -  

bo 1 i  sm.

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

t h e  g row th  p a t t e r n  o f  c u l t u r e d  c e l l s  was examined i n  t h e  p r e s e n c e  

o f  e t h a n o l .  C o n c e n t r a t i o n s  o f  e t h a n o l  were  s i m i l a r  t o  t h o s e  

fo u n d  i n  t h e  b lood  s t r e a m  o f  p a t i e n t s  a d m i t t e d  i n t o x i c a t e d  to  

t h e  W e s te rn  I n f i r m a r y .  1929 c e l l s ,  a c u l t u r e d  c e l l  l i n e  o r i g 

i n a l l y  d e r i v e d  from mouse f i b r o b l a s t s ,  were u s e d .  They were 

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

AMP c h an g es  s i n c e  any such c h an g e s  a r e  l i k e l y  t o  be r e f l e c t e d  

by a l t e r a t i o n s  i n  t h e  g row th  r a t e  o f  t h e  c e l l s .  G-rowth p a r a 

m e t e r s  i n c l u d i n g  c e l l  p o p u l a t i o n  d e n s i t y ,  DNA, RITA and p r o t e i n  

w e i e  m o n i to re d  a l s o .

( x i i )



Measurement  o f  i n t r a c e l l u l a r  c y c l i c  AMP in v o lv e d  

e s t a b l i s h i n g  an  a d e q u a t e  p r o t e i n  b i n d i n g  a s s a y .  The v a l i d i t y  

o f  t h e  a s s a y  was co n f i rm e d  i n  t e r m s  o f  q u a n t i t a t i v e  v a l u e s  

f o r  a s s a y  s p e c i f i c i t y ,  a c c u r a c y ,  p r e c i s i o n  and s e n s i t i v i t y .

E t h a n o l  t r e a t m e n t  was found t o  d e l a y  c e l l  d i v i s i o n  

p r o b a b l y  by t e m p o r a r i l y  p r e v e n t i n g  e n t r y  i n t o  t h e  S p h a se  o f  

t h e  c e l l  c y c l e .  T h i s  e v e n t  was p a r a l l e l l e d  by h i g h e r  c e l l  

c y c l i c  AMP i n  e t h a n o l  t r e a t e d  c e l l s .  E x p e r i m e n t a l  c e l l s  

t e n d e d  t o  be p o o r  i n  c o n t e n t  o f  DNA and RNA; p r o t e i n  r e s u l t s  

i m p l i e d  a r e l a t i o n s h i p  b e tw een  c e l l  p r o t e i n ,  c e l l  c y c l i c  AMP 

and  growth  r a t e .  The e v i d e n c e  s u g g e s t e d  t h a t  e l e v a t e d  c e l l  

c y c l i c  AMP was a c r i t i c a l ,  th o u g h  n o t  n e c e s s a r i l y  p r im a ry  

e v e n t  r e l a t e d  t o  d e c r e a s e d  g r o w th ,  and co u ld  have  been  a 

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

n u t r i e n t s .

A f t e r  a p p r o x i m a t e l y  24 h o u r s  d e l a y ,  e t h a n o l  t r e a t e d  c e l l s  

grew n o r m a l l y  i n  a l o g a r i t h m i c  f a s h i o n .  Tha t  t h e  c y c l i c  AMP 

m o l e c u l e  may have  p la y e d  a r o l e  i n  t h i s  co m p e n sa to ry  m echanism,  

i s  d i s c u s s e d .  I t  i s  s u g g e s t e d  t h a t  t h e  same m o l e c u l a r  mechanisms 

may be in v o lv e d  i n  v i v o .

F u r t h e r  e x j e r i m e n t s  a r e  s u g g e s t e d  t o  examine t h e  s p e c i f i c i t y  

o f  t h e  a l c o h o l  i n t e r f e r e n c e  and t o  v e r i f y  t h e  p r e s e n c e  o f  a 

c o m p e n s a to ry  mechanism i n v o l v i n g  enzyme i n d u c t i o n .



INTRODUCTION



EFFECTS OF ALCOHOL OH THE BODY

Among t h e  d r u g s  o f  a b u s e ,  none has  a c h i e v e d  such  wide 

p o p u l a r i t y  as  e t h a n o l .  Compared w i t h  o t h e r  p s y c h o a c t i v e  

d r u g s ,  t h e  m o l e c u l a r  s i z e  o f  e t h a n o l  i s  s m a l l .  I t  i s ,  

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

membranes o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( e s p e c i a l l y  t h e  

duodenum and je junum )  and e n t e r s  t h e  p o r t a l  c i r c u l a t i o n .  

D i s t r i b u t e d  t h r o u g h  t h e  body i n  t h e  a r t e r i a l  b l o o d ,  t h e  

m o l e c u l e  d i f f u s e s  r a p i d l y  a c r o s s  c a p i l l a r y  membranes.  I t  

moves a c r o s s  t i s s u e  membranes by a p r o c e s s  o f  s im p le  d i f f u s i o n  

( K a l a n t  1 9 7 1 ) .  W i t h i n  a few m in u te ^  a f t e r  o r a l  i n g e s t i o n ,  

i t  h a s  b ee n  c i r c u l a t e d  t o  ev e ry  t i s s u e  o f  t h e  body.  I t s  

movement i s  n o t  b lo c k e d  by t h e  ”b l o o d - b r a i n  b a r r i e r ” o r  t h e  

f,p l a c e n t a l  b a r r i e r ” . I n  view o f  t h i s  c o m p le te  d i s t r i b u t i o n  

t h r o u g h o u t  t h e  body and i n t o  i n d i v i d u a l  c e l l s ,  one can  r e a d i l y  

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

such  as  membrane p e r m e a b i l i t y ,  t r a n s p o r t  m echanisms and i n t r a 

c e l l u l a r  enzyme s y s te m s  may be a f f e c t e d  by e t h a n o l .

S c i e n t i f i c  knowledge o f  t h e  a c u t e  and c h r o n i c  e f f e c t s  

o f  e t h a n o l  i s  f a r  f rom c o m p l e t e .  The p ro b le m  i s  one o f  

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

a c t i o n  o f  t h i s  compound i n  t h e  body .  I t  i s ,  on t h e  one han d ,  

a c e n t r a l  n e r v o u s  sy s te m  (CHS) d e p r e s s a n t  o f  t h e  g e n e r a l  a n a e 

s t h e t i c  t y p e  and on t h e  o t h e r ,  a n u t r i e n t  whose r a p i d  o x i d a t i o n  

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

p r o c e s s e s  i n  p e r i p h e r a l  m e ta b o l i s m  ( S e i x a s  1 9 7 5 ) .
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A cute  E f f e c t s

With r e f e r e n c e  t o  im m ed ia te  ( a c u t e )  e f f e c t s  o f  a l c o h o l ,  

m ost  u s e r s  e x p e r i e n c e  a f a i r l y  r e p r o d u c i b l e  s e q u e n c e  o f  

e f f e c t s  ( K a l a n t  197C) w h ic h ,  d e p e n d in g  on d o sag e  and p a s t  

e x p e r i e n c e ,  i n c l u d e s  t h e  f o l l o w i n g :  r e d u c t i o n s  i n  s e n s o r y

a c u i t y ;  d e c r e a s e d  s j .an o f  a t t e n t i o n  t o  e n v i r o n m e n t a l  s t i m u l i ;  

l o s s  o f  i n h i b i t i o n  o f  e m o t i o n a l  e x p r e s s i o n  ( e g  t a l k a t i v e n e s s  

i n  s o c i a l  s e t t i n g s ) ;  p r o g r e s s i o n  o f  d r o w s i n e s s ,  s l e e p  and 

coma a t  h i g h e r  d o s e s ;  a s e r i e s  o f  au tonom ic  ch an g e s  m e d ia te d  

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

s l e e p ,  such  as  i n c r e a s e d  p e r i s t a l s i s ,  i n c r e a s e d  g a s t r i c  

s e c r e t i o n ;  d e p r e s s e d  s e c r e t i o n  o f  v a s o p r e s s i n ,  o x y t o c i n  and 

g o n a d o t r o p h i c  horm ones ,  and d i s t u r b a n c e s  o f  m o d u la to ry  c o n t r o l  

o f  p r o p r i o c e p t o r  and m o to r  p a th w a y s .

E t h a n o l  and t h e  CHS

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

i t  i s  g e n e r a ' l y  assumed t h a t  t h o s e  e f f e c t s  t h a t  a r e  p roduced  

by a d i r e c t  a c t i o n  o f  e t h a n o l  on n e u r o n s  o f  t h e  CNS a r e  most  

l i l e l j  t o  be t h e  i n i t i a t o r s  o f  t o l e r a n c e  and d e p e n d e n c e .  The 

i n h i b i t o r y  e f f e c t  o f  e t h a n o l  on (Na+ + K+ ) - s t i m u l a t e d  a d e n 

o s i n e  t r i p h o s p h a t a s e  a c t i v i t y  and on a c t i v e  t r a n s p o r t  o f  

c a t i o n s  a c r o s s  n e u r o n a l  membranes ( K a l a n t  and I s r a e l  1967;  

I s r a e l  1970) h a s  b e e n  v e r i f i e d  by s e v e r a l  g ro u p s  o f  i n v e s t i 

g a t o r s  (Sun and S a m o r a j s k i  1970;  N i k a n d e r  e t  a l  1971; 

G o l d s t e i n  and I s r a e l  1 9 7 2 ) .  I t  i s  n o t  s u r p r i s i n g  t h a t  a c t i v e  

t r a n s p o r t  mechanisms f o r  o t h e r  s u b s t a n c e s  which a r e  l i n k e d
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+ +t o  s i m u l t a n e o u s  t r a n s p o r t  o f  Na and E a r e  a l s o  i n h i b i t e d  

by e t h a n o l .  These  i n c l u d e  u p t a k e  o f  v a r i o u s  p u t a t i v e  

n e u r o t r a n s i a i t t e r s , e s p e c i a l l y  g l u t a m i n e ,  i n t o  s y n a p to so m es  

(Roach e t  a l  1973)  and u p t a k e  o f  % - l y s i n e  (Choy e t  a l  1972)  

and <*- a m i n o i s o b u t y r a t e  (P reud  1 9 7 2 ) i n t o  b r a i n  i n  v i v o .

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

a c t i v e  f l u x e s  d u r i n g  r e c u p e r a t i o n  b e tw een  im p u l s e s  a r e  b a s i c  

t o  a l l  n e u r o n a l  a c t i v i t y ,  one m ig h t  r e a s o n a b l y  e x p e c t  a l l  

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

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

p r o t e i n  t u r n o v e r  ( reviewed by l lo b le  and T ew ar i  1975) , r e d u c e d  

i n t e r m e d i a r y  m e t a b o l i s m  and h ig h  en e rg y  p h o s p h a te  t u r n o v e r  

(V e lo so  e t  a l  1 9 7 2 ) ,  d e c r e a s e d  i n c o r p o r a t i o n  o f  i n t o  

p h o s p h o l i p i d  ( B r o s s a r d  and Q u a s t e l  1963) and d e c r e a s e d  c y c l i c  

AMP l e v e l s  o n ly  a f t e r  m a s s iv e  a c u t e  d o s e s  o f  e t h a n o l  (Kuriyama 

and I s r a e l  1973;  V o l i c i e r  and Gold 1973) may a l l  be s im p ly  

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

P a r a d o x i c a l l y ,  c h r o n i c  e t h a n o l  i n g e s t i o n  l e a d s  t o  a  

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

i n  t h e  s y n t h e s i s  o f  some p r o t e i n s  ( i lo b le  and T e w ar i  1975) and 

a s  such  co u ld  i n f l u e n c e  p r o t e i n s  t h a t  may be c r i t i c a l  f o r  

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

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

b e t a - r e c e p t o r  e f f e c t s  ( c y c l i c  AMP f o r m a t i o n )  o f  n o r a d r e n a l i n  

i n  b r a i n s  o f  e x p e r i m e n t a l  an im als . .  (F re n c h  and P a lm e r  1 9 7 3 ) .  

W i th d ra w a l  r e a c t i o n s  f rom a l c o h o l  ( V i c t o r  1970) i n c l u d e  

c a t e c h o l a m i n e s  (Pohorecky  e t  a l  1 9 7 4 ) .  G e n e t i c  f a c t o r s



a p p e a r  t o  be i n v o l v e d  ( P a r t a n e n  e t  a l  1966) a l t h o u g h  i t  

i s  n o t  known w h e t h e r  t h e  i n h e r i t e d  f a c t o r s  a f f e c t  t h e  t e n 

dency t o  d r i n k  o r  t h e  s u s c e p t i b i l i t y  t o  a d d i c t i o n  w i t h  a 

g i v e n  a l c o h o l  i n t s i - e .

E t h a n o l  and P e r i p h e r a l  M e ta b o l i s m

Of t h e  many v i s c e r a l  c h a n g e s  t o  which a l c o h o l  i s  r e l a t e d ,  

l i v e r  i n j u r y  a s  an a c u t e  o r  c h r o n i c  p r o c e s s  i s  p r e d o m in a n t .

I t  i s  w e l l  e s t a b l i s h e d  t h a t  a b o u t  90^  o f  i n g e s t e d  e t h a n o l  i s  

m e t a b o l i s e d  i n  t h e  l i v e r  ( J a c o b s e n  1 9 5 2 ) .  H e p a t i c  m e ta b o l i s m  

o f  e t h a n o l  t o  a c e t a l d e h y d e  by t h e  a l c o h o l  d e h y d r o g e n a s e  

pa thway  ( P i g  1 ) i s  a s s o c i a t e d  w i t h  t h e  g e n e r a t i o n  o f  r e d 

u c i n g  e q u i v a l e n t s  a s  RADH. S e v e r a l  c y t o p l a s m i c  and m i t o c h o n 

d r i a l  f u n c t i o n s  a r e  t h e n  a l t e r e d  due t o  t h e  lo w e re d  r e d o x  s t a t e  

p ro d u ced  by t h e  o x i d a t i o n  o f  e t h a n o l  (V / i l l i a m so n  e t  a l  1969$ 

Hawkins and K a l a n t  1972)^ eg  o x i d a t i o n  o f  f a t t y  a c i d s  ( L i e b e r  

e t  a l  1967) t h e  c i t r i c  a c i d  c y c l e  ( l i e b e r  1968;  W i l l i a m s o n  

e t  a l  1 9 6 9 ) .  This  e x p l a i n s  a v a r i e t y  o f  e f f e c t s  f o l l o w i n g  

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

and d e p r e s s e d  l i p i d  o x i d a t i o n .

P o l l  owing c h r o n i c  e t h a n o l  c o n s u m p t io n ,  a d a p t i v e  m i c r o 

somal  ch an g e s  p r e v a i l ,  which  i n c l u d e  enhanced  e t h a n o l  and 

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

S e v e r a l  h e p a t i c  l e s s i o n s  ( a l c o h o l i c  h e p a t i t i s  and c i r r h o s i s )  

d e v e l o p .  C h ro n ic  e t h a n o l  c o n s u m p t io n  i s  a s s o c i a t e d  w i t h  

u l t r a s t r u c t u r a l  ch an g e s  i n  t h e  m i t o c h o n d r i a  ( I s e r i  e t  a l  1 9 6 6 ; 

Rub in  e t  a l  1 9 7 0 ) ,  even  i n  o r g a n s  i n  which  e t h a n o l  i s  n o t  

o x i d i s e d ,  eg t h e  p a n c r e a s  ( D a r l e  e t  a l  1 9 7 0 ) ,  t h e  s m a l l  

i n t e n s t i n e  (Rub in  e t  a l  1972) and s k e l e t a l  m u sc le  (Song and 

Rubin  1 9 7 2 ) .
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C u r r e n t  knowledge o f  a c u t e ,  c h r o n i c ,  t o l e r a n c e  and 

w i t h d r a w a l  e f f e c t s  o f  a l c o h o l  h as  been  r e v iew ed  by 

D i e t r i c h  (1975)  and S m uck le r  ( 1 9 7 5 ) .  The f o r m e r  r e v ie w  i s  

d i r e c t e d  t o w a r d s  e f f e c t s  o f  e t h a n o l  on t h e  CITS. The l a t t e r  

i s  c o n c e rn e d  w i t h  more p e r i p h e r a l  r e s p o n s e s ,  i n c l u d i n g  

m o l e c u l a r  and h o rm ona l  c h a n g e s .
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CYCLIC AMP

A d en o s in e  3 ’ ,5* -  m onophospha te  o r  " c y c l i c  AMP" (c AMP) 

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

c o n d i t i o n s ,  c o n s t i t u t i n g  l e s s  t h a n  0 . 1$  o f  t h e  a d e n i n e  n u c l e o 

t i d e  p o o l .  The c y c l i c  n u c l e o t i d e  does  n o t  p a r t i c i p a t e  as  an 

i n t e r m e d i a t e  o r  coenzyme i n  m e t a b o l i c  p a th w a y s ,  b u t  p l a y s  a 

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

a c t i v i t i e s  (R o b iso n  e t  a l  1 9 7 1 ) .

The p r o d u c t i o n  o f  c y c l i c  AMP i n  t h e  c e l l  i s  c o n t r o l l e d  

by t h e  enzyme a d e n y l  c y c l a s e  (AC) ( S u t h e r l a n d  e t  a l  1962) which 

i s  a component  o f  t h e  c e l l  membrane, o r  o f  membranous s t r u c t u r e s  

w i t h i n  t h e  c e l l  ( S u t h e r l a n d  e t  a l  1962;  de R o b e r t i s  e t  a l  1967,  

R a b i n o w i t z  e t  a l  1 9 6 5 ) .  A n o th e r  enzyme, found p r i n c i p a l l y  i n  

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

i e s t e r a s e  (PDE), h y d r o l y s e s  c y c l i c  AMP t o  5 ’ — a d e n o s i n e  

m o n o p h o sp h a te  ( B u t c h e r  and S u t h e r l a n d  1 9 6 2 ) .

The Second M essen g e r  H y p o t h e s i s  o f  Hormone A c t i o n

S u t h e r l a n d ’ s g roup  and o t h e r  i n v e s t i g a t o r s  have d e m o n s t r a t e d  

t h a t  many p o l y p e p t i d e  hormones i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f  

c y c l i c  AMP, o r  a d e n y l  c y c l a s e  a c t i v i t y  i n  t a r g e t  t i s s u e s  ( T a b le  I  ) 

T h e se  f i n d i n g s  l e d  t o  t h e  "two m e s s e n g e r  h y p o t h e s i s "  o f  hormone 

a c t i o n  ( P i g  2 ; S u t h e r l a n d  e t  a l  1 9 6 5 ) .  The hormone i s  t h e  

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

membrane o f  t h e  t a r g e t  c e l l  and a c t i v a t e s  a d e n y l  c y c l a s e .  C y c l i c  

AMP, t h e  second m e s s e n g e r ,  i s  g e n e r a t e d  on t h e  i n n e r  s u r f a c e  o f  

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

r e s p o n s e  w i t h i n  t h e  c e l l .  While  t h i s  model  may o r  may n o t  be 

c o r r e c t ,  i t  a d e q u a t e l y  d e s c r i b e s  t h e  f u n c t i o n a l  s t a t e  o f  a d e n y l
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c y c l a s e .  F i g  3 d e p i c t s  t h e  h y p o t h e t i c a l  r e p r e s e n t a t i o n  o f  

t h e  a d e n y l  c y c l a s e  m o le c u le  a s  p ro p o se d  by t h e  second  m e s s e n g e r  

h y p o t h e s i s .

Breakdown o f  Glycogen

I n  o n ly  once  c a s e  -  t h e  c o n t r o l  o f  g l y c o g e n  breakdown -  

i s  t h e r e  s u f f i c i e n t  i n f o r m a t i o n  t o  e x p l a i n  a t  a c h e m i c a l  l e v e l  

how c y c l i c  AMP a c t s .  The r e g u l a t i o n  o f  g l y c o l y s i s  h as  been  

p o s t u l a t e d  t o  s e r v e  as  a model f o r  t h e  mechanism o f  a c t i o n  o f  

c y c l i c  AMP (K rebs  e t  a l  1966 ;  Walsh e t  a l  1 9 6 8 ) .  I n  t h i s  model  

( P i g  4 ) c y c l i c  AMP s t i m u l a t e s  a p r o t e i n  k i n a s e  which  c a t a l y s e s  

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

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

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

C y c l i c  AMP and H i s t o n e s

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

p h o s p h o r y l a t e h i s t o n e , t h e  b a s i c  p r o t e i n  a s s o c i a t e d  w i t h  DBA 

( l a n g a n  1969)  c o n f e r s  a r o l e  t o  c y c l i c  AMP i n  r e g u l a t i o n  o f  

t r a n s c r i p t i o n ,  a s  found i n  b a c t e r i a  (Varmus e t  a l  1 9 7 0 ) .  I t  

h a s  been  p ro p o sed  ( s e e  l a n g a n  1 9 6 9 ) t h a t  t h e  i n c r e a s e d  h i s t o n e  

p h o s p h o r y l a t i o n  b r o u g h t  a b o u t  by hormone a d m i n i s t r a t i o n  m igh t  

p r o v i d e  a mechanism f o r  i n d u c t i o n  o f  RNA and p r o t e i n  i n  t a r g e t  

t i s s u e s .  However t h e  mechanisms c o n t r o l l i n g  gene  e x p r e s s i o n  i n  

h i g h e r  a n i m a l s  a r e  a s  y e t  o b s c u r e  ( s e e  Rasmussen and B o r d i e r  1 9 7 4 ) .  

E f f e c t s  o f  Io n s

Adenyl  c y c l a s e  has  b een  r e p o r t e d  t o  be i n f l u e n c e d  by l o c a l  

i o n i c  c h a n g e s ,  eg K+ h as  been  shown to  i n c r e a s e  c y c l i c  AMP l e v e l s
p .

i n  b r a i n  s l i c e s  ( S a t t i n  and R a i l  1967) and Ca i s  known t o  be 

a r e q u i r e m e n t  o f  ACTH ( A d r e n o c o r t i c o t r o p h i c  hormone)  s t i m u l a t i o n  

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  t h e  a d r e n a l  c o r t e x  (B ar  and H e c h t e r

1 9 6 9 ) .
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FIGURE 4

GLUCAGON

adenyl cyclase  
Inactive

adenyl cyclase  
Active

cyclic AMP

ATP

protein kinase —  ............ y r. , inhibitor -  cyclic AMP
Inhibited I

protein kinase

ATP . Act,ive j  ADP
V f  J

phosphorylase kinase ' ^
Inactive phosphorylase

kinase - (§>
Active

tphosphorylase b  -------- 1_____ .
Inactive , * '

phosphorylase a -  (g)
Active

P.i

glycogen

glucose -  1 -
glucose •

glycolysis 
and Krebs 

cycle

plasma

R e g u l a t i o n  o f  d e g r a d a t i o n  o f  g ly c o g e n  i n  r e s p o n s e  t o  

G lucagon .



The p a r t i c u l a t e  n a t u r e  o f  a d e n y l  c y c l a s e ,  t o g e t h e r  w i th  

i t s  l a b i l i t y ,  e s p e c i a l l y  a s  r e g a r d s  ho rm ona l  s e n s i t i v i t y ,  

h a v e  combined to  make t h e  p u r i f i c a t i o n  and s tu d y  o f  t h i s  enzyme 

d i f f i c u l t .  A l th o u g h  i t  h a s  been  e x t e n s i v e l y  i n v e s t i g a t e d  s i n c e  

i t s  d i s c o v e r y  i n  I 9 6 0 , t h e  h y p o t h e t i c a l  r e p r e s e n t a t i o n  o f  t h e  

a d e n y l  c y c l a s e  m o l e c u l e  p r o p o se d  by R o b ison  e t  a l  (1967)  h a s  

n o t  y e t  become a r e a l i t y .

The o n ly  e v i d e n c e  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  

a c t i v i t y  b e i n g  a l t e r e d ,  a p a r t  f rom i n h i b i t i o n  by ATP (Cheung 

1 9 6 7 ) ,  i s  by a v a r i e t y  o f  d r u g s  i n  v i t r o  (Hess et a l  1 9 7 5 ) .
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EFFECTS OF ETHANOL ON CYCLIC AMP

The p h y s i o l o g i c a l ,  b i o c h e m i c a l  and n e u r o l o g i c a l  p r o 

c e s s e s  a f f e c t e d  by a l c o h o l  t o  which  c y c l i c  AMP i s  b e l i e v e d  

t o  be r e l a t e d  a r e  e n n u m e ra te .  O u tw i th  t h e  c e l l ,  a l c o h o l  

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

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

r e l e a s e .  At t h e  c e l l  membrane, i t  i s  known t o  a f f e c t  

Na+ and K+ t r a n s p o r t .  W i th in  t h e  l i v e r  c e l l ,  t h e  m e ta b o l i s m  

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

T o l e r a n c e  t o  (and p h y s i c a l  d ep en d en ce  on) a l c o h o l  i n v o l v e  

c o m p e n s a to ry  c h a n g e s ,  r e s u l t i n g  i n  " a d r e n e r g i c  s u p e r s e n s -  

i t i v i t y "  ( F re n c h  and P a lm er  1973)» i n c r e a s e d  (Na+ + K+ )-ATPase ,  

enhanced  o x i d a t i v e  p h o s p h o r y l a t i o n .  When a l c o h o l  i n g e s t i o n  

i s  a b r u p t l y  d i s c o n t i n u e d , t h e  c o m p e n s a to ry  ch an g es  a r e  mal

a d a p t i v e  and g iv e  r i s e  t o  t h e  b a s i c  symptoms o f  t h e  w i t h d r a w a l  

r e a c t i o n ,  eg ,  h y p e r f l e x i a ,  m usc le  t e n s i o n  and a n x i e t y ;  t h e  

s t r e s s  r e s p o n s e s  i n v o l v i n g  e l e v a t i o n s  i n  p lasma and u r i n a r y  

c a t e c h o l a m i n e s  ( s e e  r e v i e w s ,  D i e t r i c h  1975;  Sm uck le r  1 9 7 5 ) .

The p o s i t i o n  o f  a d e n y l  c y c l a s e  on t h e  c e l l  membrane and

t h e  r o l e  o f  c y c l i c  AMP a s  a b i o c h e m i c a l  " t r i g g e r "  t h r o u g h

w hich  a p h y s i o l o g i c  e v e n t  -  t h e  r e l e a s e  or  a c t i o n  o f  a

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

c e l l  (eg  g l y c o g e n o l y s i s ,  l i p o l y s i s )  s u g g e s t s  t h a t  some m o l e c u l a r  

a c t i o n ,  i n v o l v i n g  t h e  c e l l  membrane and c y c l i c  AMP, may be 

i n v o l v e d  i n  a t  l e a s t  some o f  t h e  e f f e c t s  o f  e t h a n o l  on th e  

body .
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C e l l  Membra n e  A l t e r a t i o n s  by E t h a n o l

The s t r o n g e s t  e v i d e n c e  t o  d a t e  r e g a r d i n g  c e l l u l a r  mechanisms 

o f  a c t i o n  o f  e t h a n o l  c o n c e r n s  b i o p h y s i c a l  a l t e r a t i o n s  i n  membrane 

p r o p e r t i e s .  E t h a n o l  i n  s u b - l e t h a l  c o n c e n t r a t i o n s  h a s  been  

found t o  have an  i n h i b i t o r y  e f f e c t  on t h e  a c t i v e  t r a n s p o r t  

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

s k i n  ( I s r a e l  and K a l a n t  1963)* r e d  b lo o d  c e l l s  i n  v i v o  

( L i n d s a y  1974a)  s l i c e s  o f  g u i n e a  p i g  b r a i n  c o r t e x  and r a t  

r e n a l  c o r t e x  ( I s r a e l - J a c k a r d  and K a l a n t  1 9 6 5 ) ,  c a n i n e  g a s t r i c  

mucosa i n  v iv o  (Rehm. and Hokin 1 9 4 7 ) .  Thus t h e  e f f e c t  o c c u r s  

ev en  i n  t i s s u e s  where  no d e p o l a r i s a t i o n  i s  known t o  t a k e  p l a c e  

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

c e l l s  a r e  known t o  hav e  a p ro fo u n d  e f f e c t  on t h e  i n t r a c e l l u l a r  

l e v e l  o f  c y c l i c  AMP (R o b iso n  e t  a l .  1971) a s  w e l l  a s  a d e n y l  

c y c l a s e  (page 7 ) .

M eie r  and Mendoza (1976) have  r e p o r t e d  a d e c r e a s e d  c y c l i c  

AMP r e s ;  onse t o  v a s o p r e s s i n  i n  t h e  t o a d  b l a d d e r  i n  v i t r o  due 

t o  a d e c r e a s e  i n  t h e  r e s t i n g  p o t e n t i a l  p roduced  by a m a ss iv e  

dose  of  e t h a n o l .  The d e g r e e  t o  w h ich  m usc le  p h o s p h o r y l a s e  

i n  v i t r o  i s  a c t i v a t e d  by a d r e n a l i n  h a s  been  shown t o  be 

d e p e n d e n t  upon t h e  r a t i o  o f  e x t r a c e l l u l a r  Na+/K+ . G lu co 

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

w h ich  m a i n t a i n s  i n t r a -  and e x t r a c e l l u l a r  e l e c t r o l y t e  b a l a n c e  

o f  v e r t e b r a t e  o rg a n i sm s  (S w ing le  e t  a l  I 9 6 0 ) ,  may s u p p o r t  

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

c o r r e c t  ion ic . ,  en v i ro n m e n t  ( s e e  r e v i e w ,  P r o d i e  e t  a l  1 9 6 6 ) .

The p r i n c i p a l  e f f e c t  o f  c y c l i c  AMP i s  t o  s t i m u l a t e  

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

s y s t e m  (T ab le  I  ) .  A cu te  a d m i n i s t r a t i o n  of  a d r e n a l i n  t o  

r a t s  p r o d u c e s ,  a f t e r  1 - 2  h o u r s ,  a c a i o r i g e n i c  e f f e c t  

( i n c r e a s e d  r a t e  o f  oxygen co n su m p t io n )  i n  t h e  l i v e r  i d e n t i c a l  

t o  t h a t  s e e n  a f t e r  t h y r o x i n e  t r e a t m e n t  or  a f t e r  c h r o n i c  

t r e a t m e n t  w i t h  e t h a n o l  ( I s r a e l  e t  a l  1973)*

T h i s  " l i v e r  h y p e r m e t a b o l i c  s t a t e "  ( B e r n s t e i n  e t  a l ,

1 9 7 4 ) when in d u ced  by e t h a n o l ,  was b lo c k e d  i n  a d r e n a l e c t o m i s e d  

r a t s  ( I s r a e l  e t  a l  1 9 7 5 ) ,  im p ly in g  t h a t  an i n c r e a s e  i n  a d r e n e r g i c  

t o n e  w^s i n v o l v e d .  A number  o f  s i m i l a r i t i e s  can  be o b s e rv e d  

i n  t h e  l i v e r  a s  a r e s u l t  o f  a d m i n i s t r a t i o n  o f  t h y r o i d  hormones 

and c h r o n i c  t r e a t m e n t  w i t h  e t h a n o l  ( I s r a e l  e t  a l  1 9 7 3 ) .  Among 

t h e s e  i s  t h e  f a c t  t h a t  l i v e r  n e c r o s i s  and c i r r h o s i s  had o c c u r re d  

i n  5 0 - 60 io o f  t h e  p a t i e n t s  who d i e d  o f  s e v e r e  t h y r o t o x i c o s i s  b e f o r e  

t h e  a d v e n t  o f  modern t h e r a p y  ( s e e  B e r n s t e i n  e t  a l  1 9 7 4 ) .

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

t h a t  e f f e c t s  of  e t h a n o l ,  a d r e n e r g i c  a g e n t s  and t h y r o i d  hormones 

a r e  e x e r t e d  a t  d i f f e r e n t  l e v e l s  o f  a common se q u e n c e  o f  e v e n t s  

l e a d i n g  t o  s t i m u l a t i o n  o f  t h e  (Na+ + K+ )-ATPase and c o n s e q u e n t l y  

i n c r e a s i n g  oxygen c o n s u m p t io n  ( I s r a e l  e t  a l  1975)*

T h y ro id  hormones  have  p r im a r y  f u n c t i o n s  i n  r e g u l a t i n g  

p r o t e i n  s y n t h e s i s  ( T a t a  1963;  W eiss  and S o k o l o f f  1 9 6 3 ) .

B r o d ie  e t  a l  ( 1 9 6 6 ) r e p o r t e d  t h a t  t h y r o i d  hormones cau sed  an 

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

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

The t u r n o v e r  r a t e  o f  n o r a d r e n a l i n  i s  s i m i l a r  i n  n o rm a l  and 

h y p e r t h y r o i d  mice (Beaven e t  a l  1 9 6 3 ) ,  im p ly in g  t h a t  t h y r o i d
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hormones  do n o t  i n c r e a s e  t h e  r a t e  o f  n o r a d r e n a l i n  s y n t h e s i s .

I t  i s  r e p o r t e d  t h a t  n o r a d r e n a l i n  c o n t e n t  i n  t h e  b r a i n  does  n o t  

change  f o l l o w i n g  c h r o n i c  e t h a n o l  i n g e s t i o n  ( P s c h e i d t  e t  a l  1 9 6 1 ) .  

I n  t h e  b r a i n ,  t h e  s i t e  o f  " a d r e n e r g i c  s u p e r s e n s i t i v i t y "  p roduced  

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

( F r e n c h  and P a l m e r , 1973;  F r e n c h  e t  a l  1 9 7 5 ) .

The mechanism o f  a d r e n e r g i c  s u p e r s e n s i t i v j g f c y i s  c o n t r o v e r s i a l  

f o r  ex am ple ,  F lem ing  e t  a l  (1973) r e l a t e d  i t  t o  n o n - s p e c i f i c  

c h a n g e s  i n  t h e  p o s t j u n c t i o n a l  membrane, w h e re a s  B eg u c h i  and 

A x e l ro d  (1973)  r e p o r t e d  a change i n  t h e  r e s p o n s e  of  t h e  s p e c i f i c  

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

The e v i d e n c e  t o  d a t e  d o es  n o t  d i s p u t e  t h e  p o s s i b i l i t y  t h a t  

t h e  same ty p e  o f  m o l e c u l a r  a c t i o n ,  i n v o l v i n g  t h e  c e l l  membrane 

and c y c l i c  AMP may be i n v o l v e d  i n  a l l  o f  t h e  e f f e c t s  o f  e t h a n o l  

on t h e  body.

Di r e c t  E f f e c t s  o f  E t h a n o l  on C y c l i c  AMP

E x p l o r a t i o n  o f  any  d i r e c t  e f f e c t s  o f  e t h a n o l  on mechanisms 

i n v o l v i n g  c y c l i c  AMP have  so f a r  p r o v id e d  c o n f l i c t i n g  o r  uncon-  

c l u s i v e  r e s u l t s .  ( T a b l e s  I l a n d  m ) . F o r  ex am ple ,  Gorman and 

B i t e n s k y  (1970) who examined t h e  i n  v i t r o  e f f e c t s  o f  e t h a n o l  

on a d e n y l  c y c l a s e  i n  r a t  l i v e r  h o m o g e n a te s ,  r e p o r t e d  a c t i v a t i o n  

o f  a d e n y l  c y c l a s e  by e t h a n o l  w h ich  was f u r t h e r  enhanced  by 

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

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

m o le c u le  i t s e l f .  However M a s h i t e r  e t  a l  (1974) found t h a t  

e t h a n o l  had no e f f e c t  on a d e n y l  c y c l a s e  i n  h o m o g e n a te s ,  y e t  

a s t i m u l a t o r y  one i n  whole c e l l  p r e p a r a t i o n s  and s u g g e s t e d  

t h a t  e t h a n o l  co u ld  a c t i v a t e  a d e n y l  c y c l a s e  a s  a r e s u l t  of  a 

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

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

s l i c e s  (T a b le  I I  ) ;  a c u t e  a l c o h o l i c  i n t o x i c a t i o n  o f  r a t s  i n v iv o  

d e c r e a s e d  b r a i n  c y c l i c  AMP y e t  had no e f f e c t  on c y c l i c  AMP 

l e v e l s  i n  b r a i n s  o f  mice  (T a b le  I H ) . These r e s u l t s  i n d i c a t e  t h a t  

s p e c i e s  d i f f e r e n c e s  may l e a d  t o  d i f f e r i n g  dose  e f f e c t s .

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

h av e  c o m p l i c a t e d  i n t e r p r e t a t i o n  o f  r e s u l t s :  w h e rea s  e t h a n o l

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

c y c l i c  AMP l e v e l s ,  i t  h a s  b e e n  r e p o r t e d  t o  have  no e f f e c t  on 

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

v i a  a s tomach t u b e  ( T a b le  I Q ) .

Ex p e r i m e n t a l  C o m p l i c a t i o n s

Adenyl  c y c l a s e  h as  p ro v e n  t o  be a t e c h n i c a l l y  d i f f i c u l t  

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

n a t u r e  making i t  s u s c e p t i b l e  t o  d e s t a b i l i s a t i o n .  M ethodology  

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

a c t i v i t y  o f  p h o s p h o d i e s t e r a s e  r e l a t i v e  t o  a d e n y l  c y c l a s e  (Tague 

and  S h anbour  1 9 7 4 ) .  F l u o r i d e  h a s  been  added t o  e t h a n o l - t r e a t e d  

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

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

s p e c i f i c  " r e c e p t o r ” s i t e s  ( T a b le  I I ) .  However,  f l u o r i d e  h a s  been  

shown to  a c t i v a t e  a d e n y l  c y c l a s e  by r e l e a s e  o f  an i n h i b i t o r y  

s u b u n i t ,  and on ly  i n  hom ogenates  ( P e r k i n s  and Moore 1 S 7 1 ) .

I n  a l l  o f  t h e  i n  v i t r o  e x p e r i m e n t s  t o  d a t e ,  t h e  e f f e c t s  o f  

e t h a n o l  were  maximal  a t  c o n c e n t r a t i o n s  w e l l  above t h o s e  t h a t  a r e  

m e a n i n g f u l  i n  v i v o . The b r e a t h a l y s e r  l i m i t  i s  80 mg e t h a n o l  

p e r  100 ml b lood  ( 0 . 1 0 $ ) ;  c o n c e n t r a t i o n s  above 0 . 5$ a r e  f a t a l  

( S m u c k le r  1 9 7 5 ) .  E t h a n o l  moves f r e e l y  t h r o u g h  t h e  body by
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s i m p l e  d i f f u s i o n  -  o n ly  i n  t h e  a l i m e n t a r y  t r a c t  o f  a f a s t i n g  

i n d i v i d u a l  co u ld  i t s  c o n c e n t r a t i o n  be e l e v a t e d  much above 5$ .

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

above  10$ has  b een  r e c o g n i s e d  f o r  many y e a r s .

The i n t e r p r e t a t i o n  o f  any i n v ivo  f i n d i n g s  t o  d a t e  a r e  

c o m p l i c a t e d  by t h e  f a c t  t h a t  f u n c t i o n a l  a l t e r a t i o n  o f  any i n  v iv o  

s y s t e m  by e t h a n o l  may r e f l e c t :  d i r e c t  l o c a l  a c t i o n s  o f  e t h a n o l

on  t h e  c e l l s  u n d e r  s t u d y ;  a change i n  n e r v o u s  o r  c h e m ic a l  i n p u t  

t o  t h e s e  c e l l s  b e c a u s e  o f  an  a c t i o n  e l s e w h e r e  i n  t h e  body;  

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

t h e  whole  body a s  a r e s u l t  o f  deep  i n t o x i c a t i o n  a n d / o r  e x p e r i 

m e n t a l  t r a u m a .
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G-ROV/TH OR CEILS I I  CULTURE

Animal c e l l  c u l t u r e  i s  c o n c e rn e d  w i t h  t h e  s tu d y  o f  

c e l l s  e x p l a n t e d  f rom a n i m a l s  and m a i n t a i n e d  i n  v i t r o  f o r  

more t h a n  t w e n t y - f o u r  h o u r s .  ( P a u l  1 9 7 0 ) .  Many v e r t e b r a t e  

t i s s u e s  can  be d i s r u p t e d  i n t o  i n d i v i d u a l  c e l l s , ( f o r  

example  by d i g e s t i o n  w i t h  t r y p s i n . ),which w i l l  p r o p a g a t e  a t  

a  t e m p e r a t u r e  o f  3 7 °c  a t t a c h e d  t o  a g l a s s  o r  p l a s t i c  

s u r f a c e .  Ror g row th  t h e y  r e q u i r e  a complex  s o l u t i o n  o f  

s a l t s ,  amino a c i d s ,  v i t a m i n s , g l u c o s e  and unknown f a c t o r s  

p r e s e n t  i n  se rum .  C e l l s  which  have  m u l t i p l i e d  r e p e a t e d l y  . 

may be " p a s s a g e d ” , by o b t a i n i n g  i n  s u s p e n s i o n  and i n n o c u l -  

a t i n g  i n t o  a new c u l t u r e  v e s s e l  a t  a l o w e r  c e l l  d e n s i t y .  

P r im a r y  ( " U n t r a n s f o r m e d ” ) C e l l  L i n e s

C e l l  c u l t u r e s  whose c e l l s  " d i e " ,  i e  c e a s e  t o  p r o l i f e r a t e ,  

a f t e r  a number  o f  p a s s a g e s  a r e  c a l l e d  p r im a r y  c e l l  l i n e s .  

P r im a r y  c e l l  l i n e s  p r e s e r v e  many o f  t h e  c h a r a c t e r i s t i c s  o f  

t h e  c e l l s  f rom which t h e y  were  d e r i v e d : t h e y  have t h e

same number  o f  chromosomes and r e t a i n  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 .

E s t a b l i s h e d  C e l l  L i n e s

These c e l l s  have d e v e lo p e d  t h e  p o t e n t i a l  t o  be s u b 

c u l t u r e d  i n d e f i n a t e l y  i n  v i t r o .

T rans fo rm ed  C e l l  l i n e s

( a )  S p o n ta n e o u s  t r a n s f o r m a t i o n :  T h i s  a r i s e s  i n  a

p r im a r y  c e l l  l i n e  i f ,  q u i t e  s u d d e n l y ,  a few r a p i d l y  g row ing  

c o l o n i e s  o f  a l t e r e d  c e l l s  a p p e a r  which  q u i c k l y  outgrow t h e  

c u l t u r e  and become t h e  p r e d o m in a n t  c e l l  t y p e .  The c e l l  l i n e  

h a s  t h e n  become an e s t a b l i s h e d  c e l l  l i n e ,  i e  can  be su b 

c u l t u r e d  i n d e f i n a t e l y .
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(b)  V i r a l  t r a n s f o r m a t i o n :  C e r t a i n  tum our  v i r u s e s

c a n  t r a n s f o r m  some p r im a ry  c u l t u r e  c e l l s ,  r e s u l t i n g  i n  

t h e  e f f e c t  d e s c r i b e d  i n  ( a ) .

T rans fo rm ed  c e l l s  have  become d e d i f f e r e n t i a t e d  ( P a u l  1 9 7 0 ) ,  

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

h a v e  ab n o rm a l  chromosome n u m b ers .  However ,  s p e c i e s - s p e c i f i c i t y  

i s  r e t a i n e d  (Brand 1 9 6 2 ) .  They have  s h o r t e r  d o u b l i n g  t i m e s  

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

c e l l  d e n s i t i e s .

D e n s i t y  D ependen t  I n h i b i t i o n  o f  G-rowth

T ran s fo rm ed  c e l l s  do n o t  c e a s e  t o  p r o l i f e r a t e  u n t i l  

t h e  medium i n  w hich  t h e y  have  grown i s  i n a d e q u a t e  f o r  n u t r 

i t i o n .  However ,  p r im a r y  c e l l  l i n e s  s t o p  g ro w in g  a t  a p r e 

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

p r e s e n t .  S i n c e  many p r im a r y  c e l l  c u l t u r e s  have b e en  o b s e rv e d  

t o  e n t e r  a s t a t i o n a r y  p h a s e  a b o u t  t h e  t im e  th e y  r e a c h  c o n f l u -  

e n c y ,  i t  was o r i g i n a l l y  s u g g e s t e d  t h a t  t h e  d e c l i n e  i n  c e l l  

g r o w th  which  o c c u r s  m ig h t  be t h e  r e s u l t  o f  c e l l  c ro w d in g  (Puck 

e t  a l  1 9 5 6 ) .  The phenomenon was d e s c r i b e d  " c o n t a c t  i n h i b i t i o n  

o f  g r o w t h " ,  by a n a lo g y  w i t h  t h e  o b s e r v a t i o n  by A berc rom bie  and

I-Ieaysman ( 1 9 5 4 ) o f  i n h i b i t i o n  o f  c e l l  movement i n  v i t r o  when 

c e l l s  come i n t o  c o n t a c t .

D i r e c t  e x p e r i m e n t a l  v e r i f i c a t i o n  o f  t h e  c o n t a c t  i n h i b 

i t i o n  o f  g row th  t h e o r y  has  n o t  been  f o r t h c o m i n g ,  however  and 

s e v e r a l  g ro u p s  have p ro p o sed  o t h e r  t e rm s  such  a s  d e n s i i y  

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

g ro w th  ( S t o k e r  and Rubin 1967;  M a r tz  and S t e i n b e r g  1972; 

M a c i e i r a - C o e l h o  1 9 6 7 ) .  A l th o u g h  i t  has  been  e x t e n s i v e l y  

s t u d i e d ,  t h e  mechanism o f  g row th  r a t e  d e c l i n e  i n  n o n - t r a n s 

fo rm ed  c e l l  c u l t u r e s  has  n o t  y e t  b e en  d i s c o v e r e d .
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CYCLIC ML III CULTURED CELLS

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

m e t a b o l i s m  i n  c u l t u r e d  c e l l s  a p p e a r e d  in  1971 (Gilman  and 

U i r e n b e r g  1 9 7 1 a ,b )  . These r e p o r t s  s u g g e s t e d  t h a t  c e l l  

c u l t u r e  s y s te m s  were f e a s i b l e  a s  models  f o r  s t u d y i n g  

c y c l i c  n u c l e o t i d e  m e t a b o l i s m .  B e in g  i n  a  "horm onal  

l im b o "  c e l l s  i n  c u l t u r e  a r e  n o t  caon t inuous ly  bombarded by 

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

o r g a n i s m .

B a s a l  C y c l i c  M L  L e v e l s  and C e l l  Growth

F l u c t u a t i o n s  o f  b a s a l  i n t r a c e l l u l a r  l e v e l s  o f  - c y c l i c  

AMP have  b ee n  s u g g e s t e d  t o  be i n v o l v e d  i n  t h e  r e g u l a t i o n  

o f  c e l l  g row th  i n  c u l t u r e .  T h is  h y p o t h e s i s  i s  b ased  on 

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

p r o p o r t i o n a l  t o  t h e  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  o f  

c y c l i c  AMP ( O t t e n  e t  a l  1971 ,  1972;  H e i d r i c k  and Ryan 1 9 7 1 ) .  

E x c e p t i o n s  t o  t h i s  r u l e  (Hey e t  a l  1969;  Thomas e t  a l  1973;  

B u r s t i n  e t  a l  1974) c a s t  d o u b t  upon i t s  g e n e r a l i t y .

F u r th e r m o r e  d e n s i t y  d e p e n d e n t  i n h i b i t i o n  o f  g row th  

a t  d e n s i t y  r e s t r i c t i o n  i n  u n t r a n s f o r m e d  c e l l s  (page  15) 

h a s  been  r e p o r t e d  to  be a s s o c i a t e d  w i t h  a r i s e  i n  i n t r a 

c e l l u l a r  c y c l i c  AMP. E l e v a t e d  c y c l i c  AMP has  been  r e p o r t e d  i n  

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

eg human s k i n  f i b r o b l a s t s  ( F r o e h l i c h  and Rachm ele r  1 9 7 2 ) ,  

n o r m a l  r a t  k idney  f i b r o b l a s t s  (A nderson  e t  a l  1 9 7 3 ) ,  mouse, 

monkey,  h a m s t e r  f i b r o b l a s t s  (Rudland e t  a l  1 9 7 4 b ) .  However,  

work  by o t h e r  a u t h o r s  i n d i c a t e s  t h a t  i t  was t h e  d e p l e t i o n  o f  

s e ru m  f a c t o r s  by t h e  c e l l s  r a t h e r  t h a n  " c o n t a c t  i n h i b i t i o n "
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o r  d e n s i t y  r e s t r i c t i o n  which  s i g n a l l e d  t h e  r i s e s  i n  c y c l i c  

AMP l e v e l s  c o n c o m i t a n t  w i t h  t h e  c e s s a t i o n  o f  c e l l  g row th  

o b s e rv e d  i n  c u l t u r e d  f i b r o b l a s t s ,  (S heppard  1 9 7 2 a ;  S e i f e r t

and P a u l  1972;  Kram e t  a l  1973;  Oey e t  a l  1974)* B an n a i  

and Sheppard  (1974)  have r e p o r t e d  t h a t  w h i l e  d e n s i t y - d e p e n d e n t  

c e s s a t i o n  o f  g rowth  i n  c o n f l u e n t  m o n o la y e r s  o f  313  c e l l s  i s  

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

c e l l u l a r  c y c l i c  AMP, p r o v id e d  t h e  medium i s  changed d a i l y  

(S h ep p a rd  1 9 7 2 a ) a n  i n c r e a s e  i n  c y c l i c  AMP l e v e l s  d o es  o c c u r  

when t h e  g ro w in g  c e l l s  c o n t a c t  one a n o t h e r .

S e i f e r t  and P a u l  (1972)  r e p o r t e d  t h a t  q u i e s c e n t  (non 

d i v i d i n g )  313 c e l l s  had t w o - f o l d  h i g h e r  c y c l i c  AMP l e v e l s  t h a n  

g ro w in g  313  c e l l s ,  r e g a r d l e s s  o f  w h e t h e r  t h e  c e l l s  were  i n  

c o n t a c t  w i t h  one a n o t h e r  o r  n o t .  However ,  when serum was added 

t o  t h e s e  q u i e s c e n t  c u l t u r e s ,  a d e c r e a s e  i n  c y c l i c  AMP was 

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

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

o f  i n t r a c e l l u l a r  c y c l i c  AMP l e v e l s  ( O t t e n  e t  a l  1972;

S e i f e r t  and P a u l  1972;  Kram e t  a l  1973;  Oey e t  a l  1 9 7 4 ) .  

A l t e r n a t i v e l y ,  t h e  a d m i n i s t r a t i o n  o f  f r e s h  serum t o  serum 

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

i n  c y c l i c  AMP l e v e l s  (Sheppard  1 9 7 2 a ;  S e i f e r t  and P a u l  1 9 7 2 ) .  

T h i s  o c c u r s  i n  b o th  n o rm a l  and t r a n s f o r m e d  f i b r o b l a s t s .

D eo x y g lu co se  t r a n s p o r t  was i n h i b i t e d  a t  c e l l  c o n t a c t  

i n  3T3 f i b r o b l a s t s  (B an n a i  and Sheppard  1 9 7 4 ) .  These d a t a  

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

b i o c h e m i c a l  p a r a m e t e r s  a f f e c t e d  by c e l l  c o n t a c t .  I n  view o f
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t h e  r o l e  o f  c y c l i c  AMP as  a r e g u l a t o r  o f  c e l l u l a r  m e ta 

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

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

n e c e s s a r i l y  p r im a r y )  e v e n t  and may s e r v e  a s  a c e l l u l a r  s i g n a l  

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

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

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

p o r t  m echan ism s ,  s i n c e  many c e l l  membrane p a r a m e t e r s  would 

ch ange  a s  a f u n c t i o n  o f  n o rm a l  c e l l  c o n t a c t  eg  n u t r i e n t  

t r a n s p o r t  (P lagemann 1 9 7 3 ) ,  d i s t r i b u t i o n  o f  in t ram em b ra n o u s  

p a r t i c l e s  ( S c o t t  e t  a l  1 9 7 3 ) ,  p la sm a  membrane enzyme a c t i v i t y  

(Ro th  and White  1 9 7 2 ) ,  c e l l u l a r  a g g l u t i n a b i l i t y  ( N i c o l s o n  and 

L a c o r b i e r e  1 9 7 3 ) .

Ryan and H e i d r i c k  (1974)  have l i k e n e d  t h e  e l e v a t i o n s  o f  

c y c l i c  AMP l e v e l s  o b s e rv e d  i n  c u l t u r e d  c e l l s  u n d e r  a d v e r s e  

g row th  c o n d i t i o n s ,  such a s  serum d e p r i v a t i o n ,  t o  i n  v iv o  

s i t u a t i o n s  t h a t  r e s u l t  i n  i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMP 

l e v e l s .  Among t h e s e  were  f a s t i n g  (S e la w ry  e t  a l  1 9 7 3 ) ,  

c i r c u l a t o r y  a r r e s t  ( W o l l e n b e r g e r  e t  a l  1 9 6 9 ) ,  a n o x i a  and 

e l e c t r i c a l  c o n v u l s i v e  shock  ( G o ld b e rg  e t  a l  1 9 7 0 ) .

E f f e c t s  o f  A l t e r i n g  B a s a l  C y c l i c  AMP L e v e l s

Chem ical  a g e n t s  which  a l t e r  i n t r a c e l l u l a r  c y c l i c  AMP 

l e v  I s  have been  shown to  a f f e c t  g ro w th .  I n  1968 Burk r e p o r t e d  

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

f i b r o b l a s t s  d e c r e a s e d  t h e i r  g row th  r a t e .  M e t h y l x a n t h i n e s  

have  s i n c e  been  shown t o  i n c r e a s e  i n t r a c e l l u l a r  c y c l i c  AMP 

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

( B u t c h e r  and S u t h e r l a n d  1 9 6 2 ) .  Gilman and Phirenberg  (1971b)  

found t h a t  PGE^j r a i s e d  c y c l i c  AMP i n  c u l t u r e d  c e l l s  and
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s i m u l t a n e o u s l y  i n h i b i t e d  t h e  r a t e  o f  c e l l  m u l t i p l i c a t i o n .

T h i s  e f f e c t  was more d r a m a t i c  i n  t h e  p r e s e n c e  o f  t h e o p h y l l i n e ,

a m e t h y l x a n t h i n e . I n s u l i n  t r e a t m e n t  o f  f i b r o b l a s t s  has  been

shown to  l e a d  t o  a t r a n s i e n t  l o w e r i n g  o f  c y c l i c  .AMP l e v e l s ,

i n c r e a s e d  D O  s y n t h e s i s  and c e l l  d i v i s i o n  (S heppa rd  1 9 7 2 a , b ;

Bornbik and B u r g e r  1 9 7 3 ) .  C h o l e r a  t o x i n ,  which  a c t i v a t e s

a d e n y l  c y c l a s e ,  h a s  been  shown t o  i n h i b i t  DNA s y n t h e s i s

( H o l l e n b e r g  and C u a t r e c a s e s  1 9 7 3 ) .  D i b u t y r l  c y c l i c  IMP,

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

c e l l  more r e a d i l y  t h a n  c y c l i c  AMP (R o b in so n  e t  a l  1971) and

i s  immune t o  p h o s p h o d i e s t e r a s e  d i g e s t i o n  (H ee r s c h e  e t  a l  1971)

i s  known t o  i n h i b i t  t h e  g ro w th  o f  1929 f i b r o b l a s t s .  C o n co m itan t
•5

w i t h  t h i s  i s  an  i n h i b i t i o n  o f  i n c o r p o r a t i o n  o f  H - th y m id in e  

i n t o  DNA ( C u r t i s  e t  a l  1 9 7 3 ) .  The above phenomena a r e  

e x t e n s i v e l y  c a t a l o g u e d  i n  a r e v ie w  by Ryan and H e i d r i c k  ( 1 9 7 4 ) .

C o n v e r s e l y ,  f i b r o b l a s t  g rowth  f a c t o r  and h y d r o c o r t i s o n e  

have  been  r e p o r t e d  t o  s t i m u l a t e  g ro w th  i n  q u i e s c e n t  f i b r o b l a s t s  

w i t h  l i t t l e  o r  no a l t e r a t i o n s  i n  c y c l i c  AMP l e v e l s -  ■ (Rudland 

e t  a l  1 9 7 4 $ ) .  Bourne e t  a l  (1975)  have s u cc ee d ed  i n  i s o l a t i n g  

s e v e r a l  s t r a i n s  o f  t h e  S49  mouse lymphosarcoma c e l l ,  one o f  

which  has  no a p p a r e n t  f u n c t i o n a l  a d e n y l  c y c l a s e  and h ence  no 

endogenous  c y c l i c  AMP, and a n o t h e r  which  h a s  l i t t l e  o r  no 

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

k i n a s e  and i s  t h e r e f o r e  u n a f f e c t e d  even  by h ig h  l e v e l s  o f  

c y c l i c  AMP. I n  b o th  o f  t h e s e  s t r a i n s  t h e  c e l l  c y c l e  i s  

s i m i l a r  t o  t h e  p a r e n t a l  s t r a i n s .

While t h e  e v id e n c e  to  d a t e  does  n o t  i m p l i c a t e  c y c l i c  

AMP a s  a r e g u l a t o r  o f  c e l l  g r o w th ,  i t  i s  c o n s i s t e n t  w i t h  

a l t e r a t i o n s  i n  c y c l i c  AMP l e v e l s  i n  r e s p o n s e  t o  a s i g n a l  

w i t h i n  a model  s y s te m ,  f o r  f i b r o b l a s t s  a t  l e a s t ,  b e i n g  p a r a l l e l e d  

by c h an g es  i n  g row th  r a t e .
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THE PROTEIN BINNING A S S A Y

The a c t i o n  o f  c y c l i c  J\MP i n  a l l  t i s s u e s  i n v o l v e s  b i n d i n g  

t o  a p r o t e i n  ( s e e  e x a m p le s ;  page 7 ) .  S e v e r a l  a s s a y  m ethods  

b a s e d  on t h i s  p r i n c i p a l ;  " p r o t e i n  b i n d i n g " ,  o r  " s a t u r a t i o n ” 

a s s a y s  have been  p u b l i s h e d ,  eg t h e  method o f  Brown e t  a l  (1971)  

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

G i lm an  (1970)  and Tovey e t  a l  (1974)  u s i n g  a  more p u r i f i e d  

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

P r i n c i p a l  o f  t h e  Assay

The g e n e r a l  p r i n c i p a l  o f  t h e  a s s a y  i s  t h e  same a s  t h a t  

o f  r a d io im m u n o a s s a y .  A s t a b l e  s u b s t r a t e  S i s  i n t r o d u c e d  

i n t o  a s y s te m  which  c o n t a i n s  a c o n s t a n t  amount o f v r a d i o a c t i v e  

s u b s t r a t e  S* o f  h ig h  s p e c i f i c  a c t i v i t y  and i t s  b i n d i n g  

p r o t e i n  P .  S d i s p l a c e s  S* f rom  t h e  s u b s t r a t e  b i n d i n g  s i t e s  

i n  p r o p o r t i o n  to  i t s  c o n c e n t r a t i o n  ( P i g  5 ) .  Removal o f  

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

(Brown e t  a l  1971;  Tovey e t  a l  1974) o r  by " m i l l i p o r e "  

f i l t r a t i o n  (Gilman 1 9 7 0 ) .  R a d i o a c t i v i t y  bound g i v e s  t h e  

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

compared  w i t h  r a d i o a c t i v i t y  bound i n  known s t a n d a r d  s o l u t i o n s .  

S p e c i f i c i t y

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

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

m us t  be " s p e c i f i c "  f o r  c y c l i c  AMP. S p e c i f i c i t y  i s  d e f i n e d  

a s  t h e  e x t e n t  o f  f reedom  f rom  i n t e r f e r e n c e  by s u b s t a n c e s  

o t h e r  t h a n  t h e  one i n t e n d e d  t o  be measured  (Rees  M idgley  

e t  a l  1 9 6 9 ) .  Lack o f  s p e c i f i c i t y  i n  p r o t e i n  b i n d i n g  a s s a y s

21



labelled substrate 
S *

FIGURE

binding protein 
P JkH.

labelled protein -  
substrate complex 

S *  -  P

unlabelled substrate 
in known standard 
solutions or unknown 
samples

P -  S

unlabelled protein -
substrate complex

P r i n c i p a l  o f  t h e  p r o t e i n  b i n d i n g  a s s ^ y .



may p r i m a r i l y  a r i s e  i n  t h r e e  ways ( E k in s  and Newman 1 9 7 0 ) :

( a )  by c o m p e t i t i o n  o f  a n o t h e r  compound f o r  t h e  r e a c t i o n  

s i t e s  on P

(b)  by t h e  i n f l u e n c e  o f  an e x t r a n e o u s  compound on b i n d i n g  

b e tw e e n  S and P

( c )  by a d e c r e a s e  i n  e f f i c i e n c y  o f  s e p a r a t i o n  o f  f r e e  

and bound f r a c t i o n s .

( a )  C o m p e t i t i v e  I n t e r f e r e n c e

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

a l m o s t  u n iq u e  c h e m i c a l  s p e c i f i c i t y  which c h a r a c t e r i s e s  many 

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

f o r  c y c l i c  IMP have  been  shown t o  be f r e e  f rom  c o m p e t i t i v e  

i n t e r f e r e n c e  by o t h e r  n u c l e o t i d e s  ( e g  ATP, c y c l i c  GMP) a t  

t h e i r  r e s p e c t i v e  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  (Gilm an 1970; 

Brown e t  a l  1971;  Tovey e t  a l  1 9 7 4 ) .

(b )  N o n - C o m p e t i t i v e  I n t e r f e r e n c e

Of much g r e a t e r  c o n c e r n  e r e  s o u r c e s  o f  n o n - s p e c i f i c  

i n t e r f e r e n c e  by compounds p r e s e n t  i n  c e l l  and t i s s u e  e x t r a c t s ,  

eg  s a l t s  o f  an  i n c u b a t i o n  medium (B ro n s t ro m  and Non 1 9 7 4 ) ,  

t r a c e s  o f  a c i d  used as  p r o t e i n  d e n a t u r a n t  (Albano e t  a l  1974;  

A r n e r  e t  a l  1 9 7 9 ) .  F u r t h e r m o r e ,  d i f f e r e n t  s a t u r a t i o n  a s s a y  

m ethods  may have a s s o c i a t e d  w i t h  them d i f f e r e n t  n o n - s p e c i f i c  

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

d e g r e e  o f  p u r i t y  (Gilman 1970j  Wal ton  and G a r re n  1 9 7 0 ) ,  as  

w e l l  a s  t h e  t i s s u e s  used f o r  a s s a y .

( c ) D e c r e a s e  i n  E f f i c i e n c y  a t  S e p a r a t i o n

D i f f e r e n c e s  i n  p r o t e i n  c o n c e n t r a t i o n s  have been  r e p o r t e d  

t o  show marked e f f e c t s  on t h e  c h a r a c t e r i s t i c s  o f  a d s o r b a n t s
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su ch  a s  c h a r c o a l  ( E k in s  1 9 7 0 ) .  D i v a l e n t  c a t i o n s  a r e  

known t o  a f f e c t  m i l l i p o r e  f i l t r a t i o n  t e c h n i q u e s  (Albano 

e t  a l  19 7 4 ) .

A c c u ra c y  and P r e c i s i o n

The a c c u r a c y  o f  any q u a n t i t a t i v e  e s t i m a t i o n  i s  t h e  

c l o s e n e s s  w i t h  which  t h e  r e s u l t  a p p r o a c h e s  t h e  " t r u e ” 

v a l u e .  P r e c i s i o n  may be judged  f rom  t h e  s t a t i s t i c a l  s c a t t e r  

a b o u t  a mean o f  r e p l i c a t e  m e a s u re m e n t s .

S e n s i t i v i t . y

T h i s  p r o p e r t y  i s  e x p r e s s e d  a s  t h e  s m a l l e s t  c o n c e n t r a t i o n  

o f  sample  w hich  can  be a c c u r a t e l y  measured  by t h e  a s s a y .

On i n i t i a t i o n  o f  any a s s a y  m ethod ,  p r im a r y  i n v e s t i g a t i o n s  

m u s t  be c a r r i e d  o u t  t o  o p t i m i s e  a s s a y  s p e c i f i c i t y ,  a c c u r a c y  

p r e c i s i o n  and s e n s i t i v i t y .
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A IMS OF THE PROJECT

1 To grow c u l t u r e d  c e l l s  i n  c o n c e n t r a t i o n s  o f  e t h a n o l  s i m i l a r  

t o  t h o s e  found i n  t h e  body.  L929 c e l l s  (S a n fo r d  e t  a l  1 9 4 8 ) ,

a t r a n s f o r m e d  c e l l  l i n e  d e r i v e d  f rom mouse f i b r o b l a s t s  ( E a r l e  

1943)  were  u s e d .  Grown a s  a m o n o la y e r ,  t h e y  p r o v id e d  c o n s i s 

t e n c y  o f  e x p e r i m e n t a l  c o n d i t i o n s ,  f r e e  f rom horm ona l  and 

n e u r o l o g i c  i n f l u e n c e .  E t h a n o l  was added to  t h e  c e l l s  i n  con 

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

a d m i t t e d  i n t o x i c a t e d  t o  t h e  W e s te rn  I n f i r m a r y .

2 To m easu re  g row th  p a r a m e t e r s  i n  t h e  fo rm  o f  c e l l  c o u n t s ,

DNA, RITA and p r o t e i n  u n d e r  t h e s e  c o n d i t i o n s .

3 To m easu re  c y c l i c  AMP c o n t e n t  i n  such  c e l l s  and a n a l y s e  any

r e l a t i o n s h i p  t o  changes  found u n d e r  t h e  i n f l u e n c e  o f  e t h a n o l .  

I n t r a c e l l u l a r  c y c l i c  AMP m easu rem en ts  were  o b t a i n e d  u s i n g  t h e  

p r o t e i n  b i n d i n g  a s s a y  o f  Tovey e t  a l  ( 1 9 7 4 ) .  The u t i l i s a t i o n  

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

a c c u r a c y  and p r e c i s i o n .  R e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  r e l a t i v e  

t o  t h e  main  theme have t h e r e f o r e  been  i n c l u d e d .
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PART I

MONOLAYER CULTURE OF L-CEIIS

L929 c e l l s  were  p u r c h a s e d  a t  f o r t n i g h t l y  i n t e r v a l s  f rom 

G- ibco-BiQcult  L t d . ,  Renf rew ,  S c o t l a n d  as  a f r e s h l y  t r y p s i n i s e d  

s u s p e n s i o n  c o n t a i n i n g  a p p r o x i m a t e l y  1 x 1 0 ^ c e l l s / m l .  Eor 

e x p e r i m e n t s ,  t h e  c e l l s  were s u b c u l t u r e !  on t o  p e t r i  d i s h e s  

a s  m o n o l a y e r s ,  u n d e r  a s e p t i c  c o n d i t i o n s .  Growth medium 

c o n s i s t e d  o f  Medium 199 (Morgan e t  a l ,  1950) w i t h  Hanks* 

B a la n c ed  S a l t  S o l u t i o n  (Hanks and W a l l a c e ,  1 9 4 9 ) ,  f o e t a l  c a l f  

serum (10$)  and g l u t a m i n e  (2mM). Hepes b u f f e r  (25mM) was a l s o  

i n c l u d e d  t o  m a i n t a i n  a  c o n s t a n t  pH o f  7 . 4  i n  t h e  medium.

Medium 199 was o b t a i n e d  c o m m e r c i a l ly  a s  were  t h e  o t h e r  added 

c o n s t i t u e n t s .  The c o n s t i t u e n t s  o f  Medium 199 and H an k s ’ BSS 

a r e  shown i n  T a b le s  IV and V.

D u r in g  t h e  f o r t n i g h t l y  i n t e r v a l s ,  s t o c k  c u l t u r e s  were
2 2m a i n t a i n e d  o f  c e l l  m o n o la y e r s  i n  7 0 cm o r  1 2 0 cm g l a s s  b o t t l e s .  

P o r  s u b c u l t u r i n g ,  c e l l s  w ere  removed from t h e  b o t t l e  by r i n s i n g  

t h e  c e l l  l a y e r  w i t h  a p p r o x i m a t e l y  20ml t r y p s i n  ( 0 .2 5 $ )  i n  Ca 

and Mg f r e e  H an k s ’ BSS, which was im m e d ia t e ly  poured  o f f .

A f t e r  5 mins  i n c u b a t i o n  a t  room t e m p e r a t u r e ,  d u r i n g  w hich  t h e  

c e l l s  became d e t a c h e d  f rom t h e  g l a s s ,  20ml g row th  medium ( w i th  

serum added)  was added t o  i n h i b i t  f u r t h e r  a c t i v i t y  o f  t h e  

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

medium and l a r g e  clumps o f  c e l l s  s e p a r a t e d  by s u c c e s s i v e l y  

a s p i r a t i n g  t h e  s u s p e n s i o n  u s i n g  a s t e r i l e  10ml p i p e t t e  w i t h  

c o t t o n  wool p l u g .
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TABLE IV

C o n s t i tu e n ts  o f  Medium 199

Amino A cids

Cone
b s A

D l - A l p h a - A l a n i n e  5 0 .0 0
L - A r g i n i n e  HC1 7 0 .0 0
D L -A s p a r t i c  a c i d  6 0 .0 0

1 - C y s t e i n e  HC1 0 . 1 0
I - C y s t i n e  2 0 .0 0
I I - G l u t a m i c  a c i d  1 5 0 .0 0  
m o n o h y d ra te
1 - G l u t a m i n e  1 0 0 .0 0
G ly c in e  5 0 .0 0
1 - H i s t i d i n e  HC1 2 0 .0 0
1 - H y d r o x y p r o l i n e  1 0 .0 0

V i t a m in s

Cone
mgZl

A s c o r b i c  a c i d  0 .0 5
d-Bio  t i n  0 . 0 1
C a l c i f e r o l  0 . 1 0
Ca p a n t o t h e n a t e  0 . 0 1

C h o l in e  Cl 0 .5 0
Disodiue i  a l p h a  t o -  0 . 0 1
c h o p h e r o l  p h o s p h a te
P o l i e  a c i d  0 .0 1
G l u t a t h i o n e  0 .0 5
i - I n o s i t o l  0 .0 5

Cone

1 1 - I s o l e u c i n e  4 0 .0 0

D L - l e u c i n e  1 2 0 .0 0

1 - l y s i n e  monohy- 7 0 .0 0
d r o c h l o r i d e
D i - M e t h i o n i n e  3 0 .0 0
D L - P h e n y l a l a n i n e  5 0 .0 0
1 - P r o l i n e  4 0 .0 0

D l - S e r i n e  5 0 .0 0
D l - T h r e o n i n e  6 0 .0 0
D l - T r y p t o p h a n  2 0 .0 0
D l - V a l i n e  5 0 .0 0

Cone
B g A

Menadione 0 . 0 1
N i a c i n  0 .0 2 5
N i a c in a m id e  0 .0 2 5
P a r a - A s i n o b e n z o i c  0 .0 5
a c i d
P y r i d o x a l  HC1 0 .0 2 5
P y r i d o x i n e  HC1 0 .0 2 5

R i b o f l a v i n  0 .0 2 5
Thiamine  HC1 0 . 0 1
V i ta m in  A 0 . 1 0



TABLE IV c o r r t ’d

N u c le ic  Acid C o n s t i tu e n ts  and A ccessory  Growth E a cto rs

Cone

A den ine  s u l p h a t e 1 0 .0 0

A d e n o s i n e t r i p h o s -  
p h a t e  ( d i - N a  s a l t )

1 .0 0

A d e n y l i c  a c i d 0 .2 0

C h o l e s t e r o l 0 .2 0

L e o x y r i b o s e 0 . 5 0
E e r r i c  n i t r a t e 0 .1 0

Guanine HC1 0 .3 0

Cone
H Z E

H y p o x a n th in e  0 . 3 0
R ib o se  0 . 5 0

Sodium a c e t a t e  5 0 .0 0
Thymine 0 . 3 0
Tween 90* 2 0 .0 0
U r a c i l  0 . 3 0
X a n th in e  0 . 3 0

*Trade®ark  o f  A t l a s  Powder C@



TABLE V

Constituents of Hanks1 Balanced Salt Solution

Cone

NaCl
KC1

MgS04.7H20
Na2HP04 .2H20

k h2p°4
Glucose 
Phenol red 
CaCl2 (anhyd.) 
HaHCO-s

8000.0
400 .0

2 0 0 .0

60.0
60.0

1 0 0 0 .0

2 0 .0

14 0 .0

350.0



C e l l  C o u n t in g

A d i l u t e d  sample  o f  t h e  t r y p s i n i s e d  c e l l  s u s p e n s i o n  was 

c o u n te d  u s i n g  a C o u l t e r  C o u n t e r ,  Model D ( P i g  6 ) .  A

40 p .1  a l i q u o t  o f  t h e  c e l l  s u s p e n s i o n  was added t o  20ml no rm a l  

s a l i n e  (0.15M NaCl) i n  a C o u l t e r  Ma c e u v e t t e ,f c o n t a i n e r  u s i n g  

a  blow o u t  p i p e t t e .  T h is  was i n v e r t e d  t h e n  i n s e r t e d  i n t o  t h e  

m a c h i n e .  C e l l  c o u n t s  r e g i s t e r e d  were  c e l l s /m m ^  o r i g i n a l  c e l l  

s u s p e n s i o n .  A background  c o u n t  c o n s i s t i n g  o f  40 pil medium 

i n  20ml s a l i n e  was s u b t r a c t e d  f rom a l l  c o u n t s .  T o t a l  b a c k 

ground  c o u n t  was n e v e r  g r e a t e r  t h a n  5°I° o f  t o t a l  c e l l  c o u n t s .

The s e t t i n g s  employed on t h e  C o u l t e r  C o u n te r  were a s . f o r  

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

3 u s i n g  a  100)1 o r i f i c e .  The t h r e s h o l d  was a d j u s t e d  t o  a  v a l u e  

o f  20 ,  found  t o  be t h e  p o i n t  where  a l l  c e l l s  were  c o u n t e d : and 

bac k g ro u n d  n o i s e  was m in im a l .  The c o u n t i n g  p r o f i l e  o f  1 - c e l l s  

i s  shown in. P i g  7 k .  Coun ts  o b t a i n e d  were  c r o s s - c h e c k e d  by 

c o u n t i n g  random p l a t e s  by hand u n d e r  t h e  m ic ro s c o p e  u s i n g  a 

h a e m o c y to m e te r  chamber ,  u s i n g  t h e  t e c h n i q u e  employed f o r  w h i t e  

b lo o d  c e l l  e s t i m a t i o n s .  Coun ts  o b t a i n e d  by h aem ocy tom ete r  

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

l i n e a r  c o r r e l a t i o n  ( r  = 0 .9 1  f o r  r a n g e  1 -10  x 10^ c e l l s / m n ?  n o

C e l l  V i a b i l i t y

E s t i m a t e s  o f  c e l l  v i a b i l i t y  were c a r r i e d  o u t  on b o th  t h e  

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

t h e  l a b o r a t o r y .  Trypan b l u e  (4$>\ 0 .1 m l)  i n  norm a l  s a l i n e  

was added t o  0 .9 m l  c e l l  s u s p e n s i o n  c o n t a i n i n g  a p p r o x i m a te ly  

1 0 6 c e l l s / m l .  The m i x t u r e  was a s p i r a t e d  u s i n g  a p a s t e u r  p i p e t t e
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and a d r o p  o f  t h i s  s t a i n e d  s u s p e n s i o n  p l a c e d  i n  a haemocy-  

t o m e t e r  chamber  and examined u s i n g  an i n v e r t e d  m ic ro s c o p e .  

A f t e r  10 mins  t h e  t o t a l  number o f  c e l l s  and t h e  number o f  

d e a d  ( s t a i n i n g )  ones  were coun ted  i n  s e v e r a l  f i e l d s .  V i s 

i b i l i t y ,  c a l c u l a t e d  by t h e  fo rm u la

t o t a l  c e l l s  -  dead c e l l s  .
------------- t o t a l  c e l l s -----------  x 10° *

w a s  a lw a y s  b e tw een  95$ and 100$ i n  c e l l s  used f o r  e x p e r i m e n t .

S u b c u l t u r e  T e c h n iq u e s

I n  p r e l i m i n a r y  e x p e r i m e n t s ,  t h e  i n i t i a l  p l a t i n g  d e n s i t y

o f  t h e  c e l l s  was found t o  be c r i t i c a l  t o  s u b s e q u e n t  o c c u r e n c e ,

t i m i n g  and r a t e  o f  c e l l  m u l t i p l i c a t i o n .  I n i t i a l l y ,  c e l l s

w e r e  a s e p t i c a l l y  d i l u t e d  i n  500 ml f r e s h l y  p r e p a r e d  growth

medium a s  d e s c r i b e d  ab o v e ,  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f

2 x  10^ c e l l s / m l .  S t e r i l e  p i p e t t e s  were used t o  d e l i v e r  10 ml

a l i q u o t s  t o  p l a s t i c  p e t r i  d i s h e s  (10 cm d i a m e t e r ) .  The d i s h e s

w e re  i n c u b a t e d  a t  37°c i n  an a i r  a tm o sp h e re  f o r  a t  l e a s t  48

h r s  b e f o r e  i n i t i a t i o n  o f  e x p e r i m e n t a l  c o n d i t i o n s .  C e l l s  were
+ 6u s e d  f o r  e x p e r i m e n t  when t h e  c e l l  d e n s i t y  r e a c h e d  3 . 5 - 0 . 4  x  10 

c e l l s  p e r  p l a t e .

I n  a l a t e r  s e r i e s  o f  e x p e r i m e n t s  c e l l s  were p l a t e d  a t  a
r

d e n s i t y  o f  3 .5  x  10 c e l l s  p e r  d i s h .  These c e l l s  were used
+ 6f o r  e x p e r i m e n t  when t h e  c e l l  d e n s i t y  r e a c h e d  4 . 5 - 0 . 4  x 10 

c e l l s  p e r  d i s h .

E x p e r i m e n t a l  lviedia

The c o n c e n t r a t i o n s  o f  e t h a n o l  (A b s o lu t e  A lc o h o l ;  9 9 .9 $  

i n  t h e  m ed ia  used  i n  e x p e r i m e n t s  was r e g u l a r l y  checked by 

G-as l i q u i d  Chrom atography  ( g l c )  d e t e r m i n a t i o n s  (W al ls  and
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B r o w n l i e ,  l c_7C).  A Pye S e r i e s  104 gas  l i q u i d  ch rom atograph  

w i t h  f l a m e  i o n i s a t i o n  d e t e c t o r  was employed.  N i t r o g e n  was 

u s e d  a s  c a r r i e r  g a s ,  P e r k i n  Elmer  Carbowax column p a c k in g  and 

a n  oven t e m p e r a t u r e  o f  8 8 ° c .  An  a c c u r a t e  d i l u t i o n  was made 

w i t h  t h e  e t h a n o l  c o n t a i n i n g  medium and an i n t e r n a l  s t a n d a r d  

s o l u t i o n  o f  n - p r o p a n o l  u s i n g  a G r i f f i n  & George 219 H aem oglob in -  

t y p e  d i l u s p e n c e .  A n  e t h a n o l  s t a n d a r d  s o l u t i o n ,  t h e  co n cen 

t r a t i o n  o f  w hich  i s  a c c u r a t e l y  known (-O.GlmM) was s i m i l a r l y  

t r e a t e d .  1 ja l  a l i q u o t s  o f  each were i n j e c t e d  s u c c e s s i v e l y  

i n t o  t h e  column u s i n g  an  SGE s y r i n g e  (1 j i l  c a p a c i t y ) .

The a l c o h o l  i n  each  sample  im m ed ia te ly  v a p o u r i s e s  upon 

i n j e c t i o n  (co lum n t e m p e r a t u r e  8 8 ° c ) .  The e t h a n o l  and p r o p a n o l  

i n  e ac h  s a m p l e ’ a r e  c a r r i e d  th ro u g h  t h e  column a t  d i f f e r e n t  

r a t e s  b e c a u s e  t h e y  a r e  ad so rb e d  t o  d i f f e r e n t  e x t e n t s  by t h e

co lu m n  p a c k i n g .  Hence th e y  emerge a t  d i f f e r e n t  t i m e s .  The

f l a m e  i o n i s a t i o n  d e t e c t o r  i s  s e n s i t i v e  t o  changes  i n  t h e  com

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

a c c o r d i n g  t o  t h e s e  i n t o  a r e c o r d e r ,  g i v i n g  r i s e  t o  a peak  on 

a  p a p e r  s t r i p .  The a r e a  o f  each peak  i s  d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  c o n c e n t r a t i o n  o f  a l c o h o l  i n  t h e  s am p le .  The c o n c e n t r a t i o n  

o f  e t h a n o l  i n  t h e  unknown sample i s  c a l c u l a t e d  a s  f o l l o w s :

E t h a n o l  cone o f  unknown = E/p  unknown
E t h a n o l  cone o f  s t a n d a r d  E /p  s t a n d a r d

w here
E = a r e a  o f  peak  f o r  e t h a n o l  s t a n d a r d

P = a r e a  o f  peak  f o r  n - p r o p a n o l  s t a n d a r d

The c o n c e n t r a t i o n  o f  e t h a n o l  i n  t h e  medium used f o r  e x p e r 

i m e n t s  n e v e r  v a r i e d  by more t h a n  0 .5mM/l  be tw een  e x p e r i m e n t s .  

P u r t h e r m o r e  t h e  p u r i t y  o f  t h e  e t h a n o l  was r e g u l a r l y  examined
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u s i n g  g l c  and was a lways  found t o  g iv e  1 p e ak .

E x p e r i m e n t a l  P r o c e d u r e

Growth medium c o n t a i n i n g  e t h a n o l  a t  c o n c e n t r a t i o n s  o f  

21mM ( 0 .1 3 $ )  and 42mM ( 0 .2 5 $ )  was made up by a d d i n g  0 .75m l  

and 1 .5 m l  r e s p e c t i v e l y  o f  a b s o l u t e  e t h a n o l  t o  600ml medium.

A t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ,  d i s h e s  were  d i v i d e d  i n t o  

t h r e e  g r o u p s ,  w i t h  20-25 d i s h e s  p e r  g ro u p .  Medium was poured  

o f f  and r e p l a c e d  w i t h  10ml medium w i t h  e t h a n o l  c o n c e n t r a t i o n s  

o f  z e r o  ( c o n t r o l  g r o u p ) ,  21mM and 42mM ( t e s t  g r o u p s ) .  F u r t h e r  

medium ch an g e s  were made d a i l y  f o r  f o u r  c o n s e c u t i v e  d a y s .  

E s t i m a t i o n  o f  C e l l  P o p u l a t i o n

i t  2 4 h r  i n t e r v a l s  f rom c e l l  p l a t i n g  u n t i l  t h e  end o f  

e ac h  e x p e r i m e n t ,  two randomly s e l e c t e d  d i s h e s  f rom each  o f  

c o n t r o l  and t e s t  g ro u p s  were removed and c e l l  c o u n t s  p e r  d i s h  

t a k e n  i n  d u p l i c a t e .  Medium was poured  o f f  t h e  p l a t e  and r e 

s i d u a l  medium removed u s i n g  a p a s t e u r  p i p e t t e .  The c e l l  mono

l a y e r  was t h e n  r e su s p e n d e d  i n  1ml s a l i n e  u s i n g  a g l a s s  rod 

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

u s i n g  a p a s t e u r  p i p e t t e .  The c e l l s  were co u n ted  by C o u l t e r  

C o u n t e r  a s  d e s c r i b e d  above (page  26) *  V a r i a t i o n  i n  c e l l  

number b e tw e en  i n d i v i d u a l  p l a t e s  t h r o u g h o u t  any e x p e r im e n t  was 

n e v e r  more t h a n  8$ .

Gro w th  P a r a m e t e r s :  IM A , KRA, P r o t e i n  and C y c l i c  AMP

D a i l y  m easu rem en ts  were t a k e n  o f  i n t r a c e l l u l a r  DRA, RRA, 

p r o t e i n  and c y c l i c  AMP* t o  be f u r t h e r  d e s c r i b e d  i n  P a r t s  I I  

and  I I I  o f  t h i s  s e c t i o n .  F i g  8 summarises  t h e  e x p e r i m e n t a l  

p r o c e d u r e .
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PART I I  

IHE CYCLIC AMP ASSAY

i i s s a y  f o r  c y c l i c  AUP was c a r r i e d  o u t  u s i n g  a  c o m m e r c i a l ly  

o b t a i n e d  p r o t e i n - b i n d i n g  a s s a y  k i t ,  which, u s e s  t h e  method o f  

i o v e y  e t  a l  ( 1 9 7 4 ) .  i h e  k i t  c o n t a i n s  b i n d i n g  p r o t e i n  i s o l a t e d  

f ro m  b o v in e  s k e l e t a l  m u sc le ,  ^H -cy C l ic  AMP ( 2 9 C i /m m o le ) , c h a r c o a l  

a d s o r b a n t  f o r  s e p a r a t i o n  o f  bound f rom  f r e e  c y c l i c  AIIP and s t a n 

d a r d  c y c l i c  iilit f o r  c o n s t r u c t i o n  o f  a  s t a n d a r d  cu rv e  c o n t a i n i n g  

0 t o  16 p i c o m o le s  (pmol)  c y c l i c  A! IP p e r  a s s a y .  Assay  b u f f e r ,  

i n c l u d e d  i n  a l l  o f  t h e  r e a g e n t s ,  c o n s i s t s  o f  0.05M I r i s ,

4ml! ED1A, pH 7 . 5  ( i r i s / E M A .  b u f f e r ) ,  ihe'  r e a g e n t s  a r e  a i p p l i e d  

i n  f r e e z e - d r i e d  form to  be r e c o n s t i t u t e d  w i t h  d i s t i l l e d  w a t e r  

p r i o r  t o  u s e .

Ex t r a c t i o n  o f  C y c l i c  AlfPs P r e l i m i n a r y  I n v e s t  i g a t i o n s

i h e r e  i s  no p u b l i s h e d  e v id e n c e  t o  d a t e  o f  t h e  method o f  

i o v e y  e t  a l  (1974)  b e i n g  a p p l i e d  t o  measurement  o f  c y c l i c  AMP ‘ 

i n  t i s s u e  c u l t u r e  s y s t e m s .  With  t h e  knowledge (page  21 ) 

t h a t  n o n - s p e c i f i c  e f f e c t s  r e s u l t i n g  f rom m ethodo logy  can  be 

t r o u b l e s o m e  i n  p r o t e i n  b in d in g  a s s a y s ,  a  c o m p a r i so n  was made 

b e tw e en  v a r i o u s  a g e n t s  used  i n  p r a c t i c e  t o  i n a c t i v a t e  c y c l i c  

AI.IP m e ta b o l i s m  i n  t i s s u e  c u l t u r e  s y s t e m s .  P r e c i s i o n  o f  

r e p l i c a t e  r e s u l t s  f o r  any one e x t r a c t i o n  r e a g e n t  was t a k e n  a s  

a n  i n d i c a t i o n  o f  e r r o r  i n v o l v e d  i n  e x t r a c t i o n  m ethod .

i h e  e x t r a c t i o n  r e a g e n t s  i n v e s t i g a t e d  w ere :

( a ) Tris /EDTA b u f f e r

(b )  O.lH H y d r o c h l o r i c  a c i d  (HCl)

( c )  0 .5!!  P e r c h l o r i c  a c i d  (PGA)

(d )  5)o w/v T r i c h l o r o a c e t i c  a c i d  (iCA)
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A f t e r  h a r v e s t i n g  t h e  c e l l s  f o r  a s s a y  o f  c y c l i c  AMP, t h e  

medium w s  removed by a s p i r a t i o n  and t h e  a p p r o p r i a t e  e x t r a c t i o n  

r e a g e n t  (3ml ,  i c e - c o l d )  im m e d ia te ly  added  t o  t h e  c e l l  s h e e t .

E ach  e x t r a c t i o n  r e a g e n t  c o n t a i n e d  1 2 .5 n C i /m l  ^ H - c y c l i c  AMP 

( 0 . 0 2  p m o l / a s s a y )  t o  m o n i t o r  c y c l i c  AMP r e c o v e r y .  The r e s u l t -  

i n g  l y s e d  c e l l  s h e e t  was removed u s i n g  a g l a s s  rod w i t h  r u b b e r  

s t o p p e r .  P o r  d i s h e s  c o n t a i n i n g  l e s s  t h a n  6 x 106 c e l l s ,  t h r e e  

d i s h e s  were used  and t h e  c e l l  e x t r a c t  r i n s e  t r a n s f e r r e d  t o  t h e
r

s e c o n d  and t h i r d  d i s h .  Por  d i s h e s  c o n t a i n i n g  more t h a n  6 x  10 

c e l l s ,  two d i s h e s  were u s e d .

The c e l l  e x t r a c t  was t h e n  homogenised by hand u s i n g  a g l a s s  

h o m o g e n i s e r ,  t o  r e l e a s e  a l l  i n t r a c e l l u l a r  c y c l i c  AMP i n t o  s o l u 

t i o n .  P r o t e i n ,  t o g e t h e r  w i t h  o t h e r  c e l l  d e b r i s  was removed by 

c e n t r i f u g a t i o n  (3000g,  15 m in s ,  4 °c )  and t h e  d i s h e s  r i n s e d  a g a i n  

w i t h  t h e  s u p e r n a t a n t  f r a c t i o n .  C e n t r i f u g a t i o n  was r e p e a t e d  and 

5 0 j i i  o f  t h e  s u p e r n a t a n t  was removed f o r  l i q u i d  s c i n t i l l a t i o n  

c o u n t i n g  f o r  c a l c u l a t i o n  o f  r e c o v e r y .  At t h i s  p o i n t  c a r e  had 

t o  be t a k e n  to  e n s u re  t h a t  t h e  pH o f  s u p e r n a t a n t s  was r e t u r n e d  

t o  t h e  pH o f  a s sa y  ( 7 . 5 )  t o  a l low  maximal e f f i c i e n c y  o f  b i n d i n g  

d u r i n g  t h e  a s s a y .

P r e p a r a t i o n  o f  S u p e r n a t a n t s  f o r  Assay o f  C y c l i c  AMP

( a )  S u p e r n a t a n t s  o b t a i n e d  by h o m o g e n i s a t i o n  o f  c e l l s  i n

Tris /EDTA b u f f e r  were used d i r e c t l y  i n  t h e  a s s a y .

(b )  H C 1 -c o n ta in in g  s u p e r n a t a n t s  were n e u t r a l i s e d  (pH 7 . 5 )

u s i n g  s a t u r a t e d  p o ta s s iu m  h y d r o x id e  (KOH), l y o p h y l i s e d  and 

r e s u s p e n d e d  i n  Tris/EDTA b u f f e r .

( c )  S u p e r n a t a n t s  r e s u l t i n g  from PCA e x t r a c t i o n  were n e u 

t r a l i s e d  (pH 7 . 5 )  u s i n g  s a t u r a t e d  KOH and t h e  r e s u l t i n g  p r e c i p 

i t a t e  o f  p o t a s s i u m  p e r c h l o r a t e  (KC10^) removed by c e n t r i f u g a t i o n .

31



The s u p e r n a t a n t  was l y o p h y l i s e d  and r e s u s p e n d e d  i n  Tris/EDTA 

b u f f e r .

(d)  TCA c o n t a i n i n g  s u p e r n a t a n t s  were e x t r a c t e d  s i x  

t i m e s  w i t h  10 ml w a t e r  s a t u r a t e d  e t h e r .  TCA i s  l a r g e l y  removed 

i n  t h e  e t h e r  p h a s e ,  w hereas  t h e  c y c l i c  AMP re m a in s  i n  t h e  

a q u e o u s  p h a s e .  The e t h e r  used was s a t u r a t e d  w i t h  w a t e r  t o  

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

e t h e r  were  removed by p l a c i n g  t h e  sample  i n  a b o i l i n g  w a t e r  

b a t h  f o r  3 m in s ,  a p r o c e d u r e  which r e s u l t s  i n  n e g l i g i b l e  

h y d r o l y s i s  o f  t h e  c y c l i c  AMP, c y c l i c  AMP h a v i n g  a h a l f - l i f e  

o f  h y d r o l y s i s  o f  55 mins i n  1N a c id  a t  92°c  ( L i p k i n  e t  a l  

1 9 5 9 ) .

The a c i d i c  pH o f  t h e  c e l l  e x t r a c t s  s u g g e s t e d  t h a t  t r a c e s  

o f  TCA r e m a i n e d .  E x t r a c t s  were  e i t h e r  l y o p h y l i s e d  and r e s u s 

p e n d e d  i n  a s s a y  b u f f e r  ( f i n a l  pH 7 . 5 ) ,  o r  f u r t h e r  p u r i f i e d  by 

i o n - e x c h a n g e  ch rom atog raphy  u s i n g  a Dowex c a t i o n  exchange  

r e s i n  column,  (AG— 50?/ x 8 ,  100-200 mesh,  H+ f o r m ) .  P o r  each  

s am p le  t o  be p u r i f i e d ,  a column ( 0 . 5  x 7 cm) was p r e p a r e d  

u s i n g  a d i s p o s a b l e  p a s t e u r  p i p e t t e  i n t o  which  had been  

i n s e r t e d  a s m a l l  c o t t o n  wool p l u g .  A s l u r r y  o f  r e s i n  was 

p r e p a r e d  by s t i r r i n g  75g o f  t h e  r e s i n  w i t h  100 ml d i s t i l l e d  

w a t e r  and 10 ml o f  t h i s  s u s p e n s i o n  was t r a n s f e r r e d  t o  t h e  

c o lu m n .  Each column was washed w i t h  5 ml 1NHC1, t h e n  r e p e a t 

e d l y  w i t h  d i s t i l l e d  w a t e r  u n t i l  t h e  pH o f  e l u a t e  r e t u r n e d  t o  

t h a t  o f  d i s t i l l e d  w a t e r .  Then t h e  e th e r - r e m o v e d  TCA e x t r a c t  

w a s  added t o  t h e  column.

C y c l i c  AMP was e l u t e d  u s i n g  d i s t i l l e d  w a t e r ,  i n  t h e  e i g h t h  

t o  t e n t h  ml t im ed  from t h e  a d d i t i o n  o f  sample t o  t h e  r e s i n .

I t s  e l u t i o n  p r o f i l e  was m o n i to re d  u s i n g  t h e  ^ H - c y c l i c  AMP t r a c e r .



xua  rera u n i n g  a f t e r  e t h e r  e x t r a c t i o n  emerged i m m e d i a t e l y  

b e f o r e  t h e  c y c l i c  AMP ( second  t o  e i g h t h  ml)  and c y c l i c  AMP 

e n u e d  a t  t n e  pH o f  d i s t i l l e d  w a t e r ,  P ig  9 shows t h e  

e l u u i o n  p r o f i l e s  of  c y c l i c  Alvir and 1CA, f r a c t i o n s  co r re sx jo n d in g  

t o  the  " p e a k ” 01 c y c l i c  AMP e l u t i o n ,  a s  m o n i to r e d  by t h e  t r a c e r ,  

were  p o o l e d ,  Ih e  i o n -e x c h a n g e  p r o c e d u r e  caused  a  x4 -  x3 

d i l u t i o n  ox t h e  c y c l i c  ALir i n  c o m p a r i so n  t o  i t s  c o n c e n t r a t i o n  

i n  t h e  o r i g i n a l  ICA e x t r a c t ,  i 'hus t h e  p o o le d  f r a c t i o n s  were  

l y o p h y l i s e d  and r e  susp en d ed  i n n t  t h e i r  volume o f  f r i s / E h i ’A 

b u f f e r .  Average  r e c o v e r y  o f  c y c l i c  AMP from t h e  r e s i n  was 

75/*; n e v e r  lo w e r  t h a n  70$ ( t e n d i n g  to  v a ry  s l i g h t l y  w i t h  

volume o f  s a m p l e ) ,

I h e  Assay  Method

f o r  e a c h  e x t r a c t i o n  p r o c e d u r e ,  50 p i  o f  t h e  r e d i s s o l v e d  

e x t r a c t  was removed f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  f o r  

c a l c u l a t i o n  of  r e c o v e r y  and 50 p i  i n  d u p l i c a t e  f o r  a s s a y  o f  

c y c l i c  AMP. Methodology i s  summarised i n  J i g s  10 and 11 .

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

a d h e r i n g  t o  t h e  k i t  i n s t r u c t i o n s .  R a d i o a c t i v i t y  was e s t i m a t e d  

by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  B lank  v a l u e s ,  o b t a i n e d  by 

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

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

f rom  a l l  r e s u l t - :  . R e s u l t s  were e x p r e s s e d  i n  t e rm s  o f  Go 

(cpm i n  t h e  a b s e n c e  o f  u n l a b e l l e d  c y c l i c  AD? o r  ’’z e r o "  and 

d i v i d e d  by Cx (cpm i n  t h e  p r e s e n c e  o f  u n l a b e l l e d  c y c l i c  AMP)v 

I n  e a c h  c a s e  t h e  m easurem ents  were  r e f e r r e d  t o  t h o s e  of  s t a n 

d a r d  c y c l i c  AMP d i l u t e d  i n  Tris/E.DfA b u f f e r .  A l i n e a r  c a l i 

b r a t i o n  c u rv e  f o r  ^ W/C x a g a i n s t  v a r y i n g  c y c l i c  AkP c o n c e n t r a c —
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FIGURE 9
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PIGURE 11
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i o n s  c o u ld  be o b t a i n e d  f o r  each  a s s a y . ( P i g s  12 t o  15).

I ' a b le  VI compares  a p p a r e n t  c y c l i c  AMP mea,surements  

o b t a i n e d  u s i n g  e ac h  o f  t h e  above methods  on d i s h e s  grown 

u n d e r  i d e n t i c a l  c o n d i t i o n s  and c o n t a i n i n g  i d e n t i c a l  c e l l  pop

u l a t i o n s ,  w i t h i n  e x p e r i m e n t a l  e r r o r .  I n  a s s a y  1 ,  c e l l s  were  

h a r v e s t e d  a t  a  p o p u l a t i o n  d e n s i t y  of  3 .5  x 10^ c e l l s / d i s h .

I n  a s s a y  2 ,  c e l l s  were h a r v e s t e d  a t  a  h i g h e r  p o p u l a t i o n  d e n s i t y  

o f  6 . 2  x 10° c e l l s / d i s h .  I n  b o th  c a s e s ,  i n  t h i s  e x p e r i m e n t ,

3 d i s h e s  were  used  f o r  each  e x t r a c t i o n  a g e n t .

P r e c i s i o n  of  r e s u l t s  was i n d i c a t e d  by c o e f f i c i e n t  o f  

v a r i a t i o n  b e tw een  q u a d r u p le  m e asu rem e n ts .  Th is  c o e f f i c i e n t  o f  

v a r i a t i o n  was a c c e p t e d  a s  r e p r e s e n t i n g  t h e  e r r o r  i n v o l v e d  i n  

e x t r a c t i o n  mechod. Y / i th in -a s sa y  c o e f f i c i e n t s  o f  v a r i a t i o n  

f o r  q u a d r u p l e  s t a n d a r d s  w i t h i n  h ie  r a n g e  0 . 5 - 2  pmol c y c l i c  

AMP/assay f o r  a s s a y s  1 and 2 were 9 . 3  and 6 .2  r e s p e c t i v e l y .

Only f r i s / E D i A  b u f f e r  e x t r a c t i o n  and IGA e x t r a c t i o n  i n c l u d i n g  

i o n - e x c h a n g e  chrom atog raphy  p u r i f i c a t i o n  gave r e s u l t s  w i t h i n  

t h i s  d e g r e e  o f  p r e c i s i o n .  ( c o e f f i c i e n t s  o f  v a r i a t i o n  ^ 9 * 6 ) .  

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

be tw een  and w i t  t in  e x t r a c t i o n  methods  u s e d .  PGA and I'CA 

e x t r a c t s  w hich  had n o t  been  p r o c e s s e d  by io n - e x c h a n g e  ch rom ato 

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

( c o e f f i c i e n t s  o f  v a r i a t i o n  s> 1 2 . 7 ) ,  i n d i c a t i n g  i n t e r f e r e n c e  

f rom e x t r a c t i o n  method .

E x t r a c t i o n  of  C y c l i c  AMP: F u r t h e r  I n v e s t i g a t i o n s

( a ) Tris /EDTA Buff e r  and (b)  Q.1E H y d r o c h l o r i c  Acid  E x t r a c t i o n

t h e s e  r e a g e n t s  had  b e en  recommended by t h e  s u p p l i e r s  of  

t h e  k i t  f o r  use  i n  e x t r a c t i n g  c y c l i c  ALU1 from t i s s u e  c u l t u r e
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TABLE V I

W ith in -A s s a y  P r e c i s i o n  f o r  E x t r a c t i o n  Methods I n v e s t i g a t e d  

Assay 1 :  3 . 5  x  10^ c e l l s / d i s h

E x t r a c t i o n
method

C e l l s / a s s a y
x 10^ ( c o 
r r e c t e d  f o r  
r e c o v e r y )

A pp aren t  pmol 
c y c l i c  AMP 
p e r  a s s a y
-  SD(n-4)

C o e f f i c i e n t  
o f  v a r i a t i o n

Tris /EDTA b u f f e r 0 .1 8 0 . 4 2 x 0 .0 4 9 .2
C.IN HC1 0 .2 2 0 . 5 0 ± 0 . 0 5 9 . 6
C.5M PCA 0 .2 1 1 . 7 0 2 - 0 . 3 1 1 8 .2
51° TCA 1

a )  e t h e r  r em ova l 0 .2 7 1 . 2 6 x 0 . 1 6 1 2 .7
b)  e t h e r  r em o v a l 0 .1 2 o . g s i o . o s 2 .9

p l u s  i o n - e x c h a n g e
c h rom a t  o g raphy 4-
S t a n d a r d  c y c l i c
AI TD

— 2 .0 8 1 0 .1 9 9 .3
jftivir

• @ 2 p m o l / a s s a y

Assay 2 :  6 . 2  x  10 0 c e l l s / d i s h

E x t r a c t i o n C e l l s / a s s a y A pp aren t  pmol C o e f f i c i e n t
method x  10^ ( c o  c y c l i c  AMP o f  v a r i a t i o n

r r e c t e d  f o r p e r  a s s a y
r e c o v e r y ) -  SD(n=4)

Tris/EDTA b u f f e r 0 .3 1 0 . 9 7 x 0 .0 7 7 .0
0 . IN HC1 0 .3 0 0 . 7 6 x 0 . 0 7 9 . 3
0.5M PCA 0 .2 5 2 . 1 7 - 0 . 3 1 1 4 .3
5°/o TCA -L.

a)  e t h e r  rem ova l 0 .3 1 1 . 5 4 x 0 . 9 6 6 2 .3
b)  e t h e r  rem ova l 0 . 3 5 1 . 35i 0 .1 2 9 .0

p l u s  i o n - e x c h a n g e
c h ro m a to g ra p h y , /’* n
S t a n d a r d  c y c l i c 1 . 5 6 - 0 . 1 0 6 . 2
AMP
@ 1 . 5  p m o l / a s s a y



c e l l s  ( p e r s o n a l  co m m u n ica t io n ) .  The a d v a n t a g e s  s t a t e d  were 

h ig h  r e c o v e r y ,  s i m p l i c i t y  o f  m ethodo logy  a s  w e l l  a s  f reed o m  

f rom  i n t e r f e r e n c e  r e s u l t i n g  from e x t r a c t i o n  r e a g e n t .

( a )  EDTA i n a c t i v a t e s  c y c l i c  AMP m e ta b o l i s m  by c h e l a t i n g
2+Mg , n e c e s s a r y  f o r  t h e  a c t i v i t y  o f  b o th  a d e n y l  c y c l a s e  

( S u t h e r l a n d  e t  a l ,  1962) and p h o s p h o d i e s t e r a s e  ( B u t c h e r  and 

S u t h e r l a n d ,  1 9 6 2 ) .  EDTA has  been  r e p o r t e d  a s  p o t e n t l y  

i n h i b i t i n g  p lasm a  p h o s p h o d i e s t e r a s e  (Tovey e t  a l .  1974) a s  

w e l l  a s  p h o s p h o d i e s t e r a s e  i n  b ro k e n  c e l l  p r e p a r a t i o n s  

(Cheung,  1 9 7 0 ) .  However t h e r e  i s  no e v i d e n c e  r e p o r t e d  s u g g e s t  

i n g  t h a t  t h i s  r e a g e n t  a c t s  i n s t a n t a n e o u s l y  i n  whole c e l l  

p r e p a r a t i o n s .

(b )  O.HT HC1, i n a c t i v a t i n g  m e ta b o l i sm  by v i r t u e  o f  i t s  

a c i d i t y ,  i s  n e u t r a l i s e d  t o  KC1. The a s sa y  h a s  b e en  shown t o  

be f r e e  f rom  i n t e r f e r e n c e  i n  t h e  p r e s e n c e  o f  s a l t s  a t  con

c e n t r a t i o n s  a s  h ig h  as  1 K o l a r  (Tovey e t  a l ,  1 9 7 4 ) .  However 

i t  i s  r e p o r t e d  t h a t  t h i s  r e a g e n t  i s  i n a d e q u a t e  a s  an i n a c t 

i v a t o r  o f  c y c l i c  AMP m e ta b o l i sm  i n  membrane f r a g m e n t s  o f  

c e r e b r a l  c o r t e x  ( W e l l e r  e t  a l ,  1 9 7 2 ) .

Damage t o  t h e  c e l l s  was n o t  a p p a r e n t  im m e d ia te ly  upon 

a d d i t i o n  o f  e i t h e r  Tris/EDTA b u f f e r  o r  O.IN HC1 a s  examined 

u s i n g  t h e  l i g h t  m ic ro s c o p e .  A l th o u g h  p r e c i s i o n  was h ig h  

w i t h i n  anyone a s s a y  f o r  each  o f  t h e s e  e x t r a c t i o n  r e a g e n t s  

( c o e f f i c i e n t s  o f  v a r i a t i o n  were  o f  t h e  same m ag n i tu d e  as  

t h a t  o b t a i n e d  f o r  t h e  s t a n d a r d  a t  2 p m o l / a s s a y ;  Tab le  VI ) ,  

r e s u l t s  co u ld  n o t  be r e p ro d u c ed  from e x p e r im e n t  t o  ex p e r im e n t  

w i t h  t h i s  d e g r e e . o f  p r e c i s i o n .  I n t e r - a s s a y  c o e f f i c i e n t s  o f
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v a r i a t i o n  .for . r e p l i c a t e  e x p e r im e n t s  u s i n g  t h e s e  r e a g e n t s  

were  o f t e n  t w i c e  t h o s e  o b t a i n e d  f o r  s t a n d a r d s  ( r e s u l t s  n o t  

show n) .  Thus i n s u f f i c i e n t  i n a c t i v a t i o n  o f  m e ta b o l i s m  l e a d i n g  

t o  h i g h  s c a t t e r  o f  r e s u l t s  be tw een  r e p l i c a t e  e x p e r i m e n t s ,  

w h ich  co u ld  n o t  be a t t r i b u t e d  to  i n t e r - a s s a y  v a r i a t i o n ,  was 

e v i d e n t .  A f u r t h e r  e x p e r im en t  was c a r r i e d  o u t  t o  d e c i d e  i f  

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

t i m e  b e tw e en  a d d i t i o n  o f  i n h i b i t o r  and h o m o g e n i s a t i o n  o f  t h e  

c e l l s .  I t  was found (T ab le  V I I )  t h a t  a p p a r e n t  measured 

c y c l i c  AMP v a r i e d  a s  t im e  l a p s e  be tw een  a d d i t i o h  o f  b u f f e r  

o r  O.IN HC1 and h o m o g e n i s a t io n  v a r i e d .  The r a t e  l i m i t i n g  

s t e p  i n  i n a c t i v a t i o n  o f  c y c l i c  AMP m e ta b o l i sm  u s i n g  t h e s e  

r e a g e n t s  was t h e r e f o r e  presumed to  be h o m o g e n i s a t i o n  o f  t h e  

c e l l s .

B u f f e r  and O.IN HC1 e x t r a c t i o n  methods  were  r e j e c t e d ,  a s  

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

( c )  P e r c h l o r a t e  (PCA) E x t r a c t i o n

T h i s  r e a g e n t  i s  i n  p r a c t i c e  w id e ly  used  a s  an  e x t r a c t i o n  

r e a g e n t  f o r  c y c l i c  AMP (Weinryb ,  1972; G-reengard and R o b in so n ,  

1 9 7 2 ) .  I t s  o u t s t a n d i n g  a d v a n ta g e  i s  i t s  s u b s e q u e n t  e a s e  o f  

rem o v a l  v i a  a n e u t r a l i s a t i o n  r e a c t i o n  r e s u l t i n g  i n  a  p r e 

c i p i t a t e  o f  KC10. . However i n  m e a s u r in g  n an o m o la r  q u a n t i t i e s  

o f  c y c l i c  AMP i t  seemed f e a s i b l e  t h a t  e q u i l i b r i u m  c o n c e n t r a 

t i o n s  o f  p e r c h l o r a t e  p r e s e n t  a t  n e u t r a l i s a t i o n  m igh t  i n t e r f e r e

i n  t h e  c y c l i c  AMP a s s a y .

P r e l i m i n a r y  i n v e s t i g a t i o n s  showed t h a t  a p p a r e n t  pmol 

c y c l i c  AMP/assay i n  c e l l s  h a r v e s t e d  w i t h  p e r c h l o r a t e  gave 

r i s e  t o  w i t h i n —a s sa y  r e p l i c a t e  m easurem ents  w i t h  h ig h  s c a t t e r
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TABLE V:[I

R e a g e n t Time i n t e r v a l  be tween  
a d d i n g  r e a g e n t  and 
h o m ogen is ing  c e l l s

A p p aren t  pmol c y c l i c  AMP - 
p e r  a s s a y  -SD (n=4) 
t C o r r e c t e d  f o r  r e c o v e r y )

A s s a y  1:

Tris /EDTA immedia te 1 .2 1 ± 0 .04
b u f f e r 1 min 0 .62± 0 .03

2 mins 0 .9 3 x 0 .1 7
5 mins 0 .73^0 .08

A s sa y  2:

O .IN  HC1 im m edia te 0 .5 9x 0 .05
1 min 1 . 0 7 t 0 . 1 0

2 mins 0 . 6 6 x 0 . 0 8

5 mins 0 .4 5 - 0 . 0 2

V a r i a t i o n  i n  i n t r a c e l l u l a r  c y c l i c  AMP m easurem ents  w i t h  

t i m e  t a k e n  t o  homogenise  t h e  c e l l  e x t r a c t s .

I n  Assay 1 (Tris/EDTA b u f f e r  e x t r a c t i o n ) ,  c e l l s  were
g

h a r v e s t e d  a t  a  p o p u l a t i o n  d e n s i t y  o f  3 .5  x 10 c e l l s  p e r  

d i s h .  I n  Assay 2 (O.IN HC1 e x t r a c t i o n )  c e l l s  were  h a r v e s t e d  

a t  a p o p u l a t i o n  d e n s i t y  o f  5 .3  x 106 c e l l s  p e r  d i s h .  Eor 

e a c h  t im e  i n t e r v a l ,  t h r e e  d i s h e s  were u s e d ,  a s  d e s c r i b e d  i n  

t h e  t e x t .  The t im e  i n t e r v a l  was measured f rom t im e  o f  

a d d i t i o n  o f  t h e  c e l l  e x t r a c t  r i n s e  to  t h e  t h i r d  d i s h .

W i t h i n - a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  were 27 .5  and 

36 .2  f o r  A ssay s  1 and 2 r e s p e c t i v e l y .



i n  c o m p a r i so n  t o  s t a n d a r d s  ( c o e f f i c i e n t  o f  v a r i a t i o n  was 

a p p r o x i m a t e l y  t w i c e  t h a t  o f  s t a n d a r d ;  Tab le  VI ) .  Thus 

i n t e r f e r e n c e  f rom e x t r a c t i o n  method was e v i d e n t .  T h e r e f o r e ,  

p r e l i m i n a r y  e x p e r im e n t s  to  i n v e s t i g a t e  v a l i d i t y  o f  r e s u l t s  

w ere  c a r r i e d  o u t .

( i )  C e l l  E x t r a c t  Blank

C e l l  e x t r a c t s ,  u s i n g  p e r c h l o r a t e  e x t r a c t i o n ,  were  p r e 

p a r e d  a s  d e s c r i b e d  above (page 3 1 ) .  E x t r a c t s  were d e p l e t e d  

o f  c y c l i c  AMP u s i n g  exogenous c y c l i c  n u c l e o t i d e  phosphod

i e s t e r a s e ,  a s  f o l l o w s :  b e e f  h e a r t  3 , , 5 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 ,  o b t a i n e d  as  a l y o p h y l i s e d  powder ,  was 

d i l u t e d  i n  d i s t i l l e d  t o  y i e l d  1 . 7  u n i t s / m l  (one u n i t  

b e i n g  d e f i n e d  as  t h e  amount o f  enzyme which w i l l  c o n v e r t  

1 j i  mole o f  3 1 , 5 ’ - c y c l i c  IMP to  5 ’ -AMP p e r  m in u te  a t  pH 7 .5  

a t  3 0 ° c ) .  T h is  was added to  t h e  n e u t r a l i s e d  (pH 7 . 5 )  c e l l  

e x t r a c t  a f t e r  p e r c h l o r a t e  e x t r a c t i o n ,  t o  g iv e  a c o n c e n t r a t i o n  

o f  17mU/ml. I n c u b a t i o n  was c a r r i e d  o u t  a t  30°c  f o r  2 h r s  and 

t h e  e x t r a c t  b o i l e d  f o r  3 mins to  d e n a t u r e  t h e  enzyme.

C r y s t a l l i n e  c y c l i c  i l lP (monosodium s a l t )  was d i l u t e d  i n  

t h i s  e x t r a c t  t o  y i e l d  t h e  c o n c e n t r a t i o n s  o f  s t a n d a r d s  which 

c o m p r i s e  t h e  s t a n d a r d  cu rv e  u s e d ,  v i z  1 to 8 pmol/50  j u l .  C o n t r o l  

s a m p le s  were  p r e p a r e d  c o n s i s t i n g  o f  c r y s t a l l i n e  c y c l i c  AMP 

d i s s o l v e d  i n  d i s t i l l e d  w a t e r .  I n  each  c a s e ,  t h e  s t a n d a r d s  

w ere  l y o p h y l i s e d  and r e su s p e n d e d  i n  b u f f e r  f o r  a s s a y .  The 

s t a n d a r d  a s s a y  p r o c e d u re  was t h e n  f o l l o w e d ,  t o  y i e l d  t h e  

r e s p o n s e  c u r v e s  shown i n  P ig  12 . The s t a n d a r d  cu rv e  u s i n g  a 

c y c l i c  AI»IP-depleted c e l l  e x t r a c t  i s  d i s p l a c e d  downwards when
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FIGURE 12
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PICOMOLES CYCLIC AMP/ASSAY

Standard curve for standards diluted in HgO' (.) or 
in cell extracts of 0.5N PCA depleted of cyclic AMP using 
exogenous phosphodiesterase (0)• In each case the standards 
were lyophylised and resuspended in Tris/EDTA "buffer, as 
described in methods. Control curve :r = 0.99. Cell 
extract curve sr ■ 0.92.



corrrpared t o  t h e  c o n t r o l  c u r v e ,  g i v i n g  r i s e  t o  an  o v e r 

e s t i m a t e  o f  measured  c y c l i c  AI.1P. P r e c i s i o n  and s e n s i t i v i t y  

have  been  d i m i n i s h e d .

( i i )  R ea gen t  Blank

A r e a g e n t  b l a n k  was p r e p a r e d  by n e u t r a l i s i n g  0.5M PCA 

and r e m o v in g  t h e  p r e c i p i t a t e  o f  KCIO^. S t a n d a r d s  d i l u t e d  i n  

t h i s  r e a g e n t  b l a n k ,  l y o p h y l i s e d  and r e su s p e n d e d  i n  Tris/EDTA 

b u f f e r  f o r  a s s a y  gave r i s e  t o  t h e  s t a n d a r d  cu rv e  shown i n  

P i g  13 . I t  i s  a p p a r e n t  from P ig  1 3 t h a t  t h e  d i m i n u t i o n  i n  

s e n s i t i v i t y  o r i g i n a t e d  from t h e  p e r c h l o r a t e ,  t h e  p r e c i s i o n  

b e i n g  improved ( c o r r e l a t i o n  c o e f f i c i e n t  i n c r e a s e d )  b u t  t h e  

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

a g r e e  w i t h  Albano e t  a l  (1974) who used a b i n d i n g  p r o t e i n  f rom 

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

P o r  t h e s e  r e a s o n s ,  i t  seemed p r u d e n t  t o  abandon p e r c h l 

o r a t e  a s  e x t r a c t i o n  r e a g e n t .

( d ) T r i c h l o r o a c e t a t e  (TCA) E x t r a c t i o n

T h i s  r e a g e n t  i s  by f a r  t h e  most w id e ly  used e x t r a c t i o n  

r e a g e n t  f o r  c y c l i c  AllP i n  t i s s u e  c u l t u r e  (W einryb ,  1972;  

G-reengard and Rob inson ,  1 9 7 2 ) .

T a b le  VI i n d i c a t e s  t h a t  r e s u l t s  o b t a i n e d  f o r  a p p a r e n t  

pmol c y c l i c  AMP/assay u s i n g  TCA a s  e x t r a c t i o n  r e a g e n t  gave 

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

F u r t h e r  p u r i f i c a t i o n  o f  t h e  e th e r - r e m o v e d  TCA e x t r a c t  by i o n -  

ex ch an g e  ch ro m a to g rap h y  gave r i s e  t o  r e s u l t s  w i th  a c c e p t a b l e  

w i t h i n - a s s a y  p r e c i s i o n ,  compared t o  s t a n d a r d s  d i l u t e d  i n  

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

s t a n d a r d  a t  2 p m o l / a s s a y ;  Table  V I ) .
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S t a n d a r d  cu rv e  f o r  s t a n d a r d s  d i l u t e d  i n  H^O ( . )  o r  

i n  n e u t r a l i s e d  0 .5R PGA r e a g e n t  b l a n k .  ( 0 ) .  In  each 

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

b u f f e r ,  a s  d e s c r i b e d  i n  m e thods .  C o n t r o l  c u rv e  : r  = 0 .9 9  

PCA r e a g e n t  b l a n k  cu rv e  : r  = 0 . 9 6 .



The m e c h a n i c a l  method o f  e t h e r  e x t r a c t i o n  f o r  rem oval  

o f  t r i c b l o r o a c e t a t e  f rom aqueous  s o l u t i o n  i s  w e l l  e s t a b l i s h e d  

(G ree n g a rd  and Robinson ,  1 9 7 2 ) .  This  method has  t h e  ad v an 

t a g e  t h a t  i t s  e f f i c i e n c y  o f  rem ova l  from t h e  sample  may be 

m o n i t o r e d  by pH m easu rem en ts .  The rem ova l  methods  d e s c r i b e d  

above  (page  3 2 )? p a r t i c u l a r l y  a p p l i c a b l e  t o  an aqueous

s a m p le :  e t h e r  i s  im m is c ib l e  w i t h  w a t e r  and can  be c o m p l e t e l y

removed by e v a p o r a t i o n ;  Dowex 50 columns ( S c h u l t z  e t  a l ,

1975)  a r e  e s p e c i a l l y  u s e f u l  i f  t h e  sam ples  c o n t a i n  l a r g e  

am ounts  o f  e l e c t r o l y t e s  ( t i s s u e  c o n s t i t u e n t s ,  s a l t s  o f  an 

i n c u b a t i o n  medium, a c id  used  f o r  e x t r a c t i o n ) ,  s i n c e  t h e  

sam ple  can  be d i r e c t l y  a p j j l i e d .

( i )  R e a g e n t  B lank  o f  TCA

S in c e  i t  was e s t a b l i s h e d  t h a t  t h e  i n t e r f e r e n c e  r e s u l t i n g  

f ro m  PCA e x t r a c t i o n  methods m a in ly  due t o  t h e  r e a g e n t ,  i n t e r 

f e r e n c e  ( i f  any)  f rom a r e a g e n t  b l a n k  o f  TCA was p r i m a r i l y  

i n v e s t i g a t e d .  This  was p r e p a r e d  by w ash in g  3ml 5fo TCA s i x  

t i m e s  w i t h  10ml w a t e r  s a t u r a t e d  e t h e r .  C r y s t a l l i n e  c y c l i c  AMP 

was d i s s o l v e d  and d i l u t e d  i n  t h i s  r e a g e n t  b l a n k  t o  y i e l d  t h e  

s t a n d a r d s  w hich  com pr ise  t h e  s t a n d a r d  c u r v e .  A ga in ,  c o n t r o l  

s a m p le s  were  p r e p a r e d  c o n s i s t i n g  o f  c r y s t a l l i n e  c y c l i c  AMP 

d i s s o l v e d  i n  d i s t i l l e d  w a t e r .  I n  each  c a s e  t h e  s t a n d a r d s  

w ere  l y o p h y l i s e d  and r e su s p e n d e d  i n  a s sa y  b u f f e r  and t h e  

s t a n d a r d  a s s a y  p r o c e d u re  f o l l o w e d .

P ig  14 shows t h a t  when 5^ TCA was used a s  t h e  e x t r a c t i o n  

r e a g e n t  a  d i f f e r e n t  e f f e c t  t h a n  t h a t  o f  t h e  PCA r e a g e n t  b l a n k  

was o b t a i n e d . The change i n  s t a n d a r d  cu rv e  i s  r e l a t e d  i n  a 

more complex f a s h i o n  t o  t h e  c y c l i c  AMP i n  t h e  a s s a y .  Samples
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S t a n d a r d  cu rv e  f o r  s t a n d a r d s  d i l u t e d  iri.HgO 

o r  i n  e th e r - r e m o v e d  • 5$pTCA r e a g e n t  "blank ( 0 ) ;



c o n t a i n i n g  l e s s  t h a n  s i x  pmol c y c l i c  AMI/assay would 

p r o d u c e  a f a l s e l y  h igh  measured c y c l i c  .AMP i f  r e f e r r e d  

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

p a r a l l e l e d  by Albano e t  a l  ( 1 5 7 4 ) .  n o n - s p e c i f i c  i n t e r f e r e n c e  

f rom  e t h e r - e x t r a c t e d  l y o p h y l i s e d  TCA e x t r a c t s  o f  t i s s u e  have 

b e e n  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  (A rn e r  and Ostman 1975,
t

S an b o rn  e t  a l ,  1973)* Each o f  t h e s e  a u t h o r s  a d v o c a te d  t h e  

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

t o  p ro d u c e  more v a l i d  e s t i m a t i o n s  o f  m easured  c y c l i c  AMP.

Such an  a p p ro a c h  assumes i n t e r f e r e n c e  o r i g i n a t i n g  on ly  f rom 

t h e  r e a g e n t ,  and would g iv e  r i s e  to  a  n o n - l i n e a r  s t a n d a r d  

p l o t .

Dowex io n -e x c h a n g e  ch rom atography  as  d e s c r i b e d  above ,  

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

c o m p l e t e l y  removed t h e  s o u rc e  o f  t h i s  e f f e c t ,  y i e l d i n g  a 

s t a n d a r d  c u rv e  i d e n t i c a l  to  c o n t r o l  w i t h i n  e x p e r i m e n t a l  

l i m i t s  ( n o t  sh o w n ) . I  have conc luded  t h a t  t r a c e s  o f  TCA 

r e m a i n i n g  a f t e r  e t h e r  e x t r a c t i o n  had c o n t r i b u t e d  t o  t h e  

i m p r e c i s i o n  o f  r e s u l t s  o b t a in e d  i n  Table  V I .

( i  i )  C e l l  E x t r a c t  Blank o f  TCA

H aving  e l i m i n a t e d  i n t e r f e r e n c e  due t o  t h e  e x t r a c t i o n  

r e a g e n t  employed,  i t  was n e c e s s a r y  t o  i n v e s t i g a t e  i n t e r f e r e n c e  

o r i g i n a t i n g  f rom c e l l  o r  i n c u b a t i o n  media  c o n s t i t u e n t s .  

I d e a l l y ,  t h i s  i n v o l v e s  u s i n g  a c e l l  e x t r a c t  where  t h e  comp

o n e n t s  c o n s t i t u t e  i n t a c t  c e l l  e x t r a c t  e x c e p t  f o r  t h e  a b se n c e

o f  c y c l i c  AMP.

The a d d i t i o n  o f  exogenous p h o s p h o d i e s t e r a s e  t o  sam ples  

i n d i c a t e d  a d e c r e a s e  i n  p r e c i s i o n  r e s u l t i n g  f rom i t s  i n t r o -
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d u c t i o n  ( P i g  12), an e f f e c t  a l s o  found by Albano e t  a l  

( 1 9 7 4 ) .  T h e r e f o r e ,  c e l l s  were d e p l e t e d  o f  c y c l i c  AMP u s i n g  

endogenous  p h o s p h o d i e s t e r a s e ,  by rem oving  t h e  medium from 

t h e  d i s h e s  and i n c u b a t i n g  t h e  c e l l  s h e e t  a t  30°c  f o r  48 h r s .  

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

i o n - e x c h a n g e  chrom atography  s t e p ,  gave r i s e  t o  a r e p r o d 

u c i b l e  s t a n d a r d  cu rv e  w i t h  h ig h  p r e c i s i o n  and s e n s i t i v i t y  

( P i g  15) .  Maximum c o e f f i c i e n t  o f  v a r i a t i o n  o b t a i n e d  f o r  s t a n 

d a r d s  d i l u t e d  i n  t h e  p u r i f i e d  TCA e x t r a c t  was 7 . 2 ;  maximum 

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

6 . 5 .  L i n e a r  r e g r e s s i o n a l  a n a l y s i s  (Rees M idge ley  e t  a l ,

1969)  o f  amount p r e d i c t e d  u s i n g  t h e  b u f f e r  c u rv e  v e r s u s  amount 

m easu red  u s i n g  t h e  c e l l  e x t r a c t  c u r v e ,  f o r  t h e  s t a n d a r d  r a n g e  

0 . 5 - 8  pmol c y c l i c  AMP/assay gave a s l o p e  o f  1 .0 3  and an 

i n t e r c e p t  o f  - 0 . 0 1 .

The f i n a l  s t a g e  r e q u i r e d  i n  such a u t h e n t i c a t i o n  o f  t h e  

method was t o  v a l i d a t e  t h e  a b se n c e  o f  c y c l i c  AMP i n  t h e  

p u r i f i e d  e x t r a c t  ( i e  z e r o ) .  Th is  was c a r r i e d  o u t  by a d d in g  

30 u l  (1$ v / v )  o f  a s s a y  c h a r c o a l  s u s p e n s i o n  t o  t h e  TCA s u p e r 

n a t a n t  f o l l o w e d  by v i g o r o u s  m ix in g  and c e n t r i f u g a t i o n .  Th is  

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

i n t e r f e r e n c e  ( e f  a d d i t i o n  o f  exogenous p h o s p h o d i e s t e r a s e )  

s i n c e  t h e  c h a r c o a l  i s  used i n  t h e  a s sa y  method i t s e l f .

U nder  a s s a y  c o n d i t i o n s ,  t h e  c h a r c o a l  i s  c a p a b l e  o f  a d s o r b i n g  

9 9 . 5 $  o f  t o t a l  f r e e  c y c l i c  AMP. (Counts  i n  t h e  s u p e r n a t a n t  

i n  t h e  a b s e n c e  o f  b i n d i n g  p r o t e i n ,  i e  b l a n k ,  c o n s t i t u t e  0 . 5 °/° 

o f  c o u n t s  o f  t o t a l  added 3H - c y c l i c  AMP. A f t e r  t r e a t m e n t  w i th  

c h a r c o a l ,  t h e  e x t r a c t  y i e l d e d  c o u n t s  i d e n t i c a l  t o  background 

f o r  a 50 ^ i l  " r e c o v e r y M sam p le ,  i e  t h e  c h a r c o a l  had removed 

a l l  o f  t h e  t r a c e r .  C h a rc o a l  a d d i t i o n  d id  n o t  a f f e c t  t h e
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S t a n d a r d  c u rv e  f o r  s t a n d a r d s  d i l u t e d  i n  H20 (>) o r  

i n  c e l l  e x t r a c t s  d e p l e t e d  o f  c y c l i c  AMP u s i n g  endogenous  

p h o s p h o d i e s t e r a s e  and e x t r a c t e d  u s i n g  5^ T C A ,(o p e l l  e x t r a c t s  

w ere  p u r i f i e d  by e t h e r  e x t r a c t i o n  and Dowex i o n —exchange  

c h r o m a to g ra p h y .  Contro ls  cu rv e  i r  = 0 .99* C e l l  e x t r a c t  

c u r v e  s r  = 1 . 0 0 .



z e ro  ( n:o) v a l u e  o b t a i n e d  f o r  t h e  c e l l  e x t r a c t  b l a n k  and i t  

was co n c lu d e d  t h a t  t h e  sample had been  d e p l e t e d  o f  c y c l i c  

AMP u s i n g  endogenous  p h o s p h o d i e s t e r a s e .  Hence TCI e x t r a c t i o n  

i n c l u d i n g  i o n -e x c h a n g e  ch rom atog raphy  was used  when h a r v e s t i n g  

c e l l s  f o r  c y c l i c  IMP a s s a y .

C e l l s  were h a r v e s t e d  f o r  c y c l i c  AMP a s s a y  a t  24 h r  

i n t e r v a l s  f rom  c e l l  p l a t i n g  t i l l  t h e  end o f  t h e  f o u r  t o  f i v e  

day  g ro w th  p e r i o d  i n  e t h a n o l  c o n t a i n i n g  medium.
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L i q u i d  S c i n t i l l a t i o n  Counting;

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

and a l i q u o t s  o f  c e l l  e x t r a c t s  f o r  r e c o v e r y  e s t i m a t i o n s  were 

p l a c e d  i n  p l a s t i c  s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  1 0 ml s c i n t i l l -  

a n t  and co u n te d  u s i n g  a Packard  T r i c a r b  model  2425 l i q u i d  

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

When c o u n t i n g  a l i q u o t s  o f  c e l l  e x t r a c t s  f o r  m o n i t o r i n g  

o f  r e c o v e r y ,  b l a n k  v a l u e s  were o b t a i n e d  on p a r a l l e l  d i s h e s  

u s i n g  e x t r a c t i o n  a g e n t  minus % - c y c l i c  AMP t r a c e r  and c o u n t s  

o b t a i n e d  f rom  t h e s e  used as  background e s t i m a t i o n s .  C y c l i c  

AMP a s s a y  b l a n k s  were o b t a i n e d  a s  d e s c r i b e d  p r e v i o u s l y  i n  

m e thods  (p ag e  33  ) .

A c o u n t i n g  t im e  o f  10 mins was used f o r  a l l  s a m p le s .  

C o u n t i n g  e r r o r  was n e v e r  g r e a t e r  t h a n  2$.
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PART I I I

MEASUREMENT OP PROTEIN, M il, DR A

C e l l s  were h a r v e s t e d  f o r  p r o t e i n ,  RNA and DNA a s s a y  a t  

24  h r  i n t e r v a l s  f rom c e l l  p l a t i n g  t i l l  t h e  end o f  each  growh 

p e r i o d  i n  e t h a n o l  -  c o n t a i n i n g  medium. The e x p e r i m e n t a l  

s o l u t i o n  used  t o  wash t h e  c e l l s  f o r  measurement  o f  i n t r a 

c e l l u l a r  p r o t e i n ,  RNA and DNA was P h o sp h a te  B u f f e re d  S a l i n e  

(PBS).  The c o n s t i t u e n t s  o f  PBS a r e  0.15M NaCl; 0.016M d i so d iu m  

h y d ro g e n  o r t h o p h o s p h a t e  (Na2HP0^.2H20) and 0.004M sodium 

d i h y d r o g e n  o r t h o p h o s p h a t e  (NaH2? 0 ^ .2 H 20 ) . The pH o f  t h i s  

s o l u t i o n  . i s  7 . 4 , m inor  a d j u s t m e n t s  b e i n g  made, when r e q u i r e d ,  

by t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  HC1 o r  NaOH.

W ashing  o f  C e l l s

Medium was a s p i r a t e d  f rom t h e  c e l l  m o n o la y e r ,  i c e - c o l d  

PBS (10ml)  was added to  t h e  c e l l  s h e e t  and t h e  c e l l s  were

r e s u s p e n d e d  i n  t h i s  u s i n g  a g l a s s  rod w i t h  r u b b e r  s t o p p e r .
6P o r  d i s h e s ' c o n t a i n i n g  l e s s  t h a n  6 x 10 c e l l s ,  two d i s h e s  

w ere  g e n e r a l l y  used  and t h e  c e l l  s u s p e n s i o n  f rom t h e  f i r s t  

d i s h  t r a n s f e r r e d  t o  t h e  seco n d .  C e l l s  were c o l l e c t e d  by 

c e n t r i f u g a t i o n  ( 5 0 0 g;  2 m ins)  and t h e  c e l l  p e l l e t  r e s u s p e n —

ded i n  10ml PBS. C e n t r i f u g a t i o n  was r a p i d l y  r e p e a t e d ,  t h e n  

t h e  c e l l s  were  r e su s p en d e d  i n  1 . 5 —2ml PBS and co u n tea  u s i n g  

t h e  C o u l t e r  C o u n te r .

E s t i m a t i o n  o f  P r o t e i n

5A l i q u o t s  o f  washed c e l l  s u s p e n s i o n  c o n t a i n i n g  2 -4  x  10 

c e l l s  were  added t o  100 ji~L IN NaOH. The s o l u t i o n  was made 

up t o  1ml t h e n  h e a te d  a t  7 0 °c  f o r  30 mins t o  s o l u b i l i s e  t h e
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p r o t e i n .  S t a n d a r d s  (0 -200  j i g  p r o t e i n / m l )  p r e p a r e d  f rom a 

s o l u t i o n  o f  c r y s t a l l i n e  Bovine Serum Albumin i n  O.IN NaOH 

w ere  s i m i l a r l y  t r e a t e d .  The r e s u l t i n g  h y d r o l y s a t e s  were 

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

Lowry e t  a l  ( 1 9 5 1 ) .  The c o l o u r  i n t e n s i t i e s  were r e a d  a t  a 

w a v e l e n g t h  o f  625um u s i n g  a Pye Unicam SP500 s p e c t r o p h o t o 

m e t e r .

E s t i m a t i o n  o f  RNA and DNA

A l i q u o t s  o f  washed c e l l  s u s p e n s i o n ,  con ta in ing  2“ 4 x  10^ 

c e l l s  w ere  added t o  200 j i l  5M PCA and t h i s  c e l l  e x t r a c t  made 

up  t o  2ml w i t h  d i s t i l l e d  w a t e r .  Th is  was h e a t e d  a t  70°c  

f o r  30  m ins  t o  s o l u b i l i s e  n u c l e i c  a c i d ,  t h e n  t h e  p r o t e i n  

p r e c i p i t a t e  was removed by c e n t r i f u g a t i o n  ( 3 0 0 0 g;  15 m i n s ) .

S u p e r n a t a n t s  were a s say ed  f o r  t h e i r  c o n t e n t  o f  RNA by 

a  m o d i f i c a t i o n  o f  t h e  O r c i n o l  Method (A sh w e l l ,  1 9 5 7 ) .  A l i q u o t s  

( 0 . 5ml) o f  s u p e r n a t a n t  were made up t o  1 . 5ml w i t h  d i s t i l l e d  

w a t e r .  To t h i s  was added 1 .5 m l  0 .03$PeC l^  i n  co n c .  HC1 

f o l l o w e d  by 0 .1 m l  2O f o w / v  o r c i n o l  i n  95$ e t h a n o l .  Tubes 

w ere  mixed t h o r o u g h l y  and p l a c e d  i n  a v i g o r o u s l y  b o i l i n g  w a t e r  

b a t h  f o r  30 m in s .  RNA s t a n d a r d s  (0 t o  100 j i g / m l  i n  0.16M PCA), 

u s i n g  RNA p u r i f i e d  from y e a s t ,  were t r e a t e d  s i m i l a r l y .  Ex

t i n c t i o n s  were  r e ad  a t  625nm.

S u p e r n a t a n t s  (1ml a l i q u o t s )  were a s sa y e d  f o r  t h e i r  con

t e n t  o f  DNA by t h e  method o f  B u r to n  (1 9 5 6 ) .  DNA s t a n d a r d s  

(0 t o  1 0 0 / i g / m l  i n  0.5M PCA) u s i n g  DNA p u r i f i e d  f rom c a l f  

th y m u s ,  were  u s e d .  E x t i n c t i o n s  were r e ad  a t  600nm.
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MATERIALS

1—c e l l s  were  o b t a in e d  co m m erc ia l ly  from G - ibco-B iocu l t  

L t d ,  R enf rew ,  S c o t l a n d ,  as  a t r y p s i n i s e d  s u s p e n s i o n .  The 

g ro w th  medium ( 1 9 9 ) ,  g l u t a m i n e ,  f o e t a l  c a l f  serum,  Balanced  

S a l t  S o l u t i o n s ,  t r y p s i n  and t r y p a n  b lu e  c o n c e n t r a t e s  used  

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

c u l t u r e  d i s h e s  and b o t t l e s ,  were o b t a in e d  f rom G - ib co -B io cu l t .

C o u l t e r  E l e c t r o n i c s  L t d ,  H e r t s ,  England s u p p l i e d  t h e  

" a c c u v e t t e "  c o n t a i n e r s  and b lo w -o u t  p i p e t t e  f o r  c e l l  c o u n t i n g  

u s i n g  t h e  C o u l t e r  C o u n te r .

A n a l a r  G-rade r e a g e n t s  were used i n  t h e  e x p e r i m e n t a l  

s o l u t i o n s ,  o b t a i n e d  from B r i t i s h  Drug Houses  C hem ica ls  L td ,  

F o o l e ,  E n g la n d .  The e t h a n o l  used i n  e x p e r i m e n t a l  media 

( A b s o l u t e  A l c o h o l ,  99»S?0 was a l s o  o b t a i n e d  f rom B1H.

The c y c l i c  AMP a s sa y  k i t s  were s u p p l i e d  by t h e  R ad io 

c h e m i c a l  C e n t r e ,  Amersham, Bucks.  C y c l i c  n u c l e o t i d e  phosphod

i e s t e r a s e  and c r y s t a l l i n e  c y c l i c  AMP were o b t a i n e d  f rom Sigma 

C h e m ic a l  Company, London.  The Dow ex AG--50W x 8 ,  100-200 mesh 

c a t i o n  exchange  r e s i n  was o b t a i n e d  from Bio-Rad l a b o r a t o r i e s ,  

Richmond,  C a l i f o r n i a .

The s c i n t i l l a t i o n  f l u i d  used i n  t h e  c o u n t i n g  o f  t h e  

i s o t o p e  was NE260, s u p p l i e d  by N u c l e a r  E n t e r p r i s e s  l t d  

Ed i n b u r g h .

C r y s t a l l i n e  Bovine Serum Albumin, RNA and DNA were o b t a i n e d  

f rom  Sigma Chemical  Company, London.
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THE CEIL CYCLE

L929 c e l l s  d i v i d e  w i th  a d o u b l i n g  t im e  o f  2 3 .2  h o u rs  ( C l e a v e r  

1 : 6 7 ) .  o r d e r l y  sequence  o f  m e t a b o l i c  e v e n t s  o c c u r r i n g

b e t w e e n  t h e  m id p o in t  o f  m i t o s i s  and t h e  m id p o in t  o f  a s u c c e s s i v e  

m i t o s i s  c o n s t i t u t e  what i s  c a l l e d  t h e  c e l l  c y c l e .  I t  i s  p o s s i b l e  

t o  d i v i d e  t h e  c y c l e  a r b i t r a r i l y  i n t o  4 p h a s e s .  . t h e  p e r i o d  

p r i o r  t o  ENA s y n t h e s i s ,  S, t h e  t im e  o f  ENA r e p l i c a t i o n  and G2>. 

t h e  p e r i o d  b e f o r e  t h e  b r i e f  e v en t  o f  M i t o s i s ,  M. E ig  16 

i l l u s t r a t e s  t h i s  d i a g r a m a t i c a l l y  and shows t h e  t i m e s  o f  each  

p e r i o d  f o r  L929 c e l l s  ( C l e a v e r ,  1967) .

( a )  Synchronous  Growth i n  C u l t u r e

A c u l t u r e  i s  p e r f e c t l y  s y n c h ro n i s e d  i f  a l l  c e l l s  p a s s  

t h r o u g h  a c e r t a i n  phase  o f  t h e i r  r e p r o d u c t i v e  cycle,  a t  t h e  

same t i m e .

(b )  Asynchronous  Growth i n  C u l t u r e

A synchronous  growth  o c c u r s  i f  t i m i n g  o f  c e l l  d i v i s i o n  i n  

a c u l t u r e  i s  p e r f e c t l y  ran d o m ised ,  w i th  t h e  c e l l  number i n  t h e  

c u l t u r e  i n c r e a s i n g  e x p o n e n t i a l l y  i n  t im e .

A r e a l  c u l t u r e  may e x h i b i t  a b e h a v i o u r  i n t e r m e d i a r y  t o  

t h e s e  e x t r e m e s  i n  t h a t  i t s  growth p a t t e r n  may be n e i t h e r  

p e r f e c t l y  sy n c h ro n o u s  n o r  a sy n c h ro n o u s .

R e p l a t i n g  L929 C e l l s  from C u l t u r e s  a t  High P o p u l a t i o n  Eensi t .y

C e l l  c u l t u r e s  used i n  t h e s e  e x p e r im e n t s  were seeded from 

p a r e n t  c u l t u r e s  o f  c e l l s  which had been grown t o  a h igh  pop

u l a t i o n  d e n s i t y  and whose m i t o t i c  i n d i c e s  were low.  l i n d s a y  

( 1 9 6 9 )  r e p o r t e d  t h a t  t h e  m a j o r i t y  o f  c e l l s  i n  such d e n s e l y -  

p o p u l a t e d  c u l t u r e s  a r e  i n  t h e  G-j phase  and have low ENA
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t;oiymera .se  a c t i v i t y ,  A f t e r  s u b c u l t u r e  i n t o  f r e s h  medium, 

e n t r y  i n t o  S p hase  was d e la y ed  a number o f  h o u r s ,  c o n f e r i n g  

a. d e g r e e  o f  synchrony  upon t h e  p o p u l a t i o n .  I t  was 

p r i m a r i l y  assumed t h a t  such a sys tem  p ro v id e d  t h e  b a s i s  f o r  

g ro w th  i n  my e x p e r i m e n t s ,  s u b j e c t  to  v e r i f i c a t i o n  by m# 

f  ind i n g s .

As e x p l a i n e d  i n  t h e  Methods s e c t i o n ,  c e l l s  were p l a t e d  

a t  d e n s i t i e s  o f  2 x  10^ and 3 .5  x  10^ c e l l s  p e r  d i s h  i n  two 

r e s p e c t i v e  s e r i e s  o f  e x p e r i m e n t s ;  c o n s e q u e n t l y  t h e s e  r e s u l t s  

a r e  e x p r e s s e d  i n  two p a r t s  ( I  and I I ) .  Growth o f  t h e  c e l l s  i s  

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

i n  t h e  form o f  IM A , RNA and p r o t e i n  a r e  e x p re s s e d  in  t e rm s  o f  

t h e i r  mass v a l u e s  f o r  t h e  c e l l  p o p u l a t i o n ,  as  w e l l  as  i n  t e rm s  

o f  t h e i r  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 .  C y c l i c  AMP m easurem ents  

a r e  e x p r e s s e d  i n  t e rm s  o f  i t s  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 .

A l l  r e s u l t s  a r e  r e l a t e d  t o  t im e ,  from two days  p r e v i o u s  t o ,  

u n t i l  f i v e  days  a f t e r  a d d i t i o n  o f  e t h a n o l - c o n t a i n i n g  growth 

med ium.

P a r t  I I I  r e p o r t s  immediate  e f f e c t s  on i n t r a c e l l u l a r  c y c l i c  

AMP o f  a d d i t i o n  o f  growth medium c o n t a i n i n g  e t h a n o l  t o  mouse 

L - c e l l s .

C a l c u l a t i o n  o f  R e s u l t s

The S t u d e n t * s  t - t e s t  was t h e  s t a t i s t i c a l  method employed 

t o  d e t e r m i n e  t h e  s i g n i f i c a n c e s  o f  t h e  r e s u l t s  o b t a i n e d .
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1:.ART I

ADDITION OP ETHANOL TO LAG PH A SS  CELTS

C e l l  Growth A f t e r  P l a t i n g

I n  i n i t i a l  e x p e r im e n t s ,  c e l l s  p l a t e d  a t  a c a l c u l a t e d  c e l l
c

d e n s i t y  o f  2 x  10L c e l l s  p e r  d i s h  grew as  shown in  P ig  i 7 .

The d e s c r i p t i o n s  o f  t h e  growth p e r i o d s  ( e a r l y  g row th ,  l a g ,  

l o g a r i t h m i c  g ro w th ,  d e c l i n e )  which a r e  i l l u s t r a t e d  i n  P ig  1*7 

an d  s u b s e q u e n t  f i g u r e s ,  p e r t a i n  to  t h i s  t h e s i s  o n ly .

C e l l  d e n s i t y  on day 1 was 2 .0 5 - 0 .1 7  (SUM) c e l l s  p e r  

d i s h  x  10”"^. Th is  i n i t i a l  24 hour  p e r i o d ,  i n  which l i t t l e  o r  

no i n c r e a s e  in c e l l  number o c c u r s ,  i s  a w e l l  documented 

phenomenon ( H a r r i s  I S 6 4 ; P au l  1970) ,  and r e p r e s e n t s  t h e  t im e  

r e q u i r e d  f o r  t h e  c e l l s  to  become adapted  to  t h e i r  new e n v i r o n 

m ent  ( H a r r i s  1964;  L indsay  1969) .  The graph o f  t h e  l o g a r i t h m  

o f  t h e  c e l l  numbers a g a i n s t  days  i s  l i n e a r  from day 1 t o  day 3 

( e a r l y  g row th  p e r i o d ) .  C e l l  numbers i n c r e a s e d  by 34/^ t o  

2 . 7 5 - 0 . 1 4  (SEM) c e l l s  p e r  d i s h  x 1 0 “ 6 , t h e n  by 26# t o  3 . 4 6 - 0 . 1 0  

c e l l s  p e r  d i s h  x 1 0 - 6  o v e r  t h e  48 hour  p e r i o d  from days  1 t o  3.  

The c e l l  p o p u l a t i o n  r o s e  by only  10# o v e r  t h e  48 h o u r  p e r i o d  

f ro m  days  3 t o  5 . I  have named t h i s  t h e  l a g  p e r i o d  o f  g ro w th .  

D u r i n g  t h i s  l a g  p e r io d  in  growth t h e  number o f  c e l l s  l o s t  from 

t h e  d i s h e s  d u r i n g  medium changes  was n o t  s i g n i f i c a n t .  The 

f a l l  i n  g rowth  r a t e  was a r e a l  phenomenon. The l a g  phase

a l w a y s  o c c u r r e d  a t  a c e l l  d e n s i t y  o f  a p p r o x im a te ly  3 .5  c e l l s  

—6p e r  d i s h  x 1 0 ” .

A two—day p e r io d  o f  more r a p i d  growth commenced on day 5

( l o g a r i t h m i c  growth p e r i o d ) .  Number o f  days  t a k e n  to  r e ^ c h  

l o g a r i t h m i c  growth c o r r e l a t e d  w i th  p l a t i n g  d e n s i t y  ( r  — 0 . 7 0 ; 

t  -  4 . 2 2 ;  P i g t s ) *  Only r e s u l t s  from th e  a r e a  w i t h i n  t h e  b a r s
1

49



FIGURE 17
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C e l l  p o p u l a t i o n s  p e r  d i s h  as  measured 24 h o u rs  a f t e r  

p l a t i n g ,  V s  d ay s  t a k e n  t o  r e a c h  t h e  l o g a r i t h m i c  g ro w th  p e r i o d .  

The b a r s  i n d i c a t e  t h e  e x p e r i m e n t a l  r a n g e  which was used i n  t h e  

f i r s t  s e r i e s  o f  e x p e r i m e n t s ;  i e  p o p u l a t i o n s  which grew- l o g a r 

i t h m i c a l l y  b e tw een  4 and 6 days  a f t e r  p l a t i n g  and whose c e l l  

d e n s i t i e s  24  h o u r s  a f t e r  p l a t i n g  were be tween  1 .6  and 2 .4  c e l l s  

p e r  d i s h  x  10  .



i n  l i g  18 were  c o n s i d e r e d ,  i e  c e l l s  which e n t e r e d  l o g a r i t h 

m ic  g row th  be tw een  f o u r  and s i x  days  a f t e r  p l a t i n g .  C e l l  

n u m b e rs  i n c r e a s e d  by 62$ and 59i° r e s p e c t i v e l y  o v e r  t h e  

tw o  24 h o u r  p e r i o d s  be tween  days  5 and 7. By day 8 ,  c e l l  

n u m b ers  had become s t a t i c  a t  a c e l l  d e n s i t y  o f  9 .8 0 ^ 0 .2 5  

c e l l s  p e r  d i s h  x 10“ 6 . 1929 c e l l s  p l a t e d  a t  t h e  d e n s i t y

o f  2 . 0  x  10 c e l l s  p e r  d i s h  could  be m a i n t a i n e d  f o r  t e n  

d a y s  o r  more w i th  l i t t l e  o r  no d e tachm en t  o f  c e l l s  from 

t h e  p l a t e s .  Thus be tween days  7 and 8 ,  a r e a l  d e c l i n e  i n  

g r o w t h  r a t e  had o c c u r r e d .

I n v e s t i g a t o r s  have g e n e r a l l y  r e p o r t e d  t h e  g rowth  c u r v e s  

o f  mammalian c e l l  l i n e s  a s  showing a p e r i o d  o f  l i t t l e  o r  no 

c e l l  d i v i s i o n  d u r i n g  t h e  f i r s t  24 h o u rs  a f t e r  p l a t i n g ,  

f o l l o w e d  by a l o g a r i t h m i c  phase  and f i n a l l y  a d e c l i n e  

( P a u l  1 9 7 0 ) .  The l a g  p e r io d  which o c c u r r e d  be tw een  days  

2 and 4 i n  my e x p e r im e n t s  c o r re sp o n d ed  to  a c e l l  d e n s i t y  

o f  4 .8  x 10^ c e l l s  p e r  cm2 . Such a d e n s i t y  c o r r e s p o n d s  t o  

f o r m a t i o n  o f  a com ple te  m ono layer  and c e s s a t i o n  o f  g rowth  

i n  n o n - t r a n s f o r m e d  c e l l  l i n e s ,  eg 3T3 (Banna i  and Sheppard 

1974)  an d  a s t r o c y t e - l i k e  c e l l s  from normal  a d u l t  b r a i n  

( P o n t e n  e t  a l  1969) .

Me t a b o l i c  P a t e  o f  E th a n o l  A f t e r  A d d i t i o n  to  t h e  Growth System

B lan k  d i s h e s ,  w i t h o u t  c e l l s ,  c o n t a i n i n g  growth medium 

p l u s  e t h a n o l ,  were in c lu d e d  i n  a l l  e x p e r i m e n t s .  The d e c r e a s e  

i n  c o n c e n t r a t i o n  o f  e t h a n o l  as  a r e s u l t  o f  e v a p o r a t i o n  (20—

2 5°/o p e r  t w e n t y —f o u r  ho u rs )  was i d e n t i c a l  i n  b o th  b lank  and 

e x p e r i m e n t a l  d i s h e s .  No a t t e m p t  was made to  f i n d  e v id e n c e  

o f  m e t a b o l i c  d e g r a d a t i o n  o f  e t h a n o l  by L929 c e l l s .
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E f f e c t  o f  E t h a n o l  on C e l l  P o p u l a t i o n

When e t h a n o l  was added a t  a c e l l  d e n s i t y  o f  3 . 5 - 0 . 1  

(SEE) c e l l s  p e r  d i s h  x 10” 6 , i t s  a d d i t i o n  had no e f f e c t  on 

c e l l  p o p u l a t i o n  d u r i n g  t h e  48 hou r  l a g  p e r i o d  i m n e d i a t e l y  

f o l l o w i n g  (F ig '  19 ).... D ur ing  t h e  f i r s t  day o f  l o g a r i t h m i c  

g r o w t h ,  c e l l  numbers  i n  d i s h e s  c o n t a i n i n g  21mM and 42mM 

e t h a n o l  i n c r e a s e d  by 38$ and 17$ r e s p e c t i v e l y  w hereas  c o n t r o l  

c e l l  p o p u l a t i o n s  i n c r e a s e d  by 62$ ( t  = 2 . 5 4 ; p < 0 .0 1  and 

t  = 5 . 3 1 ;  p <-0 .0005 r e s p e c t i v e l y  f o r  21mM and 42mM e t l a n o . l  

c o n t a i n i n g  m e d i a ) .  Th is  e f f e c t  o f  e t h a n o l  cou ld  have r e s u l t e d  

f r o m :

( i )  a  d e c r e a s e d  growth r a t e ,  o r

( i i )  an  i n c r e a s e d  l a g  phase

d u r i n g  t h e  f i r s t  24  h c u : s  o f  t h e  l o g a r i t h m i c  growth  p h a s e .

D u r in g  t h e  l a t t e r  24 hours  o f  l o g a r i t h m i c  g ro w th ,  c e l l  

p o p u l a t i o n  i n c r e a s e d  by 8 7$ and 80$ r e s p e c t i v e l y  i n  d i s h e s  

c o n t a i n i n g  21mM and 42mM e t h a n o l ,  w hereas  c e l l  p o p u l a t i o n  

i n c r e a s e d  by 59$ i n  c o n t r o l  d i s h e s .  Thus d u r i n g  t h e  l a t t e r  

h a l f  o f  t h e  l o g a r i t h m i c  growth  phase  e t h a n o l  e i t h e r :

( i )  i n c r e a s e d  th e  growth r a t e  o f  t h e  c e l l s !  o r

( i i )  caused  them t o  d i v i d e  more s y n c h ro n o u s ly  t h a n  c o n t r o l  

c e l l s .

E t h a n o l  d id  n o t  a f f e c t  t h e  t i m i n g  o f  growth  d e c l i n e .

The d e c l i n e  i n  g rowth  r a t e  o c c u r re d  a t  a lo w e r  c e l l  d e n s i t y  i n  

42mM e t h a n o l  t r e a t e d  c e l l s  ( 7 . 9 4 - 0 . 3 1  c e l l s  p e r  d i s h  x 10” 6 ; 

t  = 4 . 7 1 ;  p < 0 . 0 0 0 5 ) .  In  21mM e t h a n o l  t h e  growth  d e c l i n e  

o c c u r r e d  a t  t h e  same c e l l  d e n s i t y  as  i n  c o n t r o l  d i s h e s .
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The e f f e c t  o f  e t h a n o l  on c e l l  p o p u l a t i o n ,  E t h a n o l -  

c o n t a i n i n g  grow th  medium was added on day 3, a t  a c e l l  

p o p u l a t i o n  o f  3 .5 ^ 0 . 1  (SEM) c e l l s  p e r  d i s h  x  10“ 6 . The 

medium was changed d a i l y  t h e r e a f t e r .  R e s u l t s  a r e  mean o f  

12 e x p e r i m e n t s ;  b a r s  i n d i c a t e  SEM.



THE CYCLIC AMP A S S A Y

1 VAI1DATI0H OE THE METHOD

C o n s i d e r a b l e  d i s c u s s i o n  w i t h i n  t h e  Methods s e c t i o n  

h a s  a l r e a d y  been  devo ted  to  v a l i d a t i o n  o f  5# TCA as  

e x t r a c t i o n  a g e n t ,  fo l lo w e d  by e t h e r  e x t r a c t i o n  and i o n -  

e x c h a n g e  c h ro m a to g ra p h y .  O th e r  p a r a m e te r s  o f  a s sa y  

v a l i d i t y :  p r e c i s i o n ,  accu ra cy  and s e n s i t i v i t y ,  were

q u a n t i t a t e d  f o r  t h e  method.

Wi t h i n - A s s a . y  and Between-Assa.y P r e c i s i o n

C e l l  e x t r a c t s  ( sam p les )  were a s sayed  by t h e  t e c h n i q u e ;  

d e s c r i b e d  i n  t h e  Methods s e c t i o n .  W i t h i n - a s s a y  p r e c i s i o n  

w as  d e t e r m in e d  a s  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  o b t a in e d  

f r o m  r e p l i c a t e  d e t e r m i n a t i o n s  o f  t h e  same sam ple .  Between-  

a s s a y  p r e c i s i o n  was c a l c u l a t e d  on r e p l i c a t e  sam ples  as sayed  

i n  d u p l i c a t e  on s e p a r a t e  o c c a s i o n s  o v e r  a p e r i o d  o f  s even  

w e e k s .  The r e s u l t s  were compared w i th  t h o s e  o f  s t a n d a r d  

c y c l i c  AMP i n  b u f f e r .  T ab le s  T i l l  A and V I I I  B i l l u s t r a t e  t h e  

f  i n d i n g s .

P r e c i s i o n  o f  c y c l i c  AMP measurements  f o r  samples  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  to  t h a t  o f  s t a n d a r d s  w i t h i n  o r  

b e t w e e n  a s s a y s  (p >  0 . 3 ) •  The method can  be used w i t h  a 

w i t h i n - a s s a y  c o e f f i c i e n t  o f  v a r i a t i o n  o f  1 7 .5 #  o r  l e s s  

o v e r  t h e  r a n g e  0 . 4 —4 .0  pmol/50 p .1  sample .  T h is  i s  g r e a t e r  

t h a n  t h e  maximum c o e f f i c i e n t  o f  v a r i a t i o n  o f  117° r e p o r t e d  

by  t h e  m a n u f a c t u r e r s  (Tovey e t  a l  1974) and was found t o  

o r i g i n a t e  f rom a t  l e a s t  two e f f e c t s :

( i )  The e f f i c i e n c y  o f  t h e  c h a r c o a l  s e p a r a t i o n  s t e p  

t e n d e d  t o  d e c r e a s e  p r o g r e s s i v e l y  (by 0 .3-0 .45? d u r i n g  t h e
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TABLE V I I I

(A) Within-Assa .y  P r e c i s i o n

1 pinol c y c l i c  AMP 
p e i  a s s a y  -SD

W i t h i n - a s s a y  
P r e c i s i o n  ( c o e f f i c i e n t  
o f  v a r i a t i o n )

No o f
d e t e r m i n a t i o n s

S t a n d a r d s

0 . 6 0 - 0 . 1 1 1 8 .3 7
1 .0 5 x 0 .1 5 1 4 .3 10
1 . 9 5 x 0 . 3 0  
4 . 2 5 x 0 . 5 0

1 5 .4 8
1 1 .8 10

7 . 4 8 - 0 . 9 2 1 2 .3 9

S am ples

0 . 4 0 ^ 0 . 0 7 17 .5 10
1 . 1 1 - 0 . 1 6 1 4 .4 8
1 . 9 8 ^ 0 . 3 2 1 6 .0 9
3 . 8 9 - 0 . 4 4 1 1 .3 9

( B) Be tween-A ssay  P r e c i s i o n

pmol c y c l i c  AMP 
p e r  a s s a y  -S B

r —....
B e tw een-as say  

- P r e c i s i o n  ( c o e f f i c i e n t  
o f  v a r i a t i o n )

- No o f  
a s s a y s

c .4 9 x 0 .0 9 1 8 .4 10
1 . 0 3 x 0 .1 7 16 .5 10
2 . 0 3 1 0 .2 2 1 0 .8 11
3 . 9 7 x 0 . 3 5 8 . 8 10
7 . 7 2 1 1 .1 0 1 4 .3 10

S am p les

0 . 4 0 x 0 .0 7 17 .5 11
l . 2 3 x 0 .1 9 1 5 .5 10
2 . 0 3 x 0 .4 1 20 .2 11
4 . 1 2 1 0 . 4 2 1 0 .2 9



t w o - h o u r  p e r i o d  o f  i t s  use  i n  an a v e ra g e  a s s a y  c o n t a i n i n g  

10 0  t u b e s ) . D ec reased  e f f i c i e n c y  o f  a d s o r p t i o n  p ro b a b ly  

o r i g i n a t e d  f rom d e n a t u r a t i o n  o f  t h e  p r o t e i n  s o l u t i o n  i n  

w h ic h  t h e  c h a r c o a l  i s  suspended due to  h e a t  g e n e r a t i o n  from 

t h e  m a g n e t i c  s t i r r i n g  a p p a r a t u s .  P r e c i s i o n  cou ld  be improved 

by  i n c l u d i n g  a s t a n d a r d  cu rv e  a t  t h e  b e g i n n i n g ,  m idd le  and 

end  o f  an  a s s a y .

( i i )  The s lo p e  o f  my s t a n d a r d  cu rve  was l e s s  t h a n  t h a t  

r e p o r t e d  by t h e  m a n u f a c t u r e r s .  S ta n d a rd  c u r v e s  i n  my l a b 

o r a t o r y  had a m i d - r a n g e ,  i e  t h e  dose r e q u i r e d  t o  r e d u c e  t h e

r e s p o n s e  t o  h a l f  i t s  i n i t i a l  v a lu e  ( Co/Cx = 2 ) ,  o f  1 . 5 - 1 . 6  

pmol  c y c l i c  AMP p e r  50 j i l  sample (P ig s  12 to  1 5 ) .  Tovey e t  a l  

( 1 9 7 4 )  r e p o r t e d  a m id - ran g e  o f  1 . 2 - 1 . 3  pmol c y c l i c  AMP p e r  

50  j i l  s a m p le .  I  c a l c u l a t e d  t h e  a s s o c i a t i o n  c o n s t a n t  o f  t h e  

b i n d i n g  p r o t e i n  f o r  c y c l i c  AMP by a doub le  r e c r i p r o c a l  p l o t

( P i g  2 0 ) .  I  found t h e  a s s o c i a t i o n  c o n s t a n t  t o  v a ry  be tw een
-9  -1b a t c h e s  o f  k i t s  ( f rom  0 .6 2  to  0 .8 4  x: 10 M on samples

- 9  -1m e a s u r e d ) .  T h i s  i s  lo w e r  t h a n  t h e  v a l u e  o f  1 . 0  x  10 M

r e p o r t e d  by Tovey e t  a l  (1874)  and could  e a s i l y  a c c o u n t  f o r

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

W i t h i n  b a t c h e s ,  p r e c i s i o n  could  n o t  be f u r t h e r  improved 

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

^ H - c y c l i c  AMP and p r o t e i n ,  o r  i n c r e a s i n g  c o u n t i n g  t im e s  i n  

t h e  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  and was n o t  i n v e s t i g a t e d  

f u r t h e r .

Ac c u r a c y  o f  t h e  Method

T h i s  was d e te rm in e d  by ad d in g  a ra n g e  o f  c y c l i c  AMP 

s t a n d a r d s  ( 0 .2 5  to  8 pmol p e r  a s s a y )  t o  3 ml samples  o f  

t h e  c e l l  e x t r a c t  b l a n k  o f  TCA. The r e s u l t a n t  m i x t u r e  was 

a s s a y e d  by t h e  t e c h n i q u e  d e s c r i b e d  i n  t h e  Methods s e c t i o n .
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FIGURE 20

20

0-5

T y p i c a l  d o u b le  r e c i p r o c a l  p l o t  f o r  ■ 'de te rm ina t ion  o f  t h e  
a s s o c i a t i o n  c o n s t a n t  f o r  "binding of  c y c l i c  AMP. to  t h e  b i n d i n g  
p r o t e i n .  The b i n d i n g  p r o t e i n  c o n c e n t r a t i o n  used was 7 .5  >ig/
200 j i l  i n c u b a t i o n  volume;  which i s  x l . 5 t h e  c o n c e n t r a t i o n  used 
i n  a n o rm a l  a s s a y .  This  p l o t  c a l c u l a t e s  t h e  a s s o c i a t i o n  c o n s t a n t  
(Ka)  t o  be 0 .6 5  x Each p o i n t  i s  av e ra g e  o f  4 d e t e r m i n 

a t i o n s  .



C o r r e c t i o n  f o r  l o s s e s  d u r i n g  e x t r a c t i o n  were c a l c u l a t e d  

f ro m  r e c o v e r y  o f  ' tH -c y c l i e  AMP t r a c e r .  The r e s u l t s  a r e  

p r e s e n t e d  i n  T a b le  IX.

The r e c o v e r y  o f  added c y c l i c  AMP between  0 .5  and 8 pmol 

p e r  a s s a y  was a t  l e a s t  97 .3$ .  This  i n v o l v e s  an e r r o r  o f  

2 . 7 $  a t  m os t  f o r  any sam ple ,  which i s  w e l l  w i t h i n  t h e  p r e 

c i s i o n  l i m i t s  o f  t h e  a s s a y .  However,  a c c u ra c y  was c o n s i d e r 

a b l y  d e c r e a s e d  a t  t h e  lo w e r  l i m i t  o f  d e t e c t i o n .  Por  sam ples  

c o n t a i n i n g  0 .2 5  pmol c y c l i c  AMP p e r  a s s a y ,  t h e  e r r o r  be tween  

t h e  c a l c u l a t e d  and " t r u e "  r e s u l t  was 44$, which i s  o u tw i th  

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

S e n s i t i v i t y  o f  t h e  Method

As T a b le  IX  shows, samples  c o n t a i n i n g  0 .5  pmol c y c l i c  AHP 

p e r  a s s a y  o r  more cou ld  be r e c o v e re d  w i t h  a d e q u a te  a c c u r a c y .  

W i t h i n - a s s a y  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h i s  s t a n d a r d  was 

1 6 . 5 .  T h i s  was w i t h i n  t h e  w i t h i n - a s s a y  p r e c i s i o n  l i m i t s  o f  

s t a n d a r d s  ( T a b le  YIIIA )Thus  t h e  method was c o n s id e r e d  s e n s i t 

i v e  t o  0 . 5  pmol c y c l i c  AMP p e r  a s s a y .
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TABLE IX

A ccuracy  o f  t h e  Method

pmol c y c l i c  AMP

Accuracy No o f
A dded Measured (—SD) (Recovery °f>) D e t e r m i n a t io n s

0 .25 0 . 3 6 - 0 . 1 8 14 4 .0 8

0 . 5 0 0 . 4 9 - 0 . 2 0 98 .2 6

1 . 0 0 1 . 0 0 * 0 .0 8 100.0 6

ro . o o 1 . 9 6 * 0 . 2 4 98 .0 6

4 .00 3 . 8 9 * 0 .2 7 9 7 .3 7

S . 00 7 . 8 1 * 1 .3 4 97 .6 6 j



2 INTI ACELLULAR CYCLIC AMP THROUGHOUT GROWTH

P i g  21 i l l u s t r a t e s  av e rag e  i n t r a c e l l u l a r  c y c l i c  AMP 

t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d .  L i t t l e  change i n  c y c l r  

AMP c o n t e n t  o c c u r r e d  d u r i n g  e a r l y  growth and t h e  i n i t i a l  

2 4 h o u r s  o f  t h e  l a g  p e r i o d .  Mean i n t r a c e l l u l a r  c y c l i c  AMP 

f ro m  d ay s  1 t o  4 was 3 . 7 1 - 0 . 1 7  (SEM) pm ol /106 c e l l s .  D ur ing  

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

( t  = 3 . 9 8 ;  p <  0 .0 0 2 5 )  from 3 .6 4 - 0 .3 9  to  6 . 6 8 - 0 . 4 1  pm ol /106 

c e l l s  ( a n  i n c r e a s e  o f  8 4 $ ) .  On t h e  o t h e r  hand,  be tween  days  

5 and 6 ,  i t s  c e l l u l a r  c o n t e n t  f e l l  by 70$ ( t  = 7 .2 7 ;  p <  0 .0 0 0 5 )  

r e a c h i n g  a minimum 24 hours  a f t e r  l o g a r i t h m i c  growth commenced. 

On day 6 ,  c e l l u l a r  c y c l i c  AMP was low er  t h a n  t h e  mean b a s a l  

l e v e l  f rom  d a y s  1 t o  4 ( t  = 3 . OS; p <  0 . 0 0 5 ) .

I n  t h e  second day o f  l o g a r i t h m i c  g row th ,  c y c l i c  AMP
. c.

i n c r e a s e d  by 37$ to  3 . 5 3 - 0 . 8 1  pmol/10 c e l l s .  S c a t t e r  o f  

r e s u l t s  was h ig h  on day 7 ( s t a n d a r d  d e v i a t i o n  was 46$ o f  t h e  

m ean ;  n = 10) s u g g e s t i n g  t h a t  c e l l u l a r  c y c l i c  AMP f l u c t u a t e s  

d u r i n g  l o g a r i t h m i c  g row th .  C y c l ic  AMP i n c r e a s e d  f u r t h e r  

d u r i n g  t h e  g row th  d e c l i n e  p h a s e ,  t o  4 . 9 1 - 0 . 2 1  pm ol /106 c e l l s .

To p r e c l u d e  t h e  p o s s i b i l i t y  t h a t  changes  i n  c e l l  volume 

d u r i n g  t h e  g row th  p e r i o d  i n f l u e n c e d  i n t r a c e l l u l a r  c y c l i c  AMP 

c o n c e n t r a t i o n s ,  c y c l i c  AMP l e v e l s  were e x p re s sed  as  p e r  

m i l l i g r a m  p r o t e i n .  A l a r g e  p r o p o r t i o n  (80$) o f  t h e  mammalian 

c e l l  c o m p r i s e s  o f  p r o t e i n  (MacKinnon 1969) which may be used 

a s  an  i n d i c a t i o n  o f  c e l l  volume.  C y c l i c  iu.iP p e r  mg p r o t e i n  

i s  i l l u s t r a t e d  i n  P ig  22. The same q u a l i t a t i v e  changes  may be 

s e e n :  a mean b a s a l  l e v e l  o f  7 .4 9 - 0 . 4 6  pmol c y c l i c  AMP p e r  mg

p r o t e i n  d u r i n g  e a r l y  growth and e a r l y  l a g ,  r i s i n g  s i g n i f i c a n t l y
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( t  -  6 . 1 6 ;  p <  0 .0 0 0 5 )  t o  1 8 . 0 5 - 1 . 1 1  pmol p e r  mg p r o t e i n  

d a r i n g  t h e  l a t t e r  24 h o a r s  o f  t h e  l a g  p e r i o d ;  a f a l l  f rom 

1 8 . 0 5 - 1 . 1 1  t o  5 . 4 5 - 0 . 8 1  pmol p e r  mg p r o t e i n  ( t = 9 . 1 8 ;  p <0.GGC5) 

d a r i n g  t h e  f i r s t  24 h o a r s  o f  l o g a r i t h m i c  g ro w th .  F u r th e r m o r e  

t h e  r i s e  i n  c y c l i c  AMP p e r  mg p r o t e i n ,  from 7 .9 2 ± 1 .8 2  a t  l a t e  

l o g a r i t h m i c  g rowth  (day 7) t o  1 4 .6 0 ^ 0 .6 2  on day 8 was 

s t a t i s t i c a l l y  s i g n i f i c a n t  (p  <  0 .0 5 )

E f f e c t  o f  E t h a n o l  on I n t r a c e l l u l a r  C y c l i c  AMP Throughout  Growth

I n  c e l l s  i n c u h a t e d  w i t h  e t h a n o l  from day 3, c y c l i c  AMP 

a l s o  r o s e  a t  t h e  end o f  t h e  l a g  p h ase  ( F ig  2 3 ) .  On day 5,  

e t h a n o l  t r e a t e d  c e l l s  t e n d e d  t o  have  lo w e r  i n t r a c e l l u l a r  

c y c l i c  AMP p e r  mg p r o t e i n ;  i n  21mM e t h a n o l  t r e a t e d  c e l l s  t h e  

c o n t e n t  o f  1 2 . 0 5 ^ 1 . 0 5  pmol c y c l i c  AMP p e r  mg p r o t e i n  was 

s i g n i f i c a n t l y  l o w e r  t h a n  i n  c o n t r o l  c e l l s  ( t  = 2 . 7 3 ;  p < 0 . 0 0 5 ) .

Midway t h r o u g h  t h e  l o g a r i t h m i c  growth  p e r i o d  i n  c o n t r o l  

c e l l s  (day  6) c y c l i c  AMP l e v e l s  i n  e x p e r i m e n t a l  c e l l s  f e l l  t o  

7 . 7 7 - 0 . 6 2  pmol p e r  mg p r o t e i n  f o r  21mM e t h a n o l  t r e a t e d  c e l l s  

and  9 . 5 4 - 1 . 0 0  pmol p e r  mg p r o t e i n  f o r  42mM e t h a n o l  t r e a t e d  c e l l s .  

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

5 . 4 5 ^ 0 . 8 1  pmol c y c l i c  AMP p e r  mg p r o t e i n  measured  i n  c o n t r o l  

c e l l s  ( t  = 2 . 3 6 ;  p 0 .0 2 5  and t  = 1 . 6 9 ;  p <  0 .0 5  f o r  c e l l s  

g row n i n  21mM and 42mM e t h a n o l  r e s p e c t i v e l y ) .  At g rowth  

d e c l i n e  on day 8 ,  e t h a n o l  t r e a t e d  c e l l s  t e n d e d  to  have lo w e r  

i n t r a c e l l u l a r  c y c l i c  AMP.

Thus t h e  a l t e r a t i o n  i n  g rowth  p a t t e r n  which o c c u r r e d  when 

e t h a n o l  was added t o  t h e  g rowth  medium o f  1929 c e l l s  was 

p a r a l l e l l e d  by an i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMP i n  t h e s e  

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

t h i s  p e r i o d  (d a y s  6 t o  8)  i s  d i f f i c u l t  due t o  t h e  f a c t  t h a t  

t h e  g row th  s t a t e s  o f  c o n t r o l  and e t h a n o l  t r e a t e d  c e l l s  may have 

d i f f e r  ed .*
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Q H.A ITG-.ES IN D-.A, RITA ADD PRO TEIN DURIMG GROV.-TH

C o n c e n t r a t i o n s  o f  i n t r a c e l l u l a r  DBA, RITA and p r o t e i n  

2 4 h o u r s  a f t e r  p l a t i n g  were 4 8 . 7 - 2 . 9  (SELl) j i g  p e r  1C-6 c e l l s ;  

9 8 . 0 ^ 1 9 . 8  jug p e r  10^ c e l l s  and 0 . 5 2 5 - C . 105 mg p e r  10^ c e l l s  

r e s p e c t i v e l y  ( P i g  24 )• In  t h e  c a s e s  o f  DBA and p r o t e i n ,  

t h e s e  c o n c e n t r a t i o n s  ten d ed  to  he h i g h e r  t h a n  t h o s e  o f  

l o g a r i t h m i c a l l y  g row ing  and d e c l i n e  phase  c e l l s .  The 

c o n c e n t r a t i o n  o f  DBA t en d ed  t o  he t h e  same o r  o f  h i g h e r  

m a g n i t u d e  t h a n  t h a t  o f  l o g a r i t h m i c a l l y  g row ing  and d e c l i n e  

p h a s e  c e l l s .  These r e s u l t s  im p ly  t h a t  t h e  c e l l s  had s y n t h e s i s e d  

D B A , KEA and p r o t e i n  d u r i n g  t h e  t im e  i n t e r v a l  be tw een  t r y p s i n -  

i s a t i o n  and 24 h o u rs  a f t e r  p l a t i n g  o u t .  T h is  phenomenon has  

b e e n  r e p o r t e d  by o t h e r s  ( S w a f f i e l d  and F o le y ,  I 9 6 0 ;

Ward and Plagemann 1973) and i s  com parab le  t o  b a c t e r i a l  

g r o w t h  (Sa lzmann 1959)1 R a i s i n g  e x t e r n a l  C.K+3  has  been  

shown t o  b l o c k  BHK c e l l s  i n  t h e  phase  o f  t h e  c e l l  c y c l e .  

C o n c u r r e n t  w i t h  t h i s  was i n c r e a s e d  i n t r a c e l l u l a r  DNA, RNA 

and  p r o t e i n .  ( O r r  e t  a l  1972) .

DNA

A s  i n d i c a t e d  i n  P ig  25 , DBA p e r  d i s h  i n c r e a s e d  be tw een  

d a y s  1 and 2. ( b y  1 1 $ ) .  I n  t h e  p r e s e n c e  o f  c e l l  d i v i s i o n  

b e t w e e n  days  1 and 2 ,  t h i s  r e s u l t e d  i n  a d e c r e a s e  o f  18a/o 

i n  DNA p e r  c e l l  ( P ig  24 )• Prom days  2 to  3> t o t a l  DBA) 

c o n t e n t  p e r  c u l t u r e  d id  n o t  change and c e l l  DBA c o n t e n t  

c o n t i n u e d  t o  f a l l .  D u r in g  t h e  l a g  p e r i o d  i n  g ro w th ,  t h e r e  

w as  a 13$  f a l l  i n  DNA p e r  d i s h  (p > 0 . 2 ) .  These r e s u l t s
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FIGURE 25
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T o t a l  c u l t u r e  DNA, RNA and p r o t e i n  f rom 1 t o  8 days  a f t e r  
p l a t i n g ,  f o r  L - c e l l s  p l a t e d  a t  2 x 10^ c e l l s  p e r  d i s h .  E s t i m a t e s  
w e re  c a l c u l a t e d  on m e asu rem en ts  o f  i n t r a c e l l u l a r  DNA, RNA and 
p r o t e i n  o f  washed c e l l s ,  o b t a i n e d  as  d e s c r i b e d  i n  M ethods ,  
m u l t i p l i e d  by t h e  c e l l  p o p u l a t i o n  p e r  d i s h .  Each p o i n t  r e p r e s e n t s
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a r e  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  L in d s a y  ( 1 9 6 9 ) ,  who 

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

L - c e l l s  d u r i n g  i n i t i a t i o n  o f  c u l t u r e s  p r e v e n t e d  them 

t e m p o r a r i l y  f rom  e n t e r i n g  S p h ase  ( a l t h o u g h  t h e  d e l a y  

r e p o r t e d  by L in d s a y  was o n ly  a m a t t e r  o f  h o u r s ) .  The 

r i s e s  o f  10 .5$  and 2 . 7 $  r e s p e c t i v e l y  i n  DNA p e r  d i s h  o v e r  

t h e  two 24 h o u r  p e r i o d s  o f  t h e  e a r l y  g row th  p h a s e  were  p a r a l l e l l e d  

by r i s e s  i n  c e l l  p o p u l a t i o n  o f  34$ and 26$ r e s p e c t i v e l y .

T h i s  i m p l i e s  t h a t  some c e l l s  were  i n  on day 1. These  

c e l l s  p r o g r e s s e d  t h r o u g h  m i t o s i s  t o  d u r i n g  days  1 t o  3, 

b u t  d id  n o t  e n t e r  S p h a se  u n t i l  day 5.

L o g a r i t h m i c  g row th  was p a r a l l e l l e d  by an i n c r e a s i n g  

DNA c o n t e n t  p e r  c u l t u r e .  DNA d e c r e a s e d  p e r  d i s h  a s  w e l l  

a s  p e r  c e l l  d u r i n g  t h e  g row th  d e c l i n e  p e r i o d ,  i n  a g re e m e n t  

w i t h  L in d s a y  (1969)  who r e p o r t e d  a d e c r e a s e  i n  DNA p o ly m e ra s e  

a c t i v i t y  f rom l a t e  l o g a r i t h m i c  g row th  onwards  i n  L - c e l l s .

The DNA c h a n g e s ,  p e r  c e l l  and p e r  d i s h ,  q u a l i t a t i v e l y  

p a r a l l e l  t h o s e  o f  Newton and Wildy ( 1 9 5 9 ) .  These  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  e x p o s u re  o f  c u l t u r e s  o f  HeLa c e l l s  t o  

a t e m p e r a t u r e  o f  4$ f o r  60 mins  was f o l l o w e d ,  some t im e  a f t e r  

r e p l a c e m e n t  o f  t h e  c e l l s  a t  37$ by a s y n c h ro n o u s  i n c r e a s e  

i n  c e l l  number .

RNA

Between days  1 and 2 ,  a s l i g h t  (12$)  i n c r e a s e  i n  RNA 

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

i n  a s l i g h t  (17$)  f a l l  i n  RNA p e r  c e l l  ( P i g  2 4 ) .  Between 

d a y s  2 and 3,  a r i s e  o c c u r r e d  o f  61$ ( t  = 2 . 4 4 ;  p < 0 . 0 2 5 )

p e r  d i s h  i n  RNA ( P i g  2 5 ) .  Such a r i s e  i n  RNA p e r  c u l t u r e ,  

t o g e t h e r  w i t h  a r i s e  i n  c e l l  numbers  b u t  no i n c r e a s e  i n  

DNA p e r  c u l t u r e  i s  c o n s i s t e n t  w i t h  c e l l s  p r o g r e s s i n g  from
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Gr2 Cr-j, s i n c e  p r o t e i n  and RNA s y n t h e s i s  c o n t i n u e s  d u r i n g  

G-2 > M and Gj i n  t h e  a b s e n c e  o f  DNA s y n t h e i s  ( B a s e r g a  1 9 6 5 ) .  

Prom d ay s  3 t o  4 ( e a r l y  l a g )  a 43$ f a l l  i n  RNA p e r  d i s h  i n  

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

s i g n i f i c a n t  ( t  = 4 . 5 4 ;  p < 0 . 0 0 0 5 )  f a l l  i n  c e l l u l a r  RITA, 

f r o m  1 0 4 . 4  p .g / 1 0 ^  c e l l s  t o  5 8 . 3 / g / 1 0 ^  c e l l s .  D u r in g  t h e  

l a t t e r  h a l f  o f  t h e  l a g  p h a s e ,  EM. p e r  d i s h  i n c r e a s e d  by 

3 7 $  ( t  = 1 . 8 6 ;  p < 0 . 0 5 )  i n  t h e  a b s e n c e  o f  an  i n c r e a s e  i n  

DNA o r  p r o t e i n .  With t h e  7?° i n c r e a s e  i n  c e l l  numbers  b e tw een  

d a y s  4 and 5 ,  t h i s  r e s u l t e d  i n  a 280 i n c r e a s e  i n  i n t r a c e l l u l a r  

RIIA, f rom  5 8 . 3 ± 5 .4  ^ g / 1 0 6 c e l l s  t o  7 4 . 5 ^ 1 0 . 2  j x g / 1 0 6 c e l l s  

( t  = 1 . 4 7 ;  p < 0 . 0 5 ) .  Thus RNA s y n t h e s i s  p r e c e e d e d  DNA

s y n t h e s i s  b e f o r e  commencement o f  l o g a r i t h m i c  g r o w th .  T h is  

o c c u r r e n c e  h a s  been  found by many i n v e s t i g a t o r s ;  (L ieb e rm an  

e t  a l  1 9 6 3 b ;  s e e  B a s e r g a  1965) and i s  c o n s i s t e n t  w i t h  an 

enzyme i n d u c t i o n  mechanism b e i n g  in v o l v e d  i n  i n i t i a t i o n  o f  

t h e  DNA s y n t h e s i s * w h i c h  i n c r e a s e s  a t  l o g a r i t h m i c  g row th  

(Weissman e t  a l - 1 9 6 0 ) .

D u r in g  l o g a r i t h m i c  g r o w th ,  RNA c o n t i n u e d  t o  i n c r e a s e ,  

p e r  c u l t u r e  a s  w e l l  as  p e r  c e l l .  RITA f e l l  p e r  c e l l  and p e r  

d i s h  d u r i n g  t h e  g row th  d e c l i n e  p h a s e ,  i n  a g re e m e n t  w i t h  

Ward and P lagem ann  (1973)  who found a d e c r e a s i n g  RNA 

p o l y m e r a s e  a c t i v i t y  f rom l a t e  l o g a r i t h m i c  g row th  onwards  i n  

N o v i k o f f  r a t  hepatoma c u l t u r e s .

P r o t e i n

Between d a y s  1 and 2 p r o t e i n  p e r  d i s h  i n c r e a s e d  (by 

1 3 $ ;  F i g  25) .  S in c e  c e l l  d i v i s i o n  o c c u r r e d  b e tw een  days  1 

and  2 ,  t h i s  r e s u l t e d  i n  a d e c r e a s e  o f  15$ i n  p r o t e i n  p e r  c e l l  

( P i g  24 ) .  Between d ay s  2 and 3,  a r i s e  o c c u r r e d  o f  66$ i n
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p r o t e i n  p e r  c u l t u r e . T h is  e v e r t  i s  c o n s i s t e n t  w i t h  t h e  

e v i d e n c e  (ab o v e )  t h a t  a p r o p o r t i o n  a t  l e a s t  o f  t h e  c e l l s  

w e r e  p r o p r e s s i n g  f rom t o  G-̂  d u r i n g  t h e  e a r l y  g row th  p e r i o d .  

L u r i n g  t h e  l a g  p>eriod i n  g ro w th ,  t h e r e  was a 31$ f a l l  i n  

p r o t e i n  p e r  d i s h  ( t  = 2.C<8|- p < 0 . 0 5 ) .  P r o t e i n  a l s o  f e l l

p e r  c e l l ,  f rom 0 . 5 8 5 - 0 . 0 2 7  mg/10^ c e l l s  on day 3,  t o  

0 . 3 7 0 - 0 . 0 4 2  mg/10 c e l l s  on day  5 :  a  f a l l  o f  37^ (t = 2 . 5 7 ;

P < 0 . 0 1 ) .

A f t e r  an i n i t i a l  r i s e  i n  p r o t e i n  p e r  c e l l  and p e r  p l a t e  

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

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

p h a s e  ( d e c r e a s e d  s l o p e  o f  l i n e ;  P i g  25) and p r o t e i n  p e r  c e l l  

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

p r o t e i n  may be a p r im a r y  e v e n t  r e l a t e d  t o  t i m i n g  o f  g rowth  

d e c l i n e .

The r e s u l t s  above a r e  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  

o f  L in d s a y  (1969)  i n  t h a t  e n t r y  i n t o  S p h a s e  i s  d e l a y e d  i n  

c e l l s  r e p l a t e d  from h ig h  p o p u l a t i o n  d e n s i t y  c u l t u r e s .  Suclp 

a n  e x p l a n a t i o n  i s  l i k e l y  d e s p i t e  v a r i a t i o n s  i n  t h e  t im e  

l e n g t h  o f  t h i s  d e l a y  ( L in d s a y  1969,  p e r s o n a l  co m m unica t ion )  

and such  an o c c u r r e n c e  i s  e s p e c i a l l y  t h e  e a s e  when c o o l i n g  

p r o c e d u r e s  a r e  i n c l u d e d  (Newton and Wildy 1 9 5 9 ) .  As d e s c r i b e d  

i n  t h e  Methods s e c t i o n ,  c e l l s  o b t a i n e d  c o m m e r c i a l ly  were  

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

E f f e c t s  o f  E t h a n o l  on LILA

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

p e r  p l a t e  w i t h  24 h o u r s  o f  i t s  a d d i t i o n  ( t  = 2 . 1 9 ;  p < 0 . 0 5

and t  = 3*75; p < 0 . 0 0 2 5  r e s p e c t i v e l y  f o r  21mM and 42mM

e t h a n o l  t r e a t e d  c e l l s ;  P ig  2 6 ) .  S in c e  t h i s  e f f e c t  o c c u r r e d

i n  t h e  a b s e n c e  o f  any change  i n  c e l l  p o p u l a t i o n ,  DNA c o n t e n t

p e r  c e l l  was a p p a r e n t l y  l o w e r  i n  e t h a n o l  t r e a t e d  c e l l s  
( t  = 2 . 2 1 ;  p < 0 . 0 2 5 ;  T a b le  X) .

h 0



pg 
D

N
A

/d
is

h

FIGURE 26

— l o g a r ith m ic  ^ D e -  
Growth dine

lag
Growth

• Control 
■* 21 mM Ethanol 
x 42 mM Ethanol300-t

Ethanol

100- JL

T r r r
0  2 4 6 8

DAYS
The e f f e c t  o f  e t h a n o l  on c u l t u r e  DNA f o r  c e l l s  p l a t e d  a t  

2 x  10 c e l l s  p e r  d i s h .  E t h a n o l - c o n t a i n i n g  grow th  medium was 
ad d ed  on day 3 and changed d a i l y  t h e r e a f t e r .  R e s u l t s  a r e  mean 
o f  10 e x p e r i m e n t s ;  t y p i c a l  SEM b a r s  shown.



TABLE X

Growth 
Med ium Zero E t h a n o l ( C o n t r o l ) 21mM E t h a n o l 42mM E t h a n o l

D ays  a f t e r  . 
P l a t i n g DNA (pig/10^ c e l l s )

1 4 8 . 7 - 2 . 9 - -

2 4 0 . 1 * 5 . 6 - -

3 3 2 . 8 * 6 .5 - -

4 3 0 . 7 * 2 .5 1 9 . 7 * 4 . 1 1 3 . 6 * 1 . 7

5 2 6 . 0 * 2 . 4 2 0 . 5 * 4 . 6 1 9 . 6 * 2 . 2

6 2 8 . 8 * 1 . 4 2 0 . 3 * 1 . 9 2 0 . 4 * 3 . 2

7 3 7 . 4 * 4 .2 2 0 . 2 * 2 . 3 1 7 . 4 * 2 . 1

8 1 4 . 6 * 2 . 0 1 8 . 5 * 3 . 5 2 7 . 0 * 4 . 3

I n t r a c e l l u l a r  DNA d u r i n g  t h e  g row th  c y c l e  o f  c e l l s  

p l a t e d  a t  a d e n s i t y  o f  2 x  10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added on day 3.  G-rowth 

medium was changed d a i l y  f rom  day 3 onwards  i n  a l l  d i s h e s ,  

a s  d e s c r i b e d  i n  M ethods .  R e s u l t s  a r e  a v e r a g e  o f  10 

e x p e r i m e n t s .



D u r in g  t h e  l a t t e r  24 h o u r s  o f  t h e  l a g  p h a s e ,  DNA p e r  

d i s h  r o s e  s l i g h t l y  i n  e t h a n o l - t r e a t e d  c e l l s  (13$  and 56$ in  

21mlvl and 42iriM e t h a n o l  t r e a t e d  c e l l s  r e s p e c t i v e l y ) .  T h i s  

o c c u r r e d  i n  t h e  p r e s e n c e  o f  a 9$ f a l l  i n  DNA c o n t e n t  p e r  

d i s h  i n  c o n t r o l  c e l l s .  On day 4 (mid l a g )  i n t r a c e l l u l a r  DNA 

c o n t e n t  o f  21mM and 42mM e t h a n o l  t r e a t e d  c e l l s  were  64$

( t  = 2 . 2 1 ;  p < 0 . 0 2 5 )  and 4 4 . 3 $  ( t  = 3 . 7 0 ;  p <  0 .0 0 2 5 )  r e s p e c t 

i v e l y  o f  c o n t r o l  c e l l s .  By day 5 ( l a t e  l a g )  c e l l  numbers  had 

n o t  changed s i g n i f i c a n t l y ,  b u t  DNA c o n t e n t  o f  e t h a n o l  

t r e a t e d  c e l l s  was more t h a n  75$ o f  c o n t r o l  c e l l s .

As l o g a r i t h m i c  g row th  commenced i n  c o n t r o l  c e l l s  ( d a y s  

5 t o  6) t h e r e  was a 79$ r i s e  i n  DNA p e r  d i s h  b u t  r i s e s  o f  

o n l y  36$ and 21$ r e s p e c t i v e l y  i n  21mM and 42mM e t h a n o l  t r e a t e d  

c e l l s .  As d e s c r i b e d  ab o v e ,  t h i s  was a s s o c i a t e d  w i t h  d e l a y  i n  

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

AMP. T hroughou t  t h e  l a g  and l o g a r i t h m i c  g ro w th  p h a s e s ,  

e t h a n o l  t r e a t e d  c e l l s  had l o w e r  DNA, e x p r e s s e d  e i t h e r  p e r  

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

I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  a f t e r  day 6 i s  d i f f i c u l t  

a s  g row th  s t a t e s  o f  c o n t r o l  and e t h a n o l  t r e a t e d  c e l l s  

m a r k e d ly  d i f f e r e n t .

E f f e c t s  o f  E t h a n o l  on RNA

On d ay s  4 and 5 ,  RNA c o n t e n t  i n  e t h a n o l  t r e a t e d  c e l l s  

w as  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  f rom  c o n t r o l ,  e i t h e r  e x p r e s s e d  

p e r  d i s h  ( p > 0 . 2 ;  P ig  27 ) o r  p e r  c e l l  ( p > 0 . 2 ;  T ab le  XI ) .  

A l t h o u g h  e t h a n o l  t r e a t e d  c e l l s  t e n d e d  t o  have  lo w e r  RNA p e r  

d i s h  a t  t h e  end o f  t h e  l a g  p e r i o d  (day 5) e t h a n o l  a p p a r e n t l y  

had  n o t  p r e v e n t e d  t h e  r i s e  i n  RNA w hich  p r e c e e d e d  t h e  r i s e  i n  

DNA b e f o r e  l o g a r i t h m i c  g r o w th .

A f t e r  24 h o u r s  o f  l o g a r i t h m i c  grow th  i n  c o n t r o l  c e l l s
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w as  added on day 3 and changed d a i l y  t h e r e a f t e r .  * R e s u l t s  a r e  
mean o f  10 e x p e r i m e n t s ;  t y p i c a l  SEM b a r s  shown.



TABLE XI

r  ------
Growth
Medium Zero  E t h a n o l  ( C o n t r o l ) 21idM E t h a n o l 42mM E t h a n o l

Bays  a f t e r
P l a t i n g RNA (jLg/lO° c e l l s  ±  SE)

’ 1 9 8 .0 ± 1 5 .5 — —

2 8 l . 8 ± 9 . 1 - -

3 1 0 4 . 4 * 1 2 .1 - -
4 5 8 . 3 - 5 . 4 6 1 . 7 - 5 . 0 5 5 . 0 * 7 . 1

5 7 4 . 5 - 1 0 . 2 7 0 . 1 * 1 1 . 3 6 9 . 0 * 1 3 .0

6 9 5 . 6 * 1 1 .8 7 6 . 3 - 8 . 8 6 9 . 1 * 1 1 .2

1 1 0 3 . 0 * 1 7 .1 7 8 . 3 * 1 0 . 0 9 8 .0 ± 1 6 .9

8 9 3 . 0 * 1 6 .3 9 9 . 2 * 1 6 . 5 9 0 . 7 * 1 7 . 5

I n t r a c e l l u l a r  RNA d u r i n g  t h e  g ro w th  c y c l e  o f  c e l l s  

p l a t e d  a t  a d e n s i t y  o f  2 x 10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added  on day 3* R e s u l t s  

a r e  a v e r a g e  o f  10 e x p e r i m e n t s .



( d a y  6 ) ,  i n h i b i t e d  c e l l  d i v i s i o n  r e s u l t e d  i n  l o < e r  RITA p e r  

d i s h  i n  e x p e r i m e n t a l  d i s h e s  ( t  2 . 5 0 ;  p < 0 . 0 2 5 ) .  The c e l l  

c o n t e n t  o f  RITA te n d e d  t o  be l o w e r  b u t d id  n o t  r e a c h  s i g n i f 

i c a n c e  ( p > 0 . 0 5 ) .  On days  6 and 7 ,  when e t h a n o l  t r e a t e d  

c e l l s  were  g ro w in g  l o g a r i t h m i c a l l y ,  RITA p e r  d i s h  i n c r e a s e d  by 

110$  and 155$ r e s p e c t i v e l y  i n  21mM and 42mM e t h a n o l  t r e a t e d  

c e l l s .  I n  c o n t r o l  c e l l s  t h e  i n c r e a s e  o v e r  each  24 h o u r  

p e r i o d  was 108$ and 72$ r e s p e c t i v e l y ,  a l t h o u g h  t h e  a p p a r e n t  

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

i n  t h e  a c t u a l  RNA c o n t e n t  p e r  c e l l  t e n d i n g  t o  be l o w e r  t h a n  

c o n t r o l  c e l l s .  T h is  f i n d i n g  i s  c o n s i s t e n t  w i t h  t h e  d i v i s i o n  

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

t h a n  c o n t r o l .

E f f e c t s  o f  E t h a n o l  on P r o t e i n

D u r in g  the~ tw o-day  l a g  p e r i o d  o f  t h e  c o n t r o l  c e l l s  

when p r o t e i n  was f a l l i n g  p e r  d i s h  a s  w e l l  a s  p e r  c e l l ,  e t h a n o l  

t r e a t e d  c e l l s  t e n d e d  t o  have  more p r o t e i n  p e r  d i s h  ( P i g  28 ) 

a s  w e l l  a s  p e r  c e l l  ( T a b le  X I I ) .  The r i s e  i n  p r o t e i n  p e r  

d i s h  w hich  o c c u r r e d  i n  c o n t r o l  c e l l s  i n  t h e  p r e s e n c e  o f  

c e l l  d i v i s i o n  b e tw een  days  5 and 6 ( e a r l y  l o g a r i t h m i c  g ro w th )  

w a s  n o t  a s  g r e a t  i n  e t h a n o l  t r e a t e d  c e l l s .

P r o t e i n  p e r  c e l l  f e l l  f rom  day 6 onwards  i n  c o n t r o l  

a n d  e t h a n o l  t r e a t e d  c e l l s .  A d r o p  i n  i n t r a c e l l u l a r  p r o t e i n  

a n d  r i s e  i n  i n t r a c e l l u l a r  c y c l i c  AMP were  t h e  o n ly  c o n s i s t e n t  

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

m e n t a l  d i s h e s  b e tw een  days  6 and 8 .  F u r th e r m o r e  c y c l i c  AMP 

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

t h r o u g h o u t  t h e  l a g  p h a s e .  The r e s u l t s  s u g g e s t  t h a t  ch an g es  

i n  i n t r a c e l l u l a r  c y c l i c  AMP and p r o t e i n m'ay be r e l a t e d  t o  t h e  

g ro w th  s t a t e  o f  t h e  c e l l s .

6 2
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TABLE X I I

Growth
Medium

l  '  '  - - ■ I '  ■ '  1

Zero E t h a n o l  ( C o n t ro l ) 21mM E t h a n o l 42mM E t h a n o l

D ays  A f t e r  
P l a t i n g PROTEIN (mg/10^ c e l l s -  SE)

1 0 . 5 2 5 - 0 . 1 0 5 - -

2 0 .4 4 8 * 0 .0 9 7 - -

3 0 . 5 8 5 - 0 . 0 7 2 - -

' 4 0 . 4 4 6 * 0 .0 4 7 0 . 5 5 0 * 0 . 1 1 0 0 .4 8 7 * 0 .0 9 2

5 0 .3 7 0 * 0 .0 4 2 0 . 4 6 4 * 0 . 0 3 7 0 .4 4 4 * 0 .0 5 8

6 0 .4 9 9 * 0 .0 3 0 0 . 4 8 4 * 0 .0 3 5 0 .5 1 6 * 0 .0 6 2

7 0 .3 5 6 * 0 .0 4 5 0 . 4 5 8 * 0 .0 5 5 0 .4 4 7 * 0 .0 6 1  .

8 0 .3 3 6 * 0 .0 3 8 0 . 3 5 2 * 0 .0 3 7 0 .3 3 2 * 0 .0 3 9

I n t r a c e l l u l a r  p r o t e i n  d u r i n g  t h e  g row th  c y c l e  o f  c e l l s  

p l a t e d  a t  a d e n s i t y  o f  2 x  10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added on day 3. R e s u l t s  

a r e  a v e r a g e  o f  10 e x p e r i m e n t s .



PART I I

ADDITION OP ETHANOL TO LOGARITHMICALLY GROWING CELLS 

C e l l  Growth A f t e r  P l a t i n g
6C e l l s  p l a t e d  a t  a  d e n s i t y  o f  3 .5  x  10 c e l l s  p e r  d i s h

b e g a n  t o  grow l o g a r i t h m i c a l l y  48 h o u r s  f rom  p l a t i n g  ( P i g  2 9 ) .

The  e a r l y  g row th  p e r i o d ,  found i n  t h e  e x p e r i m e n t s  q uo ted

i n  P a r t  I ,  was n o t  p r e s e n t  i n  t h i s  s e r i e s  o f  e x p e r i m e n t s .

l o g a r i t h m i c  g row th  commenced on day 2 a t  a mean c e l l  d e n s i t y

o f  3 . 4 1 - 0 . 1 9  (SEM) c e l l s  p e r  d i s h  x  10"^  and c o n t i n u e d  t i l l

d a y  5 .  The c e l l s  t e n d e d  t o  d i v i d e  more s lo w ly  t h a n  f o r  t h e

p r e v i o u s  s e r i e s  o f  e x p e r i m e n t s :  p o p u l a t i o n  i n c r e a s e s  were

3 0 ^ ,  451o and 42^ r e s p e c t i v e l y  f o r  days  2 t o  5 .  T h i s  r e s u l t

p a r a l l e l s  t h e  f i n d i n g  o f  M a c i e i r a - C o e l h o  (1967)  t h a t  a

d e c r e a s i n g  p r o p o r t i o n  o f  c e l l s  e n t e r  S p h a s e  a s  s e e d i n g

d e n s i t y  r i s e s .  F u r th e r m o r e  t h e  g row th  d e c l i n e  p h a s e  t e n d e d

t o  o c c u r  a t  a  lo w e r  mean c e l l  d e n s i t y  ( 9 . 1 4 -  0.33) c e l l s  p e r  
—6d i s h  x 10"  ) t h a n  quo ted  i n  P a r t  I .

The g ro w th  p a t t e r n  i n  t h i s  s e r i e s  o f  e x p e r i m e n t s  i s  

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

( P a u l  1570) and f o r  b a c t e r i a l  g ro w th  (M ande ls tam  and 

M c Q u i l l e n  1 9 7 3 ) .

E f f e c t  o f  E t h a n o l  on C e l l  P o p u l a t i o n

E t h a n o l  was added a t  a c e l l  d e n s i t y  o f  4 . 4 - 0 . 1  (SEM) 

x 10 c e l l s  p e r  d i s h .  W i th in  1 day o f  i t s  a d d i t i o n  (day 4) ,  

c e l l  p o p u l a t i o n s  in d i s h e s  c o n t a i n i n g  e t h a n o l  were  s i g n i f i c a n t 

l y  l o w e r  t h a n  c o n t r o l  ( t  = 2 . 2 7 ;  p <  0 .0 2 5  and t  = 3 . 0 4 ;  

p < 0 .0 0 5  r e s p e c t i v e l y  f o r  21mM and 42mM e t h a n o l  t r e a t e d  

c e l l s ;  P ig  30) • The i n c r e a s e  i n  c e l l  p o p u l a t i o n  be tw een

6 3
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mean o f  6 e s t i m a t e s ;  h a r s  i n d i c a t e  -  SEM.
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The e f f e c t  o f  e t h a n o l  on c e l l  p o p u l a t i o n .  E t h a n o l - c o n t a i n i n g

g r o w th  medium was added on day 3 ,  a t  a c e l l  p o p u l a t i o n  o f  4 . 4 - 0 . 1
—6(SEM) c e l l s  p e r  d i s h  x  10~ , when t h e  c e l l s  w ere  g ro w in g  l o g a r 

i t h m i c a l l y .  The medium was changed d a i l y  t h e r e a f t e r .  R e s u l t s  a r e  
mean o f  6 e x p e r i m e n t s ;  b a r s  i n d i c a t e  -  SEM.

C e l l  p o p u l a t i o n s  i n  d e c l i n e  p h a se  e t h a n o l  t r e a t e d  c e l l s  were  
s i g n i f i c a n t l y  l o w e r  (p < 0 .0 2 5 )  t h a n  i n  d e c l i n e  p h ase  c o n t r o l  
c e l l s .



d a 7 s 3 and 4 was 45$ i n  c o n t r o l  d i s h e s  b u t  o n ly  20$ and 

12?& r e s p e c t i v e l y  i n  d i s h e s  c o n t a i n i n g  21mM and 42mM 

e t h a n o l .  E t h a n o l  when added t o  l o g a r i t h m i c a l l y  g ro w in g  

c e l l s  has  e i t h e r  d e c r e a s e d  t h e i r  r a t e  o f  c e l l  d i v i s i o n  o r  

c a u s e d  them to  r e - e n t e r  a l a g  p h a s e .  These r e s u l t s  a r e  

s i m i l a r  t o  t h o s e  o b t a i n e d  i n  t h e  f i r s t  24 h o u r s  o f  l o g a r 

i t h m i c  g rowth  i n  t h e  p r e v i o u s  s e r i e s  o f  e x p e r i m e n t s .

Eiom d ay s  4 t o  5, p o p u l a t i o n  i n c r e a s e s  i n  d i s h e s  

c o n t a i n i n g  21mM and 42mM e t h a n o l  w ere  48$ and 46$ r e s p e c t i v e l y .  

D u r i n g  any 24 h o u r  p e r i o d  i n  c o n t r o l  c e l l s ,  maximum p o p u l 

a t i o n  i n c r e a s e  was n e v e r  more t h a n  45$ .  As found  p r e v i o u s l y ,  

e t h a n o l  h a s  t e n d e d  t o  i n c r e a s e  t h e  g rowth  r a t e  o f  t h e  c e l l s ,  

o r  a l t e r n a t i v e l y  cou ld  have  c a u s e d  them t o  d i v i d e  more 

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

g r o w t h .

T im ing  o f  g row th  d e c l i n e  was t h e  same i n  c o n t r o l  and 

e x p e r i m e n t a l  d i s h e s .  C o n s e q u e n t l y ,  21mM and 42mM e t h a n o l  

t r e a t e d  c e l l s  c e a se d  t o  grow l o g a r i t h m i c a l l y  a t  c e l l  d e n s i t i e s  

o f  7 . 8 5 - 0 . 0 6  c e l l s  p e r  d i s h  x  10” ^ and 7 . 2 2 - 0 . 1 0  c e l l s  p e r
— c

d i s h  x  10 r e s p e c t i v e l y .  G-rowth d e c l i n e  i n  c o n t r o l  c e l l s  

o c c u r r e d  a t  a c e l l  d e n s i t y  o f  9 . 1 4 - 0 . 3 3  c e l l s  p e r  d i s h  x  10~6 .

64



I I T T R A C E L i ; U L A : .  C Y G I I C  A , j - T R P O U G H a U T  C R O P  t h

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

AMP c o n c e n t r a t i o n  was 8 . 9 4 - 1 . 1 1  pmol/mg p r o t e i n  ( P i g  3 1 ) ,  

w h ic h  i s  c l o s e  t o  t h e  mean "value o b t a i n e d  f o r  e a r l y  g row th  

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

On day 2 ( l a t e  l a g )  i n t r a c e l l u l a r  c y c l i c  IMP had r i s e n  t o  

1 0 . 0 2 ^ 1 . 2 1  pmol/mg p r o t e i n ,  i e  an  i n c r e a s e  o f  12$; much l e s s  

t h a n  t h e  r i s e  o f  84$ ( t o  r e a c h  18 .05  pmol/mg p r o t e i n )  o b t a i n e d  

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

Thus  when t h e s e  c e l l s  b egan  t o  grow l o g a r i t h m i c a l l y  t h e y  had 

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

o f  p r e v i o u s  e x p e r i m e n t s .

C y c l i c  AMP d e c r e a s e d  d u r i n g  e a r l y  t o  mid l o g a r i t h m i c  

g r o w t h ,  r e a c h i n g  a minimum o f  3 . 6 6 ^ 1 . 1 0  mg p r o t e i n / 1 0 ^  c e l l s  

o n  day 4 a t  a c e l l  d e n s i t y  o f  6 . 4 2 - 0 . 2 3  x  10^ c e l l s  p e r  d i s h .  

T h i s  was l o w e r  t h a n  t h e  c o n c e n t r a t i o n  o f  5 . 4 5 - 0 . 8 1  mg p r o t e i n /

10 c e l l s  found d u r i n g  mid l o g a r i t h m i c  g row th  i n  p r e v i o u s  

e x p e r i m e n t s  a t  a c e l l  d e n s i t y  o f  6 .1 5  x  10 c e l l s / d i s h .

C y c l i c  AMP p e r  mg p r o t e i n  r o s e  f rom mid l o g a r i t h m i c  g row th  

t o  d e c l i n e  ( d a y s  4 t o  6) a s  o c c u r r e d  i n  p r e v i o u s  e x p e r i m e n t s .

A f a l l  i n  i n t r a c e l l u l a r  c y c l i c  AMP o c c u r r e d  t h r e e  days  a f t e r  

g r o w t h  d e c l i n e  (d a y s  7 t o  8 ) .  T h i s  f a l l  i n  c e l l  c y c l i c  AMP 

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

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

( s e e  r e v i e w ,  Ghlapowski  e t  a l  1 9 7 5 ) .

E f f e c t  o f  E t h a n o l  on I n t r a c e l l u l a r  C y c l i c  AMP T hroughou t  Growth

I n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  c e l l s  t r e a t e d  w i t h  21mM 

o r  42mM e t h a n o l  had e l e v a t e d  i n t r a c e l l u l a r  c y c l i c  AMP w i t h i n  

2 4  h o u r s  o f  e t h a n o l  a d d i t i o n  ( P i g  3 2 ) .  The e t h a n o l
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The e f f e c t  o f  e t h a n o l  on, i n t r a c e l l u l a r  c y c l i c  'AMP 

f o r  c e l l s  p l a t e d  a t  3 .5  x 10^ c e l l s  p e r  d i s h .  E t h a n o l  
c o n t a i n i n g  g row th  medium was added on day 3: and changed 
d a i l y  t h e r e a f t e r .  One day a f t e r  a d d i t i o n  o f  e t h a n o l -  
c o n t a i n i n g  g ro w th  medium (day 4) t h e  r e - e n t r y  t o  a l a g  
p h a s e  i n  e t h a n o l  t r e a t e d  c e l l s  (compare  F i g  3o) w as - ' -  
p a r a l l e l l e d  by i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMF i n  
e x p e r i m e n t a l  c e l l s  when compared t o  c o n t r o l .

R e s u l t s  a r e  mean o f  4 e x p e r i m e n t s ;  t y p i c a l  SEM 
b a r s  shown.
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t r e a t e d  c e l l s  had c y c l i c  AMI l e v e l s  on day 4 o f  8 . 6 P - C . 5 1
4“ 6and  8 . 2 2 - 1 . 1 4  pmol c y c l i c  AMP/10 c e l l s ,  i e  c o n c e n t r a t i o n s  

s i m i l a r  t o  t h o s e  i n  l a t e  l a g  p h ase  c e l l s  on day 2. These  

c o n c e n t r a t i o n s  w ere  more t h a n  t w i c e  t h e  c o n c e n t r a t i o n  i n  

c o n t r o l  c e l l s .  At t h e  end o f  t h e  l o g a r i t h m i c  g row th  p e r i o d  

( d a y  5 ) ,  c y c l i c  AMP c o n c e n t r a t i o n s  i n  e x p e r i m e n t a l  c e l l s  

w e r e  t h e  same a s  c o n t r o l .  D u r in g  t h e  g row th  d e c l i n e  p h a se  

( d a y s  5 t o  8)  e t h a n o l  t r e a t e d  c e l l s  t e n d e d  t o  have lo w e r  

i n t r a c e l l u l a r  c y c l i c  AMP t h a n  c o n t r o l  ( c f  P a r t  I ) .

Thus t h e  d e c r e a s e d  g row th  r a t e ,  o r  r e - e n t r y  t o  a l a g  

p h a s e ,  which  o c c u r r e d  when e t h a n o l  was added t o  l o g a r i t h m i c a l l y  

g r o w i n g  c e l l s  was p a r a l l e l l e d  by i n c r e a s e d  i n t r a c e l l u l a r  

c y c l i c  AMP i n  t h e s e  c e l l s  o v e r  c o n t r o l  c e l l s .  T h i s  was 

fo u n d  a l s o  d u r i n g  e a r l y  t o  mid l o g a r i t h m i c  g row th  i n  t h e  

p r e v i o u s  e x p e r i m e n t s .
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CIEEIG-ES IN B N A ,  'BNA AND  PROTEIN DURING G-ROV/TH

T w e n t y - f o u r  h o u r s  a f t e r  p l a t i n g ,  DELA, BNA and p r o t e i n  

c o n t e n t  p e r  1 0^  c e l l s  were 3 6 . 2 - 5 - 1  (SEM) pig; 1 2 6 . 2 - 1 5 . 6  j i g  

and Q . 4 8 2 +- 0 . 1 2 6  mg r e s p e c t i v e l y  ( P i g  2 3 ) .  Por  BNA  and 

RNE, t h e s e  c o n c e n t r a t i o n s  t e n d e d  t o  "be h i g h e r  t h a n  t h o s e  o f  

l o g a r i t h m i c a l l y  g ro w in g  c e l l s .  I n t r a c e l l u l a r  p r o t e i n  m e a s u r e 

m e n t s  f o r  day 1 were  s c a t t e r e d  ( s t a n d a r d  d e v i a t i o n  was 47$ 

o f  t h e  mean) h u t  were  w i t h i n  t h e  r a n g e  o f  v a l u e s  f o r  c e l l s  

d u r i n g  l o g a r i t h m i c  g ro w th .  These  r e s u l t s  imply t h a t  t h e  c e l l s  

w e r e  c a p a b l e  o f  s y n t h e s i s i n g  B N A , BNA and p r o t e i n  d u r i n g  t h e  

t i m e  i n t e r v a l  b e tw e e n  t r y p s i n i s a t i o n  and 24 h o u r s  a f t e r  p l a t i n g  

o u t  ( c f  P a r t  I ) .  The p r e v i o u s  s e r i e s  o f  e x p e r i m e n t s  showed 

a n  e a r l y  g row th  p e r i o d  w i t h  l i t t l e  o r  no s y n t h e s i s  o f  BNA,  

w h e re  c e l l s  i n  p r o g r e s s e d  t h r o u g h  m i t o s i s  t o  G- .̂ The 

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

p h a s e  i n  t h e s e  e x p e r i m e n t s  ( P i g  34) i m p l i e s  t h a t  c e l l  d i v i s i o n  

would have been  l e s s  syncl  r o n o u s  t h a n  i n  P a r t  I .

P l u c t u a t i o n s  b e tw een  mean v a l u e s  o f  c e l l  DNA, BNA and 

p r o t e i n  f rom day t o  day were l e s s  t h a n  f o r  p r e v i o u s  e x p e r i m e n t s  

( co m p a re  P i g s  33 and 2 4 ) .  P u r th e r m o r e  a b s o l u t e  l e v e l s  t e n d e d  t o  

b e  h i g h e r ,  eg a t  l o g a r i t h m i c  g row th  i n  p r e s e n t  e x p e r i m e n t s ,  

i n t r a c e l l u l a r  BNA, BNA and p r o t e i n  were  3 2 . 1 - 3 . 1  Jig; 1 0 8 . 7 - 1 2 . 3  

j i g  and 0 .523-^0 .092 mg p e r  10^ c e l l s  r e s p e c t i v e l y ,  a t  a c e l l  

d e n s i t y  o f  6 . 4 2 ^ 0 . 2 3  c e l l s  p e r  d i s h  x  10“ ^ w h e re a s  i n  t h e  

p r e v i o u s  e x p e r i m e n t s  (day 6 ) ,  c o n c e n t r a t i o n s  were  2 8 . 8 ^ 1 . 4  j ig ;

9 5 . 6 ^ 1 1 . 8  j i g  and 0 . 4 7 4 ^ 0 . 0 3 0  mg p e r  10^ c e l l s  r e s p e c t i v e l y  a t  a 

c e l l  d e n s i t y  o f  6 . 1 5 - 0 . 2 2  c e l l s  p e r  d i s h  x  10 . C o n s e q u e n t l y ,

c e l l  DN.A d id  n o t  i n c r e a s e  p r o g r e s s i v e l y  d u r i n g
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FIGURE 34
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T o t a l  c u l t u r e  DNA, RNA and p r o t e i n  f rom  1 t o  8 days  a f t e r
6p l a t i n g ,  f o r  L - c e l l s  p l a t e d  a t  3 .5  x 10 c e l l s  p e r  d i s h .  

E s t i m a t e s  were  c a l c u l a t e d  on m easu rem en ts  o f  i n t r a c e l l u l a r  

DNA, RNA and p r o t e i n  o f  washed c e l l s ,  o b t a i n e d  a s  d e s c r i b e d  

i n  M e thods ,  m u l t i p l i e d  by t h e  c e l l  p o p u l a t i o n  p e r  d i s h .  Each
-j-

p o i n t  r e p r e s e n t s  t h e  mean o f  6 e s t i m a t i o n s ;  b a r s  i n d i c a t e  -  SEM.



1 o g a r i t h .  i c  g rov j tb .  T h is  f i n d i n g  i s  i n  c o n t r a s t  t o  t h a t  

found  i n  p r e v i o u s  e x p e r i m e n t s  ( P i g  2 4 ) .  I n  t h e  e x p e r i m e n t s  

o u t l i n e d  i n  P a r t  I  RNA p e r  c e l l  r o s e  t h r o u g h o u t  l o g a r i t h m i c  

g ro w th 1, i n  t h e  p r e s e n t  e x p e r i m e n t s  PITA f e l l  f rom mid t o  l a t e  

l o g a r i t h m i c  g ro w th ,  f u r t h e r m o r e  i n  p r e s e n t  e x p e r i m e n t s ,  an 

i n c r e a s e  i n  RNA d id  n o t  p r e c e e d  an i n c r e a s e  i n  DNA b e f o r e  

commencement o f  l o g a r i t h m i c  g r o w th .  Whereas t h e  p r e v i o u s  

e x p e r i m e n t s  showed t h a t  RNA s y n t h e s i s  a p p e a r e d  l a r g e l y  i n d e p 

e n d e n t  o f  DNA s y n t h e s i s  d u r i n g  e a r l y  g row th  and l a g  p h a s e s ,  

r e s u l t s  o f  p r e s e n t  e x p e r i m e n t s  imply  t h a t  RNA s y n t h e s i s  i s  

d e p e n d e n t  on DNA s y n t h e s i s  d u r i n g  l o g a r i t h m i c  g r o w th .

I n t r a c e l l u l a r  p r o t e i n  beg an  t o  f a l l  on day 4 ( l a t e  

l o g a r i t h m i c  g r o w t h ) .  On day 5 ,  p r o t e i n  c o n t e n t  b egan  t o  

d e c l i n e  i n  p l a t e s  d e s p i t e  c o n t i n u e d  i n c r e a s e s  i n  RNA and DNA 

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

d e t e r m i n e  t h e  t i m i n g  o f  g row th  d e c l i n e .

I n t r a c e l l u l a r  C y c l i c  AMP i n  R e l a t i o n  t o  DNA, RNA and P r o t e i n  

I n  P a r t  I ,  i n t r a c e l l u l a r  c y c l i c  AMP r o s e  by 84$ d u r i n g  

t h e  24 h o u r s  b e f o r e  commencement o f  l o g a r i t h m i c  g r o w th .  As 

d e s c r i b e d  a b o v e ,  c y c l i c  AMP r o s e  by o n ly  12$ i n  t h e  c u r r e n t  

e x p e r i m e n t s .  Such a f i n d i n g  may've r e l a t e d  t o  t h e  h i g h e r  

c e l l u l a r  p r o t e i n ,  RITA and DNA i n  p r e s e n t  e x p e r i m e n t s .  

A l t e r n a t i v e l y  t h e  "peak"  o f  c e l l u l a r  c y c l i c  AMP o b t a i n e d  i n  

p r e v i o u s  e x p e r i m e n t s  co u ld  have  b e en  o b s c u re d  i n  p r e s e n t  ones  

by  v i r t u e  o f  more a s y n c h ro n o u s  g row th  i n  t h e  a b s e n c e  o f  ,an e a r l y  

g r o w t h  p h a s e .  I n  b o th  s e r i e s  o f  e x p e r i m e n t s  a d ro p  i n  c e l l  

c y c l i c  AMP was c o n c u r r e n t  w i t h  i n c r e a s e d  DNA, RNA and p r o t e i n  

p e r  p l a t e ,  and c e l l  d i v i s i o n ,  a s  l o g a r i t h m i c  g ro w th  commenced. 

F u r t h e r m o r e  e l e v a t i o n s  i n  i n t r a c e l l u l a r  c y c l i c  AMP and d e c r e a s e s
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i n  i n t r a c e l l u l a r  p r o t e i n  a p p e a r  t o  be i n v o l v e d  i n  g ro w th  

d ec l i n e .

E f f e c t  o f  E t h a n o l  on DNA

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

DNA c o n t e n t  p e r  p l a t e  w i t h i n  24 h o u r s  o f  i t s  a d d i t i o n  

( F i g  25) .  DNA c o n t e n t  p e r  c e l l  on day 4 was l o w e r  i n  

e x p e r i m e n t a l  c e l l s  ( T s b l e X I l j ) .  Between days  4 and 5,

DNA c o n t e n t  p e r  d i s h  r o s e  by 6 0 $  and 74$ r e s p e c t i v e l y  i n  

21mM and 42mM e t h a n o l  t r e a t e d  c e l l s .  I n c r e a s e  i n  DNA 

f o r  c o n t r o l  d i s h e s  o v e r  any 24 h o u r  p e r i o d  was n e v e r  more 

t h a n  53$ .  T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  g row th  r a t e  

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

g r o w th  t h a n  t h a t  o f  c o n t r o l  c e l l s .  The r e s u l t  i s  a l s o  

c o n s i s t e n t  w i t h  t h e  c e l l s  g ro w in g  more s y n c h r o n o u s l y .

E t h a n o l  t r e a t e d  c e l l s  had lo w e r  i n t r a c e l l u l a r  DNA t h a n  c o n t r o l  

c e l l s  f o r  t h e  same c e l l  d e n s i t y  ( b o t h  s e r i e s  o f  e x p e r i m e n t s ;

F i g  3 6 ) .

E f f e c t s  o f  E t h a n o l  on RNA

W ith in  24 h o u r s  o f  e t h a n o l  a d d i t i o n  (day 4) i n h i b i t e d  c e l l  

d i v i s i o n  had r e s u l t e d  i n  l o w e r  RNA c o n t e n t  p e r  d i s h  i n  

t r e a t e d  c e l l s  ( F i g  3 7 ) .  RNA c o n t e n t  p e r  c e l l  a l s o  t e n d e d  

t o  be l o w e r  i n  e x p e r i m e n t a l  c e l l s  (T a b le  XIV). ( T h i s  e f f e c t  

o c c u r r e d  a t  e a r l y  l o g a r i t h m i c  g row th  i n  t h e  p r e v i o u s  e x p e r 

i m e n t s ) .  E t h a n o l  p o t e n t i a t e d  t h e  f a l l  i n  RNA p e r  c e l l  which 

o c c u r r e d  from mid to  l a t e  l o g a r i t h m i c  g ro w th .  C o n s e q u e n t l y ,  

a s  c e l l  numbers  r o s e  in  e x p e r i m e n t a l  and c o n t r o l  c e l l s ,  RNA 

p e r  d i s h  i n c r e a s e d  by 18$ and 21$ r e s p e c t i v e l y  i n  21mM and 42mM 

e t h a n o l  t r e a t e d  c e l l s .  P e r c e n t a g e  r i s e  i n  c o n t r o l  c e l l s  was 

n e v e r  l e s s  t h a n  26$ d u r i n g  l o g a r i t h m i c  g ro w th .  Th is

e f f e c t  i s  o p p o s i t e  t o  t h e  r e l a t i v e
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The e f f e c t  o f  e t h a n o l  on c u l t u r e  DNA f o r  c e l l s  p l a t e d  a t

3 . 5  x  10 c e l l s  p e r  d i s h .  E t h a n o l - c o n t a i n i n g  g row th  medium was 

a d d ed  on day 3 and changed d a i l y  t h e r e a f t e r .  R e s u l t s *  are- mean 

o f  4 e x p e r i m e n t s j  t y p i c a l  SEM b a r s  shown.



TABLE X 1II

Growth 
Medium Zero  E t h a n o l  ( C o n t r o l ) 21mM E t h a n o l 42mli  E t h a n o l

Days a f t e r  
P l a t i n g DNA O ig /1 0 6 c e l l s  ± SE)

1 3 6 . 2 ± 5 .1 - -

2 3 3 . 5 - 1 . 3 - -

3 3 0 . 5 - 3 . 7 -

4 3 2 . 1 ± 3 .1 2 7 . 8 ± 2 .2 2 3 . 6 ± 4 .6

5 . 2 9 . 4 - 4 . 6 3 0 . 1 ± 4 . 8 2 8 . 1 ± 5 .6

6 3 1 . 1 - 4 . 8 2 4 . 1 ^ 6 . 1 2 4 . 7 - 5 . 7

7 1 4 . 6 - 2 . 0 1 8 . 7 ± 4 . 5 2 0 . 6 ± 5 . 1

8 2 2 . 5 - 1 . 6 2 1 . 9 ± 4 .6 2 6 . 4 —4 . 6

I n t r a c e l l u l a r  DNA d u r i n g  t h e  g ro w th  c y c l e  o f  c e l l s
6p l a t e d  a t  a d e n s i t y  o f  3*5 x 10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added on day  3.

Growth medium was changed d a i l y  f ro m  day 3 onwards  i n  a l l  

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

4 e x p e r i m e n t s .
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The e f f e c t  o f  e t h a n o l  on c u l t u r e  RNA f o r  c e l l s  p l a t e d  a t

3 . 5  x 10^ c e l l s  p e r  d i s h .  E t h a n o l - c o n t a i n i n g  g row th  medium 

w as  added on day 3 and changed d a i l y  t h e r e a f t e r .  R e s u l t s  a r e  

mean o f  4 e x p e r i m e n t s ;  t y p i c a l  SEM b a r s  shown.



TABLE X IV

Growth 
Med ium Zero E t h a n o l ( C o n t r o l ) 21mM E t h a n o l 42mM E t h a n o l

D ays  a f t e r  . 
P l a t i n g BHA/)ig,(l06 c e l l s  -  SE)

1 1 2 6 . 2 - 1 5 . 6 — —

2 9 4 .2 ± 1 3 .8 - -

3 1 1 2 . 7 - 1 6 . 2 - -

4 1 0 8 . 7 - 1 2 . 3 1 0 1 . 3 - 1 4 . 6 9 8 . 4 - 1 4 . 3

. 5 9 6 .6 ± 1 5 .2  ' 8 0 . 6 ± 8 . 7 8 1 . 3 - 1 5 . 1

6 1 0 7 . 7 - 1 5 . 1 8 0 . 6 ± 9 . 1 8 9 . 4 - 1 2 . 0

7 9 5 .0 ± 1 2 .1 7 7 . 6 ± 7 . 6 8 1 . 9 - 1 5 . 0

8 1 0 4 . 0 ^ 1 5 . 3 8 2 . 0 ± 1 5 .6 6 3 . 6 - 1 5 . 5

I n t r a c e l l u l a r  RITA d u r i n g  t h e  g row th  c y c l e  o f  c e l l s  

p l a t e d  a t  a  d e n s i t y  o f  3 .5  x  10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added on day 3 .  R e s u l t s  

a r e  a v e r a g e  o f  4 e x p e r i m e n t s .



i n c r e a s e s  i n  RITA i n  c o n t r o l  and e x p e r i m e n t a l  c e l l s  f rom  

mid  t o  l a t e  l o g a r i t h m i c  g row th  (d a y s  6 t o  7) i n  p r e v i o u s  

e x p e r i m e n t s ,  where RITA p e r  c e l l  was r i s i n g .

E f f e c t s  o f  E t h a n o l  on P r o t e i n

P r o t e i n  p e r  d i s h  in  21mM and 42mM e t h a n o l  t r e a t e d  c e l l s  

i n c r e a s e d  by 79$ and 76$ r e s p e c t i v e l y  b e tw ee n  days  4 and 5 ( P i g  36/ 

P e r c e n t a g e  r i s e  i n  c o n t r o l  c e l l s  was n e v e r  more t h a n  52$ o v e r  

any  24 h o u r  l o g a r i t h m i c  g ro w th  p e r i o d .  P r o t e i n  p e r  c e l l  

a l s o  r o s e  b e tw e e n  days  4 and 5 i n  e x p e r i m e n t a l  d i s h e s ,  t o  

r e a c h  t h e  same p r o t e i n  c o n t e n t  a s  c o n t r o l  c e l l s  on day 5.

( T a b l e  XV).

On day 5 ,  i n t r a c e l l u l a r  c y c l i c  AMB v a l u e s  f o r  c o n t r o l  

and e x p e r i m e n t a l  d i s h e s  w ere  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  ( P i g  3 2 ) 

i n  t h e  p r e s e n c e  o f  s i m i l a r  p r o t e i n  (Tab le :XV )  i n t r a c e l l u l a r  

PITA ( T a b le  n i l )  b u t  low ered  i n t r a c e l l u l a r  EITA ( T a b le  XIV) and 

c e l l  n u m b ers .  Prom day 5 o n w ard s ,  p r o t e i n  p e r  d i s h  d e c l i n e d  

i n  e x p e r i m e n t a l  d i s h e s  as  w e l l  a s  i n  c o n t r o l  d i s h e s .  I n t r a 

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

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

t e n d e d  t o  be l o w e r .  I n t r a c e l l u l a r  p r o t e i n  f o r  p o o le d  r e s u l t s  

( c o n t r o l  and ‘ e x p e r i m e n t a l ;  b o t h  s e r i e s ' o f  e x p e r i m e n t s )  showed 

a  n e g a t i v e  l o g  l i n e a r  r e l a t i o n s h i p  w i t h  p i c o m o le s  c y c l i c  AMP 

p e r  m i l l i g r a m  p r o t e i n  o v e r  t h e  r a n g e  0 . 2 5  t o  0 . 6 0  mg p r o t e i n  

p e r  10^ c e l l s  ( r  =“ 0 . 7 7 ;  P i g  39)*
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The e f f e c t  o f  e t h a n o l  on c u l t u r e  p r o t e i n  f o r  c e l l s  p l a t e d  

a t  3 . 5  x  10^ c e l l s  p e r  d i s h .  E t h a n o l - c o n t a i n i n g  g ro w th  medium 

w as  added t o  e x p e r i m e n t a l  c e l l s  on d%y 3 and changed d a i l y  

t h e r e a f t e r .  R e s u l t s  a r e  mean o f  4 e x p e r i m e n t s ;  t y p i c a l  SEM 

b a r s  shown.



TIELE XV

G rowth
Med ium Zero E t h a n o l  ( C o n t r o l ) 21mM E t h a n o l 42mM E t h a n o l

Days  a f t e r  .
P l a t i n g PROTEIN (mg/10 c e l l s  -  SE)

1 0 .4 8 2 * 0 .1 2 6 -

r  ........- ■

2 0 . 4 3 7 - 0 . 1 6 8 - -

3 0 .5 1 0 * 0 .0 6 6 - -

4 0 .5 2 3 * 0 .0 0 9 2 0 . 3 5 5 * 0 .0 5 1 0 .3 6 2 * 0 .0 4 8

' 5 0 .4 3 6 * 0 .0 4 7 0 .4 2 9 * 0 .0 4 4 0 .4 3 6 * 0 .0 4 7

6 0 . 3 0 6 * 0 .1 0 2 0 . 3 2 6 * 0 .0 6 3 0 .3 2 7 * 0 .0 9 4

7 0 . 2 7 3 * 0 .0 4 5 0 . 2 9 4 * 0 .0 4 9 0 .2 3 8 * 0 .0 3 6

8 0 .5 3 3 * 0 .0 4 7 0 .3 9 3 * 0 .0 5 5 0 .5 6 1 * 0 .0 9 2

I n t r a c e l l u l a r  p r o t e i n  d u r i n g  t h e  g row th  c y c l e  o f  c e l l s  

p l a t e d  a t  a  d e n s i t y  o f  3 .5  x  10 c e l l s / d i s h .  I n  e x p e r i m e n t a l  

d i s h e s ,  e t h a n o l  c o n t a i n i n g  medium was added on day 3. R e s u l t s  

a r e  a v e r a g e  o f  4 e x p e r i m e n t s .



FIG-URE 39

20
ia

liter cn
ov

u 0*9-

CL
Ui
-S 0 7-

02 02 OS04 03 04 05 0*6

( i )  ( i x )

R e l a t i o n s h i p  o f  i n t r a c e l l u l a r  cyc l ic -AMP t o  i n t r a c e l l u l a r

p r o t e i n .  P o i n t s  r e p r e s e n t  r e s u l t s  f rom  c o n t r o l  and e x p e r i m e n t a l

c e l l s  i n  b o t h  s e r i e s  o f  e x p e r i m e n t s .  ( P a r t s  I  and I I  o f  R e s u l t s ) .
6F o r  g ra p h  ( i i ) ,  r  = - 0 . 7 7  f o r  t h e  r a n g e  0 . 2  t o  0 . 6  mg p r o t e i n / 1 0  

c e l l s .



SIM. IARY OP E JE C T S  OF ETHANOL ■

( i )  E t hc.no 1 had no e f f e c t  on c e l l  numbers  d u r i n g  t h e  l a g  

p h a s e ,  vihen t h e  c e l l s  were n o t  a c t i v e l y  d i v i d i n g .

( i i )  C y c l i c  AMP r o s e  s h a r p l y  d u r i n g  t h e  l a t t e r  24 h o u r s  o f  

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

c y c l i c  AMP.

( i i i )  E t h a n o l  s i g n i f i c a n t l y  d e c r e a s e d  i n t r a c e l l u l a r  DNA 

c o n t e n t  d u r i n g  l a g  and l o g a r i t h m i c  g row th  p h a s e s .  E t h a n o l  

t r e a t e d  c e l l s  had lo w e r  DNA t h a n  t h e  same c e l l  d e n s i t y  i n  

c o n t r o l  c e l l s .

( i v )  ENA r o s e  i n  t h e  a b s e n c e  o f  a r i s e  i n  DNA d u r i n g  t h e  

l a t t e r  h a l f  o f  t h e  l a g  p h a s e .  E t h a n o l  d id  n o t  p r e v e n t ,  b u t  t e n d e d  

t o  d e c r e a s e  t h e  r i s e  i n  RNA.

( v )  E t h a n o l  had no s i g n i f i c a n t  e f f e c t  on p r o t e i n  c o n t e n t  o f  

c e l l s  when t h e y  were  n o t  a c t i v e l y  d i v i d i n g  ( l a g  p h a s e ) .  How- 

e v e r ,  p r o t e i n  p e r  c e l l  t e n d e d  t o  be h i g h e r  i n  e t h a n o l  t r e a t e d
■j

c e l l s .  I
;|

( v i )  D u r in g  e a r l y - m i d  l o g a r i t h m i c  g ro w th  i n  c o n t r o l  c e l l s ,  j
e t h a n o l  e i t h e r  ;■!

( a )  d e c r e a s e d  g row th  r a t e ,  o r

(b )  p o t e n t i a t e d  o r  i n i t i a t e d  a l a g  p h a s e .

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

i n t r a c e l l u l a r  DNA and an  i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMP.

( v i i )  E t h a n o l  p o t e n t i a t e d  t h e  f a l l  i n  RNA p a r  c e l l  when 

added  t o  l o g a r i t h m i c a l l y  g ro w in g  c e l l s .  T h i s  was p a r a l l e l l e d  

by d e c r e a s e d  i n t r a c e l l u l a r  DNA and p r o t e i n  and i n c r e a s e d  

i n t r a c e l l u l a r  c y c l i c  AMP.

( v i i i )  At t h e  most  r a p i d  24 h o u r  g row th  p e r i o d  i n  e t h a n o l -
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t r e ; . t e d  c e l l s ,  r a t e  o f  i n c r e a s e  o f  c e l l  p o p u l a t i o n  and 

p r o t e i n  p e r  d i s h  was g r e a t e r  t h a n  o v e r  e i t h e r  24 h o u r  l o g a r i t h m i c

g row th  p e r i o d  i n  c o n t r o l  c e l l s .  C e l l s  t e n d e d  t o  be p o o r  i n

c o n t e n t  o f  REA and D1TA.

( i x )  E t h a n o l  d id  n o t  a f f e c t  t h e  t i m i n g  o f  g ro w th  d e c l i n e .  A 

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

‘c e l l u l a r  c y c l i c  AMP were  t h e  o n ly  c o n s i s t e n t  e v e n t s  o f  t h o s e  

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

e x p e r i m e n t a l  d i s h e s .  E l e v a t i o n s  i n  i n t r a c e l l u l a r  c y c l i c  AMP 

a n d  d e c r e a s e s  i n  i n t r a c e l l u l a r  p r o t e i n  a p p e a r  t o  be i n v o l v e d

i n  d e c l i n e  p h a se  and l a g  p h a s e  g r o w th .
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PART I I I

T IME COURSE OP CHARGES IN CEIL CYCIIC AMP IN RESPONSE

TO ETHANOL

S h o r t  t e rm  e x p e r i m e n t s  were  c a r r i e d  o u t  t o  d e t e r m i n e  

t h e  t im e  l e n g t h  o f  any c h a n g e s  i n  i n t r a c e l l u l a r  c y c l i c  AMP 

p r o d u c e d  by e t h a n o l .  The e x p e r i m e n t  was c a r r i e d  o u t  i n  serum 

f r e e  medium: i n  s e v e r a l  c e l l  l i n e s ,  t h e  p r e s e n c e  o f  serum
tr

h a s  b e e n  r e p o r t e d  t o  l o w e l  b a s a l  c y c l i c  AMP l e v e l s  ( s e e  

I n t r o d u c t i o n )  and t o  r e d u c e  t h e  m a g n i tu d e  o f  t h e  c y c l i c  AMP 

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

1 9 7 4 ) .  C e l l  d e n s i t i e s  used  f o r  e x p e r i m e n t  c o r r e s p o n d e d  t o  

e a r l y  g r o w th ,  e a r l y  l a g  and l o g a r i t h m i c  g ro w th  p h a s e s  o f  

t h e  g ro w th  p e r i o d .

T ab le X V I  shows t h a t  e t h a n o l  a d d i t i o n  r e s u l t e d  i n  an 

i n c r e a s e  i n  i n t r a c e l l u l a r  c y c l i c  AMP. I n  some c a s e s ,  t h e  

e f f e c t  became e v i d e n t  w i t h i n  1 m i n u t e .  However ,  t h e  e f f e c t  

w as  n o t  a lw ays  c o n s i s t e n t  t h r o u g h o u t  t h e  t im e  i n t e r v a l s  

m e a s u r e d ;  i t  d id  n o t  v a r y  i n  any c o n s i s t e n t  manner  w i t h  

t i m e  o r  w i t h  c o n c e n t r a t i o n  o f  e t h a n o l .  The e l e v a t i o n s  i n  

c e l l  c y c l i c  AMP produced  a r e  presumed t o  be a n o n - s p e c i f i c  

r e s p o n s e .  Sheppard  (1972b)  has  p o s t u l a t e d  t h a t  e l e v a t i o n s  

i n  c e l l u l a r  c y c l i c  AMP l e v e l s  a r e  most l i k e l y  a r e s p o n s e  t o  

e x t r e m e l y  p o o r  g rowth  c o n d i t i o n s .  I t  has  a l r e a d y  been  

m e n t io n e d  (p ag e  18 ) t h a t  d e p l e t i o n  o f  serum f a c t o r s  i n  

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

c y c l i c  AMP. An a d d i t i o n a l  r e s p o n s e  became e v i d e n t  i n  t h e s e  

e x p e r i m e n t s ,  t h a t  i s ,  t h a t  a t  t h e  1 h o u r  t i m e  i n t e r v a l  o f  

i n c u b a t i o n ,  c e l l u l a r  c y c l i c  AMP i n  c o n t r o l  c e l l s  t e n d e d  t o  

b e  e l e v a t e d .  T h is  l e n d s  more w e ig h t  t o  t h e  r e p o r t s  t h a t  

s e rum  s t a r v a t i o n  r e s u l t s  i n  i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMP.
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TABLE XVI

S e r u m - f r e e  Growth
Medium Added

Zero E th a n o l  
( C o n t r o l ) 21mM E t h a n o l 42mM E t h a n o l

C e l l  Den
s i t y  ( c e l l s  
d i s h  x 1 0 ” 6

Time o f  
I n c u b a t 
i o n  
(m ins) pmol c y c l i c  AMP/10^ c e l l s  -S E

1 . 4 8  ( e a r l v  
g ro w th )

2 . 8 2  ( l a g )

8 . 0 3  ( l o g a r 
i t h m i c  
g r o w t h )

1
5
15
60

1
5
15
60

1
5

1 . 7 8 * 0 .3 5
1 . 2 2 * 0 . 1 8
2 . 4 2 * 0 . 3 0
2 . 46*0 .38

3.41x1.11
2 . 6 8 i l . 6 2
2 . 6 2 x 0 .5 3  
5 . 8 1 - 1 . 1 0

3.03x0.46
4 . 0 8 - 0 . 1 5

8 . 8 2 x 0 . 3 2  
2.62x0.78 
7 . 8 0 x 0 . 9 6  
8 . 1 3 * 0 . 3 0

2 . 2 3 x 0 . 4 6  
3 . 9 6 x 1 . 8 4  
2 . 4 4 x 0 . 4 7  
5 . 6 7 - 1 . 4 3

2 . 9 1 x 0 . 5 9
4 . 0 2 - 1 . 0 9

1 . 1 4 x 0 . 3 1
8 . 0 3 x 0 . 9 2
6 . 2 9 x 1 . 3 6
8 .83-0 .9 1

6 . 7 6 x 0 . 2 6
4 . 0 6 x 1 . 7 6
5 . 0 3 x 0 .6 5
4 . 9 9 * 0 . 6 3

2 . 4 8 x 0 . 1 1
5 . 0 7 - 1 . 2 6

S h o r t - t e r m  e f f e c t  o f  e t h a n o l  on i n t r a c e l l u l a r  c y c l i c  AMP 

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

g r o w t h  c y c l e .  D i s h e s  had b e e n  e q u i l i b r a t e d  f o r  2 h r s  i n  

s e r u m - f r e e  medium a t  room t e m p e r a t u r e  b e f o r e  i n i t i a t i o n  o f  

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

room t e m p e r a t u r e .  P o r  eac h  e s t i m a t i o n  n=3.



C e l l  c y c l i c  JL.il was n o t  r e l a t e d  i n  any d i r e c t  

m anne r  t o  t h e  g row th  r a t e  o f  t h e  c e l l s  o v e r  t h e  day o f  

i t s  m easu rem e n t  ( F i g  4 0 ) .
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R e l a t i o n s h i p '  o f  i n t r a c e l l u l a r  c y c l i c  4MP t o  t h e  g row th  

r a t e  o f  t h e  c e l l s  o v e r  t h e  day  o f  i t s  measurem ent*  P o i n t s  

r e p r e s e n t  r e s u l t s  f rom c o n t r o l  and e x p e r i m e n t a l  c e l l s  i n  

b o t h  s e r i e s  o f  e x p e r i m e n t s  ( P a r t s  I ' a n d  I I  o f  R e s u l t s ) .

F o r  t h e  r a n g e  - 5 $  t o  100$ i n c r e a s e  i n  c e l l  n um bers ,  

r  = 0 . 5 0 .



DISCUSSION



CELLS

The p u r p o s e  o f  t h i s  s e c t i o n  i s  to  d i s c u s s  some i n t r a c e l l u l a r  

p r o c e s s e s  i n v o lv e d  i n  t h e  g row th  o f  LS29 c e l l s  i n  c u l t u r e .

S e v e r a l  h y p o t h e s e s  w i l l  be advanced  i n  an a t t e m p t  t o  e x p l a i n  

t h e  c h a n g e s  found on i n c u b a t i o n  w i t h  a l c o h o l .

The o r i g i n a l  aim o f  t h e  work was t o  examine t h e  s e q u e n c e  . 

o f  e v e n t s  o c c u r r i n g  when r e s t i n g  ( d e c l i n e  p h a s e )  1929 c e l l s  

a r e  in duced  t o  d i v i d e  and t o  s tu d y  t h e  e f f e c t s  o f  e t h a n o l  on 

g ro w th  c o n t r o l  i n  t h e  c e l l  l i n e .  A l l  c e l l s  used  f o r  e x p e r i m e n t s

w e r e  s u b c u l t u r e d  f rom  p a r e n t  c u l t u r e s  w hich  had b ee n  grown t o

h i g h  p o p u l a t i o n  d e n s i t i e s  and were  t h u s  i n  t h e  d e c l i n e  p h a se  

o f  g ro w th .  C e l l s  o b t a i n e d  c o m m e r c i a l ly  were  t r a n s p o r t e d  i n  

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

o f  c e l l  c u l t u r e  p o p u l a t i o n s  w h ich  had p r e v i o u s l y  been  r e p o r t e d  

i n  t h e  l i t e r a t u r e  cou ld  be assum ed:

( i )  High p o p u l a t i o n  d e n s i t y  d e c l i n e  p h a s e  c u l t u r e s  a r e  

a r r e s t e d  i n  t h e  G-j p h a se  o f  t h e  c e l l  c y c l e .  Such p o p u l a t i o n s ,  

when s u b c u l t u r e d  i n t o  f r e s h  medium, w i l l  have c o n f e r r e d

upon  them a d e g r e e  o f  sy n ch ro n y  a s  a r e s u l t  o f  d e l a y e d

e n t r y  i n t o  S p hase  (L in d sa y  1969) .

( i i )  F u r t h e r  c o o l i n g  o f  c e l l s  t o  4°C c o n f e r s  upon them a 

d e g r e e  o f  sy n ch ro n y  ( d e p e n d i n g  on t h e  t im e  l e n g t h  o f  t h e  

i n c u b a t i o n  a t  4°C) by p r e v e n t i n g  e n t r y  i n t o  S p h a s e  (Newton 

and Wildy 1959; Cameron and P a d i l l a  1966) .



GROWTH OP L -C E L IS  POLIO'.VUG SUBCULTURE

G row th  R a te  a s  a F u n c t i o n  o f  P l a t i n g  D e n s i t y

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

2 x  10 c e l l s  p e r  d i s h .  T h i s  c o r r e s p o n d s  t o  a c e l l  d e n s i t y  o f  
a 2

2 . 6  x 10 c e l l s / c m  ( u s i n g  a r a d i u s  o f  5cm when c a l c u l a t i n g  

t h e  s u r f a c e  a r e a  o f  t h e  d i s h ) .  C o n f l u e n c y ,  w hich  i s  t h e  

c o m p l e t i o n  o f  c o n t a c t  b e tw ee n  o p p o s e d  c e l l  b o r d e r s ,  has  b e en  

r e p o r t e d  u s i n g  v a r i o u s  c e l l  l i n e s  a s  o c c u r r i n g  a t  a c e l l
A O

d e n s i t y  o f  4 t o  6 x 10 c e l l s / c m  ( e g  S c h u tz  and Mora 1968;

P o n t e n  e t  a l  1969 ;  B anna i  and Sheppard  1 9 7 4 ) .  Thus t h e

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

t o  an  i n c o m p l e t e  m o n o la y e r  and c e l l - c e l l  c o n t a c t  would n o t

h a v e  b e en  c o m p l e t e .  I n  t h e  second  s e r i e s  o f  e x p e r i m e n t s ,  t h e
6c e l l s  w ere  p l a t e d  a t  a c e l l  d e n s i t y  o f  3 .5  x  10 c e l l s  p e r

A p
d i s h  ( 4 . 5  x  10 c e l l s / c m  ) ,  which  would have r e s u l t e d  i n  t h e  

f o r m a t i o n  o f  an  a lm o s t  c o m p le te  o r  c o m p le te  m o n o la y e r  and c e l l 

c e l l  c o n t a c t  w i t h o u t  c e l l  d i v i s i o n .

Skeban and P r iedm an  (1974)  found  t h a t  1 - c e l l s  p l a t e d  a t
3 2a  s p a r s e  c e l l  d e n s i t y  ( 1 . 4  t o  3 .6  x  10 c e l l s / c m  ) showed an

i n i t i a l  p e r i o d  o f  g rowth  r a t e  a c c e l e r a t i o n  which  was d e p e n d e n t

u p o n  p l a t i n g  d e n s i t y .  The i n i t i a l  g row th  r a t e  ( f ro m  24 t o

48  h o u r s  a f t e r  p l a t i n g )  was p r o p o r t i o n a l  t o  t h e  i n i t i a l  s e e d i n g

d e n s i t y .  As t h e i r  c u l t u r e s  ap p ro a ch ed  c o n f l u e n c y  how ever ,
/

t h e  g ro w th  r a t e  d e c e l l e r a t e d  t o  a low b u t  n o n - z e r o  v a l u e ;  t h u s  

a  maximum grow th  r a t e  was a c h i e v e d  a t  some p o i n t  d u r i n g  t h i s  

p r e - c o n f l u e n t  g row th  p e r i o d .  They i n t e r p r e t e d  t h e i r  f i n d i n g s  

t o  mean t h a t  c o - o p e r a t i v e  g r o w t h - f a c i l i t a t i n g  r e a c t i o n s  o c c u r  

b e t w e e n  c e l l s ,  which r e q u i r e  e i t h e r  i n t e r c e l l u l a r  c o n t a c t  o r  a 

h i g h  d e g r e e  o f  p r o x i m i t y .  They p ro p o se d  t h a t  such  a mechanism
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o f  g row th  c o n t r o l  a l l o w s  a p o p u l a t i o n  d e n s i t y  t o  be a c h i e v e d  

w h i c h  a f f o r d s  a r e a s o n a b l e  s u r v i v a l  p r o b a b i l i t y .  Such co 

o p e r a t i v e  g row th  f a c i l i t a t i o n  has  b ee n  n o te d  by o t h e r s  (Puck 

and M arcus  1955; Re in  and Rubin  1 9 6 8 ) .  By a n a lo g y  w i t h  t h e  

h y p o t h e s i s  o f  Skehan and P r ied m an  (1974)  t h e  p u r p o s e  o f  t h e  

e a r l y  g row th  p e r i o d  i n  my e x p e r i m e n t s  was t o  a l l o w  t h e  c u l t u r e  

a r e a s o n a b l e  s u r v i v a l  p r o b a b i l i t y .

T im in g  o f  t h e  Lag P hase  as  a F u n c t i o n  o f  P l a t i n g  D e n s i t y

C e s s a t i o n  o f  g rowth  upon c o n f l u e n c y  i n  c e l l  l i n e s  s u b j e c t

t o  d e n s i t y  d e p e n d e n t  i n h i b i t i o n  o f  g row th  h a s  b e e n  r e p o r t e d  a s
A 2o c c u r r i n g  a t  c e l l  d e n s i t i e s  o f :  5 x ICr c e l l s / c m  (3T3;

A 2
T o d a ro  e t  a l  1964;  1 9 6 5 ) ;  4 x 10 c e l l s / c m  (mouse embryo

A 2
f i b r o b l a s t s ;  S c h u tz  and Mora 1 9 6 8 ) ;  6 x  10^ c e l l s / c m  (human

g l i a - l i k e  c e l l s ;  Westermark  1 9 7 1 ) .  The mechanism o f  t h e  

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

l a g  p h a s e  i n  P a r t  I  o f  t h e  r e s u l t s  i s  l i k e l y  t o  be a n a l o g o u s  

t o  " c o n t a c t ” i n h i b i t i o n  o f  c e l l  g row th  a t  conf luency  i n  p r im a r y  

c e l l  l i n e s .

F u r t h e r  i n v e s t i g a t i o n s  by Skehan (1976)  on t h e  p e r i o d  o f  

g r o w th  r a t e  a c c e l e r a t i o n  m e n t io n ed  above R e v e a l e d  t h a t  t h e  a m p l i tu d ^  

o f  t h e  maximum grow th  r a t e  a c h i e v e d  d u r i n g  t h e  p r e - c o n f l u e n t  

p e r i o d  d e c r e a s e d  w i t h  i n c r e a s i n g  s e e d i n g  d e n s i t y .  The t i m i n g  

o f  t h i s  peak  i n  g row th  r a t e  was i n d e p e n d e n t  o f  s e e d i n g  d e n s i t y :  

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

i n c r e a s e d .  My r e s u l t s  a r e  i n  a g re e m e n t  w i t h  t h o s e  o f  Skehan 

(1 9 7 6 )  s i n c e  t h e  t im e  t a k e n  t o  r e a c h  t h e  l o g a r i t h m i c  p h ase  o f  

g r o w th  f e l l  a s  s e e d i n g  d e n s i t y  i n c r e a s e d  ( P i g  18).

T im in g  o f  t h e  G-rowth B e e l i n e  P hase

The g row th  d e c l i n e  p h ase  f o l l o w i n g  l o g a r i t h m i c  grow th  

commenced a t  mean c e l l  d e n s i t i e s  o f  1 2 .5  x 10 ^ an(  ̂ 13*6 x 10
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2
c e l l s / c m  r e s p e c t i v e l y  i n  t h e  two s e r i e s  o f  e x p e r i m e n t s .  These 

c e l l  d e n s i t i e s  s t i l l  c o r r e s p o n d  t o  a m o n o la y e r  p re su m a b ly  w i t h  

c o n s i d e r a b l e  o v e r l a p  among t h e  c e l l s  (K ru se  e t  a l  1 9 6 9 ) .  Growth 

d e c l i n e  a t  t h e s e  c e l l  d e n s i t i e s  may have b e en  due t o  t h e  l a c k  

o f  a d e q u a t e  s u b s t r a t u m  f o r  a t t a c h m e n t  (Van S c o t t  and Plaxman 

1 9 6 8 ;  D u lbecco  and E l k i n g t o n  1973)  o r  i n a d e q u a t e  n u t r i t i o n  

( C a s t o r  1970;  M a r t i n  e t  a l  1 9 7 1 ) .  A l t e r n a t i v e l y ,  i t  may have  

b e e n  due t o  t h e  endogenous  mechanism o f  g ro w th  c o n t r o l  p r o p o se d  

b y  Skehan  (19 76) which  he s t a t e d  a s  o c c u r r i n g  a l s o  i n  m u l t i l a y e r e d  

c u l t u r e s .

Growth d id  n o t  s t o p  a t  t h e s e  c e l l  d e n s i t i e s ,  s i n c e  t h e  

few c e l l s  wh ich  became d e t a c h e d  a t  medium c h a n g e s  w ere  r e p l a c e d  

new c e l l s  i n s e r t i n g  i n t o  t h e  m o n o la y e r  ( e v i d e n t  i n  P i g  3 0 ) .

T he I n t e r v e n t i o n  o f  E t h a n o l  i n  C e l l  D i v i s i o n

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

when l o g a r i t h m i c  g row th  was t a k i n g  p l a c e  i n  c o n t r o l  c e l l s ,  co u ld  

h a v e  b een  c a u sed  byi:

( i )  an  e x te n d e d  c e l l  c y c l e

( i i )  an  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  n o n - d i v i d i n g  c e l l s  

e g ,  c e l l  d e a t h

( i i i )  c e l l  d e t a c h m e n t .

S i n c e  e t h a n o l  showed no e v i d e n c e  o f  a f f e c t i n g  c e l l  a d h e s i o n  when 

compared  t o  c o n t r o l  p l a t e s ,  p o s s i b i l i t y  ( i i i )  w ou ld  be u n l i k e l y .  

The f i r s t  two p o s s i b i l i t i e s  u l t i m a t e l y  mean some a l t e r a t i o n  i n  

t h e  c o n t r o l  o f  c e l l  d i v i s i o n  ( B a s e r g a  1 9 6 5 ) .  R e s u l t s  f rom c e l l  

c o u n t s  a l o n e  g i v e  no i n d i c a t i o n  o f  where  and how e t h a n o l  i n t e r 

v en e d  i n  t h e  c e l l  c y c l e .

E t h a n o l  e x te n d ed  t h e  t im e  l e n g t h  o f  t h e  l a g  p h a se  b u t  d id  n o t
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a f f e c t  t h e  t i m i n g  o f  t h e  g row th  d e c l i n e  p h a se ,  , p e r h a p s  f a v o u r i n g  

t h e  h y p o t h e s i s  o f  Skehan (1976)  t h a t  some. endogenous  mechanism 

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

7 9



THE CYLCIC AMP ASSAY: METHODOLOGICAL PROBLEMS

R e l i a b i l i t y  o f  th e  Assay

The r e l i a b i l i t y  o f  any p r o t e i n  b i n d i n g  a s s a y  d ep en d s  on 

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

a c c u r a c y ,  p r e c i s i o n ,  and s e n s i t i v i t y  (R ees  M id g e ley  e t  a l  

1969;  E k i n s  1970)  t h r o u g h o u t  t h e  r a n g e  o f  c o n c e n t r a t i o n s  f o r  

w h ic h  i t  i s  t o  be u s e d .  I n  t h e  Methods s e c t i o n ,  I  r e p o r t e d  

on some o f  t h e  p r a c t i c a l  p ro b le m s  e n c o u n t e r e d  i n  e s t a b l i s h i n g  

a v a l i d  a s s a y  f o r  m easurem ent  o f  c y c l i c  AMP i n  t i s s u e  c u l t u r e  

c e l l s  grown a s  a m o n o la y e r .

Tris/SDTA B u f f e r  and H y d r o c h l o r i c  Acid E x t r a c t i o n

These  m ethods  o f  e x t r a c t i o n  o f  i n t r a c e l l u l a r  c y c l i c  AMP 

were  found  t o  g i v e  s p u r i o u s  r e s u l t s  due t o  i n a d e q u a t e l y  

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

T h i s  d i f f i c u l t y  has  b e e n  d e s c r i b e d  by O t t e n  e t  a l  (1 9 7 2 )  who 

a d v i s e  a g a i n s t  any r i n s i n g  o f  t h e  c e l l  s h e e t  b e tw e e n  t h e  

r e m o v a l  o f  t h e  medium and th e  a d d i t i o n  o f  t h e  e x t r a c t i o n  

a g e n t .

T r i c h l o r o a c e t a t e  and P e r c h l o r a t e  E x t r a c t i o n

These  r e a g e n t s  ,commonly used  a s  d e p r o t e i n i s i n g  a g e n t s  

f o r  e x t r a c t i n g  c y c l i c  ALL? f ro m  b i o l o g i c a l  m e d i a ,  when incom

p l e t e l y  removed f rom  c e l l  e x t r a c t s  gave r i s e  t o  n o n - s p e c i f i c  

e f f e c t s  w h ich  were n o t  u n i f o r m  t h r o u g h o u t  t h e  s t a n d a r d  c u r v e .  

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

t o  sam p les  by i n v e s t i g a t o r s  ( e g  O t t e n  e t  a l  1972;  Rudland e t  

a l  1 9 7 4 b ) , t h e  r e m a i n in g  a s s a y a b l e  m a t e r i a l  b e i n g  s u b t r a c t e d  a s  

a q u a n t i t a t i v e  m easure  o f  n o n - s p e c i f i c i t y .  The m ag n i tu d e  o f  

t h e  c o r r e c t i o n  made would have t o  depend on t h e  c o n c e n t r a t i o n
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o f  n u c l e o t i d e  i n  t h e  s y s t e m .  I n  a d d i t i o n ,  p h o s p h o d i e s t e r a s e  

was found  t o  d e c r e a s e  t h e  p r e c i s i o n  o f  t h e  r e s u l t s  by v i r t u e  

o f  t h e  p r o c e d u r e  used i n  i t s  a d d i t i o n  and s u b s e q u e n t  d e n a t u r -  

a t i o n ,  ( f i g  1 2 )*  S i m i l a r l y ,  a d d i t i o n  o f  an  i n t e r n a l  s t a n d a r d  

( e g  Brown e t  a l  1971) i s  n o t  a r e l i a b l e  i n d i c a t o r  o f  non

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

f o r  e a c h  sample  ( W e l l e r  e t  a l  1 9 7 2 ) .  Thus a l t h o u g h  non

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

AMP i s  w e l l  documented (A lbano  e t  a l  1974;  B r o n s t r o m  and Kon 

1974;  A rn e r  and Ostman 1975)  s t a n d a r d  m ethods  o f  " c o r r e c t i n g "  

f o r  su c h  n o n - s p e c i f i c  e f f e c t s  a r e  n o t  a lw a y s  v a l i d .  The 

r e s u l t s  im ply  t h a t  a s i g n i f i c a n t  c a u s e  o f  i n a c c u r a t e  c y c l i c  AMP 

d e t e r m i n a t i o n s  would t e n d  t o  s tem  f rom  i n t e r f e r i n g  s u b s t a n c e s  

r e s u l t i n g  f ro m  t h e  e x t r a c t i o n  p r o c e d u r e s  em ployed .

R e l i a b i l i t y  o f  t h e  Method Used

The method w hich  was e s t a b l i s h e d  i n v o l v e d  e x t r a c t i o n  u s i n g  

5$ t r i c h l o r a c e t i c  a c i d  f o l l o w e d  by e t h e r  w a sh in g  and f u r t h e r  

p u r i f i c a t i o n  u s i n g  i o n - e x c h a n g e  c h r o m a to g ra p h y .  T h i s  p r o c e d u r e  

y i e l d e d  m ea su re m en ts  w i t h  a d e q u a t e  s p e c i f i c i t y .  O t t e n  e t  a l  

(1 9 7 2 )  r e p o r t e d  i n t e r f e r e n c e  f rom  Dowex 50W x 8 r e s i n ,  n o t  

found  i n  my l a b o r a t o r y ,  where  c a r e f u l l y  washed a n a l y t i c a l  

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

c y c l i c  AMP c o n c e n t r a t i o n s  w i t h  an a c c u r a c y  o f  no l e s s  t h a n  97*3$ 

and a minimum p r e c i s i o n  of  w i t h i n  17•5% f o r  t h e  e x p e r i m e n t a l  

r a n g e  o f  s t a n d a r d s  u s e d ,  i e  0 . 5  t o  4 pmol p e r  50 j i l  s a m p le .  

P r e c i s i o n  co u ld  be improved ( a p p r o a c h i n g  11$ q u o ted  by t h e  

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

b e g i n n i n g ,  m id d le  and end o f  an  a s s a y .
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IHT Ra CELLULAR CYCLIC ALL?

T he re  were c o n s i d e r a b l e  v a r i a t i o n s  i n  c e l l u l a r  c y c l i c

All? c o n t e n t  d u r i n g  t h e  v a r i o u s  s t a g e s  o f  t h e  g ro w th  p e r i o d

f r  on e a r l y  g ro w th  t o  d e c l i n e  (mean v a l u e s  f l u c t u a t e d  f rom

a minimum o f  3 .66  pmol/mg p r o t e i n  a t  l o g a r i t h m i c  g r o w th

p h a s e  t o  a  maximum *of 2 0 .2 1  pmol/mg p r o t e i n  a t  d e c l i n e

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

co m p ar in g  c y c l i c  AMP r e s u l t s  b e tw e en  i n v e s t i g a t i o n s  i s  a

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

a s  I  can  f i n d  t h e r e  a r e  no r e p o r t s  r /h ic h  r e l a t e  i n t r a c e l l u l a r

c y c l i c  AMP l e v e l s  t o  c e l l  d e n s i t i e s  o v e r  t h e  e n t i r e  p e r i o d

o f  g ro w th  f rom  p r e  t o  p o s t  c o n f l u e n c y .  D i v e r s i t y  o f  i n t e r e s t s ,

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

hav e  combined to  c o m p l i c a t e  t h e  s t u d y  of  c y c l i c  AMP m e t a b o l i s m

i n  c u l t u r e d  c e l l s  ( s e e  r e v i e w ,  C h lapow sk i  e t  a l  1 9 7 5 ) .

Q u a n t i t a t i v e  Com par isons  w i t h  O th e r  I n v e s t i g a t o r s

H e i d r i c k  and Ryan (1971)  r e p o r t e d  no m e a s u r a b l e

q u a n t i t i e s  o f  c y c l i c  AMP i n  L 929  c e l l s  u n t i l  d e v e lo p m e n t
4* 2o f  a  s t a t i o n a r y  p o p u l a t i o n  a t  1 9 .2  x 10 c e l l s / c m  - The

d e c l i n e  p h . s e  commenced i n  my e x p e r i m e n t s  a t  mean c e l l
4- 2d e n s i t i e s  o f  1 2 . 5  and 1 1 .6  x 1C c e l l s / c m  r e s p e c t i v e l y  i n  

c o n t r o l  c e l l s  f o r  t h e  two s e r i e s  o f  e x p e r i m e n t s .  I n  t e r m s  

o f  c e l l  d e n s i t y ,  t h e i r  r e s u l t s  a r e  c o m p arab le  to  mine on ly  f o r  

l a t e  l o g a r i t h m i c  g r o w t h / d e c l i n e  c e l l s .  A l th o u g h  t h e i r  c y c l i c  

AMP m e asu rem en ts  q u a l i t a t i v e l y  p a r a l l e l  mine ,  t h e i r  v a l u e s  

o f  1C.7 to  1 3 .9  pmol p e r  10° c e l l s  on c o n f l u e n c y  a r e  more t h a n  

t w i c e  t h o s e  o b t a i n e d  i n  t h e s e  e x p e r i m e n t s .  The f i n d i n g  t h a t  

t h e y  o b t a i n e d  no m easurw ble  q u a n t i t i e s  o f  c y c l i c  AMP d u r i n g
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t h e  two d ay s  p r e v i o u s  t o  t h e i r  g row th  d e c l i n e  p e r i o d ,  when 

c e l l u l a r  c y c l i c  .AMP l e v e l s  were  l o w e r ,  i m p l i e s  t h a t  t h e i r  

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

t h e  n a t u i e  o f  t h e  n o n - s p e c i f i c  e f f e c t s  i n  t h e  a s s a y  o f  

c y c l i c  AMP i n  my i n v e s t i g a t i o n s  and t h o s e  o f  o t h e r s  (Albano 

e t  a l  1974:  B r o s t r o m  and Kon 1974 ;  A r n e r  and Ostman 1 9 7 5 ) ,

h i g h  l e v e l s  o f  c y c l i c  AMB would t e n d  t o  i n d i c a t e  a l a c k  o f  

a s s a y  s p e c i f i c i t y .

The r e s u l t s  o f  M a n g a n i e l l o  and Vaughan ( 1 9 7 2 ) ,  who 

r e p o r t e d  v a l u e s  o f  10 t o  16 pmol c y c l i c  AMP p e r  mg p r o t e i n  

i n  L929 c e l l s ,  a r e  w i t h i n  t h e  r a n g e  o f  v a l u e s  ctrfcained i n  

my e x p e r i m e n t s .  T h e i r  c e l l s  were  p l a t e d  a t  a t w o - f o l d  l o w e r  

d e n s i t y  t h a n  mine ( 0 . 9  x  10^ c e l l s  p e r  d i s h )  u s i n g  i d e n t i c a l  

d i s h e s ,  and i n c u b a t e d  3 t o  4 d a y s  b e f o r e  c y c l i c  AMP m e a s u r e 

m e n t s  were  made. Assuming t im e  t a k e n  t o  resech t h e  l o g a r i t h m i c  

g r o w t h  p e r i o d  i s  r e l a t e d  t o  d e n s i t y  o f  p l a t i n g  ( P i g  -J8 ) t h e i r  

c e l l s  would p o s s i b l y  have been  i n  t h e  e a r l y  g rowth  p e r i o d  when 

a s s a y e d .  T h e i r  m easu rem en ts  a r e  h i g h e r  t h a n  t h o s e  o f  6 t a  9 

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

t h e  e a r l y  g row th  p e r i o d .

O t t e n  e t  a l  (1971)  q u o ted  a v a l u e  o f  21 pmol c y c l i c  AMP 

p e r  mg p r o t e i n  f o r  1929 c e l l s  i n  l o g a r i t h m i c  g r o w th .  D u r in g  

l o g a r i t h m i c  g rowth  i n  t h e  two s e r i e s  o f  e x p e r i m e n t s  quo ted  

a b o v e ,  i n t r a c e l l u l a r  c y c l i c  AMP f l u c t u a t e d  f rom a minimum o f

3 . 7  t o  a maximum o f  9 .2  pmol/mg p r o t e i n .  Such f l u c t u a t i o n s  

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

g ro w th  p h a s e  do n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  g row th  r a t e s
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o f  c u l t u r e d  c e l l s  a r e  i n v e r s e l y  p r o p o r t i o n a l  t o  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  AMP, b ased  on an a p p a r e n t l y  c o n s t a n t  

l e v e l  o f  i n t r a c e l l u l a r  c y c l i c  AMP measured  " d u r i n g  l o g a r i t h m i c  

g r o w t h " ( H e i d r i c k  and Ryan 1971;  O t t e n  e t  c l ,  1971;  1972

I n t e r - l a b o r a t o r y  v a r i a t i o n s  i n  m e thodo logy  and a s s a y  

v a l i d i t y  have  t e n d e d  to  make q u a n t i t a t i v e  c o m p a r i s o n s  d i f f i c u l t .  

Q u a l i t a t i v e  Com par isons  w i t h  O t h e r  I n v e s t i g a t o r s

The e l e v a t e d  c y c l i c  AMP a t  t h e  l a g  p e r i o d ,  24 h o u r s  

b e f o r e  l o g a r i t h m i c  g rowth  commenced, i s  q u a l i t a t i v e l y  s i m i l a r  

t o  r e s u l t s  found w i t h  c o n f l u e n t  c u l t u r e s  o f  n o n - t r a n s f o r m e d  

( " c o n t a c t "  i n h i b i t e d )  f i b r o b l a s t  l i n e s  ( P r o e l i c h  and R a c h m e le r ,  

1 9 7 2 ;  A n d e r so n  e t  a l ,  1973;  Rudland e t  a l ,  1974 b)  and w i t h  

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

t h e  b e g i n n i n g  o f  t h e  S p h a se  (C h la p o w sk i  e t  a l ,  1975) .  On 

t h e  o t h e r  h an d ,  t h e  f a c t  t h a t  c e l l  c y c l i c  AMI rem a in ed  c o n s t a n t  

d u r i n g  t h e  e a r l y  g rowth  p e r i o d  u n t i l  24 h o u r s  a f t e r  t h e  l a g  

p e r i o d  had begun ,  i s  c o n s i s t e n t  w i t h  t h e  r e p o r t s  which  say 

t h a t  c y c l i c  AMP does  n o t  r i s e  on c o n f l u e n c y  i n  t r a n s f o r m e d  

c e l l  l i n e s  ( O t t e n  e t  a l ,  1971;  S h e p p a rd ,  1972a ;  B u r s t i n  e t  

a l ,  1 9 7 4 ) .  Such  a m b ig u i ty  o f  r e p o r t e d  r e s u l t s  a m p l i f i e s  t h e  

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

i n  g row th  a t  which  c e l l - c e l l  c o n t a c t  i s  c o m p l e t e , a n d  c o n f l u e n c y  

h a s  o c c u r r e d ,  eg by t i m e - l a p s e  c in e m a to g r a p h y  ( C a s t o r ,  1 9 6 8 ) .

However,  q u a l i t a t i v e  c o m p a r i so n s  w i t h  o t h e r  i n v e s t i g a t o r s  

t e n d  t o  be more m e a n i n g f u l .  I t  has  been  c o n v i n c i n g l y  documented 

( s e e  S h e p p a r d ,  1972a ,  Ryan and H e i d r i c k ,  1974) t h a t  a r i s e  

i n  c e l l  c y c l i c  AMP t e n d s  t o  be a s s o c i a t e d  w i t h  a d e c r e a s e  i n  

g r o w th  r a t e  i n  c u l t u r e d  c e l l s ,  a s  o c c u r r e d  d u r i n g  t h e  l a g  and
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d e c l i n e  p h a s e s  i n  my e x p e r i m e n t s .

I n t r a c e l l u l a r  C.ycl ic AMP D u r in g  Growth I n h i b i t i o n  by E t h a n o l  

D u r in g  t h e  e a r l y  l o g a r i t h m i c  g row th  p e r i o d  i n  c o n t r o l  

c e l l s ,  t h e  e x te n d e d  l a g  p h a s e  o r  d e c r e a s e d  g row th  r a t e  o f  

t h e  e t h a n o l  t r e a t e d  c e l l s  was i e f f e c t e d  by e l e v a t e d  i n t r a 

c e l l u l a r  c y c l i c  AMP. S in c e  a t  t h i s  p o i n t ,  c o n t r o l  c u l t u r e s  

had  more m i t o t i c  c e l l s  t h a n  e x p e r i m e n t a l  c u l t u r e s  and c y c l i c  

A LIP i s  r e p o r t e d  t o  be l o w e s t  d u r i n g  t h e  S and M p h a s e s  o f  t h e  

c e l l  c y c l e  (Ryan and H e i d r i c k  1 9 7 4 ) ,  t h i s  r e s u l t  i s  c o n s i s t e n t  

w i t h  d e l a y e d  e n t r :  i n t o  S p h a s e  i n  e t h a n o l  t r e a t e d  c e l l s .  

I n h i b i t i o n  o r  s u p p r e s s i o n  o f  g row th  i n  c u l t u r e d  c e l l s  r e s u l t i n g  

f r o m  t r e a t m e n t  w i t h  a g o n i s t s  w hich  i n c r e a s e  i n t r a c e l l u l a r  

c y c l i c  AMP a r i e  s t s  c e l l s  i n  t h e  p h a s e  o f  t h e  c e l l  c y c l e  

( P r a n k  1971;  R o s e n g u r t  and P a r d e e  1972;  W i l l in g h a m  e t  a l  1972;  

Zimmermann and Raska 1972;  Bombik and B u r g e r  1 9 7 3 ) .
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DNA , RITA A ED PROTEIN

L in d s a y  (1969)  r e p o r t e d  t h a t  d e c l i n e  p h ase  ( “ s t a t i o n a r y " )  

p o p u l a t i o n s  o f  1929 c e l l s  had a g r e a t l y  r e d u c e d  c a p a c i t y  t o  

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

My r e s u l t s  can  be i n t e r p r e t e d  a s  c o n f i r m i n g  L i n d s a y ’ s f i n d i n g s ,  

s i n c e  i n t r a c e l l u l a r  DNA t e n d e d  t o  f a l l  d u r i n g  t h e  g ro w th  

d e c l i n e  p e r i o d .  I n  my e x p e r i m e n t s ,  a s  r e p o r t e d  e l s e w h e r e  

( S w a f f i e l d  and F o le y  I 9 6 0 ;  Ward and P lagem ann  1 9 7 3 ) ,  t h e  c e l l s  

had a p p a r e n t l y  s y n t h e s i s e d  DNA, ENA and p r o t e i n  o v e r  t h e  p e r i o d  

b e tw e e n  t r y p s i n i s a t i o n  and 24 h o u r s  a f t e r  p l a t i n g  o u t .  

N e v e r t h e l e s s ,  e n t r y  i n t o  S p h ase  s u b s e q u e n t  t o  day  1 was 

s u p p r e s s e d  u n t i l  l o g a r i t h m i c  g ro w th  commenced, when c u l t u r e  

DNA i n c r e a s e d .

I n  t h e  f i r s t  s e r i e s  of  e x p e r i m e n t s ,  p o p u l a t i o n  i n c r e a s e s  

o f  34% and 26% r e s p e c t i v e l y  d u r i n g  t h e  two day e a r l y  g ro w th  

p e r i o d ,  i n  t h e  p r e s e n c e  o f  DNA i n c r e a s e s  ( p e r  c u l t u r e )  o f  11% 

and 3% r e s p e c t i v e l y ,  i n d i c a t e  t h a t  a m i n o r i t y  o f  t h e  p o p u l a t i o n  

were  p a s s i n g  d i r e c t l y  f ro m  t o  Ĝ  o S in c e  L - c e l l s  a r e  p o l y 

p l o i d  (Hsu and K l a t t  1958) , c e l l s  p a s s i n g  f ro m  G^ t o  G-̂  v i a  

m i t o s i s ,  w i t h o u t  c o n c o m i t a n t  DNA s y n t h e s i s  i s  a f e a s i b l e  e v e n t  

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

t o  a l l o w  a r e a s o n a b l e  s u r v i v a l  p r o b a b i l i t y  ( a s  d i s c u s s e d ;  

page 7 6 ) .  G e l f a n t  (1962)  r e p o r t e d  a r e s t i n g  "G^ p o p u l a t i o n "  

am o u n t in g  t o  16% o f  t h e  c e l l s  i n  mouse e p i d e r m i s .  Such a 

c o n d i t i o n  i s  found  i n  t h e  m y o c a r d i a l  c e l l s  o f  man ( S a n d r i t t e r  

and Scomazzoni  1 9 6 4 ) .  The s i g n i f i c a n t  r i s e s  i n  RNA and p r o t e i n  

p e r  c u l t u r e  w h ic h  o c c u r r e d  i n  t h e  a b s e n c e  of  r i s e s  i n  DNA a r e  

c o n s i s t e n t  w i t h  c e l l s  p r o g r e s s i n g  f rom  G^ t o  Ĝ  b u t  b e i n g  

p r e v e n t e d  f rom  e n t e r i n g  t h e  S p h a s e .
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The e a r l y  g ro w th  p e r i o d  was n o t  p r e s e n t  i n  t h e  second  

s e r i e s  o f  e x p e r i m e n t s ,  o r  i n  t h o s e  o f  L in d s a y  ( 1 9 6 9 ) ,  where  

c e l l s  were p l a t e d  a t  a h i g h e r  c e l l  d e n s i t y .  T h i s  means t h a t  

a l a r g e r  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  were i n  G^ when l o g a r i t h m i c  

g ro w th  commenced i n  t h e  second  s e r i e s  o f  e x p e r i m e n t s ,  i m p l y i n g  

t h a t  g ro w th  would  have b e e n  l e s s ,  s y n c h r o n o u s .  S i m i l a r l y ,  

t h i s  would d i s g u i s e  any o c c u r r e n c e  o f  a r i s e  i n  c u l t u r e  ENA 

p r e c e e d i n g  a r i s e  i n  c u l tu r e .D N A ,  s i n c e  c e l l  d i v i s i o n  would have 

o c c u r r e d  i n  a b i p h a s i c  m anner .

F u r t h e r  s i m i l a r i t i e s  may be  s e e n  w i t h  r e s p e c t  t o  t h e  l a g  

p h a s e s  i n  t h e  two s e r i e s  of  e x p e r i m e n t s  and “c o n t a c t 11 i n h i b i t e d  

g ro w th  a t  c o n f l u e n c y :

( i )  d e c r e a s e d  1NA s y n t h e s i s  ( S c h u t z  and Mora 1968;

P o n t e n  e t  a l  1969;  G r i f f i t h s  1971)

( i i )  d e c r e a s e d  ENA and p r o t e i n  s y n t h e s i s  (L e v in e  e t  a l  

1965;  G r i f f i t h s  1 9 7 1 ) .

( i i i )  A l o s s  o f  p r o t e i n  f ro m  t h e  c e l l  has  b e e n  r e p o r t e d  

(K ruse  e t  a l  1967)

a s  w e l l  a s  t h e  e l e v a t e d  i n t r a c e l l u l a r  c y c l i c  AMP. C o n t a c t  

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

( N i l a u s e n  and Green  1 9 6 5 ) .

The above  e v e n t s  a l s o  t e n d e d  t o  o c c u r  when c e l l s  e n t e r e d  

t h e  d e c l i n e  p h a s e  o f  g r o w th .  A d ro p  i n  c e l l  p r o t e i n  p r e c e e d e d  

t h e  d ro p  i n  c e l l  DNA and ENA i n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s .  

I n  t h e  second s e r i e s  o f  e x p e r i m e n t s  t h e s e  e v e n t s  o c c u r r e d  

s i m u l t a n e o u s l y .  S in c e  t h e  m ag n i tu d e  o f  t h e  t e r m i n a l  c e l l  

d e n s i t y  has  b e e n  r e p o r t e d  t o  be r e l a t e d  t o  t h e  serum c o n t e n t  

o f  t h e  medium ( C a s t o r  1971;  Westermark. 1971) t h e  d e c l i n e  i n
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c e l l  p r o t e i n  may be p a r t  o f  t h e  endogenous  m echanism  which 

d e t e r m i n e s  t h e  t i m i n g  o f  g row th  d e c l i n e  a s  d e s c r i b e d  by 

S k e h a n  ( 1 9 7 6 ) .

Between two and t h r e e  d a y s  a f t e r  commencement o f  t h e  

g r o w t h  d e c l i n e  p e r i o d ,  a d ro p  i n  c e l l  numbers  ( P i g  29) 

o c c u r r e d  s i m u l t a n e o u s l y  w i t h  a r i s e  i n  c e l l  DNA and RNA 

( P i g  3 3 ) .  I t  i s  l i k e l y  t h a t  t h i s  t o o k  p l a c e  a s  l o s t  c e l l s  

w e r e  r e p l a c e d  f rom t h e  m o n o la y e r .  The l e v e l s  r e a c h e d  o f  

c e l l  IMA and RNA were  s t i l l ,  low i n  c o m p a r i s o n  t o  l a g  p h a s e  

o r  l o g a r i t h m i c a l l y  g ro w in g  c e l l s .

Ma c r o m o l e c u l a r  E v e n ts  When ft Re s t i n g "  System s  a r e  S t i m u l a t e d  
t o D i v i d e

I n  v a r i o u s  o t h e r  s y s t e m s  w here  c e l l s  a r r e s t e d  i n  G-̂  a r e  

s t i m u l a t e d  t o  p r o l i f e r a t e ,  eg

( a )  l i v e r  r e g e n e r a t i o n  a f t e r  p a r t i a l  h e p a t e c to m y  

( B r u e s  e t  a l  1944;  Ul.tmann e t  a l  1953;  G-iudice and N o v e l l i  

1 9 6 3 ;  G-iudice e t  a l  1 9 6 4 ) .

(b )  k id n e y  c o r t e x  c e l l s  f r e s h l y  e x p l a n t e d  f rom  t h e  

a n i m a l  ( l i e b e r m a n  e t  a l  1 9 6 3 a ,b )

( c )  c o n f l u e n t ,  " c o n t a c t ” i n h i b i t e d  c e l l s  a f t e r  t h e  

a d d i t i o n  o f  serum (Todaro  e t  a l  1 965 ,  1967)

(d )  r a t  hepa tom a (Ward and P lagem ann 1973) and mouse 

1 - c e l l s  (Weissman e t  a l  I 9 6 0 ;  L in d s a y  1969)  s u b c u l t u r e d  f rom  

d e c l i n e  p h a s e  p o p u l a t i o n s ,  t h e  a u t h o r s  above r e p o r t e d  o r  

s u g g e s t e d  t h a t  i n i t i a t i o n  o f  DNA s y n t h e s i s  was p re c e e d e d  by 

t h e  s y n t h e s i s  o f  s p e c i f i c  RNA and p r o t e i n .  On t h i s  b a s i s ,  

t h e  s e q u e n c e  o f  e v e n t s  i n  i n i t i a t i o n  o f  DNA s y n t h e s i s  co u ld  

b e  compared t o  enzyme i n d u c t i o n  i n  b a c t e r i a  (Kepes 1963) and 

h i g h e r  a n i m a l s  ( P a rd e e  and W ilson  1963) o r  t o  t h e  mechanism o f  

a c t i o n  o f  c e r t a i n  hormones ( H a m i l to n  1964) c-tsnd cou ld  be
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sum m ar ised  as  f o l l o w s :  An e n v i r o n m e n t a l  s t i m u l u s ,  eg  a

c r i t i c a l  c o n c e n t r a t i o n  o f  a n u t r i e n t  o r  m o d i f i c a t i o n  i n  

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

o f  a t e m p l a t e  RNA, r e s u l t i n g  i n  t h e  enzymes i n v o l v e d  i n  t h e  

r e p l i c a t i o n  o f  t h e  DNA.

Thus e l e v a t e d  r a t e s  o f  RNA s y n t h e s i s  a r e  r e q u i r e d  f o r  

s u b s e q u e n t  DNA s y n t h e s i s  d u r i n g  12 t o  22 h o u r s  a f t e r  e s t a b 

l i s h m e n t  o f  r a b b i t  k id n ey  c o r t e x  c e l l s  i n  c u l t u r e .  low 

l e v e l s  o f  A c t in o m y c in -D  w h ich  a b o l i s h  t h i s  r i s e  i n  r a t e  o f  

RITA s y n t h e s i s  w h i l e  n o t  p r e v e n t i n g  t h e  n o r m a l  r a t e s  o f  RNA 

t u r n o v e r  have  b e e n  shown t o  p r e v e n t  t h e  s u b s e q u e n t  r i s e  i n  

DNA. The i n d u c t i o n  o f  a  new s p e c i e s  o f  m e s s e n g e r  RNA seems t o  

be  t h e  A c t in o m y c in -D  s e n s i t i v e  p r o c e s s  ( F u j io & a  e t  a l  1 9 6 3 ) .
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E t h a n o l  a d d i t i o n  r e s u l t e d  i n  an  a l t e r a t i o n  i n  t h e  

c o n t r o l  o f  c e l l  d i v i s i o n .  A c e l l  t h a t  has  s y n t h e s i s e d  DBA 

i s  one w hich  has  made t h e  d e c i s i o n  t o  d i v i d e  ( B a s c r g a  1 9 6 5 ) .

A n  a l t e r a t i o n  i n  t h e  c o n t r o l  o f  c e l l  d i v i s i o n  ( Sw ann  1957 ,  

1958)  t h e n  becomes some a l t e r a t i o n  i n  t h e  i n i t i a t i o n  o f  DNA 

s y n t h e s i s .  F a c t o r s  t h a t  may i n t e r v e n e  i n  t h e  t e m p o r a l  

r e g u l a t i o n  o f  DNA s y n t h e s i s  a r e  a s  f o l l o w s :

( i )  t h e  r e g u l a t i o n  o f  t h e  s y n t h e s i s  o f  ENA and p r o t e i n s

( i i )  t h e  a v a i l a b i l i t y  o f  DBA p e r c u r s o r s

( i i i )  t h e  p h y s i c a l  s t a t e  o f  t h e  DBA m o l e c u l e

( i )  P o s s i b l e  E f f e c t s  o f  E t h a n o l  i n  I n f l u e n c i n g  t h e  S y n t h e s i s
o f  RITA and P r o t e i n s

E t h a n o l  t r e a t e d  c e l l s  t e n d e d  t o  have l o w e r  DBA p e r  c u l t u r e  

d u r i n g  t h e  l a g  p h ase  o f  g row th  i n  c o n t r o l  c e l l s ,  when c e l l  

p o p u l a t i o n s  i n  c o n t r o l  and e x p e r i m e n t a l  d i s h e s  were  i d e n t i c a l .  

T h i s  DBA was used  a s  t h e  t e m p l a t e  f o r  s y n t h e s i s  o f  KHA d u r i n g  

t h e  l a t t e r  h a l f  o f  t h e  l a g  p h a s e .  E t h a n o l  t r e a t m e n t  t e n d e d  

t o  d e c r e a s e ,  b u t  d id  n o t  p r e v e n t  t h e  r i s e  i n  REA w hich  p r e c e e d e d  

t h e  r i s e  i n  DBA b e f o r e  commencement o f  l o g a r i t h m i c  g ro w th .

T h i s  p e r h a p s  s u g g e s t s  t h a t  e t h a n o l  d id  n o t  i n t e r f e r e  q u a l i t 

a t i v e l y  w i t h  t r a n s c r i p t i o n .  D u r in g  t h e  f i r s t  24 h o u r s  o f  

l o g a r i t h m i c  grow th  i n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s ,  t h e r e  was 

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

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

p o i n t  i n  g ro w th  i s  d i f f i c u l t  due t o  d i f f e r i n g  g row th  s t a t e s : o f  

c o n t r o l  and e x p e r i m e n t a l  c e l l s .  However,  DBA p e r  c u l t u r e  i n  

e t h a n o l  t r e a t e d  c e l l s  was t h e  same o r  l o w e r  t h a n  l a g  p h a s e
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c o n t r o l  c e l l s ,  w h e re a s  p r o t e i n  p e r  c u l t u r e  was ' s i g n i f i c a n t l y  

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

i m p l i e s  t h a t  e t h a n o l  d id  n o t  i n t e r f e r e  w i t h  g e n e r a l  p r o t e i n  

s y n t h e s i s  f rom RNA i n  . I n  t h e  second s e r i e s  o f  e x p e r i m e n t s ,  

w h e r e  t h e  r i s e  i n  RNA was more d e p e n d e n t  upon de novo s y n t h e 

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

r i s e s  i n  c u l t u r e  DNA, RNA and p r o t e i n  d u r i n g  t h e  f i r s t  24 

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

t h a t  s u p p r e s s i o n  o f  g row th  by e t h a n o l  was a r e s u l t  o f  d e l a y e d  

e n t r y  i n t o  S p h ase  i n  t r e a t e d  c e l l s .

F u r t h e r m o r e ,  e x p e r i m e n t a l  c e l l s ,  b e i n g  p o o r  i n  DNA, were  

a l s o  p o o r  i n  RNA. P r o t e i n  s y n t h e s i s  was n o t  so  m ark ed ly  

a f f e c t e d .  However i t  i s  known t h a t  p r o t e i n  s y n t h e s i s  can  

o c c u r  i n d e p e n d e n t l y  o f  DNA s y n t h e s i s  ( R u e c k e r t  and M u e l l e r  

I 9 6 0 ;  C h u r c h i l l  and S t u d z i n s k i  1 9 7 0 ) .  However t o  c o m p l e t e l y  

e x c l u d e  e t h a n o l  i n t e r f e r e n c e  w i t h  g e n e r a l  RNA and p r o t e i n  

s y n t h e s i s  i n  t h e  e x p e r i m e n t s  c a r r i e d  o u t  would have  t o  

t a k e  a c c o u n t  o f  t h e i r  r a t e s -  o f  s y n t h e s i s  p e r  u n i t  DNA i n  

t h e  p r e s e n c e  and a b s e n c e  o f  e t h a n o l ,  eg  % - u r i d i n e  u p t a k e  

and  ^ H - l e u c i n e  u p t a k e .

S m a l l  ( b u t  s i g n i f i c a n t ;  P i g s  1 9 and 30) i n c r e a s e s  i n  

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

c u l t u r e  DNA ( P i g s 2 6 a n d 3 5  ) i m p l i e s  t h a t  d u r i n g  t h e s e  p e r i o d s ,  

c e l l s  i n  G2 were  n o t  p r e v e n t e d  from d i v i d i n g  and e n t e r i h g  

G ^ . Thus when e t h a n o l  t r e a t e d  c e l l s  d i v i d e d ,  t h e y  d id  so  w i t h  

a  g r e a t e r  d e g r e e  o f  synch rony  t h a n  c o n t r o l .  An e x p e r im e n t  cou ld  

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

c e l l  p o p u l a t i o n  o v e r  c o n s e c u t i v e  t im e  i n t e r v a l s  which  a r e
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s m a l l  i n  c o m p a r i so n  to  t h e  l e n g t h  o f  t h e  c e l l  c y c l e .

D a ta  f rom c o u n t s  a l o n e  g i v e s  d e g r e e  o f  s y n c h ro n y  ( E n g e l b e r g  

196 1 ).

The P o s s i b i l i t y  o f  an  I n d u c t i o n  Mechanism i n  E t h a n o l  T r e a t e d  C e l l ;

The i n h i b i t i o n  o f  g row th  was a t e m p o ra ry  e f f e c t :  e t h a n o l

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

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

q u a l i t a t i v e l y  w i t h  RNA and p r o t e i n  s y n t h e s i s .  However ,  t h e  

e v i d e n c e  i s  c o n s i s t e n t  w i t h  i n d u c t i o n  o f  enzymes f o £  r e p l i c a t i o n  

o f  DNA a s  an  e v e n t  o c c u r r i n g  b e f o r e  l o g a r i t h m i c  g row th  a s  h as  

b e e n  d e s c r i b e d  f o r  t h e  model  s y s te m s  ab o v e .  I t  i s  p o s s i b l e  

t h e r e f o r e  t h a t  d u r i n g  t h e  e x te n d e d  o r  i n i t i a t e d  l a g  p h a s e  

i n  e x p e r i m e n t a l  c e l l s t t h e y  may have been  o c c u p ie d  i n  t h e  

i n d u c t i o n  o f  a s p e c i f i c  mechanism t o  com p en sa te  f o r  n u t r i t i o n a l  

a n d / o r  p h y s i c a l  ch an g es  i n  t h e  c e l l  b r o u g h t  ab u t  by t h e  . 

p r e s e n c e  o f  t h e  e t h a n o l  m o l e c u l e .  T hus ,  r e d  b lo o d  c e l l s  o f  

a l c o h o l i c s  have been  shown t o  i n c r e a s e  t h e  a c t i v i t y  o f  t h e  

sod ium pump t o  com pensa te  f o r  i n c r e a s e d  i n t r a c e l l u l a r  {Na"1'] 

b r o u g h t  a b o u t  by a l c o h o l  (L in d sa y  1 9 7 4 a ) .  The i n c r e a s e  i s  

t h o u g h t  t o  be a r e s u l t  o f  de novo s y n t h e s i s  o f  p i r o t e i n  

( L in d s a y  1 9 7 4 b ) .  O th e r  i n v e s t i g a t o r s  have p r o v id e d  e v i d e n c e  

f o r  t h e  i n v o lv e m e n t  o f  t h e  n u c l e u s  i n  a l t e r a t i o n s  i n  sodium 

pump d e n s i t y  i n  r e s p o n s e  t o  c h a n g e s  i n  i n t r a c e l l u l a r  jNa J 

(Boardman e t  a l  1 9 7 5 ) .  R a i s i n g  e x t r a c e l l u l a r  [k+] h a s  been  

shown t o  i n t e r f e r e  w i t h  amino a c i d  t r a n s p o r t  i n t o  L929 c e l l s  

( K u c h l e r  1967) .  The n u c l e u s  h a s  b ee n  shown t o  be i m p o r t a n t  

f o r  t h e  m a in t e n a n c e  and m o d i f i c a t i o n  o f  amino a c i d  t r a n s p o r t
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i n  HeLa c e l l s  (Hume e t  a l  1 9 7 5 ) .  B a c t e r i a  removed from a 

g l u c o s e - c o n t a i n i n g  medium and p l a c e d  i n  a l a c t o s e - c o n t a i n i n g  

medium e n t e r  a l a g  p h a s e  i n  g row th  d u r i n g  w hich  t h e y  s y n t h e 

s i s e  enzymes f o r  m e t a b o l i s m  o f  t h e  l a c t o s e .  S u b s e q u e n t l y ,  

l o g a r i t h m i c  growth  c a n  o c c u r  (M andels tam  and M c Q u i l l e n  1 9 7 3 ) .

By a n a lo g y  w i t h  t h e  e v i d e n c e  a b o v e ^ s u c h  a mechanism i n  

e t h a n o l - t r e a t e d  c e l l s  would r e q u i r e  t r a n s c r i p t i o n  o f  p r e v 

i o u s l y  "m asked” g e n e s  t o  p r o d u c e  a new s p e c i e s  o f  RNA w i t h  

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

c h a n g e s  p r o d u c ed  by t h e  e t h a n o l  m o l e c u l e .  l o g a r i t h m i c  g row th  

w o u ld  be d e l a y e d  u n t i l  c o m p l e t i o n  o f  t h i s  co m p en sa to ry  mechanism.

( i i ) P o s s i b l e  E f f e c t s  o f  E t h a n o l  on A v a i l a b i l i t y  o f  DBA P r e c u r s o r ?

I t  i s  p o s s i b l e  t h a t  e t h a n o l  may have  p r e v e n t e d  t h e  i n c r e a s e d  

c u l t u r e  DBA w hich  o c c u r r e d  a t  l o g a r i t h m i c  g row th  i n  c o n t r o l  

c e l l s  by a f f e c t i n g  t h e  u p t a k e  i n t o  t h e  c e l l  o f  n u c l e o t i d e s  

by a p e r t u r b a t i o n  o f  t h e  membrane s t r u c t u r e .  As d i s c u s s e d  i n  

t h e  I n t r o d u c t i o n  (page  10 ) n o n - s p e c i f i c  d e p o l a r i s a t i o n  o f  

t h e  c e l l  membrane by e t h a n o l  has  b e en  e x h i b i t e d  i n  many s i t u a 

t i o n s  i n  v i v o , even  i n  t h o s e  w here  d e p o l a r i s a t i o n  does  n o t

h a s  b ee n  shown t o  i n t e r f e r e  w i t h  amino a c i d  t r a n s p o r t  i n t o  

1 9 2 9  c e l l s  ( K u c h l e r  1 9 6 7 ) .  -An e x p e r i m e n t  i n v o l v i n g  n u c l e o t i d e

t o t a l  c e l l u l a r  m a t e r i a l  would be a  means o f  f u r t h e r  i n v e s t i g a t i n .

( i i i )  P o s s i b l e  E f f e c t s  o f  E t h a n o l  i n  A f f e c t i n g  t h e  P h y s i c a l  
S t a t e  o f  t h e  DNA M o lec u le

E t h a n o l  i s  known t o  be c a p a b l e  o f  e n t e r i n g  t h e  c e l l  by

s i m p l e  d i f f u s i o n  a c r o s s  t h e  c e l l  membrane.  A l th o u g h  I  cou ld

s e e  no e v i d e n c e  o f  m e t a b o l i c  d e g r a d a t i o n  o f  e t h a n o l ,  i t  i s

f e a s i b l e  t h a t  a s m a l l  amount e n t e r i n g  t h e  c e l l  cou ld  a f f e c t

n o r m a l l y  o c c u r .  As s t a t e d  a b o v e ,

t r a n s p o r t  eg  m easurem ent  o f  H - t h y m i d i n e  i n c o r p o r a t i o n  i n t o
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the p h y s i c a l  s t^ . t e  o f  t h e  n u c l e u s .  Any p e r t u r b a t i o n  o f  t h e  

membrane s t r u c t u r e  by e t h a n o l  c o u ld  f e a s i b l y  a f f e c t  t h e  

p h y s i c a l  s t->te o f  I;he DNA m o le c u le  w i t h o u t  e t h a n o l  h a v i n g  

Ito e n t e r  t h e  c e l l ,  E t h a n o l  has  b e e n  shown t o  p ro d u c e  g u n n -  

t i t n t i v o  c h a n g e s  i n  membrane l i p i d s  ( i l i c e l i  ind F e r r e l l  

1 9 7 3 ) .  With  r e f e r e n c e  t o  t h e  a b i l i t y  o f  e t h a n o l  to- i n f l u e n c e  

i o n  t r a n s p o r t ,  r a i s i n g  e x t r a c e l l u l a r  Lk+]  has  b e e n  shown t o  

i n h i b i t  DWA s y n t h e s i s  w i t h i n  m i n u t e s  i n  baby  h a m s t e r  k i d n e y  

c e l l s ,  an  e f f e c t  w h ich  p r o c e e d s  any  s i g n i f i c a n t  chan g e  i n  

i n t r a c e l l u l a r  Ck+1- (O r r  e t  a l  1 9 7 2 ) ,
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CYCLIC AMP IN RELATION TO DNA, BETA AND PROTEIN

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

o f  t h e  r o l e  o f  c y c l i c  AMP i n  c e l l  g r o w th ,  t h e  peak  i n  i n t r a 

c e l l u l a r  c y c l i c  AMP which o c c u r r e d  24 h o u r s  b e f o r e  l o g a r i t h m i c  

g r o w t h  commenced co u ld  be r e l a t e d  t o :

( i )  I n i t i a t i o n  o f  UNA r e p l i c a t i o n .  A t r a n s i e n t  i n c r e a s e  

i n  c y c l i c  AMP has  been  o b s e rv e d  t o  o c c u r  b e f o r e  DNA s y n t h e s i s  

i n  th y m ic  ly m p h o c y te s  s t i m u l a t e d  t o  d i v i d e  u s i n g  v a r i o u s  p r o s t 

a g l a n d i n s ,  which  r a i s e  i n t r a c e l l u l a r  c y c l i c  AMP (MacManus e t  

a l ,  1975) .  P a r a l l e l  ch a n g es  i n  c y c l i c  AMP l e v e l s  and DNA 

s y n t h e s i s  have  been  a c h i e v e d  i n  v i v o  by t h e  i n f u s i o n  i n t o  

p a r t i a l l y  h e p a t e c t o m i s e d  r a t s  o f  an e m p i r i c a l l y  d e v i s e d  

hormone m i x t u r e  c o n t a i n i n g  t r i i o d o t h y r o n i n e  (T-.) and g l u c a g o n  

(MacManus e t  a l ,  1 9 7 5 ) .  These a u t h o r s  r e p o r t e d  a peak  i n  c e l l  

c y c l i c  AMP 12 h o u r s  a f t e r  p a r t i a l  h e p a t e c t o m y , which  i f  p r e v e n t e d  

r e s u l t e d  i n  s u p p r e s s i o n  o f  t h e  r i s e  i n  DNA a t  18 h o u r s .

( i i )  E v e n t s  r e s u l t i n g  i n  t h e  s y n t h e s i s  o f  a s p e c i f i c  

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

t h e  l a g  p h a s e  may be r e l a t e d  t o  i n d u c t i o n  o f  s p e c i f i c  enzymes 

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

n u t r i e n t s .  By a n a lo g y  w i t h  enzyme i n d u c t i o n  i n  b a c t e r i a ,  where  

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

( M a n d e l s t a m  and M c Q u i l l a n ,  1973), t h e  n u t r i e n t s  would be 

M i n d u c e r s ’1 and t h e  c y c l i c  AMP a ’’m e d i a t o r ” o f  t h e  i n d u c t i o n  

m echan ism .  The e v i d e n c e  t o  s u g g e s t  such  an; o c c u r r e n c e  i n  

mammalian c e l l s  i s  a s  f o l l o w s : -
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( a )  A d d i t i o n  o f  serum t o  c u l t u r e d  c e l l s  r e s u l t s  i n  

d e c r e a s e d  c e l l  c y c l i c  AMP. F o r  c e r t a i n  c e l l  t y p e s ,  t h e  

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

s e r u m  f a c t o r s  i s  d e f i n a t e l y  a f u n c t i o n  o f  serum c o n c e n t r a t i o n  

(Amos,  1967; Temin, 1967; Todaro  e t  a l ,  1 9 6 7 ) .  E l u c i d a t i o n  

o f  t h e  f a c t o r s  ( fl i n d u c e r s ” ) which  e x e r t  r e g u l a t o r y  e f f e c t s  

on  c e l l s  i n  v i t r o  h as  been  a t t e m p t e d .  H ig h ly  f r a c t i o n a t e d  

a n d  p a r t i a l l y  c h a r a c t e r i s e d  serum c o n p o n e n t s  have been  

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

c e l l  p r o l i f e r a t i o n  (Todaro  e t  a l  1965 ;  Holmes 1967;  Puck e t  

a l  1 9 6 8 ) .

(b )  I n s u l i n  has  a l s o  been  found  t o  e x e r t  c o n s i d e r a b l e  

s u c h  a c t i v i t y  (Gey and T h a l im e r  1924;  S c h w a r tz  and Amos 1 9 6 8 ) .  

I n s u l i n  l o w e r s  i n t r a c e l l u l a r  c y c l i c  AMP i n  v i t r o  (S heppard  1 972a ,  

b ;  Bombik and B u rg e r  1973;  S c h e r  e t  a l  1 9 7 4 ) ,  w h e t h e r  i t  e x e r t s  

s u c h  an e f f e c t  i n  v iv o  i s  c o n t r o v e r s i a l  ( P a s t a n  and P e r lm a n  1971;  

W icks  1 9 7 4 ) .  I n  v i v o , i n s u l i n  s t i m u l a t e s  s u g a r  (L e v in e  e t  a l  1949,  

1 9 5 0 )  and ar ino  a c i d  (Wool e t  a l  1965) t r a n s p o r t ,  and i n c r e a s e s  

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

b r o u g h t  a b o u t  by t h e  t r a n s l a t i o n  o f  s y n t h e s i s e d  RNA (Wool e t  a l  

1 9 6 8 ) .

( c )  As s t a t e d  i n  t h e  I n t r o d u c t i o n ,  a p r o m in e n t  a c t i o n  

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

p h o s p h o r y l a t e  h i s t o n e s  (Langan 1 9 6 9 ) .  The p ro p o sed  r o l e  o f  

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

g en e  t r a n s c r i p t i o n ,  and 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  has  been  

p r o p o s e d  t o  u n c o v e r  gene s e q u e n c e s  a l l o w i n g  them t o  be t r a n s c r i b e d  

( s e e  ]';••:S t 03! end P e r lm an  1 9 7 1 ) .  In  l i v e r  c y c l i c  AMP i s  i n v o lv e d  

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

e n o l  p y r u v a t e  c a r b o x y k i n a s e  and s e r i n e  d e h y d r a t e s e .  (Wicks 

e t  a l  1 9 6 9 ) .

I n  a c c o r d  w i t h  ( a ) ,  (b)  and ( c )  ab o v e ,  t h e  r i s e  i n  c y c l i c  AMP 

w ou ld  r e s u l t  i n  t r a n s c r i p t i o n  o f  RNA t o  be " t r a n s l a t e d " by 

s e ru m  f a c t o r s .  A s u b s e q u e n t  f a l l  i n  c y c l i c  AMP would s i g 

n i f y  c o m p l e t i o n  o f  t h e  i n d u c t i o n  mechanism.

The r e q u i r e m e n t  f o r  an  enzyme i n d u c t i o n  mechanism may n o t  

h a v e  b e en  p r e s e n t  u n t i l  t h e  l a g  p h a s e ,  w h e re ,  f o r  ex am p le ,  

c o n f l u e n c y  o f  t h e  c e l l  s h e e t  may have h i n d e r e d  d i f f u s i o n  o f  

n u t r i e n t s  a c r o s s  t h e  c e l l  membranes.  The a d d i t i o n  a t  con 

f l u e n c y  o f  f r e s h  medium c o n t a i n i n g  a t  l e a s t  10$ serum h a s  been  

r e p o r t e d  t o  r e s u l t  i n  c e l l  d i v i s i o n  i n  many c e l l  l i n e s  w hich  

n o r m a l l y  show d e n s i t y  d e p e n d e n t  i n h i b i t i o n  o f  g row th  (K ruse  

e t  a l  1969) and a r e  p re su m a b ly  a r r e s t e d  i n  ( N i l a u s e n  and 

G r e e n  1 9 6 5 ) .

( i i i )  The o c c u r r a n c e  o f  low p r o t e i n  p e r  c e l l  i n  c o m p a r i so n  

t o  t h e  p h a s e s  o f  more r a p i d  growth  ( e a r l y  and l o g a r i t h m i c ) .

C y c l i c  AMP r e a c h e d  a maximum d u r i n g  t h e  two days  a f t e r  commence

m e n t  o f  t h e  g row th  d e c l i n e  p h ase  i n  t h e  second s e r i e s  o f  e x p e r 

i m e n t s  ( d a y s  5 t o  7 o f  P i g  31) when c e l l  p r o t e i n  r e a c h e d  a 

minimum. E l e v a t i o n s  i n  i n t r a c e l l u l a r  c y c l i c  AMP and d e c r e a s e s  

i n  i n t r a c e l l u l a r  p r o t e i n  b o t h  a p p e a r  t o  o c c u r  i n  l a g  p h ase  and 

d e c l i n e  p h a s e  g ro w th .  C e l l  c y c l i c  AMP was r e l a t e d  t o  c e l l  

p r o t e i n  by a n e g a t i v e  l o g  l i n e a r  r e l a t i o n s h i p  i n  my e x p e r i m e n t s  

( P i g  3 9 ) .  I n  t h i s  r e s p e c t ,  an e l e v a t i o n  In c y c l i c  AMP co u ld  

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

i n  m e t a b o l i s m .  The e l e v a t e d  c y c l i c  AMP i n  c e l l s  whose g ro w th  

r a t e  was low ( l a g  and d e c l i n e  p h a s e  c e l l s )  may be a r e f l e c t i o n  

m o re  o f  t h e  a v a i l a b i l i t y  o f  c r u c i a l  n u t r i e n t s  t o  t h e  c e l l  r a t h e r
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t l  r:Y) t h e i r  a b s e n c e  i n  t h e  med ium (Sheppard  1 9 7 2 a ; S e i f e r t  

and  T s u i  1972) s i n c e  t h e  medium was changed d a i l y  i n  my 

e x p e r i m e n t s .

S in c e  a d e n y l  c y c l a s e  i s  a membrane bound enzyme ( S u t h e r l a n d  

e t  a l  1962) i t  i s  f e a s i b l e ,  a s  s u g g e s t e d  by B an n a i  and 

S h e p p a r d  (1974)  t h a t  c h an g es  i n  c y c l i c  HIT l e v e l s  a r e  a 

r e f l e c t i o n  o f  an a l t e r e d  n u t r i t i o n a l  e n v i r o n m e n t  eg a 

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

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

and  Sheppard  (1974)  r e p o r t e d  c e l l  c o n t a c t  i n  t r a n s f o i m e d  (3T6)
6c e l l s  a t  0 . 3 7 0  mg p r o t e i n / 1 0  c e l l s  a t  a c e l l  d e n s i t y  o f  

4 24 . 4  x  10 c e l l s / c m  . I n  my m ode l ,  24 h o u r s  a f t e r  l o g a r i t h m i c

grov  t h  commenced, mean c e l l  d e n s i t i e s  i n  c o n t r o l  c e l l s  were
4 4 24 .8  x 10 and 4 . 3  x 1 0 1 c e l l s / c m  r e s p e c t i v e l y ,  w i t h  mean

S '

p r o t e i n  c o n t e n t s  o f  0 .3 7 0  and 0 .4 3 7  mg/10 c e l l s  r e s p e c t i v e l y  

i n  t h e  two g ro u p s  o f  e x p e r i m e n t s .  The 7$ i n c r e a s e  i n  c e l l  

n u m b ers  b e tw e en  days  4 and 5 i n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s ,  

p a r a l l e l l e d  by a 122/  i n c r e a s e  i n  c e l l  c y c l i c  1MB, may have 

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

c o n t a c t  s t a t e .  S in c e  many c e l l  membrane p a r a m e t e r s  change  

a s  a f u n c t i o n  o f  no rm a l  c e l l  c o n t a c t  ( e g  n u t r i e n t  t r a n s p o r t ,  

membrane enzyme a c t i v i t y ;  s e e  I n t r o d u c t i o n )  t h e  d e c r e a s e  i n  

c y c l i c  HIP w hich  o c c u r r e d  when t h e  c e l l s  began  t o  grow l o g a r 

i t h m i c a l l y  may n o t  have been  t h e  p r im a ry  e v e n t  w h ich  a l lo w e d  

t h e  i n c r e a s e s  i n  c e l l  p r o t e i n ,  RKA and DNA, and c e l l  numbers  

o b s e r v e d .  However,  s i n c e  a g e n t s  which  i n c r e a s e  i n t r a c e l l u l a r  

c y c l i c  a, v have been  shown t o  s u p p r e s s  g r o w th ,  w h i l e  a g e n t s  

w h ic h  d e c r e a s e  i n t r a c e l l u l a r  c y c l i c  HIP have  been  shown t o  

s t i m u l a t e  g rowth  ( s e e  I n t r o d u c t i o n )  i t  seems l i k e l y  t h a t  an  

i n c r e a s e  i n  c e l l  c y c l i c  .AMP i s  a c r i t i c a l  e v e n t  which r e s p o n d s  

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

9 8



I n  t h i s  r e s p e c t  t h e  d e c r e a s e :  i n  c e l l  c y c l i c  AMP p roduced  

by i n s u l i n  ( a b o v e )  cou ld  be i n t e r p r e t e d  a s  a r e s u l t  o f  

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

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

i n c r e a s i n g  c y c l i c  AMP and p r o m o t i n g  g l y c o g e n  breakdown ( P i g  4 ) .  

T h i s  a c t i o n  co u ld  i n  t u r n  i n c r e a s e  g l u c o s e  t r a n s p o r t .  The 

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

c o m p a r i so n  t o  c e l l s  o f  t h e  s low g row th  p e r i o d s  ( l a g  and 

d e c l i n e )  may be due f o r  example  t o  i n c r e a s e d  m o t i l i t y ,  

a i d i n g  d i f f u s i o n  ( C a s t o r  1970 ,  1 9 7 1 ) .  S in c e  i n  many s i t 

u a t i o n s  i n  v iv o  i n  which  c e l l s  show a h i g h  m i t o t i c  a c t i v i t y ,  

t h e y  a r e  moving i n  r e l a t i o n  t o  each  o t h e r  ( C a r t e r  1 9 6 8 ) .

C y c l i c  AMP i n  R e l a t i o n  t o  t h e  N u t r i t i o n a l  S t a t e  o f  t h e  C e l l

A n y  r e l a t i o n s h i p  o f  c y c l i c  AMP t o  t h e  n u t r i t i o n a l  s t a t e  

o f  t h e  c e l l  would n o t  e x c lu d e  i t  from m e d i a t i n g  o r  p o t e n t i a l l y  

m e d i a t i n g  any s u b s e q u e n t  change by t h e  mechanisms p ro p o se d  by 

( i )  t o  ( i i i )  ab o v e ,  o r  by some o t h e r  m echanism.  The above  

e v i d e n c e  i m p l i e s  t h a t  i n h i b i t i o n  o f  g rowth  can  be a v o id e d  i f  

t h e  c e l l  i s  a b l e  t o  t a k e  up an a d e q u a t e  s u p p ly  o f  n u t r i e n t s  

i n  a crowded e n v i r o n m e n t .

( i )  C y c l i c  AMP i n  E t h a n o l  T r e a t e d  C e l l s  i n  R e l a t i o n  t o  I n i t i a t i o n  
o f  DNA S y n t h e s i s

I n c r e a s e d  i n t r a c e l l u l a r  c y c l i c  AMP was c o n c u r r e n t  w i t h  a 

s u p p r e s s e d  r i s e  i n  DNA c o n t e n t  p e r  c u l t u r e  i n  e t h a n o l  t r e a t e d  

c e l l s  d u r i n g  t h e  f i r s t  24  h o u r s  o f  l o g a r i t h m i c  g row th  i n  c o n t r o l  

c e l l s .  I t  i s  p o s s i b l e  t h a t  t h e  two e t e n t s  may be d i r e c t l y  

r e l a t e d .  However ,  t h e  d e c r e a s e  i n  c e l l  c y c l i c  AMP may n o t  have  

b e en  t h e  p r im a r y  e v e n t  which r e s u l t e d  i n  DNA s y n t h e s i s .  My 

r e s u l t s  imply  t h a t  e t h a n o l  p r e v e n t e d  e n t r y  i n t o  S p h a s e  without-  

a f f e c t i n g  t h e  g e n e r a l  r i s e s  i n  RNA and p r o t e i n  which  p r e c e e d e d
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i t .  I n  train-formed c e l l s  whose grow th  i n  i n h i b i t e d  by 

c i b u t y r y l  c y c l i c  AMP o r  a g o n i s t s  which  m a i n t a i n  h i g h  i n t r a 

c e l l u l a r  c y c l i c  AMP, t h e  s u p p r e s s i o n  o f  DMA s y n t h e s i s  has  

b e e n  r e p o r t e d  t o  be p a r a l l e l l e d  by an i n c r e a s e  i n  PITA and 

p r o t e i n  s y n t h e s i s  (Dim and L i i t sunobu  1972; Van P i c k e t  a l  

1972 ;  C u r t i s  e t  a l  1973;  E o r i n e k  e t  a l  1973;  Kram e t  a l  1 9 7 3 ) .  

S i n c e  such c e l l s  a r e  i n h i b i t e d  i n  G- ,̂ t h i s  co u ld  be t h e  co n 

s e q u e n c e  o f  c o n t i n u e d  s y n t h e s i s  o f  RNA and p r o t e i n  w h i l e  

e n t r y  i n t o  S p h a se  i s  p r e v e n t e d .

( i i )  C y c l i c  AMP i n  E t h a n o l  T r e a t e d  C e l l s  i n  R e l a t i o n  t o  S y n t h e s i s  
o f  a S p e c i f i c  M esse n g e r  RITA

E t h a n o l  d id  n o t  a p p e a r  t o  i n t e r f e r e  w i t h  g e n e r a l  t r a n s c r i p 

t i o n  w h ich  p r e c e e d e d  t h e  f i r s t  round  o f  DNA r e p l i c a t i o n .  How

e v e r ,  a s su m in g  an  enzyme i n d u c t i o n  mechanism i n  c o n t r o l  c e l l s  

d u r i n g  th e  l a g  p h a s e ,  w i t h  t h e  r e s u l t a n t  s y n t h e s i s  o f  a new 

s p e c i e s  o f  m e s s e n g e r  RITA, e t h a n o l  may have p r e v e n t e d  t h e  sy n 

t h e s i s  o f  t h i s  new RITA. A l t e r n a t i v e l y , e t h a n o l  may have 

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

t r e a t e d  c e l l s  t o  com pensa te  f o r  ch an g es  i n  m e t a b o l i s m  p ro d u ced  

by e t h a n o l  ( c f  e v i d e n c e  f o r  t h e  i n d u c t i o n  o f  (Na++ K+ ) - s t i m u l a t e d  

ATPase t o  com p en sa te  f o r  i n c r e a s e d  i n t r a c e l l u l a r  I > a +7 p rod u ced  

by e t h a n o l  i n  HeLa c e l l s ;  L in d s a y  1 9 7 4 b ) .  Assuming t h e  

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

p r o c e s s ,  a s  p ro p o sed  by i t s  a b i l i t y  t o  p h o s p h o r y l a t e  h i s t o n e s ,  

t h e  e l e v a t e d  c y c l i c  AMP d u r i n g  t h e  l a g  i n  e t h a n o l  t r e a t e d  ce l l s*  

when c o n t r o l  c e l l s  were g ro w in g  l o g a r i t h m i c a l l y ,  may a c c o u n t  

f o r  such  a mechanism.  Adding low amounts  o f  Achnomycin D 

( c f  P u j i o k a  c t  a l  1963)  would g i v e  an  i n d i c a t i o n  o f  e x p e r i m e n t a l  

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

c e l l s  were  n o t .  H y b r i d i s a t i o n  s t u d i e s  (Church  and McCarthy 

1 9 6 7 a , b )  co u ld  be used t o  d e t e c t  a s p e c i e s  o f  m e s s e n g e r  RNA 

i n  e t h a n o l  t r e a t e d  c e l l s ,  n o t  p r e s e n t  i n  c o n t r o l  c e l l s .
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( i i i )  C v c l i c  .AM P i n  E t h a n o l  T r e a t e d  C e l l s  i n  R e l a t i o n  t o  C e l l
P r o t e i n

I n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s ,  e t h a n o l  b l u n t e d  t h e  

r i s e  i n  c y c l i c  AMP d u r i n g  t h e  l a g  p h a s e ,  when c e l l  p r o t e i n  

t e n d e d  t o  he h i g h e r  i n  e t h a n o l  t i e a t e d  c e l l s ;  d u r i n g  g ro w th  

d e c l i n e  i n  b o th  s e r i e s  o f  e x p e r i m e n t s  p r o t e i n  c o n t e n t  t e n d e d  t o  

be h i g h e r  i n  e x p e r i m e n t a l  c e l l s  w h i l e  c y c l i c  AMP c o n t e n t  

t e n d e d  t o  be l o w e r .  I n  f a c te  m os t  f l u c t u a t i o n s  i n  c e l l  c y c l i c  

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

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

o f  i n t r a c e l l u l a r  c y c l i c  AMP t o  i n t r a c e l l u l a r  p r o t e i n  ( P i g  3 9 ) .  

F u r t h e r m o r e  d u r i n g  t h e  f i r s t  24 h o u r s  o f  t h e  g ro w th  d e c l i n e  

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

c y c l i c  AMP were  t h e  o n ly  c o n s i s t e n t  v a r i a t i o n s  o f  t h e  p a ram e te rs  

m easu red  t o  o c c u r  i n  c o n t r o l  and e x p e r i m e n t a l  d i s h e s  i n  t h e  

two s e r i e s  o f  e x p e r i m e n t s .  T o g e t h e r  w i th  t h e  e v i d e n c e  i n d i c 

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

m e a s u re d  t o  o c c u r  b e f o r e  g row th  d e c l i n e #t h i s  i m p l i e s  a  r e l a t i o n 

s h i p  b e tw ee n  c e l l  p r o t e i n ,  c e l l  c y c l i c  AMP and g row th  r a t e .

I n  t h e  s h o r t  t e r m  e x p e r i m e n t s  c a r r i e d  o u t  i n  s e r u m - f r e e  

medium, serum d e p l e t i o n  r a i s e d  i n t r a c e l l u l a r  c y c l i c  AMP i n  

c o n t r o l  c e l l s  and e t h a n o l  a d d i t i o n  a p p a r e n t l y  a c h i e v e d  t h i s  

e f f e c t  more r a p i d l y .  The e l e v a t i o n  i n  c y c l i c  AMP i n  t h e s e  

e x p e r i m e n t s  c a n n o t  be r e l a t e d  t o  an  i n d u c t i o n  mechanism p e r  s e ,  

s i n c e  t h e r e  w ere  no ,!i n d u c e r s ” p r e s e n t  i n  t h e  medium, and t h e  

same e f f e c t  o c c u r r e d  a t  v a r i o u s  c e l l  d e n s i t i e s  ( c o r r e s p o n d i n g  

t o  e a r l y  g r o w th ,  l a g  and l o g a r i t h m i c  g r o w t h ) .  The r e s p o n s e  i s  

p r o b a b l y  c o m p a ra b le  t o  t h e  s t r e s s  r e s p o n s e  p o s t u l a t e d  by 

Sheppard  ( l S 7 2 b ) .
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C y c l i c  AMP i n  E t h a n o l  T r e a t e d  C e l l s  i n  R e l a t i o n  t o  t h e  
Nu t r i t i o n a l  S t a t e  o f  t h e  C e l l

R e p l i c a t i o n  o f  DITA was; d e l a y e d  a f t e r  e t h a n o l  t r e a t m e n t  

i n  co m p a r i so n  t o  c o n t r o l ;  e x p e r i m e n t a l  c e l l s  w ere  a f f e c t e d  

a t  some p o i n t  i n  t h e  p h a s e  o f  t h e  c e l l  c y c l e .  I f  

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

( i )  t h e  s y n t h e s i s  o f  s p e c i f i c  ENA and p r o t e i n s ;

( i i )  t h e  a v a i l a b i l i t y  o f  DHA p r e c u r s o r s ;  o r

( i i i )  t h e  p h y s i c a l  s t a t e  o f  t h e  DNA m o l e c u l e ,

t h e n  t h e  e l e v a t e d  c y c l i c  AMP w h ich  r e s u l t e d  i n  e t h a n o l  t r e a t e d  

c e l l s  co u ld  be r e l a t e d  t o  an  e f f e c t  on t h e  n u t r i t i o n  o f  t h e  

c e l l .

Assuming a ’’r e s p o n s e ” o f  c y c l i c  AMP, a s  p r o p o se d  by i t s  

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

a n a lo g y  w i t h

( a )  a n  i n c r e a s e  i n  c e l l  c y c l i c  AMP b e i n g  t h e  s i g n a l  

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

( S h ep p a rd  1972b)  a s  w e l l  a s  i n  b a c t e r i a  ( M a n d e l s t a m  and 

M c Q u i l l e n  1 9 7 3 ) \

(b )  t h e  i n  v i v o  c o n n e c t i o n  o f  c y c l i c  AMP with"  hormones  

o f  e n e rg y  m e t a b o l i s m  and s t r e s s  ( T a b l e  I  ).

t h e  e l e v a t i o n  i n  c y c l i c  AMP i n  e x p e r i m e n t a l  c e l l s  may have 

b e e n  r e l a t e d  t o  m e d i a t i n g  a  co m p en s a to ry  m echanism which  

r e l e a s e d  t h e  i n h i b i t i o n  on g r o w th .  W hether  t h e  s u b s e q u e n t  

g ro w th  o f  e t h a n o l  t r e a t e d  c e l l s  was a  r e s u l t  o f :

( i )  r e l e a s e  o f  i n h i b i t i o n  on DNA s y n t h e s i s ;

( i i )  an  i n c r e a s e  i n  s y n t h e s i s  o f  a s p e c i f i c  m e s s e n g e r  KNA,

( i i i )  i n c r e a s e d  a v a i l a b i l i t y  o f  g e n e r a l  a n d / o r  s p e c i f i c  
n u t r i e n t s  t o  t h e  c e l l ;
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( i v )  a  c o m b i n a t i o n  o f  ( i )  t o  ( i i i )  above,  

t h e  e v i d e n c e  s t r o n g l y  s u g g e s t s  t h a n  an  enzyme i n d u c t i o n  

mechanism was i n v o l v e d .  T h i s  r e a s o n i n g  h a s  t h e  a d v a n t a g e  

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

and e x p e r i m e n t a l  c e l l s  and g i v e s  an  a n a l a g o u s  t y p e  o f  r o l e  

t o  c y c l i c  AMP t o  t h a t  found i n  b a c t e r i a .  Thus d u r i n g  t h e  

l a g  p h a s e s  i n  g r o w th ,  t h e  c e l l s  may have  b e e n  o c c u p ie d  i n  a 

s p e c i f i c  i n d u c t i o n  mechanism t o  c o m p en sa te  f o r  c h a n g e s  i n  

m e t a b o l i s m  b r o u g h t  a b o u t  by ,  eg  c e l l - c e l l  c o n t a c t .  The 

e x t e n d e d  l a g  p h a s e  i n  e t h a n o l  t r e a t e d  c e l l s  may have  b e e n  

due t o  some k in d  o f  i n h i b i t i o n  o f  t h i s  m echanism  by e t h a n o l .  

However t h e  f i n d i n g  t h a t  e t h a n o l  t r e a t e d  c e l l s  " r e c o v e r e d ” 

w i t h i n  24 h o u r s  t o  grow a t  l e a s t  a s  r a p i d l y  a s  c o n t r o l  c e l l s  

i m p l i e s  t h a t  e x p e r i m e n t a l  c e l l s  were  t h e m s e l v e s  o c c u p ie d  i n  

an  i n d u c t i o n  mechanism t o  co m p e n sa te  f o r  c h a n g e s  i n  m e t a b o l i s m  

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

r e s u l t s  s u g g e s t  t h a t  e l e v a t e d  c y c l i c  AMP may have  b e e n  i n v o l v e d  

i n  t h e  m echanism.

103



POSSIBLE RELATIONSHIPS OP THE RESULTS TO

IN VIVO EPPEQTS OP ALCOHOL

E t h a n o l  i n t e r f e r e d  t e m p o r a r i l y  w i t h  t h e  g ro w th  o f  t h e  c e l l s ,  

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

m e t a b o l i s e d  by t h e  c e l l s .  Ija view o f  t h e  known a b i l i t y  o f  

e t h a n o l  t o  p e n e t r a t e  c e l l  membranes  ( K a l a n t  1971) i t  i s  l i k e l y  

t h a t  some k ind  o f  membrane change  o c c u r r e d .  E t h a n o l  i s  p o t 

e n t i a l l y  c a p a b l e  o f  r e a c h i n g  t h e  c e l l  membrane o f  any c e l l  o f  t h e  

b o d y  ( W i l l i a m s  1 9 7 5 ) .

The r e s u l t s  i n  t h i s  t h e s i s  im p ly  t h a t  w here  an  i n c r e a s e d  c e l l  

c y c l i c  AMP o c c u r r e d  i n  e x p e r i m e n t a l  c e l l s ,  i t  was r e l a t e d  t o  an  

e f f e c t  on t h e  n u t r i t i o n  o f  t h e  c e l l .  T h a t  t h e  r e s p o n s e  was non

s p e c i f i c  is i n  g e n e r a l  a g re e m e n t  w i t h  t h e  c h a n g e s  found  by t h e  

a u t h o r s  i n  T a b le s  I I  and I I I  , w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  

t h e  r e s u l t s  o f  G-orman and B i t e n s k y  (1970)*

R e g a rd in g  t h e  p o s t u l a t e d  r o l e  o f  c y l i c  AMP as  t h e  " second

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

T a b l e  I  , any n o n - s p e c i f i c  c h an g e s  i n  c y c l i c  AMP o c c u r r i n g  i n

t h e  c e l l s  o f  t h e  body cou ld  f e a s i b l y  a f f e c t  s y s t e m s  a s  d i v e r s e

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

and  a c t i o n s ,  w a t e r  p e r m e a b i l i t y .  The e v i d e n c e  t h a t  a c t i v a t i o n

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

e n v i r o n m e n t  ( B r o d ie  e t  a l  1 9 6 6 :  R o b ison  e t  a l  1971) i s  o f

a d d i t i o n a l  s i g n i f i c a n c e  i f  any change  p ro d u c ed  by e t h a n o l

a f f e c t e d  t h e  i o n i c  p o t e n t i a l  o f  t h e  c e l l  membrane. P o r

e x a m p le ,  t h e  i n t e r f e r e n c e  o f  e t h a n o l  i n  t h e  n u t r i t i o n a l

s t a t e  o f  t h e  c e l l  co u ld  be e x t r a p o l a t e d  t o  t h e  r e p o r t s  o f

d e c r e a s e d  u p ta k e  o f  n e u r o t r a n s m i t t e r s  i n t o  sy n ap to so m e s

(Roach e t  a l  1973) amino a c i d s  i n t o  b r a i n  i n  v iv o  (Choy

e t  a l  1972; Ereud 1 9 7 2 ) ,  r e d u c e d  i n t e r m e d i a r y  m e ta b o l i s m  

i n  t h e  b r a i n  (V e loso  e t  a l  1972) as  a r e s u l t  o f  e t h a n o l
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t r e a t m e n t ,  a l l  o f  which may be s im p ly  r e f l e c t i o n s  o f  d e c r e a s e d  

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

T o l e r a n c e

D e s p i t e  c o n t i n u e d  a d d i t i o n  o f  e t h a n o l - c o n t a i n i n g  g row th  

medium, e x p e r i m e n t a l  c e l l s  grew l o g a r i t h m i c a l l y  a p p r o x i m a t e l y  

one  day l a t e r  t h a n  c o n t r o l  c e l l s .  A co m p e n sa to ry  mechanism 

o c c u r r i n g  o v e r  t h i s  one-day  p e r i o d  a l lo w e d  e t h a n o l  t r e a t e d  c e l l s  

t o  grow l o g a r i t h m i c a l l y .  Tha t  t h i s  mechanism in v o lv e d  enzyme 

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

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

i n c r e a s e d  s y n t h e s i s  o f  (Na+ + K+ )-ATPase i n  b r a i n  ( I s r a e l  e t  a l  

1 9 7 0 )  p o s s i b l y  c o n t r i b u t i n g  t o  a d r e n e r g i c  s u p e r s e n s i t i v i t y  

( D re n c h  e t  a l  1 9 7 5 ) ;  i n  l i v e r ,  c o n t r i b u t i n g  t o  t h e  " h y p e r m e t a b o l i c  

s t a t e 11 ( B e r s t e i n  e t  a l  1974; I s r a e l  e t  a l  1975) and o t h e r  

t i s s u e s  (L in d sa y  1 9 7 4 a , b ) .  By a n a lo g y  w i t h  s i m i l a r i t i e s  be tw een  

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

e n c e  t h a t  t h y r o i d  hormones i n c r e a s e  a d e n y l  c y c l a s e  s y n t h e s i s  

( B r o d i e  e t  a l  1 9 6 6 ) , t h e  a d r e n e r g i c  s u p e r s e n s i t i v i t y  p rod u ced  by 

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

( I s r a e l  e t  a l  19 72; Kuriyama and I s r a e l  1 9 7 3 ) .

The a d v a n ta g e  o f  u s i n g  a whole c e l l  s y s t e m ,  f r e e  f rom hormonal  

p e r t u r b a t i o n s  whereby changes  i n  c y c l i c  AMP were r e f l e c t e d  by 

c h a n g e s  i n  g rowth  r a t e , a l l o w e d  m o n i t o r i n g  o f  c y c l i c  AMP changes  

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

c y c l a s e  m o l e c u l e .  By a n a lo g y  w i t h  b a c t e r i a  (M andels tam  and 

M c Q u i l l e n  1973)  c y c l i c  AMP may have p la y e d  a r o l e  i n  t h e  compen

s a t o r y  mechanism whereby t h e  e x p e r i m e n t a l  c e l l s  cou ld  grow. The 

r e s u l t s  do n o t  d i s p u t e  t h e  p o s s i b i l i t y  d i s c u s s e d  i n  t h e  I n t r o 

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

on t h e  body.

P o s s i b i l i t i e s  f o r  F u r t h e r  I n v e s t i g a t i o n

A s  w e l l  as  t h e  s u g g e s t i o n s  c i t e d  i n  t h e  t e x t ,  p o s s i b l e  modes 

o f  f u r t h e r  i n v e s t i g a t i o n  cou ld  i n c l u d e  t h e  m o l e c u l a r  mechanism o f  

e t h a n o l  i n t e r f e r e n c e .  Thus r a d i o a c t i v e l y - l a b e l l e d  e t h a n o l  co u ld  

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

e t h a n o l  i n t o  t h e  c e l l  membrane and any e n t r y  i n t o  t h e  c e l l .

F u r t h e r  s t u d i e s  cou ld  be c a r r i e d  o u t  t o  examine t h e  g row th  and 

c y c l i c  AMP c h an g es  i n  e x p e r i m e n t a l  c e l l s  i n  r e l a t i o n  t o  i o n i c  

p e r t u r b a t i o n s  and hormonal  r e s p o n s e s .  C om par isons  w i t h  r e s u l t s  

o b s e r v e d  u s i n g  p r im a ry  c e l l  sy s t e m s  ( e g  k id n ey  c o r t e x  c e l l s ,  

c o n n e c t i v e  t i s s u e )  i s o l a t e d  and s u b c u l t u r e d  f rom p r e v i o u s l y  i n t o x 

i c a t e d  e x p e r i m e n t a l  a n im a l s  would h e l p  i n  r e l a t i n g  i n  v iv o  

p h en o m en a .

A knowledge o f  t h e  q u a n t i t a t i v e  l e v e l s  o f  c y c l i c  AMP d u r i n g  

t h e  v a r i o u s  p h a s e s  o f  t h e  c e l l  c y c l e  would be o f  v a l u e  i n  

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

c y c l e .  E x p e r im e n t s  i n v o l v i n g  i s o l a t i o n ,  c h a r a c t e r i s a t i o n  and 

c o m p a r i s o n  o f  t h e  s p e c i e s  o f  m e s s e n g e r  MA formed by c o n t r o l  and 

e x p e r i m e n t a l  c e l l s  would i n v e s t i g a t e  t h e  p r e s e n c e  o f  an  enzyme 

i n d u c t i o n  mechanism s p e c i f i c  t o  e t h a n o l  t r e a t e d  c e l l s .  S i m i l a r l y ,  

t h e  p o s s i b i l i t y  o f  de novo p r o t e i n  s y n t h e s i s  i n  e x p e r i m e n t a l  

c e l l s  a s  a r e s u l t  o f  an enzyme i n d u c t i o n  mechanism c o u ld  be 

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

The  s p e c i f i c i t y  o f  t h e  c y c l i c  AMP r e s p o n s e  i n  e x p e r i m e n t a l  c e l l s  

c o u l d  be f u r t h e r  i n v e s t i g a t e d  by m o n i t o r i n g  a d e n 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 i e s  i n  whole c e l l  p r e p a r a t i o n s .
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