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ABSTRACT

U nder c o n J ic io n s  r e q u i r in g  r a p id  g row th  o f  l i v e r  c e l l s  su c h  n j o - c u r  

i n  r a t  l i v e r  r e g e n e r a t in g  a f t e r  p a r t i a l  h e p a te c to m y  and in  h p p .to n f l 

t i s s u e ,  'a c t i v i t i e s  o f  u r e a  c y c le  enzymes w ould  be e x p e c te d  to  drop  

f o r  s e v e r a l  r e a s o n s . F i r s t l y ,  c e r t a i n  i n te r m e d i a te s  o f  u r e a  s y n th e s is  

a r e  a l s o  r e q u i r e d  f o r  po ly am in e  and  p y r im id in e  b io s y n t h e s i s  and  s e c o n d ly , 

l i t t l e  •iriino a c id  c a t a l y s i s  w ould be e x p e c te d  Co o c c u r  s in c e  f l '- ’.no a c id s  

sh o u ld  b e  c o n se rv e d  f o r  th e  s y n th e s i s  o f  new p r o t e i n s .

The e f f e c t s  o f  v a ry in g  d i e t a r y  p r o t e i n  c o n te n t  and hormone s t i m u l i  on 

th e  a c t i v i t i e s  o f  u r e a  c y c le  enzymes w ere  t e s t e d  in  c o n t r o l  and r e g e n e r ­

a t i n g  r a t  l i v e r s  a s  w e l l  a s  in  t r a n s p l a n t e d  hepatom as and  th e  l i v e r s  o f  

th e  t r a n s p l a n t  h o s t  a n im a ls .

A c i r c a d i a n  rhy thm  e x p e r im e n t r e v e a l c l  a  tiw u -d ep c n d u n ce  f o r  i n d u c i b i l i t y  

o f  u r e a  c y c le  enzym es by g lu c a g o n . Hence a l l  e x p e r im e n ta l  a n im a ls  w ere  

m a in ta in e d  on a n  '8 - 1 6 ' c o n t r o l l e d  l i g h t i n g  tind f c o d in g  reg im e  and  s a c ­

r i f i c e d  a t  10 :00  h o u r s .  The r a t s  a l s o  showed a n  a g e -d e p e n d e n t i n d u c i b i l i t y ;  

enzymes w ere  in d u c ib le  i n  28 - b u t  n o t  3 5 -d ay  o ld  a n im a ls .

A tim e - c o u r s e  s tu d y  o f  ch an g es o f  a c t i v i t i e s  o f  u r e a  c y c le  enzymes in  

r e g e n e r a t in g  l i v e r s  shows t h a t  th e  l e v e l s  o f  a c t i v i t y  d ro p  im m ed ia te ly  

a f t e r  p a r t i a l  h e p a te c to m y , r e a c h  a  minimum a t  fo u r  h o u rs  and r e t u r n  to  

c o n t r o l  v a lu e s  by 24 h o u rs  in  a n im a ls  m a in ta in e d  on a 22% p r o t e i n  d i e t .  

A c tin o m y c in  D and c o r tic c o p in , b o th  i n h i b i t o r s  o f  i r a n s c r i p t i o n ,  p re v e n t  

th e  i n i t i a l  d ro p  in  a c t i v i t y  and  p ro d u ce  an  in c r e a s e  t o  l e v e l s  a b o v e  th e

c o n t r o l s  a t  s i x  a n d  te n  h o u rs  p o s t - o p e r a t i v e ly .

I n  r a t s  m a in ta in e d  on 0% o r  10% p r o t e i n  d i e t s  th e r e  i s  a n  i n i t i a l  in c re a s e  

in  a c t i v i t y  a f t e r  th e  o p e ra t  io n  w ith  a  d ro p  liecnmiup, e v id e n t  o n ly  a t  J5

h o u rs  a n d  a minimum m easured  a t  18 h o u r s .  The l e v e l s  r e t u r n  t o  c o n t r o l

v a lu e s  by  24 h o u rs  p o s t - o p e r a t i v e ly .



A f t e r  o p e r a t io n  i n  r a t s  m a in ta in e d  on a 75% p r o t e i n  d i e t ,  th e r e  i s  

a n  i n i t i a l  d e c r e a s e  i n  a c t i v i t y  and  th e  a c t i v i t i e s  r e t u r n  to  c o n t r o l  

v a lu e s  by  12 h o u r s .

I n  a n im a ls  b e a r in g  t r a n s p l a n t e d  hepatom as th e  a c t i v i t i e s  o f  th e  u re a  

c y c le  enzym es in  th e  h o s t  l i v e r  a r e  s i g n i f i c a n t l y  l e s s  th a n  th o s e  o f  

n o n tu m o u r-b e a rin g  c o n t r o l s  i n  r a t s  m a in ta in e d  on a l l  d i e t s .  The 

a c t i v i t i e s  i n  th e  hepatom a t i s s u e  w ere  more d r a m a t i c a l l y  d e c re a s e d  

th a n  th o s e  o f  th e  h o s t  l i v e r s .  The u r e a  c y c le  enzymes a r e  r e s p o n s iv e  

to  d i e t a r y  p r o t e i n  l e v e l s  in  a l l  l i v e r  ty p e s  w ith  th e  hepatom a b e in g  

th e  m ost r e s p o n s iv e  to  d i e t .

C o n t ro l  l i v e r s  o f  no rm al n o n tu m o u r-b e a rin g  3 5 -d ay  o ld  a n im a ls  a r e  

n o t  r e s p o n s iv e  to  horm onal s t im u lu s ,  i r r e s p e c t i v e  o f  th e  d i e t a r y  

p r o t e i n  c o n te n t .  The horm ones t e s t e d  in c lu d e d  P -m e th a so n e , g lu c a g o n , 

P -m e th aso n e  p lu s  g lu c a g o n , and  d i b u ty r y l  c y c l i c  AMP. S u r p r i s in g l y ,  

b o th  h o s t  l i v e r s  and  hepatom as from  r a t s  o f  th e  same a g e  p roved  

s e n s i t i v e  to  a l l  horm ones t e s t e d .  T h is  i n d u c i b i l i t y  was in d e p e n d e n t 

o f  d i e t a r y  p r o t e i n  c o n te n t .  The f a c t  t h a t  enzyme a c t ’ v i ' .y  i n  th e  

l i v e r s  o f  a n im a ls  b e a r in g  t r a n s p l a n t e d  tum ours i s  in d u c ib le  w h i l s t  

t h a t  o f  c o n t r o l  a n im a ls  i s  n o t ,  s u g g e s ts  th e  p o s s ib l e  e x is te n c e  o f  

a  hum oral su b s ta n c e  r e s p o n s ib le  '.o r  u r e a  c y c le  enzyme i n d u c i b i l i t y  

i n  tu m o u r -b e a r in g  a n im a l s .  T h is  p o s tu l a t e  was t e s t e d  by i n j e c t i n g  

no rm al a n im a ls  w ith  p lasm a ( o r  p lasm a p lu s  g lu c a g o n )  d e r iv e d  from  

tu m o u r- o r  n o n tu ro o u r-b e a r in g  r a t s  and  com paring  th e  i n d u c i b i l i t y  in  

a l l  g ro u p s  o f  a n im a ls  in c lu d in g  b o th  i n j e c t e d  and n o n in je c t e d  c o n t r o l s .  

The a n im a ls  i n j e c t e d  i n t r a p e r i t o n c n l l y  w ith  p lasm a from  tu m o u r-b e a rin g  

a n im a ls  showed a  d e c r e a s e  i n  u r e a  c y c le  enzymes com pared w i th  c o n t r o l s ,  

and  p lasm a p lu s  g lu c a g o n  in j e c t e d  a n im a ls  show  i n d u c i b i l i t y  above 

c o n t r o l  v a lu e s .  T h is  e x p e r im e n t w ould sccm  to  su p p o r t  th e  h y p o th e s is .

A s e m i- p r e d ic t iv e ,  i n t e r p r e t i v e  m a th e m a tic a l m odel i s  p r e s e n te d  w hich  

d e s c r ib e s  th e  a c t i v i t i e s  and  b e h a v io u r  o f  th e  u r e a  c y c le  enzymes in  

n o rm a l , h o s t  and  n e o p la s t i c  r a t  l i v e r .
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c o n t r o l ,  h o s t  and  hepatom a from  r a t s  m a in ta in e d  on 
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ammuucru*

1 .1  I 'm  UlUiA CYCLE

The m a jo r  end p r o d u c t o f  n i t r o g e n  m e ta b o lism  in  man and o th e r  u r e o to l i c  

v e r t e b r a t e s  i s  u r e a  (Cohen and U ro w n ,iy 6 0 ) . U rea  r e s u l t s  from  th e  

d e t o x i f i c a t i o n  o f  ammonia w hich  a r i s e s  from  d e a m in a tio n  r e a c t i o n s  w ith ­

in  th e  l i v e r .  K rebs and l i e n s e l c i i  (1932) d e m o n s tra te d  t h a t  th e  

s y n th e s i s  o f  u r e a  o c c u rs  by a c y c l i c  s e r i e s  o f  r e a c t i o n s  and in v o lv e s

th e  s e q u e n t i a l  a c t i o n  o f  f i v e  enzymes ( s e e  f i g .  I ) .  The l i v e r  i s  th e

m a jo r  s i t e  o f  u r e a  s y n th e s i s  a l th o u g h  a s m a ll  amount o f  a c t i v i t y  o f  

some u r e a  c y c le  enzymes i s  found  in  th e  b r a in  and k id n e y s , sm a ll 

i n t e s t i n e  and p a n c re a s  (Yip and Knox, 1972; S z i l a g i ,  1973) and in  

w h ite  b lo o d  c e l l s  (R eyero  e_t aL , 1 9 7 4 ).

Ammonia i s  to x i c  to  th e  c e n t r a l  n e rv o u s  sy s te m  even  in  low

c o n c e n t r a t i o n s .  Land a n im a ls  had to  p o s s e s s  a m echanism  f o r  i t s

d e t o x i f i c a t i o n  e a r ly  in  t h e i r  e v o lu t io n ,  a s  soon  a s  th e  su p p ly  o f  w a te r  

became l im i t e d  (Cohen and Brown, 1 9 6 3 ).

O r n i th in e  i s  an in te r m e d i a te  in  u r e a  s y n th e s i s ,  b e in g  th e  

p r o d u c t o f  o r n i th in e  t r a n s c a rb a m y la s e  (OTC) (B .C .2 . 1 . 2 . 2 . )  a c t io n  

( G r i s o l i a  and Cohen, 1951 ). I t  i s  a l s o  an in te r m e d i a te  in  s e v e r a l  

o th e r  m e ta b o l ic  pa thw ays w h ich  in c lu d e  po lyam ine  s y n th e s is  v ia  o r n i th in e  

d e c a rb o x y la s e  (ODC) ( E .C .4 .1 .1 7 )  (W illia m s  -  Ashman o t  a h , 1972) and 

tr a n s a m in a t io n  by o r n i t h i n e  amino t r a n s f e r a s e ,  (OAT) (E .C .2 .6 .1 .1 3 )  to  

g lu ta m a te .- ! ; '-  s e m i-a ld e h y d e  cm th e  r o u te  to  g lu t  a n a lc  and p r o l in e  b io s y n t h e s is  

(S anade  £ t  £ L , 1970) .

C arbam yl p h o sp h a te  and a s p a r t a t e ,  b o th  in te r m e d ia te s  in  u re a  

s y n th e s i s  a re  a l s o  in te r m e d i a te s  in  th e  fo rm a tio n  o f  p y r im id in e s  

(F e rd in a n d a s  c t  £ l „  1971) .  T h e r e fo r e ,  a l t e r a t i o n s  i t i  u r e a  c y c le  

enzyme le v e l s  d u r in g  c o n d i t io n s  o f  r a p id  grow th  a s  e x i s t  in  r e g e n e r a t in g  

r a t  l i v e r  a f t e r  p a r t i a l  hepato .e tom y, and in  hepatom as c o u ld  a llo w  f o r  

th e  c h a n n e llin g  o f  o r n i t h i n e ,  carb am y l p h o sp h a te  and a s p a r t a t e  to  

po ly am in e  and p y r im id in e  b ionyuL hesi ii to  n l low 1 o r  c e l l  p r o l i f e r a t i o n .

I t  i s  o f  i n t e r e s t  th e r e f o r e  to  s tu d y  LU. p o s s ib l e  a l t e r a t i o n s  o f  u r e a  

c y c le  enzyme a c t i - ’i t i e s  u n d e r  th e s e  c o n d i t io n s .  By v a ry in g  d i e t a r y  

p r o t e i n  in ta k e  and ho rm onal s t i m u l i  i t  niry b e  p o s s ib l e  to  d e te rm in e  . 

th e  r e g u la to r y  m echanism  o p e r a t in g  i n  th e  c o n t r o l  o f  u r e a  c y c le  enzyme 

a c t i v i t i e s  and t h e i r  p o s s ib l e  r e l a t i o n s h i p  to  p r o l i f e r a t i o n  p r o c e s s e s .



THE UREA CYCLE
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The p r e s e n t  t h e s i s  d e s c r ib e s  e x p e r im e n ts  to  s tu d y  th e  e f f e c t s  o f  

t h e s e  v a r i a b l e s .

1 .2  THIS URI2A CYCLE ENZYMES

1 .2 .1  C arbam yl P h o s p h a te  S y n th e ta s e  ( l i .C .2 .7 .2 .5 .  ATI’ : c a r b a - a t e  

p h o s p h o t r a n s fe ra s e  (d e p h o s p h o ry ln t in g )  )

Mammalian t i s s u e  c o n ta in s  two d i s t i n c t  CPS iso z y m e s , CPS I  and 

CPS I I  (T a tib n n a  a n d S h ig e s a d a , 1 9 7 2 ). Cl’S I  c a t a ly s e s  th e  fo rm a tio n  

o f  carb am y l p h o sp h a te  from  ammonia and b ic a r b o n a t e .  The o v e r a l l  

r e a c t i o n  i s  i r r e v e r s i b l e  (M etzonbcre  e t  al«, 1957), r e q u i r e s  two m oles o f  

ATP ( i b id j  and p c o f a c to r  N -a c e ty Ig lu ta n m te  ( f i i i s o l i a  and C ohen , 1952 ; 

M e tze n b erg  e t  aL, 1957) .

CPS I  i s  found  in  th e  p a r t i c u l a t e  f r a c t i o n  o f  th e  l i v e r  o f  

v e r t e b r a t e s  ( G r i s o l i a  and Cohen, l '> 5 2 ), m o s t ly  i n  th e  m ito c h o n d r ia  

w ith  some n u c le a r  a c t i v i t y  b e in g  e x h ib i t e d  (Mora o t  jil ,, 1965 ). 

A c e ty lg lu ta m a te  a c t s  os an a l l  u t e r i c  e f f e c t o r  by a l t e r i n g  th e  con­

f o rm a tio n  end a s s o c i a t i o n  o f  th e  enzym ic  s u b u n i t s  ( C u th o h r lc in  and 

K nappe, 1 9 6 8 ). T hs c o n te n t  o f  a c e ty lg lu ta m a te  v a r i e s  w ith  v a ry in g  

p r o t e i n  d i e t s  and i s  b e l ie v e d  to  be u n d e r  a p o s i t i v e  f e e d b a c k  r e g u la t i o n  

by a r g in i n e  ( T a t ib a n a  and S h ig o s itd a , 1972 ).

The m a jo r  f u n c t io n  o f  Cl’S I  i s  b e l ie v e d  to  he f o r  th e  p r o v is io n  

o f  carbum ylphoB phatc  f o r  u re a  b i o s y n t h e s i s  ( J o n e s ,  1 9 7 0 ) , b e ca u se  

i t  i s  l im i te d  to  u ro c .tc le s  w hich  a r e  u n iq u e  in  e x c r e t i n g  u re a  a s  a 

b reakdow n p r o d u c t o f  p r o t e i n  and a s  i t  o c c u rs  in  h ig h  le v e l s  in  th e  

l i v e r s  o f  u r c o t e l i c  v e r t e b r a t e s  ( i h i d j  ■ Cl'S I i s  lo c a te d  in  th e  n i t o -  

c h o n d r ia  w here  th e  se co n d  enzyme o f  u re a  s y n t h e s i s ,  o r n i th in e  t r a n s -  

c a rb a m y la se , i s  a l s o  fo u n d . I t s  a c t i v i t y  v a r i e s  w i th  a l t e r a t i o n s  in  

d i e t a r y  p r o t e i n  con t e n t ,  and in c r e a s e s  a f t e r  b i r t h  a t  a  tim e when u re a  

i s  f i r s t  s y n th e s iz e d  ( i b i d ) .

The m o le c u la r  w e ig h ts  o f  th e  two isozym es have  be en  d e te rm in e d  by 

s u c ro s e  d e n s i ty  g n u l iu n t  c e iU r if i i |; ; i l io i)  : Mini o f  Cl’S t  was found  to  be 

316 00 + 42 000 d a i to n s  and t h a t  o f  Cl’S I I  was found  to  be 1(>0 000 -  

10 000 d a i to n s  (V ird e n , 1972). S hephard  (197b) d e te rm in e d  th e  m o le c u la r  

w e ig h t o f  Cl'S I  by g e l  f i l t r a t i o n  and found i t  to  be 290 000 d a i to n s .  

Im m uno log ica l s t u d i e s  s u g g e s t  t h a t  CPS I  and Cl’S I I  a r c  d i s c r e t e  p r o t e i n s  

(V ird e n , 1972 ; N o k a n is h i ,  1968) h a v in g  d i f f e r e n t  k i n e t i c  p r o p e r t i e s  

and d i f f e r e n t  c o f a c to r  r e q u ir e m e n ts .

i



PH op tim a  w ere  d e te rm in e d  by M a rs h a l l  o t  a l ,  (1 9 6 8 ) . K in e t ic  s tu d i e s  

a n d  M ic h a e l is  C o n s ta n ts  have  be en  done by  K erson  (1969 ) a n d  G u th o r h le in  

and K nappe (1969 ) and  e a r l i e r  s t u d i e s  w ere  rev ie w ed  by Jo n e s  (1 9 6 5 ) .  The 

Km v a lu e s  o f  ammonia and b i c a r b o n a te  a r e  1 ,1  mM and  5 ,3  mM r e s p e c t i v e l y .

The m echanism  o f  th e  r e a c t i o n  i s  b e l ie v e d  to  p ro c e e d  by  th r e e  d i s t i n c t  

s te p s  d e p ic te d  in  th e  fo l lo w in g  e q u a tio n s  (A n d erso n  and  M e is te r ,  1965; 

J o n e s ,  1 9 6 5 ).

E + HCO  ̂ + ATP ------------- » E -ca rb o x y p h o sp h n te  h ADP ( l a )

B -c a rb o x y p h o sp h a te  + N ll^ ------------- ?  E -ca rb a m ate  + P i ( l b )

E -ca rb a m ate  -i ATP -* E t c arbam y l p h o sp h a te  4 ADP ( 1 c )

L a t e r  s tu d i e s  by  C habas _et o l .  (1972 ) le d  to  th e  s u g g e s t io n  t h a t  f i v e  c o n ­

s e c u t i v e  s te p s  a r e  in v o lv e d  w ith  a c e ty lg lu ta in a te  p h o s p h a te ,  a  p o s s ib l e  

in te r m e d ia te  a s  fo l lo w s :

E + a c e ty lg lu ta m a te  '■* E -a c g lu

1 .2 .2  O rn i th in e  T ran sc a rb am y ln sn
[EC 2 .1 .3 .3  c ^ b a m y i 'p h o 's p h a te - L -o r n i lh in o  carbam y l t r a n s f e r a s e !  
(OTC) J

T h is  nnayme c a t a ly z e s  th e  se co n d  s t e p  i n  th e  o r n i t h i n e  c y c l e .  I t  

i s  found  in  th e  p a r t i c u l a t e  f r a c t i o n  o f  l i v e r  c o l l s  o f  a l l  u r e o t e l i c  

v e r t e b r a t e s  (Brown and  Cohen, 1 9 5 9 ). 11 was f i r s t  p u r i f i e d  by R e ic h a rd

(1957 ) a s  w e l l  a s  by llu rn c l L and Cohen ( 1957 ). The pH optimum o f  b o v in e  

OTC was d e te rm in e d  by M a rsh a ll and  Cohen (1972) and  found to  o c c u r  a t  pH 

8 ,5 .  S n o d g ra ss  (1968 ) found t h a t  th e  a p p a r e n t

E .2 - a c e ta m id o - g lu ta r i c  a n h y d rid e  
. .  ADP h P i

•N - a c e ty l g lu ta m a t e  m ixed c n rb o x y li i  
c a r b o n ic  a n h y d rid e

B. e c e ty lg lu tn m a lo  . c a rb am a te

ADP I R .a c e ty lg lu ta m a te  •: c a rb am y l p h o sp h a te



Km f o r  o r n i th in e  d e c r e a s e s  w ith  in c r e a s in g  pH in  th e  ra n g e  6 ,2  -  7 ,9 .  

S n v d g ra ss  (1968) su g g e s te d  Chat th e  io n i c  s p e c ie s  v r itl n e t  z e ro

c h a rg e  i s  th e  a c t i v e  s p e c ie s  o r  s u b s t r a t e  and p r o b a b ly  a l s o  th e

i n h i b i t o r .  M a rsh a ll and Cohen (1972) have c o n firm e d  th e s e  o b s e r v a t io n s .

The s w i t t e r io n  o r  a c t i v e  s p e c ie s  c o n s t i t u t e s  o n ly  10,5 o f  th e  s p e c ie s  

w ith  n e t  z e ro  c h a rg e  ( i b i d ) . OTC was found  to  be  a t r im e r  o f  th r e e  

i d e n t i c a l  s u b u n i t s ,  th e  m o le c u la r  w e ig h t  o f  th e  m u lt im e r  b e in g  

108 000 d a l to n s  ( R c ic h a rd , 1 9 5 7 ).

S tu d ie s  on s u b s t r a t e  a c t i v a t i o n  and i n h i b i t i o n  r e v e a le d  u h a t 

OTC i s  s t i m u la te d  by o r n i t h i n e  and carb am y l p h o s p h a te ,  w h ile  OAT i s  

i n h i b i t e d  by th e s e  s u b s ta n c e s .  01 C i s  a l s o  a c t i v a t e d  b y <<- k e t o j l i "  . r . 't e

w h ile  OAT i s  i n h i b i t e d .  I t  i i  s u g g e s te d  t h a t  w - k e to g lu t a r a t e  may be  an

a l i o s t e r i c  lig a n d  f o r  OTC (S h im g a y a sh i, 1 9 7 2 ).

C y to ch e m ic a l ( M iz u ta n i ,  1968) and o lc c tr o n m ic r o s c o p ic  s tu d i e s  

(M erck e r , 1969) have  d e m o n s tra te d  t h a t  OTC i s  l o c a te d  in  th e  m ito c h o n d r ia l  

m a tr ix  o f  r a t  and  mouse l i v e r  e v j  k id n e y  c e l l s .

1 .2 .3  A rg in in o s u c c in a te  S y n th e t a s e  £  EC 6 .3 .4 .5 .  L - C i t r u l l i n e  : 

L - a s p a r t a t e  ly a s e  (AMP)^ (ASS)

ASS i s  th e  c y to s o l i c  enzyme in v o lv e d  in  th e  c o n v e rs io n  o f  

c i t r u l l i n e  to  a rg in i n o s u c c in a t e  by th e  a d d i t io n  o f  a s p a r t a t e .  The 

k i n e t i c s  o f  th e  r e a c t i o n  w ere  d e te rm in e d  by Rochovaiieky and R a tr ie r  

(1967) and t h i s  w ork to g e th e r  w ith  e a r l i c -  s t u d i e s  by th e  same a u th o rs  

(1961) le d  them to  p o s tu l a t e  a two s te p  r e  E l i on  as fo llo w s

^ A M P -c it ru ll in e  —
r <  + a s p a r t a tp    + a r g in in o s u c c in a t e

^  Mgl’l’i  + Mgl’l’i  h AMP 2_

Tim r a t e  o f  Utv t 'c o r l io i t  id  | ; r r n i l y  dvpciK li'iit on pH : th e  optim um pH 

in  th e  fo rw ard  c i i r o r l i o n  i s  I!. 7 and in  Lhc revurflv. d i r e c t i o n  l i e s  a t  

pll 6 .0  (I’e t r s c k  end R a tn e r ,  1 9 5 b ).

ASS has a  m o le c u la r  w e ig h t tif  175 000 d a l to n s ,  b e in g  a to tr a m c r  

o f  f o u r  i d e n t i c a l  s u b u n i t s ,  eac h  o£ 45 000 d a l to n s  w ith  two p a i r s  o f 

d im e rs  b e in g  c ro s s l i i ik e d  by d is u lp l i id e  bonds ( R a tn e r ,  1 9 7 3 ) . The 

enzyme shows on a b s o lu te  r e q u ir e m e n t  f o i  Mg^+ s in c e  Mg ATl’^ i s  th e

l i t r u l l i n c

.AMl’- c i t r u l l i n e



a c t i v e  fo rm  o f  ATP ( R a in e r ,  1973 ) .  The enzyme i s  h ig h ly

s p e c i f i c  w ith  o n ly  th e  n a t u r a l  iso m ers  o f  a s p a r t a t e  and c i c r u l l i n e  

b e in g  a c t i v e  (R ochovansky  and  R a tn c r ,  1 9 6 2 ;1967 ),

ASS i s  b e l ie v e d  to  c a t a ly z e  th e  r a t e  l im i t i n g  s te p  in  th e  

s y n th e s i s  o f  u r e a ,  i t s  a c t i v i t y  b e in g  300 f o ld  l e s s  th a n  th a t  o f  

a r g in a s e  (McLean and G urney , 1 9 6 3 ). I n  g e n e r a l  th e  a f f i n i t y  o f  th e  

enzyme f o r  i t s  s u b s t r a t e s  i s  n o t  a f f e c t e d  hy c h an g e s  i n  ATP 

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

o r  a s p a r t a t e  in c r e a s e s  th e  a f f i n i t y  o f  th e  enzyme f o r  th e  second  

s u b s t r a t e  when p r e s e n t  i n  low c o n c e n t r a t io n s .

1 .2 .4  A rg in in o s u c c in a te  L y asn iK .C . 4 . 3 . 2 . 1  L - a r g in in o s u c c in a te  

a r g in i n e  ly a s e )  (AL)

AL h a s  be en  shown to  c a t a ly z e  th e  r e v e r s i b l e  c o n v e r s io n  o f  

a r g in i n o s u c c in a t e  to  a r g in i n e  and f u n f l r a te  (R a '-ner and P e t r a c k ,  1951 j 

1 9 5 3 ). The num ber o f  b in d in g  s i t e s  f o r  a r g in i n o s u c c in a t e  a s  d e te rm in e d  

by e q u i l ib r iu m  d i a l y s i s  i n d i c a t e  t h a t  a t  h ig h  a rg in i n o s u c c in a t e  

c o n c e n t r a t io n s  th e r e  a re  f o u r  b in d in g  s i t e u  and t h a t  a t  low c o n c e n t ra t io n s  

th e r e  a re  two ( R a tn e r ,  1 9 7 3 ) . A rg in in e  show s s i m i l a r  b in d in g  p a t t e r n s  

( i b i d ) . The maximum o f  f o u r  b in d in g  s i t e s  a g re e s  w i th  a te t r a m e r i c  

s t r u c t u r e  w ith  eac h  m onom eric s u b u n i t  h a v in g  i t s  own c a t a l y t i c  s iS e .

The enzyme has be en  found  to  b e  a te tr o m c r  o f  f o u r  i d e n t i c a l  

s u b u n i t s ,  th e  m o le c u la r  w e ig h t o f  th e  monomers b e in g  50 000 d a l to n s  

and t h a t  o f  th e  L etr.im cr b e in g  202 000 d a l to n s  (L u s ty  and R a tn e r ,

1 9 7 2 ). S tu d ie s  on s u b u n i t  a s s o c i a t i o n  and e q u i l i b r i a  w ere  c a r r i e d  

o u t  by S c h u ltz e  j s t  a ). (1 9 7 0 ) .  The d a ta  a g re e s  w ith  th e  a rran g e m e n t 

o f  monomers w ith  t h e i r  c e n t r e s  o f  m ass a t  th e  v i r t i c e s  o f  a 

t e t r a h e d r o n  (L u s ty  and R a tn e r ,  1 9 7 2 ) . The k id n e y  and l i v e r  enzymes 

have  i d e n t i c a l  m o le c u la r  w e ig h ts  and o l ig o m e r ic  s t r u c t u r e  s u g g e s t in g  

t h a t  th e y  a re  th e  p ro d u c ts  o f  one gene  (SeUttLzc &L, 1 9 7 0 ).

1.2.15 A rE iuosp  (EC 3 . 5 . 3 . 1 l . - a r g in im ’ urv .ihydvo l is e )

A rg in a se  i s  th e  m ost a b u n d an t o f  th e  u ro a  c y c le  enzymes and tins 

Live grunt-VBL L u tn tm c  t J L c  v£ th v  i i v v .  finalovowak.i oj: jiL  (1970) 

d e m o n s tra te d  t h a t  a r g in a s a  c o n s is t s  o f  two s i 'p o ra te  isozym es one 

w ith  a  pll optim um a t  pit 9 ,5  and one w ith  a ptl optim um a t  7 ,5 ,  Only 

th e  fo rm er  i s  found  in  th e  l i v e r  b u t  b o th  a r e  found  in  th e  b r a in  and 

k id n e y . L a t e r  s tu d i e s  by  ' l o r t z f c l d  and R apcr (1976) have  i d e n t i f i e d  

th r e e  isozym es by p o ly a e ry la m id c  g e l  e le c t r o p h o r e n ia .  Isoxyn": I  i s  

found  in  a l l  e x t r a h e p a t i c  t i s s u e s  w ith  Liu- e x c e p tio n  o f  th e

I



su b m a x il la r y  g la n d s ,  isozym e I I  i s  found  in  th e  l i v e r  and th e  

s u b tn a x i l l a r ie s  and isozym e I I I  i s  found  in  th e  k id n e y , i n t  s t i n e  

and p a n c r e a s .

G la ss  and Knox. (1973) showed by m o le c u la r  w e ig h t d e te r m in a t io n s  

t h a t  th e  two isozym es found  in  tu e  mammary g la n d  d i f f e r  c h e m ic a l ly .  

L iv e r  a r g in a s e  i s  hom ogeneais w ith  r e s p e c t  to  m o le c u la r  w e ig h t ,  b e in g  

a  te t r a m e r  o f  i d e n t i c a l  s u b u n i t s  (MW 30 000 d a l to n s )  (H irc h  o t  a l.,

1968) w h ereas manunary g la n d  a r g in a s e  c o n ta in s  two com ponents o f  MW 

94 000 and 42 000 d a l to n s .

Mora £ t  a L  0 9 6 0 )  r e p o r te d  d i f f e r e n c e s  b e tw een  a rg in a s e  from  

u r e o t e l i c  and u r i c o t e l i c  s p e c i e s .  F o r c h ic k e n  and l i z a r d  a rg in a s e ,  

a  m o le c u la r  w e ig h t o f  276 -  278 x  103 d a l to n s  was r e p o r te d  

( i b i d .  ) .  H irch  -  K olb and G re en b e rg  (1968) c a l c u l a t e d  th e  m o le c u la r  

w e ig h t o f  r a t  l i v e r  a r g in a s e  to  b e  118 000 d a l to n s .  S D S -P o lyacry lam ide  

g e l  e l e c t r o p h o r e s i s  gave  a s im p le  p r o t e i n  band  s u g g e s t in g  t h a t  

th e  s u b u n i t s  a r e  i d e n t i c a l .

I n a c t i v a t i o n  o f  r a t  l i v e r  a rg in a s e  o c c u rs  a t  low pH a t  0°C 

(Hosoyama e t  aL , 1 9 7 1 ) . R e a c t iv a t io n  o c c u rs  i n  n e u t r a l  b u f f e r  in  

th e  p r e s e n c e  o f  Mn^+ . A cid  pH r e s u l t s  i n  d i s s o c i a t i o n  o f  th e  

m u lt im e r  i n to  s u b u n it s  o f  MW 84 000 d a l  to n s  and 32 000 d a l to n s  a t  

pH 4 ,0  and 2 ,0  r e s p e c t i v e l y .  Fou r m olns o f  Mn3+ a r c  r e q u i r e d  p e r  

m ole o f  a r g in a s e  f o r  m axim al a c t i v i t y  (Kolb c t .  jU ,  1971) and a c t i ­

v a t io n  o c c u rs  by a c o n fo rm a tio n a l  change  in  th e  m u lt im e r  s t r u c t u r e .

1 .3  OliVELOl’MLHT AMD REGULATION OF Till: CAPACITY TO SYNTHESIZE UREA

1 .3 .1  F o e ta l  and n e o n a ta l  d evelopm en t o f  th e  u r e a  c y c le

The c a p a c i ty  to  s y n th e s iz e  u r e a  depends on th e  a c t i v i t y  o f  th e  

r a t e  l im i t i n g  enzyme a rg in i n o s u c c in n tc  s y n th e ta s e  w hich  i s  d e te c ta b l e  

o n ly  on th e  14 th  day o f  g e s t a t i o n  ( R a iha  and S c h w a rtz , 1 9 7 3 ). Much 

w ork has b c i done on th e  d evelopm en t o f  th e  u r e a  c y c le  enzymes in  

g e n e r a l  (Kenney and C ohen , 1959; Rnlh'd and S c h w a rtz , 1973; M i l le r  

and Chu, 1970) and o f  a r g in a s e  and O'i'C i n  p a r t i c u l a r  ( S c h u it  and 

D ic k ie ,  1973; I l l e n e r o v a ,  1966; G rccn g ard  £ t  nL, 1970; H ea d le y , 1 9 7 3 ).

I n  r a t s ,  u r e a  c y c le  enzyme a c t i v i t i e s  a rc  m e asu ra b le  o n ly  f o u r  . 

d a y s b e f o r e  b i r t h  a t  th e  same tim e  t h a t  th e  m e ta n e p h r ic  k id n e y  becomes 

f u n c t i o n a l  (C ohen, RSihS and S c h w a rtz , 1973; Kennan and Cohen, 1 9 5 9 ).



T h ere  is  a r a p id  r i s e  one day b e f o r e  b iu d i  and i hu a c t i v i t i e s  rem ain  a t  

t h i s  l e v e l  u n t i l  th e  t h i r d  p o s tn a t a l  weak when on a b o u t day  16 , th e r e  

i s  a  v e ry  s h a rp  i n c r e a s e  in  u r e a  c y c le  enzyme a c t i v i t i e s  r e a c h in g  th e  

a d u l t  l e v e l s  by day 28 . The se co n d  p e r io d  o f  r i s e  c o in c id e s  w ith  

w ean ing  (G re en g a rti aL , 1970) and i s  p r o b a b ly  c o r c l l a t e d  v i t l i  an 

in c r e a s e d  p r o t e i n  c o n su m p tio n . On day 16 p o s tn a ta U y , th e  eyes 

open and th e  r a t s  b e g in  to  e a t  s o l i d  food  f o r  th e  f i r s t  tim e  and a re  

th u s  ex p o sed  to  a g r e a t e r  v a r i e t y  o£ p r o t e i n .

A rg in in o s u c c in a te  s y n th e ta s e  (ASS) and a r y in in o a u c c in a te  ly a s e  

(AL) a c t i v i t y  have be en  d e te c te d  by day 18 o£ g e s t a t i o n  (Kennan and 

Cohen, 1 9 5 9 ). A rg in a se  a c t i v i t y  h as be en  d e te c te d  by th e  e ig h th  day 

o f  g e s t a t i o n  and i s  d i s t r i b u t e d  th ro u g h o u t th e  f o e t a l  em bryo . 13y 

th e  1 2 th  day th e  le v e l s  i n  th e  l i v e r  i n c r e a s e  and on th e  16 th  day 

th e  a c t i v i t y  i n c r e a s e s  i n  th e  f o e t a l  k id n e y  ( l i r a d le y ,  1973 ).

I t  i s  th o u g h t t h a t  th e  th y r o id  and g lu c o c o r t i c o id  horm ones 

s u c c e s s iv e ly  p rom o te  th e  developmental f o r m a t i r n  o f  u re a  c y c le  enzymes 

in  th e  l a t e  f o e t a l  and l a t e  s u c k l iq ,  p e r io d s  r e s p e c t iv e ly  s in c e  th e  

t h y r o id  g la n d  b e g in s  to  o p e ra te  on day 16 o f  g e s t a t i o n  c o in c id in g  

w ith  th e  f i r s t  a p p e a ra n c e  o f  u r e a  c y c le  enzymes, w h i l s t  th e  p i t u i t a r y  

and a d r e n o - c o r t i c a l  a c t i v i t y  i n c r e a s e  by th e  14 th  p o s t n a t a l  day 

(L ev in e  and M u l l in s , 1966) a t  a b o u t th e  same tim e  a s  th e  se co n d  r i s e  

o f  u r e a  c y c le  enzyme a c t i v i t y  o c c u r s .

A drenalec tom y  on th e  12 th  p o s tn u tu l  day p r e v e n ts  th e  a c c u m u la t io n  

o f  a rg if i i i s e ,  (C reeu fiard  £ t  jiL , 1970) r e in f o r c in g  th e  b e l i e f  t h a t  t h i s  

r i s e  i s  in f lu e n c e d  by g lu c o c o r t i c o id s .  An i n tn t p i ’v i to n e a l  i n j e c t i o n  

o f  h y d r o c o r t is o n e  (25tng /  10 ml) ( b u t  n o t th y r o x in e )  be tw een  days 5 -8  

p o s tu a t a l l y  r e s u l t s  in  th e  r a p id  i n c r e a s e  i n  u r e a  c y c le  enzyme 

a c t i v i t i e s  w i th in  24 h o u r s .  A s in g l e  i n j e c t i o n  o f  th y r o x in e  

(3mg /  f o e tu s )  ( b u t  n o t  h y d r o c o r t is o n e )  e n h an c es  Hie p r e n a t a l  d e v e lo p ­

ment (G re en y a rd  e_t aL , 1 9 7 0 ). A f t e r  th e  2 8 th  p o s t n a t a l  day th e  u re a  

c y c le  enzymes a re  n o t  in d u c ib le  by a s i n g l e  i n j e c t i o n  o f  h y d r o c o r t i s o n e ;  

r a t h e r ,  they  r e q u i r e  a t  l e a s t  3 d a y s  o f  i n j e c t i o n s  to  o b ta in  a s i g n i f i ­

c a n t  in d u c t io n  (McLo.m and G urney , 19fi3) .

i
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1 .3 .2  R e g u la t io n  o£ u r e a  s y n th e s is

A la n in e  i s  m e ta b o l iz e d  more r e a d i l y  th a n  any o th e r  amino a c id  

i n  th e  l i v e r .  The main s te p  in  m e ta b o lism  i s  th e  t r a n s a m in a t io n  w ith  

o x o g lu t a r a t e ,  th e  c a rb o n  s k e le to n  fo rm in g  e i t h e r  g lu c o se  o r  la c to s e  

and th e  am ine n i t r o g e n  g o in g  to  u r e a  o r  ammonia.

I n  th e  o r n i t h i n e  c y c le ,  h a l f  o f  th e  u re .  n i t r o g e n  m ust be  

s u p p l i e d  a s  a s p a r t a t e ,  the. o th e r  h a l f  a s  c arbam y l p h o sp h a te  

(K rebs je t aL , 1973) a c c o rd in g  to  schem e 1.

The f a c t  t h a t  s u p p l i e s  o f  a s p a r t a t e  and c a rb a m y l p h o sp h a te  a re  

c o -o r d in a te d  r e q u i r e s  some k in d  o f  fe e d b a c k  c o n t r o l  r e g u la t i n g  w h e th e r  

g lu ta m a te  un d e rg o e s t r a n s a m in a t io n  to  a s p a r t a t e  o r  d o liy d ro g c u o tio n  to  

form  ammonia, and w h e th e r  ammonia form s c a rb am y l p h o sp h a te  o r  

g lu ta m in e .

Scheme 1

AMINO ACIDS

o x o g lu ta r a te

g lu  Carnal

a s p a r t a t e *  NADU

m i, + o x o g lu ta r a te

ca rb am y l p h o sp h a te



Schama 2

o x o g lu ta r a te  Carbatnyl p h o sp h a te

g lu t a u a t e

o x a lo a c e tu t e  < ,  kg

The f r e e  ammonia c o u ld  b e  d e r iv e d  frcm  g lu ta m in e  o r  a s p a r a g in e ,  

th e  am ino g roups o f  a d e n in e , g u a n in e  and t h e i r  d e r iv a t iv e s  and th e  

d e g ra d a t io n  p r o d u c ts  o f  a l l  a  - k o to  amino a c i d s .  A d d it io n a l  f r e e  

ammonia can  a r i s e  by th e  d e c o m p o s itio n  o f  u r e a  by b a c t e r i a ;  t h i s  can  

a c c o u n t f o r  th e  m e tab o lism  o f  up to  20% o f  th e  u r e a  form ed (K rebs 

e t  aL , 1 973 ).

The f a c t  t h a t  a la n in e  can  bo m e ta b o l iz e d  to  g lu c o se  by d e a m in a tio n  

fo llo w e d  by g lu c o n e o g c n e s is  o r  to  u r e a  v ia  Scheme 1 above and t h a t  

g lu c o se  and u re a  a r e  form ed in  e q u a l  am ounts a s  th e  p ro d u c ts  o f 

m e tab o lism  o f  a la n in e  r e q u i r e s  t h a t  th e r e  a rc  e q u iv a le n t  r a t e s  o f  f lu x  

o f  m a la te  and a s p a r t a t e  fro m  th e  m ito c h o n d r ia  and e q u a l r a t e s  o f  f lu x  

o f  t h e s e  m e ta b o l i te s  th ro u g h  m i to c h o n d r ia l  g lu ta m a te  de h y d ro g e n ase  

(GDI!) and o k c t o g l a t a r a t c  d eh y d ro g e n ase  ( orKCDU).

S in c e  g lu ta m a te  can b e  form ed from  a la n in e  and s in c e  NADU and 

ammonia can i n h i b i t  d e a m in a tio n  o f  g lu ta m a te  by GDII and s t i m u la te  i t s  

t r a n s a m in a t io n  by a s p a r t a t e  a m in o t r a n s f e ra s e ,  th e  r e g u la t i o n  o f  u r e a  

and g lu c o se  p r o d u c tio n  from  a la n in e  v i a  g lu ta m a te  in  th e  m ito c h o n d r ia  

depends on th e  m i to c h o n d r ia l  r a t i o  o f  HADU/WAl) due to  r e a c t i o n s  

in v o lv in g  b o th  GDI! and a  KGDli. I n t e r a c t i o n s  in v o lv in g  th o s e  enzymes 

r e g u la t e  th e  f l u x  o f  m e ta b o l i te s  a c r o s s  th e  m i to c h o n d r ia l  membrane by 

r e g u la t i n g  th e  s te a d y  s t a t e  m e ta b o l i te  le v e l s  (W illia m so n  e t .  aL , 1 9 7 6 ).



T a t ib a n a  ej: a l .  ( 1973>) assum e L hat a c e ty lg lu ta m a te  l e v e l s  s e rv e  

a s  a r e g u l a t o r  o f  cairbam yl p h o sp h a te  s y n th e s i s  a n d  t h a t  th e  r o l e  o£ 

a r g in i n e  i s  t h a t  o f  p o s i t i v e  fee d b ac k  r e g u la l ' io n .  T h is  i s  shown in  

Scheme 3 . A c e ty lg lu t a m a te  l e v e l s  a p p ro x im a te ly  d o u b le  in  l i v e r s  o f  

r a t s  m a in ta in e d  on h ig h  p r o t e i n  d i e t s ,  p a r a l l e l  w i th  i n c r e a s e s  in  

CPS a c t i v i t i e s  and  u re a  s y n th e s iz e d  (S angduk tat a j . , , 1972 ).

Scheme 3

M ito c h o n d r io n

NH. 1-G0.+2ATP -

I

carb am y l phosphate

a c e ty lg lu ta m a te

= > T

- a r g i n i n e  <

' A  .

A _

1 = a c e ty lg lu ta m a t i  
s y n th e ta s e

6 = a rg in a e e

U rea  s y n th e s is  i s  i n i t i a t e d  in  m ito c h o n d r ia  by th e  a c t i o n  o f  

CPS in  fo rm in g  c a rb am y l p h o s p h a te .  C arbam yl p h o sp h a te  i s  r e l a t i v e l y  

u n s ta b le  (S h tg ls o d o  nnd T a t ib a n a ,  1971a; 1971b) w ith  a  h a l f  l i f e  o f

4 0 -50  m ine u t  37°C a n d  t h i s  n e c e s s i t a t e s  i t s  va p id  c o n v e r s io n  to  

c i t r u l l i n c  w hich  i s  e n su re d  by h ig h  c o n c e n t r n l io n s  o f  b o th  o r n i th in e  

and th e  t r a n s c a rb a m y ln s e , OTC.

A rg in in e  c an  in c r e a s e  th e  maximum a c e L y lg lu ta m a tc  s y n th e ta s e  

a c t i v i t y  s i x  f o ld  a n d  c an  s t i m u la t e  i t s  s y n th e s i s  Lon Cold i n  th e  

m ito c h o n d r ia  (S h ig e sa d a  end T a t ib a n a ,  1 9 7 1 a ). A t su b -o p tim a l  

c o n c tw lr ra tio n s  o f  o r n i t h i n e ,  CPS i s  n o t f u l l y  a c t i v e .  An in c r e a s e  o f  

o r n i i h i n c  c o n c e n t r a t io n s  in  a c e l l  c a u se s  a c t i v a t i o n  o f  CPS by 

r a i s i n g  i n  th e  f i r s t  in s t a n c e  th e  s te a d y  si a t e  c o n c e n tv n lIn n  o f



a r g in i n e  w hich  i n  tu r n  i n c r e a s e s  th e  c o n c e n t r a t io n  o f  a c e ty l  

g lu ta m a te  th e re b y  a c t i v a t i n g  CPS.

C o n t ro l  o f  th e  amount o f  c arbam y l p h o sp h a te  s y n th e s iz e d  i s  

v e ry  im p o r ta n t  s in c e  ammonia i s  a l s o  c o n v e r te d  to  p y r im id in e s  and 

g lu ta m a te  ettd v ia  g lu tsn H itc  t o  a l l  e s s e n t i a l  ninino a c i d s , f o r  p r o t e i n  

s y n t h e s i s . Ammonia i s  a l s o  im p o r ta n t  i n  th e  m a in te n an c e  of 

m ito c h o n d r ia l  re d o x  sy ste m s s in c e  i c  i s  a  key  com ponent o f  th e s e  

sy s te m s  (W illia m so n , o t  a l.,1 9 6 7 ) . T h e r e fo r e  i t  i s  im p o r ta n t  t h a t  

c e r t a i n  ammonia r e s e r v e s  a r e  a lw ays a v a i l a b l e  Cor m a in te n an c e  o f  

m ito c h o n d r ia l  red o x  sy s te m s . A f u r t h e r  c o n t r o l  m echanism  e n s u r in g  th e  

c o o rd in a te d  s y n th e s is  o f  c a rb am y l p h o sp h a te  i s  t h a t  o f  fee d b ac k  

i n h i b i t i o n  o f  CPS by carbam y l p h o sp h a te  and a s p a r t a t e  and c lo s e l y  

r e l a t e d  s u b s ta n c e s  such  a s  g lu ta m a te  (K rebs ct_ jil ., 1973 ).

1 . 3 . 2 . 1  U ie tn ry  e f f e c t s  on u r e a  oy c lt; onaymmi

S chim ke (1962) was itte  f i r s t  to  show th e  c o n c e r te d  r e g u la t i o n  

o f  an e n t i r e  pa th w ay , nam ely th e  r e s p o n s e  o f  u r e a  c y c le  enzymes to  

in c r e a s e d  p r o t e i n  i n t a k e .  A l l  th e  u r e a  c y c le  enzymes w ere  m easured  

and i t  was found  t h a t  a c t i v i t i e s  o f  a l l  f iv e  o f  th e  enzymes in c re a s e d  

i n  a  c o o rd in a te d  m anner d i r e c t l y  p r o p o r t i o n a l  to  th e  p r o t e i n  i n ta k e  

and to  th e  am ount o f  u r e a  e x c r e t e d .  The in c r e a s e s  and d e c r e a s e s  in  

enzyme a c t i v i t y  w are  due d i r e c t l y  to  chanutis in  a b s o lu te  amount o f  

enzyme p r o t e i n .

I t  was found  by D o e s th a le  and T u lp tt lt i  ( I9 f tc)) t h a t  th e  a c t i v i t y  

o f  u r e a  c y c le  enzymes depended  b o th  (>n q u a l i t y  and q u a n t i t y  o f  p r o t e i n  

i n t a k e .  V e g e ta b le  p r o t e i n  i s  o f  a  low er q u a l i t y  g e n e r a l l y  th a n

a n im a l p r o t e i n  and a n im a ls  f e d  on a v e g e ta b le  p r o t e i n  d i e t  have  ^

low er; u r e a  c y c le  enzyme a c t i v i t i e s  th a n  th o se  fed  on an e q u iv a le n t  

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

S t a r v a t i o n  r e s u l t s  i n  th e  c a ta b o lis m  o f  I r a s  e s s e n t i a l  m e ta ­

b o l i t e s  and th e  p r e s e r v a t io n  o f  I’onp .m iitl tn o tn b o l ie  com ponents f o r  

th e  m a in te n an c e  o f  l i f e .  G e n e ra lly , s t a r v e d  a n im a ls  show in c re a s e d  

g lu c o m ’oticmosifi (N o n l l lP e t .  aL , 19(i!S; Oaswimi and C h rtta g n e r , 1966) , 

d e c r e a s e d  le v e l s  o f  11NA and p r o t e i n  (S ch im k e , 1902) w ith  r ib o so m a l 

SNA and p r o t e i n s  d e c r e a s in g  in  p a r a l l e l  s in c e  th e y  have  s im i l a r

h a l f  l i v e s ,  T h e re  i s  a  d ro p  in  b lo o d  g lu c o se  ( t 'ro e d la n d  and S z e p e .s i, |

1971) w ith  a d ro p  in  i n s u l i n .  The l a t t e r  a llo w s  i- lu c o n e o g e n p s is  to  '

p ro c e e d  s in c e  i n s u l i n  i s  a n t a g o n i s t i c  to  g lu c ag o n  w hich s t i m u la t e s  !

I



g lu c o n e o e e n e s is .  I n  s t a r v a t i o n  th e r e  i s  tm in c r e a s e  i n  g lu cag o n  

f o r  g lv c o g e n o ly s is  and g lu c o c o r t ic o id s  f o r  g ]u conoogcnesiB  (O lse n , 

1975) . The lim dcn-H oyerhof p a th w ay , g lu c o n c c g e t 'e s is  and th e  t r i ­

c a r b o x y l ic  a c id  c y c le  a re  m a in ta in e d  p r e f e r e n t i a l l y  f o r  th e  p r o d u c tio n  

o f  e n e rg y  and f o rm a tio n  o f  g lu c o s e .

O u tin g  s t a r v a t i o n  th e  a c t i v i t i e s  o f  u r e a  c y c le  enzymes in c r e a s e  

a l th o u g h  th e re  i s  a  30% d ro p  in  f o e ta l  l i v e r  enzymes and u r e a  e x c r e t i o n  

i n c r e a s e s .  D u rin g  f a s t i n g  f o r  f o u r  d a y s , th e  u r e a  c y c le  enzyme 

a c t i v i t i e s  in c r e a s e  tw o - fo ld ,  and a f t e r  7 days o f  f a s t i n g  th e y  have 

r i s e n  a p p ro x im a te ly  f o u r - f o l d  (S ch im ke, 1962 ).

P u r i f i c a t i o n  o f  a r g in a s e  and OTC, f o llo w e d  by im m u n o lo g ic a l a ssa y  

showed t h a t  in c re a s e d  a c t i v i t i e s  a rc  due d i r e c t l y  to  in c re a s e d  

c o n te n t  u f  s p e c i f i c  p r o t e i n s  (S ch im ke , 1962a; S ch im ke, 1964 ).

U nder c o n d i t io n s  o f  p r o t e i n  d e p r iv a t io n ,  th e r e  i s  a s h i f t  in  

enzyme a c t i v i t i e s  f o r  th e  c o n s e r v a t io n  o f  th e  am ino n i t r o g e n  and 

e s s e n t i a l  am ino a c id s .  E nergy  re q u ire m e n ts  a re  d e r iv e d  from  d ie t a r y  

c a r b o h y d ra te .  I t  h as  been  shown t h a t  th e r e  i s  a  d ro p  in  th e  a i’o u n t 

o f  u r e a  e x c r e te d  w i th  a c o n c o m ita n t d ro p  in  u r e a  c y c le  enzyme 

a c t i v i t i e s  d i r e c t l y  p r o p o r t i o n a l  to  a d e c r e a s e  in  th e  a b s o lu te  amount 

o f  enzyme p r o t e i n s  (S ch im ke , 1 9 6 2 b ) . A rg in a se  a c t i v i t y  h as be en  

shown to  d e c r e a s e  on a z e ro  % p r o t e i n  d i e t  r e s u l t i n g  in  th e  

c o n s e r v a t io n  o f  a r g in i n e  f o r  p r o t e i n  s y n th e s i s  (IV aterlow  and S te p h e n , 

1 9 6 8 ). The am ino a c id s  r e le a s e d  by p r o t e i n  c a ta b o l i s m  a re  more 

e f f i c i e n t l y  r c u t i l i s v d  f o r  p r o t e i n  s y n th e s i s  in  th e  v i t a l  t i s s u e s  such  

a s  th e  l i v e r  a t  th e  e x p en se  o f  l e s s  im p o r ta n t  t i s s u e s  such  a s  th e  

m u s c le s . Amino a c id s  e n t e r in g  th e  l i v e r  a re  in c o rp o r a te d  i n to  new 

p r o t e i n s  r a t h e r  th a n  d e an iina ted  to  p ro d u ce  uvea  (I)cohLhnle and 

T u lp u lc ,  1969 ).

When r a t s  a rc  m a in ta in e d  on a h ig h  p r o t e i n  d i e t ,  u re a  e x c r e t i o n  

in c r e a s e s  as do th e  le v e l s  o f  th e  u re a  c y c le  enzymes th e m se lv es 

(S ch im k e , 1 9 6 2 a ) . T here  i s  no n e c e s s i t y  to  sa v e  th e  amino n i t r o g e n  

so  f o r  m ost am ino a c id s  c a t a b o l i z e d ,  th e  ammonia r e le a s e d  w i l l  be 

e x c r e te d  as u r e a .  A sliida  and H arp e r  (1961) a l s o  showed c h a t w ith  an 

in c r e a s e  in  p r o t e i n  in ta k e  th e r e  i s  a c o n c o m ita n t in c r e a s e  in  a r g in a s e  

a c t i v i t y .

E x p er im e n ts  i n  f o rc e d  f e e d in g  o f  d i f f e r e n t  am ino a c id s  to  r a t s  

h av e  shown t h a t  try p to p h a n  i s  th e  m ost e f f e c t i v e  in  in c r e a s in g  u r e a  

c y c le  enzyme a c t i v i t i e s  w ith o u t  in c r e a s in g  th e  amount o f  u r e a  i n  th e  

p la sm a  o r  th e  u r in e  (M uram atsu and Nnkngnwa, 1 9 7 1 ). P h e n y la la n in e ,  

le u c in e ,  th r e o n in e  and m e th io n in e  a l s o  i n c r e a s e  the. u r e a  c y c le  enzyme 

a c t i v i t i e s  b u t  to  a l e a s e r  e x te n t  th a n  tr y p to p h a n  w h ile  h i s t i d i n e  and



l y s i n e  c au se  a  d ro p  i n  th e  a c t i v i t y  o f  a r g in a s u .  The d i f f e r e n t  

enzym es o f  th e  u r e a  c y c le  re sp o n d  d i f f e r e n t l y  to  th e s e  am ino a c id s  

w ith  O re  r e s p o n d in g  l e a s t .  Waiinemaclier e l  s i .  (1975) p o s tu la te d  

t h a t  th e  a v a i l a b i l i t y  o f  am ino a c id s  i n  r a t s  m a in ta in e d  on d i f f e r e n t  

p r o t e i n  d i e t s  r e g u la t e s  p r o t e i n  a y n th e s i s  by a f f e c t i n g  th e  number 

o f  r ib o so m e s  a v a i l a b l e .  On low  p r o t e i n  d i e t s  th e r e  w ould be an 

i n h i b i t i o n  in  th e  s y n th e s i s  o f  new r ib o so m e s . T ry p to p h a n  may 

r e g u la t e  p r o t e i n  s y n th e s is  by r e g u l a t i n g  th e  number o f  polysom es 

a g g re g a te d .

Sr.hnnke (1964) and S z e p e s i  and I 'r e e d la n d  (1969) have  shown t h a t  

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

d e g ra d a t io n  o f  th e  enzyme p r o t e i n .  U sing  i n c o r p o r a t io n  e x p e r im e n ts ,  

th e y  found  t h a t  in  s t a r v a t i o n  and changes from  h ig h  (70%) to  low 

(8%) d i e t a r y  p r o t e i n  c o n te n t  th e r e  was an i n c re a s e d  r a t e  o f  d e g ra d a t­

io n  to g e th e r  w ith  a d e c r e a s e d  r a t e  o f  s y n th e s is  r e s u l t i n g  in  an 

o v e r a l l  d rop  in  th e  abs i.uto am ount o f  a r g in a s e .  The h a l f  l i f e  o f  

th e  enzyme changed  f r c . f i v e  to  th r e e  days th u s  r e a c h in g  th e  new 

s te a d y  s t a t e  in  a  s h o r t e r  tim e .

When r a t s  w ere  changed  from  low  (87.) t o  a  h ig h  (70&) p r o t e i n  d i e t  

th e r e  was a  tw o - fo ld  in c r e a s e  i n  th e  s y n th e s is  o f  a rg in a s e  enzyme 

p r o t e i n  w ith  l i t t l e  change in  th e  r a t e  o f  d e g r a d a t io n .  When r a t s  

wore changed  from  a  902 p r o t e i n  f r e e  t o  a c a s e in  d id :  th e  h a l f  l i f e  

o f  a rg in a s e  changed  to  one d a y . I n  a l l  c a s e s  th e  h a l f - l i f e  r e tu r n e d  

to  f i v e  days once th e  now s te a d y  s t a l e  was a t t a i n e d .

h a s  and W aterlow  (1974) found  t h a t  when r a t s  w ere  changed from 

a  h ig h  (154 g /  kg) to  a  low (40  g /k g )  c a s e in  d i e t  a l l  f i v e  o f  th e  

u r e a  c y c le  enzyme a c t i v i t i e s  d ropped  re a c h in g  th e  new s te a d y  s t a t e  

w i th in  30 h o u r s . They c a l c u l a t e d  th e  h a l f  l i f e  o f  th e  enzymes to  be 

i n  th e  o r d e r  o f  se v en  h o u rs  w hich  i s  s h o r t e r  th a n  th e  v a lu e s  found  by 

o th e r  w o rk e rs .  The m ain d i f f e r e n c e  b e tw een  lh e  w ork o f  th e s e  a u th o rs  

and th o se  p r e v io u s ly  m en tioned  i s  th a t  Day and W aterlow  con d u cte d  

t h e i r  e x p e r im e n ts  such  t h a t  t h e i r  a n im a ls  w ere t r a i n e d  to  n  f ix e d  

f e e d in g  and l i g h t i n g  reg im e r a t h e r  th a n  nd l i b ,  f e e d iu n .  T h is  m ig h t in  

some way a l t e r  th e  m easu rem en ts o f  h a l f - l i f e  v a lu e s .



1 .3 .3  C i rc a d ia n  rhythm s in  onzymo a c t . iv i t io « i

Wurtman (1969) h a s  r e p o r te d  t h a t  ad l i b ,  f e e d in g  o f  r a t s  

m a in ta in e d  on a  12-12 l i g h t i n g  reg im e  (12 h o u rs  d a rk  and 12 ho u rs  

l i g h t )  r e s u l t s  i n  la r g e  d a i ly  o s c i l l a t i o n s  i n  t y r o s in e  a m in o tra n s ­

f e r a s e  a c t i v i t i e s  (TAT). In  v iv o  f r e e  t r y p to p h a n  c o n c e n t ra t io n s  

i n c r e a s e  by 50% s e v e r a l  h o u rs  b e fo r e  th e  in c r e a s e  i n  TAT i s  o b se rv e d .

O m ission  o f  try p to p h a n  from  th e  d i e t  r e s u l t s  in  th e  co m p le te  e x t in c t io n

o f  TAT p e r i o d i c i t y .  T ry p to p h an  c o n c e n t r a t io n s  in  th e  p lasm a v a ry  

w ith  th e  t i n u  o f  day, w ith  f e e d in g  p a t t e r n s  and d i e t a r y  p r o t e i n  i n t a k e .  

The r a t e  o f  u p ta k e  o f  amino a c id s  i s  in f lu e n c e d  by s t e r o i d s  and i n s u l i n

b o th  o f  w hich  show c i r c a d i a n  rhy thm s and s o  may g e n e r a te  rhy thm s in

am ino a c id  c o n c e n t r a t i o n s . G lu c o c o r t ic o id  le v e l s  peak  two h o u rs  

b e f o r e  th e  o n s e t  o f  d a rk n e s s  (Wurtman and A x e l ro d , 1967) and TAT 

p e ak s  a t  a b o u t f i v e  h o u rs  a f t e r  th e  o n s e t  o f  d a rk n e s s ,  show ing  a 

f o u r - f o ld  i n c r e a s e  i n  a c t i v i t y  com pared w ith  le v e l s  m easured  d u r in g  th e  

l i g h t  p e r io d .  Mien r a t s  a re  m a in ta in e d  on c o n t r o l l e d  f e e d in g  re g im e s , 

th e  am ount o f  l i g h t  th e y  a re  s u b je c t e d  to  eac h  day i s  c o n t r o l l e d  and 

may v e ry  from  one reg im e  to  a n o th e r .  On th e s e  reg im es th e y  a re  fed  

f o r  a f ix e d  p e r io d  o f  tim e , th e  t iv u  a t w h ich  th e y  a rc  fe d  b e in g  

c o n s ta n t  from  day to  d a y . So l o r  u x a n p l r ,  a * 1 2 - l /  reg im e r e p r e s e n t s  

tw e lv e  h o u rs  d a rk  and tv u lv o  hour:, l i g h t ,  th e  a n im a ls  b e in g  fe d  f o r  

th e  12 h o u rs  o f  d a rk n o s : ;. In  o r  r '-H ' u  fv n e  th e  a n im a ls  a re  

m a in ta in e d  a g a in  on 12 h o u rs  o f  l i  i-.hl and 22 h o u rs  oT d a rk n e s s  b e in g  

fe d  f o r  th e  f i r s t  e ig h t  hourp  a f t v r  th e  o n s e t  o f  d a rk n e s s  and then  

s ta r v e d  f o r  16 h o u r s ,  1, tir  o f  w h iili h iv  d u r in g  iLo d a rk  p e r io d  and 

12 h o u rs  d u r in g  th e  l i | :  i  p v r io d .  More d i e t a r y  t r y p to p h a n  w ould be  

a v a i l a b l e  f o r  u p ta k e  by th e  l i v e r  s h o r t l y  a f t e r  f e e d in g  a t  a  tim e  when 

g lu c o c o r t ic o id  l e v e l s  have  a l r e a d y  in e re a ; ie ,i .  I t  may th e r e f o r e  be  

p o s s ib l e  t h a t  TAT n iesueiif v r ib o n u c l e i c  a c i i l  (mTviA) i s  a l r e a d y  p r e s e n t  

b u t  i s  o n ly  t r a n s l a t e '!  iv !  <■ TAT eiiiiyme whet- t r y p t  uph.iti c o n c e n t ra t io n s  

in c r e a s e  a f t e r  le e d in ; ; .  : :  vp t op 'um  c o n - ' ' v a lio n ii luive a s p e c i a l  

s ig n i f i c a n c e  in  th e  eun t i , .>1' h e p a t i c  pi ■ ■•in n y t i t l io s is ,  b o th  i n  th e  

J orm atJ nil and a v a l Ini i I i I ■ ■ v  i : Iiojihiim'ii a ! I he 'i ;ro |',al.io ti o f  po lysom es 

(Wunnur Q jL a l ,, lyO f'i 1'rc.m ul aL , I'lfiB). r .is iiie :: n l try p to p h a n  from

th e  d i e t  r e s u l t s  i n  th e  : <-v. rc-i i lv  d iii iiy ^ ' i- g n t i ' -.t o f  p o ly som es.

I n  s tu d y in g  th e  re f . o f  th e  le v e l  o f an enzyme i t  i s  o f

g r e a t  im p o r ta n ce  t i  .It- im in  u h e th e r  th e r e  i s  ;i t i n e  dependeuu



v a r i a t i o n  in  cnzytr.o a c t i v i t y  s in c e  a s e v e r a l  f o ld  in c re a s e  in  

engyme a c t i v i t y  may be a t t r i b u t e d  to  a p a r t i c u l a r  t r e a tm e n t  b e io re  

i t  i s  r e c o g n is e d  t h a t  an i d e n t i c a l  r i s e  o c c u rs  a t  th e  s a n e  t i n e  oE 

day i n  u n t r e a te d  a n im a ls .

As try p to p h a n  a l s o  p la y s  a r o l e  i n  rhc  in d u c t io n  o f  u r e a  c y c le  

enzyme le v e l s  (N uraraatsu  and NakflRawa, 1971) , ad l i b ,  f e e d in g  may 

r e s u l t  i n  a  g r e a t  sp re a d  in  th e  in d u c t io n  o f  enzymes in  d i f f e r e n t  

d n im a ls  d e p en d in g  on when th e y  a re  ta k in g  fo o d . S in ce  i n  th e  

e x p e r im e n ts  o f  Das and W oterlow  (1971) th e  r a t s  w ere  m a in ta in e d  on 

c o n t r o l l e d  fe e d in 'g  r e g im e s , th e  in d u c t io n  o f  u r e a  eye la  enzyme le v e l s  

may be more s y n c h ro n iz e d  and s o  a p p e a r  to  o c c u r  w i th in  a s h o r t e r  tim e  

sp a n . I f  t h i s  w ere so  i t  w ould n o t  h e  i n c o n s i s t e n t  w ith  th e  f a c t  

t h a t  th e  h a l f - l i v e s  o f  th e  u r e a  c y c le  enzymes a p p e a r  to  b e  s h o r t e r  in  

t h e s e  e x p e r im e n ts  com pared to  th o se  o f  c ith e r  w orkurfl (S c h in k e , 1964; 

S z e p e s i  and F re ed  la n d , 1969) w here  th e  e x p e r im e n ta l  a n im a ls  w ere  n o t  

m a in ta in e d  on c o n t r o l l e d  f e e d in g  o r  l i g h t i n g  re g im e s .

A number o f  d i f f e r e n t  ty p e s  o f  rh y th m s a re  se en  in  b io lo g i c a l  

sy s te m s , th o se  w it l i  h ig h  f re q u e n c ie s  (fro m  h a l f  and h o u r to  two to  

f i v e  d a y s)  and th o se  w ith  low f re q u e n c ie s  ( g r e a t e r  th a n  f i v e  days) 

fVanden D ri e s s c h e ,  1 9 7 5 ). C i r c a d ia n  rhy thm s have g r e a t  a d a p tiv e  

a d v a n ta g e , f o r  s in c e  th e  rh y th m  i s  i n i t i a t e d  in  a d v an c e , th e  o rg an ism s 

w i l l  h a v e  ro a c h c d  th e  o p tim a l p e rfo rm an c e  s t a l e  b e f o r e  e x t e r n a l  

c o n d i t io n s  a re  a t t a i n e d  to  w hich  th u  rhy thm s a re  a d a p t iv e .

F o r  e x o t i c ,  in  r a t s  w hich a re  n o c tu r n a l  f e e d e r s ,  th e  l e v e l s  o f  

C l 'o o c o r t i c o id s  in c rn a s e  a t  a b o u t two h o u rs  b e f o r e  th e  o n s e t  o f  

d a rk n e s s  and hcuci1 o f  f e e d in g .  T h is  a llo w s  f o r  th e  moce e f f i c i e n t  

u p ta k e  o f  am ino a c id s  a t  th e  Lime when th e y  become a v a i l a b l e ,  a f t e r  

f e e d in g  and d i g e s t i o n  has been  i n i t i a t e d .

The p o t e n t i a l  f o r  c i r c a d i a n  rhy thm s m ust bo h e r e d i t a r y  s in c e  th e  

n a t u r a l  p e r io d s  o f  o s c i l l a t i o n  a rc  s p e c i f i c .  They show a d e p endence  

on t r a n s c r i p t i o n  s in c e  th e  rhy thm s .ire  im p a ire d  i f  RNA s y n th e s i s  i s  

i n h i b i t e d  b u t  a r e  in d e p e n d a iit  o f  p r o t e i n  s y n th e s i s  (V anden D r i e s s c h e , 

1975 ).

S e v e ra l  models, z o r  th e  g e n e r a t io n  o f  th o se  rhythm s have been 

p ro p o sed  dep en d in g  on i n t e r a c t i o n s  o f  l i g h t ,  t e m p e r a tu re ,  g e o p h y s ic a l  

f a c t o r s  and m e ta b o l i te  a v a i l a b i l i t y  and a re  rev iew ed  by Von den D rie s s c h e  

(1975) . B io lo g ic .’ 1 r h y th m ic i ty  i n f lu e n c in g  h o rm o n a lly  in d u c ib le

e v e n ts  su c h  a s  DMA s y n t h e s i s ,  RNA fiynU ies iu  m i t o t i c  in d e x  and l i v e r  

enzyme a c t i v i t i e s  have  been  rev ie w ed  by G la s e r  (1 9 7 5 ).



1 .3 .4  The R a te  o f  d e e r a d a t io n  o£ p r o t e i n s

Schim ke and D oyle (1970) h av e  p o s tu l a t e d  t h a t  d e g ra d a t io n  may p la y  

a  r o l e  i n  r e g u la t i n g  enzyme a c t i v i t i e s .  M l  p r o t e i n  m o le c u le s  a re  

a v a i l a b l e  to  d e g ra d a t io n  by p r o te a s c o  w hich a re  p r e s e n t  i n  e x c e s s  a t  

a l l  t im e s . The s h i f t i n g  o f  c o f a c to r  and s u b s t r a t e  c o n c e n t r a t io n s  as 

m ig h t o c c u r  u n d e r  d i f f e r e n t -  p h y s io lo g i  c u i and ho rm onal c o n d i t io n s  may 

le a d  to  a  v a r i e t y  o f  e f t e c t s  on s p e c i f i c  vtizymes e i t h c i  to  s t a b i l i z e  

o r  to  l a b i l i z e  them th e re b y  a l t e r i n g  t h e i r  r a t e s  o f  d e g ra d a t io n .

D ice  e t  a l .  (1973) h av e  su g g e s te d  t h a t  th e r e  i s  a  c o r r e l a t i o n  

b e tw een  th e  s i ’io  o f  p r o t e i n s  and t h e i r  r e l a t i v e  r . t t e s  o f  d e g ra d a t io n  

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

p r o te a s e  a t t a c k .  T h is  i s  a  g e n e r a l  c h a r a c t e r i s t i c  o f  e u k a r y o t ic  

s o lu b l e  p r o t e i n s .  A cc o rd in g  to  t h i s  th e o ry  i t  i s  th e  s iz e  o f  th e  s u b u n it  

r a t h e r  th a n  th e  s i z e  o f  th e  m u lt im c r  t h a t  i s  im p o r ta n t  and in  

h e te r o m u lt im c rs  th e  l a r g e r  s u b u n i t  i s  d e g ra d ed  more r a p id l y  th a n  

th e  s m a l le r .  T h is  th e o ry  o f  d e g ra d a t io n  i s  how ever, s t i l l  i n  need  

o f  c o n f ir m a tio n .

1 .3 .5  Hormone E f f e c t s

1 .3 .5 .1  f e c t s  and r.mchanibin o f  a c t io n  o f  G lucagon  and

C y c lic  AMP lias been  r e c o g n is e d  a s  sveond  w s s c n g e i:  f o r  a 

number o f  d i f f e r e n t  horm ones such  as n d ro n o c o r L i r o t ro p ic  horm ones, 

th y r o id  s t i m u la t in g  horm one, v a s o p tc s s in ,  l u t e i n i z i n g  horm one, ’ 

p a ra th y r o id  hormone and g lu c ag o n  ( S u a i 'a  and R o b in so n , 1976) .

R a i l  and S u th e r la n d  {19118) found  H in t g lu c ag o n  a d m in is t r a t io n  

c a u s e s  a  la rg o  in c r e a s e  in  h i'p aU .c  cAMl’ le v o in .  I t  now seem s th a t  

many o f  th e  m e ta b o l ic  e f f e c t s  o f g lu c ag o n  a r e  m e d ia te d  by cANP 

(K enney , 1 9 /0 ) .

(Jluuagoti i n t e r n e t s  w ith  u d t-n y lfy c ln s c  in  lhc> mviiibrmit'. w hich in  

tu r n  c a ta ly z e s  th e  fo rraaL iou  o f  c y c l i c  AMI1 from  ATP.

A. ( ilucaaon  Rcr.ppltn-a

The r e c e p to r  o i  f.’ ticag o n , nnmely th e  a d e n y lc y c la s c  sy s te m  i s  

found  in  th e  p la sm a  membrane and s a rc o p la s m ic  r e t i c u lu m  o f  m usc le  

i n  a l l  e u k a ry o te s  ( S tr a d a  and R o b in so n , 1V 74). The r e c e p to r  i s  u 

tw o-com ponent ayuLem embedded in  th e  l i p i d  m a tr ix  o f  th e  c o l l  

membrane. I t  c o n s is t ts  o f  n r e g u la to r y  s u b u n it  in  c o n tn e t  w ilh  th e  

e x t r a c e l l u l a r  s p a re  w ith  r e c e p to r s  f o r  one n r  morn hr rw.uicn .ntO ;i



c a t a l y t i c  s u b u n i t  i n  c o n ta c t  w ith  • ATP in  th e  c y to p lasm .

I n t e r a c t i o n  o f  hormone w i th  th e  r e c e p to r  r e s u l t s  in  a c o n fo rm a tio n a l 

change w hich  a c t i v a t e s  th e  sy s te m  and c o n v e r ts  ATP to  cAMP.

R oclbell £ t  aL  (1971) showed t h a t  d i s c r e t e  r e g io n s  o f  th e  

g lu c ag o n  m o le c u le ,  w hich  i s  a  p o ly p e p tid e  o f  <9 amino a c id s  a re  

im p o r ta n t  f o r  r e c e p to r  b in d in g .  The e n t i r e  m o le c u le  i s  th e  a c t i v e  

s p e c ie s  b u t  h i s t i d i n e  a t  th e  NHg te rm in a l  end i s  u n im p o r ta n t f o r  

b in d in g .  A t p h y s io l o g ic a l  c o n c e n t r a t io n s  (10 ^M ) g lu c ag o n  e x i s t s  

a s  a  monomer a n d - th e  g lu c ag o n  r e c e p to r  com plex i s  s t a b i l i z e d  by 

h y d ro p h o b ic  i n t e r a c t i o n s  (S a s a k i  e_t a L ,1 9 7 5 ) . The f l e x i b i l i t y  o f  

th e  s t r u c t u r e  o f  g lu c ag o n  a llo w s  r a p id  d e g ra d a t io n  by p r o t e o l y t i c  

enzymes th u n g iv in g  s o p h i s t i c a t i o n  i n  c o n t r o l .

Hormon a a c t i v  \ t i o n  o f  a d e n y lc y c la se  r e q u i r e s  ATP o r  GTP 

w hich  b in d  r e v e r s i b ly  to  a l l o s t e r i c  s i t e s  on th e  enzymes m o le cu le  

( R o d b e l l , 1 9 7 3 ). T hese  n u c l e o t i d e s  in c r e a s e  th e  r a t e  o f  b in d in g  

and d i s s o c i a t i o n  o f  g lu c ag o n  from  th e  r e g u la to r y  com ponent.

The r e g u la to r y  com ponent e x i s t s  in  two s t a t . ' s  w hich  o re  in  

e q u i l ib r iu m  and th e s e  b in d  g lu c ag o n  w ith  d i f f e r e n t  r a t e s  o f 

a s s o c i a t i o n  and d i s s o c i a t i o n .  O nly onu o f  th e  s t a t e s  i s  com p ete n t 

i n  a c t i v a t i n g  a d e n y lc y c la s e .  GTP o r  ATP a c t  a t  to p o g r a p h ic a l ly  

d i s t i n c t  s i t e s  w hich r e s u l t s  in  th e  s h i f t i n g  o f  a c t i v i t y  to  th e  

a c t i v e  fo rm . The com p ete n t fo rm  has th e  a p p r o p r ia te  a s s o c i a t i o n  and 

d i s s o c i a t i o n  r a t e  c o n s ta n t  f o r  g lu c ag o n  to  a c c o u n t f o r  r a p id  o n s e t  

and c e s s a t io n  o f  hormone a c t io n  ( I t o d b e ll ,  1973 ).

I n  r a t s ,  th e  n d o n y lc y c la so  sy s te m  i s  p r e s e n t  and r e s p o n s iv e

to  g lu c ag o n  and is o p r o te re n o l ,  f o u r  days p r i o r  to  b i r t h  (B u tc h e r  and 

P o t t e r ,  1 9 7 2 ). They d e m o n s tra te d  a c lo s e  p a r a l l e l i s m  be tw een  th e  

a g e -d e p e n d e n t e f f e c t  o f  g lu c a g o n  on in c r e a s in g  cAMP l e v e l s  and TAT 

in d u c t io n . A d e n y lc y c la se  i s  p r e s e n t  and re sp o n d s  to  g lu c ag o n  

d u r in g  g e s t a t i o n  p r i o r  to  TAT in d u c tio n  by . 'u c u g o u .

cAlU’ c o n c e n t r a t io n  i s  c o n t r o l l e d  n o t  o n ly  by i t s  r a t e  o f  s y n th e s is

by a d e n y lc y c la s e ,  and i t s  r a t e  o f  r e l e a s e  i n in  th e  e x t r a c e l l u l a r

f l u i d  b u t  a l s o  by i t s  b reakdow n by th e  evzyue  p h o sp h o d ie s te ra se .

( S t r a d a  and R o b iso n , 1974; S chniid tke  e_t j ib ,  1976) . T here  i s  

e v id e n c e  t h a t  t h i s  enzyme e x i s t s  i n  m u l t ip le  m o le c u la r  fo rm s and  th a t  

i t  i s  s e n s i t i v e  to  d i f f e r e n t  ho rm ones. I t  i s  b e l ie v e d  t h a t  i n s u l i n



a c t i v a t e s  p h o sp h o d ie s  te r a s e  th e re b y  p r e v e n t in g  th e  a c c u m u la t io n  o f  

cAtff ( S t r a d a  and R o b iso n , 1 9 7 4 ) . G lu c o c o r t ic o id s  and o th e r  s t e r o i d s  

i n h i b i t  p h o s p h o d ie s te ra s e  a c t i v i t y  and i t  h a s  b e e n  s p e c u la te d  t h a t  

cisny " p e r m is s iv e  e f f e c t s "  o f  g lu c o c o r t i c o id s  on cAMP m e d ia ted  

re s p o n s e s  r e f l e c t  th e  d i r e c t  i n t e r a c t i o n  o f  th e s e  horm ones w ith  

p h o sp h o d ie s  t e r a s e .

B . R e g u la t io n  o f  p r o t e i n  s y n th e s i s  by  rAMP

( i )  E f f e c t s  o f  cAMP

M ost w ork in  t h i s  f i e l d  h a s  b e en  done on th e  r e g u l a t i o n  o f  

s y n th e s i s  o f  t y r o s in e  a m in o t r a n s f e ra s e  (TAT) and  i s  e x te n s i v e ly  

re v ie w e d  by W icks (1 9 7 4 ) . I t  was found  t h a t  g lu c a g o n  and cAMP 

a c t  s e l e c t i v e l y  i n  th e  l i v e r  i n  c o n t r a s t  to  o th e r  t i s s u e s .  They 

s t i m u la t e  h e p a t i c  p r o t e i n  c a ta b o l i s m .  C y c lic  AMP d o e s n o t  m e d ia te  

t h e - a c t i o n  o f  g lu c o c o r t i c o id s ;  r a t h e r ,  d i f f e r e n t  m echanism s 

o p e r a te  (Kenney, 1 9 7 0 ) . TAT i s  n o t  a c t i v a t e d  by  th e s e  horm ones b u t  

s y n th e s i s  o f  new enzyme m o le c u le s  o c c u r s  (W ic k s, 1968a , b ;  19 69) , 

a s  v e r i f i e d  by im m u n o lo g ic a l a s s a y  (W ick s, 1 9 7 1 ) .

TAT i s  o n ly  f e e b ly  in d u c e d  by cAMP and th e  a c t i o n  o f  t h i s  

s u b s ta n c e  i s  g r e a t l y  enh an c ed  by  th e o p h y l l i n e ,  an  i n h i b i t o r  o f  

p h o s p h o d ie s te ra s e  a c t i v i t y  (W icks 1968a , b ) . TAT i s  a l s o  ix id u c ib le  

by g lu c a g o n  and  i n s u l i n  w hose e f f e c t s  a r e  m e d ia te d  by cAMP. D ib u ty r y l  

cAMP (dBcAMP) in d u c e s  TAT much more s t r o n g ly  th a n  e i t h e r  g lu c a g o n  

o r  i s o p r o t e r e n o l  and i t s  e f f e c t  i s  n o t  e n hanced  by  th e o p h y l l in e  

( i b i d ) . One p o s s ib l e  a c t i o n  o f  cAMP may b e  th e  r e l e a s e  o f  

n a s c e n t  p o ly p e p t id e  c h a in s  from  po ly som es a l th o u g h  t h i s  v iew  

i s  n o t  w id e ly  h e ld .  I t  h a s  b e en  shown to  c a u se  th e  r e l e a s e  o f  

TAT p r o t e i n  m o le c u le s  fro m  w ashed po ly som es o f  n e o n a ta l  r a t  l i v e r  

(Chuah and O l iv e r ,  1971 ).

T he m ic ro so m al f a c t o r  r e s p o n s i b l e  f o r  th e  r e l e a s e  o f  p o ly p e p tid e  

c h a in  by cAMP i n  v i t r o  h a s  be en  p u r i f i e d  and i s  fo und  to  b e  a  

p r o t e i n  o f  m o le c u la r  w e ig h t  40 0 0 0 , c a p a b le  o f  b in d in g  cAMP and 

p o s s e s s in g  cA M P-dependent p r o t e i n  k in a s e  a c t i v i t y  (Donovan and 

O l iv e r ,  1972 ).

A lth o u g h  th e s e  e x p e r im e n ts  a r e  p r o v o c a t iv e  and do p ro v id e  

d i r e c t  e v id e n c e  f o r  an e f f e c t  o f  cAMP a t  th e  t r a n s l a t i o n a l  l e v e l ,  

th e r e  a r e  s e v e r a l  f e a t u r e s  o f  th e  sy s te m  w h ich  d e s e r v e  comment.



F i r s t l y ,  th e  r e l e a s e  o f  TAT from  th e  w ashed po lysom es r e q u i r e d  

ve ry  h ig h  c o n c e n t r a t io n s  o f  cAMP. The r e l e a s e  o f  p h o sp h o e n o l-  

p y r u v a te  c a rb c x y k in a s e  i s  n o t  d e t e c t a b l e  i n  th e  n e o n a ta l  m ic roeom e- 

polysom e sy s te m  in  s p i t e  o f  th e  f a c t  t h a t  c h a r a c t e r i s t i c s  o f  i t s  

r e g u la t i o n  by cAMP a r e  e s s e n t i a l l y  i d e n t i c a l  to  t h a t  o f  TAT 

(W icks, 1 9 6 9 ). F i n a l l y ,  no d i r e c t  e v id e n c e  has be en  p ro v id e d  

th a t  th e  TAT r e le a s e d  i s  t r u ly  n a s c e n t  po lysom e-bound  TAT.

Even w ith  t h e s e  o b je c t i o n s  i t  i s  d i f f i c u l t  to  e sca p e  from  th e

su g g e s t io n  t h a t  th e  r e l e a s e  o f  TAT in  n e o n a ta l  l i v e r  may p r e s e n t  a

un iq u e  d e v e lo p m e n ta l phenomenon t h a t  i s  u n r e l a t e d  to  in d u c t io n  

o f  TAT in  m a tu re  a n im a l s .  The f a c t  t h a t  thecA M P -dcpendent 

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

p o ly p e p tid e  does n o t  o c c u r  i n  a d u l t  m icrosom cs s u g g e s ts  t h a t  some

change o c c u rs  i n  th e  po lysom es d u r in g  d e v e lo p m e n t.

S tu d ie s  u s in g  i n h i b i t o r s  o f  RWA s y n th e s i s  s u p p o r t  th e  s u g g e s t io n  

t h a t  cAMP a c t s  a t  th e  l e v e l  o f  t r a n s l a t i o n  ( h o l t  and O l i v e r ,  1969; 

W icks e_t oL , 1973; B u tc h e r  e t  a  1., 1 9 7 2 ).

Some exam ples o f  cAMP and g lu c ag o n  a c t in g  a t  th e  t r a n s c r i p t i o n a l

l e v e l  have  been  fo und  and a re  rev ie w ed  by W icks (1 9 7 4 ) . G lu tam ate  

d e h y d ro g e n ase  h a s  be en  found  to  be in d u c ib le  by g lu c ag o n  and dBcAMP 

in  an a c tin o m y c in  D - s e n s i t iv e  p r o c e s s  (Y aroni and B e lin s k y , p e r s o n a l  

c o m m u n ic a tio n s , u n p u b l i s h e d ) . O rn i th in e  d e c a rb o x y la s e  i s  a l s o  

i n d u c ib le  by an a c tin o m y c in  U - o u n s i t iv e  p r o c e s s t i io c k  cj: aL , 1972) 

a s  i s  s e r i n e  d e h y d ra ta s e  ( P e ra in o  and P i t o t ,  1 9 6 4 ) . D ib u ty r y l  cAUP 

may be  a more p o te n t  in d u c e r  th a n  cAMP s in c e  i t  i s  r e s i s t a n t  to

h y d r o ly s is  by p h o s p h o d ie s te ra s e  (Moore e t  a l.,1 9 6 6 )

( i i )  Mode o f  a c t io n

a) T r a n s l a t i o n a l  c o n tro l

W here m echanism s o f  p h y s io l o g ic a l ly  r e l e v a n t  e f f e c t s  o f  cAMP 

have  be en  e lu c id a t e d  in  mniunnl in n  c e l l  a  th e y  o re  found to  in v o lv e  

p r o t e i n  p h o s p h o r y la t io n  c a ta ly z e d  by th e  uAM P-dependent p r o t e i n  

k in a s e  r e s u l t i n g  i n  th e  p h o s p h o r y la t io n  o f  n u c le a r  a c id  p r o t e i n s  

and n u c le a r  h i s  to n e  p r o t e i n s  ( E i l  and W ool, 1973; S t rn d a  and 

R o b iso n , 1 9 7 4 ) . P h o s p h o ry la t io n  o f  r ibosom e  -  a s s o c i a t e d  p r o t e i n s



r e s u l t s  i n  a s l i g h t  s h i f t  i n  th e  a f f i n i t y  o f  s u b u n it s  f o r  eac h  o th e r  

(W alton  and G i l l ,  1973) w ith  a a l i g h t  i n c r e a s e  in  s y n th e s i s  o f 

p o ly p h e n y la lo n in e  i n  v i t r o  ( E i l  and W ool, 1973; E i l  and W ool,1973b) 

a l th o u g h  t h i s  change i s  p ro b a b ly  n o t  s i g n i f i c a n t .

I t  i s  c o n c e iv a b le  t h a t  g row ing  n a s c e n t  p o ly p e p tid e  c h a in s  o f 

c e r t a i n  in d u c ib l e  enzym es a re  s u b s t r a t e s  f o r  ribosom e-bound-cA M P- 

d e p en d e n t p r o t e i n  k in a s e s .  T h is  may f a c i l i t a t e  e lo n g a t i o n ,  o r  

te r m in a t io n  by fa v o u ra b ly  a l t e r i n g  th e  c o n fo rm a tio n  o f  th e  com plex 

i n  th e  v i c i n i t y  o f  th e  p o ly p e p tid e  g row ing  p o i n t .  Upon th e  r e l e a s e  

o f  th e  c o m p le ted  enzym e, s p e c i f i c  p h o s p h a ta s e s  may remove th e  p h o sp h a te  

m o ie ty  and  th e  n a t iv e  enzyme in  th e  c y to s o l  would no  lo n g e r  be th e

s u b s t r a t e  f o r  p r o t e i n  k in a s e s  a s  i s  t r u e  f o r  TAT and p h o sp h o e n o l-

p y r u v a te  c a rb o x y k in a s e  (W icks e_t aL , 1 9 7 2 ).

The p o s s i b i l i t y  e x i s t s  t h a t  th e  m e sse n g er  RMA's (mRNA) o f  a l l

in d u c ib le  enzymes may have a  common 5 ' se q u en c e  a l lo w in g  f o r  

d is c r im in a t io n  in  c o m p e ti t io n  f o r  r ib o so m a l s u b u n i t s  i n  fo rm in g  

com plexes when a  common r ib o s o m e -a s s o c ia t c d  p r o t e i n  i s  p h o s p h o r y la te d . 

Some e v id e n c e  e x i s t s  a s  to  d is c r im in a t io n  in  th e  t r a n s l a t i o n  o f  c e r t a i n  

mRNA's i n  e u k a r y o t ic  c e l l s  (R ourke  and lleyw ood, 1972; N udel e t  aL ,

19/ 3) .
b) T r a n s c r i p t i o n a l  c o n t ro l

T r a n s c r i p t i o n a l  in d u c t io n  has bean  o b se rv e d  in  i s o l a t e d  n u c l e i ,  

l i v e r  s l i c e s  and w hole  a n im a ls .  cA M i'-depcm lent p h o s p h o r y la t io n  o f  

n u c le a r  n o n - h is to n e  p r o t e i n s  may p la y  a r o l e  in  th e  in d u c t io n  o f  

s p e c i f i c  s p e c ie s  o f  mRNA s in c e  th e  a d d i t i o n  o f  p h o s p h o ry la te d  n u c le a r  

n o n h is to n e s  to  r a t  DNA r e s u l t s  i n  an in c r e a s e d  s y n th e s i s  o f  RtiA,

(W atson and L nngan , 1 9 7 3 ). I t  rem a in s  to  be e s t a b l i s h e d  t h a t  th e  

s y n th e s i s  o f  s p e c i f i c  mRNA's i s  p rom oted  i n  t h i s  p r o c e s s .

The p o s s i b i l i t y  m ust lie c o n s u tu re d  t h a t  cAMV-duvt-ndcnt p h o s­

p h o r y la t io n  o f  nonliistuiH * n u c lc u r  p r o t e i n s  p la y s  a v o le  i n  enzyme 

in d u c t io n  (Johniiun and A l l f r c y ,  1972) in  v iew  tif lbo  v u p o r t th a t  

a d d i t i o n  n t  p h o sp h o ry la to d  i io n h ls to n o  c h ro m a tin  p v o t r in s  from  r a t  

l i v e r  s t i m u la t e s  RHA s y n th e s i s  i n  v i t r o  when n aked  r a t  l i v e r  DNA 

was u se d  a s  th e  te m p la te  (Shea  and K le in s m ith , 1973 ).



1 .3 .5 .2  M eghanisn  o f  a c t io n  o f  g lu c o c o r t i c o id s

SC ero id  horm ones a c t  v i a  a com plex c o o rd in a te d  s e t  o f  r e a c t i o n s  

w hich  a l t e r  t h e . c e l l u l a r  p h e n o ty p e  th ro u g h  a l t e r a t i o n s  i n  gene 

e x p r e s s io n .  Many exam ples a r e  known show ing  changes in  s p e c i f i c  

enzymes in  th e  t a r g e t  c e l l s .  S t e r o id s  a r e  v e ry  s m a ll m o le c u le s  

(MW 300) and a r e  th e r e f o r e  c a p a b le  o f  p a s s in g  th ro u g h  th e  p la sm a  

m embrane in to  th e  c y to p las m  w here  th e y  b in d  w ith  r e c e p to r s  s p e c i f i c  

t o  th e  t a r g e t  t i s s u e  (R o u sse a u , 1 9 7 5 ) . S p e c i f i c  r e c e p to r s  a re  

found  in  th e  r a t  thym us, l i v e r ,  k id n e y , b r a in ,  s k e l e t a l  h e a r t  m u sc le , 

t e s t i s ,  lu n g , s to m a c h ,s p le e n  and s e v e r a l  tr a n s fo rm e d  c u l tu r e s  

(O 'M alley  e t  a l ,  1970; C o ld e r  a t ,  a h , 1972)

S t e r o id s  a r e  t r a n s p o r t e d  i n  th e  b lo o d  by th e  c o r t i c o s t e r o i d  

b in d in g  p r o t e i n  (GDC), t r a n s c o r t i n ,  w hich  i s  a s p e c i f i c  a - g lo b u l in ,  and 

to  a l e s s e r  e x t e n t  by  a lb u m in . L es s  th a n  10% o f  th e  S o e ta l  b lo o d  

s t e r o i d  (10 1) i s  unbound and i t  i s  th e  unbound s t e r o i d  w hich  i s

b e l i e v e d  to  have  p h y s io l o g ic a l  c o n seq u e n ce  in  i n t e r a c t i o n  w ith  th e  

t a r g e t  t i s s u e .  T r a n s c o r t i n  may m e d ia te  th e  k i n e t i c s  o f  i n a c t i v a t i o n  

o f  c o r t i s o l  by th e  l i v e r .  D exam ethasone and P - tn e th a so n e , 

s y n t h e t i c  s t e r o i d s ,  do n o t  b in d  to  t r a n s c o r t i n  and t h i s  may a cc o u n t 

f o r  t h e i r  g r e a t e r  b i o l o g i c a l  p o te n c y .

A. R e c e p to rs

Much w ork h a s  be en  done on th e  i d e n t i f i c a t i o n  and p u r i f i c a t i o n  

o f  th e  c y to s o l i c  r e c e p to r s  o f  g lu c o r t i c o i d s  and o th e r  s t e r o id  

horm ones (H ig g in s  e t  aL , 1974 ; L itw nck  £ t  e l . ,1973; R ib a r a c -  

S t c p i c  ct^ a l., 1973; R ousseau  e t  a l. ,  1973 ; L itw n c k  and R o s e n f ic ld  

1975; Acs e t  a l, ,  1975) ; O 'M a lle y  and S c h ra d e r  (1976) have  rev iew ed  

th e  l i t e r a t u r e  f o r  in f o r m a tio n  on th e s e  r e c e p to r s  and t h e i r  

m echanism  o f  a c t i o n .

( ! )  G lu c o c o r t ic o id  r e c e p to r s

S e v e ra l  w o rk e rs  h av e  d e m o n s tra te d  th e  e x i s t e n c e  o f  c o r t i s o l -  

b in d in g  p r o t e i n s i n  th e  l i v e r .  B eato  e £  _al. (1969) show ed t h a t



H ^ - c o r c is o l  b in d s  s p e c i f i c a l l y  Co s o lu b l e  p r o t e i n s  i n  r a t  l i v e r .

L a t e r  s tu d i e s  by  th e s e  a u th o r s  (1970 ) and  by  R ousseau  ej: a l .  (1973) 

su g g e s t  t h a t  th e  f u n c t io n  o f  th e s e  r e c e p to r s  i s  to  f a c i l i t a t e  th e  

movement o f  th e  g lu c o c o r t i c o id  to  th e  n u c le u s  in  a  tem pera  C ure- 

in d e p e n d e n t t r a n s f e r  p r o c e s s .  The b in d in g  o f  th e  g lu c o c o r t i c o id  to  

th e  c y t o s o l i c  r e c e p to r  i s  te m p e ra tu re -d e p e n d e n t  ( K a l in i  et^ a l . ,  1973 ). 

Once th e  s t e r o i d - r e c e p t o r  i s  t r a n s f e r r e d  to  th e  n u c le u s ,  from  4 000 to  

8 000 n u c le a r  b in d in g  s i t e s  become e v id e n t . The p o s s i b i l i t y  e x i s t s  

t h a t  o n ly  a s m a ll f r a c t i o n  o f  r e c e p to r - g lu c o c o r t i c o id  com plexes a r e  

in v o lv e d  in  m e a n in g fu l i n t e r a c t i o n s  w i th  th e  genome and i t  i s  p o s s ib l e  

t h a t  th e  com plex i n t e r a c t s  w ith  n o n s t r u c tu r a l  r e p e a te d  se q u e n c e s  o f  

DNA c o rre s p o n d in g  to  e v o l u t io n a r y - r e l a t e d  g l u c o c o r t i c o id  re s p o n s iv e  

g e n es  o f  d i f f e r e n t  t a r g e t  t i s s u e s .  S h o r t ej: a L  (1970 ) found  a t  

l e a s t  th r e e  d i f f e r e n t  r e c e p to r s  o f  g lu c o c o r t i c o id  i n  th e  l i v e r  w i th  

v a ry in g  a f f i n i t i e s  f o r  th e  s t e r o i d s .  W ira and  Hunch (1970 ) and 

M osher et_ a l .  (1971 ) have  d e m o n s tra te d  th e  e x is te n c e  o f  g l u c o c o r t i c o id -  

s p e c i f i c  r e c e p to r s  in  thym us c e l l s  and th o s e  a p p e a r  t o  b e  lo c a l i z e d  

in  th e  n u c le u s .

T s a i  a n d  H n i l ic a  (1971 ) found  t h a t  a  s m a ll am ount o f  c o r t i s o l  

b in d s  to  a  t r y p s i n - r e s i s t a n t  f r a c t i o n  o f  th e  a r g in i n e - r i c h  h i s t o n e s  

and  th e y  th e r e f o r e  s u g g e s t  t h a t  c o r t i s o l  p r o b a b ly  b in d s  to  a non ­

h is t o n e  p r o t e i n  a s s o c i a t e d  w ith  th e  a r g i n i n e - r i c h  h i s t o n e s .  I t  i s  

how ever n o t  known w h e th e r  t h i s  i n t e r a c t i o n  tu r n s  on th e  t r a n s c r i p t i o n  

o f  s p e c i f i c  s t r u c t u r a l  g e n es  o r  tu r n s  o f f  th e  t r a n s c r i p t i o n  o f  

s p e c i f i c  " r e p r e s s o r "  g e n es  (W ick s, 1 9 7 4 ), S in c e  g lu c o c o r t i c o id s  

i n t e r a c t  w i th  r e c e p to r s  and  a r c  th e n  t r a n s lo c a t e d  to  th e  n u c le u s ,  a s  

o re  th e  s e x  s t e r o i d s ,  i t  i s  n o t  in c o n c e iv a b le  th a t  t h e i r  m echanism  o f  

a c t i o n  i s  v e ry  s im i la r  to  th a t  o f  th e  sox  s t e r o i d s .  S in ce  a  g r e a t  

d e a l  o f  w ork  has been done on th e  sex  s t e r o i d s  th e y  w i l l  b e  d is c u s s e d  

in  some d e t a i l .  The c h em ic a l s t r u c t u r e  o f  n i l  s t e r o i d s  i s  s im i l a r  

and t h e r e f o r e  th e  p o s s i b i l i t y  e x i s t s  t h a t  th e  g l u c o c o r t i c o id - r e c e p to r s  

a r e  s i m i l a r  and  i n t e r a c t  in  a s i m i l a r  way to  th a t  o f  o th e r  s t e r o i d s  

a n d , i n  p a r t i c u l a r ,  to  th e  sox  s t e r o i d s ,

(1 1 )  Sex s t e r o i d  r e c e p to r s

A lth o u g h  much w ork h a s  been  dime on g lu c o c o r t i c o id  r e c e p to r s ,  

th e  b e s t  u n d e rs to o d  s t e r o i d  r e c e p to r  sy s te m  i s  t h a t  o f  the. sex  s t e r o i d s .



S in c e  th e  c h e m ic a l s t r u c t u r e  o£ a l l  s t e r o i d s  i s  so  s im i l a r  the  

p o s s i b i l i t y  e x i s t s  t h a t  th e  g lu c o c o r t i c o id  r e c e p to r s  a re  s im i l a r  to  

and i n t e r a c t  i n  e s i m i l a r  way to  t h a t  o£ th e  o th e r  s t e r o i d s  and in  

p a r t i c u l a r  to  th e  s c s  s t e r o i d s .

I t  was found  t h a t  i n  fem a le  r a t s ,  r a d io a c t iv e  o e s tro c e n  was 

r e t a in e d  lo n g e r  i n  th e  u te r u s  th a n  anyw here e l s e (  O 'M a lle y  and  S c h r a d e r ,  1976) 

and i t  was found  t h a t  in  t a r g e t  c e l l s ,  r a d io a c t iv e  s t e r o i d  a cc u m u la te s  

i n  th e  n u c le u s  and t h a t  movement i n t o  th e  n u c le u s  p re c e d e s  a l l  o th e r  

c h an g e s .

I t  was found  t h a t  o e s tr o g e n  bound s e l e c t i v e l y  to  a p r o t e i n  

HW 200 000  w hich  i s  p r e s e n t  o n ly  i n  t a r g e t  c e l l s  and bound v e ry  t i g h t l y  

t o  o e s tro g e n  and i t  was found  t h a t  th e  r e c e p to r s  n o t  o n ly  s e q u e s t r a te d  

th e  horm one m o le c u le s  i n  th e  t a r g e t  c e l l s  b u t  a l s o  c o n c e n tra te d  them 

i n  th e  n u c le u s  (O 'M alley  and S c h r a d e r ,  1976 ).

O 'M a lle y  and Means (1974) found  t h a t  th e  h o rm o n e - re c e p to r  com plex 

b in d s  d i r e c t l y  to  th e  c h ro m a tin  and t h a t  th e r e  w ere a b o u t 5 000 

a c c e p to r  s i t e s  p e r  n u c le u s  f o r  t h i s  h o rm o n e - re u e p to r  c om plex . They 

a ls o  fo und  t h a t  th e  h o rm o n e - re c e p to r  com plcx b in d s  d i r e c t l y  to  

i s o l a t e d  c h ro m a tin ,  p r o g e s t e r o n e - r e c e p to r  com plex b in d s  p r e f e r e n t i a l l y  

t o  c h ro m a tin  from  o v id u c t  n u c l e i  com pared w ith  o th e r  t i s s u e s  and t h a t  

th e  r e c e p to r  a lo n e  does n o t  b in d  c h ro m a tin . A t l e a s t  f i v e  d i f f e r e n t  

s t e r o i d  b in d e rs  have  been  r e c o g n is e d  wi til d i f f e r e n t  m o le c u la r  w e ig h ts  

and d i f f e r e n t  a f f i n i t i e s  f o r  s t e r o i d s ,  th e s e  b e in g  H inder^  I  and I I I  (Morey 

and L itw a c k , 1 9 6 9 ), B in d ers  I I  and IV (Li tw nck et_ a l., 1973) B in d e r I lB  

(L itw atik  and R o s e n f ie ld ,  1975 ).

T he s t e r o i d  b in d in g  p r o t e i n  i s  lo c a te d  in  th e  AP^ f r a c t i o n  o f  

n o n h is to n e  chrom osom al p r o t e i n s  (O 'M alley  and S c h r a d e r ,  1976).

C h rom atin  s t r i p p e d  o f  l i i s to n e  bound th e  com plex am t i g h t l y  as w ith  

h is c o n o .  2'fte r e c c p U u —hormone com plex  i n t e r a c t s  w ith  a l l  UNA 

i r r e s p e c t i v e  o f  o r ig in  when s t r i p p e d  o f  p r o t e i n ,  th e r e f o r e  tlia  DNA i s  

n o t  r e s p o n s i b le  f o r  s p e c i f i c i t y  (O 'M alley  mid S c h r a d e r ,  1976 ).

The p r tn se s te ro iu -  r e c u p lo r  h.ii! been  p u r i f i e d  and Etnittd lu  ho a 

d im er o f  two n o n id e n t i c a l  s u b u n i t s  o f  MW g r e a t e r  Lhan 100 0 0 0 . The 

d im er i s  c ig a r  shaped  w ith  th e  A and II s u b u n i t s  ly in g  s id e  by H ide 

and eac h  c o n ta in in g  a s im p le  hormone r e c e p to r  s i t e .  The d im e r ic  

r e c e p to r s  have  no a f f i n i t y  f o r  n aked  DNA. S u b u n i t A does n o t  b in d  

to  i n t a c t  c h ro m a tin  b u t  h in d s  v e ry  s t r o n g ly  to  naked  UNA. The B 

s u b u n i t  h a s  no a f f i n i t y  f o r  naked  DNA b u t  h in d s  to  i n t a c t  c h ro r i. i t in  ( i b i d ) .



B. M echanism o f  a c t i o n  o f  s t e r o id s

O 'M a lle y  and  S c h ra d e r  (1976) have  p ro p o sed  th e  f o l lo w in g  m odel 

f o r  th e  m echanism  o f  a c t i o n  o f  se x  s t e r o i d s .  The s t e r o i d  i n t e r a c t s  

w ith  th e  c y to p la s m ic  r e c e p to r  w h ich  e x i s t s  os two co n fo rm e rs  one 

a c t iv e  and one i n a c t i v e . O nly a s m a ll p r o p o r t io n  o f  th e s e  a re  in  

th e  a c t i v e  c o n fo rm a tio n  and th e s e  a re  r e s p o n s i b le  f o r  th e  b a s a l  

enzyme le v e ls  \R o u ssea u , 1 9 7 5 ). Once th e  hormone b in d s  to  th e  

r e c e p to r  th e r e  i s  an a c t i v a t i o n  fo llo w e d  by a te m p e r a tu re  s e n s i t i v e  

t r a n s l o c a t i o n  o f  th e  com plex to  th e  n u c le u s  ( I s h i i  js t  aL , 1971;

B eato  e t  jil ..,19S  ) . In  th e  n u c le u s  th e  com plex b in d s  v i a  th e  B s u b u n i t  

to  p a r t i c u l a r  n o n h is to n e  p r o t e i n s  o f  th e  AP^ f r a c t i o n .  The d im er may 

th e n  d is a g g r e g a te  o r  s e p a r a t e  and th e  A s u b u n i t  hormone com pivx may 

i n t e r a c t  d i r e c t l y  w ith  th e  DMA. I t  i s  unknown w h e th e r  A r e c o g n is e s  

s p e c i f i c  n u c le o t i d e  se q u e n c e s  o r  w h e th e r  i t  b in d s  to  p o s i t i o n s  whose 

s p e c i f i c i t y  i s  d e f in e d  by th e  B s u b u n i t  b in d in g  s p e c i f i c i t y .

U s in g  rifam pfcin , an a n t i b i o t i c  w hich  in a c t i v a t e s  a l l  RNA 

p o ly m e rase  bound to  i n i t i a t i o n  s i t e s ,  i t  was found  t h a t  th e  number o f  

i n i t i a t i o n  s i t e s  i s  d i r e c t l y  p r o p o r t i o n a l  to  th e  number o f  horm one- 

r e c o p to r  com plexes p r e s e n t  (O 'M alley  and S c h r a d e r ,  1976 ).

i n  v iv o  h y b r id i z a t i o n  te c h n iq u e s  u s in g  copy DMA (cDNA) o f  c h ic k  

ova lb u m in  mRNA showed t h a t  th e  number o f  c o p ie s  o f  t h i s  s p e c i f i c  

m e sse n g er  ro se  fro m  z e ro  to  10 000 m o le c u le s  p e r  c e l l  w i th in  a m a tte r  

o f  h o u rs  o f  hormone t r e a tm e n t .  I n  in  v i t r o  e x p e r im e n ts  u s in g  

c h ro m a tin  in  c e l l  f r e e  e x t r a c t s  i t  was found  t h a t  now o va lbum in  mRNA 

i s  s y n th e s iz e d  o n ly  i n  th e  p r e s e n c e  o f  th e  h o rm o n e - re c e p lo r  c om plex , 

n o t  i n  the. p r e s e n c e  o f  hormone o n ly  and o n ly  i f  th e  r e c e p to r  was 

p r e s e n t  a s  th e  d im e r,

K a lim i jH. a L  (1973) have  p ro p o sed  a  model im p l ic a t in g  th e  

re o i'p to r-h o r in tm e  com plex w h e re in  th e  com plex a e lii  a s  a p o s i t i v e  

r e g u la to r  o f  gene  a c t i v i t y ,  s i m i l a r  to  th e  r e g u la t i o n  o f  th e  l a e -  

o p e ro n  i n  E . c o l i  by th e  nAMV I 'it id in g  p r o t e i n ,  f i n a l  e x p re s s io n  

depends on a d d i t i o n a l  n e g a tiv e , c o n t r o l s  w hich  may o r  may n o t  be 

u n d e r  horm onal r e g u la t i o n  .



C. E f f e c t s  o f  g lu c o e o r t ic o id s

One o f  th e  p r im a ry  a c t io n s  o f  g lu c o c o r t i c o id s  i s  c e l l  grow th 

i n h i b i t i o n  and c o n c o m ita n t e x p re s s io n  o f  s p e c i f i c  enzymes (R o u sseau ,

1975 ). I n  th e  thymus o f  r a t s  and m ice  th e r e  i s  a  d e c r e a s e  in  

a c t i v i t y  o f  RNA p o ly m e rase  a f t e r  g lu c o c o r t i c o id  t r e a tm e n t .  The DNA 

tem p la t.e  i s  much more a c t i v e  a f t e r  c o r t i s o l  t r e a tm e n t  (Bomoki e t  a l.,

1968) and t h i s  i s  a t t r i b u t e d  to  in c re a s e d  n u c l e o l a r  r ib o so m a l RNA 

p o ly m e rase  r a t h e r  th a n  an in c re a s e d  a v a i l i b i l i t y  o f  th e  DMA te m p la te  

i n  th e  c h ro m a tin  .(Yu and F e ig o ls o n , J 9 7 1 ) .

I n  young r a t s  c o r t i s o n e  t r e a tm e n t  r e s u l t s  i n  th e  r a p id  d e c r e a s e  

i n  DNA s y n th e s is  due to  a d ro p  in  th e  a c t i v i t y  o f  n u c le a r  DMA 

p o ly m e rase  (H enderson  e_t aL , 1971) w ith o u t  an e f f e c t  on m ito c h o n d r ia l  

DNA p o ly m e rase  (K im berg and L oeb , 1 9 7 1 ) . T h is  e f f e c t  i s  s e e n  in  m ost 

t i s s u e s  in c lu d in g  hepatom as (H enderson  c_t a l_ .,1971). RNA and p r o t e i n  

s y n th e s is  in c re a s e  a f t e r  c o r t i s o l  t r e a tm e n t  b u t  w ith  p ro lo n g ed  

t r e a tm e n t  th e r e  i s  a d ro p  in  th e  in d u c t io n  o f  th e s e  m o le c u le s  im p ly in g  

t h a t  c o n tin u e d  DNA s y n th e s i s  i s  r e q u i r e d  f o r  th e  s t im u la t io n  o f  

t r a n s c r i p t i o n .  I n h i b i t i o n  o f  DNA s y n th e s i s  i s  common in  t i s s u e s  

w here  g lu c o c o r t ic o id s  a rc  s t i m u la to r y ,  nam ely in  l i v e r  and m a lig n a n t 

c e l l s  i n  c u l t u r e .  T h ere  i s  an i n h i b i t i o n  o f  DNA s y n th e s is  and grow th 

o f  l i v e r s  i n  p i . r t i a l l y  h e p a tc c to m iz i-d  r a t s  t r e a t e d  w ith  g lu c o c o r t ic o id s  

( Jo n e s  and Logan, 1972).

C o r t i s o l  s p e c i f i c a l l y  in d u c e s  p a r t i c u l a r  enzyme p r o t e i n s  hy an 

a c tin o m y c in  D - s e n s i t i v e  p ro c e s s  (R n ina  and R osen , 1968; I’e ra in o  e t  aL . 

1966) . S chw artz  (1972) found  t h a t  g lu c o c o r t i c o id  a c t i o n  on 

em bryon ic  c h ic k  r e t i n a  r e s u l t s  in  th e  b io s y n t h e s i s  o f  g lu ta m in e  

s y n th e ta s e  i t s e l f  th ro u g h  a l t e r e d  genom ic e x p re s s io n .

S e v e ra l  o f  th e  p e rm is s iv e  e f f e c t s  o f  g lu c o c o r t i c o id s  f o r  cAMP — 

m e d ia ted  r e sp o n se s  a re  th o u g h t to  o c c u r  by i n h i b i t i o n  o f  p h o s p h o d ie s te ra s e  

a c t i v i t y  (M aiigm iio llo  ami V ,n ig h u ,llj 7 2 ) .

E v idence  s u g g e s ts  t h a t  th e  e a r l i e s t ,  m a n i f e s ta t io n  o f  g lu c o -  

c o r t J  utn d n v t i mi in  th e  i n i t i a l  i n h i b i t i o n  of p r o ln in  i iy n lh c n is  

(Kim mid Kim, L975) .

S h e l to n - l ia r p  (1974) found  th a t  g lu c o c o r t i c o id s  p la y  o r o l e  i n  th e  

no rm al d iu r n a l  v a r i a t i o n  o f  c h ro m a tin  a v a i l a b i l i t y  in  th e  l i v e r  s in c e  

a d re n a le c to m y  g r e a t ly  re d u c e s  th e  n o r U m u tl  r i s e  and nn i n t r a p e r i t o iu - a l



i n j e c t i o n  o f  h y d r o c o r t i s o n e  (SO^ug/lOOg) e ig h t  h o u rs  p r i o r  to  k i l l i n g  

a d re n a le c to m ia e d  an im als r e s t o r e s  th e  n o c tu r n a l  r i s e  in  c h ro m a tin  

a v a i l a b i l i t y .

1 . 3 . 5 . 3  H orm onal e f f e c t s  on th e  u r e a  c y c le  enzymes

The p o ly p e p tid e  horm ones o f  th e  p a n c r e a s ,  i n s u l i n  and g lu c a g o n , 

have  be en  im p l ic a te d  in  th e  r e g u la t i o n  o f  a la r g e  v a r i e t y  o f  h e p a t i c  

enzymes (K enney , 1 9 7 0 ). I n  t h e i r  a c t io n  on th e  u re a  c y c le  enzymes 

th e y  a r e  a n t a g o n i s t i c  to  eac h  o t h e r .  McLean and N o v e llo  (1965) 

found  t h a t  g lu c ag o n  in c re a s e d  th e  l e v e l  o f  u r e a  c y c le  enzyu. s ,  b u t 

t h i s  i n c r e a s e  i s  p r o b a b ly  n o t  cau se d  m e re ly  by in c re a s e d  am ino a c id  

c a ta b o l i s m  w ith  th e  r e l e a s e  o f  f r e e  ammonia f o r  d e t o x i f i c a t i o n ;  r a t h e r ,  

th e  e f f e c t  a p p e a rs  to  b e  more s p e c i f i c ,  s in c e  i n  th e  i n  v i t r o  

e x p e r im e n ts  o f  S n o d g ra ss  and L in  (1976) w here  th e  am ino a c id  su p p ly  

i s  n o t  l i m i t i n g ,  in d u c t io n s  i n  th e  l e v e l s  o f  u r e a  c y c le  enzymes w ere 

s t i l l  o b s e rv e d . I n s u l i n  i s  a n t a g o n i s t i c  to  g lu c ag o n  s in c e  i t  c a u se s  

n i t r o g e n  r e t e n t i o n  ( i b id )  and th e s e  r e s u l t s  o re  i n  ag re em e n t w ith  

th o se  o f  M ortim ore  (1 9 7 2 ).

I n  p r e n a t a l  r a t s  th e  a r g in i n e  s y n th e ta s e  s y s te m , namely 

a r g in i n o s u c c in a t e  s y n th e ta s e  (ASS) and o r g in in o s u c c in a te  ly a s e  (AL) 

a re  in d u c ib le  by dBcAMP, g lu c ag o n  and tr ia m c in o lo n e .  The e f f e c t s  o f  

dlicAMi’ and g lu c ag o n  a rc  n o n a d d it iv e  s u g g e s t in g  t h a t  th e irm e c h a n ism  

o f . a c t i o n  i s  th e  same b u t , t h e  e f f e c t s  o f  d Ik  AMI’ and t r ia m c in o lo n e  a re  

a d d i t i v e .  The l a t t e r  s u g g e s ts  d i f f e r e n t  m echanism s o f  a c t io n  f o r  

cAMP and th e  s t e r o i d s  in  th e  in d u c tio n  o f  t h i s  sy s te m  (S c h w a rtz , 1972 ). 

The e f f e c t  o f  g lu c ag o n  on th e  a r g in i n e  s y n th e ta s e  sy s te m  was 

co n firm e d  by lla ih a . and S c h w arts  ( 1973) who found  t h a t  a s in g l e  

i n t r a p e r i t o n c a l  i n j e c t i o n  o f  g lu c ag o n  (1 0 0 /ig /n n im a l)  in d u c ed  ASS 

and AL i n  f i v e  day o ld  r a t s  bu t n o t  in  f o e t a l  o r  new b o rn  r a t s .

I n  v i t r o , g lu c ag o n  and dllcAMl' d o u b le  I.he a c t i v i t y  o f  th e  a r g in in e  

s y n th e ta s e  sy ste m s from  19 ,5  day f o e t a l  e x p ln n t s . M oxley e t  a t .

(1974) h av e  d e m o n s tra te d  a 54% in c re a s e  in  u re a  s y n th e s is  i n  r a t s  

t r e a t e d  w i th  g lu c a g o n , a 24% in c re a s e  w ith  e p in e p h r in e  and a 29% ' 

in c r e a s e  w ith  p a ra th y r o id  horm one. A ll o f  th e s e  o u t by a c t i v a t i n g  

a d e n y lc y c la s e  th e re b y  in c r e a s in g  i n t r a c e l l u l a r  le v e l s  o f  c y c l i c  AMP.

C o r t i c o s t e r o i d s  have been  shown to  in c r e a s e  t i s s u e  breakdow n and 

th e re  i s  a  c o -o r d in a te d  in c re a s e  in  th e  a c t i v i t i e s  o f  u re a  c y c le  

enzyme a c t i v i t i e s  (Schim ltc, 1963) . A d rc n a lcc to m ir.c d  r a t s  show a



c o n c e r te d  d ro p  i n  th e  a c t i v i t i e s  o f  th e  c y c l e ,  th e  c y to p la s m ic  

enzymes d ro p p in g  more th a n  th e  m ito c h o n d r ia l  ones, w ith  a rg in a s e  

show ing  th e  g r e a t e s t  d ro p  (Schi.m kc, 1963; McLean and G urney , 1963 ). 

C o r t is o n e  a c e t a t e - t r e a t e d  a d re n a le c to m iz c d  r a t s  show a r e c o v e ry  in  th e  

a c t i v i t i e s  o f  a rg in a s e ,  AL and ASS, w ith  a r g in a s e  re sp o n d in g  s o o n e s t .

A d re n a lec to m y  pe rfo rm ed  on th e  t h i r t e e n t h  p o s tn a t a l  day p r e v e n ts  

th e  n o rm a l ly  o b se rv e d  d e v e lo p m e n ta l r i s e  i n  a r g in a s e  and OTC 

a c t i v i t i e s .  The o b se rv e d  in c r e a s e  in  th e s e  a c t i v i t i e s  f o l lo w in g  a 48 

h o u r  s t a r v a t i o n  n e r io d  i s  p r e v e n te d  by a d re n a le c to m y  ( l l l n e r o v a ,  1 9 6 6 ) .

I n  v iv o  a d m in is t r a t io n  o f  c o r t i c o s t e r o i d s  to  a d u l t  r a t s  r e s u l t s  

i n  a low in c r e a s e  i n  th e  l e v e l s  o f  u r e a  c y c le  enzymes o b s e rv a b le  

o n ly  a f t e r  s e v e r a l  days o f  r e p e a te d  tr e a tm e n t  (McLean and G urney , 1963; 

S chim ke, 1 9 6 3 ) . I n  f a c t  i n  a n im a ls  aged  29 days and more o n ly  

d a i ly  i n j e c t i o n s  f o r  th r e e  days r e s u l t e d  i n  a s i g n i f i c a n t  in c r e a s e  

in  a r g in a s e  a c t i v i t y  (McLean and G urney , 1963 ; C h r is t o w i tz ,  1976)

K re ce k  and P a la ty  (1967) have  p ro p o sed  t h a t  s e v e r a l  c r i t i c a l  

p e r io d s  in  o n to g e n ic  developm en t e x i s t .  T hese  in v o lv e  d i f f e r e n t  

t a r g e t  t i s s u e s  becom ing  s e n s i t i v e  to  th e  a p p r o p r ia te  hormone a t  

s p e c i f i c  tim e s  a s  w e l l  a s  d i f f e r e n t  iso z y m ic  p a t t e r s  becom ing 

a p p a r e n t  a t  d i f f e r e n t  s ta g e s  o f  o n to g e n ic  d e v e lo p m e n t. The f i r s t  

o f  th e s e  c r i t i c a l  p e r io d s  o c c u rs  d u r in g  th e  f i r s t  p o s t n a t a l  week and 

a  se co n d  one f a l l s  b e tw een  th e  second  and f o u r t h  week d u r in g  th e  

p e r io d  o f  w ea n in g . S in c e  day 28 o f  p o s t n a t a l  d evelopm en t r e p r e s e n ts  

th e  l a s t  day o f  w e i r in g ,  t h i s  c o u ld  a c c o u n t f o r  th e  f a c t  t h a t  on day 

29 and beyond  th e  r e g u la to r y  m echanism  o p e r a t in g  in  r a t s  a re  

d i f f e r e n t  a s  th e  se co n d  c r i t i c a l  p e r io d  o f  dev elo p m e n t has been  

c o m p le ted . T hose p e r io d s  a r e  so  c r i t i c a l  t h a t  by a l t e r i n g  th e  

e n v iro n m e n ta l c o n d i t io n s  o f  young  r a t s  i t  i s  p o s s ib l e  to  p e rm a n en tly  

a l t e r  th e  developm en t o f  th e  a d u l t s  (K recek  and I 'a l n t y , 1967 ).

P re m atu re  w ean ing  o f  th e  r a t s  r e s u l t "  in  a l t e r e d  r e g u la t i o n  o f  th e  

o e s t r a l  c y c l e ,  Lcrod f e r t i l i t y  and ill lev i'il a r t i v i  i.y o f  tliu  a d re n a l  

g la n d s ,

Schimke (1963) found  th a t  in  t a c t  n d re n a lu  were no t n a c e .-s a ry  f o r  

th e  re sp o n se  o f  u r e a  cycle , enzymes to  a  h ig h  p r o t e i n  d i e t  and from  t h i s  

c o n c lu d e d  t h a t  c o r t i s o l  i s  n o t  in v o lv e d  in  this r e g u la to r y  r e s p o n s e  o f  

th e  enzyme to  d i e t a r y  p r o t e i n  l e v e l .



1 .4  REGENERATION OF RAT LIVER AFTER PARTIAL HLPATECTOMY

1 .4 .1  .G enera l

When r a t s  a r e  s u b je c t e d  to  p r t i a l  UcpaLecVomy w h e re in  70 

p e r c e n t  o f  th e  l i v e r  i s  rem oved , th e  re m a in in g  c e l l s  b e g in  to  grow 

and d iv id e  i n  I 'td c r  to  r e p l a c e  th e  c e l l s  t h a t  have be en  l o s t .  The 

m e ta b o li ,i and u l t r a s t r u c t u r e s  o f  th e  re m a in in g  l i v e r  c e l l s  b e g in  

to  a l t e r  v e ry  soon  a f t e r  th e  o p e ra t io n  and w i th in  th r e e  w eeks th e  

volum e o f  th e  re m a in in g  l i v e r  lo b e s  h a s  i n c re a s e d  to  t h a t  o f  th e  

l i v e r  p r i o r  to  th e  o p e r a t io n  (H ig g in s  and A n derson , 1931 ).

E le c t r o n  m ic ro s  copy s tu d i e s  by tlro d li _oL a l ,  (1965) and V irogh  (1966) 

showed t h a t  on th e  f i r s t  day a f t e r  p a r t i a l  h c y a te c to m y  th e  l i v e r  

u n d e rg o e s  d i s o r g a n iz a t io n .  C'n th e  se co n d  day " d a r t  c e l l s "  r i c h  in  

o r g a n e l le s  and c l e a r  c e l l s  c o n ta in i n g  few o r g a n e l l e s  a r e  d i s t i n g u i s h ­

a b l e .  I n  th e  e a r ly  s ta g e s  o f  r e g e n e r a t io n  th e  G o lg i a p p a ra tu s  

. g e a r s  h y p e r tr o p h ie d  and th e  b i l e  c a .u a l ic u l  Li in c r e a s e  i n  number and 

lie d i l a t e d ,  T hese  phenom ena may r e f l e c t  th e  in c re a s e d  load

by th e  s e c r e t i o n  o f  b i l e  upon th e  r e d u c e d  l i v e r  parenchym a, 

u c tu r a l  a p p e a ra n c e s  o f  h e p av o c y tes  a re  no rm al by 168 h o u rs  

f i  i r t i a l  U epatectom y (Kasaure and A su sh i, 1969) .

- n t r a c e l l u l a r  com m unication  was exam ined in  p a r t i a l l y  h e p a-  

tc c to m iz e d  r a t s  and  fo und  t o  b e  as good nr, in  no rm al l i v e r s  in  

c o n t r a s t  to  th e  la c k  o f  com m unication  in  t i s s u e s  w ith  c an c e ro u s  

g row th  (L o w e s te in  and P e n n , 1967) .

E l e c t r o p h o r e s is  o f  b lo o d  sc rum  from  p a r t i a l l y  h e p a te c to m iz e d  

r a t s  r e v e a le d  abno rm al f r a c t i o n s  in  th e  <- g lo b u l i n s  and a lbum in  

s im i l a r  to  th e  abno rm al f r a c t i o n s  p r e v io u s ly  c a l l e d  th e  m e ta b o l ic  

p a ra m e te r  o f  c a n c e r  w hich  i s  u n iq u e  lo  n e o p la s t i c  p ro c e s s e s  

(L uporda  u t, j , 1 9 7 ? '.

T o ta l  l i v e r  p r o t e i n ,  RNA and UNA has r e tu r n e d  to  no rm al by te n  days 

a f t e r  p a r t i a l  hupnL octom y. A maximum in  Lho l a b e l l i n g  and m i t o t i c  

in d e x  o c c u rs  b e tw een  12-48 h o u rs  a f t e r  th e  o p e ra t io n  (G e rh a rd , 1975).

The f i r s t  two -lays o f  r e g e n e r a t io n  a re  c o m pensa to ry  and hove one 

round o f  r e p l i c a t i o n  and m i t o s i s .  The p lo id y  i s  3 .6 c  p e r  c o l l  and 

i s  e q u a l  in  a l l  c e l l s . In  no rm al n e n d iv id in g  c e l l s  th e  a v e rag e  

p lo id y  i s  2c, Days th r e e  to  f o u r t e e n  a re  r e c o n s t r u c t i v e  and th e r e  

i s  an in c re a s e d  number o f  c e l l s  w ith  a s l i g h t  d e c r e a s e  i n  p lo id y .



The t o t a l  number o f  h e p a c o c y te s  i n c r e a s e s  2 ,6  tim e s  by th e  end o f  

r e g e n e r a t io n  and by th e  end o f  th e  f i r s t  week 85% o f  th e  t o t a l  c e l l  

number i s  r e g a in e d  ( i b i d , ) .

P y r im id in e  and DM  s y n t h e t i c  enzym es in c r e a s e  w h ile  th e  c a t a b o l i c  

enzym es d e c r e a s e  d u r in g  th e  p o s t - o p e r a t i v e  p e r io d .  The ch an g e s in c lu d e  

an in c r e a s e d  c a p a c i ty  to  s y n th e s iz e  DMA ( th e  p o ly m e rase  p eak s a t  68 

h o u rs )  and p y r im id in e s , end a d e c i jn s e u  p o t e n t i a l  f o r  c a ta b o lis m  and 

r e c y c l i n g  th e s e  m e ta b o l i t e s .  T h is  * .onfers «  s e l e c t i v e  a d v a n ta g e  to  

r e g e n e r a t in g  l i v e r  c e l l s  and p r o v id e s  an i n c re a s e d  r e p l i c a t i v e  p o t e n t i a l  

( H o l tz e r  and D enken , 1975) . DNA p o ly m e rase  I I  in c re a s e s  6 -1 0  f o ld ,

18-30 h o u rs  a f t e r  p a r t i a l  hepato c to m y  ( B a r i l  et_ a l., 1973) .

The RN/V s y n t h e t i c  c a p a c i ty  o f  r e g e n e r a t in g  l i v e r  n u c le i  

g r e a t ly  e x ce ed s t h a t  o f  no rm al l i v e r  n u c l e i ,  t h i s  b e in g  l a r g e ly  

due to  an in c r e a s e  i n  th e  num ber o f  DNA s i t e s  a v a i l a b l e  f o r  t r a n ­

s c r i p t i o n  in  th e  DNA-dependent-RNA p o ly m e rase  r e a c t i o n  (Pogo c t  oL ,

1969) . B erg e_t a l .  (1 9 6 7 ) ,  u s in g  r a d i o i s o t o p i c  te c h n iq u e s ,  found 

t h a t  an in c re a s e d  r a t e  o f  s y n th e s i s  o£ n u c le a r  RNA o c c u rs  tw e lve  

h o u rs  a f t e r  p a r t i a l  he p ate c to m y  and c y to p la s m ic  l a b e l l i n g  o c c u rs  

b e tw een  f i f t e e n  ar.d e ig h te e n  h o u r s .

F a u s to  e t  al_. (1968) found  th r e e  c y to p la s m ic  IWA p e a k s , a  4S, 

m  IBS and a 28S ponk ; 4S was l a b e l l e d  f i r s t ,  18S s p e c i f i c  a c t i v i t y  

p e ak e d  a t  12 h o u rs  and t h a t  o f  2SS a t  24 h o u rs  p o s t  o p e r a t i v e l y .

K alf  e j: _al_. (1971) showed Uini DUA a y n th e s i s  i n  v i t r o  i s  

s t i n u l a t e d  by f i c t o r s  p r e s e n t  i n  p o s t  m icfn 'm m ril f r a c t i o n s  o f  

r e g e n e r a t in g ,  im o p la s t ic  and f o e t a l  l i v e r  b u t a b s e n t  I r o n  norm al 

t i s s u e .  La B reque c_t jU . (3971) have  i s o l a t e d  n h e p a t i c  s t i m u la to r  

su b s ta n c e  o f  h e p a t i c  r e g e n e r a t io n  and fo und  i t  f . b e  s o lu b l e ,  

h e a t  s t a b l e ,  s e n s i t i v e  to  TCA t r e a tm e n t  and to  have  n m o le c u la r  

w e ig h t g r e a t e r  th a n  10 0 .)0. 'Idiur.m  v t  a l .  (1973) have  i s o l a t e d  

n o n d ia ly z a b le  compounds from  th e  c y to s o l  t h a t  a c t  p o s t  t r a n s c r i p t i o n a l l y  

t o  r e g u la t e  th e  p r o c e s s in g  n n d /u t  t r t . im p o r t  oi" mRNA and found  t h a t  

d i f f e r e n c p n  e x i s t  i n  tlio se  f a c t o r s  in  n o rm a l, r e g e n e r a t in g  mid 

n e o p la s t i c  l i v e r .

W ith in  18 h o u rs  o f  p a r t i a l  h c p a te  iom y, th e  r a t i o  o f  h is t o n e  to  

DNA d ro p s  by 10 to  15%. The k in  ',ca o f  th e  change c o r r e l a t e  w ith  

in c re a s e d  te m p la te  a c t i v i t y  (G nnrnv t and B onner, 1 9 7 3 ) . W ith in  

12 h o u rs  a 20% tu r n o v e r  i n  h is t o n e  I  i s  d c tQ c ta b le .  W ith in  one and



a  h a l f  h o u rs  h is to n e -b o u n d  p r o tn a s c s  in c r e a s e  tw o - fo ld .  T hese  may 

b e  in v o lv e d  i n  Che d is p la c e m e n t  o f  h is c o n e  fro m  th e  c h ro m a tin  

le a d in g  to  gene d e r e p r e s s io n  ( i b i d . ) .

By 30 h o u rs  o f  r e g e n e r a t io n  th e  ii^  v iv o  r a t e  o f  p r o t e i n  

s y n th e s i s  h a s  in c r e a s e d  by 60% com pared w ith  c o n t r o l  r a t e s .  T here  

a r c  a p p ro x im a te ly  10% more ribosom e's bound as po ly som es in  

r e g e n e r a t in g  l i v e r  com pared w ith  n o rm al l i v ^ t ;  th e  r a t e  o f  t r a n s ­

l a t i o n  i s  c o n s t a n t ,  th e r e f o r e  th e  r a t e  o f  i n i t i a t i o n  m ust be g r e a t e r  

in  r ib o so m e s  o f  r e g e n e r a t in g  v e r s u s  no rm al l i v e r  c e l l s  (S c o rn ik ,  1974) .

W alke r and  P a t t e r  (1972)  h ave  s tu d i e d  th e  e f f e c t  o f  p a r t i a l  

h e p a te c to m y  on a l t e r i n g  isozym e  p a t t e r n s  o f  h e x o lt in a s e , a ld o la s e  

and p y r u v a te  k in a s e .  C hanges i n  tn e s e  isozym es f o l lo w in g  p a r t i a l  

h e p a te c to m y  su g g e s t  t h a t  when h e p a to c y te s  ne ed  to  und erg o  c o l l  

d iv i s io n  th e y  c e a se  to  p ro d u ce  some o f  th e  isozym es c h a r a c t e r i s t i c  

o f  th e  f u l l y  d i f f e r e n t i a t e d  s t a t e  and r e v e r t  t o  th e  p r o d u c tio n  o f  

isozym es c h a r a c t e r i s t i c  o f  th e  f o e t a l  s ta g e  o f  o n to g e n y . F o r  exam p le , 

w i th in  23 h o u rs  o f  p a r t i a l  h e p a te c to m y  th e r e  i s  a la r g e  in c r e a s e  in  

t y p e - i l l  p y ru v a te  k in a s e  w ith  a  c o n c o m ita n t d e c r e a s e  in  ty p e - I  

p > iu v a to  k in a s e  (T anaka ej^ jiL , 1967; W alker and P o t t . r ,  1972) and 

g lu  iM n a s e  (L oa e £  aL, 1970 ;W alke r and P o t t e r ,  1 9 7 2 ). T here  a re  

no ch an g c s i n  e i t h e r  a ld o la s e  o r  lie x o k in a se  isozym e  p a t t e r n s  (W alker 

and j o t t e r ,  1972) .

H opk ins e t  a l .  (1 9 7 3 )found  t h a t  in  r a t s  m a in ta in e d  on an 8-16 

f e e d in g  reis im e th y m id in e  k in a s e  a c t i v i t y  and th y m id in e  in c o r p o r a t io n  

i n t o  l i v e r  DMA e x h ib i te d  m arked d a i ly  o s c i l l a t i o n s  d u r in g  l i v e r  

r e g e n e r a t io n .  Y anagi and P o t t e r  (1977) found  t h a t  th y m id in e  

k in a s e  (TK) , TAT and ODC a c t i v i t i e s  wnr<? s t im u la te d  s e q u e n t i a l l y  by 

p a r t i a l  hup a tec tu m y  in  Lhe l i v e r s  o f  rnL s m a in ta in e d  mi c o n t r o l l e d  

fe e d in g  and l i g h t i n g  s c h e d u le s .  The e a r l i e s t  r e sp o n se  was f o r  ODC 

a t  2 h o u r s ,  r e a c h in g  th e  maxima] le v e l  by l' h o u r s ,  w h ile  th e  a c t i v i t y  

o f  IK  peaked  o n ly  a t  48 liouro |i<>ulopornI iv u ly ,

The same a u th o rs  o b se rv e d  a mi f l e a n t  d e c r e a s e  in  th e  a c t i v i t y  

o f  o r n i th in e  am ino tr i in s fe rn i in  by ;’/ t  h m irs  and n llh o u u h  a d rop  was 

se e n  i n  th e  a c t i v i t y  o f s e r i n e  d e h y d ra ta s e ,  th e  drop  a p p ea re d  to  be 

u n r e l a t e d  to  th e  r e g e n e r a t iv e  p r o c e s s  s ii -c e  th e  low ered  l e v e l  o f  

enzyme a c t i v i t y  was a l s o  ivund  in  shorn o p e ra te d  a n im als  ( i b i d ) .



1 .4  .2  R e g u la to ry  m echanism s o p e r a t in g  in  r»‘g c n t . r a t in g  r a t  l i v e r

1 . 4 .2 .1  D ie ta r y  e f f e c t s  on th e  p r o l i l c r a i i v o  re sp o n se

S ta r v e d  v a ts  (48  h o u r '> show a f i v e  h o u r  d e la y  in  th v  p r o l i f e r a t i v e

re s p o n s e  w hich  i s  p r o b a b ly  duo to  a  d e f ic ie n c y  o f  RNA and p r o t e i n

r e q u i r e u  £ o r  p r o l i f e r a t i o n  o r  p e rh a p s  tin- e u o re y  re q u ire m e n ts  a r e  n o t  

m et ( S t i r l i n g  et_ a l. ,  1973) , S t a r v a t io n  may a c t i v a t e  s t r e s s  pa thw ays 

r e s u l t i n g  i n  c o r t i s o l  r e l e a s e  w hich may tb- •• I n h i b i t  th e  n iic o e ic  

in d e x . A d m in is tr a t io n  o f  f a i r l y  la r y c  d o s t o f  c o r t i s o l  f o r  th r e e  

d a y s  p r i o r  to  p a r t i a l  hepatG ctom y r e s u l t s  in  th e  i n h i b i t i o n  o f  th e  

m i t o t i c  i n d i : / .  P r o t e in  d e p r iv a t io n  d o e s n o t a l t e r  th e  f lo w  o f  

r ib o so m a l RNA tj-<ra th e  n u c le u s  i t i t «  th e  c y to p la s m  b u t  does slow  down

th e  e n t r y  o f  c e l l *  i n to  m i t o s i s  ( ib id )  ■

When p a r t i a l l y  h e p a tc c to m iz c d  r a t s  w ere  m a in ta in e d  on c o n t r o l le d  

f e e d in g  and  l i g h t i n g  rvgiro*a th e y  d ii .p la y e d  tw o p eak s i n  DMA s y n th e s i s ,  

th e  f i r s t  a p p e a rs  a t  23 h o u rs  and i s  in d e p e n d e n t o f  th e  tim e  o f  th e  

d a y , th e  second  a p p e a rs  b e tw een  5 and 72 h o u rs  and i s  dep en d e n t 

on and fo llo w s  f  e  s t im u lu s  o f  th e  c o n t r o l l e d  f e e d in g  s c h e d u le  

( E a r b i r r o l i  and P o t t e r ,  1971 ).

S c h u lte - ile rm a n  (1975) h a s  s t r e s s e d  th e  im p o rta n c e  o f  th e  

f e e d in g  reg im e  in  th e  a p p ea ra n ce  o l  W1A s y n th e t i c  rhy thm s in  

p r o l i f e r a t i n g  c e l l s .  He found  t h a t  i n  r a t s  m a in ta in e d  on d i f f e r e n t  

reg im es w ith  nd j jh _ . v e r s u s  c o n t r o l l e d  i e e d in g ,  th e  rh y th m tc  

v a r i a t i o n s  i n  f e e d in g  w ore rv K p m is ib le  f o r  th e  p y u c h ro n iz a L io n  o f  

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

I f  p a r t i a l l y  h e p a te c to ia iz v d  ra ts ,  w ere i ■"! a t  th e  end o f  th e  

l i g h t  p h a s e , DM s y n th e s i s  peaked  ;i( 20 ,mii 3 /  h o u rs  a f t e r  th e  

o p e r a t io n .  t a t s  fe d  a t  th e  end o i  th e  dart- ptiaiic iihuwvd peaks 

a t  23 and  47 h o u r s .  Hence th e  f i r s t  pe ak  i n  s y n th i 's i s  i s  re sp o n d in g  

‘U r o c t ly  to  p a r t i a l  hc p ate c to m y  w h ilM  th e  se co n d  peak i s  d e p en d e n t 

on !)'-• f e e d in g  re g im e .

Rat-! i lin ta L n e d  f u r  th r e e  w eeks in  ih e  l i g h t  and fe d  nd l i b , 

tliow no d h in ,  i, ! luL 'l.tiatiouii in  IMIA i.y n ilv "  hi ( ih iiQ  ■

1 .4 .2 .2  Horm onal i.-ffeeLs on th e  p c o l i l o r a t i v r  r e sp o n se

The e f f e c t  o f  g lu c o c a r t i i  "i.ihi a s  i n h i b i t o r s  o f DtiA s y n th e s is

i s  w e l l  known (Kim and Kim, 197(1) and hormone t r e a tm e n t  o f  a n im a ls



f o r  t h r e e  days r e s u l t s  i n  an  80% d ro p  in  DMA p o ly m e rase  a c t i v i t y  

(H e n d erso n  and  L oeb , 1 9 7 0 ). DMA s y n th e s i s  and  l i v e r  g ro w th  i s  

i n h i b i t e d  by  g lu c o c o r t i c o id s  in  p a r t i a l l y  h e p a te c to m iz e d  rad s  

(Thomson and  L ippm an, 1974 ). T here  i s  a l s o  an  i n h i b i t i o n  o f  thy m id in e  

and  th y m id y la te  s y n th e s i s  i n  c o r t i c o s t e r o i d - t r e a t e d  p a r t i a l l y  h e p a te c ­

to m ize d  r a t s  ( SakutiKi a n d  T erayam a, 1 967 ).

Cyclic-A M P c o n c e n t r a t io n  d i s p l a y s  two w aves o f  in c r e a s e  fo llo w in g  

p a r t i a l  h e p a te c to m y , one a t  th r e e  h o u rs  and  one a t  12 h o u r s .  The second  

wave o f  cyclic-A M P a c c u m u la t io n  a p p e a rs  to  b e  a s s o c i a t e d  w ith  th e  

i n i t i a t i o n  o f  DNA s y n th e s is  (MacManus a t  a l . , 1973 ),

O th e r  w o rk e rs  have  shown, how ever, t h a t  h ig h  c o n c e n t r a t io n s  o f  

cAMP i n h i b i t  c e l l  g row th  (Bombik ed a l . , 1973; H o l tz e r ' and  D enken, 

1 9 7 5 ). Low l e v e l s  o f  cAMP a r e  found  In  m a lig n a n t  c e l l s  and  in  l i v e r  

24 h o u rs  a f t e r  p a r t i a l  h e p a te c to m y  and  in  c e l l s  in v o lv e d  in  m i t o s i s ,  

w h erea s  c e l l s  i n  th e  s t a t i o n a r y  p h a se  d i s p l a y  h ig h  l e v e l s  o f  c y c l i c  AMP.

P h o s p h o d ie s te r a s e  a c t i v i t i e s  a r e  v e ry  much g r e a t e r  i n  r a p id l y  

d iv id i n g  t i s s u e s  th a n  in  n o n d iv id in g  c e l l s  (146% g r e a t e r  a f t e r  p a r t i a l  

h e p a te c to m y , 433% g r e a t e r  i n  r a p id l y  grow ing  tum ours) and  so i t  a p p e a rs  

t h a t  low l e v e l s  o f  c y c l i c  AMP a l lo w  p r o l i f e r a t i o n .

The d is c r e p a n c y  in  th e s e  r e s u l t s  may b e  e x p la in e d  by  th e  f a c t  th a t  

MacManus ej: aj^. (1 9 7 3 )  u se d  P - a n d re n e r g ic  b lo c k e r s  to  i n h i b i t  th e  

se co n d  wave o f  cAMP a c c u m u la t io n  and  found  a p a r a l l e l  i n h i b i t i o n  i n  DNA 

r e p l i c a t i o n .  T hese  i n h i b i t o r s  may have s e c o n d a ry  e f f e c t s  on p r o l i f e r ­

a t i o n ,  in d e p e n d e n t o f  th e  cAMP r e s p o n s e .

H a r le y  e t  a l .  (1975 ) m e asu re d  serum  hormone le v e l s  a f t e r  p a r t i a l  

h e p a te c to m y  and  fo und  t h a t  g lu c a g o n  had  in c tu a s e d  by 6 h o u r s ,  i n s u l i n  

rem ained  unchanged  f o r  72 h o u r s ,  g row th  hormone dropped  b e tw ee n  6 and 

48 h o u rs  and th y r o x in e  dropped  be tw een  24 and  48 h o u rs .

1 .4 .3  R e la t io n s h ip  be tw een  po lyam ine and  u re a  b io s y n t h e s is

The p o ly a m in e s  p u t r e s c in c ,  s p e rm id in e  and  sp e rm in e  o c c u r  i n  con ­

s i d e r a b l e  c o n c e n t r a t io n  in  a l l  p l a n t s  am i a n im a ls  s tu d i e d ,  T hese 

su b s ta n c e s  h av e  be en  im p l ic a te d  in  l.iM iiscrl p l io n n l  am i t r a n s l a t i o n a l  

c o n t r o l s ,  in  c e l l  d iv i s io n  and  in  p r o t e i n  and RNA s y n th e s is  ( F a u s to  a t  

a  I ■ . 1975). I’a ly w n h ii'S  [icrml 1 iiim't' vmuplr-x f o ld in g  o f  UNA mid In  

t h i s  way may s t a b i l i z e  th e  p r im a ry  s t r u c t u r e .  They c o u ld  a c t  by 

rem ov ing  new ly t r a n s c r ib e d  UNA from  th e  W A-cnzyino com plex th e re b y  

m aking more enzyme a v a i l a b l e  f o r  RNA s y n th e s i s .  I t  h a s  be en  su g g e s te d  

th a t  t r a n s c r i p t i o n a l  r e g u la t i o n  i s  a c h ie v e d  by th e  po ly an iin es



i n t e r a c t i n g  w i th  th e  n u c l e i c  a c id s  w ith  n e u tv a ’ i z a t i o n  o f  th e  

n e g a t iv e  p h o sp h a te  g ro u p s  and s t a b i l i z a t i o n  o f  th e  s t r u c t u r e  •

P o ly am in es  have  a l s o  be en  im p l ic a te d  in  p o ly n u c le o t id e  c h a in  i n i t i a t i o n ,  

e lo n g a t i o n  and c h a in  s e l e c t i o n .

T r a n s l a t i o n a l  c o n t r o l s  a r e  th o u g h t to  in v o lv e  r ib u so m a l s u b u n it  

a s s o c i a t i o n ,  m o th y la t io n  o f  tRNA s p e c i e s ,  a m in o a c y la t io n  o f  tRNA and 

am inoacy 1-tRNA b in d in g  to  th e  303 r ib o so m a l s u b u n i t s  ( i b id )  .

I n  r a p id l y  d iv id i n g  t i s s u e  su c h  a s  r e g e n e r a t in g  r a t  l i v e r  th e  

c o n c e n t r a t io n  o f  sp e rm id in e  in c r e a s e s  i n  p a r a l l e l  w i th  RNA c o n te n t  

f o r  th e  p e r io d  24.-96 h o u rs  a f t e r  p a r t i a l  hopo tec tom y  (R u sse l and 

L a m b a rd in i, 1 9 7 1 ).

One o f  th e  e a r l i e s t  re s p o n s e s  m e a su ra b le  a f t e r  p a r t i a l  h e p a te c to m y  

i s  th e  r a p id  i n c r e a s e  i n  a c t i v i t y  o f  o r n i th in e  d e c a rb o x y la s e  (ODC) 

( H o l t t a  and J a n n e ,  1 9 7 2 ) , th e  enzyme c a t a ly z i n g  th e  r a t e  l im i t i n g  

s t e p  i n  po ly a m in e  b i o s y n t h e s i s  (T abor and T a b o r , 1972 ).

I n c r e a s e s  i n  ODC a c t i v i t y  o c c u r  im m ed ia te ly  a f t e r  p a r t i a l  

h e p a tec to ia y  r e a c h in g  a  maximum 4 h o u rs  a f t e r  th e  o p e ra t io n  when 

l e v e l s  a re  17 f o ld  g r e a t e r  th a n  t h a t  o f  c o n t r o l s  (Y anngi and P o t t e r ,  

1 9 7 7 ) . The in c r e a s e  i n  ODC a c t i v i t y  i s  b lo c k e d  by an

i n j e c t i o n  o f  pu rom ycin  o r  c y c lo h e x im id c  an y tim e  w i th in  th e  f i r s t  24 

h o u rs  a f t e r  p a r t i a l  hep ate c to m y  ( F a u s to , 1 9 6 8 ) , and by a c tin o m y c in  

0  w i th in  th e  f i r s t  h o u r .  T hese  r e s u l t s  s u g g e s t  th e  do novo 

s y n th e s i s  o f  new ODC p r o t e i n .  The h a l f  l i f e  o f  ODC i s  m easured  as 

11 m in u te s .

O rn i th in e  le v e l s  in c r e a s e  w i th in  th e  f i r s t  two h o u rs  and by 18 

h o u rs  a re  f o u r  to  f iv e  tim es  g r e a t e r  th a n  i n  sham o p e ra te d  c o n t r o l s  

(F a u s to  j i t  a h , 1 9 7 5 ). The b a la n c e  o f  o r n i t h i n e  m e ta b o lism  depends 

on th e  r e l a t i v e  a c t i v i t i e s  o f  ODC, OTC, and OAT. The a c t i v i t y  o f  OTC 

i s  v e ry  much g r e a t e r  th a n  t h a t  o f  ODC in  no rm al l i v e r s  b u t in  

n e o p la s i a  th e re  i s  a g r e a t  in c r e a s e  in  ODC a c t i v i t y  w ith  a c o rre sp o n d in g  

drop  in  OTC (W eber nt_ a_h, 1972; Wi 11 imim-Anlmum e_l_ a h , 1972).

lib ido  (1971) , Weber o_L o h  (1 9 7 2 ) ,  F a u s to  (1975) Jtm no and 

l l o l t t a  (1.975) have  been  u n a b le  to  m easu re  a c o rre s p o n d in g  drop  in  

OTC a c t i v i t y  in  th e  e a r ly  h o u rs  o f  r e g e n e r a t io n  fo llo w in g  p a r t i a l  

he p ate c to m y  b u t  B hidc (1971) has shown a  102 d ro p  in  OTC a t  72 h o u rs  

and W eber (1972) h a s  shown a 17% d ro p  a t  24 h o u rs  a f t e r  th e  o p e r a t io n .



Carbam yl p h o sp h a te  i s  r e q u i r e d  f o r  th e  s y n th e s i s  o f  b o th  u re a  

and p y r im id in e s .  I t  i s  p o s s ib l e  t h a t  e x c e s s  c arbam y l p h o sp h a te  may be 

c h a n n e lle d  t o  p y r im id in e s  by CPS I ,  th e  u r e a  c y c le  iso z y m e . Such a 

c ro sa  o v e r  h a s  be en  s e e n  in  c e r t a i n  in b o r n  e r r o r s  o f  m e tab o lism  

(B o u rg e t £ t  £ L , 1971) and h a s  be en  d e m o n s tra te d  e x p e r im e n ta l ly  in  

l i v e r  s l i c e s .  T h is  c ro s s o v e r  r e q u i r e s  t h a t  c a rb am y l p h o sp h a te  be  

t r a n s p o r t e d  a c r o s s  th e  m ito c h o n d r ia l  membrane.

E x ce ss  ammonia may be c h a n n e lle d  th ro u g h  g lu ta m a te  to  © ro ta te  

b io s y n t h e s i s  ( J o n e s ,  1 9 7 2 ). The r e l a t i o n s h i p  b e tw een  u r e a ,  

p o ly a m in e  and p y r im id in e  b io s y n t h e s i s  ifi shown in  f i g u r e  1 .2  ( s e e  p .3 5 ) .

B oth  L - a r g in in o - g ly c in e  a m in o tr a n s f e ra s e  ( E .G .2 . 1 .4 .1 . )  

w h ich  c a ta ly z e s  th e  r e v e r s e  fo rm a tio n  o f  L - o r n i t h in e  and g u a n id o a c e t i c  

a c id  from  g ly c in e  and a r g in i n e ,  th e  key s te p  i n  c r e a t i n e  b io s y n t h e s i s ,  

and o r n i t h i n e  a m in o tr a n s f e ra s e  (OAT), w hich  c a t a ly z e s  th e  fo rm a tio n  

o f  g lu ta m ic  2 -se m ia ld e h y d e  from  L - o r n i t h in e  and k e t o g lu t a r a t e ,  u t i l i s e  

o r n i t h i n e  (Weber e t  aL , 1972)

The r e l a t i v e  am ounts o f  th e s e  enzymes and th e  c h o ic e  o f  th e  

pathw ay to  w hich  o r n i t h i n e  i s  c h a n n e lle d  p la y s  an im p o r ta n t  r o l e  i n  

th e  am ount o f  u r e a  s y n th e s iz e d  and h ence  th e  a c t i v i t i e s  o f  u r e a  

c y c le  enzym es. A d a p ta t io n  o f  th e  u r e a  c y c le  enzym es to  th e  m e ta b o l ic  

lo a d  im posed  on th e  l i v e r  rem n an t a f t e r  p a r t i a l  h e p a te c to m y  m ight 

p r o v id e  p r e c u r s o r s  f o r  b o th  p o lyam ine  and p y r im id in e  s y n th e s i s  d u r in g  

l i v e r  r e g e n e r a t io n .
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1.5 CANCER

1 .5 .1  G e n e ra l

C ance r i s  a te rm  th u c  encom passes a la r g e  u roup  o£ d i s e a s e s ,  a l l  o f  

w hich  a r e  c h a r a c t e r i z e d  by th e  l o s s  o f  c o n t r o l  o f  c e l l  d i v i s i o n .  

N e o p l a s t i c  t r a n s fo r m a t io n  in t r o d u c e s  i n t o  th e  body a  new r a c e  o f  

c e l l s  w i th  a common o n togeny  b u t  d i f f e r i n g  b i o l o g i c a l l y ,  s t r u c t u r a l l y  

and c h e m ic a l ly  from  t h e i r  a n c e s t o r s .

A d i s t i n c t  p a t t e r n  i s  em erg ing  from  s tu d i e s  on m in im al d e v ia t i o n  

l i v e r  tum ours and t h a t  i s  t h a t  i n  m ost c a s e s ,  th e  enzymes th a t  

c h a r a c t e r i z e  a d u l t  l i v e r  o c c u r  i n  th e s e  hepatom as a t  l e v e l s  t h a t  

r e se m b le  f o e t a l  o r  newborn r a t  l i v e r s  d u r in g  th e  p e r io d  o f  t r a n s i t i o n .

The q u e s t io n  th e r e f o r e  a r i s e s  os to  w h e th e r  eac h  s t r a i n  o f  m in im al 

d e v ia t i o n  hepatom a i s  de sce n d ed  from  on im m atu re  parenchym a l i v e r  

c e l l  w hose f u r t h e r  m a tu r a t i o n  was somehow b lo c k e d  ( P o t t e r , 1 9 6 9 ).

P o t t e r  £ t  a l .  (1972 ) h av e  rev ie w ed  th e  id e a s  on "oncogeny  a s  b lo c k ed  

o n to g e n y "  w here  o n togeny  i s  th e  u n f o ld in g  o f  e n v iro n m e n ta l- re s p o n s e  

e ye  terns f o r  m o d u la tin g  gene  e x p r e s s io n  a c c o rd in g  to  u  p r o g ra m e d  tim e  

sc h e d u le  and oncogeny i s  th e  a c c u m u la t io n  o f  lo c k ed  in  gene c o n f ig u r ­

a t i o n s  o f  a v a i l a b i l i t y  t h a t  w ere  sc h e d u le d  to  bo u n lo c k ed  a t  d i f f e r e n t  

tim e s  i n  no rm al o n to g e n y .

Much w ork has been  done on th e  m o rp h o lo g ic a l and b io c h e m ic a l 

d i f f e r e n t i a t i o n  o f  hepatom as in  r e l a t i o n  to  s tu d i e s  on f o e t a l  and 

n e o n a ta l  r a t  l i v e r .  I n  g e n e r a l  s lo w -g ro w in g , h ig h ly  d i f f e r e n t i a t e d  

h epatom as c o n ta in  many b io c h e m ic a l c h a r a c t e r i s t i c s  o f  th e  a d u l t  

l i v e r  ty p e  w ith  some p r o p e r t i e s  o f  f o e t a l  t i s s u e . The f a s t -g r o w in g ,  

u n d i f f e r e n t i a t e d  ty p e  hepatom as more c lo s e l y  re se m b le  f o e t a l  l i v e r  

c e l l s  and r e t a i n  few er o f  th e  a d u l t - t y p e  c l i a r n c t e v i s t i c s  (W alker and 

I 'o t l e r ,  1972).

A ld o .u se  lia s  th r e e  iso a y m ic  form s in  1 he  o d u l t ,  A ld o la se  A 

b e in g  p r e s e n t  in  m usc le  L issnm , A ldcilanv II in  l l v t - r  and A ld o la se  C 

in  th e  b r a in  (R u tL o r £_L £ L , l% 3 i  D aroit £t_ oh , 1 9 0 9 ). In  th e  f o e tu s  

A ld o la s e  A p re d o m in a te s  i n  th e  l i v e r  and t h i s  i s  fo und  to  b e  t r u e  

i n  p recancerouH  l i v e r s  o f  r a l s  f e d  3 -m e-4 -d im u tliy lam inobcnzcne  (DAB) 

(1’o L te r  o t  a l .  ( 1972 ).

F o u r  isozyun  o f  h u x o k iu a sc  have been  d e s c r ib e d  (McLean and 

Brown, 1966) . Tim isozym e w ith  a  v e ry  h ig h  Km f o r  g lu c o s e ,  

g lu c o k in a s e ,  i s  found  e x c lu s i v e ly  in  th e  a d u l t  l i v e r  (Sapag-lln i'.n r e t  a l .



1 9 7 2 ) . S ugim ura  o t  a l .  (1972) h av e  shown t h a t  r e v e r s i o n  to  

non  m a lig n a n cy  i . e .  d e c a rc in o g e n e s is  i s  accom pan ied  by lo s s  oC 

t r a n s p l a n t a b i l i c y ,  changes i n  membrane p r o p e r t i e s  and a c o n co m itan t 

a l t e r a t i o n  from  f o e t a l  type  h e x o k in a a e  isozym e p a t t e r n s  to  th o se  p a t t e r n s  

s e e n  i n  n o rm al a d u l t  l i v e r s .

G eorge  W eber (1966) p ro p o sed  th e  m o le c u la r  c o r r e l a t i o n  c o n ce p t 

o f  th e  o r d e r e d  p a t t e r n  o f  gene  e x p re s s io n  in  n e o p la s i a .  T h is  

c o n c e p t p o s tu l a t e s  th e  o p e r a t io n  o f  m e a n in g fu l,  o r d e r e d  and c o r r e l a t e d  

e x p re s s io n  o f  m o rp h o lo g ic a l ,  b i o l o g i c a l  and b io c h e m ic a l  b e h a v io u r  i n  

n e o p la s t i c  t i s s u e  l in k e d  w ith  th e  e x p re s s io n  o f  m a lig n a n cy  and grow th 

r a t e .  T h is  th e o ry  ta k e s  i n t o  a c c o u n t t h a t  c r i t i c a l  ch an g es m ust be 

h e r i t a b l e  and t h a t  p r o g re s s io n  in  n e o p la s i a  m u st b e  r e f l e c t e d  i n  p ro ­

g r e s s i v e  e t a b o l i c  im b a la n c e .

T h is  th e o ry  has been  r e in f o r c e d  by naiiy  b io c h e m ic a l s t u d i e s  such  

a s  th o se  on g lu c o n e o g e n e s is  i n  no rm al v e rs u s  hepatom a t i s s u e  w here  i t  

h a s  be en  fo und  t h a t  th e r e  i s  a p r o g re s s iv e  im b a la n ce  in  gene 

e x p re s s io n  w ith  in c r e a s e d  tum our g ro w th . I n  th e  hepatom a  sp e c tru m , 

w ith  in c r e a s e d  tum our grow th  th e r e  i s  a  p a r a l l e l  d e c r e a s e  i n  g lu c o ­

n e o g e n ic  enzymes and an in c r e a s e  in  g ly c o ly t i c  enzym es a s  i s  th e  

p a t t e r n  i n  f o e t a l  l i v e r s  (W eber, 1 9 7 2 ).

A. s i m i l a r  c o r r e l a t e d  s e r i e s  o f  changes in  enzyme a c t i v i t y  i s  s e e n  

in  th e  pa thw ays in v o lv e d  i n  p y r im id in e  and n u c l e i c  a c id  m e tab o lism .

W ith d i f f e r e n t i a t i o n  th e r e  i s  a  d e c r e a s e  in  DNA p o ly m e rase  a c t i v i t y  and 

th e  o v e r a l l  s y n t h e t i c  pa thw ays w ith  a g r a d u a l  i n c r e a s e  i n  c a t a b o l i c  

a c t i v i t i e s .  I n  hepatom a, ho w ev e r, th e r e  a r e  i n c r e a s e s  i n  th e  a c t i v i t i e s  

o f  th e  a n a b o l ic  pa thw ays w ith  c o r r e l a t e d  d e c r e a s e s  i n  th e  c a t a b o l i c  ones 

( i b i d ) . R e g e n e ra t in g  r a t  l i v e r s  f o l lo w in g  p a r t i a l  hops tec tom y  show 

s i m i l a r  p a t t e r n s  i n  th e  a l t e r a t i o n  o f  e x p re s s io n  o f  g en es in v o lv e d  in  

DNA m e ta b o lism , T h ere  i s  a  s h a rp  r i s e  i n  th e  i n c o r p o r a t io n  o f  

th y m id in e  i n to  DNA and a  d e c r e a s e  In  th e  c a t a b o l i c  u t i l i z a t i o n  o f  t h i s  

p r e c u r s o r  u n t i l  24 to  'J(t h o u rs  p o a l-o p o r a L iv c jy .  T h is  i s  i n t e r ­

p r e te d  to  mean t h a t  u ia u g o s  r e s u l t  in  th e  r e p r e s s io n  o f  th e  d c re p ro s s e d  

pathw ay o f  th y m id in e  c.aLubn 1 ism  and in  th e  d e rn p r e s a  ion  o f  the. r e p r e s s  .. 

pa thw ay f o r  u t i l i z a t i o n  o f  th y m id in e  f o r  th e  s y n th e s i s  o f  DNA 

(Weber ej: AL, 1971 ).



UCsunomiya and  T a k e sh i (1966) found  t h a t  a l l  h epatom as had a 

s l i g h t l y  g r e a t e r  p e rc e n ta g e  o f  RNA i n  a  polysom e f r a c t i o n  th a n  norm al 

l i v e r  and a l s o  had  a  h ig iie v  p r o p o r t io n  o f  monomer and d im e r  rib o so m e s 

th a n  n o rm al l i v e r .

I n  1951 M ider p o in te d  o u t  th e  p ronounced  a v i d i t y  o f  c a n c e r  

c e l l s  f o r  am ino a c id s  w hich  r e f l e c t s  t h e i r  rem a rk a b le  c a p a c i ty  f o r  

p r o t e i n  s y n th e s i s .  B urke (1962) s tu d i e d  th e  develo p m e n t o f  

hepatom as in  r a t s  f e d  DAB and found  t h a t  d u r in g  p re c a n c e ro u s  g row th  

p e r io d s  th e r e  was an  in c r e a s e d  s y n th e s i s  o f  l i v e r  and p la sm a  

p r o t e i n s  and d e c r e a s e d  c a ta b o lis m  o f  am ino a c i d s .

I n t r a c e l l u l a r  com m unications have  be en  s tu d i e d  u s in g  i n t r a c e l l u l a r  

e l e c t r i c a l  te c h n iq u e s  i n  p r im a ry  and t r a n s p l a n t a b l e  hepatom as 

(L o w e n stc in  and K anno, 1 9 6 7 ) . N orm al l i v e r  c e l l s  com m unicate w ith  

each  o th e r  th ro u g h  ju n c t io n  membranes w hich  a r e  f r e e l y  p e rm eab le  

to  s m a ll  io n s  and  p ro b a b ly  t o  l a r g e r  m o le c u le s  and io n s  a s  in  o th e r  

c o n n e c te d  c e l l  s y s te m s . Hepatoma c e l l s  show no su c h  com m un ication , 

t h e i r  s u r f a c e  membrane b e in g  a  s t r o n g  b a r r i e r  to  d i f f u s i o n  a l l  a round  

th e  c e l l .  M odjanova and M alenkov (1973) have  s tu d i e d  a l t e r a t i o n s  in

s u r f a c e  c o n ta c t  d u r in g  p r o g r e s s io n  o f  hepatom as and have  fo und  t h a t  

a d h e s io n  p r o p e r t i e s  w eaken w ith  p r o g r e s s io n  o f  th e  tum our w ith  an 

in c r e a s e  in  th e  number o f  i s o l a t e d  c e l l  i s l a n d s .

E x p er im e n ts  on th e  d e te r m in a t io n  o f  p r o t e i n  tu r n o v e r  i n  M orris  

hepatom as in d i c a t e  t h a t  th e r e  a r e  random  doC octs in  th e  c o n t r o l  

o f  d e g ra d a t io n  o f  membrane p r o t e i n s  o f  hepatom as and t h a t  th e  

m em brane-bound p r o t e i n s  t u r n  o v e r  in d e p e n d e n tly  o f  th e  t o t a l  p a r t*  t u l a t e  

membrane (Moyer and I’i t o t ,  1973) .

E le c t r o p h o r e s i s  o f  th e  n u . . le a r  p r o t e i n s  i n  no rm al c e l l s  and 

N o v ik o fI  a s  c i t e  tum our c e l l s  i n d i c a t e  b o th  q u a l i t a t i v e  and q u a n t i t a t i v e  

d i f f e r e n c e s  (Yeoman e_t aL , 1973a; 1973b) . T hese  may in v o lv e  

d i f f e r e n c e s  in  c o n t r o l  p r o t e i n s ,  d i f f e r e n c e s  in  <hc m o d i f ic a t io n  o f  

th e  8nine p r o t e i n s  o r  s p t 'c i £ ic  in c re iiB cn  in  th e  n u e lu n r  m e tab o lism  in  

tu m o u rs .

O u p iU 'U e  and T n y lo r  (1973) hnvi' shown th n t  in  a  a p e c i l t c  M o rris  

hepatom a (51231)) th e r e  i s  a ( - ro u te r  p r o p o r t io n  o f  t n m s f e r  SNA 

m o le c u le s  c a p a b le  o f  a c c e p t in g  am ino a c id s  p e r  mg CRNA Chan in  

no rm al l i v e r .  T h is  may r e p r e s e n t  d i f f e r e n t i a l  r a t e s  o f  tttNA 

p r o c e s s in g  and m a tu r a t i o n  in  th e s e  t i s s u e s .



1 .4 .2 .  O rn i th in e  Im b alan ce  in  n e o p la s t i c  g row th

W eber (1966) showed t h a t  tum our c e l l s  can  s y n th e s iz e  p r o t e i n  and. 

n u c l e i c  a c id s  a t  in c r e a s e d  r a t e s  w h i l s t  am ino a c id  and p r o t e i n  c a t a ­

b o lis m  d e c r e a s e d  a s  com pared w ith  t h a t  o f  n o rm al l i v e r .  Hepatoma 

c e l l s  w h ile  un d e r; in g  s e l e c t i o n  f o r  r a p id  d iv i s io n  and grow th  have  

a t  th e  same tim e  been  s e l e c t e d  f o r  a  s t r e a m l in e d  m e ta b o lism . T h is  

r e q u i r e s  im b a la n ce  i n  key enzymes o f  v a r io u s  m e ta b o l ic  pa thw ays 

r e s u l t i n g  in  im b a la n ce  i n  th e  o p p o s in g  and c o m p e ti t iv e  m e ta b o l ic  pa thw ays 

i n  th e  tum our.

The i n t e r r e l a t i o n s h i p  o f  p o ly a m in e , u r e a  and p y r im id in e  b io ­

s y n th e s i s  i s  n o t a s  im p o r ta n t  i n  tum our e. ow th a s  i t  i s  i n  r e g e n e r a t in g  

l i v e r .  W illiam s-A shm an a t  o l . (1972) showed t h a t  ODC a c t i v i t y  

i n c r e a s e s  i n  p a r a l l e l  w ith  an i n c r e a s e  i n  tum our g row d i r a t e .  I n  a 

sp e c tru m  o f  hepatom as s tu d i e d  th e r e  was a d ro p  in  OTC a c t i v i t y  

p a r a l l e l i n g  th e  in c r e a s e  in  tum our grow th  r a t e  (W eber ej: a t ,  1972).

S e v e ra l  o th e r  s tu d i e s  h av e  a l s o  r e v e a le d  a d ro p  in  OTC a c t i v i t y  i n  .

M o rris  hepatom as (Jo n e s  e t  a i„  1961; W eber, 1973 ), I n  some h ep ato m as OTC 

a c t i v i t i e s  d rop  to  l e s s  th a n  1% o f  t h a t  o f  c o n t r o l  v a lu e s  (W e b er,1973).

The g r a d u a l  d ro p  in  OTC a c t i v i t y  w ith  i n c r e a s in g  tum our grow th 

r a t e  may hove an in c r e a s e d  s p a r in g  e f f e c t  on th e  a v a i l a b i l i t y  o f  

c a rb am y l p h o sp h a te  and a s p a r t a t e  f o r  n u c l e i c  a c id  s y n th e s i s .

W ith th e  i n c r e a s in g  am ounts o f  p r e c u r s o r s  f o r  DMA and RNA 

s y n th e s i s  th e r e  i s  a  c o n c u r re n t  in c re a s e  in  th e  f i r s t  two enzymes 

o f  o r o t a t e  u t i l i z a t i o n  v i z .  a s p a r t a t e  tr a n s c a rb a m y la so  and 

d ih y d r o o r a to s e  (W eber, 1 9 7 2 ). T hese  two enzymes in c r e a s e  in  

a c t i v i t y  w ith  an in c r e a s e  i n  g row th  r a t e  o f  th e  tum our.

T h ere  i s  an in v e r s e  r e l a t i o n s h i p  b e tw een  th e  a c t i v i t y  o f  OAT 

and tum our grow th r a t e ,  th e r e f o r e  it;  may he s p a r in g  o r n i t h i n e  f o r  

polyam i.ne b i o s y n t h e s i s  i n  tum our grow th  (W illiam s-A shm an , 1972) .

S in c e  i t  c a t a ly z e s  th e  r e v e r s ib le  f o rm a tio n  o f  g lu ta m ic - se m ia ld c h y d e  

from  L - o r n iUii.no and >< k c to g l u t a r n t c ,  i t  may c a ta ly z e  th e  fo rm a tio n  

o f  L - o r n i t h in a  from  g l u t a m i c  o r  p r o l in e  th e re b y  in c r e a s in g  th e  

a v a i l a b i l i t y  o f  o r n i t h i n e  f o r  po ly am in c  b io s y n t h e s i s .

1 .5 .3 ,  U rea  c y c le  enzymes in  n o u p liis iti

B urke and M i l l e r  (1956) found  t h a t  r a t s  f e d  on BAB showed 

m arked d e c r e a s e s  in  th e  a b i l i t y  to  s y n th e s iz e  u r e a .  McLean (1964) 

m easu red  a l l  f i v e  u r e a  c y c le  enzym es in  p re c a n c v ro u s  and tum ourous 

l i v e r s  in d u c ed  by D/Ul and found  t h e i r  a c t i v i t i e s  w ere  g r e a t ly  

r e d u c e d  com pared to  t h a t  o f  no rm al l i v e r s .



T here  h av e  been  many r e p o r t s  on th e  a c t i v i t y  oC h e p a t i c  

n r g in a s e  in  e x p e r im e n ta l  a n im a ls  w ith  t r a n s p l a n t a b l e  hepatom as 

and in  a l l  e a s e s  h e p a t i c  a r g in a s e  a c t i v i t y  i s  d e p re s se d  

(F u jiw a r a ,  1929; W eil, 1935; G re e n s tc in ,  19^1).

Wu e_C a l .  (1967 )m easu red  a r g in a s e ,  ASS and AL in  v a r io u s  M o rris  

h epatom as and N ovikofC  a s  c i t e  tum ours and in  a l l  c a s e s  found  th e  

a c t i v i t i e s  low er th a n  in  c o n t r o l s .  They found  t h a t  ASS a c t i v i t y  was 

in d u c ib l e  by c o r t i s o l  in  two o f  th e  M o r ris  hepatom as s tu d i e d .

M o rris  c_t _al. (19G 4)and P o t t e r  ol_. (1969) s tu d i e d  the  

i n d u c i b i l i t y  o f  u r e a  c y c le  enzymes in  d i f f e r e n t  hepatom as and found 

no  s i g n i f i c a n t  c h an g c s . Wu et_ o l ,  U 9 7 1 ) found  how ever t h a t  a rg in a s e  

and ASS a c t i v i t i e s  w ere  in d u c ib le  by c o r t i s o l  in  f o u r t e e n  d i f f e r e n t  

M o rris  hepatom as s tu d i e d .  They found  a l s o  t h a t  a r g in a s e  a c t i v i t y  in  

th e  hepatom as was r e s p o n s iv e  to  c o r t i s o l ,  'i"> n o t  a rg in a s e  in  th e  

h o s t  l i v e r .  The la c k  o f  i n d u c i b i l i t y  o f  u r e a  c y c le  enzymes in  

c e r t a i n  hepatom as may depend  or. th e  ty p e  o f  tum our b e in g  s tu d i e d  

and th e  r o t e  o f  g ro w th .

E x am in a tio n  o f  v a r io u s  t r a n s p l a n t a b l e  tu rns..rs r e v e a le d  th a t  

CPS I I  a c t i v i t i e s  w ere  c o r r e l a t e d  w ith  i n c re a s e d  tum our g iow th  

r a t e  (H agar and J o n e s ,  1967; Y ip and K 'iox, 1970) w h i l s t  CVS I  shows 

an in v e r s e  r e l a t i o n s h i p  w ith  g row th  r a t e  i . e .  i s  p r e s e n t  i n  s lo w  

grow ing  h ig h ly  d i t f e r e n t i a t c d  M o rris  hepatom as b u t  i s  a b s e n t  from  

f a s t  g row ing  u n d i f f e r e n t i a t e d  tum ours (Law son ^ t  aL , 1 9 7 5 ) . T hese  

l a t e r  s t u d i e s  '*d t h a t  a l th o u g h  Cl’S I I  was p r e s e n t  i n  norm al 

l i v e r  an-' a l l  tl... h epatom as s tu d i e d ,  i t s  a c t i v i t y  in  th e  hepatom as 

was low er th a n  t h a t  o f  th e  Cl’S I  isozym e .

Ono o_t £l_. (1 9 6 3 )and B hide (1971) found  th a t  OTC l e v e l s  w ere 

c o n s id e r a b ly  d e c re a se d  i n  h e p ato m a s.

1 .5 .4 .  Che.micaV careinoE enr-a i.B

C a r c in o g e n ic  s t i m u l i  can  b e  c o n v e n ie n t ly  d iv id e d  i n t o  two 

m a jo r  c ro u p s , th o se  a g e n ts  c o n ta in in g  in f o r m a tio n  t r a n s l a t a b l e  as 

su c h  by th e  c e l l  e . g .  v i r u s e s  anti iim iic n o t c o n ta in in g  such 

t r a n s l a t a b l e  in f o r m a tio n  t ' . g .  chem ical!) and r a d i a t i o n .

The ch em ic al c a rc in o g e n  a f t e r  a p p r o p r ia te  a c t i v a t i o n  and 

c o n v e rs io n  to  a r e a c t i v e  s p e c ie s  r e a c t s  w ith  s n v e r a l  m a c ro u o le e u le s  

in c lu d in g  RNA, DNA and p r o t e i n .  M eyer ami lii .rh v r  (1973) have 

p r e s e n te d  e v id e n c e  to  show t h a t  DAI) in te r n e . t s  w ith  m ic ro som al 

membranen to  a l t e r  t h e i r  c o n fo rm a tio n s  w liicli co u ld  a c c o u n t f o r  th e  

lo s s  o f  a c t i v i t y  o f  c e r t a i n  m ic rosom al nnzymcp.

W ith in  a  s h o r t  tim e., a f t e r  e rc a lm v n t,  some l i v e r  c c l l n  d iv id e ,
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th e  now p o p u la t io n  h a v in g  a c q u ir e d  th e  a b i l i t y  to  grow in  v iv o  

u n d e r  c o n d i t io n s  w here  n o rm al c e l l s  w ould n o t .  T re a tm e n t w ith  

3-me-OAB r e s u l t s  i n  a l t e r a t i o n s  i n  th e  DMA s t r u c t u r e .  One of 

th e  e a r ly  co n seq u e n ce s  o f  3-me-DAB in g e s t io n  i s  th e  r e p a i r  s y n th e s is  

o f  DNA b u t  p resu m ab ly  i n  th e  p r o l i f e r a t i n g  c e l l s  th e  DMA has been  

r e p l i c a t e d  b e f o r e  f u l l  r e p a i r  o f  che a l t e r e d  DMA was p o s s ib l e  

( P o t t e r  £U aL, 1972)

Once i n i t i a t e d  th e  ' n c h in g  and d i s t o r t i o n  o f  DNA cou ld  

become in c r e a s in g ly  g ro a  a s  th e  c o l l s  c o n tin u e  to  p r o l i f e r a t e .

T h is  c o u ld  r e s u l t  i n  th e  p r o g re s s io n  o f  th e  h y p e r p l a s t i c  n o d u le  

u n t i l  th e  p o in t  when a  m a lig n a n t  tum our fo rm s .

D u rin g  th e  e a r ly  s ta g e s  o f  c a r c i n o g e n c s : b y  DAB th e r e  i s  an 

i n c re a s e d  s y n th e s is  o f  n u c l e o l a r  RNA b o th  i n  v iv o  and in  v i t r o  

(Godwin e t  a l ,  1 967 )and t h i s  a p p e a rs  to  be due to  in c re a s e d  a c t i v i t y  

o f  n u c l e o l a r  UNA p o ly m e rase  isozym e .

The a c t i v i t i e s  o f  a l l  u r e a  c y c le  enzymes a re  g r e a t ly  red u c ed  

in  p r im a ry  l i v e r  tum ours in d u c ed  by 3-me-DAB (McLean, 1 964 ).

The t r a n s p l a n t a b l e  hepatom as u se d  in  t h i s  s tu d y  w ere in d u c ed  

by f e e d in g  3-Mc-DAB in  th e  d i e t .  I n  th e s e  t r a n s p l a n t a b l e  h e p a to m a s , 

th e  n u c le u s  to  c y to p la s m  r a t i o  i s  in c re a s e d  as i s  th e  n u c le o lu s  to  

n u c le u s  r a t i o  (A lb re c h t  and L ie b e n b e rg , 1 972 ). The n u c le o lu s  i s  

u s u a l ly  found  a s s o c i a te d  w ith  th e  n u c lu o r  e n v e lo p e , Most po lysom es 

a re  f r e e  in  th e  c y to p la s m  and l i t t l e  rough c n d n p lasm ic  r e t i c u lu m  i s  

v i s i b l e .  R e la t iv e ly  few  m ito c h o n d r ia  a rc  se en  and sov a p p e a r  to  

b e  d e g e n e r a t in g .  The p la sm a  membrane ft*rmn p r o j e c t io n s  r e se m b lin g  

m i c r o c i l l i  and open sp a c e s  be tw een  th e  c u l l s  a rc  jo in e d  by 

desmcsomes ( i b id )  .

From th e  above u l t r a s t r u c t u r a l  changed  i t  was c o n c lu d e d  t h a t  t h i s  

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

1 .6 .  AIMS Of TltU PROJECT

The m o le c u lu r  c o r r e l a t i o n  th e o ry  p n u l ic  1» thnL  Lltf a c t i v i t i e s  

o f  th e  u r e a  c y c le  enzymes sh o u ld  d e c r e a s e  (a )  d u r in g  th o  r e g e n e r a t io n  

w hich  fo l lo w s  p a r t i a l  hopa tcc tom y , and  (b) i n  h ep ato m a . The p r e d i c t e d  

d ro p  i n  th e  a c t i v i t i e s  o f  th e s e  enzymes i s  in  a c c o rd a n c e  w ith  th e  

th e o ry  t h a t  u r e a  c y c le  in te r m e d ia te s  become, im p o rta n t: m e ta b o l i te s  

i n  a n ab o ? ’ c p r o c e s s e s  w hich a re  m -cc as a ry  t o r  c e l l  p r o l i f e r a t i o n .



The aim s o f  t h i s  p r o j e c t  w ere  to  d e te rm in e :

( i )  w h e th e r  u r e a  c y c le  enzyme a c t i v i t i e s  i n  r e g e n e r a t in g  r a t  

l i v e r  and hepatom a  f o l lo w  th e  p a t t e r n  p r e d i c t e d  by th e  m o le c u la r  

c o r r e l a t i o n  th e o ry ;

( i i ) th e  e f f e c t  o f  d i e t a r y  p r o t e i n  on th e  a c t i v i t i e s  o f  th e s e  

enzymes in v o lv e d  in  c a t a b o l i c  n i t r o g e n  d e t o x i f i c a t i o n  in  such 

r a p id l y  p r o l i f e r a t i n g  s y s te m s ;

( i i i )  th e  e f f e c t s  o f  c e r t a i n  horm ones on th e  a c t i v i t i e s  o f  u re a  

c y c le  enzym es in  r e g e n e r a t in g  l i v e r  and h ep ato m a , and w h e th e r  

hormone i n d u c i b i l i t y  i s  a g e -d e p e n d e n t;

( i v )  w h e th e r  t h e r e  i s  i n t e r a c t i o n  betw een  t r a n s p l a n t e d  hepatom a 

and h o s t  l i v e r ,  i n  th e  same a n im a l a n d , i f  s o ,  w h e th e r  th e  

i n t e r a c t i o n  i s  r e g u la te d  by h o s t  l i v e r  o r  hepatom a;

(v) w h e th e r  u r e a  c y c le  enzym es a re  c o n t r o l l e d  i n  a c o n c e r te d  

fa s h i o n ;

( v i )  w h s th e r  th e r e  i s  a t im e -d e p e n d e n t v a r i a t i o n  in  u r e a  c y c le  

a c t i v i t i e s .

In  th e  r e g e n e r a t in g  r o t  l i v e r  and hepatom a t i s s u e ,  b o th  o f  w hich 

a re  r a p id l y  d iv id i n g  s y s te m s , a d ro p  in  th e  n c t i v i t c s  o f  th e  u r e a  c y c le  

enzymes and h ence  th e  amount o f  u r e a  e x c r e te d  w ould  be  c o n s i s t e n t  

w ith  d e c r e a s e d  am ino a c id  c a ta b o l i s m .  A rg in in e , an in te r m e d ia te  

o f  th e  u r e a  c y c le  c o u ld  th e n  be sp a re d  f o r  th e  s y n th e s is  o f  new 

e s s e n t i a l  p r o t e i n s ,  and th e  o th e r  in te r m e d ia te s  cuvbam yl p h o sp h a te  

and a s p a m t e  c o u ld  be s p a re d  and r e r o u te d  tn  p y r im id in e  b io s y n t h e s is  

f o r  th e  s y n th e s i s  o f  n u c l e i c  a c id  w hich i r  e s s e n t i a l  f o r  g ro w th . 

O rn i th in e .,  a n o th e r  u r e a  c y c le  in t e r m e d i a t e ,  i.s a l s o  an in te r m e d ia te  

i n  th e  s y n th e s i s  o f  p o ly a m in e s  v i a  ODC. T h e r e f o r e ,  a  d e c r e a s e  

in  a c t i v i t y  o f  u r e a  c y c le  enzymes w ould be c o n s i s t e n t  w ith  th e  f a c t  

t h a t  ODC a c t i v i t i e s  a re  known to  in c r e a s e  b o th  i n  hepatom as and i p  

r e g e n e ra te  -<> v a t  l i v e r s  a f t e r  p a r t i a l  h e p a te c to m ic s .

1 t h '  e  s e t  o u t  to  d e te rm in e  th e  a c t i v i t i e s  o f  th e  u re a  

c y c le  enzym es in  n o rm a l , r e g e n e r a t in g  and n e o p la s t i c  r a t  l i v e r  u n der 

v a ry in g  c o n d i t io n s  o f  d i e t a r y  in ta k e  and horm onal s t i m u la t io n .



Mlil'HODS AND MATERIALS

2 .1  MATERIALS

The B r i t i s h  Dru<s H ouse L t d . , P o o le ,  E ng land  s u p p li e d  th e  

d ip o ta s s iu m  hy d ro g en  p h o s p h a te ,  p o ta s s iu m -d ih y d ro g o n  p h o sp h a te ,  

ammonium b ic a r b o n a t e ,  m agnesium  s u lp h a t e ,  L - o r n i t h in e  HC1, L - a s p a r t a t e ,  

p o ta s s iu m  s u lp h a t e ,  copp-.r s u lp h a te  ( h y d r a te d ) , s u lp h u r i c  a c id ,  

p o ta s s iu m  c h l o r i d e ,  c a lc iu m  l a c t a t e ,  i r o n  c i t r a t e  and n ig r o s in e .

K. M erck Company, D a rm s ta d t,  Germany s u p p l i e d  th e  i r o n  I I I  

c h lo r i d e ,  sodium  c h l o r i d e ,  m anganese  s u lp h a t e ,  N -g ly c y l  g ly c in e ,  

sod ium  h y d r o x id e , t r i s  (h y d ro x y m eth y l)  am inom cthane, p h o sp h o r ic  

a c id ,  d i a c e t y l  m ouox ine , a b s o lu te  e th a n o l ,  u r e a ,  p e r c h lo r i c  a c id ,  

e t h e r ,  g lu c o s e ,  d iso d iu m  hy d ro g en  p h o s p h a te ,  c a lc iu m  p h o s p h a te ,  

p o ta s s iu m  io d id e  and th e  1 - p h e n y l- l,  2 -p ro p a n c d io n e -2 -o x in ie  (PPDO).

The Sigma C hem ical Company, S t .  L o u is ,  M is s o u r i ,  U .S .A ., 

s u p p l i e d  th e  ATP, N -a c e ty l  g lu ta m a te ,  c a s e in  ( l i g h t  w h ite  v i ta m in  

f r e e ) , d i l i t h iu m  c arbam yl p h o s p h a te ,  L - o r n i th in e ,  u r e a s e ,  a r g in i n o s u c c in a t e , 

L - a r g in in e  H Cl, b o v in e  serum  alb u m in  (USA), sod ium  p o ta s s iu m  1 

t a r t r a t e  and c o r n s t a r c h .

A ncho r, I n d u s t r i e ,  S .A . ,  s u p p li e d  th e  fo o d  y e a s t .  P -m e thasone  

was o b ta in e d  a s  B e ta s o la n  s o lu b le  i n j e c t i o n  (2mg/ml) from  

G la x o w tllcn b u ry , Jo h a n n e sb u rg , S .A . G lucagon  and N - 2 '- 0 - d i b u t e r y l  

a d e n o s in c - 3 '- 5 ' -m onophospha te  c y c l i c  ( d ib u to r y l  c-AMP) w ore o b ta in e d  

from  Sigm a C hem ical Company. T h alam o n .il, l o t h  (d ro n e  and H ib i ta n e  

w ere o b ta in e d  from  C o ld f ie ld s  V e te r in a r y  S u p p l ie s ,J o l ia w ic s b u rg , S.A .

G e v ra l V ita m in -M in e ra l N u t r i t i o n a l  S upplem ent was s u p p li e d  by L e d e r le  

L a b o r a to r i e s ,  I s a n d o ,  S.A .

2 .2  ANIMALS

Male and fem a le  a lb in o  Spraguv-D nw lcy r a in  worn b re d  and 

s u p p l i e d  by Lliu U n iv e r s i ty  a n im a l I n c i . l i l y  f o r  t h i s  i n v e s t i g a t i o n .

A nim als w ere  s u p p li e d  a t  21 days o f  age and th e n  s a c r i f i c e d  a t  28 

o r  35 days o f  age  d e p en d in g  on th e  e x p e r im e n t.

A l l  a n im a ls  w ^re  m a in ta in e d  on th e  '8 - 1 6 ' s c h e d u le  o f  P o t t e r  

_et a h  (1968) . U nder t h i s  reg im e  th e  d a y l ig h t  was r e v e r s e d .  The 

a n im a ls  w ere  ho u se d  i n  a room s c a le d  form  e x te r n a l  l i g h t ,  a t  a 

c o n s ta n t  room te m p e ra tu re  o f  22°C and a r t i f i c i a l  i l l i m i n a t i o n  was 

s w itc h e d  on from  20 '.00  h o u rs  to  08100 h o u r s . F ood  was s u p p li e d  a t



0 8 ;0 0  h o u rs  rnd  removed aC 16 :0 0  h o u rs  w ith  w accr b e in g  a v a i l a b l e  

c o n t in u o u s ly .  A p ar t from  ttliese tim es a n im a ls  w ere o n ly  d is t u r b e d  

f o r  ho rm onal i n j e c t i o n s  or a n a e s th e t i c  p r i o r  to  o p e r a t io n s  o r  rem ova l 

f o r  s a c r i f i c e .  R a ts  w ere  f e d  on d i e t s  c o n ta in in g  0%, 10%, 22% 

o r  752 p r o t e i n  ( 2 . 3 ) .  They w ere  weaned a t  20 days on to  one o f  

th e s e  d i e t s  and a d a p te d  to  th e  a p p r o p r ia te  d i e t  and th e  '8 - 1 6 ' reg im e  

f o r  a t  l e a s t  one week p r i o r  to  s a c r i f i c e .

2 .2 .1  R a ts  f o r  th e  s tu d y  o f  hepatom a

A lb in o  W is ta r  s t r a i n  r a t s  b e a r in g  t r a n s p l a n t a b l e  3-MeDAB 

in d u c e d  h ep ato m as w ere  s u p p l i e d  by D r C. A lb r e c h t ,  C .S . I .R .  T hese  

w ere  s e v e n  week o ld  m a le s .

2 .3  DIETS

The 22% p r o to in  d i e t  was s u p p l i e d  i n  th e  fo rm  o f  no rm al l a b o ra to r y  

r a t  p e l l e t s  from  E p o L  They c o n ta in e d  56% c a r b o h y d ra te ,  4,2% f a t ,

8% f i b r e ,  22% p r o t e i n ,  1% c a lc iu m , 1,69% p h o sp h a te  and 0,45% s a l t .  

M e ta b o l is a b le  e n e rg y  was found  to  be  2490 K ca l/K y  and th e  t o t a l  d i g e s t -  

a b l e  n u t r i e n t s  co m p rised  71% o f  th e  t o t a l .  Tlic 0%, 10% and 75% 

p r o t e i n  d i e t s  w are  made up ai: shown in  t a b l e  2 . 1 , th e  c o r n s t a r c h  was

h y d ro ly z e d  by b o i l i n g  in  w a te r ,  i t  was tliun  r o d r i c d  -n  a  d r y in g  oven

and p u lv e r i z e d  in  n W aring b le n d e r .  The b rn w e 's  y e a s t  c o n t r ib u te d  

5% tow ard  th e  t o t a l  p r o t e i n  c o n te n t  o£ th e  d i e t .

Tab 1c 2 .1  C o m p o sitio n  o f  d i e t s

I n g r e d ie n t 10%

C a se in 5% 70%
Ssuisur 10% -

C o rn s ta rc h 7%

t i r e w e r 's  Y vasl 10%

S tee n b o ck  s a l t  in ix tu re * 3%
V ita m in  sup p le m e n t* 5 c a p su le /K jj

* See t a b l e  2 .2  

x  " " 2 .3



T a b le  2 .2  S te e n b e c k  S a l t  M ix tu re

Sodium  c h lo r id e 2 2 ,3 6

Magnesium s u lp h a te 24 ,60

u i-S o tllu m  h yd rogen  o r th o p h o sp h a te 35 ,80

C a lc ium  tc tru liy d to g f in d i - o r th o p h o s p h a te 6 8 ,8 0

C a lc ium  l a c t a t e 15 ,40

P o ta s s iu m  I o d id e 0 ,1 5

F e r r i c  C i t r a t e 5 ,9 8

d i- P o ta s s iu m  hydrogen o r th o p h o sp h a te 63 ,60



T a b le  2 .3  CcmtenLs p e r  U ev ra l C a p su le

I n g r e d ie n t  Q u a n t i ty

V ita m in  A a c e t a t e  5000 U .S .P . u n i t e

V ita m in  D 500 U .S .P . u n i t s

T h iam ine  m o n o n it ra te  (B^) 5 mg

R ib o f la v in  (B^) 5 mg

P y r id o x in e  iiC l (IS,.) 0 ,5  mg

V ita m in  B12 1 ,ug

A sc o rb ic  A cid  50 mg

d -  \  -T o c o p h e ry l A c e ta te  10 I .U .

N ia c in a m id e  15 mg

C alc ium  P a n to th e n a te  5 mg

C alc ium  (a s  CallPO^) 1.45 mg

P h o sp h o ru s ( a s  CallPO^) 100 mg

lilo m o n ta l I ro n  ( a s  F e r ro u s  F u m eta to ) 10 mg

Magnesium a s  MgO 1 mg

P o ta s s iu m  as K^SO^ 5 mg

I o d in e  a s  KI 0 ,1  mg

C opper a s  CuO 1 mg

M anganese as (MnO,,) 1 mg

Z in c  (a s  ZnO) 0 ,5  mg

1,-L y s in e  MCI 2'> mg

C h o lin e  B i t a r t r a t e  50 mg

I n o s i to l  50 mg



2 .3 .1  P r e p a r a t io n  o£ P i n t s

The in g r e d i e n t s  w ere  added  to  th e  m e lte d  l a r d ,  m ixed w e l l  and 

a llo w e d  to  t o o l  b e f o r e  a d d in g  th e  v i ta m in  su p p le m e n t. D ie ts  w ere 

s to r e d  a t  -20°C  and m ixed w ith  w a te r  to  a t h i c k  c o n s is te n c y  j u s t  

b e f o r e  f e e d in g .

2 .4  ASSAY MBT1I0DS

2 .4 .1  A ssays f o r  u r e a  c y c le  enzyme a c t i v i t i e s

2 .4 .1 .1  P r e p a r a t io n  o f  l i v e r  f o r  q u a n t i t a t i v e  a ssa y

T he r o t s  w ere  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n ,  th e  l i v e r s  w ere  

rem oved, c h i l l e d ,  w eighed  and hom ogenized f o r  30 se co n d s in  24 volum es 

(w /v) i c e  c o ld  lOmM p h o sp h a te  b u f f e r ,  pll 7 , 4 ,  u s in g  an U l t r a  T u r ra x  

h o m o g e n ize r. The horaogcnate was th e n  d iv id e d  i n t o  th r e e  p a r t s .

One p a r t  was d i l u t e d  w ith  two volum es o f  th e  p h o sp h a te  b u f f e r ,  

and s to r e d  on i c e  to  be u se d  f o r  th e  a s s a y  o f  ASS. The f i n a l  d i l u t i o n  

was 1 i n  50 (w /v) .

A se co n d  p o r t i o n  was d i l u t e d  to  a f i n a l  d i l u t i o n  o f  1 : 100 

(w /v) w ith  10 mM i g a n e s e  s u lp h a te  b u f f e r .  T h is  was used  f o r  th e  

a s sa y  o f  a r g in i n o s u c c in a t e  l y a s e .  A s m a l l  volum e o f  t h i s  e x t r a c t  

was th e n  f u r t h e r  d i l u t e d  to  1 s 300 (w/v., w ith  10 mM m anganese s u lp h a te  

f o r  th e  a s s a y  o f  a r g in u s e .  The d i l u t e d  Uei " g c n a le  l o r  AI, was s to r e d  

on i c e  u n t i l  r e q u i r e d  f o r  a s s a y ,  w h ile  th a t  i< ir a v g in a so  was k e p t a t  room 

te m p e r a tu re  f o r  one h o u r  p r i o r  to  a s sa y  f o r  th e  m axim al a c t i v a t i o n  o f  

a rg in a s e  by m anganese i o n s .

A volum e o f  th e  o r i g i n a l  hoinogcnato was f ro z e n  in  a  m ix tu re  o f  

d ry  i c e  and act*tone and a llo w ed  to  thaw  a t  room to w p r ta l u to .  T h is  was 

th m  d i l u t e d  te n  tim e s  i n  10 mM b u f f e r ,  pll 7 .4 ,  and a s sa y e d  f o r  Cl’S 

a c t i v i t y .  The one  in  250 homogenaLv. was d i l u t e d  a f u r t h e r  tw enty  

tim es in  th e  j0  mM p h o sp h a te  b u f fe r ,  pll 7 .4 ,  and th in  f i n a l  d i l u t e  

e x t r a c t  u se d  f o r  th e  a s sa y  o f  0TC.

The p r o t e i n  c o n c e n tm t io i i  o f Hie homogeii.ile was d e te rm in e d  in  th e  

1 : 5000 (w /v) d i l u t i o n  Iw th e  m ethod o f  l.owry £ l  a h  ( I 9 'i l )  as 

d e s c r ib e d  u n d e r  P r o t e in  d e te r m in a t io n  ( 2 .4 .2 .3  )•



The enzyme l e v e l s  In  th e  hepatom a t i s s u e  w ere  g r e a t l y  r e d u c e d  and

so  th e  hom ogenate  o f  t h i s  t i s s u e  was d i l u t e d  to  a l e s s e r  e x te n t  th a n

no rm al l i v e r  o r  h o s t  l i v e r .  The o r i g i n a l  hepatom a t i s s u e  was d i lu t e d  

w i th  n in e  vo lum es (w /v )  o f  p h o sp h a te  b u f f e r  (pH 7 ,4 ) .  One volum e o f  

th e  1 : 10 hom ogenate  was removed and  d i lu t e d  w ith  one  volum e o f  

m anganese  s u lp h a te  b u f f e r  aitd t h i s  d i l u t i o n  was  u se d  f o r  th e  a s s a y  o f  

AL and  a r g in a s e ,

The o r i g i n a l  hom ogenate  was d i lu t e d  tw e n ty  tim e s  and  th e  1 : 200 

d i l u t i o n  was u se d  f o r  th e  a s s a y  o f  OTG ao  w e l l  a s  to  d e te rm in e  th e  

p r o t e i n  c o n te n t  o f  th e  hepatom a t i s s u e .

The o r i g i n a l  1 : 10 e x t r a c t  was u se d  f o r  th e  a s s a y  o f  b o th  CPS and

ASS a c t i v ' c i e s  i n  th e  hepatom a,

A c t i v i t y  was e x p re s s e d  in  i n t e r n a t i o n a l  u n i t s ,  one u n i t  b e in g  t h a t  

am ount o f  enzyme p e r  gram  w et w e ig h t o f  l i v e r  r e q u i r e d  to  c a ta ly z e  

th e  p r o d u c tio n  ( o r  d e p le t i o n )  o f  1 pm ole o f  p ro d u c t o r  s u b s t r a t e  p e r  

m in u te  u n d e r  a s s a y  c o n d i t io n s .

S p e c i f i c  A c t i v i t y  was d e f in e d  a s  a c t i v i t y  p e r  mg o£ l i v e r  p r o t e i n  

w ith  a c t i v i t y  d e f in e d  a s  above.

2 .4 .1 .2  S pec tro p h o to m e  t r i e  a s s a y  f o r  CPS a c t i v i t y  (M etzenberg  

e t  e l . , 1958; Drown and Cohen, 1959)

The r e a c t i o n  fo llo w ed  i s :  N -acp lu

( i )  Ammonia -I- b ic a r b o n a te  I 2ATP — — > c arbam yl p h o sp h a te  +
2ADP + P i

< i i )  Carbamyl ph ospha t e  -I ov ti JLh inc  -------------1 c l l r u l l J n o  I P i

The b e e f  l i v e r  OTG was p re p a re d  a s  f o l lo w s :

lOOg o f  f r e s h  b e e f  l i v e r  was hom ogenized  on ic e  and  s t r a i n e d  th ro u g h  

c h e e s e c lo th .  The hom ogenate was f ro z e n  in  a m ix tu re  o f  d ry  i c e  and 

a c e to n e ,  thaw ed and cen t r i  Tuged a t  23 OOOy to  remove c e l l  d e b r i s ,  The 

s u p e r n a ta n t  was h e a te d  a t  60(,C f o r  20 m in u te s  and a g a in  c e n t r i f u g e d  to  

remove d e n a tu re d  p r o t e i n .  The p ro p ,ir a t Ion  was s to r e d  a t  -1B°C and  

d i l u t e d  1 : 10 (w /v )  w ith  d J s i . i l l o d  w n te r  bufori* u s e .

The f i n a l  c o n c e n t r a t io n  o f  voap .cu ls in  Lhc a s s a y  volum e was a s

50 jjM ammonium b lc n c b o n a le j  10 >iM magnesium  s u lp h a te ;  5 pH 

L - o r n i t h in e  1IC1; 5 pM oles n -a c o ly  g lu ta m a te  (pH 7 ,0 ) ;  5 pM ATP.

Ertaa l vo lum es o f  th e  f i r s t -  f o u r  r r . i j jp n ts  w ere  com bined and b u b b le d  

w ith  c a rb o n  d io x id e  f o r  a b o u t 30 m in u te s  to  a pit o f  6 ,6 ,  The a s s a y  

tu b e s  w ere  p la c e d  in  a  w a te r  b a th  a t  37°C , 5 ml o f  1M HClO^ p ip e t t e d  i n to



th e  b la n k  tu b e s .  The ATP wr..* sddcd to  th e  g a s se d  m ix tu re  w ith  th e  

OTC e x t r a c t s  in  a  r a t i o  o f  1 : 2 i 1 (v /v )  o f  ATP: g a sse d  m ix tu re :

OTC; 0 ,5  ml o f  t h i s  m ix tu re  was p ip e t t e d  i n t o  eac h  tu b e  and 

e q u i l i b r a t e d  a t  37°C Eor fwo m in u te s .  The r e a c t i o n  was i n i t i a t e d  

by a d d i t i o n  o f  0 ,5 m l o f  th e  Cl’S e x t r a c t  and  s to p p e d  a f t e r  f i f t e e n  

m in u te s  in c u b a t io n  by th e  a d d i t i o n  o f  1M ilClO^ The p r e c i p i t a t e d  

p r o t e i n s  w ere  c e n t r i f u g e d  down a t  1 OOOg f o r  te n  m in u te s  u s in g  an 

NSE bench  c e n t r i f u g e  p r i o r  to  c i t r u l l i n e  d e te r m in a t io n  ( 2 .4 .2 . ) .

A l l  a s s a y s  a r e  done i n  d u p l i c a t e .

2 . 4 . 1 , 3  ft-ssay m ethod Cor o r n i t h i n e  t r a n s c a rb a w y ta s e  
(ttrown and Cohen, 1959)

The r e a c t i o n  fo llo w e d  i s  ^

C arbam yl p h o sp h a te  + o r n i th in e  --------» c i t r u l l i n e  + P i

The a s sa y  sy s te m  c o n ta in e d  0 ,5  ml eac h  o f  L - o r n i t h in e  HC1, 

pH 8 ,0 ,  to  a f i n a l  c o n c e n tr a t io n  o f  10 ^uMoles and N -g ly c y lg ly c in e ,  

pH 8 ,3 ,  to  a  f i n a l  c o n c e n tr a t io n  o f  45 uM o lc s , and 10 .u llo les  o f  f r e s h ly  

p r e p a re d  carb am y l p h o s p h a te . The a s sa y  tu b e s  c o n ta in in g  th e  r e a c t i o n  

m ix tu re  a re  p la c e d  i n  th e  w a te r  b a th  a t  3 7°C. A r e a g e n t  b la n k  b la n k  

i s  made up by th e  a d d i t io n  o f  0 ,5  ml o f  phosphate: b u f f e r  and 2 ml 

HCIO^ a t  z e ro  tim e  to  r e s t  f o r  th e  amount o f  c i t r u l l i n e  p r e s e n t  in  th e  

r e a c t i o n  m ix tu re  a t  z e ro  tim e .

A r e a g e n t  b la n k  i s  made up by th e  a d d i t io n  o f  0 ,5  ml 

o£ p h o sp h a te  b u f f e r  in s t e a d  o f  enzyme, and i a  s to p p e d  to g e th e r  y i th  

th e  sam ple tu b e s  w ith  2 n l UCIO^. T hese  t e s t  f o r  th e  amount o f  

c i t r u l l i n e  form ed i n  th e  r e a c t i o n  m ix tu re  d u r in g  th e  in c u b a tio n  

p e r io d .

The r e a c t i o n  in  th e  sam ple tu b e s  i s  i n i t i a t e d  by th e  a d d i t io n  

o f  th e  OTC homoiseuatc (1 :5 0 0 0  d i l u t i o n )  to  n f i n a l  volume o f  2 ml 

a f t e r  a  two m in u te  e q u i l i b r a t i o n  tim e  o f  tlxu tu b e s  a t  37°C» The 

r e a c t i o n  i s  a llo w e d  to  p ro ce ed  f o r  te n  m in u tes  and i s  te rm in a te d  

by th e  a d d i t io n  o f  2 ml o f  IICJO^dM).

The r e a g e n t  b la n k  b la n k  - . - m a s  l o r  c i t r u l l i n e  p r e s e n t  a t  

ze ro  Lime in  th e  r e a g e n t  b la n k  ’ th e  e o r r c e lv d  m i^ o n t  It 1 link i s  

th e n  s u b tr a c te d  from  s.-imple re . . ',{« to  c o rv c e t  f o r  th e  e f f e c t  of 

in c u b a t io n  on th e  r e a c t i o n  m ix tu re ,  C i t r u l l i n e  d e te rm in a tio n s  

( 2 .4 .2 .1  j a r e  th e n  c a r r i e d  o u t  in  th e  s u p e rn a ta n t  a f t e r  p r e c i p i t a t e d ,  

p r o te i n s  have been  c e n t r i f u g e d  doiM i t  I OOOg f o r  te n  m in u te s  in  an 

MSii b ench  c e n t r i f u g e .  A l l  a s s a y s  a re  'one in  d u p l i c a t e .



2 .4 .1 .4  A ssay m ethod f o r  A n u n in o s u c c in a tP  Syn tlieL asc  
(R a tn e r  1955; M o d ifie d  by Hixom e t  a l . , 1972)

The r e a c t i o n  m easu red  i s  th e  d e p le t i o n  o f  c i t r u l l i n e  from  th e  

r e a c t i o n  m ix tu re  a s  f o l lo w s :

c i t r u l l i n e  + a s p a r t a t e   a r g in i n o s u c c in a t e

The a s sa y  sy s te m  c o n s is te d  o f  Ijjm ole o f  L - c i t r u l l i n e  (pH 7 ,5 ) ,

5 um oics L - a s p a r t a t e  (pH 7 ,5 ) ,  5 nm o les  o f  m agnesium  s u lp h a te ,

Spm oles o f  ATP, lOOjimoles o f  t r i s  (h y d ro x y m eth y l)  am inom ethane (pH 7 ,5 ) ,  

a p p ro x im a te ly  1 ,0  u n i t  o f  u r e a s e  p lu s  enzyme e x t r a c t  to  a f i n a l  

volume o f  1 ,0 m l.

The r e a c t i o n  was i n i t i a t e d  by th e  a d d i t i o n  o f  c i t r u l l i n e  to  

th e  sam p le  tu b e  w hich had p r e v io u s ly  be en  e q u i l i b r a t e d  to  37 C f o r  

two m in u te s .  The r e a c t i o n  was te rm in a te d  a f t e r  20 m in u te s  in c u b a t io n  

by th e  a d d i t io n  o f  4 ,0  ml p e r c h lo r i c  a c id  (0 ,5 M ). Z e ro  tim e  c o n t r o l s  

a re  o b ta in e d  by a d d in g  c i t r u l l i n e  a f t e r  tw e n ty  m in u te s  when UCIO^ 

h as be en  a d d ed . T h is  a llo w s  f o r  u r e a s e  to  b reakdow n any u r e a  w hich 

may b e  p r e s e n t  i n  th e  enzyme e x t r a c t  w ith o u t  c i t r u l l i n e  b e in g  u se d  up

in  th e  r e a c t i o n .  Both sam p les and b la n k s  w ere  a s sa y e d  in  d u p l ic a t e

and c i t r u l l i n e  d e te r m in a t io n s  ( 2 . 4 . 2 . I ) done on th e  s u p e r n a ta n t  a f t e r  

p r e c i p i t a t e d  p r o t e i n  had been  rem oved by c e n t r i f u g a t i o n  a t  1 OOOg 

f o r  tw en ty  m in u te s  in  an MSIS b ench  c e n t r i f u g e .

2 .4 .1 .5  The a s s a y  m ethod f o r  A rn iu in o s u c c in a to  L yase

The r e a c t i o n  fo llo w e d  i s :

a r g in i n o s u c c in a t e  — ■>• a r g in i n e  + fu m aro tc

a r g in i n e  ---------------► u r e a  + o r n i th in e

A r g in in o s u c c in a te  i s  s to r e d  a s  th e  b a riu m  s a l t  and b e fo r e  u se  

p o ta s s iu m  s u lp h a te  m ust be added to  p r e c i p i t a t e  th e  b a riu m . The 

p r e c i p i t a t e d  b a riu m  as b a riu m  s u lp h a te  in  n'lm 'vod by c e n t r i f u g a t i o n  

a t  1 OOOg f o r  te n  m in u tes  i n  an MM bench ie n lv i f u g o .

The a s s a y  sy s te m  c o n ta in s  2pm ulos o f  a r g in i n o s i i e n in a u  and 

50 nm o les o f  p h o sp h a te  b u f f e r ,  pil 7 ,4 ,  c . c e s s  a rg in o s c  and enzyme 

e x t r a c t  i n  a  f i n a l  volum e o f  1 ,0  m l. T h- sam ple  tu b e s  w ere  p la c e d  in -  

th e  w a te r  b a th  a t  3 ’/°C f o r  two m in u te s  ■ e q u i l i b r a t e  th e  te m p e r a tu re .



Z e ro  tim e  b la n k s  w ere  s e t  up by d is p e n s in g  2 ,0  ml o f  HCIO^ (1M) 

b e fo r e  a d d in g  enzyme e x t r a c t .  The r e a c t i o n  was i n i t i a t e d  by 

a d d i t i o n  o f  e x t r a c t  to  th e  i n c u b a t in g  m ix tu re  and a llo w ed  to  p ro ce ed  

f o r  30 m in u te s  p r i o r  to  te rm in a t io n  by 2 ,0  ml o f  HCIO^ ( 1M). 

P r e c i p i t a t e d  d e n a tu r e d  p r o t e i n  was spun down a t  1 000g f o r  10 m in u tes  

i n  an MSB b ench  c e n t r i f u g e .  A rg in in e  p ro d u ce d  by th e  AL r e a c t i o n  i s  

c o n v e r te d  to  u r e a  by th e  e x c e s s  a r g in a s c  p r e s e n t  i n  th e  hom ogenate . 

S am ples w ere  th e n  to k e n  f o r  u r e a  d e te r m in a t io n  as s p e c i f i e d  i n  2 . 4 . 2 . 2 .

2 .4 .1 .6  The A ssay m ethod f o r  A rg in asc
(Brown and C ohen , 1959 ; m o d if ie d  by B e lin sk y  and 
B a ld w in , 1962)

The r e a c t i o n  fo llo w e d  i s : -

a r g in i n e  -------------------» o r n i t h i n e  + u r e a

The r e a c t i o n  m ix tu re  c o n ta in e d  25ym oles o f  1 ,- a r g in in e  1101 

(pH 9 ,5 )  a .'d  th e  a r g in a s e  e x t r a c t  made up to  a f i n a l  volum e o f  2 ,5  m l.

Sam ple tu b e s  c o n ta in in g  a r g in i n e  w ere  e q u i l i b r a t e d  a t  37°C 

f o r  two n in u te s .  C o n t ro l  tu b e s  w ere  made by a d d in g  5 ,0  ml o f  HCIO^ 

(0,5M) to  sam ple tu b e s  a t  z e r o  t im e , p r i o r  to  th e  a d d i t io n  o f  enzyme 

e x t r a c t .  The r e a c t i o n  was i n i t i a t e d  by th e  a d d i t io n  o f  enzyme e x t r a c t  

to  th e  i n c u b a t in g  m ix tu re  and a llo w ed  to  p ro c e e d  f o r  te n  m in u te s  p r i o r  

to  te rm in a t io n  by th e  a d d i t io n  o f  2 ,5  ml o f  HCIO^ (0 ,5 M ). The 

p r e c i p i t a t e d  d e n a tu r e d  p r o t e i n  was removed by c e n t r i f u g a t i o n  a t  1 000 g 

f o r  te n  m in u tes  i n  an MSB bench  c e n t r i f u g e .  A ll a s s a y s  w ore done in  

d u p l i c a t e .  Sam ples w ere ta k e n  from  th e  s u p e r n a ta n t  to  d e l e rm in e  th e  

am ount o f  u r u -  p r e s e n t .  T h is  m ethod i s  d e s c r ib e d  in  2 . 4 . 2 . 2 .

2 .4 .2  C o lo r im e t r ic  A ssays

2 . 4 . 2 . 1  C o lo r im e tr ic ,  d e te r m in a t io n  o f  c i t m l l l n u  
( A r c h ib a l d ,1944 m o d if ie d  by lU ifn e r , l ‘)55)

1) A cid  m ix tu re  • -  3 p a r t s  sy ru p y  o r lh o p l u s p h o r ic  a c id s  1. p a r t  

s u lp h u r i c  a c id  t 6 p a r t s  w a te r  c o n ta in in g  i r o n  I f f  c h lo r id e  

(0,5mM),

2) 0,75%  aqueous s o lu t io n  o f  d in c e ty l  monuxim c.

3) ImM s o lu t io n  o f  c i t r u l l i n e  i n  0,8M o r th o p h o s p h o r ic  a c id .  

D i lu t i o n s  w ere  made w ith  1M UC10,



t o  2 ml o f  sa m p le , 2 ml o f  a c id  m ix w ere  a titled. I n  Che d a rk  room 

1 ml o f  d i i ic e u y l  'iionoxime was a d d ed , th e  tu b e s  w ere  s to p p e r e d  and 

sh a k en  v ig o r o u s ly  and p la c e d  i n  r a p id l y  b o i l i n g  w a te r  i n  Che d a rk  f o r  

15 m in u te s .  The Cubes w ere  im m ersed I n  a n ig r o s in e  d y e -c o n ta in in g  i c e  

b a th  to  c o o l  and f o r  p r o t e c t i o n  a g a in s t  l i g h t .

The a b so rb a n c e  was re a d  a t  490 rnn in  an H i ta c h i  M odel 101 

s p e c tr o p h o to m e te r .  The am ount o f  c i t r u l l i n o  p roduced  in  eac h  a ssa y  

was d e te rm in e d  from  a  c a l i b r a t i o n  c u rv e  ( f i g .  2 .1  ) .  The u n i t  o f  

enzyme a c t i v i t y  was d e f in e d  a s  Chut o c t i v i l y  w h ich  p ro d u ce d  1 yUmole 

o f  c i t - . ru l l in e  p e r  m in u te . The c a l i b r a t i o n  c u rv e  was p l o t t e d  u s in g  a 

com pu ter p rog ram  ( s e c  a p pend ix ) and a l l  a b so rb a n c e  v a lu e s  w ere  rea d  

o f f  t h i s  c u rv e  and  a c t i v i t i e s  com puted a u to m a t ic a l ly .

2 . 4 . 2 . 2  C o lo r im c t r ic  d e te r m in a t io n  o f  u r e a

Two ml o f  th e  AL a s sa y  sam p le  o r  0 ,5  ml o f  th e  a r g in a s e  a ssa y  

sam p le  w ure added  Co 5 ,0  ml o f  th e  a c id  mix d e s c r ib e d  a b o v e. To t h i s  

was added  5 ml o f  l - p h e t i y l - l ,  2 -p ro p a n u d io n o -2 -o x im e  s o lu t io n  in  

a b s o lu c e  a lc o h o l  (3% w /v ) i n  Che d a rk , s to p p e r e d ,  shaken  v ig o r o u s ly  

and em orsod in  a b o i l i n g  w acerbat.h  f o r  out* h o u r .  The tu b e s  w ere 

removed and p la c e d  in  a  n ig r o s in e  d y e -c o n ta in in g  i c e  b a th  to  c o o l 

them and - p r o t e c t  th e  s o lu t io n s  from  th e  l i g h t .

The a b so rb a n c e  was th e n  r e a d  a t  540 mn in  an H i ta c h i  M odel 101 

s p e c tr o p h o to m e te r .  W ater was u se d  a s  o b la n k .  Two s ta n d a r d  c u rv e s ,  

f o r  u r e a  p ro d u ce d  by AL ( f i g  2 . 2 . )  and a r g in a s e  ( £ ig  2 .3 )  w ere 

c o n s t r u c t e d .  Thesis w ere  p l o t t e d  u s in g  a com pu ter p rog ram  (se e  

ap p en d ix ) a b so rb a n c e  v a lu e s  w ere  r e a d  o f f  ami a c t i v i t i e s  w ere 

com puted a u to m a t ic a l ly .

2 . 4 . 2 . 3  C o lo r im e t r ic  d c lo rm ln o i i on » f  p r o t e i n s  (Lowry e t  c t l . ,
1951 ; Layne, 1957 )

(1 ) R e ag e n t A ( i )  2,7% p o ta s s iu m  sod ium  t a r t r a t e

( i i )  1,0% c o p p e r  s u lp h a te

( i i i )  2 , 0 /  sod ium  i-nvUimnlt' in  0 ,1  N sodium  h y d ro x id e ,

K eaguiita  ( i )  a,id ( i i )  w ere  f i r s t  m ixed and th e n  re a g e n t  ( i i i )  

was added in  a  r a t i o  o f  1 i 1 : 4ti (w/v)-



(2 ) R eag en t B*.- F o l in  C i .o c a lte a u  r e a g e n t  was d i lu t e d

1 : 2 w ith  w a te r .

(3 ) S ta n d a rd  p r o t e i n  d i l u t i o n s  w ere  p r e p a re d  Erom a  s to c k  

s o lu t i o n  o f  0,5%  B ovine  Serum  A lbum in (BSA).

To 1 ml o f  sam ple , 5 ml o f  r e a g e n t  A was a d d ed . The tu b e s  w ere 

sh a k en  and a llo w e d  to  s ta n d  f o r  20 m in u te s .  A f t e r  t h i s  tim e  0 ,5  ml 

o f  r e a g e n t  B was a d d ed , th e  s o lu t io n s  m ixed im m ed ia te ly  and th e  tu b e s  

w ere l e f t  f o r  30 m in u te . b e fo r e  r e a d in g  th e  a b so rb a n c e  a t  750 nm 

in  an H i ta c h i  M odel 101 s p e c tr o p h o to m e te r .  The amount o f  p r o t e i n  

p r e s e n t  was d e te rm in e d  from  a  c a l i b r a t i o n  c u rv e  ( f i g .  2 . 4 ) .
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mhull e s  mnl l he ithsiirhflm -e i end .11 >'<0 nm.



2 .5  INJECTIONS

A nim als w ere  k i l l e d  24 h o u rs  a f t e r  an i n j e c t i o n  u n le s s  o th e rw is e

G lucagon  was d is s o lv e d  in  d i l u t e  HC1 and b ro u g h t to  pH 7 .4  

w ith  sod ium  h y d ro x id e . '  t s  w ere  g iv e n  a  s in g l e  i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  250 y g  /  50 g.

A -m e th aso n e  was o b ta in e d  a s  l i e t s o l a n ,  th e  v e t e r i n a r y  p r e p a r a t io n  

c o n ta in in g  2 mg/ml o f  B -m ethasone p h o sp h a te  B .1 M . A s in g l e  

i n t r a p e r i t o n e a l  i n j e c t i o n  o f  100 yg  /  50 g was g iv e n .

D ib u te r y l  CAMP was d is s o l v e d  in  d i s t i l l e d  w a te r  and r a t s  

i n j e c t e d  in t r a p e r i t o n e a l l y  w ith  250 y g  /  50 g .

The a n a e s t h e t i c ,  th a la m o n a l (0 ,0 5  mg /  ml f e n ta n y l  +

2 .5  mg I  ml d r o p e r id a l )  was i n j e c t e d  in t r a m u s c u la r ly  (0 ,1 5  m l /  100 g) 

a b o u t f i v e  m in u tes  b e fo r e  o p e r a t in g  and th e  r a t s  w ere  b ro u g h t

a round  im m ed ia te ly  a f t e r  th e  o p e r a t io n  w ith  a s in g l e  in t r a m u s c u la r  

i n j e c t i o n  o f  le th id r o n e  ( N a lo r p h r in e  h y d rob rom ide  20 mgs /m l ) ,  an 

a n t id o t e  to  th e  a n a e s th e t i c .

A s in g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  c o rd e c o p in  (1 mg/ 100g) 

was g iv e n  a t  z e ro  tim e  in  p a r t i a l l y  h e p a te c to m iz e d  r a t s ,  th e  same 

b e in g  tru e  f o r  a c tin o m y c in -0  t r e a tm e n t  (AND) (50  y g /5 0 g )  . The 

c o rd c c e p in  and A M D -troatod a n im a ls  w ere  s a c r i f i c e d  a t  6 and 10 h o u rs  

p o s to p o r a t iv e l y .

2 .6  PARTIAL HEl’ATECTOMX (H ig g in s  and A nderson , 1931)

T he l i v e r  o f  th e  r a t  i s  com posed o f  f o u r  m ain lo b e s .  The 

m edian  lo b e  i s  c l e f t  by a lo n g i t u d in a l  f i s s u r e  w h ich  d iv id e s  i t  i n to  

a r i g h t  and l e f t  c e n t r a l  lo b e . The. r i g h t  c e n t r a l  lo b e  i s  f la n k e d  

by th e  r i g h t  l a t e r a l  lu b e , th e  l a t t e r  b e in g  t r a n s v e r s e l y  d iv id e d  by a 

f i s s u r e  i n t o  two s m a l le r  lo b e s ,  I he p o s t e r i o r  '  nn c a p p in g  th e  

a n t e r i o r  p o le  o f  th e  r i g h t  k id n e y . The l e f t  l a t e r a l  lo b e  i s  la rg o  

and l i e s  im m ed ia te ly  b e h in d  th e  l e f t  c e n t r a l  lo b e . The c a u d a te  

lo b e  i s  a l s o  d iv id e d  t r a n s v e r s e l y  i n to  two s m a l le r  lo b e s  w hich  l i e  

w i th in  th e  c u rv a tu r e  o f  th e  s tom ach .



The o p e r a t io n  was c a r r i e d  o u t  uncior Chtilnmonal a n a e s th e s i a  

( 0 ,1 5  m l /100 g ) . C a r e f u l  a s e p s i s  was m a in ta in e d  a t  a l l  t im e s .

The v e n t r a l  s u r f a c e  o f  th e  r a t  was w iped w ith  h ib i t a n e  and a l l  

s u r f a c e  h a i r  rem oved by s h a v in g  from  th e  to p  o f  th e  r i b - c a g e  to  

a b o u t 6 cm p o s t e r i o r l y  from  th e  x ip h o id  p r o c e s s  o f  th e  s tom ach .

T hrough  a  m id - l i n e  i n c i s i o n  r e a c h in g  th r e e  to  f o u r  c e n t im e t r e s  

p o s t e r i o r l y  from  th e  x ip h o id  p r o c e s s ,  th e  la r g e  m edian  lo b e  was e a s i l y  

d e l iv e r e d ,  s e c u r e ly  l i g a t e d  by v e t i f i l ,  a  s y n th e t i c  s u r g i c a l  

s u t u r e ,  and th e n  e x c is e d .  I n  t h i s  was p o r t i o n s  o f  th e  l i v e r  parenchym a

r a n g in g  from  65% to  75% o f  t o t a l  l i v e r  e x c i s e d ,  le a v in g  

w i th in  th e  p e rito n e u m  th e  r i g h t  l a t e r a l  and s m a ll c a u d a te  lo b e s  w hich 

c o u ld  th e n  r e g e n e r a t e .  The e x c is e d  l i v e r  was im m ed ia te ly  s to r e d  on

The abdomen was c lo s e d  in  two s e p a r a t e  l a y e r s ;  th e  p e rito n eu m  

and abdom inal w a l l  b e in g  c lo s e d  f i r s t  and th e n  th e  in te g u m e n t.  The 

a n im a ls  w ere  im m ed ia te ly  b ro u g h t  a round  w ith  le th id r o n c  ( 0 ,1  ml /  

a n im a l ) , th e  a n t id o t e  to  th e  a n a e s t h e t i c .

No s p e c i a l  p o s to p e r a t i v e  c a r e  was e x e i 'r c i s e d  e x c e p t  t h a t  a 1% 

s a l i n e  s o lu t i o n  was g iv e n  in  p la c e  o f  w a te r .  The a n im a ls  w ere  f e d  

a c c o rd in g  to  th e  '8 - 1 6 ' reg im e .

2 .6 .1  P ro c e d u re  f o r  sham op e r a t io n s

The a n im a ls  w ere  a n a e s th e t i s e d  and shaved  as above and an i n c i s i o n  

o f  th e  same s i s e  and in  th e  same p o s i t i o n  was made a s  f o r  p a r t i a l l y  

h e p a te c to m iz e d  r a t s .  The abdomen was c lo s e d  i n  two l a y e r s ,  th e  f i r s t  

c lo s in g  th e  p e rito n e u m  and abdom inal m u s c le s ,  th e  se co n d  th e  

in te g u m e n t.  They wore, b ro u g h t  a round  im m ed ia te ly  by a  s in g l e  

in t r a m u s c u la r  i n j e c t i o n  o f  le th id r o n c  ( 0 ,1  ml) The a n im a ls  were 

s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  fo u r  h o u rs  p o s t o p e r a t i v e l y , th e  

l i v e r s  w ere removed and a s sa y e d  f o r  u r e a  c y c le  enzyme a c t i v i t y  ( 2 . 4 . 1 . ) .

2 .7  MimiOD FOR INDUCTION OP HEPATOMA (A lh re rh l . ,  1972)

I n  o r d e r  to  s tu d y  th e  fu n d am e n ta l d i f f e r e n c e s  b e lv o cn  no rm al and 

c a n c e ro u s  t i s s u e  i t  i s  e s s e n t i n l  to  h a w  t\ e o n s ln n l  su p p ly  o f  tum ours 

w hich a r e  s im i l a r  in  te rm s o f  b i o t o u i c a l  and m o rp h o lo g ic a l 

c h a r a c t e r i s t i c s .

The l i v e r  tum ours w ere  o r ig o n a l ly  in d u c ed  by f e e d in g  m ale 

W is ta r  r a t s  n d i e t  c o n ta in in g  1 ,6 3  g o f  3 1-M e-4 - d im c th y la m in o -  

benzotie  (DAB) in  24 ml o f  o l i v e  o i l / k g  s to c k  fo o d  f o r  f i v e  m on ths , 

a f t e r  w hich  th e  r a t s  w ere  f e d  s to c k  d i e t s  u n t i l  s a c r i f i c e  s i x  weeks



2 .7 .1  M ethod o f  c ra n a p la n t  o f  hepatom a

The hepatom a d e r iv e d  from  th e  Wig t a r  s t r a i n  was n o t d i r e c t l y  

t r a n s p l a n t a b l e  i n to  Sprague D aw ley r a t s .  A c e l l  c u l t u r e  o f  th e  

h epatom a was s t a r t e d  in  t h i s  la b o r a to r y  and a f t e r  th e  c e l l s  had been 

i n  c u l t u r e  f o r  a b o u t f o u r  w eeks i t  was found  t h a t  th e  hepatom a l i n e  

w as now f . - a n s p la n ta b l e  i n t o  Sprague  D aw ley r a t s .  Once th e  hepatom a 

w as grow ing  in  Sprague  D awley i t  was th e n  t r a n s p l a n t a b l e  i n to  o th e r  

S p rague  D aw ley a n im a ls .

The hepatom a o f  f r e s h l y  s a c r i f i c e d  a n im a ls  i s  d i s s e c t e d  o u t ,  

c a r e  b e in g  ta k e n  n o t  to  p u n c tu re  th e  hncmatoma fe e d in g  th e  hepatom a. 

O nly  grow ing  hepatom a t i s s u e  i s  u s e d , care  b e in g  ta k e n  to  a v o id  n e c r o t i c  

t i s s u e .  The n e o p la s t i c  t i s s u e  i s  c o v ered  w ith  0,9%  s a l i n e ,  c u t  v e ry  

f i n e l y  w i th  a  sh a rp  p a i r  o f  s c i s s o r s  a n d  th e n  a p p ro x im a te ly  1 - 2  mis 

o f  t i s s u e  i s  sucked  up i n to  a  c le a n  t u b e r c u l in  s y r in g e  f i t t e d  w ith  

e i t h e r  a  15 x  g o r  a  16 x g n e e d le .

The r a t s  i n to  w h ich  th e  hepatom a i s  to  be t r a n s p l a n t e d  a r e  l i g h t l y  

a n a e s th e t i s e d  w ith  e t h e r .  The n e o p la s t i c  t i s s u e  i s  i n j e c t e d  in to  th e  

m u sc le  on th e  i n s i d e  o f  th e  h in d  le g ,  The tum our i s  a llo w e d  to  grow 

f o r  two w eeks a f t e r  w hich  th e  a n im a ls  m ust be s a c r i f i c e d  and th e  

tum ours t r a n s p l a n 'e d  i n t o  new a n im a ls .

F o r  s t u d i e s  on h e patom as, b o th  th e  hepatom a and  th e  h o s t  l i v e r  a r e  

d is s e c t e d  o u t ,  w e ig h ed , d i l u t e d  and hom ogenized  ( 2 . 4 . 1 . 1 . )  f o r  enzyme

2 .8  METHOD OF EXSANGVTNATION OF RATS

B oth  no rm al n o n tu m o u r-b e a rin g  a n d  tu m o u r -b e a rin g  a n im a ls  w ere  

f a t a l l y  a n a e s th e t i s e d  by  in j e c t i n g  i n i r a p c r i t o n c a l l y  p c n ta b a rb i to n e  

sodium  (15  m g/anim a) 1. T h is  v  s  oh1 i j -  s<d a s  S o g a ta l ,  a  com m ercial 

p r e p a r a t i o n  o f  p o n ta b a r b i to n c  sodium  c o n ta in in g  60 m g/m l, and  was 

o b ta in e d  from  M nybaker, S o u th  A fr ic a  ( P ly )  L td .

When th e  a n im a ls  w ere  d e e p ly  a n a e s th e t i s e d ,  th e  t h o r a c i c  c a v i ty  

was opened on th e  l e f t  s id e  and  th e  lu n g s  r e f l e c t e d  La expoco  th e  

p o s t e r i o r  vena  c a v a . A 21 gauge n e e d le  was i n s e r t e d  I n to  th e  v e s s e l  

and  5 ml o f  b lo o d  was w ith d raw n .



The b lo o d  was d is p e n s e d  im m ed ia te ly  i n t o  EDTA t r e a t e d  c e n t r i f u g e  

tu b e s  to  p r e v e n t  c l o t t i n g .  To c le a n  c e n t r i f u g e  tu b e s  was added  1 ml 

o f  a 10% s o lu t io n  o f  EDTA and th e  e x c e s s  w a te r  was rem oved by d ry in g  

i n  a  h o t  o v e n . EDTA i s  u s e f u l  a s  an a n t ic o a g u la n t  a s  i t  has 

e x c e l l e n t  p r e s e r v i n g  pow er f o r  th e  p r e s e r v a t io n  o f  c e l l u l a r  e le m e n ts .  

The tu b e s  c o n ta in in g  th e  b lo o d  w ere  im m ed ia te ly  co v ered  and th e  

c o n te n ts  m ix ed . The b lo o d  c e l l s  w ere  rem oved by  c e n t r i f u g a t i o n  a t

2 000 rpm f o r  te n  u u tc s  i n  an MSE bench  c e n t r i f u g e .  The rem a in in g  

p lasm a  ( su p e r n a ta n t^  . th e n  i n j e c t e d  i n t r o p e r i t o n e a l l y  i n t o  no rm al 

35 -day  o ld  n o n tu m o u r- ;. ■> in g  a n im a ls  ( Z m l/a n im a l) .



SECTION 3 -  RESULTS

3 .1  T lrae-dopendenr.o  o f  in d u c ib i l l f c y  
An e x p e r im e n t was c o n d u c te d  to  d e te rm in e  w h e th e r  th e  l e v e l s  o f  u r e a  

c y c le  enzyme a c t i v i t i e s  v a ry  w i th  th e  tim e  o f  d a y . A l l  a n im a ls  w ere  

t r a i n e d  to  a r e v e rs e d  d a y l i g h t ,  c o n t r o l l e d  f e e d in g  s c h e d u le  o f  tw e lv e  

h o u rs  d a rk  and tw e lv e  h o u rs  l i g h t ,  b e in g  fe d  a 22% p r o t e i n  d i e t  f o r  

th e  f i r s t  e ig h t  h o u rs  a f t e r  th e  o n s e t  o f  d a rk n e s s .  Thev w ere  t r a i n e d  

to  t h i s  reg im e  f o r  se v en  days p r i o r  to  s a c r i f i c e .  Two g ro u p s  o f  

28 -d ay  o ld  a n im a ls  w ere  a s sa y e d  f o r  h e p a t i c  u r e a  c y c le  enzyme a c t i v i t i e s ,  

th e  f i r s t  g roup  b e in g  c o n c r o la n im a l s ,  th e  second  g roup  b e in g  a s sa y e d  

a f t e r  a s in g l e  24 h o u rs  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  g lu c ag o n  

(250wg/5< y r a t ) . The a n im a ls  w ere s a c r i f i c e d  a t  th r e e  h o u r ly  

i n t e r v a l s  f o r  24 h o u rs  and th e  a c t i v i t i e s  o f  ASS, AL, and a rg in a s e  

d e te rm in e d  im m e d ia te ly . The r e s u l t s  e x p re s s e d  a s  a c t i v i t y  p e r  g ram  

l i v e r  a r e  shown in  t a b l e s  3 .1 a  -  '5.1c and th o s e  f o r  s p e c i f i c  

a c t i v i t i e s  a r e  shown in  t a b l e s  3 .2 a  -  3 ,2 c .  They a re  r e p r e s e n te d  

g r a p h ic a l ly  i n  f i g u r e  3 .1 .  As ce... be  s e e n  from  th e s e  t a b l e s  and th e  

g ra p h , th e  a c t i v i t i e s  o f  th e  th r e e  enzymes b e - g s tu d i e d  do n o t  a l t e r  

s i g n i f i c a n t l y  w ith  th "  tim e  o f  d a y , b u t  th e rp  *3 a tim e  d e p endence  in  

th e  i n d u c i b i l i t y  o f  th e  enzym es. They show a maximum in  i n d u c i b i l i t y  

a t  1 0 .0 0  a .m . w hich  i s  e q u iv a le n t  to  two h o u rs  a f t e r  th e  o n s e t  o f 

d a rk n e s s ,  s in c e  th e  l i g h t s  a r c  a u to m a t ic a l ly  sw itc h e d  o f f  a t  

0 8 :0 0  h c u rs  and th e n  sw itc h e d  on a g a in  a t  2 0 :0 0  h o u r s .  ASS and AL 

re sp o n d  in  a s im i l a r  way to  g lu c ag o n  t r e a tm e n t  b o th  b e in g  in d u c ed  by 

ab o u t 1 ,6  tim e s  com pared w ith  th e  c o n t r o l  l e v e l s .  A rg in a se  re sp o n d s  

le s s  m arked ly  th a n  th e  o th e r  ennyinop m e a su re d , th e  in d u c ed  l e v e l  

b e in g  a p p ro x im a te ly  1 ,3  tim es  g r e a t e r  th a n  th e  c o n t r o l .
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f t * . 3 .1

ASS6,5 — • — control 
glucagon

12.00 26-00 06.0016-00 20-00
Time of day ( h }

AL

9 ,0

a .  7,5

7,0

6,5

6,0
08-00 20-00 26-00 06-0016-00

Time of day  (h)

ARG

12-00 16-00 20-00 

Time of day (h)
A. doittcmst cm  to n  oC I he I Ime-di’p pw lenee p,lui:agtw In d u c t io n  
o f  u ren  c y c le  enzyme n c l l v l U e s  in  I he l i v e r s  o f  :'H tiny o ld



A c o m p ariso n  o f  in d u c t io n  by g lu c ag o n  (250u g /5 0 g ) was c a r r i e d  o u t 

on 2 8 -and 3 5 -day  o ld  a n im a ls  w hich  w ere  m a in ta in e d  on a 10% p r o t e i n  d i e t .  

A ll  a n im a ls  w ere  m a in ta in e d  on a  r e v e r s e d  8-16  f e e d in g  and l i g h t in g  

reg im e  and w ere  s a c r i f i c e d  a t  10 :0 0  h o u r s , o r  two h o u rs  a f t e r  th e  

o n s e t  o f  f e e d in g  and d a rk n e s s .  The r e s u l t s  a r e  shown in  ta b l e s

3 .3  and 3 .4  and f i g u r e s  3 ,2  and 3 .3 .

From th e s e  r e s u l t s  i t  can  bo s e e n  c h a t th e  u r e a  c y c le  enzymes do 

n o t  re sp o n d  i . e .  a re  n o t  in d u c ib le  by g lu c ag o n  in  3 5 - day o ld  

a n im a ls ,  b u t  th e y  a re  s i g m i i c a n t l y  in d u c e d  in  2 8 -d ay  o ld  r a t s ,  a l l  

o f  th e  enzymes s tu d i e d  shew ing  a c o n c e r te d  c h an g e . When c o n s id e r in g  

ch an g es i n  s p e c i f i c  a c t i v i t i e s ,  w ith  g lu c ag o n  t r e a tm e n t  i t  can  be 

s e e n  t h a t  OTC and AL a re  th e  m ost r e s p o n s i v e ,  b e in g  1 ,5  f o ld  g r e a t e r  

th a n  n o n h o rm o n e - tre a te d  c o n t r o l s ;  CPS and ASS show a 1,3 f o ld  

in c r e a s e  w i th  a r g in a s e  b e in g  th e  l e a s t  r e s p o n s iv e .
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3 . 3  U rea c y c le  enzymes in  r e g e n e r a t in g  rat: l i v e r  a f t e r  p a r t i a l  
h e p a te c to rn y

A s e r i e s  o£ e x p e r im e n ts  was conducted , f i r s t ,  to  d e te rm in e  th e  

tim e  c o u rs e  o f  change  i n  u r e a  c y c le  enzyme a c t i v i t i e s  in  r e g e n e r a t in g  

r a t  l i v e r  a f t e r  p a r t i a l  hep atec to m y , and s e c o n d ly  to  d e te rm in e  th e  

e f f e c t  o f  d i e t  on th e s e  c h a n g e s . H e p a tic  CPS, ASS, AL and e rg in a s e  

w as m easu red  in  p a r t i a l l y  h e p a te c to m iz e d  r a t s  d u r in g  th e  f i r s t  24 

h o u rs  o f  r e g e n e r a t io n  in  r a t s  m a in ta in e d  on a  z e r o  %, 10% o r  75% 

p r o t e i n  d i e t  and a l l  f i v e  o f  th e  u r e a  c y c le  enzymes w ere  m easured  in  

r e g e n e r a t in g  l i v e r s  o f  r a t s  m a in ta in e d  on a  22% p r o t e i n  d i e t .

T h i r ty  f i v e  day o ld  r a t s  w ere  m a in ta in e d  on an 8-16 c o n t r o l l e d  

l i g h t i n g  and f e e d in g  re g im e , b e in g  fe d  f o r  th e  f i r s t  e ig h t  h o u rs  

a f t e r  th e  o n s e t  o f  d a rk n e s s .  The a n im a ls  w ere  t r a i n e d  to  t h i s  

reg im e  and to  th e  p a r t i c u l a r  d i e t  b e in g  s tu d i e d  f o r  one week p r io r  

t o  s a c r i f i c e .  The enzymes w ere  a s sa y e d  a t  z e r o  tim e  

i n  th e  e x c is c d  l i v e r  lo b e s  a t  th e  tim e  o f  o p e r a t io n  find i t t  th e  

r e g e n e r a t e d  l i v e r  a t  th e  tim e  o f  s a c r i f i c e .  A ll  a n im a ls  w ere 

s a c r i f i c e d  a t  1 0 :0 0  h o u r s , th e r e f o r e  f o r  th e  f o u r  h c -jr  p o i n t ,  th e  

r a t s  w ere  o p e ra te d  on a t  0 6 :0 0  h o u rs  and z e r o  tim e  c o n t r o l s  m easured  

a t  t h a t  tim e ;  f o r  th e  e ig h t h o u r p o i n t , th e  l i v e r  lo b e s  w ere  e x c is e d  

and a s sa y e d  a t  0 2 :0 0  h o u r s .  A ll  o p e ra te d  a n im a ls  w ere  s a c r i f i c e d  

a t  10 :0 0  h o u rs  and th e  u r e a  c y c le  enzymes th e y  a s s a y e d  in  th e  

r e g e n e r a t in g  l i v e r  a t  t h a t  tim e .

F o r e ac h  e x p e r im e n ta l  a n im a l s tu d i e d ,  th e  1 iv v r  lo b e s  removed 

and a s sa y e d  a t  z e r o  tim e  w ere used  a s  c o n t r o l  v a lu e s  f o r  th e  r e g e ­

n e r a te d  l i v e r  from  th e  same a n im a l .  A ll r e s u l t s  a re  e x p re s s e d  b o th  

a s  a c t i v i t y  /  gram  l i v e r  and a s  s p e c i f i c  a c t i v i t y  and s in c e  th e  

r e s u l t s  a re  s i m i l a r  when e x p re s s e d  i n  e i t h e r  w ay, I h i s  s u g g e s ts  t h a t  

i t  i s  l e s s  l i k e l y  t h a t  e f f e c t s  a re  due to  changes in  l i v e r  com ponents 

su c h  a s  t o t a l  p r n t e i n  c o n te n t , w a te r  c o n ten t: o r  c a rb o h y d ra te  c o n te n t .

The r e s u l t s  nvp ;i 1 s o nxp rensi 'd  nn n 7, (if z e ro  I i me c m m o l  nml 

th e s e  v a lu e s  a re  r e ,  r e s e n te d  g ra p iu c .a l l .y . The H i i ;n i f : ermce o f  th e  

d i f f e r e n c e s  in  a n  i v i t i e s  be tw een  c o n t r o l  nnd r e g e n e r a t in g  l i v e r s  

was d e te rm in e : ' u s in g  th e  p a i re d  t - l u s t ,  th e  t  and p r o b a b i l i t y  (P ) 

v a lu e s  a r c  r.howa *.r t ! 's  ta b le ')  6£  r e g u ls y .  P r o b a b i l i t i e s  o f  le a s  

th a n  5% a r e  c o n s id e r e d  to  show s i g n i f i c a n t  d i f f e r e n c e s .



R a ts  w ere  m a in ta in e d  an a  p r o t e i n  d e f i c i e n t  ( z e r o  %) d i e t  f o r  one 

week p r i o r  to  s a c r i f i c e .  They w ore  o p e ra te d  on a t  v a r io u s  tim e s  and 

c h an g e s  i n  h e p a t ic  CPS, ASS, AL and  a rg tn a s c  d e te rm in e d  a f t e r  4 ,  8 , 12,

18 and 24 h o u rs  o f  r e g e n e r a t io n  f o l lo w in g  p a r t i a l  h e p a to c to m y .

R e s u l t s  a r e  shown in  t a b l e s  3 .5 a  to  3 .8 c  and  f i g u r e s  3 .4  to  3 .7 .

The enzymes s tu d i e d  be h av e  i n  a  c o n c e r te d ,  c o o rd in a te d  w ay , th e  p a t t e r n  

o f  ch an g e  b e in g  q u a l i t a t i v e l y  b u t  n o t  q u a n t i t a t i v e l y  th e  sam e. The 

r e s u l t s  a r e  s im i l a r  when e x p re s s e d  e i t h e r  a s  a c t i v i t y / g  l i v e r  o r  s p e c i f i c  

a c t i v i t y  and  t h i s  a rg u e s  a g a in s t  a n o n s p e c i f ic  e f f e c t  on th e  u r e a  c y c le  

enzym es.

The enzymes show an  i n i t i a l  in c r e a s e  i n  a c t i v i t y ,  th e  in c r e a s e  b e in g  

s i g n i f i c a n t  a t  4 h o u rs  o f  r e g e n e r a t io n  and  c o n tin u e s  u n t i l  12 h o u rs  o f  

r e g e n e r a t io n .  By 18 h o u rs  t h e r e  i s  a  d ra m a tic  and  s i g n i f i c a n t  d e c re a se  

in  a c t i v i t y  w h ich  h a s  i n c re a s e d  a g a in  above c o n t r o l  v a lu e s  by  24 h o u rs  o£ 

r e g e n e r a t io n .  CPS and  ASS show a  v e ry  s i m i l a r  p a t t e r n  o f  c h a n g e , ( f i g u r e s  

3A and 3 .5 ) ,  th e  a c t i v i t i e s  i n c r e a s in g  1 ,3  f o ld  be tw een  4 and  12 h o u rs  

o f  r e g e n e r a t ’ and d ro p p in g  to  b e tw een  0 ,5 5  and  0 ,8  f o ld  o f  c o n t r o l  

v a lu e s .  AL and  a r g in a s e  a l s o  shot, s i m i l a r  p a t t e r n s  o f  c h a . be ( s e e  

f i g u r e s  3 .6  and  3 .7 ) .  The m ag n itu d e  o f  change  b e in g  g r e a t e r  th a n  t h a t  o f  

CPS and ASS. Betw een 4 and  12 h o u rs  oC r e g e n e r a t io n  th e r e  i s  a 1 ,6  f o ld  

in c r e a s e  in  enzyme a c t i v i t y  a n d  a t  18 h o u rs  th e y  d ro p  to  b e tw ee n  0 ,5  to  

0 ,6 5  tim e s  th e  c o n t r o l  a c t i v i t i e s .
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180

H O

100

60

20

Time (h r)  of R e g en era tio n

Specific Activity

100

Time (h rj  of Re g e n e ra t io n

Klg "i.?  Arp ln usc  uc M 'M ltcH  [rum Ing n i l  I Iv o rs  e x p re s se d
a s  ti % oT zo ro  l tmi’ c o n i r o l a .  R ain w r e  n ra ln la ln e d  on a  
z e ro  % p r o t e i n  .



The n e x t  experim ent: was c o n d u c te d  to  d e te rm in e  th e  e f f e c t  o f  a  low 

o r  10% p r o t e i n  d i e t  on th e  p a t t e r n  o f  change  in  th e  a c t i v i t i e s  o f  

h e p a t i c  CPS, ASS, AL and  a r g in a s e  a t  4 ,  8 ,  12 , 18 and  24 h o u rs  o f  

r e g e n e r a t io n  a f t e r  p a r t i a l  h e p a te c to m y . A l l  c o n d i t io n s  w ere  a s  

d e s c r ib e d  p r e v io u s ly .

From t a b l e s  3 .9 a  to  3 . 12c and f i g u r e s  3 .8  to  3 .1 1  i t  c an  b e  s e e n  th a t  

th e  enzymes s tu d i e d  behave  in  a  c o n c e r te d  w ay, The r e s u l t s  e x p re s s e d  

e i t h e r  a s  a c t i v i  r y /g  o r  s p e c i f i c  a c t i v i t y  a r e  s im i l a r  a rg u in g  a g a in s t  

some n o n s p e c i f ic  e f f e c t , The enzymes show a n  i n i t i a l  s i g n i f i c a n t  i n ­

c r e a s e  in  a c t i v i t y  b e tw een  4 and  12 h o u rs  o f  r e g e n e r a t io n .  A t 15 ho u rs  

a c t i v i t i e s  b e g in  to  d e c r e a s e ,  r e a c h in g  a n a d i r  by 18 h o u rs  and  l-sg in  

t o  in c re a s e  a g a in  b y  21 h o u rs  o f  r e g e n e r a t io n .  CPS shows an  i n i t i a l  

in c r e a s e  i n  a c t i v i t y  r e a c h in g  1 ,3  f o ld  th e  v a lu e  o f  th e  c o n t r o l s .  By 

18 h o u rs  i t  h a s  d ro p p ed  to  0 ,8  tim e s  th e  c o n t r o l  v a lu e  and  by 24 ho u rs  

i s  s t i l l  be low  th e  a c t i v i t y  o f  th e  z e r o  tim e  c o n t r o l  ( s e e  f ig u r e  3 ,8 ) .

ASS shows a n  i n i t i a l  1 ,4  f o ld  i n c r e a s e  i n  a c t i v i t y ,  b e g in s  to  d ro p  by 

15 h o u r s ,  r e a c h in g  a  n a d i r  a t  18 h o u rs  w here  th e  a c t i v i t y  i s  1 ,8 2  tim es 

t h a t  o f  c o n t r o l s .  By 21 h o u rs  th e  a c t i v i t i e s  a g a in  b e g in  to  in c re a s e  

a n d  by  24 h o u rs  a r e  1 ,4  f o ld  g r e a t e r  th a n  th e  c o n t r o l  v a lu e s  ( s e e  f ig u r e  

3 .9 ) .  B etw een 4 and  12 h o u rs  AL shows a  1 ,3 5  f o ld  in c r e a s e  i n  a c t i v i t y  

above  c o n t r o l  v a lu e s ,  d ro p s  t o  r e a c h  a n a d i r  by 18 h o u rs  and h a s  n o t  r e ­

tu r n e d  to  c o n t r o l  l e v e l s  by  24 h o u rs  ( s e e  f ig u r e  3 .1 0 ) .  A rg in a se  shows 

a n  i n i t i a l  1 ,3  f o ld  in c r e a s e  above  c o n t r o l  a c t i v i t i e s  be tw een  4 and 12 

h o u i«  a f t e r  th e  o p e r a t io n ,  by  15 h o u rs  th e  a c t i v i t y  b e g in s  to  d ro p , r e a c h ­

in g  a minimum a t  18 h o u rs  when th e  a c t i v i t y  i s  0 ,7 5  t im e s  c o n t r o l  v a lu e s .  

A t 21 h o u rs  th e  a c t i v i t y  b e g in s  to  in c r e a s e  and by 7.4 h o u rs  th e  a c t i v i t y  

h a s  r e tu r n e d  to  c o n t r o l  a c t i v i t i e s  ( s e e  f i g u r e  3 .1 1 ) .
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F i g .  3 . 8 CPS a c t i v i t i e s  from rvmmvvni  Inn r«l  11vc-vs expircasod oo. 
a % »£ ze r -i - i  I me conl t - oi s .  Unis wt ' rc inn I n u  I ncd on o 1.0” 
p r o t e i n  d i e t .
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A r H v U i r s  o f  ASS from ivnono rfll lnf> n i l  1 Iv ev s  e x p re s s e d  a s  
a 7, o f  z e ro , i hue com  rv l  s ,  R a is  w ere  tm iiiU uined  on a 10% 
p r o te i n  d i e l .
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140

120

100
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U
Time (hr) of Regenera t io n

UQ Spec if ic  Activity

120

100

Time (hr) of R o y  o r a t i o n

F i g . 3 .1 1  A vRinnso ncl Iv l  I ( t-s iv>m 11 isoiicr.-il I h r  m l l i v e r s  e x p re s s e d  
n s  a % o f  R pvo-llm i' ooni voI h . IVit s  were- mni.'i a in c d  on <t 
107- p .o tt’in <111-1 .



An e x p e r im e n t wa.. c o n d u c te d  to  d e te rm in e  th e  e f f e c t  o f  a  no rm al 22% 

p r o t e i n  d i e t  on u r e a  c y c le  enzymes fo l lo w in g  p a r t i a l  h e p a to c to m y . R a ts  

w ere  t r a i n e d  f o r  >ue week to  a  d i e t  o f  no rm al l a b o r a to r y  p e l l e t s  p r i o r  

t o  ex p e r iiv .e n ta i .io n . R a ts  w ere  o p e ra te d  on a t  v a r io u s  tim e s  and th e  

ch an g e s i n  u r e a  c y c le  enzyme a c t i v i t i e s  d e te rm in e d  a f t e r  1 , 2 , 3 ,  4 ,  6 ,

8 , 10 , 12, 18 and 24 h o u rs  o f  r e g e n e r a t io n  fo llo w in g  p a r t i a l  h e p a te c to m y .

As can  b e  s e e n  from  t a b l e s  3 .1 3 a  to  3 .1 7 a  and  f i g u r e s  3 .1 2  to  3 .1 6 ,  a l l  

th e  u r e a  c y c le  enzymes bahave  in  a c o n c e r te d  c o o rd in a te d  w ay, th e  p a t t e r n  

o f  change b e in g  q u a l i t a t i v e l y  e s s e n t i a l l y  th e  same b u t  q u a n t i t a t i v e l y  

d i s s i m i l a r .  A l l  t h e  enzymes show on  i n i t i a l  s l i g h t  in c re a s e d  a c t i v i t y  

a t  one h o u r  p o s to p e r a t i v e ! y .  The a c t i v i t i e s  th e n  b e g in  to  d ro p  and by 

fo u r  h o u rs  have  re a c h e d  th e  n a d i r  a f t e r  w hich  th e y  b e g in  to  i n c r e a s e . By 

tw e n ty - f o u r  h o u rs  o f  r e g e n e r a t io n  th e y  have  r e tu r n e d  a p p ro x im a te ly  to  

c o n t r o l  v a lu e s .

The a c t i v i t y  o f  CPS d ro p s  to  50% o f  c o n t r o l  v a lu e s  by 4 h o u rs  o f  r e g e n e r a t io n  

and  by  18 h o u rs  h a s  r e tu r n e d  to  c o n t ro l  v a lu e s .  OTC d ro p s  to  55% o f  c o n t r o l  

a c t i v i t i e s  by 4 h o u rs  and  o n ly  r e tu r n s  to  th e  c o n t r o l  v a lu e s  by  24 h o u rs  

a f t e r  th e  o p e r a t i o n ;  ASS d ro p s  by  o n ly  40% to  re a c h  50-60% o f  c o n t r o l  

a c t i v i t i e s  by 4  h o u rs  a f t e r  p a r t i a l  h e p .ilcc tn m y , i t s  a c t i v i t y  r e tu r n in g  

to  c o n t r o l  v a lu e s  by  18 h o u rs  and  by 24 h o u rs  shows a s l i g h t  in c r e a s e  • 

above th e  c o n t r o l  v a lu e  (1167, o f  c o n t r o l ) ; AL a c t i v i t i e s  d ro p  to  66% o f  

c o n t r o l  by  4 h o u rs  b u t  r e tu r n  r a p id l y  to  th e  c o n t r o l  v a lu e  by 12 h o u rs  

and  b e tw een  12 and 24 h o u rs  o f  r e g e n e r a t io n  shows no s i g n i f i c a n t  d e v ia t i o n  

from  th e  c o n t r o l ; th e  a c t i v i t y  o f  a rg in n s e  d ro p s  by  lo s s  th a n  th e  o th e r  

fo u r  enzymes s tu d i e d  re a c h in g  657. o f  ihfi c o n t r o l  a c t i v i t y  n t  th e  n& dir 

w h ich  o c c u r s  a t  4 h o u rs  p o s to p e r a t i v e iy ,  The a c t i v i t y  th e n  in c r e a s e s  

to  c o n t r o l  v a lu e s  by  12 h o u rs  a n d  by  18 h o u rs  show s a s i g n i f i c a n t  in c r e a s e  

above llie  c o n tro l  (114-11!)'/ o f  c o n t r o l ) ,  hu t by 24 h o u rs  o f  r e g e n e r a t io n  

has r e tu r n e d  to  c o n t r o l  v n lu e .
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ASS n c t t v t l i e s  from r e g e n c rn t  hi|>, r,H l iv e  vs p x p rca ac d  ns a 
% o r  z e r o - t  line c o n lv t i ls ,  I tota w cro mit In in im -tl on a 22%' . 
p r o t e i n  til c l .
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100 ----------------------------------
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E x p e r im e n ta lA ct iv i ty /G  Liver

120

H O  •

100

12 16 20 266 80
Time (hr) of Regeneration

Spec ific  Activity

no

100

Time (hr) of Regeneration

A rg tn a sc  n c t i v t l i c s  (nun ili-Ri'»|i r a i iiij- m l l i v e r s  e x p re s se d  
a s  n % » f  z v rn - f im i ' c o m r o l s ,  Rni s  w ere n m in lflin cd  on a 
227= p r o te i n  d i e t  .



The e f f e c t  o f  a h ig h  (75%) p r o to in .d - .c t  on Che a c t i v i t i e s  o f  h e p a t i c  

CPS, ASS, AL and a r g in a s e  a t  4 ,  8 ,  12, 18 and 24 h o u rs  o f  r e g e n e r a t io n  

a f t e r  p a r t i a l  hepatecC orny was s tu d i e d .  A l l  e x p e r im e n ta l  c o n d i t io n s  

w ere  a s  d e s c r ib e d  p r e v io u s ly  e x c e p t  t h a t  th e  v a ts  w ere  t r a i n e d  t o  a 

d i e t  c o n ta in in g  75% p r o t e i n  f o r  one week p r i o r  to  e x p e r im e n ta t io n .

R e s u l t s  a r e  shown in  ta b l e s  3 ,1 8 a  to  3 ,2 1 c  and g r a p h ic a l ly  i n  f i g u r e s  

3 .1 7  to  3 .2 0 .

As can  b e  s e e n  from  th e s e  t a b l e s  and f i g u r e s  th e r e  i s  an i n i t i a l  

d e c r e a s e  i n  a c t i v i t y  i n  th e  r e g e n e r a t in g  l i v e r  com pared w ith  z e r o  tim e  

c o n t r o l s , th e  a c t i v i t i e s  in c r e a s in g  to  v a lu e s  above th o se  o f  c o n t r o l s  

b e tw een  e ig h t  and tw e lv e  h o u rs  p o s to p e r a t i v e ly .  Uy f o u r  h o u rs  th e  

a c t i v i t y  o f  CPS d ro p s  by o n ly  20% to  r e a c h  80% o f  c o n t r o l  v a lu e s  and by 

e ig h t  h o u rs  h a s  shown a  s i g n i f i c a n t  o v e rs h o o t  above th e  c o n t r o l  (120%) 

re a c h in g  130% o f  c o n t r o l  by tw e lv e  h o u rs  p o s to p e r a t i v c ly  ( s e e  f i g ,  3 .1 7 ) .  

The a c t i v i t y  o f  ASS d ro p s by 35% a t  e ig h t  h o u rs  and in c r e a s e s  to  120% 

by tw e lv e  h o u rs  ( s e e  f i g  3 .1 8 ) . The a c t i v i t y  o f  AL d ro p s by a b o u t 

35% a t  f o u r  h o u rs  and h a s  s i g n i f i c a n t l y  o v e rs h o t  th e  c o n t r o l  a c t i v i t y  

by 12 h o u rs  ( s e e  f i g .  3 .1 9 ) .  A rg in a se  shows th e  s m a l le s t  d ro p , 

f a l l i n g  by o n ly  15% f it f o u r  h o u rs  o f  r e g e n e r a t io n  and  by e ig h t  h o u rs  

h a s  in c r e a s e d  above c o n t r o l  v a lu e .  The a c t i v i t y  i s  140% o f  th e  

c o n t r o l  by tw e lv e  h o u rs  w h ich  i s  a s i g n i f i c a n t  i n c r e a s e  ( s e e  f i g  3 ,2 0 ) ,

From th e  above  i t  can  bo sc o n  t t j a t  th e  u re a  c y c le  enzymes 

s tu d i e d  behave  in  a  c o n c e r te d  w ay. S in c e  th e  r e s u l t s  a rc  s im i l a r  

w h e th e r  e x p re s s e d  a s  a c t i v i t y /g r a m  l i v e r  o r  s p e c i f i c  a c t i v i t y ,  t h i s  

a rg u e s  a g a i n s t  a  n o n s p e c i f ic  e f f e c t  on th e s e  enzymes th ro u g h  an 

a l t e r a t i o n  in  l i v e r  com ponents su c h  a s  c a r b o h y d ra te  o r  t o t a l  w a te r  

c o n te n t .
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GPS H c t l v l i l v s  friiin vi-f.i-ru-vni Im; v .it l iv v c s  uxpveasc-d a s  
ii % oT g e ro - liin v  ci>ni r i ’ l s .  UnlH wci r  w iin L n ln c d  on n 75% 
p r o l t ' ln  d ie t  .
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J20

100

0 4 8 12 16 20 24
Time (hr) of Regeneration

Cl’S tic l i v i i  i<-6 from  n-j-.i'm -nil ini', n L  I I v c r s  y x p rc a se d  a s  
ft % oC z c r o - t  iiin- ('i>in i i ' I i i .  I llt « wi'Vv iw iIn ta in o d  on a 75% 
p r o t f l u  cl IH  .
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Time (hr) of Regenera tion

[••iK, 3.18 ASS n c l i v l t l e s  from  ri- i-vuvnn  Ini; vnt l iv p r .s  e x p re s s e d  a s  
a  % o f  z e r a - i  inii' c o n i r n l s .  R a is  w r v  im i in u iln e d  on n 
75% p roL ^ in  d i d  .





af
te

r 
p

ar
ti

al
 

he
pa



AL 
A

ct
iv

it
ie

s 
of 

co
nt

ro
l 

vs
. 

re
g

en
er

at
in

g
 

ra
t 

li
v

er
s 

fo
r 

th
e 

af
te

r 
p

ar
ti

al
 

he
pa

te
ct

om
y.

 
R

at
s 

w
er

e 
m

ai
nt

ai
ne

d 
on 

a 
75%

 
p

r



Pe
rc

en
ta

ge
 

of 
C

on
tr

ol

l60 A c t iv i t y /G  Liver E x p e r im e n ta l

HO

120

100

60

Time (hr) of Regenera tion

Spe cif ic  Activity

6 12 16 20 
Time (hr) of R e g e nera t io n

K iR. 1.19 M. n c l i v l i l i - s  fvnm rc - iv n i'n il in n  n il l i v e r s  ex p rv sso d
ns  n X d f  z it i). I lini' c i’iii t<i1n. U nis wt»rv mo In in  tned  on 
(i 7 9 / p ro i t-1 n cl I c-i



i l l :  p

*1 1 -i m m m  m wihu
^  Ml * M . = , o , m Q g * M  'o v ' ° ' 2 2 2 2 2 5 H

3 3 3 3

j: i d m a
3 !  5  .  a g e S S S S B S g

^  a  ^ g § § § § a s : «  m § § a § s § e

i 9 a-,  a



! 1 ;  11
^  . vl %|H| a a a s s s a :

% - W  2 5 5 : 5 3 3 %  s s * : : § a 3

a  I , IHIIIIili IIIIHill!

!I
u l  r^ o  o  ^  m -tf St £  r-j ,-1 m O xr o  m <r m xr -? to •» o  (p a

1=-
3 l l  3 5 ^ 3 5

3 H S g § S ^ 3  

a  5 5 S § 3 s § : B e  5 g E 5 S S g S 5 »

" g g g t j a f "  % a 2 S 5 8 : I S % a ° RS
ji !| !| a



af
te

r 
p

ar
ti

al
 

he
pa

te
ct

om
y.

 
R

at
s 

w
er

e 
m

ai
nt

ai
ne

d 
on 

a 
75%

 
p

r



Pe
rc

en
ta

ge
 

of 
C

on
tr

ol

Ac t iv i ty /G  Liver
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140

120

100

164 6 12 20 240

Time (hr) of Regeneration

S p ec if ic  A c t iv i ty
160

140

120

100

Time (hr) of Re genera t io n

[-'/r. 3 ,2 0  Arf;in;isc> s r l i v i / i p #  [rim r i 's i - i ii- r .i l /»/; ijji J J v c r#
e xp re s s ed  n s  n 7. o f  zo ru - l  line v o u i m l s ,  H u s  wi-vu 
ma ln lo i t i od  on h 7VZ p r o i c l n  d h ' l .



A nim als w ere  sham o p e ra te d  f o u r  h o u rs  p r i o r  t o  s a c r i f i c e  and t h e i r  

h e p a t i c  u r e a  c y c le  enzymes w ere  a s sa y e d  and a c t i v i t i e s  com pared to  

th o se  o f  t .o n o p e ra te d  c o n t r o l s ,  to  t e s t  w h e th e r  th e  sh ock  o f  th e  

o p e r a t io n  o r  th e  a n a e s t h e t i c  w ere  r e s p o n s ib le  f o r  th e  d ro p  ob se rv ed  

i n  th e  r e g e n e r a t in g  l i v e r s  a f t e r  p a r t i a l  h e p a te c to m y ,

As can  b e  s e e n  from  ta b l e s  3 ,2 2 a  and 3 .2 2 b  th e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e  b e tw ee n  th e  sham o p e ra te d  a n im a ls  and c o n t r o l s  i n d i c a t in g  

t h a t  th e  o b se rv e d  drop  i n  r e g e n e r a t in g  l i v e r  i s  s p e c i f i c  and n o t  

due to  th e  h a n d lin g  o f  th e  a n im a ls ,  th e  a n a e s t h e t i c  n o r  th e  o p e r a t io n
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The r e s u l t s  d e s c r ib e d  in  e a r l i e r  e x p e r im e n ts  w ere  due to  th e  i n t e r ­

a c t io n  o f  a num ber o f  e f f e c t s .  I n  o r d e r  to  sh e d  more l i g h t  on 

m echanism  o f  th e s e  changes i n  enzyme l e v e l s ,  e f f e c t s  o f  some i n h i b i t o r s  

o f  RNA s y n th e s i s  w ere  t e s t e d .

The e f f e c t  o f  th e  RNA s y n th e s i s  i n h i b i t o r ,  a c t in o m y c in  D (AMD) 

on h e p a t i c  CPS, ASS, AL and a rg in a s e  was d e te rm in e d  in  35 -day  o ld  r a t s  

m a in ta in e d  on a  22% p r o t e i n  d i e t  and an 8-16  c o n t r o l l e d  f e e d in g  

s c h e d u le  f o r  one week p r i o r  to  s a c r i f i c e .  F o r  he e x p e r im e n ta l1 

g roup  o f  a n im a ls  p a r t i a l  h e p a te c to m y  was p e r f  med a t  2 4 :0 0  h o u rs  

and 0 4 :0 0  h o u rs  and" Che a n im a ls  s a c r i f i c e d  a t  1 0 :0 0  h o u rs  f o r  ".he te n  

and s i x  h o u r  p o in t  r e s p e c t i v e l y .  An i . p .  i n j e c t i o n  o f  AMD 

(50>ig/50g) was a d m in is t e r e d  to  th e s e  a n im a ls  a t  z e r o  tim e  and th e  

a c t i v i t y  o f  th e  u r e a  c y c le  enzymes was a s sa y e d  a t  z e r o  tim e and a t  

s i x  and te n  h o u rs  p o s t o p e r a t i v e ly .  The r e s u l t s  o f  th e s e  e x p e r im e n ts  

w ere  com pared w ith  non-AMD t r e a t e d  c o n t r o k .  R e s u l t s  a re  e x p re s s e d  as 

a c t i v i t y  /  g l i v e r  and s p e c i f i c  a c t i v i t y  and a r e  shown in  ta b l e s  

3 .2 3 a  to  3 .2 6 b  and a  g ra p h ic  r e p r e s e n ta t i o n  o f  % d i f f e r e n c e s  i s  

shown in  f i g s  3 .2 1  to  3 ,2 4 . The s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  

w as d e te rm in e d  u s in g  th e  p a i r e d  t - t e s t .  D i f fe re n c e s  w ith  P v a lu e s  

o f  le s s  th a n  5-i a r e  c o n s id e r e d  to  be s i g n i f i c a n t .

The a c t i v i t y  o f  CPS d ro p s  to  65% o f  c o n t r o l  i n  th e  non-AMD- 

t r e a t e d  a n im a ls  a t  s i x  h o u rs  b u t  i n  th e  A M D -treated  a n im a l in c re a s e  

to  120% o f  th e  c o n t r o l ,  an e f f e c t i v e  in c r e a s e  o f  55%. A t te n  h o u rs  i n

th e  n o n t r e a te d  a n im a ls  th e  a c t i v i t y  o f  Cl’S i s  a b o u t 60% o f  th e  c o n t r o l  

v a lu e  w h ile  in  th e  A M D -treated a n im a ls  i t  i s  150%, an e f f e c t i v e  

in c r e a s e  o f  70% ( s e c  ta b l e s  3 .2 3 a , b ;  f i g  3 .2 1 ) .

A t s i x  h o u rs  th e  a c t i v i t y  o f  ASS in  n o n tv o a te d  r e g e n e r a t in g  

l i v e r  i s  74% o f  c o n t r o l s  i 'u t  i n  th e  A M D -treated  a n im a ls  i t  i s  a b o u t 

e q u a l t o  th e  z e ro  tim e  c o n t r o l s ,  an e f f e c t i v e  in c r e a s e  o f  76%.

A t te n  h o u rs  th e  a c t i v i t y  i n  th e  n o n t r e a te d  r e g e n e r a t in g  l i v e r  i s  a b o u t 

85% o f  th e  z e ro  tim e  c o n t r o l ,  b u t  in  th e  A M D -treated  a n im a l s ,  i t  

i s  a b o u t 135%, an  e f f e c t i v e  in c r e a s e  o f  50% ( s e c  t a b l e s  3 .2 4 a ,  b ; 

f ig u r e  3 .2 2 ) .



The a c t i v i t y  o f  AL by s i x  h o u rs  o f  r e g e n e r a t io n  i n  n o n tr e a te d  

l i v e r  i s  a b o u t 65% o f  th e  z e r o  tim e  . o n t r o l  and in  th e  t r e a t e d  l i v e r s  

i n c r e a s e s  to  a b a u t  78%, an  in c r e a s e  o f  a b o u t 13%, By t e n  ho u rs  

p o s to p e r a t i v e ly ,  rhe  a c t i v i t y  o f  AL in  r e t r e a t e d  r e g e n e r a t in g  l i v e r  

i s  76% o f  th e  z e ro  tim e  c o n t r o l  b u t  i n  th e  A M D -treated  r e g e n e r a t in g  

l i v e r s  i t  in c re a s e d  to  113% o f  c o n t r o l ,  an  i n c r e a s e  o f  a b o .it  37%

( s e e  t a b l e s  3 .2 5 a ,b  a n d  f i g u r e  3 .2 3 ) .

A rg in a se  shows a s im i l a r  p a t t e r n  o f  c h a n g e , i t s  a c t i v i t y  b e in g  

a b o u t 20% g r e a t e r  i n  AMD t r e a t e d  com pared w i th  n o n t r e a te d  r e g e n e r a t in g  

l i v e r s  by s i x  h o u rs  p o s to p e r a t i v e ly  and 60% g r e a t e r  by te n  ho u rs  

p o s to p e r a t i v e ly  ( s e e  t a b l e s  3.26 a ,  b  and f i g  3 ,2 4 ) .

I n  summ ary, AMD i n h i b i t s  th e  i n i t i a l  d rop  i n  le v e l s  o f  u re a  

c y c le  enzym es, and a c c e n tu a te s  th e  s u b se q u e n t i n c r e a s e  n o rm a l ly  s e e n  by 

10 h o u rs  p o s to p e r a t i v e ly .
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A c t iv i ty /G  Liver Sp ec if ic  Activ ity

6 hour  Regene ra tio n

I
P =  < Q ,0 0 l

10 hour 
Regenera t io n

I
P= < 0 ,0 0 1

I [C on tro l 
[ ^ ^ R e g e n e r a t i o n  
1 5 5 3  AMD

F ig . 3 .2 1  A c t iv i t y /g  l i v e r  and  s p e c i f i c  a c t i v i t y  o f  CPS from  6 
h o u r and 10 h o u r u n t r e a t e d  r e g e n e r a t in g  r a t  l i v e r s  and A M D -tronted 
r e g e n e r a t in g  r o t  l i v e r s  e x p re s s e d  a s  a  % o f  z e r o  tim e  c o n t r o l s ,  t in ts  
w ere  m a in ta in e d  on a 22"Z p r o t e i n  d i e t .
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Act ivi ty /G Liver Sp ec if ic  Activity

6 hour 
Regeneration

A
10 hour 

Regenera tio n

I
P= < 0 ,0 0 1

II
R= 0 ,0 3

I
I

P = < 0 ,0 0 1
I C o n tr o l  
^ R e g e n e r a t io n  
3 a m d

F ig . 3 .2 2  A c C iv U y /g  l i v e r  ond n p c c i f i c  a c t i v i t y  o f  ASS from  6 
h o u r and  10 hou r u n t r e a t e d  r e g e n e r a t in g  r a t  l i v e r s  a n d  A H D-droatcd 
r e g e n e r a t in g  r a t  l i v e r s  e x p re s s e d  a s  a % o f  z e ro  tim e  c o n t r o l s .  R a ts  
w ere  m a in ta in e d  on n 22% p r o t e i n  d i e t .



?I



II

j | : m

) O O O O O H ss

; | 1^5 1:
II $ I  ish ;::::::
M I i m m  i i s m a

s I m m m  m i m m  
i i! h -



Pe
rc

en
ta

ge
 

of 
C

on
tr

ol
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1 I
10 hour Regenera t io n

■ I
iC o n t r o l  
^ R e g e n e r a t io n  
3  AMD

F ig . 3 .2 3  A cklv iU y/fi l i v e r  find n p o c i f i c  a c t i v i t y  o f  AL from  C 
h o u r  and  10 h o u r  u n t r e a te d  r e R c n c ra t in g  r a t  l i v e r s  a n d  A M D-troated, 
r e g e n e r a t in g  r a t  l i v e r s  e x p re s s e d  a s  a % o f  z e r o  tim e  e o n t r o l s .  R a ts  
w ere  m a in ta in e d  on a  22% p r o t e i n  d i e t .





A
ct

iv
ic

y/
g 

L
i\

S S S R 2 5 3 : §

as] <• . i m i n o x H i n i o m o

* 3 2 3 3 3 3
5 8 3 3 3 : 9

g a ,m \D u iv i> . ( O r 4

1 :
s r

8 2 8 S 2 S S S

s s % g g 3 s a s g  

g g s g g s g s : '

i § ; 5 § ; 3 : § ' "

11 1-

2 3 * 3 3 3 3
5 5 3 3 2 5 5

S i ; :
1 !

!.



Pe
rc

en
ta

ge
 

of 
C

on
tr

ol

A c t iv i t y /G  Liver S p e c i f i c  Activity

6 hour  Regene ra tio n

I I l
10 hour  Regenera tion

160

140

120

100

R= < 0 ,001 P= < 0 ,0 0 1
jC o n tro l
{ R eg e n era tio n
I a m d

F iR . 3 .2 4  A c t i v i t y / g  l i v e r  and sp P c iC lc  a c t i v i t y  o f  AUG from  6 
h o u r and  10 h o u r  u n t r e a t e d  r e g e n e r a t in g  r a t  l i v e r s  and A M D -trented 
r e g e n e r a t in g  r a t  l i v e r s  on a 22% p r o t e i n  d i e t .



The e f f e c t :  of 

on h e p a t i c  CPS,

•o in , th e  i n h i b i t o r  o f  RNA s y n th e s is  was te s t e d  

and a rg in a s e .  The e x p e r im e n ta l  c o n d it io n s

and m e thods e: id  w ere  i d e n t i c a l  to  th o se  i n  th e  p r e v io u s  e x p e r im e n t

e x c e p t t h a t  an  i . p .  o f  c o rd e c e p in  (Im g/lO O g) was i n j e c t e d  a t  z e ro  tim e ,

I n  i n h i b i t o r - u n t r e a t e d  r e g e n e r a t in g  l i v e r  a t  s i x  ho u rs  

p o s to p e r a t i v e ly  th e  a c t i v i t y  o f  CPS d ro p s  by 35% b u t  i n  c o rd e c e p in -  

t r e a t e d  l i v e r s  i t  d ro p s  by 8% o n ly ;  an e f f e c t i v e  i n c r e a s e  o f  73%.

A t 10 h o u rs  o f  r e g e n e r a t io n  th e  a c t i v i t y  i n  th e  c o r d e c e p in - t r e a t e d  

r e g e n e r a t e d  l i v e r  i s  66% g r e a t e r  th a n  i n  th e  u n t r e a te d  c o n t r o l  

( s e e  t a b l e s  3 .27a ,"  b ;  f i g  3 ,2 5 ) .

The a c t i v i t y  o f  ASS i s  75% g r e a t e r  i n  c o r d e c e p in - t r e a t e d  th a n  

n o n t r e a te d  l i v e r s  by s i x  h o u rs  and by te n  h o u rs  i s  40% g r e a t e r  

( s e e  t a b l e s  3 .2 8 a , b ;  f i g  3 .2 6 ) .

The a c t i v i t y  o f  AL in  th e  c o rd e c e p in - c r e a te d  l i v e r s  i s  30% g r e a t e r  

com pared to  th e  u n t r e a t e d  l i v e r s  by  s i x  h o u rs  p o s to p e r a t i v e ly .  By te n  h o u rs  

th e  a c t i v i  ,i .a s  d i f f e r  by 46% w ith  th e  c o r d e c e p in - t r e a t e d  l i v e r s  

h a v in g  th e  g r e a t e r  a c t i v i t y  ( see t a b l e s  3 .2 9 a ,  b ; f i g  3 ,2 7 )-

F o r  a r g in a s e  th e  d i f f e r e n c e  i n  a c t i v i t y  b e tw een  th e  i n h i b i t o r -  

t r e a t e d  and u n t r e a t e d  r e g e n e r a t in g  l i v e r s  i s  70% and 30% f o r  s ix  

h o u rs  and  te n  h o u rs  o f  r e g e n e r a t io n  r e s p e c t i v e l y ,  th e  i n h i b i t o r -  

t r e a t e d  l i v e r s  h a v ’ r.g g r e a t e r  a rg in a s e  a c t i v i t y  i n  b o th  in s t a n c e s  

( s e e  t a b l e s  3 .3 0 a , b ; f i g  3 .2 8 ) .

I n  c o n c lu s io n  th e  e f f e c t  o f  c o rd e c e p in  i s  s im i l a r  to  t h a t  o f  

A ctin o m y cin  D on th e  i n h i b i t i o n  o f  th e  i n i t i a l  d ro p  in  u r e a  c y c le  

enzyme a c t i v i t y  f o l lo w in g  p a r t i a l  h c p if  eelom y a s  w e l l  a s  i n  . 

a c c e n tu a t in g  th e  s u b se q u e n t i n c r e a s e .
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1

10 hour R e g e n e ra t io n

[C o n tro l 
R e g e n e r a t io n  

IC o r d e c e p in

P =  0 ,0 3

F ig . 3 .2 5  A c L iv ib y /s  l i v e r  and  s p e c i f i c  n c C jv i ty  o f  CVS from  6 h o u r 
and  10 h o u r  u n trc a L c d  v e g e n o r a t in g  r n t  l i v e r s  and  c o r d c c o p in - t r e a te d  
re g e n e r a t in g  r a t  l i v e r s  e x p re s se d  no a 7, o f  z e ro  Lima c o n t r o l  l i v e r s .  
R a ts  w ore  m a in ta in e d  on a 227. p r o t e i n  d i e t .
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P =  0 ,0 0 6 P = <  0,001
IControl 
Regeneration 

ICordecepin .
I'Lr , '5. ?-7 A e l lv l ly / f ;  H v o r  and  H|H-el f Ic n c l Iv l  I y o f  M,

I 'r m  b h o u r and  10 h o u r  u n r iv a l e d  a ml n m lv c o p in -
i r ou iv t l  rv}>vnprni i ny  n  
o f  zo ro - i  Imp c o n t r o l s ,  
a  11/ p ro Io i n  d i d  .
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A c t iv i ty /G  Liver Specific Activity

6 hour  Regene ra t io n

1 i
10 hour Reg enera tio n

120

100

P = <  0 ,001P = <  0,001
1  C o n tro l
^ R e g e n e r a t io n
J C o r d e c e p I n

F ig . 3 , 28 A c llv iL y /f i l i v e r  and  B p o c ll t c  a c t i v i t y  o f  AUG from  6 h o u r 
and 10 h o u r  u n c re a te d  r e g e n e r a t in g  r a t  l i v e r s  and  c o r d c c e p in - t r e a t e d  ' 
r e g e n e r a t in g  r a t  l i v e r s  e x p re s s e d  aa  a 1, o f  z e r o  tim e  c o n t r o l  l i v e r s .  
R a ts  w ere  m a in ta in e d  on a 22% p r o t e i n  d i e t .



3 .4  U rea c y c le  enzymes in  n e o p la s i a  

Th e  e f f e c t  o f  Che a d m in i s t r a t i o n  o f  d i f f e r e n t  horm ones was s tu d i e d

i n  no rm al l i v e r ,  h o s t  l i v e r s  and hepatom as o f  35 day o ld  r a c s  "

t i n t a in e d  on th e  v a r io u s  p r o t e i n  d i e t s .  The horm ones s tu d i e d  

in c lu d e d  P -m e th aso n e  (100 >ig / 5 0 g ) , g lu c ag o n  (250 »g  / 5 0 g ) , 

dBi.'AMP (250>ig /  50 g) and c o m b in a t io n  o f  P -m e th aso n e  and  g lu c ag o n ,

A nim als w ere  t r a i n e d  to  an 8-16  c o n t r o l l e d  f e e d in g  reg im e  and to  a 

p a r t i c u l a r  d i e t  f o r  one week p r i o r  to  s a c r i f i c e .  G roups o f  .s ig h t 

a n im a ls  w ere  ch o sen  random ly  from  th e  tumour- and non tu m o u r-b e a rin g  

a n im a ls  and  g iv e n  a  s in g l e  i . p .  i n j e c t i o n  o f  a  p a r t i c u l a r  hormone o r  

c o m b in a t io n  o f  h o rm o n es , tw en ty  f o u r  h o u rs  p r i o r  to  s a c r i f i c e ,

A f u r t h e r  g roup  o f  n o n h o rm o n e - tre a te d  a n im a ls  t r a i n e d  to  th e  

a p p r o p r i a t e  d i e t  w ere  u se d  a s  c o n t r o l s  f o r  c o m p ar iso n . A ll 

a n im a ls  w ere  s a c r i f i c e d  a t  10 :0 0  h o u r s .

From ta b l e s  3 .3 1 a  to  3 .60b  i t  c an  be s e e n  t h a t  th e  u r e a  c y c le  

enzymes o f  th e  c o n t r o l  l i v e r s  do n o t  re sp o n d  s i g n i f i c a n t l y  to  th e  

hormone s t im u lu s  i r r e s p e c t i v e  o f  d i e t  on w hich  th e y  a r e  m a in ta in e d .

T h is  i s  i n  ag re em e n t w ith  th e  e x p e r im e n ts  d e s c r ib e d  e a r l i e r  w h e re in  

l i v e r s  o f  35 day o ld  r a t s  a re  n o t  r e s p o n s iv e  to  g lu c a g o n  in d u c t io n .

The r e s u l t s  a rc  s i m i l a r  when d e s c r ib e d  as a c t i v i t y /g r a m  l i v e r  o.: 

a s  s p e c i f i c  a c t i v i t y ,

The horm onal e f f e c t s  on h o s t  l i v e r s  o f  3 5 -day o ld  tum our- ,

b e a r in g  a n im a ls  a r e  d e s c r ib e d  in  f i g u r e s  3 .3 5 ,  1 .3 6 ,  3 .3 9 ,  3 .4 0 ,

3 .4 3 ,  3 .4 4 ,  3 .4 7 ,  3 .4 8 ,  3 .5 1 ,  and 3.32 . From th o se  h is to g ra m s

i t  c an  b e  s e e n  t h a t  th e  u r e a  e y e le  enzymes i n  th e s e  l i v e r s  a re  

s i g n i f i c a n t l y  r e s p o n s iv e  to  horm onal in d u c t io n  i r r e s p e c t i v e  o f  th e  

d i e t  on w hich  th e  .’m i m nls w ere m a in U iln v d . A ll o f  I he enzymes 

behave  in  a c o n c e r te d  way su g g e sL in e  some common c o n t r o l  m echanism .

The e f f o r t s  o f  P-nu11Imuotu- mid |’1 ueiu'.vn .-in- v e ry  siu ti 1 n r  anti in  

c o m b in a t io n  a re  n o t a d d i t i v e  su g f io s iin fi th a t  I*- rv th a s o n e  I s  no t

p e rm is s iv e  f o r  n o r  s y n e r g i s t i c  w ith  g lu c a g o n , In  g e n e r a l ,  th e  ]

e f f e c t  o f  dBcAMP i s  l a r g e r  than  t h a t  o f  th e  o th e r  horm ones t e s t e d .  j
I n  some in s t a n c e s , th e  a c t i v i t i e s  o f  th e  u r e a  c y c le  enzymes in  th e  ' 1

h o s t  l i v e r  a r e  in d u c e d  by th e  hormon-.<s s tu d i e d  to  l e v e l s  above i

th o se  o f  c o n t r o l  l i v e r s .  The r e s u l t s  a r c  s i m i l a r  when d e s c r ib e d  e i t h e r  |

|

J



a s  a c t i v i t y  /  g  l i v e r  o r  a s  s p e c i f i c  a c t i v i t y .  T h is  s u g g e s ts  t h a t  

th e  e f f e c t s  a r e  s p e c i f i c  to  u r e a  c y c le  enzym es and n o t  due  to  a 

n o n s p e c i f ic  a l t e r a t i o n  in  some l i v e r  com ponent su c h  a s  t o t a l  l i v e r  

p r o t e i n  c o n te n t ,  w a te r  o r  c a r b o h y d ra te  c o n te n t .

I n  th e  hepatom a th e  p a t t e r n  o f  i n d u c i b i l i t y  i s  s i m i l a r  to  

t h a t  o f  h o s t  l i v e r s .  A ll  f i v e  enzymes show s im i l a r  c o n c e r te d  p a t t e r n s  

o f  change  b e in g  r e s p o n s iv e  to  hormone t r e a tm e n t  i r r e s p e c t i v e  o f  th e  

d i e t a r y  p r o t e i n  1-ive l. CPS a p p e a rs  to  b e  th e  m ost r e s p o n s iv e  o f  th e  

enzymes s tu d i e d  ( s e e  f i g u r e s  3 .3 5  to  3 ,5 4 ) ,



T a b le  3 .3 1 a A  c o m parison  oC CPS A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a ls ,  n o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a z e ro ?  p r o t e i n  d i e t .

A c t i v i t v / g  L iv e r

C o n t ro l P m ethaaon,3 G lucaeon P-m ethasone dBcAMP
& G lucaeon

C o n tro l 1 ,467 2 ,0 9 8 2 ,407 1 ,994 1 ,695
1 ,231 2 ,011 2 ,127 2 ,7 3 0 1 ,686
1 ,6 0 0 1 ,692 1 ,677 2 ,123 1 ,980
1 ,692 1 ,097 1 ,572 1 ,608 1 ,016
1 ,240 2 ,5 3 7 1 ,919 2 ,496 1 ,135
2 ,227 1 ,479 2 ,107 2 ,1 2 1 1 ,076
1 ,240 1 ,959 1 ,918 2 ,349 1 ,135
2 ,0 7 6 1 ,517 2 ,127 2 ,1 0 2 1 ,016
1 ,597 1 ,735 1,982 2 ,063 1 ,342
0 ,1 3 6 •0 ,1 2 4 0 ,0 9 5 0 ,1 1 3 0 ,1 3 5

0 ,7 5 0 2 ,320 2 ,630 -1 ,3 3 0
NS 0 ,0 3 8 0 ,0 2 0

1 ,2 7 0 1 ,226 1 ,9 3 0 1 ,1 8 4 1 ,359
1 ,183 1 ,1 4 0 1 ,856 1 ,097 1 ,823
1 ,053 1 ,5 0 0 1 ,356 1 ,184 1,477
1 ,226 1 ,500 1,930 1 ,097 1 ,448
1 ,212 1 ,8 8 0 2 ,089 2 ,1 0 2 1 ,652
1 ,177 1 ,959 1 ,9 0 0 1 ,1 9 6 1 ,737
1 ,177 1 ,772 1 ,974 1 ,768 1,547
1 ,014 1 ,830 2,112 1 ,811 1 ,418
1 ,164 1 ,602 1 ,894 1 ,430 1 ,546
0 ,1 0 9 0 ,0 3 1 0 ,0 8 3 0 ,1 4 1 0 ,0 5 6
3 ,1 0 1 3 ,860 8 ,240 2 ,63o 5 ,9 5 0
0 ,0 0 1 0 ,0 0 5 0,001 0 ,0 2 0 0 ,0 0 1

i  0 ,0 1 6 0 ,0 0 8 0 ,0 2 1 0 ,0 2 3 0 ,0 1 6
0 ,0 1 1 0 ,0 1 5 0 ,0 2 6 0 ,0 2 1 0 ,0 1 7
0 ,0 1 3 0 ,0 1 5 0 ,0 3 9 0 ,0 2 8 0 ,0 1 9
0 ,0 1 1 0 ,024 0 ,044 0 ,0 1 9
0,018 0,019 0 ,0 1 8 0 ,0 2 0 0 ,021
0 ,0 1 7 0 ,0 1 2 0 ,0 2 5 0 ,0 2 1
0 ,0 1 9 0 ,0 1 6 0 ,0 1 4 0 ,0 2 4 0 ,0 1 8
0 ,0 1 7 0 ,0 1 1 0 ,0 2 0 0 ,0 2 5 0 ,0 1 8
0 ,0 1 4 . 0,0.15 0 ,0 2 3 0 ,0 2 6 0 ,0 1 8
0 ,0 0 1 0 ,0 0 1 0 ,0 0 3 0 ,0 0 1

2 ,8 9 0 2 ,8 0 0
0 ,0 1 8 0 ,0 1 6



T a b le  3 . 31b A c o m p ariso n  o f  CPS A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a z e ro ?  p r o t e i n  d i e t .

S p e c i f i c  A c t i v i t y

C o n t ro l P -m ethasone G lucaKon P-m ethasone dBcAMP
& G lucagon

o |o i 82
0 ,0 1 5 3
0 ,0 1 2 4

0 ,0 1 0 3 0 ,0177
0 ,0 1 8 5 0 ,0 1 2 9 0 ,0 1 8 8
0 ,0 1 0 3 0 ,0 1 7 3

0 ,0 1 3 4 0 ,0 1 0 2
0 ,0 1 3 2 0 ,0 1 4 3 0 ,0 1 6 2
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

0 ,8 1 0 1 ,920 1 ,340 1 ,3 2 0
NS NS NS

0,0 1 1 7 0 ,0 1 0 3 0 ,0 1 1 3
0 ,0 1 0 9 0 ,0 1 1 0 0 ,0 1 3 0

0 ,0 0 9 2 0 ,0 1 1 1 0,0129 0 ,0113
0 ,0 1 0 7 0 ,0 1 2 3 0 ,0 1 5 8 0 ,0105
0 ,0 1 0 1 0 ,0 1 6 4
0 ,0 1 1 5 0 ,0 1 7 0 0 ,0 2 1 5 0 ,0 1 7 9
0 ,0 0 9 8 0 ,0 1 5 7 0 ,0215 0 ,0 1 7 7 0 ,0 1 2 9
0 ,0 0 8 0 0 ,0 1 7 9 0 ,0184 0 ,0 1 8 1 0 ,0 1 1 9

0 ,0 1 4 9 0 ,0 1 4 3
0 ,0 0 1 0 ,001 0 ,001 0 ,0 0 1
2 ,8 4 0 3 ,9 0 0 2 ,3 1 0 2 ,3 1 0

NS 0 ,0 1 3 0 ,0 0 2 0 ,0 4 0 0 ,0 4 0

snatoma 0 ,10027 0 ,00013 0 ,00035 0 ,00038 0 ,0 0 0 2 7
0 ,1 0 0 1 8 0 ,00025 0 ,00043 0 ,00035 0 ,00028
0 ,1 0 0 2 2 0 ,00025 0 ,00065 0 ,00047 0 ,00032
0,1 .0018 0 ,00025 0 ,00040 0 ,00073 0 ,0 0 0 3 2
0 ,10027 0 ,00031 0 ,00030

0 ,00042
0 ,00033 0 ,00034

0 ,10028 0 ,0 0 0 2 0 0 ,0 0 0 3 4 0,00035
0 ,1 0 0 3 2 0 ,00027 0,00023 0,00041 0 ,0 0 0 3 0
0 ,10028 0 ,00020 0,00033 0 ,00042 0 ,00031
0 ,0 0 2 3 0 ,0 0 4 0

0 ,0 0 0
19 ,390 % ,* n 5 ,1 2 0 2 ,3 1 0

3 ,001 0 ,0 0 0



T a b le  3 .3 2 a  A c o m p ariso n  o f  01C A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im n ls ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  z e ro #  p r o t e i n  d i e t .

A c t i \  v /e  L iv e r

C o n tro l P -m ethasone G lucagon P-m ethasone  
& G lucagon

dBcAMP

C o n tro l 114 ,310 4 8 ,4 3 0 91 ,909 84 ,135 84 ,304
54 ,2 1 4 88 ,831 100,713
57 ,2 6 3 61,192 V 4,636 121,815
76-, 962 45 ,1 4 5 91 ,282 116,829
8 9 ,4 3 8 101 ,126 129 ,017 59 ,627 81 ,241

115,900 103 ,400 141,310 72 ,274 87 ,801
§4 ,83675 ,890 9 4 ,8 4 0 90 ,251

8 0 ,0 0 0 115 ,967 69 ,221 87 ,585
9 0 ,9 3 6 74 ,3 0 0 105 ,857 81 ,620 87 ,049

SE 6 ,7 5 0 7 ,8 9 0 7 ,188 7 ,032 1 ,350
-  1 ,6 0 1 ,51 - 0 ,9 6 - 0 ,5 6

P NS NS NS

71 ,092 1 19 ,950 90 ,527 76 ,379
7 1 ,6 3 4 73 ,068 140 ,812 65 ,814 76 ,708
4 5 ,0 1 1 79 ,179 98 ,709 70 ,366
6 2 ,1 9 2 78 ,470 84 ,924 99 ,525
7 7 ,9 2 6 107,272 113 ,329 77 ,994 105 ,240
7 9 ,1 8 8 84 ,810 99 ,0 1 8 97 ,012 81 ,854
72 ,668 79 ,328 83 ,4 4 0 111 ,123 88 ,292
74 ,810 71 ,694 93,832 107 ,072 95 ,5 6 7
64 ,315 81 ,6 9 8 111 ,490 90 ,501 86 ,817

4 ,1 0 3 3 ,045 7 ,4 9 4 4 ,7 4 8 4 ,4 0 8
3 ,5 9 0 3 ,4 0 5 ,8 3 4 ,6 4 4 ,2 0
0 ,0 0 3 0 ,0 0 5 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

3i>atoma 1,1*2 1 ,480 1 .284 1 ,308 1 ,126
1 ,240 1 ,152 1 ,2 8 0 1 ,180 1 ,138
1 ,336 1 ,416 1 ,680 1,060 1 ,046
1 ,1 4 4 1,252 1 ,628 1 ,200 1 ,1 3 8
1 ,153 1 ,087 1 ,848 1 ,183 1,077
1 ,2 9 0 1 ,3 9 3 1 ,6 9 4 1,015 1,094
1,431 1 ,304 1,033 1 ,110 1,130
0 ,9 9 9 1 ,1 3 0 1 ,650 1 ,600 1 ,230
1 ,223 1 ,273 1 ,512 1,207 1 ,109
0 ,0 4 7 0 ,0 5 2 0 ,0 9 8 0 ,065 0 ,0 1 2

0 ,7 7 0 ‘ 2 ,660 -2 ,0 1 0
NS 0 ,0 2 4



T a b le  3 .3 2 b  A c o m p ariso n  o f  OTC A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a zero% p r o t e i n  d i e t .

S p e c i f i c  A c t i v i t y

C o n t ro l ft-ne th a so n e  G lucagon  P -m ethaaone  dBcAMP 
& G lucagon

C o n tro l 0 ,7 0 7 0 0 ,8 0 1 3
0 ,7 0 1 8 0 ,7 6 2 1 0 ,9 5 9 2 0 ,9 0 8 5
0 ,5 4 5 3 0 ,5 8 2 8 0 ,9 0 1 3 0 ,9 3 7 0 0 ,7 7 8 1
0 ,6 9 9 6 0 ,6 5 1 5 0 ,8 6 9 5 1 ,1127 0 ,7 1 9 8

0 ,8 6 2 4 0 ,8 7 9 4 0 ,9 7 5 1 0 ,5 8 6 3 0 ,7 2 5 4
0 ,9 6 5 9 0 ,8 6 1 8 0 ,9 7 7 6 0 ,7 2 4 1 0 ,7 8 4 8
0 ,7 8 2 5 0 ,6717 0 ,7 9 0 3 0 ,9 3 9 2 0 ,7 0 7 0
0 ,8 0 0 0 0 ,6 8 3 1 0 ,6 9 2 3 0 ,7 8 2 0

0 ,8 6 8 6 0 ,7717 0 ,7 7 1 2
0 ,0 5 0 0 ,0 3 7 0 ,0 5 3 0 ,0 2 2

1 ,2 9 0 -0 ,2 3 0 0 ,3 2 0
P ' MS NS

H ost 0 ,6 7 7 1 0 ,7 1 5 1 1 ,0361 0 ,7 5 3 8
0 ,7 1 6 3 0 ,6 9 5 9 1 ,2245 0 ,7 6 7 1

0 ,7 5 4 1 0 ,9 4 0 1 0 ,7 0 3 7
0 ,7 4 7 3 1 ,1734 0 ,8 4 9 2 0 ,9 2 9 4
0 ,9 2 9 1 0 ,7 5 5 2 0 ,7 7 5 0 0 ,7 5 1 7
0 ,7 3 7 5 0 ,8 6 1 0 0 ,7 4 7 1 0 ,7 4 4 1
0 ,6 8 1 1 0 ,8345 0 ,7 4 1 7 0 ,8 0 2 7
0 ,7 1 6 0 0 ,9 6 9 6 0 ,7 1 4 2 0 ,7 9 6 4
0 ,7 3 6 0 0 ,9 8 6 8 0 ,7 9 3 0 0 ,7 8 1 1

0 ,0 5 1 0 ,0 3 1 0 ,0 5 2 0 ,0 2 0 0 ,0 2 4
3 ,0 3 0 2 ,8 4 6 ,2 0 0 4 ,9 2 0 4 ,3 6 0
0 ,009 0 ,0 1 3 0 ,001 0 ,0 0 1 0 ,0 0 1

Hepatoma 0 ,0 2 4 7 0 0214 0 ,0 2 1 8 0 ,0 2 0 5
0 ,0 2 0 7 0 ,0 1 9 2 0 ,0 1 9 7 0 ,0 2 0 7
0 ,0 2 2 3 0 ,0 2 3 6 0 ,0 2 8 0 0 ,0 1 7 7
0 ,0 1 9 1 0 ,0 2 8 7 0 ,0 2 7 1 0 ,0 2 0 0
0 ,0 1 9 2 0 ,0 1 8 1 0 ,0 3 0 8
0 ,0 2 1 5 0 ,0 2 3 3 0 ,0 2 8 2 0 ,0 1 8 0
0 ,0 2 3 9 0 ,0 2 1 7 0 ,0 1 7 3

0 ,0 1 8 3 0 ,0275
0 ,0 2 2 5 0 ,0 2 5 2 0 ,0 2 0 4
0 ,001 0 ,0 0 2
1 ,360 2 ,6 4 0



T a b le 3 .3 3 a  a c o m p ariso n  o f  ASS A c t i v i t i e s  from  u n t r e a te d  c o n t r o l  v s .
liovmonc t r e a t e d  c o n t r o l  a n im n ls , h o s ts  and h e p a to m a s . R a ts
w ere  m a in ta in e d  on o z e ro ?  p r o t e i n  d i e t .

A c t i v l t y / g  L iv e r

C o n t ro l P -m e th a sc ..e  G lucagon  P -m eth aso n e  dBcAMP 
& G lucagon

C o n tro l 1,467 1 ,805 1 ,113 1 ,617 2 ,416
2 ,775 1 ,838 1 ,958 1 ,214 1 ,715
1 ,641 1 ,329 1 ,333 1 ,113 2 ,048
1 ,6 0 0 1 ,9 2 3 2 ,350 2 ,403 1 ,579
1 .J 4 0 1 ,4 8 2 1 ,621 1 ,169 1 ,656
2 ,2 3 0 1 ,293 2 ,227 2 ,215 1 ,795
1 ,712 1 ,325 1 ,887 1 ,7 3 0 1 ,490
1 ,883 1 ,478 2 ,805 2 ,6 5 9 1 ,662
1 ,831 1 ,559 1 ,914 1 ,8 9 0 1 ,795
0 ,1 6 5 0 ,0 9 1 0 ,1 9 4 0 ,1 9 3 0 ,1 0 6

-1 ,4 4 0 0 ,3 3 0 0 ,2 3 0
NS

1 ,178 1 ,768 1 ,700 1 ,750 1 ,890
1 ,3 0 0 1,413 1,382 2 ,0 0 8 1 ,873
1 ,366 1 ,7 3 0 2 ,130 2 ,3 3 0 1 ,718
1 ,2 0 0 1 ,8 0 5 1 ,552 1 ,8 3 0 1 ,553
1 ,269 1 ,981 1 ,486 2 ,1 6 0 1 ,529
1 ,3 8 8 1 ,739 2 ,019 1 ,822 1 ,878
2 ,0 9 0 2 ,3 9 8 1 ,869 1 ,695 1 ,879
1 ,2 9 6 1 ,727 2,632 1 ,565 2 ,211
1 ,261 1 ,821 1 ,864 1 ,889 1 ,818
0 ,0 3 5 0 ,0 9 9 0 ,1 4 5 0 ,0 9 2 0 ,0 7 7
3 ,3 7 0 5 ,3 1 0 3 ,9 2 0 6 ,3 9 0 6 ,5 8 0
0 ,0 0 5 0 ,0 0 1 0 ,0 0 4 0 ,0 0 1 0 ,0 0 1

Hepatoma 0 ,1 3 2 0 ,1 3 0 0 ,1 8 2 0 ,1 3 6 0 ,2 0 2
0 ,1 2 4 0 ,1 7 2 0 ,1 3 8 0 ,1 3 8 0 ,1 8 7
0 ,1 2 8 0 ,1 8 6 0 ,1 3 4 0 ,1 6 0 0 ,2 2 3
0 ,1 0 8 0 ,184 0 ,1 % 0 ,2 7 2 0 ,1 5 7
0 ,2 0 5 0 ,2 1 8 0 ,187 0 ,2 0 2 0 ,2 0 0
0 ,1 5 6 0 ,1 2 4 0 ,187 0 ,1 5 5 0 ,185
0 ,1 4 0 0 ,2 6 5 0 ,1 8 6 0 ,2 5 6 0 ,2 0 2
0 ,1 0 0 0 ,3 3 3 0 ,1 8 9 0 ,2 0 0 0 ,1 6 7
0 ,1 3 7 0 ,2 0 2 0 ,1 7 0 0 ,1 9 0 0 ,1 9 0
0 ,0 1 2 0 ,0 0 8 0 ,0 1 8 0 ,0 0 7

2,340 2,450 3 ,91o
0 ,0 3 9

\



T a b le 3 .3 3 b  A com pariflnn  of! ASS A c t i v i t i e s  from  u n t r e a te d  c o n t r o l  v s .
hormone t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts
w ere  m a in ta in e d  on a zero% p r o t e i n  d i e t .

S p e c i f i c  A c t i v i t y

C o n t ro l  P -m e th aso n e  G lucagon P -m eth aeo n e  dDcAMP 
& G lucafton

C o n t ro l 0 ,0 1 5 7 0 ,0 1 4 8 0 ,0 1 5 4
0 ,0 1 8 5 0 ,0 1 5 3 0 ,0 1 5 1 0 ,0 1 1 6 0 ,0 1 7 2
0 ,0 1 3 7 0 ,0 1 2 7 0 ,0 3 2 7 0 ,0 1 5 3 0 ,0 1 7 1
0 ,0 1 3 3 0 ,0 1 6 1 0 ,0 1 3 2
0 ,0 1 1 2 0 ,0 1 3 5
0 ,0 1 8 6 0 ,0 1 1 3 0 ,0 1 9 6
0 ,0 1 4 3 0,0117 0 ,0 1 5 7 0 ,0 1 4 4
0 ,0157 0 ,0 1 3 1 0 ,0 1 8 7 0 ,0 2 2 2 0 ,0 1 4 8
0 ,0 1 4 7 0 ,0 1 6 0 0 ,0 1 5 6
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

0 ,7 7 0 0 ,6 7 0
NS

0 ,0 1 5 2 0 ,0 1 5 8
0 ,0 1 7 5 0 ,0 1 5 6

0 ,0 1 6 5 0 ,0 1 8 5 0 ,0 2 0 3 0 ,0 1 4 3
0 ,1 5 7 2 0 ,0135 0 ,0 1 5 9 0 ,0 1 4 1
0 ,0 1 6 5 0 ,0 1 3 5 0 ,0 1 3 9

0 ,0 1 3 4
0 ,0 1 5 6 0 ,0 1 5 7
0 ,0 2 1 9 0 ,0 1 8 4
0 ,0 1 6 1 0 ,0169 0 ,0 1 5 1

0 ,0 0 0 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1
2 ,9 4 0 5 ,6 7 0 4 ,0 2 0 4 ,7 8 0 4 ,9 5 0
0 ,0 1 1 0 ,0 0 3 0 ,0 0 1 0 ,0 0 1

Henatoma 0 ,0 0 2 2 0 ,0 0 3 0
0 ,0 0 2 1
0 ,0 0 2 1
0 ,0 0 1 8 0 ,0 0 2 6

0 ,0 0 3 6 0 ,0 0 3 4
0 ,0 0 2 6 0 ,0 0 2 6

0 ,0 0 4 4 0 ,0 0 4 3 0 ,0 0 3 2
0 ,0017 0 ,0033 0 ,0 0 2 7
0 ,0 0 2 3 0 ,0 0 3 4 0 ,0 0 3 0 0 ,0 0 3 0
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0

2 ,4 4 2 ,4 2 0 2 ,3 0 6 3 ,4 8 0
0 ,0 3 5 0 ,031 0 ,0 3 8 0 ,005



-  195 -

T a b le  3 .3 4 a  A c o m parison  <3L AL A c t i v i t i e s  from  c o n c r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  aero% p r o t e i n  d i e t .

A c t i v i t y / s  L iv e r

P -m eth aso n e G lucaaon P rac thasone dBcAMP

C o n tro l 1 ,217 1 ,037 1 ,315

& G lucaeon

1 ,1 9 3
0 ,9 3 7 0 ,819 1 ,121 M C ,6 1 ,021
0 ,8 0 6 0 ,9 4 0 1 ,164 1 ,493 1 ,2 6 2
0,9.28 0 ,8 0 3 1 ,191 1 ,002 0 ,8 1 3
0 ,9 7 7 0 ,984 1 ,048 0 ,9 6 7 1 ,0 8 3
1,130. 0 ,781 1 ,143 0 ,9 4 4 1 ,1 4 2
1 ,125 1 ,101 1,135 0 ,992 1 ,0 5 5
0 ,9 5 7 1 ,051 1 ,200 1 ,014 1 ,0 5 5
1 ,0 1 0 0 ,9 3 8 1 ,142 1 ,115 1 ,0 7 8
0 ,0 4 4 0 ,0 4 8 0 ,047 0 ,0 7 8 0 ,0 4 7

- 1 ,1 0 - 2 ,6 0 1 ,15 1 ,000
0 ,0 2 9

H ost 0 ,9 9 6 0 ,9 9 4 1 ,450 1 ,088 1 ,855
1 ,0 3 8 1 ,0 4 0 1 ,4 5 0 1 ,180 1 ,709
0 ,7 8 6 1 ,134 1 ,361 0 ,9 9 6 1 ,5 6 7
0 ,7 8 0 0 ,9 4 8 1 ,380 0 ,9 9 6 1 ,5 0 2
1 ,2 0 2 1 ,128 1 ,183 0 ,7 6 2 1 ,5 9 7
0 ,9 7 3 1 ,078 1,195 1 ,303 1 ,927
i . r 1 1,243 1 ,293 1,277 1 ,5 6 7
1 ,000 0 ,929 1 ,322 1 ,128 1 ,550
0 ,9 9 4 1 ,074 1 ,330 1 ,153 1 ,659
0 ,0 5 3 0 ,0 3 3 0 ,0 3 6 0 ,0 3 2 0 ,0 5 5
0 ,2 2 1 ,2 8 5 ,240 2 ,570 8 ,7 1 0

NS 0,001 0 ,0 2 6 0 ,0 0 1

HenaUoma 0 ,0 6 2 0 ,0 7 6 0 ,0 6 2
0 ,0 8 0 0 ,098 0 ,1 0 0 0 ,0 6 1

0 ,082 0 ,0 5 6 0 ,079 0 ,0 5 7
0 ,0 4 2 0 ,055 0 ,0 7 2
0 ,0 5 9 0 ,0 7 4 0 ,0 8 4 0 ,0 7 3
0 ,0 5 6 0 ,0 9 2 0 ,0 9 0 0 ,0 5 7
0 ,0 7 1 0,087 0 ,1 0 6 0 ,0 8 0

0 ,0 6 0 0 ,0 6 1 0 ,0 8 0 0 ,0 8 2 0 ,0 6 7
0 ,0 0 5 0 ,005 0 ,007 0 ,0 0 6 0 ,0 0 3

- 0 ,1 4 2 ,2 2 2 ,5 4
0 ,045 0 ,023



T a b le  3 .34bA  c o m parison  o f  AL A c t i v i t i e s  from  c o n t r o l  vs
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e patom as,
m a in ta in e d  on a zcro% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P -m eth aso n e  G lucagon  P-m ethasone  dBcAMP 
& G lucagon

0 ,0 1 0 1 0 ,0 0 9 0 0 ,0 1 2 8
0 ,0 0 8 5 0 ,0 1 1 3

0 ,0 0 9 0 0 ,0 1 1 1 0 ,0 1 1 5
0 ,0 1 1 3 0 ,0 0 9 5

0 ,0 0 8 6 0 ,0 0 8 4 0 ,0097
0 ,0 0 9 0 0 ,0 1 0 2

0 ,0 0 8 8
0 ,0 0 8 0 0 ,0 0 8 0 0 ,0 0 9 4

0 ,0 0 9 0
0 ,0 0 0
1 ,270 2 ,8 1 2 ,1 1
NS 0 ,0 1 6

0 ,0 0 8 0 0 ,0155
0 ,0 1 3 8 0 ,0 1 2 2

0 ,0 1 0 8 0 ,0 1 1 8 0 ,0 1 3 1
0 ,0 1 1 3 0 ,0 1 2 0
a , 0098

0 ,0 1 2 0 0 ,0 1 3 0 0 ,0 1 3 8
0 ,0 0 9 4 0 ,0 1 2 9 0 ,0127 0 ,0 1 3 1
0 ,0 0 8 0 0 ,0 1 3 2 0 ,0113 0 ,0 1 2 9

0 ,0 1 2 7 0 ,0 1 3 1
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0
2 ,390 7 ,260 6 ,9 3 0
0 ,0 3 9 0 ,0 0 1 0 ,0 0 1

Hepatoma 0 ,0 0 1 0 3  0 ,00077
0 ,0 0 1 3 3  0,00107
0 ,0 0 0 7 0  0 ,00137
0 ,0 0 0 6 0  0 ,0 0 0 7 0
0 ,0 0 1 0 7  0 ,00098
0,0012<1 0 ,00933
0 ,0 0 1 0 7  0 ,0 0 1 1 8

Mean 0 ,0 0 1 0  0 ,0 0 1 0
SB 0 ,0 0 0  0 ,0 0 0
t  13 ,6 6 0  -0 ,1 2 0
P 0 ,0 0 1  NS

0 ,0 0 1 2 7  0 ,0 0 1 0 0  0 ,0 0 1 0
0 ,0 0 1 5 3  0 ,0 0 1 6 7  0 ,0009
0 ,0 0 0 9 3  0 ,0 0 1 3 2  0 ,0 7 0 9
0 ,0 0 0 8 5  0 ,0 0 0 9 2  0 ,0010
0 , 123 0 ,0 0 1 4 2  0 ,0 0 1 2
0 ,00152  0 ,0 0 1 5 0  0 ,0 0 0 9
0 ,0 0 1 4 5  0 ,0 0 1 8 0  0 ,0 0 1 2
0 ,0 0 1 3  0 ,0 0 1 4  0 ,0 0 1 0
0,000  0,000  0,000
2 ,2 3 0  2 ,5 1 0  0 ,2 5 0
0 ,0 4 4  0 ,0 2 6  NS



T a b le  3 , 35a A c o m p ariso n  o f  ARC A c t i v i t i e s  from  u n t r e a te d  c o n t r o l  v s .
hormone t r e a t e d  c o n t r o l  a n im a l s , h o s ts  and h e p a to m a s . R a ts
w ere  m a in ta in e d  on a zero% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l P -m c th aso n e G lucagon P-m ethasone dBcAMP
& G lucagon

C o n tro l 6 6 5 ,894 8 3 7 ,962 842,189 790 ,900 735 ,923
674,255 713 ,921 1023 ,939 6 92,850
4 5 7 ,8 7 7 555,551 850 ,635 6 36 ,336

60 3 ,964 678,966 791 ,972 878 ,809
658 ,816 4 03 ,378

7 47 ,046 552 ,329
600,179 5 0 0 ,424 669 ,424 531 ,974 720 ,985
6 00 ,500 4 5 5 ,4 4 0 715,930 739 ,563
644 ,641 706 ,648 718 ,484 630 ,829

33 ,1 9 0 51 ,5 7 8 31 ,8 6 0 73 ,605 18 ,392
-0 ,3 5 0 1 ,350 0 ,9 1 0 1 ,2 2 0

NS NS NS NS

7 1 7 ,032 8 85 ,688 746,476
707 ,676 556 ,257 837,967 586,377
548,115 710,093 604,950 822 ,003 811 ,295
50 0 ,980 726,742 850 ,500 670,948 741 ,561
4 5 5 ,847 783,262 604 ,106 6 90 ,436 709 ,562
4 0 3 ,2 5 3 8 1 9 ,619 645,049
625,051 551 ,782 653 ,714 584,689
4 7 8 ,9 9 6 626 ,537 662 ,196 8 4 3 ,064
50 7 ,646 686,415 661 ,163 799 ,341

24 ,014 35 ,077 35 ,159 24 ,5 2 1
3 ,3 4 0 4,210 3 ,6 1 0 8 ,5 0 0
0 ,0 0 5 0 ,0 0 1 0 ,0 0 4 0 ,0 0 1

ipatom a 2 ,2 5 8 2 ,653 2 ,003 1 ,577 1 ,246
1 ,781 2 ,7 0 4 1 ,6 8 4 2 ,216 1 ,691
1 ,944 2 ,3 3 7 1 ,487 1 ,549 1 ,049
2 ,254 1,703 2,641. 2 ,574 1 ,244
3 ,959 1,030 1 ,0 2 8 1 ,106 2 ,320
1,094 1 ,2 6 0 1 ,874 1 ,452 2 ,388
0 ,8 2 5 1 ,0 7 8 1 ,302 1 ,866 1 ,967
0 ,6 3 2 1 ,184 1 ,532 2 ,000 2 ,125
1 ,843 1,737 1 ,694 1 ,793 1 ,754
0 ,3 7 6 0 ,2 5 6 0 ,1 7 4 0 ,165 0 ,1 8 5

- 0 ,2 3 -0 ,3 6 -0 ,1 2 - 0 ,1 2
NS



T a b le  3 ,3 5 b  A co m p ariso n  o f  ARC A c t i v i t i e s  from  u n t r e a te d  c o n t r o l  v s .
hormone t r e a t e d  c o n t r o l  a n im a ls ,  h o s ts  and h e p a to m a s . R a ts
w ere  m a in ta in e d  on a  zero%  p r o t e i n  d i e t .

S p e c i f i c  A c t i v i t y

C o n t ro l P -m ethnsone G lucagon P -m eth aso n e  
& G lucagon

dBcAMP

io n t r o l 5 ,5 4 9 1 7 ,2866 5 ,4 7 8 4 5 ,8 6 9 6 6 ,1327
5 ,3 9 9 4 5*6188 7*8765 5,7735
4 ,0 9 7 2 4 ,3 6 0 7 5 ,5 4 3 3 5 ,3 0 2 8
5 ,0 3 2 9 5 ,9 0 4 1 5 ,7 6 0 1 6 ,0 8 2 6
5 ,4 7 7 2 5 ,8187 5 ,2 9 8 6 4 ,0 3 3 8 4 ,9 7 2 7
4 ,8 1 9 7 4 ,9 8 1 7 5 ,7621 6,0209
5 ,0 0 1 5 4 ,7 6 5 9 5 ,6612 4 ,0 9 2 1 6 ,0 0 8 2
6 ,0 0 5 0 4 ,5 5 4 4 7 ,2255 5,5072 5 ,6 8 8 9
5 ,1977 4 ,6 8 4 0 5 ,7263 5 ,4 9 2 9 5 ,7 4 7 8
0 ,2 0 9 0 ,7 4 8 0 ,2 3 1 0 ,4 2 3 0 ,1 4 7

-0 ,6 6 0 1 ,700 0 ,6 3 0 2 ,0 6 0

3,1197
5 ,1 3 0 8
4 ,7 7 1 1
4 ,3 5 6 3
4 ,3 4 1 4
3 ,8 3 9 6

4 | 8000 
4 ,5 4 8 9  
0 ,1 7 0  
2 ,4 1

,2977
,7628
,9214
,4596
,3048
,7981
,2654
^ 5 4 8

7 ,7016
7 ,2867
6 ,0 4 9 4
7 ,3957
5 ,2 3 5 7
5 ,6 0 9 1
5 ,6845
5 ,7858
6 ,3430
0 ,3 3 9
4 ,7 2 0
0 ,0 0 1

5,4911
5 ,8 6 3 8
7,1479
5,8343
6,3951
5 ,0 8 4 4

5*8592
0 ,2 4 2
4 ,4 3 0
0 ,0 0 1

6 ,7608
6,1797
5 ,9 1 3 0
5 ,5 8 8 4
7 ,1 5 7 0
7 ,0256
6 ,4059
0 ,1 9 4
7 ,190
0 ,0 0 1

ana Coma 0 ,0 3 8 1 0 ,0 3 3 4
0 ,0 2 9 7 0 ,0 2 8 1
0 ,0324 0 ,0 2 4 8 0 ,0 2 6 0

0 ,0 4 3 0
0 ,0 1 8 4

0 ,0 1 8 2 0 ,0 2 1 0 0 ,0 1 2 1
0 ,0 1 3 8 0,0171
0 ,0 1 0 5 0 ,0 1 9 7 0 ,0 1 2 8 0 ,0 2 0 0 0 ,0 3 3 7

0 ,0 2 8 9 0 ,0245 0 ,0 2 7 9
0 ,0 0 5 0 ,0 0 4 0 ,0 0 3
0 ,0 9 0 -0 ,6 1 0 - 0 ,0 6



Tabla  3 .3 6 a  A c o m p ariso n  o f  CPS A c t i v i t i e s  from  u n t r e a te d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  10% p r o t e i n  d i e t .

A e t i v i t v / g  L iv e r

C o n t ro l P -m e th a so n e S lu ca g o n P-nie th a so n e  
& G lucagon

dBcAMP

C o n tro l 3 ,375 3 ,015 2,941 3 ,1 2 2 3,557
3 ,1 6 0 3 ,926 3 ,232 3 ,203 2,552
2 ,863 3 ,304 2,717 3 ,374 2 ,281

.2 ,753 3 ,304 3 ,304 3 ,0 8 7 2 ,445
2 ,753 3 ,261 2 ,753 2 ,715 2 ,4 4 5 .
2 ,766 2 ,829 3 ,385 3 ,504 2,980
3 ,304 2 ,829 2 ,867 2 ,774 2 ,287
2 ,560 2 ,941 2,941 2 ,900 2 ,270
2 ,944 3 ,176 3 ,018 2,727
0 ,1 0 5 0 ,1 2 8 0 ,0 9 0 0 ,0 9 8 0 ,1 7 2

1 ,4 0 0 0 ,5 3 0 0 ,9 8 0 -1 ,0 8 0
NS

H ost 2 ,177 3 ,279 3 ,470 2 ,414 2 ,751
2 ,177 3 ,281 3 ,450 3 ,361 2 ,518
1 ,893 3 ,3 0 8 3 ,3 1 2 4 ,083 3 ,034
1 ,607 4 ,224 3 ,215 3 ,8 2 0 2 ,661
1,774 3 ,2 9 3 3 ,126 2 ,466 2 ,679
2 ,057 3 ,8 3 3 2 ,893 2 ,718 2 ,896
2 ,066 3 ,109 . 3 ,345 2 ,839 2 ,628
2 ,160 3 ,3 3 8 3 ,1 4 0 3 ,1 1 9 2 ,597
1 ,9 8 9 3 ,4 5 8 3,244 3 ,102 2 ,721
0 ,0 7 5 0 ,1 3 7 0 ,2 1 7 0 ,0 6 0
7 ,430 9 ,6 8 0 4 ,8 5 0 7 ,650
0 ,0 0 1 0 ,0 0 0 0 ,0 0 1 0 ,0 0 1

Hepaccma 0 ,0 7 7 0 ,0 9 6 0 ,0 7 3
0 ,0 7 3 0 ,0 7 2 0 ,0 7 3 0 ,0 9 8 0 ,0 6 4
0 ,0 6 5 0 ,0 6 5 0 ,0 7 3 0 ,0 7 5 0 ,1 1 1
0,074 0,055 0 ,0 7 3 0 ,0 9 0 0 ,0 8 7
0 ,0 8 1 0,086 0 ,0 7 8 0 ,0 9 2 0 ,0 9 3

0 ,0 8 5 0 ,1 1 5 0 ,1 0 6 0 ,0 9 0
0,1.09 0 ,1 1 0 0 ,0 8 3

0 ,0 6 6 0 ,0 8 7 0 ,1 5 2 0 ,0 8 0
0 ,0 7 0 0 ,0 8 2 0 ,0 9 5 0 ,0 8 9
0 ,0 0 3 0 ,0 0 6 0 ,0 1 0 0 ,0 0 4

1 ,790 2 ,3 5 3 ,580 3 ,7 0 0
NS 0 ,0 4 7 0 ,0 0 4



T a b le  3 .3 6 b  A c o m p ariso n  o f  CPS A c t v ic ie s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o te i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l  ft-m othasone G lucagon  ft-m ethasone  dBcAMP 
& G lucagon

C o n t ro l 0 ,0 3 3 8 0 ,0 3 1 2
0 ,0 3 5 1 0 ,0 3 2 0
0 ,0 2 8 6 0 ,0 4 4 1 0 ,0 4 5 0 0 ,0 2 5 2

0 ,0 4 1 3 0 ,0 4 1 2 0 ,0 2 7 2
0 ,0 4 0 8 0 ,0 3 0 6 0 ,0 3 3 9 0 ,0 2 7 2
0 ,0 3 7 7 0 ,0 2 7 1 0 ,0 3 6 7 0 ,0 2 8 4
0 ,0 3 7 7 0 ,0 3 2 9 0 ,0 3 0 0
0 ,0 3 9 2 0 ,0 2 4 5 0 ,0 2 5 2

0 ,0 2 8 8 0 ,0 4 0 0 0 ,0 3 5 8 0 ,0 2 7 1
0 ,0 0 2 0 ,0 0 1 0 ,0 0 2 0 ,0 0 1

5 ,4 1 0 2 ,630 -0 ,7 5 0
0 ,0 2 0 MS

0 ,0 3 4 7
0 ,0 3 5 0
0 ,0 3 3 2

0 ,0 1 4 5 0 ,0 4 0 3 0 ,0 3 2 2
0 ,0 1 7 7 0 ,0 3 2 9 0 ,0 3 1 3
0 ,0 1 8 7 0 ,0 3 8 3 0 ,0 4 5 3

0 ,0 3 1 1 0 ,0 3 1 5 0 ,0 3 9 6
0 ,0 3 2 1 0 ,0 4 3 3

0 ,0 1 9 9 0 ,0 3 3 9 0 ,0 3 2 5 0 ,0 3 4 8 0 ,0 3 8 0
0 ,0 0 1 0 ,0 0 1 0 ,0 0 3 0 ,0 0 2
4 ,2 9 0 9 ,5 2 0 5 ,4 0 0 7 ,140

0 ,0 0 0 0 ,0 0 0

H epatoma 0 ,0 0 7 o 0 ,0 0 9 0 0 ,0 0 8 6 0 ,0 0 9 0
0 ,0 0 9 0 0 ,0 0 9 0 0 ,0 0 8 0

0 ,0091) 0 ,0065
0 ,0 0 8 0 0 ,0 0 9 0 0 ,0 0 8 6 0 ,0 0 9 0

0 ,0 0 9 0 0 ,0 1 3 0 0 ,0 1 3 0 0 ,0 0 9 0
0 ,n i4 0 0 ,0 1 5 ° 0 ,0 0 9 0

0 ,0 0 9 0 0 .0 1 6 0 0 ,0  i 40 0 ,0 1 0 0 0 ,0 0 9 0
0 ,0 1 7 0 0 ,0 1 9 0 0 ,0 1 3 0 0 ,0 0 9 0
0 ,0 1 1 0 0 ,0 1 2 0 0 ,0 1 1 0
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0 0 ,0 0 0
3 ,2 6 0 3 ,0 2 0 3 ,450 2 ,6 3 0
0 ,0 1 2 0 ,0 1 7 0 ,0 0 7 0 .0 2 0



T a b le  3 .3 7 a  A c o m p ariso n  o f  OTC A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  10% p r o t e i n  d i e t .

A c t i v i t y / a  L iv e r

C o n t ro l  P -m e thaaone  G lucagon  P-m ethasone  
& G lucagon

C o n t ro l 167 ,808

142^362
117,371
122 ,024
135 ,550
148 ,839

4 ,8 2 8

158 ,595
122 ,931
126 ,257
115,227
144,537
125,692
130 ,857
132,261

8 ,6 6 2
-1 ,6 7 0

134,927
134,196

146,*416 
131,271 
1 36 ,242  
131 ,794  
1 28 ,059  
134 ,541  

1 ,917  
-1 ,6 1 0  

NS

146 joiO

1 42 ,062
2,887

128 , 203 
114 ,831  
1 18 ,775

126)664
1 28 ,006
121,469
1 26 ,902

4 ,820
- 2 ,2 1 0

NS

H ost 1 0 9 ,034 138,764 138 ,764 1 21 ,631
110 ,064 146 ,348 145,116 145,115 1 25 ,767

151,144 145,730 145,730 1 28 ,230
151 ,578 150,435 124 ,807

102 ,499 125 ,993 129,671 1 25 ,052
124,506 124,510 123,355 1 38 ,714
122,381 123,861 124,298 123 ,856

1 0 3 ,786 135,177 1 22 ,290 123,993 124 ,958
104,676 135 ,958 136,556 133 ,932 126,627

1 ,485 4 ,2 6 2 3 ,991 3,414 1 ,845
5 ,020 6 ,930 7 ,4 9 0 7 ,860 9 ,270

0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

Hepatoma 3,3631 5 ,0783 3 ,6091 3 ,6770 3 ,4 1 3 5
3 ,4028 3 ,5247 3 ,5851 3 ,4041 3 ,8 1 0 2

3 ,3550 3 ,3289 3,4041 4 ,1 0 8 5
2 ,9883 3,5612 3,6277 3 ,1550 3 ,8597
2 ,9095 3 ,9599 3 ,9965 3 ,8219 3 ,9690
2,7423 4 ,0 7 5 0 3 ,9 6 9 2 3 ,7353 4 ,4 8 8 0
2 ,8792 3 ,7577 3 ,9705 4 ,0854 3 ,7 3 6 8

3 ,2590 3 ,9 4 9 3 4 ,0998 3 ,7806
3 ,0024 3 ,8217 3 ,7 5 4 5 3 ,676 3 ,8 9 6
0 ,0 8 7 0 ,2 0 5 0 ,0 8 8 0 ,1 1 ° 0 ,1 1 0

3 ,6 8 0 6 ,0 8 0 4,57 ,. 6 ,3 7 0
0 ,0 0 5 0 ,0 0 1



T a b le  3 .3 7 b  a c o m parison  o f  OTC A c t i v i t i e s  from  u n t r e a te d  vs. hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a 10% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P-m ethasonc G lucagon P-m ethasone  
& G lucagon

dBcAMP

C o n tro l 1 ,237 1 ,787 1 ,327 2,054 1 ,509
1 ,626 2 ,115 1 ,491 1 ,390 1 ,4 2 5
1 ,822 1 ,6 3 9 1 ,4 8 3 1 ,847 1 ,2 7 6
1 ,686 1 ,683 1 ,539 1 ,8 4 6 1 ,320
1 ,780 1 ,5 3 6 1 ,459 1 ,8 3 0 1 ,1 3 2
1,467 1 ,927 1 ,514 1 ,883 1 ,4 0 7
1 ,1 6 2 1 ,6 7 6 1 ,3 1 8 1 ,603 1 ,423
1 ,694 1 ,6 3 6 1 ,281 1 ,890 1 ,350
1 ,559 1 ,7 5 0 1 ,4 2 7 1 ,799 1 ,3 5 5
0 ,0 8 7 0 ,0 3 6 0 ,0 7 3 0 ,041

1 ,740 -1 ,4 1 0 2 ,110 - 2 ,1 2
NS NS

0 ,9 4 8 1 ,295 1 ,5 4 2 1 ,633 1 ,6 2 2
0 ,9 5 7 1 ,464 1 ,4 5 2 1 ,707 1 ,4 9 8
1 ,150 1 ,440 1 ,457 1 ,619 1 ,710
0 ,9 0 5 ' 1 ,444 1 ,3 0 8 1 ,308 2 ,270
1 ,025 1 ,260 1 ,5 7 5 1 ,525 2 ,084

1,243 1 ,2 4 5 1 ,451 1 ,850
i j u i 1 ,2 2 4 1 ,2 3 9 1 ,381 2 ,064
0 ,9 8 8 1 ,287 • 1 ,2 2 3 1 ,378 2 ,0 8 3
1 ,0 0  2 1 ,3 3 2 1 ,380 1 ,5 0 0 1 ,8 9 8

0 ,0 3 5 0 ,0 5 1 0 ,0 9 5
6 ,7 1 0 6 ,180 8 ,840

0 ,0 0 0

Beoatom a 0 ,0 4 5 4 0 ,0 7 2 2 0 ,0 5 1 8
0 ,0 3 8 7 0 ,0 5 0 4 0 ,0 7 1 7 0 ,0 7 4 9
0 ,0 3 9 3 0 ,0 4 7 9 0 ,0 5 6 4 0 ,0 4 8 5 0 ,0 5 8 7
0 ,0404 0 ,0 7 1 2 0 ,0644 0 ,0 5 0 1 0 ,0 5 5 2

0 ,0 8 0 0 0 ,0 5 3 8 0 ,0 5 6 7
0 ,0 5 8 2 0 ,0 5 2 6
0 ,0 3 3 8 0 ,0 5 7 5

0 ,0 3 8 2 0 ,0 6 5 2 0 ,0 4 9 4 0 ,0651
0 ,0 3 9 7 0 ,0 5 9 5 0 ,0 6 6 3
0 ,0 0 1 0 ,0 0 3 0 ,0 0 2

5 ,2 1 0 6 ,2 0 0
0 ,0 0 1 0 ,0 0 0



T a b le  3 .3 8 a  A c o m parison  o f  ASS A c t i v i t i e s  from  u n t r e a te d  v s ,  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  10% p r o t e i n  d i e t ,

A c t i v i t y / g  L iv e r

C o n tro l fr-m ethasonc G luvagon ft-me th a so n e  dBcAMP 
& G lucagon

C o n t ro l 1 ,5 0  6 1 ,373 1 ,116 1 ,6 4 5 1 ,636
1,095 1 ,612 1 ,216 1 ,756 1 ,130
1 ,4 4 2 1 ,315 1 ,474 1 ,448 1,344
1 ,5 8 5 1,36? 1 ,5 7 2 1 ,7 2 9 1 ,515
1 ,136 1 ,3 8 2 1 ,344 1 ,630 1 ,298
1 ,758 1 ,611 1 ,654 1 ,311 1 ,137
1 ,448 1 ,354 1 ,331 1 ,687 1 ,733
1 ,400 1 ,643 1 ,309 1 ,450 1 ,490
1,421 1 ,456 1 ,377 1 ,5 8 2 1 ,410
0 ,0 7 7 0,05k 0 ,0 7 8

1 ,680

1 ,0 6 8 1 ,659 2 ,175 2 ,070 2 ,512
1 ,079 1 ,6 5 2 2 ,787 2 ,767 1 ,761
1 ,2 7 8 2 ,040 2 ,835 2 ,243 2 ,603
1 ,370 2 ,618 1 ,893 2 ,874 2,747
1 ,178 1 ,7 3 0 2 ,991 2 ,701 1 ,605
0 ,9 7 6 2 ,940 2 ,424 2 ,640 1 ,525
0 ,9 7 2 2 ,4 0 2 2,791 2 ,170 3 ,1 1 2
1 ,059 2 ,555 2 ,446 2 ,422 1 ,580
1 ,124 2 ,200 2 ,536 2,487 2 ,181
0 ,0 5 0 0 ,1 7 6 0 ,1 3 8 0 ,107 0 ,2 2 3
3 ,230 5 ,890 9 ,6 5 0 11 ,550 4 ,630

0 ,0 0 0 0 ,0 0 0 0 ,0 0 0 0 ,0 0 2

Hepatoma 0 ,1 8 2 0 ,2 0 9 0 ,1 8 5 0 ,2 3 0 0 ,3 5 0
0 ,1 5 9 0 ,1 9 9 0 ,2 5 5 0 ,2 0 8 0 ,2 8 2
0 ,1 9 6 0,12 ft 0 ,2 4 0 0 ,2 5 5 0 ,3 2 8
0 ,1 1 4 0 ,2 3 4 0 ,2 4 9 0 ,2 0 4
0 ,1 8 2 0 ,1 7 4 0 ,264 0 ,2 8 8 0 ,2 0 6
0 ,131 0 , 2 / i 0 ,2 9 8 0 ,2 6 9 0 ,2 6 8
0.21B w 1251 0 ,2 4 0 0 ,297 0 ,2 0 2
0 ,2 4 3 0 ,2 6 9 0 ,2 7 8 0 ,2 5 7 0 ,2 0 2
0 ,1 8 1 0 ,2 4 3 0 ,251 0 ,2 6 3 0 ,2 5 5
0 ,0 1 6 0 ,0 1 7 0 ,0 1 2 0 ,0 1 2 0 ,0 2 1

2 ,620 3 ,520 4 ,140 2 ,7 7 0
0 ,0 2 0 0 ,004 0 ,001 0 ,0 1 6



T a b le  3 .3 8 b  A c o m p ariso n  o f  ASS A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o t e i n  d i e t .

S p e c i f i c  A c t i v i t y

C o n t ro l P.-m ethason e G lucaeon P -m cth aso n e dBcAMP
8 C lucauon

C o n tro l 0 ,2 0 0 0 0 ,0 1 9 3 0 ,0 1 0 6 0 ,0 1 6 5 0 ,0 1 5 6
0 ,0 1 2 2 0 ,0 2 1 5 o io i2 6
0 ,0 1 4 4 0 ,0 1 7 5 0 ,0164 0 ,0 1 0 3

0 ,0 1 7 1 0 ,0 1 5 7 0 ,0 1 6 9
0 ,0 1 9 4 0 ,0 1 4 9 0 ,0217 0 ,0 1 2 4
0 ,0 1 4 5 0 ,0 1 2 5
0 ,0 1 9 1 0 ,0 2 1 1 0 ,0 1 3 3
0 ,0 1 1 7 0 ,0 1 8 3 0 ,0 1 5 6
0 ,0 1 7 5 0 ,0 1 3 0

0 ,0 0 1 0 ,0 0 1
-1 ,1 7 0 1 ,330

0 ,0 0 7 2 0 ,0 1 6 6 0 ,0 3 3 5
0 ,0 0 7 2 0 ,0 1 6 5 0 ,0 2 3 5
0 ,0 0 8 5 0 ,0 1 9 5 0 ,0 2 4 8

0 ,0 2 4 9
0 ,0 0 8 0 0 ,1 7 3 0

0 ,0 2 9 4 0 ,0 2 4 2
0 ,0 0 8 4 0 ,0 2 7 9
0 ,0 0 7 1 0 ,0 2 1 3
0 ,0 0 7 9 0 ,0 2 5 5

0 ,0 0 1 0 ,0 0 1 0 ,0 0 1
12 ,090 19 ,220 13 ,7 9 0
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0

Hepatoma 0 ,0 0 3 0 0 ,0 0 3 7
0 ,0051 0 ,0 0 2 7

0 ,0 0 2 6 0 ,0 0 3 2
0 ,0 0 1 2 0 ,0 0 3 4 0 ,0 0 /, 2 0,11038 0 ,0 0 2 1
0 ,0 0 1 7 0 ,0 0 2 5

0 ,0 0 3 9 0 ,0 0 6 0 0 ,0 0 3 8 0 ,0 0 2 6
0 ,0 0 3 6 0 ,0 0 2 1
0 ,0 0 4 0 0 ,0 0 3 5 0 ,0 0 2 5

0 ,0 0 2 6
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0
5 ,5 8 0 7 ,570 7 ,7 9 0 3 ,000
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0 0 ,0 1 0



T a b le  3 ,3 9 a A  c o m p ariso n  o f  AL A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

SSBSSSl P-ni<?thasone G lucagon P -m eth aso n e  
& G lucagon

dBcAMP

C o n tro l . 1 ,0 5 2 0 ,8 9 5 1 ,1 9 3 1 ,0 3 5 1 ,103
0 ,8 1 8 0 ,7 5 2 1 ,215 1 ,1 3 5 1 ,084
1 ,488 1 ,186 1 ,097 1 ,097 1 ,053
1 ,187 1 ,1 2 8 1 ,069 1 ,068 1 ,0 6 0

‘ 0 ,8 9 8 0 ,9 6 0 1 ,1 8 7 1 ,244 1,051
0 ,9 6 1 1 ,227 1 ,1 5 8 1 ,055 1 ,0 8 2
1 ,069 0 ,9 1 4 1 ,069 1 ,049 0 ,9 5 2
1 ,127 1 ,1 2 8 0 ,9 7 7 1 ,265 1 ,021
1 ,0 7 0 1 ,024 1 ,121 1 ,116 1 ,051
0 ,0 6 9 0 ,0 5 9 0 ,0 2 9 0 ,0 3 0 0 ,0 1 7

-0 ,5 1 0 ,6 8 0 0 ,6 1 0 - 0 ,2 7 0
NS

1 ,030
0 ,9 9 2
0 ,9 1 5
1 ,008
0 ,884
1 ,055
1 ,085
0 ,9 7 9
0 ,9 9 4
0 ,0 2 4

1 ,351
1 ,2 5 8
1 ,2 * 9
1 .4 6 1
1 ,341
1 .461  
1,201 
1 ,308  
1 ,3 0 6  
0 ,0 4 6  
5 ,9 9 0  
0 ,0 0 0

1 ,487
1 ,327
1 ,6 6 3
1 ,7 0 8
1 ,364
2 ,0 9 3
2 ,023
1 ,625
1 ,6 6 1
0 ,0 9 9
6 ,5 4 0
0 ,0 0 0

1 ,407
1 ,435
1 ,683
1 ,401
1 ,244
1 ,429
1 ,1 2 3
1 ,898
1 ,4 5 1
0 ,0 8 6
5 ,120

1 ,1 7 8
1 ,250
1 ,6 5 4
1 .130
1 .131
1 .1 3 2  
1 ,119  
1 ,3 6 7  
1 ,2 4 5

H epatoma o , m 0 ,1 6 8 0 ,1 8 2 0 ,1 1 7 0 ,1 0 4
0 ,1 1 5 0 ,1 1 0 0,1.28 0 ,1 1 6 0 ,1 0 4
0 ,0 9 9 0 ,1 0 7 0 ,1 0 7 0 ,1 3 0 0 ,1 1 7
0 ,1 0 7 0,10? 0 ,101 0,124 0 ,1 1 4
0 ,1 0 5 0 ,1 2 2 0,130 0 ,1 0 1
0 ,1 1 7 0 ,1 3 1 0 ,1 2 1 0 ,1 1 4 0 ,1 4 4
0,107 0 ,1 0 8 0 ,1 2 3 0 ,1 4 0 0,1.55
0,114 0 ,1 1 0 0 ,1 1 8 0 ,1 3 5 0 ,1 3 5
0 ,1 1 0 0 ,1 2 0 1 ,2 6 5 0 ,1 2 2 0 ,1 2 5

0 ,0 0 8 0 ,0 0 9 0 ,0 0 4 0 ,0 0 7
1,340 2 ,5 4 0 2 ,510 2 ,2 0 0
NS 0 ,0 2 3 O / m



T a b le  3 .3 9 b  A c o m p ariso n  o f  AL A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P -m e thasone G lucagon P-m ethasone dBcAMP

C o n tro l 0 ,0 1 1 9

& G lucagon

0 ,0 1 2 3
0 ,0154
0 ,0 1 5 0

' 0 ,0 0 9 0 0 ,0 1 2 8
0 ,0 1 5 0
0 ,0 1 2 2 0 ,0 0 8 0 0 ,0 0 8 7 0 ,0 1 0 6

0 ,0 1 4 1 0 ,0 1 5 0 0 ,0 1 5 8 0 ,0 1 1 3
0 ,0 1 1 5 0 ,0 1 3 7 0 ,0 1 0 7 0 ,0 1 3 4 0 ,0 1 1 0
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 0

2 ,1 6 -0 ,7 9 0 - 0 ,5 3
NS NS

0 ,0 1 6 5 0 ,0 1 5 7
0 ,0 0 8 6 0 ,0 1 3 3 0 ,0 1 1 9

0 ,0 1 6 6 0 ,0 1 8 7
0 ,0 1 2 2

0 ,0 0 8 8 0 ,0 1 3 9 0 ,0 1 8 9
0 ,0 0 9 6 0 ,0 1 5 1
0 ,0 1 1 2 0 ,0 1 1 3 0 ,0 1 8 7
0 ,0 0 9 3 0 ,0 1 5 5

0 ,0 1 3 5 0 ,0 1 5 6
0 ,0 0 1 0 ,0 0 1 0 ,001-

2 ,79 4 ,8 6 0 6 ,2 2 0 3 ,9 0 0
0 ,0 0 1 / 0 , 0 0 0 0 ,0 0 5 <4 0 ,0 0 0

H epatoma 0 ,0 0 1 3 0 ,0 0 2 1
0 ,0 0 1 3 0 ,0 0 1 5 0 ,0 0 1 9
0 ,0 0 1 3 0 ,0 0 1 2 0 ,0 0 1 3
0 ,0 0 1 2 0 ,0 0 1 2 0 ,0 0 1 2

0 ,0 0 2 6

0 ,0 0 0 9 0 ,0 0 1 8
0 ,0021

0 ,0 0 1 6 0 ,0 0 1 8
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0
3 ,690 3 ,2 6 3 ,350 3 ,5 1 0 5 ,0 9 0

/0 ,0 0 1 0 ,0 0 1 <4 0 ,0 0 0



T a b le  3 .4 0 a  A c o m p ariso n  o f  ARG A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o t e i n  d i e t .

A c t i v i t y / e  L iv e r

C o n t ro l f.l-iiietliasone G lucaccn P -s ie th a so n e  
& G lucaeon

dBcAMP

C o n tro l 794 ,185 1137 ,267 848 ,941 9 52 ,091 889 ,107
757,613 9 6 0 ,215 8 1 8 ,80f 981 ,355 821 ,284

1064,688 1078,826 971 ,443 819 ,965
9 4 J ,550 7 2 8 ,408 1007 ,374 8 ^ ,4 1 5

1014,809 905,860 8 54 ,793
1116,311 1045,691 1032 ,983 971,314 976.16"’

855 ,754 1066,988 749 ,691 1048,132 1 1 4 3 ,1 7 ,
955 ,055 8 3 7 ,783 9 69 ,095 1045 ,976
938 ,369 961 ,030 848,617 975,726 9 23 ,983

5 1 ,5 9 2 31 ,5 9 2 14 ,592 42 ,227
-1 ,6 3 0 0 ,7 9 0 -0 ,2 3 0

NS NS NS

624,509 993 ,771 805 ,087 820 , 229
1054 ,403 1088,970 1056 ,248 777 ,820

86 75 8 79 ,458 8 67 ,432
1065,171 1116,928 952 ,705 999,744
1044 ,285 974 ,265 8 37 ,696 7 91 ,546

8 55 ,219 8 12 ,765
881 ,587 9 02 ,412 795,406

665,438 1053,032 7 81 ,598 837 ,696 885,506
61 0 ,298 971 ,850 917 ,069 890 ,815 843,804

12 ,637 37 ,563 54 ,8 6 3 28 ,573 25 ,904
7 ,0 0 0 9 ,1 2 0 5 ,450 8 ,980 8 ,1 0 0
0 ,0 0 1 0 ,0 0 1 0 ,0 0 0

Huoatoma 3 ,3 5 9 4 ,4 0 0 4 ,0 0 8 5 ,5 6 6 3 ,7 5 9
4 ,8 0 8 7 ,1 8 0 5 ,717 5 ,031 5 ,4 4 4
3,037 3,521 4 ,6 4 2 5 ,6 0 3 4 ,401
2 ,713 3,521 4 ,327 3 ,ON) 5 ,409
2 ,280 5 ,209 2 ,9 3 2 3 ,880 4 ,4 5 3
2,280 3 ,145 3 ,145 4 ,401 5 ,4 0 9
2.289 7,051 4 ,401 4 ,4 0 5 5 ,4 0 9
2 ,2 3 3 5,80.3 4,401 7 ,5 2 0 4 ,5 2 5
2 ,881 4 ,9 8 4 A ,197 5 ,183 4 ,8 5 1
0 ,3 1 1 0 ,5 6 4 0 ,3 0 9 0 ,3 9 5 0 ,2 2 9

3 ,260 3 ,000 4 ,5 8 0 5 ,1 0 0
0 ,0 0 8 0 ,0 1 0 0 ,0 0 1 ,001



T a b le  3 .4 0 b  A c o m parison  o f  AUG A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a ls ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 10% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P -rae thason e G lucagon P-m ethasone dBcAMP
8 G lucagon

C o n tro l 10 ,589 10 ,3 3 9 9 ,0«« 9 ,521 9 ,4 6 8
8 ,418 12 ,0 0 2 9 jo y s 9 ,814 9 ,125

10 ,647 10 ,788 9 ,7 4 2 9 ,831 8 ,2 0 0
9 ,9 8 6 9 ,7 1 2 8 ,8 1 6 10 ,074 9 ,345
7 ,249 1 0 ,4 1 6 8 ,389 9 ,0 5 9 9 ,5 0 0
9 ,931 11 ,619 11 ,478 9 ,7 1 3 8 ,1 3 5
9 ,1 5 0 1 0 ,6 7 0 7 ,497 10 ,481 8 ,167

10 ,938 10,472 7 ,5 0 0 10 ,767 9 ,3 6 8
9 ,614 10 ,7 5 2 8 ,851 9 ,9 0 8 8 ,914
0 ,4 4 8 0 ,2 5 9 0 ,4 5 5 0 ,2 2 2

2 ,2 0 0 -1 ,4 0 0
0 ,0 5 0 NS

5,431 7 ,5 7 9 1 1 ,1 0 9 9 ,4 7 2 10 ,9 3 6
5 ,073 10 ,544 10 ,890 12 ,425 10 ,3 7 1
5 ,914 8 ,784 8 ,6 5 2 9 ,7 7 2 11 ,566
5 ,054 10 ,145 10 ,163 9 ,527 13 ,330
5 ,937 10 ,443 10 ,083 9 ,8 5 5 1 3 ,1 9 2
5 ,5 4 2 9 ,6 3 8 8 ,3 4 2 10 ,161 10 ,837
6 ,6 5 9 8 ,704 8 ,8 1 6 10 ,027 13 ,270
6 ,3 3 8 10,029 7 ,8 2 0 7 ,284 14 ,7 5 8
5 ,744 9 ,446 9 ,815 12 ,033
0 ,2 0 4 0 ,3 8 0 0 ,4 3 4 0 ,4 3 7
7 ,360 8 ,5 9 0 7 ,7 7 0 13 ,0 5 0
0 ,0 0 1 0 ,0 0 0

Hepatoma 0 ,0 6 2 9 0 ,0 5 3 1
0 ,1 0 2 6 0 ,0 7 8 6
0 ,0 5 0 3 0 ,0 7 8 9 0 ,0 5 3 0

0 ,0 2 9 2 0 ,0704 0 ,0 8 0 4 0 ,0 6 5 2
0 ,0 2 1 3 0 ,0 5 4 7 0 ,0 5 3 7
0 ,0 4 4 0 o jo s o o 0 ,0 6 2 9 0 ,0 6 2 0 0 ,0 6 5 2

0 ,1 0 0 7 0 ,0 7 4 6 0 ,0 6 6 0
0,1161 0 ,0551 0 ,0 9 4 0
0 ,0 7 8 4 0 ,0 7 2 0 0 ,0 7 3 6 0 ,0 5 9 6

0 ,0 0 7 0 ,0 0 5 0 ,0 0 2
4 ,4 6 0 4 , ‘10 6 ,310 5 ,2 6 0
0 ,0 0 1 0 ,u- 0 ,0 0 0 0 ,0 0 0  .



T a b le  3 .A la  A c o m p ariso n  oE CPS A c t i v i t i e s  from  u n t r e a t e d  c o n t r o l  v s .
horm one t r e a t e d  c o n t r o l  a n im a l s , h o s t s  and  h e p a to m a s . R a ts
w ere  m a in ta in e d  on a  22% p r o t e i n  d i e t .

A c t l v i t y / g  L iv e r

C o n t ro l  P -m e th a so n e  G lucagon  P -m e th a so n e  dDcAMP 
& G lucagon

C o n tro l 5 ,1 4 6 5 ,5 9 9 4 ,2 7 4 5 ,893 5 ,5 4 4
5 ,5 1 1 6 ,6 6 6 6 ,355 5 ,656 5 ,2 5 2
5 ,024 4 ,6 8 3 5 ,7 9 0 5 ,6 6 9 6 ,4 3 8
5 ,0 2 8 4 ,9 2 1 5 ,1 4 6 6 ,6 1 3 5 ,9 6 8
5 ,131 5 ,5 1 4 6 ,691 5 ,2 3 1 6 ,389
6 ,1 3 4 6 ,402 5 ,1 3 1 6 ,234 5 ,9 4 0
5 ,5 1 4 6 ,199 6 ,199 5 ,691 5 ,716
6 ,1 3 4 4 ,3 8 7 6 ,1 3 4 5 ,614 5 ,3 7 0
5 ,4 3 3 5 ,546 5 ,715 5 ,825 5 ,8 2 4
0 ,1 6 4 0 ,2 9 6 0 ,2 8 4 0 ,1 5 0 0 ,1 5 7

O .M O 1,680 1 ,640
MS NS

3 ,366 4 ,0 2 2 5 ,8 6 2 5 ,311
3 ,3 6 6 3 ,3 8 6 5 ,9 5 8 4 ,4 4 6 5 ,9 7 8
2 ,9 1 6 3 ,386 6 ,1 5 0 6 ,246 4 ,5 7 2
2 ,772 5 ,8 6 2 6 ,150 4 ,8 4 6 4 ,5 7 4
3 ,136 4 ,1 1 0 5 ,9 6 0 5 ,7 0 0 5 ,8 0 4
2 ,9 8 2 5 ,044 5 ,7 4 0 5 ,304 4 ,5 0 2
2 ,6 7 6 5 ,464 5 ,3 5 0 5 ,084 5 ,0 2 6
2 ,8 3 2 - 5 ,206 5 ,3 6 0 5 ,0 2 6 5 ,156
3 ,0 0 6 4 ,5 6 0 5 ,8 1 6 5 ,212 5 ,115
0 ,0 9 2 0 ,3 3 8 0 ,1 1 2 0 ,1 9 4 0 ,2 0 0

13 ,030 4 ,4 3 0 19 ,390 10 ,250 9 ,5 9 0
0 ,0 0 2 0 ,001 .0 ,0 0 1

spatoma 0 ,0 7 6 0 ,0 7 3 0 ,1 5 7 0 ,1 1 8 0 ,1 2 5
0 ,0 7 3 0 ,0 8 3 0 ,1 9 8 0 ,1 3 4

o ) l5 80 ,0 7 0 0 ,0 9 6 0 ,0 8 5 0 ,105
0 ,0 7 7 0 ,0 8 4 0 ,0 8 6 0 ,1 0 2 0 ,0 7 8
0 ,0 6 9 0 ,1 2 0 0 ,0 9 2 0 ,069 0 ,1 1 0
0,078 0 ,097 0 ,0 8 6 0 ,0 7 0 0 ,0 7 8
0,050 0 ,1 3 6 0 ,1 0 0 0 ,084
0 ,0 7 7 0 ,0 9 8 0 ,0 6 6 0 ,0 7 2
0 ,0 7 1 0 ,0 9 8 0 ,1 0 9 0 ,0 9 5
0 ,0 0 3 0 ,0 0 7 0 ,0 1 6 0 ,009

3 ,400 2 ,3 2 0 2 ,5 3 0 3 ,710
0 ,0 0 7 0 ,0 4 9 0 ,0 3 2 0 ,0 0 5



■— I

T a b le  3 .4 1 b A c o m p ariso n  o f  CPS A c t i v i t i e s  f r - >m u n t r e a t e d c o n t r o l  ve
hormone t r e a t e d  c o n t ro l a n im a l s ,  i:lo rils and  h e p a to m a s .

e  m a in ta in e d  oni a 22% p ro t

S p e c ifi.i= A cb iy lkX

P-m cl.hasonc G lucagon P -m i'thasone dBcAMP
ft G lucagon

C o n tro l 0 ,0 3 4 3 0 ,0 4 3 1 0 ,0 3 4 2 0 ,0 3 9 3 0 ,0 3 7 0
0 ,0 4 1 0 •> 0377 0 ,0 4 5 7
0 ,0 3 7 4 0 ,0 4 1 5

0 ,0 3 7 2 0 ,0 3 3 2
'> ,0342 0 ,0 3 6 8 0 ,0 4 3 2 0 ,0 3 9 9 0 ,0 3 9 9
0 ," 3 9 6 0 ,0 4 2 7 0 ,0 3 3 1 0 ,0 3 6 7 0 ,0 3 7 1

0 ,0 4 1 3 0 ,0 4 0 0 0 ,0 3 7 9 0 ,0 3 4 6
0 ,0 3 7 4

0 ,0 3 7 8 0 ,0 3 8 2 0 ,0 3 9 1
0 ,001 0 ,0 0 1 0 ,0 0 1
0 ,0 6 0 0 ,3 8 0 0 ,7 3 0

NS NS

0 ,0 4 6 8 0 ,0 4 0 0

0 ,0 4 6 4
0 ,0 4 0 8

0 ,0 2 0 2
0 ,0 2 3 4 0 ,0 4 0 9
0 ,0 0 1 0 ,0 0 2
7 ,390 5 ,3 6 0
0 ,0 0 1 0 ,001

Hepatoma 0 ,0 0 8 9 0 ,0 0 8 6 0 ,0 1 3 " 0 ,0 1 1 "
0 ,0 0 7 3 0 ,0 1 7 0 0 ,0 1 2 0
0 ,0 0 7 5 0 ,0 1 0 0

0 ,0 1 0 0 0,0160
0 ,1 0 7 0 0,0090
0 ,0 0 8 7 0 ,0 0 8 9

0 ,0 0  '• 0 ,0 1 2 0
->,0100 0 ,0 0 8 0 0 ,0094
0 ,0 1 1 0 0,01.10 0 ,0100
0 ,0 0 2 0 ,0 0 0
3 ,2 0 0 3 ,840 4 17 50 3 ,710
0 ,0 1 0 0 ,0 0 1 0 ,0 0 2



T a b le  3 .42aA  c o m p ar iso n  o f  OTC A c t i v i t i e s  from  c o n t r o l  '
c o n t r o l  a n im a l s ,  h o s t s  -nd  h e p a to m a s . R a ts  t
a  22% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l  P -m e thasone  G lucagon  P-tno thasone  dBcAMP
& G lucaeon

203,428 187,019 230 ,981 207 ,291 172 ,236
198,118 210,018 1 9 3 ,773 194 ,224 164 ,543
185,266 1 6 8 ,6 8 8 176,307 211,124 1 8 6 ,6 2 2
187 ,019 1 8 5 ,071 193 ,573 179 ,390 179 ,929
192,944 151 ,937 186,175 170,588 188 ,720
166,123 195 ,656 1 5 6 ,812 183,174 185 ,234
208,393 1 87 ,570 20 0 ,692 171,613 178 ,829
190,943 1 56 ,812 2 0 4 ,378 175 ,025 196 ,413
1 91 ,529 1 80 ,346 192 ,586 186 ,550 181,566

4 ,5 8 4 6 ,9 8 3 7 ,6 7 3 5 ,6 1 ') 3 ,5 3 0
-1 ,3 4 0 0 ,1 2 0 -1 ,7 2 0

204,741 210 ,820
222,689 219,295 197 ,974
1 88 ,496 2 01 ,132 231 ,173

1 61 ,413 2 11 ,124 18 3 ,663 205 ,334
1 73 ,452 230 ,532 3 0 9 ,658 288 ,879 220 ,127
177,243 294,616 266 ,606 231 ,278 223 ,706
1 66 ,930 243,661 253,595 285 ,729 2 12 ,762

2 42 ,548 236 ,943 219 ,742 223,175
166 ,975 229 ,801 238 ,414 228 ,673 215,509

9 ,6 7 3 11 ,409 13 ,926 13 ,586 3 ,907
4 ,6 2 0 5 ,3 6 0 5 ,040
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

6 ,129 8 ,4 4 4 7 ,320 7 ,691 6 ,6 9 8
7 ,115 8 ,1 0 6 6 ,5 6 0 6 ,1 0 0 6 ,5 1 5

7 ,2 1 6 &,<■ .8 6 ,851 6 ,456
6 )646 6 ,9 6 7 h ,4 <31 7 ,769 6 ,577
6 ,5 4 9 5,891 6 ,6 0 5 7 ,624 8 ,8 6 2
6 ,066 6 ,401 6 ,127 5 ,7 3 8 7 ,167
5 ,6 9 3 5 ,993 6 ,574 6 ,9 6 2 7 ,1 4 5
7 ,166 6,554 6 ,9 6 2 5 ,1 2 7
6 ,5 2 1 6 ,9 1 2 6 ,647 6 ,7 3 3
0 ,1 7 7 0 ,3 3 2 0,1.24 0 ,3 4 9 0 ,2 8 3

1 ,0 4 0 0 ,5 8 0 1 ,450
NS NS



I a b l e 3 .4 2 b  A c o m p ar iso n  o f  OTC A c t i v i t i e s  from  c o n t ro l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a  22% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l  ft-m ethasone  G lucagon  ft-m ethasone  dBcAMP 
& G lucagon

1 ,356
1 ,415
1 ,1 2 3
1 ,385
1 ,286
1 ,329
1 ,345
1 ,414
1 ,344
0 ,0 2 3

1 ,439
1 ,400
1 ,298
1 .426  
1 ,170  
1 ,505  
1,443  
1 ,205
1 .4 2 6  
0 ,0 5 1  
1 ,460

1 ,444
1 ,491
1 ,355
1 ,291
1 ,4 1 6
1 ,206
1 ,3 3 8
1 ,277
1 ,3 6 2
0 ,0 3 7
0 ,4 1 0

1 ,3 8 2
1 .295  
1 ,408  
1 ,380  
1 ,212  
1 ,221  
1 ,320
1 .296  
1 ,3 2 8  
0 ,0 22

-0 ,5 1 0

1 ,378
1 ,431
1 ,204
1 ,241
1 ,160
1 ,425
1 ,376
1 ,309
1 ,318
0 ,0 3 5

-0 ,6 2 0
NS

1 ,575 1 ,991 1 ,5 2 2
1 ,3 1 2 1 ,7 1 3 1 ,754 1 ,458 2 ,084
1 ,012 1 ,450 1 ,609 1 ,639 1 ,926
1 ,291 1 ,624 1 ,459 1 ,5 6 5 1 ,643
1 ,239 1 ,775 1 ,926 1 ,751
1 ,1 0 8 2 ,266 2 ,133 1 ,779 1 ,598
1 ,0 1 2 1 ,874 2 ,029 1 ,905 1 ,520
1 ,099 1 ,3 6 6 1 ,696 1 ,690 2 ,232
1 ,173 1 ,767 1 ,867 1 ,685 1 ,856
0 ,0 4 6 0 ,0 8 8 0 ,0 8 4 0 ,0 6 1
3 ,3 2 0 6 ,0 0 0 7 ,2 3 0 6 ,6 9 0
0 ,0 0 5 0 ,0 0 1 0 ,0 0 1

H epatoma 0 ,08444 0 ,07700
0 ,08107 0 ,06600 0 ,0 7 0 0 0
0 ,07217 0 ,07000 0 ,0 6 8 3 5

0 ,0 6 0 4 0 ,06969 0 ,0 6 4 8 5 0 ,07869
0,0624 0 ,05895 0 ,0 6 6 1 0 0 ,07624 0 ,0 8 4 4
0 ,0 5 7 5 0 ,06500 0 ,06175 0 ,06018
0 ,0 5 4 2 0 ,0 6 0 0 0 0 ,06600 0 ,07010 0 ,0 6 8 0
0 ,0 6 5 2 0 ,06600 0 ,0 7 1 0 0
0,0617 0 ,06970 0,06740 0 ,06850 0 ,0 6 7 6
0 ,0 0 4 0 ,0 0 3 0 ,001 0 ,0 0 3 0 ,0 0 3
3 ,870 2 ,660 5 ,700 2 ,230 1 ,967
0 ,0 0 1 0 ,0 2 0 0 ,0 0 1 0 ,0 4 0 NS



T a b le  3 .4 3 a  a  c o m p ariso n  o f  ASS A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s U  nnd h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  22% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l P -m e th a so n e G lucagon P-m othasone 
& G lucagon

dBcAMP

C o n tro l 2 ,3 3 8 1 ,8 5 8 1 ,358 2 ,078 2 ,269
2 ,2 0 8 2 ,090 2 ,228 1 ,858 1 ,439
1 ,4 8 3 1 ,340 1 ,893 2 ,070 1 ,8 6 3
1 ,7 5 0 1 ,7 5 0 1 ,4 9 5 2 ,078 2 ,100
1 ,5 7 6 2 ,1 8 2 1 ,641 1 ,821 1 ,576
1 ,573 2 ,267 1 ,467 2,394 2 ,203
1 ,646 1 ,5 2 4 1 ,430 2 ,264 1 ,375
1,700 1 ,984 2 ,162 1 ,977 1 ,586
1 ,797 1 ,8 7 5 1 ,709 1 ,970 1 ,801
0 ,1 0 8 0 ,1 1 4 0 ,1 2 1 0 ,1 4 0 0 ,1 2 6

0 ,5 0 0 -0 ,5 4 0 0 ,9 8 0 0 ,0 3 0

1 ,3 2 0
2 ,224
1 ,700
2 ,168
1 ,1 3 4
1 ,509
1 ,1 2 8
1 ,084
1 ,5 3 3
0 ,1 6 3
1 ,350

2 ,764
3 ,304
3 ,2 2 0
2 ,236
2 ,197
1 ,8 7 7
2 ,754
2 ,2 6 2
2 ,577
0 ,1 8 2
4 ,2 7 0
0 ,0 0 1

3 ,4 5 2
2 ,916
3 ,4 8 4
2 ,220
2,157
2 ,541
2 ,124
2 ,039
2 ,642
0 ,2 2 6
3 ,980
0 ,0 0 2

2 ,6 9 2  
3 ,5 2 8  
2 ,236  
3 ,200  
2 ,123  
2 ,'.7 3  
2 ,188  
2 ,500  
2 ,587  
0 ,1 9 1  
4 ,1 9 0  
0 ,0 0 1

2 ,1 8 8
2 ,742
2 ,7 6 2
3 ,1 7 3
2 ,2 6 8
2 ,827
2 ,380
2 ,516
2,607
0 ,1 1 7
5 ,3 7 0
0 ,0 0 1

0 ,0 8 3 0 ,1 5 8 0 ,1 7 3 0 ,1 7 6
0 ,0 6 6 0 ,1 0 6 0 ,1 1 4 0 ,0 9 6 0 ,1 7 4
0 ,0 9 7 0 ,1 1 3 0 ,111 0 ,1 1 7 0 ,2 5 5
0 ,0 7 5 0 ,1 6 9 0 ,0 8 2 0 ,1 1 0 0 ,2 9 6
0 ,0 8 4 0 ,1 0 2 0 ,1 4 1 0 ,1 0 0 0 ,1 3 4
0 ,1 2 5 0 ,1 4 3 0,002 0 ,1 4 0 0 ,1 4 6
0 ,1 3 1 0 ,2 0 9 0 ,1 7 ? o . m 0 ,1 1 8
0 ,0 8 1 0 ,1 8 7 0 ,1 7 2 0 ,1 7 2
0 ,0 9 3 0 ,1 4 8 0 ,1 3 2 0 ,1 2 2
0 ,0 0 8 0 ,0 1 8 0 ,0 1 3 0 ,0 0 9

3 ,4 6 0 2 ,520 2 ,4 5 0
0 ,0 0 5 0 ,0 2 9



T a b le  3 .4 3 b  A c o m p ariso n  o f  ASS A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a ls ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  22% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l  fr-m ethasone G lucagon  fi-m etliasone dBcAMT
& G lucagon  —

C o n tro l 0 ,0 1 5 1
0 ,0 1 7 0 0 ,0 1 3 1
0 ,0 1 1 4 0 ,0 1 0 4 0 ,0 1 4 6 0 ,0 1 1 3
0 ,0 1 3 5 0 ,0 1 3 5 0 ,0 1 1 5 0 ,0 1 6 0 0 ,0 1 5 6

0 ,0 1 5 6 0 ,0 1 2 5
0 ,0 1 7 0 0 ,0 1 3 3 0 ,0 1 3 7

0 ,0 1 2 7 0 ,0 1 1 7 0 ,0 1 3 0 0 ,0 1 2 5
0 ,0 1 3 1 0 ,0 1 5 3 0 ,0 1 4 4 0 ,0 1 3 2
0 ,0 1 3 8 0 ,0 1 3 2 0 ,0 1 3 7

0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1
0 ,3 7 0 1 ,010 -0 ,1 5 0
MS NS

0 ,0 2 1 3 0 ,0 1 7 5
0 ,0 2 5 4 0 ,0 2 3 5 0 ,0 2 8 9

0 ,0 2 9 5 0 ,0 1 7 2
0 ,0 1 7 8 0 ,0 2 1 3
0 ,0 1 7 3 0 ,0 1 6 3

0 ,0 1 4 4 0 ,0 1 7 0
0. , (>nq4 0 ,0 2 1 2 0 ,0 1 7 1

0 ,0 1 7 4 0 ,0 1 9 2
0,0211 0 ,0 1 9 1 0 ,0 2 1 5

0 ,0 0 2 0 ,0 0 1 0 ,0 0 1
5 ,7 8 0 5 ,880 8 ,2 0 0 7 ,5 6 0

0 , J I . . 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

HeoaLoma 0 ,0 0 2 1
0 ,0 0 0 8 0 ,0 0 1 1
0 ,0 0 1 0 0,0011
0,1)008 0 [on 15
0 ,0 0 0 9

o ’, IK) 13 0 ,0 0 1 3 0 ,0 0 1 3
0 ,0 0 ) 9 0 ,0 0 1 2 0 ,0 0 1 2

0 ,0 0 0 7 0 ,0 0 1 7 0 ,0 0 1 6 0 ,0 0 1 3
0 ,0 0 0 9 0 ,0 0 3 7

0 ,0 0 0 0 ,001 0 ,0 0 0 0 ,0 0 0
3 ,400 3 ,5 3 0 3 ,3 1 0
0 ,0 0 6 0 ,0 0 3 0 ,0 0 4



T a b le  3 .4 4 %  c o m p ar iso n  o f  AL A c t i v i t i e s  from  c o n t r o l  v s .  hormone t r e a t e d
c o n t r o l  a n im a l s , h o s t s  and h e p a to m a s . R a ts  w ere  m a in ta in e d  on
a  22% p r o t e i n  d i e t ,

A c t i v i t v / g  L iv e r

C o n t ro l P -m ethasone G lucaeon & -m ethasone 
& G lucagon

dBcAMP

C o n tro l 1 ,1 4 3 1 093 1 ,4 7 3 1 ,834
2 ,029 l ’,651 M 9 5 1 ,8 0 0 1 ,520
1 ,627 1 ,341 1 ,6 1 3 2 ,1 1 3 1 ,533
1 ,5 0 0 1 ,900 1 ,4 4 8 1 ,7 1 2 1 ,121
1 ,4 6 1 1 ,664 1 ,614 2 ,093 1 ,502
1 ,3 5 5 1 ,589 1 ,699 1 ,695 1 ,581
1 ,6 0 2 1 ,564 1 ,7 6 0 1 ,699 1 ,560
1 ,4 8 5 1 ,739 1 ,190 1 ,693 1 ,481
1 ,525 1 ,487 1 ,539 1 ,6 6 0 1 ,516

0 ,0 8 1 0 ,0 9 8 0 ,0 9 9 0 ,0 6 9
-0 ,1 3 1 0 ,1 1 0 1 ,0 1 0

MS

1 ,4 2 2 2 ,013 1 ,8 5 2 2 ,4 6 8 1 ,757
1 ,347 2 ,051 1 ,8 5 2 2 ,291 1 ,805
1 ,760 2 ,531 2 ,190 2 ,0 9 3 1 ,935
1 ,5 0 0 1 ,688 1 ,920 1 ,9 0 0 1 ,950
1,299 2 ,020 2 ,374 2 ,029 2 ,300
1 ,1 7 8 2 ,071 2 ,176 2 ,160 1 ,786
1 ,338 1 ,847 2 ,114 2 ,986 1 ,974
1 ,254 1 ,736 2 ,505 1 ,829 2 ,010
1 ,3 8 8 1 ,997 2 ,124 2 ,220 1 ,940
0 ,0 6 3 0 ,0 9 3 0 ,0 8 5 0 ,1 3 1 0 ,0 6 1
1 ,250 5 ,420 6 ,9 4 0 5 ,7 3 0

0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

H eoatoma 0 ,3 3 4 0 ,3 4 3 0 ,2 5 7 0 ,2 5 7 0,311.
0 ,2 6 5 0 ,2 6 0 0 ,3 0 3 0 ,3 4 2 0 ,5 0 1
0 ,2 9 : 0 ,2 5 7 0,127 0 ,781 0,401
0 ,2 8 0 0,263 (1,349 0 ,2 8 0 0 ,3 1 5
0 ,2 4 2 0 ,3 1 2 0 ,3 4 0 0 ,3 6 2 0 ,3 4 2
0 ,2 8 6 0,2=2 0 ,2 9 8 0 ,2 5 6 0 ,3 1 5
0 ,2 5 2 0 ,1 1 2 0,112 0,21)0 0 ,4 2 8
0 ,2 9 4 0,322 0 ,2 7 0 0 ,3 2 4 0,320
0,281. 0 ,2 9 4 0 ,3 0  7 0 ,2 9 5 0 ,3 6 7
0 ,0 1 0 0 ,0 1 2 0 ,011 0 ,0 1 5 0 ,0 2 5

1 ,730 0 ,8 2 0 3 ,2 1 *
MB O .O li



T a b le  3 .4 4 b  A c o m p ar iso n  o f  AL A c t i v i t i e s  from  c o n t r o l  v s .  horm one t r e a t e d
c o n t r o l  a n im a ls , h o s t s  and h e p a to m a s . R a ts  w ere  m a in ta in e d  on
a 22% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l ft-m ethasone G lucagon P-m ethasone  
& G lucagon

dBcAMP

C o n tro l 0 ,0 0 7 6 0 ,0 0 9 0 0 ,0 0 7 3 0 ,0 0 8 9 0 ,0 1 1 8
0 ,0 1 1 5 0 ,0 1 3 2
0 ,0 0 9 8 0 ,0 0 9 9
0 ,0 0 9 6

0 ,0 0 9 4
0 ,0 1 0 3
0 ,0 1 0 3 0 ,0 0 9 5
0 ,0 1 0 3 0 ,0 1 2 9

0 ,0 1 0 7 0 ,0 1 0 8 0 ,0 1 0 5
0 ,0 0 1 0 ,001 0 ,0 0 1

-0 ,1 9 0 -0 ,0 6 0 -0 ,3 0 0
NS

0 ,0 0 2 3
0 ,0 1 5 8 0 ,0 0 1 9
0 ,0 1 9 5
0 ,0 1 3 0 0 ,0 1 4 *

0 ,0 1 5 6
0 ,0 1 6 6

0 ,0 2 0 0
0 ,0 1 7 0 0 ,0 1 7 0

0 ,0 0 1 0 ,001 0 ,0 0 1
0 ,6 3 8 ,410 5 ,970

0 ,0 0 1 0 ,0 0 1

Hcnatoma
. 0 ,0 0 2 6 0 ,0 0 3 5 0 ,0 0 4 6

0 ,0 0 1 1 0 ,0 0 jG
0 ,0 0 2 6 0 ,0 0 3 2 0 ,0029
0 ,0 0 2 9 0 ,0031
0 ,0 0 2 8 0 ,0 0 2 9

0 ,0 0 3 2 0 ,0 0 4 0
0 ,0 0 3 3

0 ,0 0 2 7
0 ,0 0 0 0 ,0 0 0

3 ,8 7 0 5 ,1 5 0 5 ,2 0 0 4 ,7 6 0 4 ,6 M  .
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,001 0 ,0 0 1



T a b le  3 .45aA  c o m p ariso n  o f  ARC A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  22% p r o t e i n  d i e t .

A c t iv i iy /K  L iv e r  

P-roeChasone G lucagon

S2i£

C o n tro l

1005 ,194  
1 268 ,552  
1 122 ,482  
1-100,000  
1 189 ,420  
1349 ,669  
•. 505,392 
1 500 ,050  
1 230 ,094  

55 ,914

1 027,859
1027,889
1215,840
1299,539
1110 ,018
1150,014

1192I242
1123,827

37 ,978
1 ,550

NS

10 ,414  
9 ,7 1 8  
9 ,816  

10 ,0 0 0  
9 ,129  

10 ,430  
11 ,036 
10 ,834  
10 ,173  
0 ,2 2 2

1526 ,520
1200 ,629
1191,251
1100 ,000
1442 ,896
1282 ,890
1444 ,603

132 2 |5 2 2
53 ,275

1 ,200
NS

1398,24)
1346 ,142
1321 ,690
1571 ,355
1237 ,713
1238 ,588
1310 ,359
1297 ,066
1340 ,130

39 ,610
3 ,940
0 ,0 0 1

8 ,1 7 4  
5 658

10 ,226  
7 ,3 4 2  
8 ,  W i 
9 ,6 5 8  

10 ,6 3 2  
9 ,1 6 4  
0,79m  

- 1 ,220  
MS

1233,717
1157 ,857
1612 ,099
1168 ,673
1330 ,448
1368 ,805
1323 ,427
1314 ,664
1313 ,710

50 ,7 4 2
1,110

1723 ,573
1537 ,854
1 564 ,6 6 2
1335 ,708
1 354 ,251
1278 ,151
1295 ,722
1347 ,788
1429 ,706

56 ,4 4 9
4 ,4 4 0

6 ,0 8 2  
7 ,545  

12 ,240  
1 0 ,8  Vi 
10 ,226  
12 ,566  

8 ,78/, 
10,924 

9,900 
0 ,8 0 2  

- 0 ,3 3  
NS

P-m ethasone 
& G lucagon.

1200 ,402
1318.781  
1278 ,522
1224 .782  
1 275 ,795  
1 405 ,120
1 644 ,560

1356)084
53,767

1 ,620

1453,145  
1425 ,298  
1 449 ,480
1 459 ,858  
1259 ,602  
1274 ,323  
1179 ,567
1178 ,428  
1334 ,961  

44 ,091
3 ,5 6 0  
0 ,0 0 3

12 ,639
10,83V

9 ,819
10,010
10 ,504

10)680
0 ,3 0 8
1 ,3 4 0

dBcAMP

1022 ,328
1 238 ,005
1197 ,598
1081 ,883
1341 ,777
1354 ,737
1339,896

1222)930

1355 ,786  
1 399 ,497  
1650 ,619  
1403 ,308 
1223 ,918
1611 ,359
1439 ,717  
1354 ,155  
1429 ,793  

49 ,474  
4 ,8 3 0  
0 ,0 0 1

12 ,880
9 ,4 2 9

10 ,374
10 ,100
1 0 ,1 2 2
1 0 ,7 0 0

9 )778
10,388
0 ,3 8 2
0 ,4 9 0



T a b le  3 .4 5 b  A c o m p ariso n  o f  ARG A c t i v i t i e s  from  c o n t r o l  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  22% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P -m ethasorle G lucaeon P-m ethasone  
S G lucagon

dBcAMP

C o n tro l 9 ,3766 1 0 ,1768 9 ,8 9 7 0 8 ,0027 9 ,1 7 8 6
9,0611 10|4403 9 ,2 5 2 9 8 ,7919 10,7653
8 ,0177 7 ,6 8 5 5 10 ,0756 8 ,5235 7 ,7264
8 ,1 5 0 0 7 ,8570 9 ,3494 8 ,1 6 5 2 9 ,6551
7 ,9295 9 ,0181 9 ,8 7 0 0 10 , 206', 8 ,3861

8 ,0 1 8 1 9 ,1 2 5 4 9 ,3 6 7 5 8 ,4671
9 ,6696 9 ,0 2 8 8 9 ,8 2 2 8 9 ,9 5 7 0 9 ,2407

11,1113 9 ,2 8 0 9 ,7 6 4 4 1 0 ,0048
9,172 8 ,9 3 8 9 ,6 4 5 9 ,127 9 ,170
0 ,3 7 0 0 ,3 6 6 0 ,1 2 4 0 ,3 0 9 0 ,3 4 3

1 ,2 4 0 -0 ,0 9 0 -0 ,0 1 0

6,9526 13 ,3167 1 1 ,4905 11,1780 10 ,8463
9 ,2231 10 ,7691 1 1 ,9293 10,9638 14 ,7315
7 ,5 9 9 0 11,1500 1 3 ,7552
9 ,8 3 6 3 10,2747 11 ,2297 11 ,2265
9,8801 1 0 ,4173 9 ,8 8 9 3 1 0 ,1993
9 ,2 0 0 1 9 ,9 3 1 9 9 ,9 0 2 5 11 ,5097
7 ,7376 10 ,4829 9 ,9671 9 ,9 7 3 6 10 ,2837
8 ,5 1 6 0 1 0 ,3676 10,7130

10 ,9 8 8 0 1 0 ,8 0 2 0 1 0 ,6250
0 ,3 8 7 0,309
1 ,030 4 ,0 2 0 4.410 6 ,540
MS 0,001 . 0 ,001

H eoatoma 0 ,0 7 4 3 0 ,1 1 7 1
0 ,0 8 8 4 0 ,0 6 5 6 0 ,0 9 8 5 0 ,0 9 4 3
0 ,0 8 9 2 0 ,1 1 5 5
0 ,0 9 0 1 0 ,0 9 1 4
0 ,0 8 3 0 0 ,0 9 3 0
0 ,0 9 4 8 0 ,1 0 1 0 0 ,1 V ,3 0 ,0 9 4 0 0 ,0 9 7 3
0 ,1 0 0 3 0 ,1 1 3 6 0 ,1 0 ? 4 0 ,0 9 6 6 0 ,1 1 3 7
0 ,0 9 8 5 0 ,1 2 5 7 0 ,1 1 5 1
0 ,0 9 2 5 0 ,0 9 7 1 0 ,1 0 4 0
0 ,0 0 2 0 ,0 0 8 0 ,0 0 3 0 ,0 0 4

0 ,5 9 0 2 ,070 2 ,610
NS NS 0 ,0 2 1



T a b le  3 .4 6 a  A c o m p ariso n  o f  CPS A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a  75% p r o t e i n  d i e t .

A c t iv i t y / f i  l i v e r

C o n t ro l P -m othasone G lucagon P-m ethasone  
& G lucagon

dBcAMP

C o n tro l 6 ,2 3 8 8 ,3 4 3 5 ,079 6 ,783 9 ,813
11 ,763 9 ,8 9 5 6 ,506 6 ,9 4 5 9 ,833

9 ,220 10 ,791 6 ,240 10 ,924 7 ,960
•9 ,693 9 ,644 8 ,193 7 ,265 9 ,270
8 ,3 4 0 11 ,6 8 4 10 ,390 10 ,917 7 ,4 3 8

10 ,524 9 ,784 8 ,343 8 ,5 4 9 7 ,255
6 ,899 8 ,48 ] 6 ,240 7 ,8 4 0 9 ,0 8 4
6 ,377 9 ,6 4 5 6 ,240 8 ,467 6 ,3 6 6
8 ,6 3 8 9 ,7 3 4 7 ,145 8 ,377
0 ,7 1 4 0 ,3 8 8 0 ,6 0 1 0583

1 ,410 -1 ,5 9 0 -0 ,1 9
MS NS

5 ,4 4 9 6 ,108 6 ,6 9 6 8 ,109
4 ,765 6 ,2 4 9 5 ,4 1 2 6 ,5 2 8 5 ,818
5 ,387 5 ,5 5 3 7,941 6 ,6 9 6 7,481
5 ,2 5 2 6 ,2 4 9 1 1 ,3 7 0 9 ,0 6 6 5 ,6 0 0
4 ,5 8 2 8 ,1 0 9 5 ,690 7 ,5 0 5 5 ,6 0 0
5 ,008 5 ,818 8 ,100 6 ,7 0 0 6 ,794
4 ,5 8 3 ,600 5 ,8 1 2 7 ,053 6 ,8 6 2
5 ,243 7 ,490 7 ,781 6 ,589
’ •34 7 7 ,2 4 0 7 ,253 6 ,607
U ,123 0 ,7 0 0 0 ,3 0 2 0 ,3 2 1

3! 240 3 ,1 1 0 6 ,790 4 ,571
0 ,0 1 2 0 ,0 1 7 0 ,001 0 ,0 0 1

0 ,2 8 8 0 ,3 2 5 0 ,317
0 ,294 0 ,2 5 0 ,4 2 5 0 ,3 2 5 0 ,324
0 ,2 8 2 0.431 0 ,3 2 5 0 ,3 2 7 0 ,4 4 8

0,150 0 ,3 3 3 0 ,5 2 0
0 ,3 5 7 0 ,3 0 9 0 ,2 9 9 0 ,3 6 0
0 ,3 0 8 0 ,3 1 2 0 ,401 0 ,3 7 7

0 ,3 0 0 0 ,4 0 0 0 ,3 7 1 0 ,4 0 8 0 ,3 6 8
0 ,2 7 6 0 ,3 2 6 0 ,3 1 7 0 ,3 7 9 0 ,3 5 0
0 ,2 9 ? 0 ,3 6 8 0 ,3 3 5 0 ,1 4 7 0 ,3 8 4

0 ,0 2 3 0 ,0 1 6 0 ,0 1 5 0 ,0 2 4
2 ,840 2 ,730 2 ,760
0 ,0 2 2 0 ,0 2 6 0 ,0 0 7



T a b le  3 .4 6 b  A c o m p ariso n  o f  CPS A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 75% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l (3 -m eth aso n e S H S C . P-m echasona 
& G lucagon

dflcAMP

C o n tro l 0 ,0 4 0 6 0 ,0 5 5 6 0 .0 3 7 : 0 ,0 5 2 2 0 ,0 5 5 4
0 ,0 7 5 9 o ’o?ofi 0 ,0 5 3 4
0 ,0 7 3 8 0 ,0 7 7 1 0 ,0 8 4 0

‘ 0 ,0 6 4 6 0 ,0 6 4 3
0 ,0 8 4 0

0 ,0 6 5 2 0 ,0 6 1 8
0 ,0 5 5 2 0 ,0 5 7 9 0 ,0 5 0 0 0 ,0627 0 ,0 6 0 6
0 ,0 5 1 0 0 ,0 7 7 1 0 ,0 6 5 1 0 ,0 6 0 6
0 ,0 6 0 9 0 ,0 6 0 2 0 ,0 6 5 7

0 ,0 0 4 0 ,0 0 2 0
1 ,0 1 0 0 ,7 8 0 0 ,5 2 0

NS NS

0 ,0 7 7 2
0 ,0 5 0 8 0 ,0 5 0 2 0 ,0 4 8 4
0 ,0427 0 ,0 5 5 8
0 ,0 3 6 9 0 ,0 7 5 6

0,0485 0 ,0 8 5 0
0 ,0 5 1 0 0 ,0 4 8 4 0 ,0 5 7 2
0 ,0 6 2 4 0 ,0 6 4 8 0 ,0 5 4 9

0 ,0 4 0 4 0 ,0 5 8 2
0 ,0 0 2 0 ,0 0 3
4 ,2 9 0 4 ,9 7 0
0 ,001

0 ,0 4 4 0 0 ,0 5 6 0
0 ,032il
0 ,0 3 6 ,) 0 ,0640

U.OjOO 0 ,0 6 6 0
0 ,0 4 8 0
0 ,0 4 7 0
0 ,0 3 6 0
0 ,0*M 0 ,0 4 7 0 0 ,0 4 4 0
0 ,0 3 9 0 0 ,0 4 1 0
0 ,0 0 0 0 ,0 0 0 0 ,0 0 0 0 ,0 0 0

1,770 1 ,040 0 ,6 3 0 3 ,3 6 0
NS NS 0 ,0 0 5



T a b le  3 . 47a  A c o m p ariso n  o f  QIC A c t i v i t i e s  from  u n t r e a te d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  75% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l P -m ethasone G lucagon P-m cthasone 
& G lucagon

dBcAME

C o n tro l 264 ,969 3 1 1 .718 306 ,516 363,076
311,128 342,830 231 ,847 290 ,973 376 ,924
377,571 4 0 1 ,572 273 ,028 298 ,269 368 ,846

- 3 6 2 ,515 3 4 0 ,302 299,291 3 12 ,225 3 96 ,732
457,284 4 4 1 ,392 3 6 7 ,542 316,856 355 ,383
37 1 ,558 387,549 4 13 ,036 263 ,375
42 5 ,312 311,718 341 ,317 403,543
373,451 34 3 ,848 3 7 4 ,510 4 25 ,312
366,414 6 2 6 ,536 326 ,996 369 ,063

22 ,351 20 ,906 2 0 ,0  28 28 ,411
-1 ,3 0 0 1 ,290

40 1 ,629 347,390 359 ,496 375 ,967
315,504 4 0 5 ,610 3 6 7 ,5 4 2 3 93 ,776 3 4 4 ,7 3 8
331,121 343,211 363 ,748 354,743 3 28 ,921
331,997 366,743 3 8 3 ,2 1 2 381 ,218 343,117
279,220 3 7 5 ,072 375 ,967 395 ,752 367 ,043
291,327 355,075 395 ,094 367 ,077
287 ,865 389,980 3 8 8 ,022 376 ,700 339,304
280,654 365,073 360 ,077 365 ,955 3 42 ,204
286,377 375,299 3 7 2 ,632 374,339 3 50 ,102

15 ,936 7 ,8 4 2 5 ,611 5 ,3 7 2 5 ,590
2 ,9 2 5 ,010 5 ,110 5 ,230 3 ,770
0 ,0 1 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 4

H epatoma 8 ,505 9 ,456 9 ,1 4 7 9 ,9 0 7 7 ,4 2 8
7 ,943 9 ,134 9 ,908 9 ,807 7 ,027
9 ,658 9 ,208 9 ,560
9 .1 3 4 10 ,070 9 ,637
9,01!) 9 ,355 9 ,800 10 ,5 5 6
8 ,9 6 2 9 ,0  10 9 ,8 1 8 9 ,787 10 ,683
8 ,4 8 0 9 , 19(| 9 ,2 4 9 9 ,4 8 5 10 ,006
8 ,478 9 ,8 9 8 9 ,9.34 11 ,537
8 ,764 9 ,4 3 2 9 ,5 5 3 9,791 9 ,554
0 ,1 8 9 0 ,1 4 0 0 ,1 4 0 0 ,0 6 3 0 ,5 5 6

2 ,840 3 ,3 6 0 5 ,1 5 1 ,350
3 ,014 0 ,0 0 5 MS



T a b le  3 .4 7 b  A c o m p ariso n  o f  OTC A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s , h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a  75% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P-tne th a so n e G lucanon P-mc th a so n e dBcAMP

C o n tro l 2 ,020 2 ,2 0 8 2 ,309

& G lucagon  

2 ,3 5 8 2 ,420
2 ,074 2 ,856 2 ,275 2 ,645 2 ,513
2 ,517 2 ,769 2 ,0 2 2 2 ,712 2 ,459

' 2 ,417 2 ,936 2 ,216 2 ,838 2 ,545
3 ,049 3 ,0 4 4 2,7Z1 2,881 2 ,369
2 ,477 2 ,673 2 ,754 2,394 2 ,5 0 3
2 ,835 2 ,598 2 ,529 3 ,104 2 ,262
2 ,490 2 ,865 2 ,774 2 ,835 2 ,036
2 ,485 2 ,820 2 ,450 2,721 2 ,393
0 ,1 2 2 0 ,1 4 4 0 ,1 0 1 0 ,0 8 9 0 ,0 6 1

1 ,7 8 0 -0 ,2 2 0 1 ,560 -0 ,6 8 0
NS

2 ,1 0 3 3 ,347 2 ,672 2 ,996 3 ,581
2 ,2 5 4 3 ,3 8 0 2 ,827 3 ,281 2 ,5 5 2
2 ,365 2 ,620 3 ,031 2 ,667 2,741
2 ,371 3 ,0 5 6 3 ,193 3 ,177 3 ,1 1 9
2 ,538 3 ,1 2 6 2 ,8 9 2 3 ,298 3 ,496
2 ,331 2 ,959 3 ,0 3 9 3,059 3,424
1 ,919 2 ,790 3 ,234 2 ,932 2 ,928
2 ,245 3 ,0 4 2 3 ,005 3 ,050 2 ,8 5 2
2 ,266 3 ,040 2 ,987 3 ,058 3 ,087
0 ,0 6 6 0 ,0 9 1 0 ,0 7 2 0 ,1 3 4
1 ,580 6 ,870 7 ,710 8 ,050 5 ,4 7 0
NS 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

Hepatoma 0 ,1 1 8 0 ,1 1 4 0 ,1 2 4 0 ,1 4 0 ,1 0 6
0,114 0 ,1 4 2 0 ,1 1 4 0 ,1 2 3 0 ,1 0 1
0 ,1 1 3 0 ,1 2 5 0 ,1 7 8 0 ,1 3 6
0,134 0 ,1 3 4 0 ,1 1 8 0 ,1 2 5 0 ,1 1 2
0,11.6 0 ,1 1 3 0 ,1 2 3 0 ,1 4 0 0 ,1 5 1
0 ,1 1 3 0 ,1 4 0 0 ,1 4 0 0 ,1 2 2 0 ,1 5 3
0 ,1 2 3 0 ,1 2 3 0 ,1 2 6 0 ,1 2 0 0 ,1 4 3
0 ,1 3 3 0,132 0 ,1 1 7 0 ,124 0 ,1 4 5
0 ,121 0 ,1 2 8 0 ,1 2 7 0 ,1 2 7 0 ,1 3 3

0 ,0 0 3 0 ,0 0 3 0 ,0 0 3 0 ,0 0 6
1 ,470 1 ,420 1 ,480 1 ,830
NS NS MS



T a b l e s ,48a  A c o m p ar iso n  o f  ASS A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a  75£ p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l P -m ethasone G lucagon P -m ethasone 
& G lucagon

dBcAM?

C o n tro l 2 ,397 3 ,077 2 ,9 1 1 3 ,1 1 8 3 ,056
3 ,197 2 ,8 7 2 2 ,488 2 ,7 6 6 2 ,048
2 ,773 2 ,570 3 ,2 6 1 3 ,1 4 5 2 ,730
2 ,276 3 ,057 2 ,6 4 8 2 ,429 3 ,3 9 6
3 ,156 2 ,259 3 ,5 5 6 3 ,0 5 3 3 ,577
2 ,259 2 ,561 2 ,4 3 2 2 ,5 1 9 3 ,536
3 ,190 2 ,965 2 ,835 2 ,364 3 ,100
3 ,2 9 8 2 ,715 3 ,1 1 8 3 ,3 3 0 3 ,806
2 ,818 2 ,760 2 ,906 2 ,841 3 ,194
0 ,1 5 9 0 ,1 0 1 0 ,1 3 8 0 ,1 3 1 0 ,2 1 4

-0 ,3 1 0 <’ ,420 0 ,1 1 0 1 ,410
MS NS NS

1 ,649 3 ,465 3 ,6 5 3 3 ,244
2 ,460 3 ,037 3,344 3 ,6 4 2 3 ,0 6 2
2,251 3 ,123 3 ,2 7 4 3 ,2 5 8 3 ,3 7 8
1 ,962 3 ,135 3,724 3 ,2 4 6 2 ,516
2 ,400 3 ,546 3 ,5 6 3 3 ,424 3 ,0 0 8
2,466 4 ,0 3 2 3 ,4 3 4 3 ,4 6 2 3 ,033
2 ,270 4 ,1 2 3 3,427 2 ,587 3 ,278
1 ,679 4 ,135 4.052 3 ,0 0 0 3 ,595
2,141 3 ,5 7 5 3 ,5 5 9 1 ,233 3 ,1 0 6
0 ,1 9 9 0,165 0 ,0 8 9 0,114 0 ,1 1 4
3 ,4 2 0 9 ,580 6 ,6 3 0 5 ,8 7 0
0 ,0 0 4 0 ,0 0 1 0 ,001

Hepatoma 0,214 0 ,2 5 8 0 ,2 3 3 0 ,1 8 3 0 ,2 3 4
0 ,1 8 3 0 ,2 8 3 0,214 0 ,1 8 5 0 ,2 4 3
0 ,1 2 4 0 ,2 8 7 0,224 0,201 0 ,2 7 5
0,221 0,2)11 0 ,2 5 4 0,240 0 ,2 4 0
0,123! 0 ,2 6 3 0,274 0,253 0 ,2 6 3
0 ,1 5 6 0 ,3 5 7 0,244 0 ,3 0 7 0 ,3 5 7
0 ,2 ) 4 0 ,2 ) 6 0,70!: 0 ,2 8 7 0,267
0 ,1 7 5 (>,2R5 0,265 0,250 0 ,2 4 0
0 ,1 7 9 0 ,2 7 6 0 ,2 3 6 0,245 0 ,2 6 5
0 ,0 :5 0 ,0 1 4 0 ,007 0 ,0 1 7 0 ,0 1 4

4 ,7 2 0 3,540 2,810 4 ,1 1 0
0 ,0 0 1 0 ,0 0 8 0,014 0 ,0 0 1



T a b l e ] .4 8 b  A c o m p ariso n  o£ ASS A c t iv iC ic s  from  u n c c e a tc d  v s .  hormone
c r e a te d  c o n t r o l  a n im a l s ,  h o s ts  nnd h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a 75% p r o t e i n  d ia u .

S p e c if  in  A c t iv i t y

C o n tro l (^n iu thasone G lucaaon P-m nl'hasonc dBcAMP

C o n tro l

6 G lucaeon

0 ,0 2 0 2
0 ,0 2 2 9 0 ,0 2 4 1
0 ,0 2 1 5 0 ,0 1 7 7

0 ,0 1 8 3 0 ,0 2 2 2
0,0197 0 ,0 2 1 5 0 ,0 1 9 1

0 ,0 0 2 0 ,0 0 1 0 ,0 0 1 0 ,001
1 ,020 1 ,820 -0 ,5 5 0
M NS NS

0 ,0 2 8 2
0 ,0 2 3 6
0 ,0 2 8 2

0 ,0 1 6 4 0 ,0 2 6 6 0 ,0 2 5 2
0 ,0 2 1 8 0 ,0 2 8 5
0 ,0 1 9 7 0 ,0 2 8 9 0 ,0291

0 ,0 2 1 5 0 ,0 2 7 4
0 ,0 2 8 9 0 ,0 2 2 6 0 ,0 2 9 9
0 ,0 2 7 4

0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,001 0 ,001
2 ,2 2 4 ,0 3 0 8 ,840 5 ,9 6 0 7 ,8 8 0
0 ,0 3 0 0 ,001 0 ,0 0 1 0 ,001 0 ,001

l ly m t™ i 0 ,0 0 2 6 0 ,0 0 2 9 ,0025
0,0031 ,0 0 2 l>

0 ,0014 0,1)0:12 ,on r>
0 ,0 0 3 2 0 ,0 0 3 2 ,0010 0,00-10
0,0012 0,0034 0 ,0 0 3 7
0,(104') ,0031 0 ,0 0 3 6

0 ,0 0 2 6 0 ,0 0 3 0 ,oo:»i
0,001.9 0,0033 ,0031 0 ,0 3 0 0

0 ,0 0 3 2 ,0030
0 ,0 0 0 ,000 0 ,0 0 0

6 ,380 6 ,150 ,960 3 ,250
0 ,001 0 ,0 0 1 ,001 0 ,0 0 6



T a b le  3 .4 9 a  a c o m p ar iso n  o f  AL A c t i v i t i e s  from  u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w e n
m a in ta in e d  on a  75% p tv C c in  d i e t .

A c t r iv l ty /g  L iv e r

C o n t ro l l^-me th a so n e GlucaRon P -m ethasone dBcAMP
& G lucagon

C o n t ro l 4 ,5 4 6 4 ,4 8 8 6 ,747 3 ,5 8 7 3 ,9 4 2
4 ,6 3 7 4 ,2 3 1 4 ,5 0 1 4 ,9 2 2 4 ,3 2 0
5 ,644 5 ,8 0 8 5 ,6 8 2 3 ,8 1 2 3 ,9 2 1

. 4 ,226 4 ,9 0 9 5 ,2 5 2 4 ,9 8 2 .
4 ,3 1 5 5 ,0 6 7 3 ,4 8 7 4 ,7 9 2 5 ,0 1 8
4 ,5 3 3 5 ,041 5 ,1 7 5 4 ,324 4 ,9 3 5
5 ,4 2 5 4 ,6 5 0 4 ,3 3 7 4 ,734 4 ,7 9 4
5 ,064 5 ,780 4 ,7 9 2 4 ,7 5 3 4 ,8 2 3
4 ,7 9 9 4 ,997 4 ,747 4 ,489 4 ,5 9 2
0 ,1 8 4 0 ,2 0 1 0 ,2 3 6 0 ,1 8 7 (1,163

0 ,7 3 0 - 0 ,1 7 -1 ,1 8 0 -0 ,8 4 0
NS NS NS

H ost 3 ,0 8 8 3 ,957 3 ,7 9 5 3 ,950 3 , ;0 6
3 ,344 4 ,0 9 2 4 ,1 5 9 4 ,070 3 ,541
3 ,2 1 2 4 ,1 7 0 4 ,4 3 5 4 ,0 9 4 3 ,4 5 7
3 ,064 4 ,055 4 ,1 4 0 4 ,123 4 ,3 5 9
3 ,245 4 ,197 3 ,6 0 8 3 ,940 4 ,0 9 4
3 ,204 3,926 4 ,237 3 ,787 4 ,419
3 ,434 <5,171 4 ,8 2 6 3 ,9 2 6 5 ,2 4 9
3 ,3 7 0 4 ,9 0 2 4 ,1 3 8 3 ,994 4 ,0 0 9
3 ,2 4 5 4 ,1 8 5 4 ,174 3 ,986 3 ,979
0 ,0 4 7 0 ,1 0 9 0 ,12 ft 0 ,0 3 9 0 ,1 3 1
8 ,1 8 0 7 ,9  W 6 ,9 2 0 12 ,210 5 ,2 7 0
0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1 0 ,0 0 1

0 ,6 1 2 0 ,6 2 5 0 ,5 6 6 0 ,6 1 5 0 ,6 3 4
0 ,5 3 3 0 ,M 2 0 ,5 8 2 0 ,5 6 6 0 ,6 1 2
0 ,6 6 7 0 ,6 0 8 0 ,39 : 0 ,5 7 6 0 ,6 3 2

<M>1 7 0 ,6 3 5 0 ,6 3 8
n,6TO C),6V> 0 ,6 3 2 0 ,6 2 3 0,630
0 ,M ) 0 ,6 3 2 0,630 0 ,6 0 3 0 ,6 3 8
0,612 0 ,6 1 2 0 ,6 2 3 0 ,6 3 8
0 ,6 1 3 0,6:14 0 ,6 2 1 0 ,6 3 5
0,610 0,632 0,1,10 0 ,6 3 2
0 ,0 1 4 0 ,0 0 8 0,010 0 ,0 0 3

1 ,7 0 0 0 ,0 2 0 1 ,580
NS NS-



T a b le  3 .4 9 b  a  c o m p ar iso n  o f  AL A c t i v i t i e s  from  u n t r e a t e d  v
C reaked c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s ,
m a in ta in e d  on  a 75% p r o t e i n  d i e t .

S p e c i f i c  A c t iv i t y

C o n t ro l P-mc th a so m 2 G lucason P-tne th a so n e dBcAMP
6 Glucatson

C o n t ro l 0 ,0 3 0 3 0 ,0 3 5 9 0 ,0 3 5 2 0 ,0 3 2 5 0 ,0 3 9 4
0 ,0 3 7 1 0 ,0 3 3 9 0 ,0 3 8 0
0 ,0 3 7 6

0 ,0 3 6 0 0 ,0 3 4 5
0 ,0 3 7 2 0 ,0 3 2 1
0 .0 3 9 5 0 ,0 3 5 5 0 ,0 3 6 6
0 ,0 3 7 1 0 ,0 3 6 7
0 ,0 0 1 0 ,0 0 1
2 ,1 0 0 1 ,630
NS

H ost

0 ,0 3 7 0
0 ,0 3 3 8 0 ,0 3 4 5
0 ,0 3 5 0 0 ,0 2 8 2 0 ,0 4 0 0
0 ,0 3 2 7 0 ,0 3 2 0
0 ,0 3 2 1 0 ,0371 ",0327
0 ,0 3 7 7 0 ,0 3 4 5 0 ,0 3 3 3

0 ,0 2 6 0 0 ,0 3 3 6 0 ,0 3 3 1
0 ,001

7 ,7 2 4 ,4 6 0
0 ,001 0 ,0 0 1

0 ,0 0 7 6  0 ,0 0 7 8  0 ,0 0 7 1  0 ,0 0 8 8  0 ,0 0 9 1
0,0064 0 ,0 0 7 8  0 ,0 0 8 ')  0 ,0 0 7 1  0 ,0 0 8 7
0 ,0 0 % , 0,01)')? 0 ,0 0 7 ')  0,007:1 0 ,0091
0 ,0 0 '; ')  0,00H/> 0,007%  0 ,0 0 9 2  0 ,0 0 9 1
0 ,0 0 7 6  0 ,0 0 7 9  0 ,0 0 7 9  0 ,0 0 8 9  0 ,0 0 9 0
0,0071  0 ,0 0 7 9  0,01)0 0 ,0 0 7 5  0 ,0 0 9 1
0 ,0 0 7 b  0 ,0 0 8 2  (i ,i)()95 0 ,0 0 7 8  0 ,0 0 9 2
0 ,0 0 6 9  0 ,009f> 0,0071. 0 ,0 0 7 8  0 ,0 0 6 1
0 ,0 0 7 2  0 ,0 0 8 4  0 ,0 0 8 0  0 ,0 0 8 0  0 ,009C
0 ,0 0 0  0 ,0 0 0  0 ,0 0 0  0 ,0 0 0  0 ,0 0 0

2 ,7 9 0  ] ,700  1 ,5 5 0  5 ,1 3 0
0 ,0 1 6  MS NS 0 ,0 0 1



T a b le  3 .5 0 a  a c o m p ar iso n  o f  ARG A c t iv iu i e s  from  u n trea C e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s t s  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on a 75% p r o t e i n  d i e t .

A c t i v i t y / g  L iv e r

C o n t ro l  P .-m etltasone G lucagon  fi-m othasone dBcAMP 
& G lucagon

C o n t ro l 1847 ,569 1859,747 1555 ,365 1451 ,201 1442 ,426
1878,565 1 822,629 1485 ,165 1897 ,878 1 951,810
2036,912 2013 ,471 1437 ,571 1887 ,787 2043,780

' 1916 ,9 '= . 1990 ,745 1512 ,122 1 664 ,685 1821,110
1903 ,155 1806,573 1740 ,670 1859,991 1765,017
1831 ,948 1572 ,082 1740 ,670 1828,875 1947 ,108
1742 ,650 1650 ,727 1850 ,727 1757,631 1649 ,560
1674 ,952 2167 ,529 1850,727 1780 ,893 2056,608
1853 ,085 1850 ,436 1646,628 1766,115 1834,675

39 ,305 59 ,347 52 ,556 74 ,7 0 2
-2 ,9 0 0 -1 ,3 3 0 -0 ,2 2 0

MS

1528 ,075 2485,772 1982 ,869 1898,243 1851 ,865
1171 ,128 2055,879 1652 ,793 1818 ,276 1641,603
1518 ,862 2097 ,992 1824 ,770 1792 ,582 1699,180
1278,166 1857,191 1700 ,646 1898 ,063 1882 ,376
1208 ,673 2079,929 2058,992 1988 ,403 1667,496
1355 ,755 1999 ,889 1881 ,776 2155 ,077
1345 ,308 1918,200 1851 ,865 1929 ,280 2094,715
1457,819 1677 ,090 2094 ,207 1767 ,053 1918 ,142
1357 ,972 1996,993 1895 ,752 1871,457 1863,804

47 ,911 88 ,1 7 9 58 ,020 26 ,150
7 ,990 6 ,3 7 0 7 ,1 5 0 9 ,410

0 ,0 0 1 0 ,0 0 1

Henacoma 10,875 10 ,710 12 ,424 12 ,5 7 8 11 ,2 7 3
11 ,615 10 ,438 12 ,5 4 2 12 ,567 12 ,108
11 ,775 10 ,795 11 ,920 10 ,127 11 ,950
11,199 10,420 14 ,667 13 ,7 0 2 12 ,195
10 ,045 10 ,5 1 5 11 ,055 11 ,411
10 ,437 12,121 11 ,7 8 5 10 ,723 10 ,205
10,719 11,025 11 ,978 9 ,998 10 ,9 6 2

9 ,513 10 ,532 10 ,050 12 ,075 10 ,288
10 ,7 7 2 11,218 11 ,98 11 ,603 11 ,299

0 ,2 7 2 0 ,4 0 5 0 ,4 9 4 0 ,4 6 9 0 ,2 7 5
0 ,910 2 ,150 1 ,530

MS MS NS



T a b le  3 .5 0 b  A c o m p ariso n  o f  ARG A c t i v i t i m  ^rom u n t r e a t e d  v s .  hormone
t r e a t e d  c o n t r o l  a n im a l s ,  h o s ts  and h e p a to m a s . R a ts  w ere
m a in ta in e d  on  a  75% p r o t e i n  d i e t .

S p e c i f i c  / . - t i v i

C o n t ro l ft-m ethasone G lucagon ^ m e th a s o n e  
& G lucagon

dBcAMP

C o n tro l 11 ,920 12 ,000 11,964 11 ,1 9 3 9 ,6 1 6
12 ,120 11 ,760 11 ,426 12 ,553 13 ,0 1 2
10 ,721 13 ,623 11 ,0 5 8 12 ,586 1 2 ,0 2 2
12 ,367 13 ,2 7 2 1 1 ,6 3 2 12 ,805 12 ,141
12 ,2 8 0 12 ,044 11 ,605 12 ,400 9 ,290
11 ,703 12 ,576 11 ,608 12 ,193 12 ,5 6 2
11 ,2 4 3 13 ,206 12 ,338 11 ,718 13 ,196
10 ,805 12 ,385 10 ,887 11 ,8 7 2 10 ,0 3 2
11 ,645 12 ,583 11 ,564 12 ,165 11 ,484
0 ,2 3 0 0 ,2 3 8 0 ,1 6 4 0 ,1 7 1 0 ,5 6 0

C 1 ,9 0 0 -0 ,2 9 0
NS

1 ,5 2 0
NS

-0 ,2 7 0
NS

11 ,754 17 ,7 5 6 16 ,524 15 ,819 17 ,636
9 ,365 16 ,7 1 4 13 ,218 14 ,7 8 3 13 ,690

12 ,657 15 ,138 13 ,034 14 ,574 14 ,1 6 0
12 ,782 14 ,861 1 4 ,1 7 2 15 ,431 17 ,927
10 ,988 15 ,995 17 ,158 16 ,570 15 ,8 8 1
10 ,946 1 4 ,5 2 0 16 ,251 15 ,3 0 0 17 ,526
@,969 14 ,756 13 ,275 15 ,659 17 .456

11 ,663 12 ,901 1 7 ,4 5 2 14 ,3 6 5 15 ,985
11 ,141 15 ,330 15 ,136 15 ,313 16 ,283
0 ,4 9 2 0 ,5 2 4 0 ,6 7 0 0 ,2 5 7 0 ,5 8 1
0 ,9 3 5 ,8 3 0 4 ,8 1 0 7 ,510 6 ,7 5 0

0 ,0 0 1 0 ,0 0 1

H epatoma 0 ,1 2 7 9 0 ,1 3 0 6
0 ,1 3 5 6 0 ,1 3 0 5
0 ,1 2 8 0 0 ,1 4 4 0
0 ,1 2 1 7 0 ,1 3 9 0
0 ,1 1 9 2 0 ,1 6 7 1
0 ,1 2 2 8 0 ,1 6 1 5
0 ,1 1 5 6 0 ,1 4 7 0
0 ,1 0 3 4 0 ,1 4 0 4
0 ,1 2 1 7 0 ,1 4 5 0
0 ,0 0 3 0 ,0 4 2

1 ,500
NS

0 ,1 7 9 6 0 ,1 6 1 0
0 ,1 7 9 2 0 ,1 2 6 7 0 ,1 6 5 9
0 ,1 4 0 2 0 ,1141 0 ,1 5 3 7
0 ,1 7 2 7 0 ,1 7 1 3 0 ,1 5 4 4
0 ,1 3 1 4 0 ,1 5 7 9 0 ,1 6 3 0
0 ,1 6 8 4 0 ,1 0 7 3 0 ,1 4 0 0

' ,1111 0 ,1 5 0 2
0 ,1 1 8 2 i 1509 0 ,1 3 0 2
'1,15011 o ,1 3 9 9 0 ,1 5 2 3
0 ,0 0 6 0 ,0 1 0 0 ,0 0 4
3 ,480 5 ,5 9 0
0 ,0 0 4 0 ,0 0 1



I n  o r d e r  to  f r  • '• j r  i n v e s t i g a t e  f a c to r s  r e g u la t i n g  th e  le v e l s  o f  

u r e a  c y c le  en  ym ua, a  s tu d y  was made o f  d i e t a r y  and ho rm onal r e g u la t i o n  

o f  th e s e  enzymes i n  no rm al l i v e r ,  i n  hepatom a and  in  th e  h o s t  l i v e r  

o f  hepatom a-be  a r in g  a n im a ls .

The p u rp o s e  o f  th e  f i r s t  e x p e r im e n t was to  s tu d y  th e  r e l a t i o n s h i p  

o f  u r e a  c y c le  enzym es in  th e  th r e e  l i v e r  type. • in  t h i r t y  f iv e - d a y  o ld  

r a t s  m a in ta in e d  on a  22% p r o t e i n  d i e t .  The r a t s  w ere  t r a i n e d  to  an 

8 -1 6 ’ f e e d in g  reg im e  and w ere fe d  no rm al l a b o r a to r y  fo o d  p e l l e t s  f o r  

one week p r i o r  to  s a c r i f i c e .  A l l  a n im a ls  w ere  s a c r i f i c e d  a t  lO’.OO 

h o u rs  . R e s u l t s  a r e  e x p re s s e d  a s  a c t i v i t y /g r a m  l i v e r ,  s p e c i f i c  

a c t i v i t y  and p e rc e n ta g e  o f  c o n t r o l ,  and a r e  shown in  th e  t a b l e s  o f  

r e s u l t s .  A lso  shown a r c  th e  means o f  th e  r e s u l t s  o f  e ig n t  i n d iv i d u a l  

e x p e r im e n ts  -  s ta n d a r d  e r r o r s . The s ta n d a r d  s tu d e n t  t - t e s t  was 

p e rfo rm ed  to  d e te rm in e  th e  s ig n i f i c a n c e  o f  d i f f e r e n c e s  found , 

P r o b a b i l i t i e s  (P ) o f  l e s s  th a n  5% a r e  c o n s id e r e d  as s i g n i f i c a n t .

From f i g  3 .2 9  i t  can  be s e e n  t h a t  a l l  f i v e  enzymes a re  c o r r e l a t e d  . 

T here i s  a  la r g e  s i g n i f i c a n t  d rop  i n  th e  a c t i v i t y  o f  th e s e  enzymes in  

th e  hapatom a as com pared w ith  th e  c o n t r o l  l i v e r s  r f  non h e p ato m a - 

b e a r in g  a n im a l s , The r e s u l t s  a rc  s i m i l a r  when e x p re s s e d  e i t h e r  as 

a c t i v i t y /g r a m  l i v e r  o r  a s  s p e c i f i c  a c t i v i t y .  T h is  s u g g e s ts  t h a t  th e  

d ro p  i s  s p e c i f i c  and n o t  due to  some com ponent i n  th e  l i v e r  su c h  as 

t o t a l  l i v e r  p r o t e i n  c o n te n t ,  c a rb o h y d ra te  o r  w a te r .
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The f ig u r e s  3 ,3 0  co 3 .3 4  show th e  e f f e c t  o f  d i s c  on th e  a c t i v i t i e s  o f  u r e a  

c y c le  enzym es in  n o rm a l l i v e r s ,  h ep ato m as and  th e  h o s t  l i v e r s  o f  hep ato m a - 

b e a r in g  a n im a l s .  The e x p e r im e n ta l  c o n d i t io n s  w ere  a s  d e s c r ib e d  p r e v io u s ly .

The a n im a ls  w ere  t r a i n e d  to  d i e t s  c o n ta in in g  0%, 10%, and  757= p r o t e i n  t o r  

one  week p r io r  to  s a c r i f i c e .

From th e s e  t . s u i t s  i t  c an  h e  s e e n  t h a t  th e  d e c r e a s e  i n  a c t i v i t i e s  i n  enzyme 

l e v e l s  i n  th e  h o s t  l i v e r s  a n d  h ep ato m as o c c u r s  on a l l  th e  d i e t s  and  t h a t  th e  

b e h a v io u r  o f  a l l  th e  u r e a  c y c le  enzymes i s  c o r r e l a t e d .  The f a c t  t h a t  th e  drop  

o c c u r s  on a l l  th e  d i e t s  a rg u e s  a g a in s t , th e  p o s s i b i l i t y  o f  Che hepatom a e x e r t in g  

a  s t a r v a t i o n  e f f e c t  on th e  h o s t  l i v e r  th ro u g h  p r e f e r e n t i a l  u s e  o f  m e ta b o l i te s  

su c h  aa  am ino a c id s  s in c e  th e  d ro p  i s  s e e n  in  r a t s  m a in ta in e d  on a  75% p r o t e i n  

<’. i e t  w here  am ino a c id  l e v e l s  a r e  n o t  l i m i t i n g .  T hese  r e s u l t s  do s u g g e s t  th e  

p o s s ib l e  e x is te n c e  o f  a  hum oral su b s ta n c e  w hich  c o u ld  c a u se  a  d ro p  i n  th e  

a c t i v i t y  o f  th e  u r e a  c y c le  enzym es i n  tu m o u r -b e a r in g  a n im a ls .
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L v ity /g  l i v e r  and  s p e c i f i c  a c t i v i t y  o f  Cl’S from  lin­
es and  hepatom as e x p re s s e d  a s  a  ?, o f  u n t r e a t e d  c o n t r o l
m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .



Protein
Diet 100'

A c tiv ity /G  Liver

0 %

S p e c if ic  A ctiv ity

1

1
1

Control 

X s  H epatom a

F ig .  3 .3 1  A c t i v i t y / g  l i v e r  and  u p e c i f i '-  ~.t l i t y  o f  OTC feom un­
t r e a t e d  h o s t  l i v e r s  and  hepatom as e x p re s so u  . X o f  u n t r e a t e d  c o n t r o l
l i v e r s .  R a ts  w ere  m a in ta in e d  on v a r io u s  p r o te .  d i e t s .



P ro te in  A c tiv ity /G  Liver
D ie t  ioon—
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100
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S p e c if ic  A ctivity  

%&
N orm al

Host

Tum our

75%
6 0 -

2 0 - L i
P ig .  3 .3 2  A c t lv l t y /g  l lv o .r  rind s p e c i f i c  a c L iv l t y  o f  ASS from  un­
t r e a t e d  h o s t  l i v e r s  and hepatom as e x p re s s e d  nn a 7  o f  u n t r e a te d  con­
t r o l  l i v e r * .  PU -s w e rr  m a in ta in e d  on v n r l in is  p r o t e i n  d i e t s .



Protein Activ ity/G  Liver
Diet ioot
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S  10%

i

Specific A c tiv ity

Control

H ost

H ep a to m a

2 2 %
4 0

2 0 - i
75%

4 0 -

2 0 '

0 - I I
F ig .  3 .3 3  A c c iv i ty /g  l i v e r  and s p e c i  Etc n c t iv i l - y  ol 
u n u r e a te d  h o s t  l i v e r s  and  hepotom ns e x p re s s e d  a s  a % c l 
c o n t r o l  l i v e r s .  I tiils w ere  m a in ta in e d  on v n H m is  p r o t^ l
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Specific Activ ity
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1

I scEd

1 . 1
F ig .  3 .3 4  A c t i v i t y ,'b l i v e r  and s p n c l f i c  n c l:iv it ;y  o f  ARC? frciw
u n t r e a te d  h o s t  l i v e r s  and  liepn tom as e x p re s s e d  a s  o % o f  u n t r e a te d  
c o n t r o l  l i v e r s .  R a ts  w ore  m in L ix ln e d  on v a r io u s  p ro l  iiJ n  cllvt.n.
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10% Protein Diet

75% Protein Diet22%  P rotein Diet
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F ig , 3 .3 5  A c e iv iL y /g  l i v e r  o f  Cl'S from  hormone tvcaU ed
h o s t  l i v e r s  e x p re s s e d  n s  a  ’L o f  c o n t r o l  u n t r e a t e d  h o s t  l i v e r s
o f  r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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140'

100

22% Protein Diet 75% Protein Diet
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dBcAMP

F ig . 3 .3 6  S p e c i f i c  a c t i v i t i e s  o f  Cl’S from  hormone t r e a t e d
h o s t  l i v e r s  e x p re s s e d  a s  a  7  o f  c o n t r o l  u n t r e a te d  h o s t  l i v e r s
o f  r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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dBcAMP

Fii>. 3 .3 7  A c t iv i l - y /g  l i v e r  o f  CVS iicoin hormano f.ro a tu d  
hepatom as e x p re e a c d  aa  n 7. o t  c o n t r o l  un teo aL cd  hopntomaB 
£rom r a t a  m a in ta in e d  on v a r io u s  p r o t e i n  d a i t ' t .
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I
F ig . 3 .3 8  S p e d  T ic a c l i v l t i c a  o f  Cl’S from  hormone t r e a t e d
hepatom as e x p re s s e d  a s  a o f  c o n t r o l  u n t r e a t e d  hepatom as
from  r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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f i g .  3 .3 9  A c t iv l t y /g  l i v e r  oE OTC Croin hormone t r e a l e d
h o s t  l i v e r s  e x p re ea cd  a s  a  7. o f  c o n t r o l  tm trc aU c d  h o s t
l i v e r s  o f  r a t s  m a in ta in e d  on  v a r io u s  p r o t e i n  d l c l h.
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F ig ,  3 .4 0  S p e c i f i c  a c t i v i t i e s  o f  0TC from  liom ione t r e a t e d
h o s t  l i v e r s  e x p re s s e d  a s  a t  o f  c o n t r o l  u n t r e a t e d  h o s t  l i v e r s
o f  r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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A ctiv ity /G  Liver (Host)

2 2 0 '

200

1 8 0 -

160-

H O

120

W O-

0%  Protein Diet 10% Protein Diet
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F ig , 3 .4 3  A e t i v i t y / g  l i v e r  o f  ASS from  hormone t r e a t e d  
h o s t  l i v e r s  e x p re s s e d  a s  a 7. o f  c o n t r o l  u n t r e a te d  h o s t  l i v e r s  
o f  r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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P ig . 3 .4 4  SpeclCLo a c i i v i L i e s  oC ASS from  hormone, t r c n t e d  
h o s t  l i v e r s  e x p re s s e d  rts a  o f  c o n t r o l  u n t r e a t e d  ho;:I- 11vors 
o f  r a t s  m a in ta in e d  on v a r io u s  p r o ’ o lu  d i e t s .
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h epatom as e x p re s s e d  a s  a % o£ c o n t r o l  u n t r e a t e d  hepatom as 
Erom r a t e  m a in ta in e d  on v a r io u s  p r o t e i n  d i e t s .
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F ig . 3 .4 6  S p e c i f i c  a c L iv i t i o s  o f  ASS from  hormone h re o te d  
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r a t s  m a in ta in e d  on v a r io u s  p r o t e i n  d ie t .s .
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ma i in n  I ned on v a r io u s  p r o le  In d i e t s .
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A c t i v i t i e s  o f  u r e a  c y c le  enzymes from  horm one- 
u n tra n u e d  c o n t r o l s ,  h o s ts  and  hepoLomas from  n  
m a in ta in e d  on a 0%, 10% o r  a  75% p r o t e i n  d i e t  
e x p re s s e d  a s  a % o£ l e v e l s  i n  r a t s  m a in ta in e d  c 
a  22% p r o t e i n  d i e t .

A c t iv id v /e  l i v e r S p e c i f i c  A c t iv i t y

C o n tro l H o st Heoatoma C o a tro l H ost Hepatoma P i e ta i

CPS

29 ,23 3 8 ,7 2 1 9 ,52 3 5 ,11 5 2 ,1 4 3 1 ,43

P ro te j

5 3 ,9 8 98 ,17 7 6 ,7 0 8 5 ,0 4 3 3 ,40
100 ,00 100 ,0 0 100 ,00 100 ,00 100 ,00
158 ,40 1 6 7 ,4 7 4 1 0 ,1 2 161 ,97 172 ,65 5 5 7 ,U

ASS

77,61 73 ,32 5 1 ,9 6 8J,@7 6 5 ,2 0 4 2 ,8 5
o

98 ,14 76 ,53 9 8 ,6 4 85 ,34 90 ,48
100 ,00 100 ,00 100 ,00

153 ,90 139 ,66 101 ,66 130 ,02 109 ,62

6 6 ,2 4 71,61 21 ,3 5 73 ,98 3 7 ,0 4
o

7 0 ,1 6 73 ,65 3 9 ,0 0 9 4 ,7 8 4 0 ,7 0
100 ,0 0 100 ,00

304 ,69 2 3 3 ,7 9 217 ,08 303 ,61 254 ,7 0 266 ,67

PTC

4 7 ,4 8 3 8 ,5 2 18 ,76 5 0 ,54 5 2 ,18 33 ,06
77,73 6 2 ,6 9 4 6 ,4 2 8 6 ,21 8 5 ,42 64 ,34

100 ,00 100 ,0 0 100 ,0 0 100 ,00 100 ,00 100,00
191 ,31 171 ,51 134 ,40 159 ,40 198 ,18 196 ,11

AR£

3 2 , i l 4 5 ,1 7 18,12 54,67 5 2 ,7 8 3 0 ,6 0 0
76,31 54,31. 28 ,32 9 5 ,41 66 ,65

100 ,00 LOO,00 500 ,00 100 ,00 100 ,00 100,00
150 ,65 115 ,88 129 ,78 131 ,58



3 .5 2  A A c t i v i t i e s  a s  % o f  c o n t r o l  l i v e r  f o r  CPS.

C o n t ro l  G BG cAMF

A /g 7 2 ,9 8  100 ,31  118 ,6 0  8 9 ,5 4  9 6 ,8 1
S .A . 9 2 ,4 2  1 1 2 ,8 8  132 ,5 8  1 0 9 ,0 9  10 8 ,3 3

A /g  0 ,8 7  0 ,9 4  1 ,4 4  1 ,6 0  1 ,1 0
S .A . 1 7 ,4 2  1 8 ,9 4  2 9 ,5 5  3 0 ,3 0  2 2 ,73

A /g 117 ,46 43
P .A . 117 ,71 94

H ep. A /g 2 ,7 8 03
38 ,19 67 90

A/g 8 3 ,6 2 66
9 7 ,07

»«P. A /g 1 ,81 99 97
61 29 ,26 60

A /g 28 81 ,35 82 97 49
34 97 ,87 67 57 29

H ,p . A /g 4 ,1 5 89 01 45
77 ,18 03

% 0E C o n tro l
H epatoma a c t iv :L t i c s  ias a % o f  C o n t ro l  H epatoma.

C o n t ro l I G cAHP

A /p 100 137 ,63 ,71 122 ,90 137.,82
S.A. 100 122 ,13 ,44 118 ,03 117 ,21

A /g 100 107,91 187 ,05 129 ,50
S.A. 108 ,70 M 173 ,91 1 3 0 ,4 3

A /g 96 80
174 87 95

ltoP. 19 124 61 47
S.A . 100 43 157 14 14

HoaL
411 39 16

8 .A. 79 16

A /g 4 1 150 56
0p . 8 .A. 100 86 142 86

( lo s t 08 131 21
S.A . 150 06 154 21

h , . A /g 114 84 131 16
S.A . 100 110 13 89

A /g  = A c t i v i t y / ;  L iv e r
S .A . = S p e c if ic .  A c t iv i t y



T a b le  3.53A  A c t i v i t i e s  a s  % o f  c o n tro l  l i v e r  f o r  OTC.

r o t e i n C o n tro l £ 2 £ CAM?

A /g 95 ,47
H ost S .A . 99 ,0 2

HeP-
40 32 1 ,2 2

S.A . 65 2 2 ,5 6

H ost 35 6 5 ,0 8
S .A . 23 121 ,75

H . , . A /g 47 2 ,6 2

3 364 3 ,5 0

A /g 39 112 ,52
47 139 37 139 ,1 0

H ,p . A /g 41 61 47 52 3 ,6 6
S .A . 19 5 10 5 ,0 3

A /g 16 62 101 70 16 9 5 ,55
S.A . 91 19 33 06 124 ,23

H .p . A /g 39 67 2 ,61
S.A . 4 87 5 511 5 ,37

H ost a c t i v i  t i e s  ; 
H epatoma a c t i v i t i

C o n t ro l £ ®£ cAHP

H ost A /g 100 140 ,72 134 ,99
S ,A. 100 129 ,60 127 ,65

n op . A /g 100 63 9 9 ,6 9 9 0 ,68
S.A . 100 53 100 ,00 9 9 ,00

H ost
46 127 ,95 120 ,97

S .A . 36 149 ,75 199 ,46

"""
A /g 15 122 ,44 129 ,76

100 00 143 ,07 139 ,29

H ost 63 135 ,95 129 ,07
S .A . 64

J -
143 ,64 159 ,33

, „ p . 9.1 103 ,23 107 ,39
S .4 . 97 24 111 ,02 109 ,56

H ost 07 14 130 ,73 122 ,27
S .A . 16 82 134 ,95 135 ,23

H .P . A/g r>2 00 111 ,72 109 ,01
S.A . 100 79 00 103 ,0 0 110 ,25



T A l . 3 .5 4 A A c t i v i t i e o f  c o n t r o l  l i v e r

r o t e l n C o n t ro l B G cAMP

A /g 69 , 9 9 , 45 80 103 ,17 9 9 ,29H ost
S .A . 79 , 109 , 84 52 114 ,97 102 ,7 2

Hop. A /g 7 , U . 03 29 10 ,38 1 0 ,38
S.A . 15 , 23, 73 20 ,41 20 ,41

A/g 79, 154, 47 1 75 ,0 2 153 ,4 8
S .A . 54 , 143, 86 159 ,31 177 ,93

Hop.
A/g 1 2 , 17 67 19 ,51 17 ,95

13, 24, 01 24 ,#2 17,93

8 5 , 143, 147 143 ,96 145 ,08
S.A , 71 , 147, 139 ,41 155 ,80

Hop. A /g 5 , 9 , 35 5 ,7 9 1 0 ,0 2
5 , 10, 81 9 ,4 0 1 1 ,59

A /g 75 , 125, 30 114 ,74 110 ,22
85 , 123, 09 133 ,50 140 ,10

Hop. A /g 5 , 9 , 37 9 ,6 9 9 ,4 0
S.A . 10 , 17 , 24 1 5 ,22 1 7 ,26

T a b le
„

H ost a c t i v i t i e s Z o C o n tro l H o s t.
Hepatoma a c t i v i ie s s a % o f  C o n t ro l  Hepa

C o n tro l £ BG cAMP

Ho,C A /g IOC ,41 81 149 ,80 144 ,17
S.A . 100 ,93 79 145 ,69 130,17

Hop. A /g 10( ,45 09 139 ,69 139,69
S .A . 100 ,83 09 130 ,43 130 ,43

A /g ,75 62 221 ,26 194 ,04
S .A . ,29 78 292 ,41 321 ,58

Hop. A /g ,25 145 ,30 140 ,88
S.A . 100 ,21 189 ,47 135,84

H ost ,11! 34 170,06
,05 13 192 ,93 217 ,17

n op . A/g 94 111 ,18 193 ,55
S.A . 100 ,56 11 1.44,44 177 ,78

H ost A/g ,98 23 151 ,0 0 145 ,07
S.A . ,38 13 155 ,6 2 163,31

A/g ,19 84 135 ,87 149 ,05
,67 38 142 ,86 161 ,90

A /g  = A r f c iv i iy /g  L iv e r
A .S . = S p e c if ic .  A e t iv i r y



T A l . 3 A c t i v i t i e s  as o n t r o l  l i v e r

P r o te in C o n tro l B J 3 I E cAMP

A /g 106 ,35 131 67 114 ,15 164 ,2 4H ost A .S . 105 88 112 ,2 2 141 11 123 ,33 145 ,56

A /g 5M 6 ,0 4 7 92 8 ,1 2 6 ,6 3
11 76 11,76 15 29 16 ,47 1 1 ,7 6

A /g 122 ,06 155 23 135 ,61 116 ,36
117 ,39 142 61 135 ,65 158 ,26

Hep. A /g 24 1 1 ,22 82 1 1 ,4 1 1 1 ,58
. 9 57 13 ,91 13 ,91 1 4 ,7 8

H ost A /g 91 02 134 ,29 145 ,50 123 ,21
S .A . 93 57 130 ,95 147 ,70 15 5 ,9 6

„ . P . A /g 18 48 19 ,27 19,34 2 4 ,6 5
S .A . 24 77 28 ,44 2 9 ,36 3 3 ,94

A /g 67 87 ,21 83 82 ,19 82 ,19
S .A . 74 9 6 ,5 5 95 9 5 ,5 4 103 ,16

a * .
A /g 12 13 ,17 12 12 ,72 1 3 ,1 6
S.A . 24 ,14 2 2 ,99 2 5 ,8 6

T a b le  3 .5 5  B H ost a c t i v i t i e s  a s  a % o f  C o n t ro l H o s t.
H epatoma a c t i v i t i e s  a s  a % o f  C o n t ro l  H epatom a.

C o n tro l I BG cAMP

A /g 100 108 ,02 133 ,74 115 ,95 166 ,83
100 112 ,2 2 141 ,11 123 ,33 145 ,56

0 A /g 100 101,67 133 ,33 136 ,69 111 ,67Hep. 100 100 ,00 130 ,00 140 ,00 100 ,00

A /g 131 ,39 167 ,10 145 ,98 12 5 ,2 5
136 ,36 165 ,6 6 157 ,58 183 ,84

10
A /g 109 ,48 115 ,42 111 ,41 114 ,05

c p . 145 ,45 163 ,64 145 ,45 15 4 ,5 6

A /g 143 ,88 153 ,03 159 ,90 139 ,80
S.A . 151 ,96 166 ,67 157 ,84 166 ,67

A/- 104 ,63 109 ,25 104 ,93 130 ,60e P . 100 114,81 118 ,52 118 ,52 137 ,04

A /g 120,1)1 1^8 ,63 122,84 122 ,33
129 ,23 127 ,31 126 ,54 138 ,08

A /g 103 ,61 9 9 ,51 100 ,00 103 ,61
eP . S.A . 100 116 ,67 111 ,11 111,11 125 ,00

A /g = A c t i v i t y / g  l i v e r
S .A . = S p e c i f i c  A c t iv i ty



T ab le  3 .5 6  A A c t i v i t i e s  a s  % o f  c o n t r o l  l i v i

r o t e i n C o n tro l B G BG CAW

H ost A /g 
S.A .

79 ,75
8 7 ,5 2

105 ,48
134 ,57

111 ,38
122 ,04

102,56
112 ,73

124 ,00 
123 ,25

A /g 0 ,2 9
0 ,5 4

0 ,2 7 0 ,2 6
0 ,4 7

0 ,2 8
0 ,4 6

0 ,2 7
0 ,5 4

A /g

A /g

6 3 ,6 8
5 9 ,75

0 ,3 0
0 ,3 6

101 ,41
9 9 ,2 5

0 ,5 2  . 
0 ,9 2

9 5 ,69
9 9 ,66

0 ,4 4
0 ,7 5

9 2 ,1 5
102 ,09

o ’,77

8 9 ,05
125 ,16

0 ,5 1
0 ,5 2

Hep. A /g

91 ,36
93 ,96

0 ,8 3
1 ,01

1 09 ,9 5
1 19 ,8 0

0 ,7 5
1 ,1 0

115 ,23
117 ,77

0 ,8 1
1 ,1 0

109 ,53
1 1 5 ,8 4

0 ,8 7
1 ,1 0

115 ,23
127 ,27

0 ,8 5
1 ,10

Hop.

A /g

A /g

73 ,28
9 5 ,6 1

0 ,5 8
1 ,0 4

107 ,77
131 ,5 5

0 ,6 1
1 ,5 9

102 ,30
125 ,89

0 ,6 5
1 ,29

101 ,21
131 ,41

0 ,6 3
1 ,2 0

100 ,58
139 ,73

0 ,6 1
1 ,3 1

T ab le B H ost a c t i v i t i e s a s  a  2 o f C o n t ro l H o s t.
Hepatoma a c t i v i t i 3 % o f  C o n t ro l  H epatom a.

C o n t ro l « £

A /g 100 135 44 157 ,46t o s t
100 91 140 ,82

A /g 100 2-; 97 ,15to p . 100 12 85 99 ,59

H ost
150 139 ,26

S.A . 165 209 ,49

A /g 56 70 169 ,38
ep . 100 209 09 172 ,25

H ost A /g 22 127,23
S.A . 34 29 135,45

A /g 32 98 102 ,11ep . S.A . 100 51 65 112 ,43

A /g 60 81 137,50
S.A . 137 137 45 145,21

A /g 78 22 105 ,38
S.A . 100 119 91 114 95 125 ,1 "

A /g  -  A c t i v i t y / g  L iv e r  
S .A . = S p e c i f i c  A c t iv i t y



The g r a p h s  o f  a c t i v i t i e s  o f  u r e a  c y c le  enzymes in  c o n t r o l  a n im a ls , 

h o s ts  and  hepatom as o f  r a t s  m a in ta in e d  on 0%, 10% and  75% p r o t e i n  

d i e t s  e x p re s s e d  a s  a  % o f  l e v e l s  i n  l i v e r s  o f  a n im a ls  m a in ta in e d  

on 22% p r o t e i n  shows t h a t  th e  t h r e e  l i v e r  ty p e s  a r e  u n d e r  s i m i l a r  

ty p e s  o f  c o n t r o l  w i th  r e s p e c t  to  d i e t  s in c e  a l l  th r e e  ty p e s  o f  l i v e r  

r e sp o n d  to  d i e t ,  a l th o u g h  th e  h o s t  a n d  hepatom a a r e  g e n e r a l l y  more 

re s p o n s iv e  th a n  c o n t r o l  l i v e r s  , th e  hepatom as b e in g  th e  m ost r e s p o n s iv e  

( s e e  f i g u r e s  3 .5 5  to  3 .5 9 ) .
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T ab le  3 .5 7 b ANALYSIS OF VARIANCE FOR SPECIFIC ACTIVITIES

Source o f  V a r ia t io n

M ain e f f e c t s

S ig n i f ic a n c e

2-Way I n t e r a c t i o n s

3-Way I n t e r a c t i o n s

4-Way I n t e r a c t i o n s  
E L iv  TRT

E x p la in ed

R e s id u a l

27717 .145

3 26 .887

28044.031
Enzyme
C o n t ro l ,  l i v e r  oi 
A p p l ic a t i o n  o f  B, 
P e r c e n t  p r o t e i n



S in ce  th e  u r e a  c y c le  enzyme a c t i v i t i e s  w ere in d u c ib le  i n  th e  h o s t  l i v e r  

i r r e s p e c t i v e  o f  th e  d i e t  on  w hich  th e  r a t s  w ere  m a in ta in e d , i t  seemed 

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

n u t r i t i o n a l  e f f e c t  o f  th e  hepatom a upon th e  h o s t  and s u g g e s te d  th e  

p o s s i b i l i t y  t h a t  some hum oral f a c t o r  was r e s p o n s i b l e .

I n  o r d e r  to  t e s t  th e  above th e  f o l lo w in g  e x p e r im e n t was c o n d u c te d . 

A l l  r a t s  w ere  m a in ta in e d  on m '8 - 1 6 '  f e e d in g  reg im e  f o r  one week 

p r io r  to  e x p e r im e n ta t io n .  H e p a to m a -b e a r in g  a n im a ls  and c o n t r o l  

nontum ourous r a t s  (3 5 d ay  o ld )  w ere  e x s a n g u in a te d , th e  b lo o d  was spun 

down f o r  10 m in u te s  a t  2000 r p m  in  th e  p r e s e n c e  o f  EDTA and th e  

s u p e rn a ta n t  was p r e s e rv e d  f o r  f u r t h e r  u s e .

N orm al 35 day o ld  a n im a ls  were g iv e n  a  s in g l e  i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  p la sm a  (2 m l/a n im a l)  from  tum our o r  n o n tu m o u r-b e a rin g  

a n im a ls , o r  p la sm a  p lu s  g lu c ag o n  (250 ug /5 0 p ) tw en ty  f o u r  h o u rs  b e fo r e  

s a c r i f i c e .  A l l  a n im a ls  w ere  th e n  s a c r i f i c e d  a t  10 :0 0  h o u rs  and th e  

h e p a t ic  u r e a  c y c le  enzyme a c t i v i t i e s  w ere  a s sa y e d  i n  th e  above g roups , 

o f  a n im a ls  and com pared w ith  th e  a c t i v i t i e s  i n  c o n t r o l ,  n o n in je c t e d  

n o n tu m o u r-b ea rin g  a n im a ls .

From t a b l e s  3 .5 8 a , b  and c i t  c an  be soon  t h a t  a s in g l e  i . p ,  

i n j e c t i o n  o f  p la sm a  from  n o n tu m o u r-b e a rin g  a n im a ls  does n o t  r e s u l t  in  

a s i g n i f i c a n t  a l t e r a t i o n  in  a c t i v i t i e s  o f  u r e a  c y c le  enzymes in  35 - 

day o ld  r a t s ,  n o r  a r c  th e s e  enzymes in d u c ib le  by g lu c ag o n  u nder th e s e  

c o n d i t i o n s .

I n  c o n t r a s t  to  th e  a b o v e , th e  enzymes s tu d i e d  a l l  show a s i g n i f i c a n t  

d e c r e a s e  i n  s p e c i f i c  a c t i v i t y  when m easured  and a s sa y e d  i n  a n im a ls  g iv e n  

n s in g l e  V\ hou r i . p .  i n io e t io n  o f  p la sm a  from  luw our- b e a r in g  a n im a ls .

I n  a n im a ls  g iv e n  a  s in g l e  V\ h o u r i . p  i n j e c t i o n  o f  p la sm a  from  

tu m o u r-b e a rin g  a n im a ls  p lu s  g lu cag o n  th e re  was a s i g n i f i c a n t  in c re a s e  

i n  th e  s p v c i i i r  a c t i v i t i e s  o f  th e  u re a  c y c le  enzymes a s  com pared to  

a c t i v i t i e s  in  n o n in je c t e d  35 -day  old c o n t r o l s  ( s e c  f i g .  3 .b 0 ) .

T hese  r e s u l t s  s u g g e s t  t h a t  a  hum oral f a c to r  i s  p r e s e n t  in  th e  

p lasm a o f  tu m o u r-b e a rin g  a n im a ls  and th a t  L itis f a c t o r  i s  c a p a b le  of 

a l lo w in g  in d u c t io n  by g lu c ag o n  i n  a n im a ls  w here  in d u c t io n  i s  n o rm a lly  

n o t  p r e s e n t .
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SECHON 4 -  DISCUSSION

4 .1  ASSAY SYSTEMS

B e fo re  a c te m p c in g  co  d raw  any  c o n c lu s io n s  f r r n  tlie  r e s u l t s  

i t  m ust b e  s t r e s s e d  t h a t  th e  r e s u l t s  o b ta in e d  do n o t ’ r e f l e c t  t r u e  

a c t i v i t i e s  o f  th e  u r e a  c y c le  enzymes i n  v iv o . A ssay  c o n d i t io n s  a re  

id e a l  and do n o t  ta k e  i n to  a c c o u n t th e  p o s s i b i l i t y  t h a t  i n h i b i t o r s  

and o th e r  f a c to r s  i n f lu e n c in g  enzyme a c t i v i t i e s  may bo p r e s e n t  in  

th e  c e l l s  b u t  a b s e n t  from  th e  a ssa y  sy s te m  and t h a t  d i s s o c i a t i o n  

and a s s o c i a t i o n  o f  th e  enzyme s u b u n i t s  may b e  d i f f e r e n t  in  v iv o  as 

com pared to  t h e s e  t e s t  tu b e  a s s a y  c o n d i t io n s .

The u r e a  c y c le  enzyme a c t i v i t i e s  as d e te rm in e d  by th e  m ethods 

o f  B a lin sk y  e ^  _al. (1972) ..nd Wixom e_t (U . (1972)com pare  w e ll 

w ith  th o se  o f  m ost o th e r  w o rk e rs  ( R a in e r ,  1953; S chim kc, 1964; 

B a lin s k y ,  1969) b u t  a re  low er chan th o se  d e te rm in e d  by Nuzum and 

S n o d g ra s s ,  (1971) w ith  th e  e x c e p tio n  o f  OTC w hich i s  h ig h e r  i n  ou r 

d e te r m in a t io n s .

The t a c t  t h a t  OTC a c t i v i t y  i s  low er i n  Nuzum and S n o d g ra s s 's  

a s sa y  m ethod c an  be e x p la in e d  by th e  f a c t  t h a t  th e y  a s sa y e o  a t  pH 7 ,7  

( u n p u b lish e d )  to  re d u c e  th e  b a ckg round  c o lo u r  in  th e  c i t r u l l i n e  

d e te r m in a t io n .  We have overcom e t h i s  p ro b lem  by in c lu d in g  r e a g e n t  

b la n k s ,  a s  d e s c r ib e d ,  to  c o r r e c t  f o r  th e  ba ck g ro u n d  a b so rb a n c e .

I t  i s  w e l l  a c c e p te d  t h a t  th e  a c t i v e  s p e c ie s  o f  o r n i t h i n e  i n  th e  

OTC r e a c t i o n  i s  th e  z w i t t e r i o n  w hich c o n s t i t u t e s  a b o u t 10% o f  t o t a l  

o r n i th in e  a t  n e u t r a l  pH ( R a tn c r ,  1 9 7 3 ) . S n o d g ra ss  ( s e c  R a tn e r ,  1973) 

showed t h a t  th e  Km f o r  o r n i t h i n e  d e c re a s e d  w ith  d e c r e a s in g  pH. S in ce  

th e  p r e s e n t  a ssa y  was pe rfo rm ed  a t  pH 8 .3  ( th e  pH optim um) th e r e  may 

hove been a  g r e a t e r  p r o p o r t io n  o f  o r n i th in e  a v a i l  :o le  a s  th e  a c t i v e  

z w i t t e r io n  th e re b y  a c c o u n tin g  f o r  th e  h ig h e r  a c t i v i t y  o b se rv e d .

The a s sa y  m ethod o f  Wixom et^ jo l . ( 1 9 7 2 )f o r  ASS s u f f e r s  from  a

draw back  s in c e  i t  does n o t  m easu re  d i r e c t l y  th e  am ount o f  p ro d u c t 

lo rm ed b u t  r a t h e r  th e  amount o f  s tib sU a U - ur.rd  up in  th e  f o rm a tio n  of 

p r o d u c t .  On th e  O vhcr h and , i t  does r u t  depend cn s u p p le m e n ta t io n  

in  ASL. Even though  a r g lu l n o s u c e in a t e  may a c c u m u la te ,  i t s  concen ­

t r a t i o n  i s  n o t  s u f f i c i e n t  to  i n h i b i t  th e  r e a c t i o n  (R a tn e r , 1955).

The r e a c t i o n  m easured  i s  l i n e a r  w ill) tim e  (M attlie y se , 1977) . The 

a n a l y t i c a l  e r r o r s  due to  s u b t r a c t io n  and re d ra w in g  o f  c a l i b r a t i o n



c u rv e s  have  been  m in im ized  by che u se  o£ th e  c om pu ter p rog ram  f o r  

d ra w in g  th e  c a l i b r a t i o n  c u rv e  and d e te rm in in g  enzyme a c t i v i t i e s .

A c t i v i t i e s  f o r  a l l  enzymes e ’.p u ted  by hand comparo v e ry  w e l l  

w ith  th o se  com puted by th e  prog ram  w ith  a  5% e r r o r  m a rg in . The 

c o m p u te r iz e d  m ethod i s  p ro b a b ly  more a c c u r a te  s in c e  th e  graph  drawn 

i s  th e  b e s t  p o s s ib l e  f i t  to  th e  p o in ts  p l o t t e d  w h i l s t  th o se  drawn 

by han d  a re  more o f  an e s t im a t io n .

The i n t e r f e r e n c e  o f  u r e a  p r e s e n t  i n  th e  c i t r u l l i n e  d e te r m in a t io n  

o f  th e  ASS a s s a y  p ro c e d u re  h a s  be en  m in im ized  by th e  at' ' L ion of 

u r e a s e  to  th e  a s sa y  m ix tu re .  T h is  d e g ra d e s  a l l  u r e a  p r e s e n t  and 

form ed from  z e r o  tim e  u n t i l  th e  a s sa y  i s  te rm in a t e d .

A rg in a se  i s  a s sa y e d  a t  i t s  pH optim um o f  9 , 5 .  T h is  i s  f a r  

from  th e  p h y s io l o g ic a l  pH w here  i t s  a c t i v i t y  i s  g r e a t ly  d e c re a s e d  

b u t  s t i l l  g r e a t e r  th a n  c h a t  o f  th e  r o t e  l i m i t i n g  enzyme ASS 

( R a tn e r ,  1955 ).

The o th e r  d i f f e r e n c e s  o b se rv e d  may bp due to  s p e c i f i c  d i f f e r e n c e s  

in  a n im a ls  u se d  and p e rh a p s  to  d i e t a r y  p r o t e i n  c o n te n t  s in c e  u re a  

c y c le  enzyme a c t i v i t i e s  a re  v e ry  s e n s i t i v e  to  d i e t a r y  p r o t e i n  l e v e l s .



4 .2  TIME-DEl’liNDENCE OF UREA CYCLE ENZYMIC ACTIVITIES

The a c t i v i t i e s  o f  ASS, AL and a r g in a s e  worn m easured  a t  th r e e  

h o u r ly  i n t e r v a l s  a ro u n d  th e  c lo c k  and i t  was found  t h a t  th e  a c t i v i t i e s  

do n o t  v a ry  s i g n i f i c a n t l y  w ith  th e  tim e  o f  day ( s e e  ta b l e s  3 .1 a  -  

3 .2 c ,  f i g  3 .1 )

The r e s u l t s  su g g e s t  t h a t  ASS, AL and a r g in a s e  do n o t  d is p l a y  

a  c i r c a d i a n  rhy thm  s i m i l a r  to  t h a t  o f  o th e r  h e p a t i c  enzymes such 

a s  t y r o s in e  amino t r a n s f e r a s e  (W urtmau, 1969) when m a in ta in e d  on an 

8 -16 f e e d in g  re g im e . T hese  r e s u l t s  a r e  c o u s i a t a n t  w ith  r e s u l t s  f o r  

CL’S found  by S hephard  (1 9 7 5 ).

T h ere  d o e s , how ever, a p p e a r  t o  he a tim o -d o p e n d en c e  in  

i n d u c i b i l i t y  by g lu c ag o n  in  r a t s  t r a i n e d  to  th e  f e e d in g  reg ii .

When g iv e n  a  s in g l e  i n j e c t i o n  o f  g lu c ag o n  (250 mg/ 50g r a t )  24 h o u rs  

b e fo r e  s a c r i f i c e ,  i n d u c i b i l i t y  was a p p a r e n t ,  r e a c h in g  a maximum two 

h o u rs  a f t e r  th e  o n s e t  o f  d a rk n e s s , when r a t s  have  be en  f e e d in g  f o r  

two h o u rs  ( s e e  f i g  3 . 1 ) .  T hese  f in d in g s  a r e  c o n s i s t e n t  w ith  th o se  

o f  S h e p h a rd  (1975) who m easured  tim e-d ep e n d cn c e  o f  CPS i n d u c i b i l i t y  by 

g lu c a g o n .

S e v e ra l  p e rm is s iv e  e f f e c t s  o f  g lu c o c o r t ic o id s  f o r  th e  a c t i o n  o f  

g lu cag o n  and cAMP a re  known and a re  rev ie w ed  by V icks (1974) and 

Thomson and Lippman (1 9 7 4 ). F o r  exiiinple i t  i s  b e l ie v e d  t h a t  

g lu c o c o r t i c o id s  may i n h i b i t  pirn:. • l i e s t e r a s c  and i n  t h i s  way sp a re  

cAMP s in c e  i n  c u l tu r e d  ' itonia i v i ,  tlcxam nthasone (ImM) has been  

shown to  i n h i b i t  p h o s p h o d ie s te ra s e  w ith  a concom  t a n t  in c re a s e  in  

cAMV le v e l s  b e in g  m vasu roh le  (M anganic 1lo  and V aughn, 1972) . A ls o , 

i io sh in o  e t  n l .  (19 75) found  t h a t  i n j e c t i o n  o f  a p h y s io l o g ic a l  d o se  o f  

c o r t i s o n e  a c e t a t e  r e s t o r e s  th e  r e d u c e d  r e s p o n s e  o f  TAT to  dlicAMP 

i n  a d ro n a le c to in iz e d  r u t s .

G iven  e t  o_l. (1967) found  t h a t  r  i s  a d a p te d  to  c o n t r o l l e d  

fe e d in g  rejjimc!) show m arked c y c l i c  v n r i i i i  io iis  in  th e  c i r c u l a t i n g  

c o r t i c o s t e r o n e  l e v e l s .  Wurtmnn and A x e lro d  ( 19(i7) found  th a t  

g lu c o c o r t ic o id s  peuk a t  a b o u t two h o u rs  b e fo r e  th e  o n s e t  oC fe e d in g .

I t  i s  th e r e f o r e  p o sH ib le  t l i a l  th e  lim e-d ep e n d en t 'e  o f  i i u h 'e ib i  U  ty  

by g lu c ag o n  i s  a c t u a l l y  r e l a t e d  to  th e  l e v e l s  o f  c i r c u l a t i n g  

g lu c o c o r t ic o id s  w hich may be p e rm is s iv e  f o r  g lu c a g -n  in  t h i s  in s t a n c e .



W icks (19 7 4 b ) h a s  s u g g e s te d  t h a t  in  c e r t a i n  c a s e s  o f  enzyme in d u c t io n ,  

cAMP and th e  s t e r o i d s  may in f lu e n c e  th e  same p r o c e s s  b u t  t h a t  in  th e  

a b se n c e  o f  s t e r o i d ,  cAMP v o u ld  e x e r t  a  r e d u c e d  e f f e c t .

The rhythm  se e n  in  i n d u c i b i l i t y  o f  u r e a  c y c le  enzymes by g lu c ag o n  

i s  p r o b a b ly  r e l a t e d  to  f e e d in g  a s  i( . th e  c i r c a d i a n  rhythm  o f  TAT (W urc- 

nian, 1969) and  e s p e c i a l l y  to  try p to p h a n  c o n c e n t r a t i o n s .  The r a t e  o f  

am ino a c i d  u p ta k e  i s  in f lu e n c e d  by  th e  a d r e n o c o r t i c a l  s t e r o i d s  and s in c e  

t h e s e  show d a i ly  rhy thm s th e y  may g e n e r a te  rhy thm s in  try p to p h a n  con -

T ry p to p h an  has" a  s p e c i a l  s ig n i f i c a n c e  in  c o n t r o l  o f  h e p a t i c  p r o t e i n  

s y n th e s is  and i f  i t  i s  o m it te d  from  th e  d i e t  t h e r e  i s  a  r e v e r s i b l e  d i s -  

a g g v e g a tio n  o f  h e p a t ic  p o l 's o m e s  a s  w e l l  a s  th e  lo s s  o f  c i r c a d i a n  rhythm  

n o rm a l ly  s e e n  in  TAT a c t i v i t i e s  (P ro n cz u k  e t  a h ,  1968).

T ryp to p h an  a l s o  p la y s  a s p e c i a l  r o l e  i n  th e  in d u c t io n  o f  u re a  c y c le  

enzym es. F o rc ed  f e e d in g  o f  try p to p h a n  h a s  th e  same e f f e c t  on in c re a s in g  

u r e a  c y c le  enzyme a c t i v i t i e s  a s  d o e s fe e d in g  a  h ig h  p r o t e i n  d i e t  

(H uran ia tsu  and Nakagawa, 1971 ).

I f  polysom e a g g re g a t io n  s t i m u la t e s  p r o t e i n  s y n th e s is  o f  m e sse n g ers  

a l r e a d y  a v a i l a b l e  and  try p to p h a n  s t i m u la t e s  polysom e a g g re g a t io n ,  th e n  

in c r e a s in g  t r y p to p h a n  c o n c e n t r a t io n s  (d u e  to  in  r e a s in g  g lu c o c o r t ic o id  

l e v e l s )  may in d u c e  th e  s y n th e s is  o£ u r e a  c y c le  c ivym es . T hese  n a s c e n t  

p o ly p e p tid e  c h a in s  c o u ld  b e  r e le a s e d  more r a p id l y  from  th e  po lysom es by 

th e  p re s e n c e  o f  cAMP w hich  w ould a c t  a s  an In d u c e r  by a l lo w in g  more 

m e sse n g er  to  become a v a i la b l e  f o r  t r a n s l a t i o n .



I t  w ould b r  i n u e r e s t i n g  to  se c  i f  t h i s  tim e-d ep e n d cn c e  o f  

i n d u c i b i l i t y  i s  n b o lis h t-d  w ith  a d re n a le c to m y . G lucagon  in c re a s e d  

th e  a c t i v i t y  o f  CPS i r r e s p e c t i v e  o f  th e  p r o t e i n  c o n te n t  o f  th e  

d i e t  and i t  seem s t h e r e f o r e ,  t h a t  e f f e c t s  o f  d i e t  and g lu c ag o n  

a r e  in d e p e n d e n t o f  eac h  o th e r  (S h e p h e rd , 1975 ).

4 .3  AGE DEPENDENCE OF INDUCIBIUTY

As can  be s e e n  from  t a b l e s  3 .3  and 3 .4  a l l  f i v e  o f  th e  u r e a  

c y c le  enzymes a r e  in d u c ib le  i n  2 8 -b u t  ne t i n  35 -day  o ld  r a t s  

( s e e  f i g s  3 .2  and  3 .3 ) .  I f  g lu c o c o r t i c o id s  a r e  p e rm is s iv e

f o r  in d u c t io n  o f  th e  u r e a  c y c le  enzym es by g lu c ag o n  a t  28 d a y s , i t  

i s  c o n c e iv a b le  t h a t  la c k  o f  s e n s i t i v i t y  o f  u r e a  c y c le  enzymes to  

g lu c o c o r t i c o id s  a t  35 days w ould  r e s u l t  in  a la c k  o f  s e n s i t i v i t y  to  

cAMP a t  th e  same age .

S e v e ra l  w o rk e rs  h av e  found  t h a t  a f t e r  day 29 p o s t n a t a l l y ,  th e r e  

i s  no s i g n i f i c a n t  in c r e a s e  in  a rg in a s e  a c t i v i t y  w ith  a s in g l e  

i n j e c t i o n  o f  h y d r o c o r t is o n e  (Schim ke 1963 , McLean and G urney , 1963 ). 

Schim ke (1963) found  t h a t  i n  a d u l t  r a t s  th r e e  d a i ly  i n j e c t i o n s  o f  

la r g e  d o sz s  o f  c o r t i s o l  (25 m g/100 g) w ere  r e q u i r e d  to  c au se  an 

in c r e a s e  i n  th e  a c t i v i t i e s  o f  u r e a  c y c le  enzymes in  p r o p o r t io n  to  an 

in c r e a s e  i n  u r e a  e x c r e t i o n .  Ik= su g g e s te d  th a t  th e  s low  re s p o n s e  may 

be due to  th e  r e l a t i v e l y  lo n g  h a l f  l i f e  o f  th e s e  enzym es.

S hephard  (1975) found  t h a t  in  2 8 -day  o ld  v a ts  a s i n g l e  i . p .  

i n j e c t i o n  o f  g lu c ag o n  (23U;ig /  50g) c au se d  0 40-61% in c re a s e  in  Cl'S 

a c t i v i t y  w i th in  tw en ty  f o u r  h o u rs  i n  a n im a ls  m a in ta in e d  on a  c o n t r o l l e d  

f e e d in g  reg im e . McLean and N o v e llo  {1965)obscrved  a  30% in c re a s e  

in  CPS a c t i v i t y  b u t  o n ly  when r a t s  w ere g iv e n  th r e e  d o i ly  d o se s  o f  

g lu c ag o n  (lOOyug/dosc) b e fo r e  s a c r i f i c e  b u t  th e s e  r a t s  w ore fed  

ad l i b l  t urn and th e  l i g h t in g  was n o t c o n t ro l  le d .  The. in d u c t io n  

o f  CPS by g lu c ag o n  in  young r a t s  was in d e p e n d e n t o f  d i e t  s in c e  Che 

in c r e a s e  was s e e n  in  th e  r a t s  m a in ta in e d  on a 10%, 22% o r  75% 

p r o t e i n  d i e t  (S h e p h e rd , 1 9 7 5 ).

C h r is to w i lz  (1975) a l s o  found  t h a t  in  a d u l t  r a t s  d a i ly  

i n j e c t i o n s  o f  c o r t i s o l  w ere r e q u i r e d  to  d e m o n s tra te  a s i g n i f i c a n t  

i n c r e a s e  i n  a c t i v i t y  o f  th e  u rea  c y c le  enzymes and t h a t  in  a d u l t s  

r a t s  th e  change was no lo n g e r  c o o rd in a te d  f o r  a l l  o f  th e  enzymes



s in c e  AL b e haved  in  an anom olous way to  th e  o th e r  enzym es.

H a r t  (1977) found  a s i g n i f i c a n t  a g e -d ep e n d en c c  o f  c o r t i s o l  

i n d u c i b i l i t y  o f  a r g in a s e  and ASS in  th r e e  t o  n in e te e n  day o ld  r a t s  

From days th r e e  t o  f i f t e e n  th e r e  i s  a  s i g n i f i c a n t  i n c r e a s e  in  th e  

a c t i v i t i e s  o f  th e s e  two enzymes w ith  a s in g l e  tw e n ty  f o u r  hou r 

i n j e c t i o n  o f  h y d r o c o r t is o n e  h e m is u c c in a te  (2 0 /Jg /1 0 0 g ) . A t days 

17 and 19 th e r e  i s  no i n d u c i b i l i t y  and th e  p e r io d s  beyond t h i s  

age w ere  n o t  s tu d i e d .

I t  h a s  been  s u g g e s te d  t h a t  s e v e r a l  c r i t i c a l  p e r io d s  o f  d e v e lo p ­

ment o c c u r  and i f  th e  e n v iro n m en t i s  i n t e r f e r e d  w ith  a t  th e s e  

c r i t i c a l  s ta g e s  i t  i s  p o s s ib l e  to  a l t e r  th e  c h a r a c t e r i s t i c s  o f  

th e  i n d iv i d u a l  i n  such  a way t h a t  f u r t h e r  developm en t i s  

a l t e r e d  ( S c o t t ,  1 9 6 2 ). The f i r s t  c r i t i c a l  p e r io d  o c c u rs  in  th e  

f i r s t  p o s t n a t a l  week (D enenberg , 1965) and th e  w ean ing  p e r io d  

w hich  o c c u rs  b e tw een  th e  se co n d  and f o u r t h  w eeks a l s o  b e lo n g  among 

th e  c r i t i c a l  p e r io d s  (K rocek and P a l e l y ,  1 9 6 7 ). P re m a tu re  w ean ing  

o f  th e  r a t s  r e s u l t s  in  a l t e r e d  c h a r a c t e r i s t i c s  o f  th e  a d u l t ,  th e  

a l t e r a t i o n s  in c lu d in g  changed  r e p r o d u c t iv e  f u n c t i o n ,  im p a irm en t o f  

f e r t i l i t y ,  a l t e r e d  r e g u la t i o n  o f  th e  c c s t r a l  c y c le  and an i n h i b i t i o n  

o f  th e  a d re n a l  g la n d s .  Tlie a d r e n a ls  o f  p re m a tu re ly  weaned r a t s  

p ro d u ce  l e s s  c o r t i c o s t e r o n e  th a n  n o rm a lly  weaned r a t s  and th e  e f f e c t  

i s  m e d ia te d  by th e  p i t u i t a r y  g la n d  ( i b i d ) . I f  th e s e  c r i t i c a l  

p e r io d s  do e x i s t ,  th e n  th e  s e n s i t i v i t y  o f  u r e a  c y c le  enzymes to  

g lu c o c o r t ic o id s  c o u ld  a l t e r  a f i e r  day 29 pos in a  i.nl ly  when w ean ing  i s  

c o m p le ted  and th e  u re a  c y c le  enzym es have rea ch e d  a d u l t  l e v e l s .

In  a d u l t  r a t s  g lu c o c o r t ic o id s  a re  re ip ii le d  f o r  th e  m a in te n an c e  

o f  th e  b a s a l  l e v e l  o f  u re a  c y c le  enzym es s in c e  i n  a d re n a lc c to m iz e d  

a d u l t  r a t s  th e r e  i s  an 80Z d ro p  in  a r g i t u s o  ,i< t i v i t y  and a 30% drop  

i r  ASS, CPS, Ah and O’i'C com pared w ith  c o n t r o l s  (Shim ku, 1963;

McLean and G urney , 1903).

Hence in  a d u l t  v a ts  th e  u r e a  c y c le  enzymes m ust be r e sp o n d in g  

to  g lu c .u c o r t ic u jd o  in  o way d i f f e r e n t  to  H int in  young r a t s . A f t e r  

e n t ry  i n t o  th e  c o l l  th e  g lu c o c o r t i c o id  i n t e r a c t s  w ith  n s p e c i f i c  

r e c e p to r ,  th e  r e s u l t i n g  com plex  i s  th e n  t r a n s p o r te d  to  th e  n u c le u s ,  

w here  th e  s t e r o i d - r e c e p t o r  i n t e r a c t s  w ith  th e  c h ro m a tin  a t  a s i t e  

c a l l e d  th e  n u c l e a r - a c c e p to r .  T s a i  and H n il ic n  (1971) found  t h a t  a



s m a ll  amount o f  c o r t i s o l  b in d s  to  a t r y p s i n - r e s i s t a n t  f r a c t i o n  o f  th e  

a r g i n i n e - r i c h  h i s  to n e s .  They th e r e f o r e  su |$ g c s t t h a t  c o r t i s o l  

p r o b a b ly  b in d s  to  a n o n - h is to n e  p r o t e i n  a s s o c i a t e d  w ith  th e  a r g in i n e -  

r i c h  h is t o r ie s .  The p o s s i b i l i t y  e x i s t s  t h a t  i n  a d u l t  r a t s  th e  

n u c l e a r - a c c e p to r  has  su c h  a s tr o n g  a f f i n i t y  f o r  th e  s t e r o i d - r e c e p t o r  

com plex t h a t  u n d e r  no rm al c o n d i t io n s  th e  u r e a  c y c le  enzymes a re  

m a x im ally  in d u c e d . I f  how ever, th e  b a s a l  s t e r o i d  l e v e l  m o p s ,  as 

w ould o c c u r  i n  a d re n a le c to m y  th e n  a) n o t  a l l  r e c e p to r s  w ould be 

bound to  s t e r o i d  .and b) Che n u c le a r - a c c c p r o r  s i t e s  c o u ld  n o t bo 

o c cu p ie d  by th e  s t e r o i d - r e c e p t o r  com plex and s y n th e s i s  o f  new 

m e sse n g er  RNA f o r  th e  u r e a  c y c le  enzymes w ould b e  d e c re a s e d .

I t  i s  w e l l  known t h a t  d i e t a r y  in d u c t io n  o f  u r e a  c y c le  enzymes 

i s  in d e p e n d e n t o f  i n t a c t  a d re n a ls  (Shiroko, 1 9 6 3 ) , so th e  f a c t  th a t  

th e  enzymes a re  in  a s t a t e  o f  maximal in d u c t io n  by g lu c o c o r t ic o id s  

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

in d e p e n d e n t o f  eac h  o th e r .

The s i g n i f i c a n t  i n c r e a s e  in  a r g in a s e  a c t i v i t y  i n  a d u l t s  

f o l lo w in g  th r e e  d a i ly  i n j e c t i o n s  o f  h y d r o c o r t is o n e  c o u ld  be due to  

in c re a s e d  p r o t e i n  c a ta b o lis m  w ith  tin ' r e l e a s e  o f  f r e e  ammonia f o r  

d e to x i f i c a t i o n  w hich  c o u ld  in  tu r n  in d u c e  th e  u r e a  c y c le  enzyme 

lr.v-2-h to  in c re a s e , namely, m e d ia ted  tliuu&li a d i e t a r y  e f f e c t .

The r e v e r s e  p o s t u l a t e ,  t h a t  p r o t e i n  d i e t  n e ts  th ro u g h  a f f e c t in g  

g lu c o c o r t i c o id  le v e ls  i s  n o t  t r u e  s in c e  th e  d i e t a r y  e f f t i c t  i s  n o t 

d e p en d e n t on th e  p re se n c e  o f  c o r t i s o l .

I t  i s  c o n c e iv a b le  t h a t  th e  n u c l e a r - a c c r p to r  s i t e  o f  th e  s t e r o i d -  

r e c e p to r  com plex a t  p a r t i c u l a r  l o c i  in  th e  l i v e r  c e l l  n u c le i  can  

a l t e r  w ith  aye  s in c e  t h i s  r e c e p to r  i s  a n o n h is to n e  p r o t e i n ,  found 

In  th e  APj f r a c t i o n  (O’M a lle y  nnd S r li rm h 'tf , 1 9 7 6 ), and n o n h is to n e  

p r o t e i n  p a t t e r n s  do change w ith  d i I 'f c - r e n t i a t i o n . A ls o , n o t a l l  

th e  a c c e p to r  s i t e s  a r e  i d e n t i c a l  s i  net' p a r l i v n ln v  s t e r o i d - r e c e p t o r  

com plexes b in d  p r e f e r e n t i a l l y  to  c h ro m a tin  from  t a r g e t  t i s s u e  and 

n o t  to  o th e r  c h ro m a tin  ( i b l d j  ■

i t  i s  po H u ib le  t h a t  th e  n l t e r c d  resiK m nt' l<i cAMJ* i n  otlulL  r a t s  

i s  due to  an a l t e r a t i o n  in  th e  po lysom es in  th e  a d u l t .  A s im i l a r  

phenomenon i s  se en  f r r  TAT i n d u c i b i l i f  ' y cAMV in  v i t r o  (Donovan 

and O l iv e r ,  1 9 7 2 ).



T hese  w o rk e rs  have  i s o l a lr e u  th e  'a ic .rosom al f a c t o r  r e s p o n s ib le  

f o r  th e  r e l e a s e  o f  new ly s y n th e s iz e d  p o ly p e p t id e s  from  polysom es 

•and found  i t  to  b e  a p r o t e i n  o f  m o le c u la r  w e ig h t 40 0 0 0 , w hich 

b in d s  cAMP w ith  an a s s o c i a t i o n  c o n s ta n t  o f  4 x  10^M and w hich 

p o s s e s s e s  cAM P-dependent p r o t e i n  k in a s e  a c t i v i t y .

They have  found  t h i s  r e l e a s e  f a c t o r  to  b e  p r e s e n t  in  a d u l t  

l i v e r ,  b u t  i t  does n o t  r e l e a s e  TAT p r o t e i n  fro m  a d u l t  p o ly so m es. 

T h e r e fo r e ,  th e y  p r e d i c t  t h a t  some a l t e r a t i o n  o c c u rs  in  th e  p o ly ­

somes d u r in g  dev elo p m en t.

I t  seem s l i k e l y  t h i s  change m ust bo in  th e  m e sse n g er RNA s in c e  

rib o so m e s a re  n o n - s p e c i f ic  and do n o t  a l t e r  w ith  a g e . A t l e a s t  

two p o s s ib le ,  m odels can  e x p la in  t h : s phenomenon and a re  d e p ic te d  

i n  th e  f . l l o w in g  two m odels ( Bee p a g es  285 and  2 8 6 ) .

The m echanism  d e p ic te d  i n  th e  f i r s t  m odel i s  n o t  i n c o n s i s t e n t  

w ith  the. f a c t  t h a t  in  phage (8X174 two p a i r s  o f  g e n es  a r e  coded  f o r  

by th e  same re g io n  c f  DNA by u s in g  d i f f e r e n t  r e a d in g  f ra m e s . Hence 

t h i s  i s  a  known exam ple  o f  a p ro m o te r  r e g io n  b e in g  t r a n s c r ib e d  

a l th o u g h  i t  i s  in  a  p r o k a r y o t ic  and n o t  a e u k a r y o t ic  o rg an ism  

(S a n g er  c t  aL, 1977) .

E xam ple1’ s i m i l a r  to  t h a t  shown in  th e  se co n d  model a r e  known.

F o r  ex am p le , th e  0" f a c t o r  o f  E . c o l i  a l t e r s  th e  s i t e  o f  i n i t i a t i o n  o f  

t r a n s c r i p t i o n  by RNA p o ly m e rase  (b u rg e s s  £ l • • 1969) and d i f f e r e n t  

1’6 f a c t o r s  a re  known to  a l t e r  th e  s i t e  o f  t r a n s c i  i p t i o n  by E . c o l i  

RNA p o ly m e rase  ( P o l i t z e r  A l . , 1970 ).

The p o s s ib l e  e x i s t e n c e  o f  e i t h e r  o f  th e  m echanism s d e p ic te d  

c o u ld  b e  t e s t e d  i n  a. number o f  w ays, one  o f  w h ich  i s  as fo llo w s  

S e v e ra l  o f  th e  u r e a  c y c le  enzymes have  been h ig h ly  p u r i f i e d  in c lu d in g  

CVS (S h e p h ard  1975) and a rg in a s e  ( P e i s e r ,  p e r s o n a l  c o m m u n ic a tio n s), 

by i n j e c t i n g  h ig h ly  p u r i f i e d  enzyme i n t o  r a b b i t s ,  s p e c i f i c  a n t ib o d ie s  

can  be s y n th e s iz e d .  T hese  a n t ib o d ie s  co u ld  th e n  be  used  i n  an 

a f f i n i t y  chrom atog raphy  column to  i s o l a t e  from  t o t a l  l i v e r  polysom es 

n a s c e n t  grow ing  enzyme c h a in s  a t ta c h e d  to  th e  po ly so m e. Once 

e lu te d  from  th e  colum n th e  mRNA c o u ld  be s e p a r a t e d  from  th e  polysom e 

by d is a g g r e g a t io n  fo llo w e d  Ity p u r i f i c a t i o n .  M essenger RNA f o r  a

p a r t i c u l a r  enzyme cou ld  b e  i s o l a t e d  i n  t h i s  way from  b o th  a d u l t  and

j u v e n i l e  r a t s  and com pared f o r  b a se  c o m p o s itio n  and to  s e e  i f  th e

p r im a ry  s e q u en c es  do in  f a c t  d i f f e r ,  e s p e c i a l l y  a t  th e  5 ' en d .

T hese  ty p e s  o f  e x p e r im e n ts  a re  b e in g  done ( S e ln ,  p e rs o n a l  com m un ications) 

and a l th o u g h  d i f f i c u l t ,  th e  above m odels s h o u ld  b e  t e s t a b l e  up to  t h i s
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S e v e ra l  o th e r  p o s s i b i l i t i e s  do e x i s t  to  e x p la in  th e  la c k  o f  

i n d u c i b i l i t y  by g lu c ag o n  in  o ld e r  r a t s ,  an exam ple  o f  w hich i s  t h a t  

a n  a g e -d e p e n d e n t r e g u la to r y  p r o t e i n  w h ich  b in d s  chMP and c o n t r o l s  th e  

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

j u v e n i l e  r a t s .  T h e r e fo r e  a d u l t  r a t s  a r e  n o n - in d u c ib le  by g lu c ag o n  

b u t  j u v e n i l e  r a t s  a r e .

4 .4  REGENERATION AFTER PARTIAL Hlil'A'lECTOHY

The p a t t e r n  o f  change  s e e n  in  th e  u r e a  c y c le  enzymes a f t e r  

p a r t i a l  hepateefcom y o f  r a t s  m a in ta in e d  on a 22% p r o t e i n  d i e t  i s  

n o t  i n c o n s i s t e n t  w ith  th e  m o le c u la r  c o r r e l a t i o n  th e o ry . The u r e a  

c y c le  enzyme a c t i v i t i e s  v a ry  in  a c o n c e r te d  w ay, show ing an  i n i t i a l  

s i g n i f i c a n t  n a d i r  a t  f o u r  h o u rs  p o s to p e r a t i v e ly  b u t  have  r e tu r n e d  to  

c o n t r o l  l e v e l s  by 24 h o u rs  ( s e e  f i g u r e s  3 .1 2  to  3 .1 6 ) .

T hese  r e s u l t s  do n o t  a g re e  w ith  th o s e  o f  o th e r  w o rk e rs ,  m ost 

o f  whom have o n ly  m easured  OTC a c t i v i t y  a f t e r  p a r t i a l  h e p a te c to m y .

' B liide (1 9 7 1 ), Weber e t  a l .  (1 9 7 2 ), F a u s U o e j : ^ ! .  (1975) and J a n n e  

and H o l t t a  (1975) have  a l l  be en  u n a b le  lo  m easu re  a s i g n i f i c a n t  d rop 

i n  OTC a c t i v i t y  f o l lo w in g  p a r t i a l  h e p a te c to m y , a l th o u g h  th e y  have  

a l l  p r e d i c t e d  t h a t  such  a d rop  s h o u ld  o c c u r .  Bliide (1971) was a b le  

to  show a 102 d e c l in e  in  OTC a c t i v i t y  liy 72 h o u rs  and W eber (197ZJ 

showed a 17% drop  by 24 h o u rs  a f t e r  th e  o p e r a t io n .

The d is c r e p a n c y  be tw een  t h e i r  r e s u l t ! :  and th e  p r e s e n t  ones may 

b e  due to  th e  f a c t  t h a t  th e s e  r a t s  w ore m a in ta in e d  on c o n t r o l l e d  

f e e d in g  and l i g h t i n g  reg im es w hich may have r e s u l t e d  i n  th e  g r e a t e r  

sy n c h ro n y  in  a l t e r a t i o n s  i n  a c t i v i t y  and so  made th e  d ro p  in  a c t i v i t y  

a p p a r e n t  end s i g n i f i c a n t .

S c h u lte - llo rm an  ( l ‘)75) h a s  8 L reused  th e  im p o rta n ce  o£ th e  fe e d in g  

reg im e  in  the. a p p ea ra n ce  o f  UNA s y n t h e t i c  rhy thm s in  r a t s  m a in ta in e d  on 

d i f f e r e n t  reg im es w itli od HU. v e rs u s  c o n t r o l l e d  f e e d in g .  I f  th e  u re a  

c y c le  in te r m e d ia te s  (ca rbam y l p h o sp h a te  and a s p a r t a t e )  « re  b e in g  

sh u n te d  to  p y r im id in e  and p u r in e  b i o s y n t h e s i s  and f i n a l l y  to  n u c le ic  

a c id  s y n th e s is ,  th e n  i t  w ould n o t h e  i n c o n s i s t e n t  w ith  th e  m o le c u la r  

c o r r e l a t i o n  th e o ry  t h a t  th e  u r e a  c y c le  engymes show u c o r r e l a t e d  

d e c r e a s e .  T h is  d e c r e a s e  h a s  be en  o b se rv e d  and may a l s o  depend on 

c o n t r o l l e d  f e e d in g  and l i g h t i n g  reg im es f o r  t h e i r  a p p e a ra n c e s .



B a r b i r o l l i  and P o t t e r  (1971) found  t h a t  th e  p a t t e r n  o f  DMA 

s y n th e s i s  f o l lo w in g  p a r t i a l  h e p a tc c to m y  i s  d e p en d e n t o n c o n t r o l le d  

f e e d in g  r e g im e s . The f i r s t  peak  w hich  ap p ea rs a t  23 h o u rs  i s  

in d e p e n d e n t o f  th e  tim e  o f  d a y , b u t  th e  se co n d  pe ak  w hich a p p e a rs  

be tw een  65 and 72 h o u rs  i s  d e p en d e n t on and f o l lo w s  th e  s tim u lu s  

o f  th e  c o n t r o l l e d  f e d d in g  s c h e d u le .

One o f  th e  e a r l i e s t  re s p o n s e s  m e a su ra b le  a f t e r  p a r t i a l  

h e p a tc c to m y  i s  th e  r a p id  in c r e a s e  in  a c t i v i t y  o f  o r n i th in e  

d e c a rb o x y la s e  ( l l o l l t a  and J a n n c ,  1 9 7 2 ) , th e  enzyme c a ta ly z i n g  th e  

r a c e  l i m i t i n g  s t e p  i n  p o ly a m in e  b i o s y n t h e s i s  from  o r n i th in e  (T abor 

and T a b o r , 1972) .

S in c e  o r n i th in e  i s  a l s o  u t i l i z e d  in  u r e a  b i o s y n t h e s i s  i t  i s  

e x p e c te d  t h a t  OTC a c t i v i t y  w ould show a c o r r e l a t e d  d e c r e a s e  w ith  

th e  i n c r e a s e  i n  ODC a c t i v i t y .  T h is  dons in  f a c t  o c c u r ,  and s in c e  

i t  w ould  be  une co n o m ic al f o r  j u s t  ope enzyme in  a  pa thw ay to  d rop  

in  a c t i v i t y  w ith  a  d e c r e a s e  in  s u b s t r a t e  a v a i l a b i l i t y ,  one w ould 

e x p e c t t h a t  a l l  th e  u r e a  c y c le  enzymes d e c r e a s e  i n  a c t i v i t y  i n  a 

c o n c e r te d  w ay , w hich  i s  i n  f a c t  th e  c a se  ( « c  t a b l e s  3 . 13a to  3 .1 7 e ) .

I d e o l o g i c a l l y  s p e a k in g , i t  i s  im p o s s ib le  f o r  th e  c e l l  to  do 

e v e r y th in g  t h a t  i s  r e q u i r e d  f o r  r e g e n e r a t io n .  One o f  th e  e a r l i e s t  

re q u ire m e n ts  i s  f o r  th e  s y n th e s is  o f  ODC. The b u i ld i n g  b lo c k s  m ust 

be S u p p l ie d  from  som ew here and i t  i s  p o s s ib l e  th a t  e a r ly  on in  

r e g e n e r a t io n  th e  s y n th e s is  o f  s e v e r a l  enzym es, in c lu d in g  th e  u r e a  

c y c le  enzymes a re  sw itc h e d  o f f .  L a t e r  th e  s y n th e s i s  w ould have  to  

b e  tu rn e d  on s in c e  d e t o x i f i c a t i o n  o f  f r e e  ammonia i s  e s s e n t i a l  f o r  

th n  s u r v iv a l  o f  th e  a n im a ls  and so  th e  u r e a  c y c le  enzyme a c t i v i t i e s  

c a n n o t d ro p  below  some c r i t i c a l  minimum.

G lu c o c o r t ic o id s  a re  w e l l  known in h i b i t o r s  o f  n u c le a r  DMA 

sy n th e s i  (Kim and Kim, 1970; I’ i t o t  and Y a tv in , 1973) and OKA p o ly -  

mermiu nm, l i v i r  g row th  a re  i n h ib i t e d  by g lu c o c o r t ic o id s  in  p a r t i a l l y  

hepiiti.ctom izL 'd r a t s  (Thomson mid l.ippw an , 1974) .

V usH cr-W iein (1 9 7 3 , 1976) showed l l i a t  im m ed ia te ly  a f t e r  p a r t i a l  

h cpatoc tom y  th e r e  i s  an in c re a s e  in  c o r t i c o s te r o n e !  l e v e l s .  The 

peak  o c c u rs  a t  fo u r  h o u rs  p o s to p o r a l iv p .ly  and i s  th e n  fo llo w e d  by 

a d ro p  and a  su b se q u e n t se co n d  in c r e a s e  be tw een  15 and 18 h o u rs .

The f i r s t  r i s e  i s  a p p a r e n tly  due to  a d e c r e a s e  a f f i n i t y  o f  th e  

c o r t i c o s t e r o n e - b in d in g  p r o t e i n  i n  th e  serum  £o r



B a r b i r o l l i  an-l P o t t e r  (1971) found  t h a t  th e  p a t t e r n  o f  DMA 

s y n th e s i s  f o l lo w in g  p a r t i a l  h e p a tc c to m y  i s  d e p en d e n t on c o n t r o l l e d  

f e e d in g  r e g im e s . The f i r s t  peak  v ltic h  a p p e a rs  a t  23 h o u rs  i s  

in d e p e n d e n t o f  th e  tim e  o f  -Jay, b u t  th e  se co n d  pe ak  w hich  a p p ea rs  

be tw een  65 and 72 h o u rs  i s  d e p o o ib n t on and fo l lo w s  th e  s tim u lu s  

o f  th e  c o n t r o l l e d  f e d d in g  s c h e d u le .

One o f  th e  e a r ' i e s t  r e s p o n s e s  m e a su ra b le  a f t e r  p a r t i i .1  

h ep ate cto m y  i s  th e  r a p id  in c r e a s e  i n  a c t i v i t y  o f  o r n i th in e  

d e c a rb o x y la s e  ( U o l l t a  and J in n c ,  1 9 7 2 ) , th e  enzyme c a ta ly z i n g  th e  

r a t e  l im i t i n g  s t e p  i n  p o ly a m in e  b io s y n t h e s i s  from  o r n i th in e  (T abor 

and T a b o r , 1 9 7 2 ).

S in c e  o r n i th in e  i s  a l s o  u t i l i z e d  in  u r e a  b io s y n t h e s i s  i t  i s  

e x p e c te d  t h a t  QIC a c t i v i t y  w ould  show a c o r r e l a t e d  d e c r e a s e  w ith  

th e  i n c r e a s e  i n  ODC a c t i v i t y .  T h is  do t's in  f a c t  o c c u r ,  and s in c e  

i t  w ould be un eco n o m ical f o r  j u s t  one enzyme in  a  pa thw ay to  drop  

i n  a c t i v i t y  w ith  a d e c r e a s e  in  s u b s t r a tn  a v a i l a b i l i t y ,  one w ould 

e x p e c t  t h a t  a l l  th e  u r e a  c y c le  enzymes d e c r e a s e  in  a c t i v i t y  i n  a 

c o n c e r te d  w ay, w h ich  i s  in  f a c t  th e  c a se  ( s e e  t a b l e s  3 .1 3 a  to  3 ,1 7 e ) .

I d e o l o g i c a l l y  s p e a k in g , i t  i s  im p o s s ib le  f o r  th e  c e l l  to  do 

e v e r y th in g  t h a t  i s  r e q u ir e d  f o r  r e g e n e r a t io n .  One o f  th e  e a r l i e s t  

r e q u ir e m e n ts  i s  f o r  th e  s y n th e s is  o f  ODC. The b u i ld i n g  b lo c k s  m ust 

be s u p p li e d  from  somewhere and  i t  i s  p o s s ib l e  th a t  e a r ly  on in  

r e g e n e r a t io n  th e  s y n th e s is  o f  s c v u ra 1 enzym es, in c lu d in g  th e  u r e a  

c y c le  enzymes a r e  s w itc h e d  o f f .  L a t e r  th e  s y n th e s is  w ould h av e  to  

bn tu r n e d  on s in c e  d e to x i f i c a t i o n  o f  f r e e  arorouuia i s  e s s e n t i a l  f o r  

th u  s u r v iv a l  o f  th e  a n im a ls  and s o  th e  u re a  c y c le  enzyme a c t i v i t i e s  

c a n n o t d rop  below  some c r i t i c a l  minimum.

G lu c o c o r t ic o id s  o re  w e l l  known i n h i b i t o r s  o£ n u c le a r  DNA 

s y n th e s i s  (Kim and Kim, 1970; V i tn i  and Y a tv in , 1973) and UNA p o ly -  

.w rn n u  tmd l i v e r  ismwUi a rc  I n h ib i t e d  by i;t u en i'ov l i v tiid s  in  p a r t i a l l y  

I tapo lee .tom ized  r a t s  (Thomson and I.ipphiun, 1974 ).

D enucr-W ienl (1D7S, 1970) allowed th.tL im m ed ia te ly  a f t e r  p a r t i a l  

h ep atc cto m y  th e re  i s  an i n c r e a s e  in  c < irt ic -o s te n n tv  l e v e l s .  Tl»> 

p c ,i ' o c c u rs  a t  f o u r  h o u rs  p o u to p e .ra t iv e ly  and i s  th e n  fo llo w e d  by 

a  d rop  and a subsequen t, se co n d  in c tc .a n c  b e lw v n  15 and 18 h o u r s .

The f i r s t  r i s e  i s  a p p a r e n tly  due to  a d e c r e a s e  a f f i n i t y  o f  th e  

c o r t i c o s t e r o n e - b in d in g  p r o t e i n  in  th e  serum  £01:



c o r t i c o s t e r o n e .  T h is  r e s u l t s  in  th e  r e l e a s e  o f  bound c o r t i c o s t e r o n e  

i n t o  th e  se rum , th e re b y  in c r e a s in g  i t s  a c t i v i t y .  I t  w as th e r e f o r e  

co n c lu d e d  t h a t  d u r in g  th e  e a r ly  h o u rs  o f  r e g e n e r a t io n  c o r t i c o s t e r o n e  

b lo c k s  th e  l i v e r  c e l l s  in  01 o f  th e  m i t o t i c  c y c l e  and  an  a c c u m u la t io n  

o f  c e l l s  a t  t h i s  s ta g e  o f  d iv i s i o n  o c c u r s .  A f t e r  th e  e a r l y  r i s e  in  

c o r t i c o s t e r o i d s  th e r e  i s  an  i n c r e a s e  i n  th e  a f f i n i t y  o f  th e  serum  

c o r t i c o s t e r o n e - b in d in g  p r o t e i n  f o r  i t s  s u b s t r a t e  and l a t e r  th e  c e l l s  

e n t e r  th e  S -p h a se  s y n c h ro n o u s ly  d u r in g  w nich  tim e  m ost o f  th e  DMA i s  

r e p l i c a t e d  ( i b i d . ) .

D e g ra d a t iv e  p r o c e s s e s  may p la y  a  r o l e  in  a l r e ^ l n g  u r e a  c y c le  enzyme 

l e v e l s  d u r in g  th e  e a r ly  h o u rs  o f  r e g e n e r a t io n .  E xam ples have  b e e n  de cu ­

man ed w here  th e  h a l f - l i f e  o f  th e  u r e a  c y c le  enzymes change  w i th  c h an g in g  

p h y s io l o g ic a l  c o n d i t i o n s .  F o r  ex am p le , c h an g in g  r a t s  from  a h ig h  to  a 

low p r o t e i n  d i e t  r e s u l t s  i n  a  change  from  f iv e  days to  th r e e  days in  th e  

h a l f - l i f e  o f  a t g i n a s e .  When changed  from  o 90% p r o t e i n  to  a  z e r o  p r o t e i n  

d i e t ,  th e  h a l f - l i f e  o f  a tg in a s e  changed  to  one  day  (S ch im ke , 1964; 

S z e p e s i and  F r e e d la n d , 1969 ), I f  th e  h a l f - l i f e  o f  a r g in a s e  i s  a s  low 

a s  se v en  h o u r s ,  a s  d e te rm in e d  by Das and  W ate rlow  (1974 ) th e  o r d e r  o f  

d e c r e a s e  in  u r e a  c y c le  enzyme a c t i v i t i e s  a f t e r  p a r t i a l  h e p a te c to m y  i s  

e a s i l y  e x p la in e d  m e re ly  by th e  s w itc h in g  o f f  o f  s y n th e s i s  w ith  d e g ra d a t io n  

p ro c e e d in g  a s  u s u a l .  I f  th e  h a l f - l i l c  o f  th e s e  enzym es i s  g r e a t e r  th a n  

sev en  h o u r s ,  th e n  a f a s t e r  d ro p  c o u ld  be o b ta in e d  by a  c o m b in a t io n  o f  

d e c r e a s e d  s y n th e s i s  and  in c re a s e d  d e g ra d a i io n  n s  o c c u r s  i n  th e  s w itc h  

from  h ig h  to  low p r o t e i n  d i e t  s (S ch im ke , 1964).

S in ce  th e  peak  in  c o r t i c o s t e r o i d  l e v e l s  c o in c id e s  w ith  th e  minimum 

in  th e  a c t i v i t y  o f  th e  u rea  c y c le  enzymes a t  f o u r  h o u rs  f o l lo w in g  p a r t i a l  

h e p a te c to m y , i t  c o u ld  b e  p o s s ib l e  t h a t  th e  i n c re a s e d  c o r t i c o s t e r o i d  l e v e l s  

c o n t r o l  in  some w ay, th e  d e g ra d a t iv e  o r  s y n th e t i c  p r o c e s s e s  in v o lv e d  

in  c o n t r o l l i n g  u r e a  c y c le  enzyme a c t i v i t i e s .  F o llo w in g  th e  minimum a t  

f o u r  h -u rs  th e r e  i s  an  in c re a s e  i n  th e  u r e a  c y c le  enzyme a c t i v i t i e s ,  th e  

l e v e l s  r e a c h in g  a maximum be tw een  18 and  24 h o u rs  p o r '.-o p c r tw .iv e ly , t h i s  

maximum p ro c e e d in g  th e  second  peak  in  c o r t i c o s t e r o n e  a c t i v i t y  a t  be tw een  

f i l l  can  to  e ig h te e n  h o u rs  by a b o u t (wo h o u r s ,  I t  i s  th o v j f o r e  p o s s ib l e  

t h a t  th e  r i s e  i n  a c t i v i t y  a f t e r  th e  n a d i r  i s  c o n t r o l l e d  i n  some way by 

th e  in c r e a s in g  c o r t i c o s t e r o i d  l e v e l s ,



The d ro p  a t  f o u r  h o u rs  i s  n o t  due  to  some n o n s p e c i f ic  e f f e c t  

.caused by shock  o r  s t r e s s  s in c e  th e  shorn o n e ra te d  a n im a ls  show no 

s i g n i f i c a n t  change in  u r e a  c y c le  enzym-- a c t i v i t y  ( s e e  t a b l e  3 .2 2 a ,b ) .

4 .4 .1  E f f e c t  o f  i n h i b i t o r s  o f  RNA s y n th e s i s  on u r e a  c y c le  

enzyme a c t i v i t i e s  i n  r e g e n e r a t in g  r a t  l i v e r .

T re a tm e n t o f  h e p ac ec to m iz ed  r a t s  a t  z e ro  tim e  w ith  a c tin o m y c in  

D (AMD) and c o rd e c e p in  r e s u l t e d  i n  " s u p e r in d u c t io n "  o f  th e  u re a  

c y c le  enzyme a c t i v i t i e s  above c o n t r o l  v a lu e s  a f t e r  te n  h o u rs  o f  

r e g e n e r a t io n  ( s e e  ta b l e s  3 .2 3 a  to  3 .3 6 b  and f i g u r e s  3 .2 1  to  3 .2 4 ) .

A ctinom ycin  D i s  a  p o te n t  i n h i b i t o r  o f  D N A -direc ted  RNA 

s y n th e s i s  and RNA c h a in  e lo n g a t io n  (E g y h a z i, 1 9 7 4 ). W ith l a b e l l i n g  

ex p e r im e n ts  i t  can  be shown t h a t  m ost RNA rem a in s in  th e  n u c le u s  

and t h a t  no t r a n s f e r  o f  r a p id l y  l a b e l l e d  RNA to  th e  c y to p lasm  

o c c u r s .  I t  h a s  a l s o  been  shown t h a t  th e  h a l f - l i f e  o f  m essen g er 

RNA from  l i v e r  c e l l s  i s  p ro lo n g e d  and th e  decay  tim e  o f  mRNA from  

lle ln  c e l l s  i s  c o n s id e r a b ly  s h o r te n e d  in  th e  p re se n c e  o f  AMD. W ith 

c h ase  e x p e r im e n ts  i t  was shown t h a t  lh e r e  i s  a g r e a t  d e c r e a s e  i n  th e  

l a b e l l i n g  o f  h e le r o in ic le a r  RNA (linRHA) w ith  AMD t r e a tm e n t .  T here  

i s  no in c r e a s e  in  e i t h e r  n u c le a r  o r  c y to p la s m ic  l a b e l l i n g  o f  RNA 

and p r a c t i c a l l y  no ‘l a b e l l e d ,  h ig h  m o le c u la r  w e ig h t mRNA moves from  

th e  n u c le u s  to  th e  c y to p la s m  in  th e  p re se n c e  o f  AMI) ( ib id ,) ■

The phenomenon o f  s u p e r in d u c t io n  has been  o b se rv e d  in  a number 

o f  in d u c ib le  sy ste m s in c lu d in g  th e  in d u c t io n  o f  TAT by h y d r o c o r t is o n e  

( L ee £ !•■  1 9 7 0 ), and has be en  e x p la in e d  a s  f o l lo w s .  AMD i s  

b e l ie v e d  to  b lo c k  th e  s y n th e s is  o f  a l a b i l e ,  p o s t  t r a n s c r i p t i o n a l  

r e p r e s s o r  m o le c u le ,  a  p u t a t i v e  m o le cu le  p r e v e n t in g  maximal e x p re s s io n  

o f  p o t e n t i a l  mRNA o f  TAT. When th e  s t e r o i d  b in d s  w ith  i t s  r e c e p to r  

th e  s y n th e s i s  o f  th e  r e p r e s s o r  i s  i n h i b i t e d ,  f o l lo w in g  w hich  a t  fo u r  

h o u rs  a l t e r  hormone t r e a tm e n t ,  th e  n p r c s i , '  i s  a g a in  s y n th e s iz e d  

r e s u l t i n g  in  i n a c t i v a t i o n  o f  T A T -sp e c i f ic  mRNA. I n  th e  p re se n c e  o f  

AMD th e  tv p io H iio r m o le cu le  eunno t m c u m u la te , r e s u l t i n g  In an 

in c r e a s e  in  f u n c t i o n a l  mRNA f o r  TAT and hence  " s u p e r in d u c t io n "  of 

th e  enzyme (Tom kins e t  n l_ ., I960 ).



T h is  v iew  i s  n o t  h e ld  by ev e ry o n e  how ever. T h ere  i s  an a l t e r n a t i v e  

v ie w , n am eiy , t h a t  th e r e  i s  a  d e c re a s e d  r a t e  o f  tu r n o v e r  o£ p r o t e i n s  

i n  r a t s  t r e a t e d  w i th  AMD due to  th e  r a p id  r a t e  o f  tu r n o v e r  o f  a 

p r o t e o l y t i c  enzyme XKetmey, 1970; L ee et^ a L  , 1 9 7 0 ) . A no the r 

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

o f  tu r n o v e r  o f  niRNA in  th e  p r e s e n c e  o f  AMD. H ence i t  c o u ld  be 

s p a re d  f o r  f u r t h e r  t r a n s l a t i o n .

A s im i l a r  e x p la n a t io n  c o u ld  h o ld  f o r  th e  anom alous e f f e c t  se en  

i n  u r e a  c y c le  enzymes f o l lo w in g  r e g e n e r a t io n  in  r a t s  t r e a t e d  w ith  

AMD a t  z e r o  tim e . I f  th e  u r e a  c y c le  enzyme a c t i v i t i e s  a r e  d ro p p in g  

due to  i n c re a s e d  d e g ra d a t io n  by p r o t e o l y s i s ,  t ie a f m e n t  o f  th e  r a t s  

w ith  AMD c o u ld  p r e v e n t  th e  s y n th e s i s  o r  a c c u m u la t io n  o f  p r o t e o l y t i c  

enzymes and so  s p a re  th e  u r e a  c y c le  enzyme m o le c u le s .  I f  a  s im i l a r  

r e p r e s s o r  m o le cu le  a s  p o s tu l a te d  to  be in v o lv e d  in  TAT mRNA 

in a c t i v a t i o n  i s  in v o lv e d  in  th e  i n a c t i v a t i o n  o f  u r e a  c y c le  enzym e- 

s p e c i f i c  mRNA, th e n  in  th e  p r e s e n c e  o f  AMD, th e r e  w ould be an 

in c r e a s e d  a c c u m u la t io n  o f  f u n c t i o n a l  m e sse n g er  o f  u r e a  c y c le  enzymes 

and so  new u r e a  c y c le  enzyme m o le c u le s  c o u ld  be s y n th e s iz e d .  T h is  

c o u ld  r e s u l t  i n  a c c u m u la t io n  o f  u r e a  c y c le  enzyme p r o t e i n  above 

c o n t r o l  l e v e l s  and so  a c c o u n t fo r  th e  anom alous e f f e c t  s e e n .

S in c e  i n  th e  p re se n c e  o f  AMD, th e r e  i s  i n h i b i t i o n  o f  th e  drop 

in  a c t i v i t y  a t  f o u r  h o u r s ,  t h i s  a rg u e s  in  f a v o u r  o f  th e  p o s s i b i l i t y  

o f  in c re a s e d  d e g ra d a t io n  o f  th e  u r e a  c y c le  enzymes in  r e g e n e r a t in g  

l i v e r  by a l a b i l e  p r o t e o l y t i c  enzyme o f  s h o r t  h a l f - l i f e .  The 

anom alous e f f e c t  s e e n  c o u ld  b e  due to  th e  com bined e f f e c t  o f  a  la c k  

o f  d e g ra d a t io n ,  th e re b y  s p a r in g  th e  p r o t e i n  m o le c u le s ,  p lu s  th e  l a t e r  

r i s e  i n  a c t i v i t y  w h ich  c o u ld  p o s s ib l y  be due to  th e  second  peak  in  

c o r t i c o s t e r o i d  l e v e l  nam ely on in d u c t io n  v f f e c l  r e s u l t i n g  in  an 

o v e r a l l  in c r e a s e  i n  th e  a c t i v i t y  o f  th o se  enzymes above c o n t r o l  v a lu e s

I n  r a t s  tv c a l i 'd  w ith  c o rd v c v p in  a t  th e  tim e  o f  p a r t i a l  h e p a te c to m y , 

th e r e  i s  a  s i g n i f i c a n t  in c re a s e  i n  th e  a c t i v i t y  o f  u r e a  c y c le  

enzymes above Lhcs le v e l s  in  u n t r e a te d  r c g e n e r n t in u  h v e r  and i n  some 

in s t a n c e  above c o n t r o l  n o n t r o n te d ,  n o n - re g e n e ra t in g  l i v e r s  

( s e e  t a b l e s  3 .2 7 a  to  3 .3 o b  and f i g u r e s  3 .2 5  to  3 .2 8 ; .

C o rd e ce p in  (3 -d o o x y a d en o s in e )  i s  b e l ie v e d  to  i n h i b i t  t r a n s c r i p t i o n  

by b e in g  in c o rp o r a te d  i n t o  n a s c e n t  RNA c h a in s  and c a u s in g  p rem a tu re  

te rm in a t io n  o f  th o se  po lym ers (S ie v  e l  j i l_ ., 1969; I'enman a t  q l . t 

1 970 ). O th e r  w o rk e rs  b e l i e v e  t h a t  i t  b lo c k s  mRNA b io g e n e s i s  by th e  

i n h i b i t i o n  o f  th e  p o s t - t r a n s c r i p t i o n a l  a d d i t io n  o f  th e  p o ly -a d e n o s in e



t a i l  to  HciRNA ( D a r n e l l  e t  a l . , 1 9 7 1 ). C o rd e c e p in  p r e v e n ts  th e  fo rm a tio n  

o f  c o m p le te  mRNA m o le c u le s ,  c o m p le te ly  i n h i b i t s  m i to c h o n d r ia l  

t r a n s c r i p t i o n ,  su p p r e s s e s  th e  l a b e l l i n g  o f  mRNA b u t  n o t  HnRNA in  

th e  n u c le u s  and does n o t  e f f e c t  t r a n s p o r t  o f  e i t h e r  fro m  th e  n u c le u s  

to  th e  c y to p la s m . The f a c t  t h a t  n u c l e o l a r  RNA s y n th e s is  i s  more 

s t r o n g ly  a f f e c t e d  th a n  n u c le o p la sm ic  RNA a rg u e s  f o r  th e  f a c t  t h a t  

more th a n  one ty p e  o f  RNA p o ly m e rase  enzyme e x i s t s .

S in c e  c o rd i c o p in  a l s o  i n h i b i t s  RNA s y n t h e s i s , th e  same 

e x p la n a t io n  c o u ld  h o ld  f o r  th e  anom alous e f f e c t  s e e n  in  th e  u r e a  

c y c le  enzymes i n  r e g e n e r a t in g  r a t  l i v e r  in  i t s  p r e s e n c e ,  a s  i n  th e  

p r e s e n c e  o f  AMD.

C yc lohex im ide  in h i b i t i o n  o f  p r o t e i n  s y n th e s is  v a s  a tte m p te d  

i n  th e  p r e s e n t  s tu d y ,  b u t  th e  m o r t a l i t y  r a t e  i n  p a r t i a l l y  h e p a- 

te c to m iz e d  r a t s  was v e ry  h ig h .  D e c re a s in g  cyclo h e x am id e  do sa g e  to  

th e  minimum r e q u i r e d  f o r  i n h i b i t i o n  o f  p r o t e i n  s y n th e s is  d id  n o t 

d e c r e a s e  th e  m o r t a l i t y  r a t e  o f  th e  r a t s .  T h e re fo re  th e  e f f e c t  o f  

c y c lo h e x im id e  on u r e a  c y c le  enzyme a c t i v i t i e s  d u r in g  r e g e n e r a t io n  

c o u ld  n o t  b e  s tu d i e d .

4 .4 .2  D ie ta r y  e f f e c t s  on a c t i v i t i e s  o f  u r e a  cy c le  enzymes in  

r e g e n e r a t io n

The e f f e c t  o f p r o t e i n  d e f ic ie n c y  on th e  r e g e n e r a t iv e  p ro c e s s  

seem s to  b e  one o f  r e t a r d a t i o n .  P r o t e in  d e f ic ie n c y  s lo w s down 

th e  number o f  c u l l s  m oving to  th e  m i t o t i c  c y c le  w ith o u t  a f f e c t i n g  

RNA s y n th e s is  and i t s  movement fro m  th e  n u c le u s  t o  th e  c y to p lasm  

( S t i r l i n g  £ t  a l . , 1973 ). High p r o t e i n  in  th e  d i e t  has th e  o p p o s i te  

e f f e c t ,  n am ely , i t  sp e e d s  up th e  p r o l i f e r a t i v e  r e s p o n s e .  In  f a c t  

th e  g r e a t e r  th e  p r o p o r t io n  o f  p r o t e i n  in  th e  d i e t ,  th e  g r e a t e r  i s  th e  

in d u c t io n  o f  h e p a t i c  DNA s y n th e s i s  (S h o r t  a_l. ,  1975 ).

A change from  low to  h ig h  p r o t e i n  d i e t  in  r a t s  a f t e r  p a r t i a l  

hc p ate cto m y  r e s u l t s  i n  an in c r e a s e  in  th e  num ber o f  pa renchym al 

c e l l s  in  m i t o s i s ,  i s o l e u c iu e ,  th r e o n i n e ,  v a l i n e ,  l y s i n e ,  m e th io n in e  

and t r y p to p h a n  a t e  e s s e n t i a l  f o r  th e  s t i m u la t io n  o f  DNA s y n th e s is  

by p r o t e i n  o r  am ino a c id s  ( S h o r t  £L  £ l_ . , 1 9 7 5 ).

The u r e a  c y c le  enzyme a c t i v i t i e s  show an i n i t i a l  in c r e a s e  in  

a c t i v i t y  a f t e r  p a r t i a l  h e p a te c to m y  in  r a t s  m a in ta in e d  on a te n  o r  

z e r o  p e rc e n t  p r o t e i n  d i e t ,  b o th  o f  w hich a r e  p r o t e i n  d e f i c i e n t  d i e t s .

The enzyme a c t i v i t i e s  b e g in  to  d ro p  by 15 h o u rs  p o s t  o p e r a t i v e ly ,



r e a c h in g  a  minimum by 18 h o u r s .  H ence th e r e  i s  a  14 h o u r  la g  in  

th e  n a d i r  o f  th e s e  enzyme l e v e l s  in  r a t s  m a in ta in e d  on th e s e  p r o t e i n  

d e f i c i e n t  d i e t s  a s  com pared w ith  r a t s  £ed a no rm al 22% p r o t e i n  d i e t .

I t  may b e  t h a t  th e  tu r n o v e r  r a t e  o f  th e s e  enzym es i s  s low ed down as 

an a d a p ta t io n  to  th e  la c k  o f  am ino a c id s  i n  th e  d i e t  f o r  th e  

r e g e n e r a t iv e  p r o c e s s  (sae  f i g s  3 . 4 ,  to  3 .1 1 ) .

The. p o s s i b i l i t y  e x i s t s  t h a t  i n  th e  l i v e r  a f t e r  p a r t i a l  h ep a  tec to m y  s t a r ­

v a t io n  a c t i v a t e s  s t r e s s  p a th w ay s , r e s u l t i n g  in  th e  r e l e a s e  o f  

c o r t i s o l  from  th e  a d re n a l  c o r t e x ,  w h ich  may th e n  in c r e a s e  th e  b a s a l  

l e v e l  o f  u r e a  c y c le  enzymes a s  w e l l  a s  i n h i b i t i n g  th e  m i t o t i c  

in d e x  ( S t i r l i n g  _et j i l . , 1973) . A la c k  o f  amino a c id s  i n  th e  d i e t  

c o u ld  r e t a r d  th e  s y n th e s is  o f  p r o t e o l y t i c  enzym es, w ith  r a p id  tu r n ­

o v e r  r a t e s ,  sad  t h i s  c o u ld  s lo w  down th e  tu r n o v e r  o f  th e  u r e a  

c y c le  enzym es.

A f u r t h e r  p o s s i b i l i t y  e x i s t s ,  and t h a t  i s  t h a t  when r a t s  

a r e  m a in ia in e d  on p r o t e i n  u e f i c i e n t  d i e t s , th e  am ino a c id s  r e q u i r e d  

f o r  th e  r e g e n e r a t iv e  p r o c e s s  be  s u p p l i e d  by c a t a l y s i s  o f  n o n - 

e s s e n t i a l  body p r o t e i n s .  The am ino a c id s  so  s u p p l i e r  w ould th e n  

p a s s  i n t o  th e  l i v e r  v ia  th e  b lo o d  s tr e a m . An in c re a s e d  serum  

am ino a c id  l e v e l  c o u ld  p o s s ib ly  a c t i v a t e  th e  s y n th e s is  o f  th e  u r e a  

c y c le  enzymes in  a  d ie t a r y - ty p e  r e s p o n s e  and  s o  a cc o u n t f o r  th e  

i n i t i a l  in c re a s e  i n  t h e i r  a c t i v i t y  d u r in g  th e  e a r ly  h o u rs  o f  

r e g e n e r a t io n  in  r a t s  m a in ta in e d  on p r o t e i n  d e f i c i e n t  d i e t s .

I n  r a t s  m a in ta in e d  on a  75% p r o t e i n  d i e t  th e  r e v e r s e  i s  t r u e ,  

nam ely  th e  u r e a  c y c lu  enzyme a c t i v i t i e s  d ro p  r a p id l y ,  r e a c h in g  a 

minimum by f o u r  h o u rs  p o s t  o p e r a t i v e l y ,  b u t  r e t u r n  to  c o n t r o l  v a lu e s  

by b e tw een  e i g h t  and tw e lv e  h o u r s , w h ile  i n  r a t s  m a in ta in e d  

on a ?2Z p r o t e i n  d i e t ,  c o n t r o l  v a lu e s  a r c  o n ly  a t t a i n e d  betw een  

16 and 24 h o u rs  p o s t  o p e r a t i v e ly .  Honcc i t  a p p e a rs  t h a t  th e  amount 

o f  p r o t e i n  in  th e  d ip t  p la y s  an im p o r ta n t  r o l e  in  th e  r a t e  a t  w hich 

th e  l i v e r  r o u e n c ra le s  a l t e r  p a r t i  n l hcpnu -cunny  (S h o r t  e_t £ l . ,  1975) 

and t h a t  th e  u r e a  c y c le  enzyme, a c t i v i t i e s  n i t e r  in  a c o n c e r te d  m anner 

as do t h e i r  r a t c s o f  Lurntvei- ( s e c  f ig u n - ii  3 .1 7  to  3 .2 0 ) .

The re p la c e m e n t o f  i r o to ln s  th ro u g h  c o n t in u a l  s y n th e s is  and 

d e g ra d a t io n  p ro v id e s  o  m echanism  f o r  c h an g in g  enzyme l e v e l s  w ith  

a l t e r a t i o n s  i n  th e  r a t e  o f  d e g ra d a t io n  os w a ll a s  a l t e r e d  r a t e s  

o f  s y n th e s i s .  The le v e l s  o f  u r e a  c y c le  enzymes in  r a t  l i v e r  may 

be c o n s id e r e d  to  r e p r e s e n t  a  b a la n c e  p ro d u ce d  by th e  p ro c e s s  o f  

s y n th e s is  and d e g ra d a t io n ,  a  b a la n c e  t h a t  i s  c o n s i s t e n t ly  s h i f t i n g  

d e p en d in g  on th e  p h y s io l o g ic a l  r e q u ir e m e n ts  o f  th e  a n im a l .



4 .5  UREA CYCLE iSNZYMK ACTIVITIES IN HEPATOMA

The u r e a  c y c le  enzymes in  CAB in d u c ed  hepaComas behave  in  a 

way t h a t  i s  n o t  in c o n s i s t a n t  w ith  th e  p r e d i c t i o n s  o f  th e  m o le c u la r  

c o r r e l a t i o n  th e o ry ,  v i z .  th e y  show a  d e c r e a s e  i n  a c t i v i t y  c o r r e l a t e d  

w ith  in c re a s e d  a c t i v i t y  o f  r e l a t e d  a n a b o lic  p a th w ay s .

W eber (1966) found  t h a t  tum our c e l l s  can  s y n th e s iz e  p r o t e i n  

and n u c l e i c  a c id  a t  in c re a s e d  r a t e s ,  w h ile  am ino a c id  c a ta b o lis m  

d e c r e a s e s  a s  com pared w ith  th a t  o f  no rm al l i v e r .  I n  o r d e r  to  

a d a p t  to  th e  r e q u ir e m e n ts  f o r  r a p id  g row th  th e r e  m ust b e  an 

im b a la n ce  i n  th e  key  enzym es o f  v a r io u s  o p p o s in g  and c o m p e ti t iv e  

m e ta b o l ic  pa thw ays i n  th e  tum our.

The r e l a t i o n s h i p  b e tw een  u r e a ,  p o lyam ine  and p y r im id in e  

b io s y n t h e s i s  has been  d is c u s s e d  b u t  i t  i s  o f  im p o rta n c e  to  p o in t  

o u t  t h a t  ODC a c t i v i t y  i n c r e a s e s  i n  p a r a l l e l  w i th  an in c r e a s e  in  

tum our grow th  r a t e  (W illiam s-A shm an e t  a i . ,  1 9 7 2 ) , a s  do th e  

a c t i v i t i e s  o f  a s p a r t a t e  tr a n s c a rb a m y la s e  and d ih y d r o o r o ta s e ,  

th e  f i r s t  two enzymes in v o lv e d  in  o r o t a t e  u t i l i z a t i o n  to  form  

p y r im id in e s  (W eber, 1972) .

S e v e ra l  w o rk e rs  h av e  p tw i i - u s ly  shown t h a t  OTC a c t i v i t i e s  

d e c r e a s e  i n  p a r a l l e l  w ith  in c re a s e d  tum our grow th  r a t e , i n  some 

in s t a n c e s  d ro p p in g  to  l e s s  th a n  one p e r c e n t  o f  c o n t r o l  l e v e l s .

A rg in a se  a c t i v i t i e s  a re  d e p re s s e d  in  hepatom as (F u jiw a r a , 1929; W eil, 

1935; G r e e n s te in ,  1941) a s  a re  ASS and AL a c t i v i t i e s  {Wu e t  a l . ,

1 9 6 7 ). "S a l s o  shows nn in v e r s e  r e l a t i o n s h i p  w ith  grow th

r a t e  ' aL, 1975) .

Ht c o n t r o l  o f  u r e a  c y c le  enzyme a c t i v i t i e s  in  n e o p la s i a

i s  im p o r ta n t  a s  th e  in te r m e d ia te s  o f  th e  c y c le  a re  r e q u i r e d  f o r  c e r t a i n  

a n a b o l ic  p r o c e s s e s  e s s e n t i a l  to  g ro w th . O r n i th in e  may be sh u n te d  

v i a  ODC to  polyam jm - b io s y n t h e s i s ;  c .irh.imyl p h o sp h a te  may bo 

c h a n n e lle d  to  p y r im id in e  b i o s y n t h e s i s  and a s p a r t a t e  to  b o th  p u r in e  and 

p y r im id in e  b i o s y n t h e s i s .

A rg in ase  has bem  im p l ic a te d  us th e  p r o t e i n  t h a t  i n h i b i t s  c e l l  

g row th  in  v i t r o  (Ilach and Sim ois-R euss, 1953; S o ro f  e t  a _ l., 1967;

U o ile y , 1 9 6 7 ). I t  t h i s  i s  t r u e  i t  w ould be d e t r i m e n t a l  to  th e  

tum our i f  a r g in a s e  a c t i v i t y  w ere  in c re a s e d  s in c e  an i n c r e a s e  in  

a rg in a s e  a c t i v i t y  c o u ld  c au se  n d ro p  in  th e  g row th  r a t e .



Bach a n .  S-v.’iu e  (1965) found  t h a t  i n t r a p e r i t o n e a l  i n j e c t i o n s  

o f  h ig h ly  p u r i f i e d  a rg in a s e  o v e r  a  p e r io d  o f  f o u r  days r e s u l t e d  

i n  a  31-77% drop  in  g row th  o f  W alker c a rc in o m a s . T hese  a u th o rs  

s u g g e s te d  t h a t  th e  p re s e n c e  o f  a rg in a s e  i n  th e  i n t r a c e l l u l a r  sp a c e s  

may s e t  up an " a r g in in e  g r a d ie n t" w h ic h  c o u ld  le a d  to  a d e p le t i o n  

o f  a r g in i n e  from  th e  tum our t i s s u e  w ith  a r e s u l t i n g  im p a irm e n t in  

t i s s u e  g ro w th .

A rle y  e £  _al. (1975) have  p r e s e n te d  e v id e n c e  t h a t  th e  grow th 

i n h i b i t o r  f a c t o r  -from r a t  l i v e r  e x t r a c t s  a g a in s t  li EpZ carc inom a  

i s  a r g i n a s e . I t  a p p e a rs  t h a t  a l l  t r e a tm e n ts  r e s u l t i n g  in  a l t e r e d  

enzyme a c t i v i t y  a f f e c t  th e  i n h i b i t o r y  re s p o n s e  t o  tum our grow th 

i n  a  s i m i l a r  way.

A se co n d  way in  w hich  th e  u r e a  c y c le  enzymes have  be en  im p l ic a te d  

in  c a r c in o g e n e s is  and th e  c o n t r o l  o f  g row th  r a t e  i s  su g g e s te d  by 

th e  f a c t  t h a t  u r e a  h as be en  found  to  p r o t e c t  a n im a ls  fro m  in d u c tio n  

o f  c a r c in o g e n e s is  by DAB (L in  e t  a l_ ., 1973) . F e e d in g  o f  5% u re a  

t o g e th e r  w ith  0,06% DAB to  r a t s  p r o te c te d  50% o f  th e  a n im a ls  a g a in s t  

h e p a to c a r c in o g e n e s is .  R a ts  f e d  0,06% DAB a lo n e  showed 100% 

i n d u c i b i l i t y  o f  hepatom a by t h i s  c a r c in o g e n . P r o te in s  from  w h ea t, 

r y e ,  o a t s ,  m ilk ,  b lo o d  and eggs w ere  a l l  e f f e c t i v e  i n  r e t a r d in g  o r

d e la y in g  c a r c in o g e n e s is  by DAB, p r o b a b ly  by c o n v e rs io n  o f  w as te

n i t r o g e n  to  u r e a ,  w hich  w ould th e n  a c c o u n t f o r  th e  a n t ic a r c in o g e n ic  

p r o p e r t i e s  o f  th e s e  compounds ( i b i d j  . The m echanism  o f  a c t io n  o f

u r e a  a s  an a n t i c a r c in o g e n ic  a g e n t  i s  n o t  u n d e rs to o d .

U rea  c y c le  enzyme a c t i v i t i e s  and h ence  u r e a  le v e l s  can  be 

• ra is ed  e i t h e r  by hormone tr e a tm e n t  ( i n  young  r a t s )  o r  by in c r e a s in g  

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

S e v e ra l  w o rk e rs  have  s tu d i e d  th e  e f f e c t  o f  hormone tr e a tm e n t  

on th e  u r e a  c y c le  enzymes in  hepatom as and r e s u l t s  have  be en  v a r i e d .

Wu £ t  lU . (1967) found  t h a t  ASS was iu d u c ih l i ’ by c o r t i s o l  i n  some

M o rris  h e p a to m a s . Wu u i .  (1971) r e p o r te d  t h a t  b o th  a rg in a s e  

and ASS a c t iv i .u 'i ’H w ore i lu lu r I til r  by f v t l  iim l in  Court ven d i f f e r e n t  

M o rris  hepatom as s tu d i e d  in  c o n t r a s t  to  s e v e r a l  o th e r  r e p o r t s  

(M o rr is  e t  a l . , 1964; P o t t e r  e ^  aL , 1 9 6 9 ). Wu e t  a j. (1971) found 

t h a t  a lth o u g h  th e  hepatom a was r e u p o n s iv c  to  c o r t i s o l ,  th e  h o s t



I n  che p r e s e n t  s tu d y  th e  e f f e c t s  o f  b o th  d i e t  and hormone w ere 

s tu d i e d  to  t r y  to  d e te rm in e  w h e th e r  u r e a  c y c le  enzyme a c t i v i t i e s  

c an  b e  in d u c ed  above norm al le v e l s  a s  a  p o s s ib l e  t r e a tm e n t  f o r  

csnccip.

The f i r s t  s t r i k i n g  f i n d in g  in  th e s e  s tu d i e s  was th e  f a c t  th a t  

a l l  f i v e  o f  th e  u r e a  c y c le  enzyme a c t i v i t i e s  a re  c o n s id e r a b ly  and 

s i g n i f i c a n t l y  d e c re a s e d  i n  t h e  h o s t  l i v e r s  o f  tu m o u r-b e a rin g  

a n im a ls  a s  com pared w ith  no rm al r a t s  m a in ta in e d  on a 22% p r o t e i n  

d i e t .  The le v e l s  in  th e  hepatom a w ere  e x tre m e ly  d e c r e a s e d ,  a t  

t im e s  r e a c h in g  le v e l s  l e s s  th a n  one p e r c e n t  o f  c o n t r o l s  ( s e e  f i g , 3 .2 9 ) 

S in c e  th e  enzymes show a c o n c e r te d  c h an g e , th e s e  r e s u l t s  s u g g e s t  

a  common c o n t r o l  f o r  r e g u l a t i n g  th e  u r e a  c y c le  enzyme a c t i v i t i e s .

O th e r  exam p les o f  e f f e c t s  o f  tum ours on th e  h o s t  l i v e r  have  

be en  docum en ted . T hese  in c lu d e  th e  lo w e rin g  o f  c a t a l a s e  a c t i v i t y  

i n  tu m o u r -b e a r in g  h o s t s  (Adams, 1959; Kam pschmidt and S c h u l tz ,  1 9 6 3 ), 

i n c re a s e d  minorMg form  o f  l i v e r  p y r u v a te  k in a s e  (T anaka  e ^  aL , 1972) 

i n c re a s e d  l e v e l s  o f  p y ru v a te  k in a s e ,  h e x o k in a se  and p h o s p h o f ru f to -  

k in a s e  (Suda ^ t  £ l . , 1966) and in c re a s e d  o r n i t h i n e  d e c a rb o x y la se  

a c t i v i t y  (N eguch i ej; £ L , 1 9 7 6 ) . Lawson _et £1 . (1 9 7 7 )h a v e  r e c e n t l y  

m easu red  d e c re a s e d  u r e a  c y c le  enzyme a c t i v i t i e s  in  th e  h o s t  l i v e r s  

o f  r a t s  b e a r in g  l a r g e ,  slow  grow ing  tum ours a s  w e l l  a s  d e c re a s e d  

u r e a  s y n th e s is  a s  th e  tum ours in c re a s e d  in  s i z e .

The hepatom a i s  e x tre m e ly  r e s p o n s iv e  t o  d i e t  ( s e e  ta b l e  3 .5 1 )  

and i n  r a t s  m a in ta in e d  on a 75% p r o t e i n  d i e t ,  a  f i v e - f o l d  in c re a s e  

i n  CPS s p e c i f i c  a c t i v i t y  i s  s e e n  a s  com pared w ith  r a t s  fe d  on a 22% 

p r o t e i n  d i e t .  CPS a c t i v i t y  i s  th e  m ost r e s p o n s iv e  and ASS th e  l e a s t .  

CPS i s  much more r e s p o n s iv e  to  d i e t  in  th e  hepatom a com pared to  e i t h e r  

th e  L ose o r  c o n t r o l  l i v e r s  b u t  th e  o th e r  enzym es show a s im i l a r  

re s p o n s e  to  d i e t  i n  a l l  th r e e  l o c a t i o n s .

The u r e a  c y c le  enzyme a c t i v i t i e s  m easured  in  hepatom as drop  

in  r a t s  '. u i n l a i n c d  on c i t h e r  a 10% o f  a z e r o  Z p r o t e i n  d i e t ,  th e  

a c t i v i t i e s  b e in g  aho u l one th i r d  in  hopaum ifis o f  r a t s  m a in ta in e d  

on a z e r o  % p r o t e i n  d i e t  com pared w ith  th o se  on 22Z 

p r o t e i n  d i e t s  ( s e e  ta b l e  3 .3 1 a  to  3 .4 0 b ) .



The h o s t  l i v e r  r e sp o n d s  t o  d i e t  i n  a way s i m i l a r  to  c o n t r o l  

l i v e r ,  b e in g  l e s s  s e n s i t i v e  t o  d i e t a r y  change th a n  th e  hepatom as 

( s e e  t a b l e  3 .5 1 ) , A l l  f i v e  o f  th e  u r e a  c y c le  enzymes resp o n d  in  a 

c o n c e r te d  way to  th e  d i e t a r y  s t i m u lu s ,  show ing  e i t h e r  an  in c r e a s e  

o r  a  d e c r e a s e .

A l l  f i v e  o f  th e  u re a  c y c le  enzymes in  hepatom a and h o s t  l i v e r  

w ere  found  to  be in d u c ib le  by dBcAMP, g lu c ag o n  and P -m eth aso n e  (se e  

ta b l e s  3 ,3 1 a  t o  3 .4 0 b ) , T hese  r e s u l t s  a g re e  w ith  th e  f in d in g s  o f 

s e v e r a l  o th e r  w o rk e rs  who t e s t e d  th e  e f f e c t  o f  c o r t i s o l  o n ly  

(Wu e t  a _ l., 1967; Wu e t  a l . , 1 9 7 1 ). The l i v e r s  o f  c o n t r o l  

n o n tu r o u r o u s ra ts  o f  th e  same age (3 5 -d a y  o ld )  and m a in ta in e d  u n d e r  

s i m i l a r  c o n d i t io n s  a re  n o n - in d u c ib le .  However th e  s p e c i f i c  a c t i v i t y  

o f  a r g in a s e  i n  th e  hepatom a i s  in c re a s e d  by a b o u t 30% in  r a t s  f e d  a 

75% p r o t e i n  d i e t  com pared w i th  chose  fe d  a 22% p r o t e i n  d i e t  and by a 

f u r t h e r  15% w i th  hormone tr e a tm e n t  ( s s e  f i g s  3 .4 9  and 3 .5 0 )  , I n  

r a t s  f e d  a  10% p r o t e i n  d i e t  t h e r e  i s  a l s o  =n in c r e a s e  i n  th e  a c t i v i t y  

o f  a rg in a s e  by g lu cag o n  and ^-m e thasone  in  th e  hepatom a t i s s u e .

I n  g e n e r a l  dBcAMP a p p e a rs  to  in d u c e  th e  u r e a  c y c le  enzymes 

to  a g r e a t e r  e x t e n t  th a n  g lu c ag o n  and t h i s  i s  i n  a g re em e n t w ith  

s tu d i e s  on TAT (Tews e t  a l . ,  1 9 7 0 ). I n d u c t io n  by g lu c a g o n ,

P -m eth aso n e  and  P -m eth aso n e  p lu s  g lu c ag o n  to g e th e r  a re  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 ,  nam ely  th e  two a r e  n o t a c t i n g  s y n c r g i s l i c a l l y  in  t h i s  

in s t a n c e .  I n d u c tio n  by th e s e  horm ones i s  in d e p e n d e n t o f  d i e t  

s in c e  hormone in d u c t io n  i s  s e e n  in  a l l  o f  th e  d i e t s  t e s t e d .

T hese  r e s u l t s  su p p o r t P o t t e r ' s  th e o ry  o f  "oncoge.ny a s  b lo c k ed  

on to g en y "  s in c e  th e  u r e a  c y c le  enzymes a r e  in d u c ib le  by c o r t i s o l  in  

j u v e n i l e  and f o e t a l  r a t  l i v e r  b u t n o t  in  a d u l t  r a t  l i v e r  (McLean and 

G urney , 1 963 ). A lso , th e  l e v e l  o f  u r e a  c y c le  enzymes in  th e  

hepatom a i s  g r e a t ly  reduced  compnred to  c o n t ro l  l i v e r s , th e  l e v e l  b e in g  

s i m i l a r  to  th o se  o f  f o e t a l  r a t  l i v e r s .  The o i l i e r  a l t e r n a t i v e  i s  t h a t  

d u r in g  on to g e n y  c e r t a i n  c e l l s  became lo ck ed  a I. a  c e r t a i n  s ta g e  o f  

developm en t and t h a t  oneoguny r e p r e s e n t s  th e  a c c u m u la t io n  o f  lo ck ed  in  

gene c o n f ig u r a t io n s  o f  a v a i l a b i l i t y  t h a t  w ere sc h e d u le d  to  be  u n lo c k ed  

a s  d i f f e r e n t  tim es  in  norm al o n to g e n y .



A l te r n a t iv e ly  d u r in g  o n c o g e n e s is  c e r t a i n  r e g u la to r y  genes a r e  so 

a l t e r e d  t h a t  th e  c e l l s  r e - a c q u iv e  th e  c o n t r o l  m echanism s p r e v a i l i n g  

in  an e a r ly  p e r io d  o f  l i f e .  Hence th e r e  i s  a  r e v e r s i o n  o f  th e  r e g u ­

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

r e v e r s i o n  i s  e s s e n t i a l  to  th e  m echanism  o f  c a r c in o g e n e s is  (Wu, 1 973 ), 

f ile  i n d u c i b i l i t y  o f  a rg in a s e  by c o r t i s o l  i n  p e r i n a t a l  b u t  n o t  a d u l t  

l i v e r  i s  c o n firm e d  by G reen g ard  £ t  al_, (1970) and i t s  i n d u c i b i l i t y  

in  M o r r i s  hepatom as, i s  con firm e d  by Mu ct_ al_, (1971 ).

dBcAMP h a s  be en  shown to  i n h i b i t  b o th  DNA sy n th  s i s  and th e  

grow th  o f  H35 c e l l s  i n  c u l t u r e .  T h is  C ould be  due to  an in d u c tio n  

o f  a r g in a s e  w hich  i s  known to  i n h i b i t  b o th  DNA s y n th e s i s  and grow th  

r a t e  o f  hepatom as in  v iv o  (H o l le y , 1 9 6 7 ). An in c re a s e d  s y n th e s is  

o f  u r e a  and d e p le t i o n  o f  th e  in te r m e d ia te s  f o r  p u r in e ,  p y r im id in e  

and po ly am in e  c o u ld  a l l  p o s s ib l y  c o n t r i b u t e  to  th e  i n h i b i t i o n  o f  

g row th  by  dBcAMP.

G lu c o co r tic o id s  a re  known to  i n h i b i t  DNA p o ly m e ra se , DNA 

s y n th e s i s  and c e l l  g row th  in  r e g e n e r a t in g  r a t  l i v e r  a f t e r  p a r t i a l  

h e p a te c to n y  and in  m a lig n a n t c e l l s  in  c u l tu r e  (Sakuma and 

T erayam a , 1 9 6 7 ), T h is  i n h i b i t i o n  c o u ld  p o s s ib l y  b e  due  to  i n c r e a s in g  

a c t i v i t y  o f  u r e a  c y c le  enzymes in  g e n e r a l  w hich  c o u ld  r e s u l t  i n  th e  

d e p le t i o n  o f  e s s e n t i a l  in te r m e d ia te s  f o r  a n a b o l ic  s y n th e s is  o f  DNA,

RMA and p o ly a m iro s  and in  a rg in a s e  in  p a r t i c u l a r  w hich  c o u ld  then  

t e s u l t  i n  an incr*  aacd  in h ib i to r y  e f f e c t  on g ro w th . An in c r e a s e  in  

u r e a  c y c le  onz>m«'S cou ld  r e s u l t  in  an in e re n s e d  s y n th e s is  o f  u r e a ,  

w hich  may a l s o  i n h i b i t  g row th  i n  th e  hepatom a,

The a c t i v i t i e s  o f  th e  u r e a  c y c le  enzymes o f  h o s t l i v e r s  o f  horm one- 

u n c re a te d  tu m o u r-b e a rin g  a n im a ts  a re  s i g n i f i c a n t l y  low er th a n  th o s e  o f  

c o n t r o l  non -tum ourous a n im a ls ,  b u t  th e  a c t i v i t i e s  i n  th e  horm one— 

t r e a t e d  h o s t l i v n r s  a rc  s ig n i  H c a n t ly  h ijih o r  (avi- f i | ; s  3 .3 0  to  3 .3 4 ) .  

The d e p re s s io n  o f  u r e a  c y c le  enzyme i i d i v i l i e s  In th e  h o s t  l i v e r s  a g re e s  

w ith  th e  r e s u l t s  o f  Dno e ^  al_. (1 9 6 3 ) vmd l.nwson ej:_ n_U (1975) who

Iim nd th a t  0T0 mid CPS a c t i v i t i e s  rvnpvcl i v e ly  w ere  low er in  h o s t

l i v e r s  com pared to  c o n t r o l  l i v e r s .

I h c s e  r e s u l t s  su g g e s t one o f  two th in g s :  e i t h e r  th e  h o s t  l i v e r

i s  in d u c ib le  due to  a s t a r v a t i o n  o r  some o th e r  n u t r i t i o n a l  e f f e c t  by 

th e  tum our, o r  th e  tum our i s  p ro d u c in g  a  hum oral s u b s ta n c e  w hich 

e n a b le s  (lie h o s t  l i v e r  to  re sp o n d  to  th e s e  horraonvs,



The fo rm e r  i s  a p p a r e n t ly  u n tru e  s in c e  th e  h o s t  l i v e r  

enzymes a r e  in d u c ib le  on a l l  d i e t s  s t u d i e d ,  in c lu d in g  a h ig h  (75%) 

p r o t e i n  d i e t .  T h is  i s  i n  a g re em e n t w ith  th e  r e s u l t s  o f  Lawson et_ a l ,

(1975) who found  t h a t  th e  a c t i v i t y  o f  CPS in  th e  l i v e r  o f  h o s t  

a n im a ls  was d e p re s s e d  and t h a t  t h i s  d rop  i n  a c t i v i t y  was in d e p e n d e n t 

o f  some s p e c i f i c  n u t r i t i o n a l  e f f e c t s  o f  th e  tum our on th e  h o s t ,

The l a t t e r  p o s t u l a t e  was t e s t e d  by i n j e c t i n g  p lasm a  from  tum our- 

b e a r in g  a n im a ls  i n t r a p e r i t o n e a l l y  i n to  c o n t r o l  non tu m o u ro u s a n im a ls  

and th e n  t e s t i n g  f o r  i n d u c i b i l i t y  by g lu c ag o n  ( s e e  ta b l e s  3 .5 8  a ,  b ,  c ) . 

t tw a s  fo und  t h a t  a) th e  u r e a  c y c le  enzyme a c t i v i t i e s  d ro p p ed  in  p la sm a - 

t r e a t e d  a n im a ls  com pared to  c o n t r o l  a n im a ls  and b) tn e  enzymes w ere  

i n d u c ib l e  by g lu c ag o n  (24 h o u r i n j e c t i o n  o f  2 5 0 /i.g  /  50 g) in  th e  p la sm a -  

i n j e c t e d  a n im a ls  w h ile  th o s e  o f  c o n t r o l  a n im a ls  w ere  n o t ,

A c o n t r o l  e x p e r im e n t in v o lv in g  th e  i n j e c t i o n  o f  p la sm a  from  n o n -  

tum ourous a n im a ls  i n t o  norm al a n im a ls  showed no change  com pared to  non­

i n j e c t e d  c o n t r o l s .  T hese  r e s u l t s  c o n f irm  th e  e x is te n c e  o f  a  hum oral 

s u b s ta n c e  w hich  i s  p r e s e n t  i n  th e  tu m o u r -b e a rin g  a n im a ls  b u t  a b s e n t  from  

c o n t r o l s .  T h is  s u g g e s ts  t h a t  th e  hum oral su b s ta n c e  i s  p roduced  by 

th e  tum ours th e m se lv es  ,md may be th e  p r o d u c t o f  tu m o u r - s p e c if ic  

unmasked genes and th e r e f o r e  r e p r e s e n t  an a l t e r e d  s t a t e  o f  d i f f e r e n t i a t i o n .

O th e r  exam p les a re  known w hich s u g g e s t  th e  e x is te n c e  o f  a  hum oral 

f a c t o r .  TV, u rek  (19A9) found  t h a t  p e rf u s e d  l i v e r s  o f  r a t s  b e a r in g  

W alker 256 '••• •cinom a p roduced  l e s s  serum  allm ini n and «  and p .g lo b u l i n  

th a n  d id  th o se  from  norm al r a t s , Serum  f a c to r s  have  be en  r e p o r te d  

f o r  s e v e r a l  o th e r  e f f e c t s  in c lu d in g  DNA and p r o t e i n  s y n th e s is  

(D olan  £ t  a l . ,  1974), S tu d ie s  w ith  p a r a b i o t i c  r a t s  a l s o  su g g e s t  

th e  e x is te n c e  o f  a  c i r c u l a t i n g  f a c to r  t h a t  e f f e c t s  l i v e r  enzyme 

a c t i v i t i e s .  Jo h ris to n (1 9 6 7 )  r e p o r te d  in c re a s e d  h i s t i d i n e  c a rb o x y la s e  

a c t i v i t y  i n  th e  no rm al p a r tn e r s  w here  one o f  th e  p a r a b io t i c  p a i r  was 

tm notiroui , S im i la r  o b s e rv a t io n s  w ere made by Suda p_i_ o d . (1966)

f o r  th e  Mg pyi nvui -  H n .iq o  and by S h ilia  e l, a l.. (1964) when m e asu r in g  

t r y p to p h a n  p y r r o l l a s u .

The p o s s i b i l i t y  o x I h I i i  l l ia t th e  Immoral s u b s ta n c e  vepn -iien tfl an 

in c re a s e d  le v e l  o f  g lu c o c o r t i c o id  due in  s t r e s s  In  th e  tum our- 

b e a r in g  a n im a ls  w hich  co u ld  th e n  he  p e rm is s iv e  f o r  in d u c t io n  by



d i f f e r e n t  horm ones such  a s  g lu c a g o n , T h is  seem s to  me u n l ik e ly ,  

f i r s t l y  b e c a u se  g lu c o c o r t i c o id s  a r e  i n h ib i to r y  to  p r o l i f e r a t i o n  

and s h o u ld  t h e r e f o r e  be low er i n  th e  tum ourous m a te r i a l  and 

s e c o n d ly ,  b e c a u se  th e  e f f e c t s  o f  P -m e thasonc  and  g lu c ag o n  o r  

dBcAMP a r e  n o n a d d it iv e  a rg u in g  a g a in s t  a p e rm is s iv e  r e l a t i o n s h i p  

b e tw een  g l u c o c o r t i c - i d  and g lu c a g o n  o r  dflcAMP i n  t h i s  in s t a n c e .

I t  i s  p o s s ib l e  t h a t  th e  tum our has an  a c t i v e  sy s te m  f o r  

e x c r e t i o n  o f  s t e r o i d s  i n to  th e  e x t r a c e l l u l a r  f l u i d  and from  th e re  

i n to  th e  p la sm a , I n  t h i s  way th e r e  c o u ld  be a  red u c ed  g lu c o c o r t i c o id  

l e v e l  i n  th e  tum ourous t i s s u e  to  a llo w  f o r  r a p id  p r o l i f e r a t i o n ,

T h is  c o u ld  n o t  how ever a c c o u n t f o r  th e  f a c t  t h a t  th e  le v e l s  o f  

u r e a  c y c le  enzymes a r e  red u c ed  i n  th e  h o s t  l i v e r s  o f  cum our- 

b v a r in g  a n im a ls  com pared w i th  c o n t r o l s ,  n o r  f o r  th e  f a c t  t h a t  

th e s e  enzymes a r e  in d u c ib le  i n  hepatom a and h o s t  l i v e r s  b u t  n o t  

i n  c o n t r o l s ,

I  b e l i e v e  t h a t  th e  hum oral su b s ta n c e  i s  more l i k e l y  a 

s u b s ta n c e  h a t  i s  d e c r e a s in g  th e  o v e r a l l  g lu c o c o r t i c o id  b a s a l  l e v e l  

and t h a t  one p o s s i b i l i t y  i s  t h a t  i t  i s  an in c r e a s e d  t r a n s c o r t i n  

l e v e l .  T h is  w ould n o t  be due to  an a d r p t i o n  f o r  hepatom a g ro w th , 

r a t h e r ,  th e  hepatom a may be a b le  to  grow b e c a u se  o f  an a b n o rm a lity  

i n  r e g u la t i o n  w hich in c r e a s e s  th e  le v e l  o f  t r a n s c o r t i n ,  I f  

t r a n s c o r t i n  c o n c e n t ra t io n s  i n c r e a s e ,  th e  p r o p o r t io n  o f  bound to  

unbound s t e r o i d  w ould in c r e a s e  and t h i s  i n  e f f o r t  w ould d e c re a s e  

th e  am ount o f  g lu c o c o r t i c o id  a v a i l a b l e  f o r  p h y s io l o g ic a l  i n t e r a c t i o n s  

s in c e  o n ly  unbound s t e r o i d  has p h y s io lo g ic a l  c o n seq u e n ce . The f a c t  

t h a t  th e  a c t i v i t i e s  o f  u r e a  c y c le  enzymes a r e  low er in  th e  h o s t  

a rg u e s  in  f a v o u r  o f  t h i s  p o sn " ' i l i l y .  D e ss o r-W ie s t (1975) was 

a b l e  to  show a l t e r a t i o n s  in  th e  a f f i n i t y  o f  serum  c o r t i c o s t e r o n e -  

b in d in g  p r o t e i n s  from  the. e a r ly  to  l a t e r  h o u rs  o f  r e g e n e r a t io n  in  

r o t  l i v e r  a f t e r  p a r t i a l  h e p a to c to m y .

The p r e s e n t  s tu d y  was u n a b le  to  t e s t  f o r  in r r e u s e d  o r  d e c re a se d  

g lu c o c o r t i c o id  l e v e l s  in  tu m o u r -b e a r in g  v e rs u s  c o n t ro l  a n im a ls  as 

th e  t r a n s p l .in l  a b le  tum our a l t e r e d  In such  n way I tint I t  was no 

lo n g e r  t r a n s p l a n ta b l e  and i t  was th e r e f o r e  n o t p o s s ib l e  to  o b ta in  

p la sm a  to  m easu re  g lu c o c o r t ic o id  l e v e l s  i n  h o s t  a n im a ls .

I t  w ould he o f  i n t e r e s t  to  t r y  to  i s o l a t e  and c h a r a c t e r i z e  

t h i s  hum oral su b s ta n c e  a -  i t  may shed  some l i g h t  on th e  f a c to r s  

in v o lv e d  in  c a r c in o g e n e s is ,



A num ber o f  p o s s i b i l i t i e s  e x i s t  f o r  th e  ho rm onal in d u c t io n  o f  

th e  u r e a  c y c le  enzymes i n  th e  h o s t  l i v e r  and hepatom a . S in ce  

g lu c o c o r t i c o id s  a re  i n h i b i t o r y  to  g ro w th , a  d ro p  i n  g lu c o c o r t ic o id  

l e v e l s  by in c re a s e d  b in d in g  Uo t r a n s c o v t in ,  o r  an  in c re a s e d  number 

o f  c y to p la s m ic  r e c e p to r  m o le c u le s  b e in g  in  an i n a c t i v e  c o n fo rm a tio n  

c o u ld  r e s u l t  i n  th e  b a s a l  l e v e l  o f  u r e a  c y c le  enzymes b e in g  

d e p re s s e d .  T re a tm e n t w ith  & -m etha:nnc  c o u ld  th e n  r e s u l t  i n  an 

in c r e a s e d  s y n th e s is  o f  th e  u r e a  c y c le  enzymes w hich  w ere  p r e v io u s ly  

n o t  m a x im ally  in d u c e d , to  l e v e l s  above th o se  o f  c o n t r o l  nontum our- 

b e a r in g  a n im a l s .

A se co n d  p o s s i b i l i t y  i s  t h a t  th e re  i s  a  r e v e r s i o n  to  f o e t a l  

o r  j u v e n i l e  ty p e  c o n t r o l s  w here  th e  u r e a  c y c le  enzymes a re  

in d u c ib le  by g lu c o c o r t i c o id s  a s  d e p ic te d  i n  m odels 1 and 2 u n der 

th e  s e c t i o n  on r e g e n e r a t io n  ( s e e  p a g es  2 85 -6  ) ,  I f  th e r e  i s  an  

a l t e r a t i o n  i n  th e  n o n h is to n e  chrom osom al p r o t e i n s ,  a s  o c c u rs  w ith  

d i f f e r e n t i a t i o n  and d c d i l f e r e n t i a t i o n ,  a n u c lc a r - a c c c p to r  m o le cu le  

o f  th e  s t e r o i d - r e c e p t o r  com plex w hich  i s  s e n s i t i v e  to  g lu c o c o r t ic o id  

may r e a p p e a r .  The t r a n s c r i p t s  o f  in d u c t io n  by s t e r o i d  i n  t h i s  

i n s t a n c e  w ould th e n  c o n ta in  a 5 ' sequencu  s p e c i f i c  t o  m essen g ers  

w h ich  a r e  r e s p o n s iv e  t o  cAMP and so  a c c o u n t f o r  i n d u c i b i l i t y  by 

P - m e th a s c n e , g lu c ag o n  and dBcAMP. M o 'e l 2 r e q u i r e s  th e  a p p e a ra n c e  

o f  a  p r o t e i n  f a c t o r  w hich  a l t e r s  th e  s i t e  o f  i n i t i a t i o n  o f  t r a n s ­

c r i p t i o n  in  th e  DNA te m p la te  by  SNA po lym era.se ,

The dosage, o f  P -m e th a so n c  r e q u i r e d  f o r  in d u c t io n  i s  one 

f o r t i e t h  t h a t  o f  c o r t i s o l . T h is  may he due to  th e  f a d  th a t  

P -m e th aso n e  b in d s  much more s t r o n g ly  lo  B in d er  I I ,  a  c y to p la s m ic  

s t e r o i d - r e c e p t o r  m o le cu lc  and h a s  a  s i r  our a l T i n i t y  f o r  t h i s  

m o le cu le  and so  i s  more r a p id l y  in v o lv e d  in  a i-C iv n tm i o f  th e  genome 

(L itw ac k  c t  a h , 1 973 ), I t  may a l s o  be due to  th e  f a c t  t h a t  

P -m e th aso n e  does n o t  h i ml to  trunH cor I i n (Thomson mu! I.ippmnn, 197/|) 

and s in c e  i t  i s  th e  unbound s t e r o i d  th a t  in  r e n p o n a ih  le  f o r  the  

p h y s io lo g ic a l  n-Hpemse, th e  p .ven ter th e  amount o f  unhound s t e r o i d ,  

th e  g r e a t e r  w ould be th e  r e s p o n s e .  The i n v re a se d  e f f e c t  may be duo t 

a  la c k  o f  d e g ra d a t io n  o f  P -m e th a so n e .



4 .5 .1  S t a t i s t i c a l  t r e a t ment o f  Che d a ta

4 .5 .1 .1  A n a ly s is  o f  v a r ia n c e

An a n a ly s i s  o f  v a v ia n c e  was p e rfo rm ed  on th e  d a ta  f o r  b o th  

a c t i v i t y  I g l i v e r  and s p e c i f i c  a c t i v i t y  and b o th  showed th e  same 

p a t t e r n  ( s e e  c a b le s  3 .6 1  and 3 .6 2 ) .

The fo u r-w ay  in t e r a c t i o n  o f  enzym e, tr e a tm e n t ,  d i e t  and l i v e r  i s  

s i g n i f i c a n t  and t h e r e f o r e ,  an a l t e r a t i o n  in  enzy tw  a c t i v i t y  i s  

d e p en d e n t on w hich .enzyme i s  b e in g  s tu d i e d ,  th e  d i e t  on w hich th e  

> :ats a re  m a in ta in e d , th e  hormone s t im u lu s  a p p l ie d  and i n  w hich  type  

o f  l i v e r  th e  enzyme i s  b e in g  a s sa y e d .

T he a n a ly s i s  o f  v a r ia n c e  e x p la in s  m o st of. th e  v a r i a b i l i t y ,  

w i th  l i t t l e  r e s i d u a l  v a r i a b i l i t y  u n e x p la in e d , t h i s  p ro b a b ly  

r e f l e c t i n g  e x p e r im e n ta l  e r r o r .  An a n a ly s i s  o f  v a r ia n c e  i s  

s t a t i s t i c a l l y  i n v a l id  in  t h i s  i n s t a n c e  s in c e  th e  enzymes when 

m e asu re d  w ere  n o t  in d e p e n d e n t v a r i a b l e s  a s  th e y  w ere  a l l  m easured  

i n  th e  same l i v e r s .  A lso , h o s t  l i v e r  and hepatom a t i s s u e  w ere 

d e r iv e d  from  one a n im a l and a r e  t h e r e f o r e  n o t  in d e p e n d e n t v a r i a b l e s .

T h is  means t h a t  th e  v a r i a b i l i t y  i s  c o r r c l l a t e .d  and d o e s n o t  g iv e  

a  t r u e  r e f l e c t i o n  o f  w hat i s  o c c u r r in g  i n  th e  l i v e r .  I t  was u s e f u l  

how ever s in c e  iu  in d i c a t e d  t h a t  a l i n e a r  a d d i t i v e  m odel cou ld  

p r o b a b ly  n o t a d e q u a te ly  d e s c r ib e  th e  r e s u l t s .

A n a ly s is  o f  v a r ia n c e  i s  r e s t r i c t i v e  in  U ini i t  i s  p u r e ly  

A n a l y t i c a l ,  n e v e r  p r e d i c t i v e  and c an  t>nl- i n t e r p r e t  r e s u l t s  in  

a  l i n e a r  w ay. T h is  d o e s  n o t ta k e  i.nin a c c o u n t th e  f a c t  th a t  

b io lo g i c a l  sy ste m s do  p o t  a lw ay s  behave  l i n e a r l y ,

4 .5 .2  A m a th e m a tic a l model

Dr I). Brarlu o f th e  C .S .I .R .  has  tleslfsnetl n s e m i- p r e d ic t iv e  

and  i n t e r p r e t i v e  m a lh e tii.u ic a l motif 1 u> d v sv i ih e  th e  e x p e r im e n ta l  r e s u l t s  o f  

th e  p r e s e n t  s tu d y .  11 i s  a s im p le  m u lU p J i e u l iv u  m odel o f  th e  Cormi



p r e d ic te d  enzyme a c t i v i t y

e f f e c t  o f  d i f f e r e n t

th e  c o e f f i c i e n t  d e s c r ib in g  th e  in f lu e n c e  o f  th e  
d i f f e r e n t  u r e a  c y c le  enzyme b e in g  s tu d i e d  

th e  c o e f f i c i e n t  f o r  th e  Z iv p r  e f f e c t  and  d e s c r ib e s  th e  
typo  o f  l i v e r  t i s s u e  b e in g  s tu d i e d  nam ely c o n t r o l ,  
h o s t  o r  hepatom a

T h e re  a re  th r e e  co m p le te  s e t s  o f  c o e f f i c i e n t s , b o th  f o r  r e s u l t s  

e x p re s s e d  a s  a c t i v i t y / g  l i v e r  and s p e c i f i c  a c t i v i t y  and  a r e  shown in  

ta b l e s  4A and 4B, T here  if , 3 s e p a r a t e  s e t  o f  c o e f f i c i e n t s  f o r  each  

l i v e r  ty p e  nam ely  c o n t r o l ,  h o s t  and hepatom a , T h ere  a r e  fo u r

c o e f f i c i e n t s  o f  d i e t ,  nam ely A. 1 » 0% p r o t e i n ,  2 = 10% p r o t e i n ,

3 -  22% p r o t e i n ,  4 = 757. p r o t e i n .  T h ere  a r e  f i v e  c o e f f i c i e n t s  f o r  

hormone t r e a tm e n t  ;  IL 1 = P -m ethasone  t r e a tm e n t ,  2 = g lu cag o n  

tr e a tm e n t , 3 = P -inethasonu  and g lu c ag o n  t r e a tm e n t ,  4 = dBcAMP 

tr e a tm e n t ,  5 = c o n t r o l  u n t r e a t e d .  T h ere  a re  f i v e  c o e f f i c i e n t s

o f  engym cs; 1 = AL, 2 -  CPS, 3 “  OTC, 4 = ARG, 5 *» ASS and

th e r e  a r e  th r e e  c o e f f i r iP n l . s  f o r  l i v e r ;  1 = c o n t r o l  l i v e r ,

2 = h o s t  l i v e r ,  3 =’ hepatom a ( s e e  p .3 0 3 a ) .

The p r e d i c t e d  fiizyme a c t i v i t i e s  a g re e  v e ry  w e l l  w ith  o b se rv e d  

v a lu e s ,  th e r e  b e in g  l e s s  th a n  1% e r r o r  b e tv e e n  th e  two ( s e e  ta b le s

4 .1  to  4 .3  and 4 .7  tn  4 .9 1 . As can  b e  s e e n  fro m  th e  ta b l e s  o f  

a v e ra g e s  o f  p r e d i c t e d  v e rs u s  a b se rv e d  v a l u e s , th e  v a lu e s  a re  v e ry  

s im i l a r  (T a b le s  4 ,4  In  fl.fi and 4 .1 0  to  4 ,1 2 ) .

Hu o r d e r  V; p r i 'd l rL  .1 p a r t i c u l a r  enzyme, a c t i v i t y  u n der g iv e n

c o n d i t i o n s ,  one w ould m u l t ip ly  th e  c o n s ta n t  by ih e  a p p r o p r ia te  

c a e f f i r ' i c n t 1' f c  r  i’,i v in  rni/il 11 / oiin ■•iih) l.h i'i'rby t l r r !  v r  ) Im n r  Li v i l y ,

I t  i s  a p p a r e n t  from  th e  model t h a t  H v e r s  o f  c o n t r o l  a n im a ls  

a r e  i n s e n s i t i v e  to  hormone t r e a tm e n t  b u t  t h a t  h i s t  l i v e r  and hepatom a

a r e  r e s p o n s iv e ,  th e  fo rm er b e in g  th e  m ost r e s p o n s iv e  ( s e c  t a b l e s  4A and

B colum n o f  c o e f f i c i e n t s  f o r  IL , ) .



= 227. 3 = OTC

= 75% 4 * A vg in a se

= .Hormone s tim u lu s D. «  l i v e r  ty p e

P-m ethasone

g lu c ag o n

P -m echaaone -I g lu c ag o n  

dQcAMP

c o n t r o l ,  n o n t r e a te d

norm al l i v e r  

h o s t  l i v e r  

hepatom a

The c o e f f i c i e n t  1111 w ould th e n  r e p r e s e n t  th e  a c t i v i t y  

o f  AL m easu red  in  th e  l i v e r  o f  a  no rm al nontum ourous 

r a t  s - a in ta in e d  on a  07. p r o t e i n  d i e t  and  g iv e n  a  s in g l e  

24 h o u r  l , p .  i n j e c t i o n  o f  g lu c ag o n  (2 5 0 p g /5 0 g ) .



T a b le  A.A M odel C o e f f i c i e n t s  f o r  S p e c i f i c  A c t i v i t y , f  ^  

K=12,17 ( G e n e ra l a v e r a g e = 1 2 ,1187) m
° 'o ? 5 7 2 7

0 ,3 1 6 5
’0 ,9 3 0 6  

0 ,7 8 3 7
l ’ i°0 3 9 3

1 ,0857

1 ,3261
1 ,4574

1 ,8141

’ i 1 ,0454
1 ,0375

1 ,1119

0 ,9 8 2 6
1 ,0335

1 ,0 1 9 4

1 ,0277  
• 1 ,0355  

0 ,9 8 9 9

0 ,9 6 6 2
1,1447

1,0233
0 ,7 4 8 9

0 ,8 5 5 5

0 ,0 0 8 3  • 0 ,0 1 7 9
0 ,0 1 5 3

0 ,0 7 3 7

0 ,7 5 3 7
0 ,7 3 8 1

2 ,1 1 3 6

4 ,2 1 2 2
4 ,2 3 0 7

2 ,6289

0 ,0 0 7 9  
OpOSO . 

0 ,0 6 5 8

" l 1.4143
“  1 ,5646

-  0 ,0 2 1 1

T ab le  4 .B M odel C o e f f i c i e n t s  f o r  A c t i v i t v / e  l i v e r .

K=1472,10 ( G e n e ra l A verage= 1468 ,62 )

Ai 0 ,5 7 4 1
0 ,5 7 7 1

0 ,2 4 9 7

0 ,7 9 2 2
0 ,7 2 8 2

0 ,6 5 9 7

1 ,0 9 6 9  
1 ,1399  

I , 3916

1 ,5368
1 ,5548

1 ,6991

Bj
1 ,0253 0 ,9 5 5 3

1 ,0648
1 ,0139

1 ,0169
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1 ,0381

0 ,9 9 7 2
1,0519

1 ,0198

1 ,0052
0 ,7 7 7 4

0 ,9 4 3 2

Ck
0 ,0 0 6 4

'O j 1161

0 ,0 1 8 2
0 ,0 1 4 9

0 ,0 5 7 2

0 ,7 0 6 2
0 ,7 4 2 4

2 ,0 6 9 0

4 ,2 6 0 3
4 ,2 2 6 7

2 ,6 9 9 0

0 ,0 0 7 0 ^ 1

D1
1,4931

1 ,4 9 3 0
"0 -0 1 3 9



T ab le  4 .1  CONTROL LIVER, SPECIFIC ACTIVITY (o b s e rv e d  v s .  p r e d i c t e d  d a b a ) .

hormone
enzyme
c o n t r o l  l i v e r .p r e d i c t i o n

COHTSOL Lives, SPECIFIC ACTIVITY preUteted value#.



T ab le  4 .2  HOST LIVER, SPECIFIC A CIIV IT Y (observed p r e d ic t e d  d a ta )

hormone 
enzyme 
h o s t  l i v e r

p r e d i c t i o n



T ab le  4 .3  HEPATOMA, SPECIFIC ACTIVITY (o b s e rv e d  v s .  p r e d i c t e d  d a ta )

i  ** d i e t  daCa
j  = horm one — pr e d i c t i o n
k = enzyme I y J - / '
1 = hepatom a --------------



•T ab le  4 . 4 .  CONTROL LIVER, SPECIFIC ACTIVITY ( o b s e r v e d  v s .  p r e d i c t e d  d a ta )

p r e d ic t i o n



T ab le  4 .5  A c o m p ariso n  o f  a v e r a g e s  o f  o b se rv e d  v s .  p r e d i c t e d  d a ta  f o r  
a c t i v i t i e s  o f  h o s t  l i v e r s  e x p re s s e d  p e r  mg p r o t e i n .

o b se rv e d  a v e ra g e s  

p r e d i c t e d  a v e r a g e s

host liver. srECinc activity



T ab le  4 ,6  A c o m p ariso n  o f  a v e r a g e s  o f  o b se rv e d  v s .  p r e d ic t e d  d a ta  f o r
a c t i v i t i e s  o f  hepatom a t i s s u e  e x p re s s e d  p e r  mg p r o t e i n .

o b se rv e d  a v e ra g e s

p r e d ic te d  a v e ra g e s

im U H A , SPECIFIC ACTIVITY oblirved pri-ituted valuei.



T ab le  4 ,7  CONTROL LIVER, A C T IV m /G  LIVER (o b s e rv e d  v s .  p r e d ic te d  d a ta )

j  = hormone 
k = enzyme 
1 = c o n t r o l

p r e d i c t i o n



T ab le  4 .8  HOST LIVER, ACTIVITY/G LIVER ( o b s e r v e d  v s .  p r e d ic t e d  d a ta )

j  = hormone 
k  "  enzyme



T ab le  4 ,9  HEPATOMA, ACTIVITY/G LIVER ( o b se rv e d  v s . p r e d i c t e d  d a t a ) .

i  = hormone 
k  “  enzyme 
1 = hepatom a

p r e d ic t io n



T ab le  4 .1 0  A c o m p ariso n  o f  a v e r a g e s  o f  o b se rv e d  v s .  p r e d ic te d  d a ta
f o r  a c t i v i t i e s  o f  c o n t r o l  l i v e r s  e x p re s s e d  p e r  g ram  w et
w e ig h t o f  l i v e r .

.o b se rv e d  a v e ra g e s

ACTIVITY PER CRAM LIVER 10b«erv«d



T ab le  4 .1 1  A c o m p ariso n  o f  a v e r a g e s  o f  o b se rv e d  v s .  p r e d i c t e d  d a ta
f o r  a c t i v i t i e s  o r  h o s t  l i v e r s  e x p re s s e d  p e r  gram  wee
w e ig h t o f  l i v e r .

,  o b se rv e d  a v e ra g e s  

.p r e d ic te d  a v e ra g e s



T ab le  4 .1 2  A c o m p ariso n  o f  a v e r a g e s  o f  o b se rv e d  v s .  p r e d ic te d  d a ta
f o r  a c t i v i t i e s  o f  hepatom a t i s s u e  e x p re s s e d  p e r  gram  w et
w e ig h t o f  t i s s u e .

ob o u rv ed  a v e ra g e s  

p r e d i c t e d  a v e ra g e s

Predicted



A lso  a p p a r e n t  from  th e  m odel i s  th e  f a c t  t h a t  in  th e  hepatom a 

a r g in a s e  a c t i v i t y  d ro p s  more th a n  a n y  o f  th e  o th e r  enzymes w hich  a rg u e s  

i n  f a v o u r  o f  th e  n e c e s s i t y  f o r  a r g in a s e .  Che i n h i b i t o r  o f  p r o l i f e r a t i o n ,  

t o  d ro p  in  h ep ato m a , th e re b y  a l lo w in g  r a p id  p r o l i f e r a t i o n  to  p ro ce ed  

( s e e  t a b l e s  6A and B colum n o f  c o e f f i c i e n t s  f o r  C ^ ) .

The m odel i s  m u l t i p l i c a t i v e  r a t h e r  th a n  a d d i t i v e .  In  o th e r  w ords , 

in s t e a d  o f  a d d in g  c o n s ta n t  c o e f f i c i e n t s  f o r  g iv e n  e f f e c t s ,  one m u l t i p l i e s  

by c o n s ta n t  c o e f f i c i e n t s  o r ,  i n  e f f e c t ,  a d d s on p e rc e n ta g e  d i f f e r e n c e s .

One w ould e x p e c t a  m u l t i p l i c a t i v e  ty p e  m odel r a t h e r  th a n  an  a d d i t i v e  

one to  d e s c r ib e  a  b io l o g i c a l  sy s te m  s in c e  i t  ta k e s  i n t o  a c c o u n t th e  f a c t  

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

c o n t r o l  p o in t s  and  t h a t  ch an g e s t h a t  o c c u r  a r e  se ldom  a d d i t i v e  o r  in d e ­

p e n d en t o f  o th e r  c o n d i t io n s  p r e v a i l i n g .  F o r exam p le , th e  l e v e l  o f  a 

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

g r a d a t io n .  T hese  r a t e s  a r e  c o n t r o l l e d  by  th e  f lu x  o f  m e ta b o l i te s  th ro u g h  

a  se q u en c e  o f  r e a c t i o n s  and  th e  r e l a t i v e  f lu x  and  a v a i l a b i l i t y  o f  m e ta b o l i te s  

th ro u g h  th e s e  r e a c t i o n s  c o n t r o l s  th e  b a s a l  l e v e l  o f  th e  p r o t e i n ,  The o v e r ­

a l l  f l u x  o f  m e ta b o l i te s  i s  p r o p o r t io n a l  to  th e  am ount o f  m e ta b o l i te s  a llo w e d  

to  flow  in to  th e  s e r i e s  o f  r e a c t i o n s  a t  c e r t a i n  c o n t r o l l i n g  o r  l im i t i n g  

p o in t s ,  D i f f e r e n t  l i m i t i n g  f a c to r s  may c o n t r o l  th e  same s e r i e s  o f  r e a c t i o n s  

b u t  th e  c o n t r o l s  a r e  e n fo rc e d  a t  d i f f e r e n t  p o in ts  i n  th e  se q u e n c e , th e  o v e r ­

a l l  e f f e c t  o f  two s e p a r a t e  l i m i t i n g  f a c t o r s  b e in g  compounded to  g iv e  an  

e f f e c t i v e  r a t e  o f  s y n th e s is  and d e g ra d a t io n  and h ence  th e  b a s a l  l e v e l  o f  

th e  p r o t e i n ,

The model d e m o n s tra te s  v e ry  c l e a r l y  c e r t a i n  a s p e c t s  o f  r e g u la t i o n  o f  

th e  u r e a  c y c le  enzymes in  th e  th r e e  ty p e s  o f  l i v e r  t i s s u e s  s tu d i e d .  The 

f i r s t  p o in t  t h a t  i s  d e m o n s tra te d  by th e  m odel l a  t h a t  u n d e r  th e  c o n d i t io n s  

s tu d i e d ,  nam ely u ic a  c y c le  enzyme a c t i v i t i e s  in  n o rm a l , h o s t  and hepatom a 

t i s s u e  u n d e r  v a ry in g  c o n d i t io n s  o f  d i e t  and  hormone s t i m u l i ,  a l l  f iv e  o f  

th e  u re a  c y c le  enzymes be h av e  q u a l i t a t i v e l y  i n  a c o r r e l a t e d  way w i th in  one 

t i s s u e  ty p e  s u g g e s t in g  some common r e g u la to r y  m echanism s. F o r  exam ple ,

th e  c o e f f i c i e n t  f o r  d i e t  and  hormone rem a in  c o n s ta n t  w i th in  a p a r t i c u l a r  

l i v e r  ty p e , in d e p e n d e n t o f  w hich  enzyme i s  b e in g  s tu d i e d ,  a s  lo n g  a s  th e  

a c t i v i t i e s  a r e  e x p re s se d  a s  a  p e rc e n ta g e  o f  c o n t ro l  v a lu e s .  T h e re r-i r e ,  

to  d e te rm in e  th e  e f f e c t  o f  g lu c ag o n  on any  one o f  th e  f iv e  enzymes in  h o s t  

V v e r .  one w ould  m u l t i p ly  th e  enzyme f a c t o r  by th e  c o e f f i c i e n t  f o r  g lu c ag o n



(Bj = 2nd column) and th e  same c o e f f i c i e n t  i s  u se d  f o r  a l l  enzym es,

I n  th e  c o n t r o l  l i v e r  a lth o u g h  th e  enzymes a r e  c o r r e l a t e d ,  th e y  do 

n o t  r e sp o n d  to  hormone s t i m u l i  s in c e  th e  d i f f e r e n t  c o e f f i c i e n t s  f o r  

hormone a r e  a l l  v e ry  s i m i l a r .  H ow ever, a l l  f i v e  enzymes a re  

be h av in g  i n  a c o r r e l l a t e d  way to  d i e t  s in c e  f o r  a p a r t i c u l a r  d i e t ,  

th e  same c o e f f i c i e n t  i s  m u l t i p l i e d  to  d e te rm in e  th e  e f f e c t  o f  t h a t  

d i e t  on any o f  th e  enzymes s tu d i e d .

The se co n d  p o in t  d e m o n s tra te d  i s  t h a t  i n  th e  h o s t  and hepatom a 

t i s s u e  th e  d i e t s  and horm ones a re  in d e p e n d e n t o f  eac h  o th e r .

M a th e m a tic a lly  t h i s  i s  shown by th e  f a c t  t h a t  i n  o r d e r  to  d e te rm in e  

th e  e f f e c t  o f  d i e t  and hormone one can m u lt ip ly  th e  c o e f f i c i e n t s  

i n  any o r d e r  w ith o u t  a f f e c t i n g  th e  com puted v a lu e .  T h is  i s  n o t 

t r u e  f o r  th e  l i v e r  o f  t h i r t y  f i v e  d a y -o ld  c o n t r o l  non tum our- 

b e a r in g  a n im a ls ,

I n  c o n t r a s t  to  th e  a b o v e, th e  r e s u l t s  o f  o th e r  w o rk e rs  show 

t h a t  i n  r a t s  beyond 29 days o f  age  th e  u r e a  c y c le  enzynes do n o t 

be h av e  i n  a  c o m p le te ly  c o r r e l a t e d  way to  d i f f e r e n t  d i e t a r y  and 

ho rm onal s t i m u l i  and  t h a t  d i e t  and hormone e f f e c t s  a re  n o t 

in d e p e n d e n t .  F o r ex am p le , i n  a d re n a le c to m iz e d  r a t s  a rg in a s e  

a c t i v i t i e s  d ro p  by 80% w h ile  CPS, QIC , ASS and AL drop  by o n ly  30%

(S ch in fce , 1963} McLean and N o v e l lo ,  1 9 6 3 ), C h r is to w i tz  (1975) found

th a t  d a i ly  i n j e c t i o n s  o f  c o r t i s o l  f o r  f o u r  d a y s w ere r e q u i r e d  to

in d u c e  u r e a  c y c le  enzymes s i g n i f i c a n t l y  i n  a d u l t  r a t s  and t h a t  n o t

a l l  th e  enzymes a r c  c o r r e l a t e d ,  ASS and a rg in a s e  re s p o n s e s  a r c  d i e t

d e p en d e n t • ' t h  g r e a t e r  in d u c t io n  on a low er p r o t e i n  d i e t .  The a c t i v i t y

o f  OTC c o u ld  b e  low ered  by a d rc n fllec to m y  in  r a t s  m a in ta in e d  on a  10%

d i e t  and  r a i s e d  by su b se q u e n t c o r t i s o l  Lrefltmvnl , AI, a c t i v i t y  on th e  o th e r  hand

was r a i s e d  by a d re n a le c to m y  and lo w ered  by r e p e a te d  i n j e c t i o n s  o f

c o r t i s o l  ( i b i d ) .  I n d u e i b i l i t y  o f  th e  uvea  c y c le  enzymes i s

in d e p e n d e n t o f  i n t a c t  a d r e n a ls  (S ch im ke, 1963) • T hese  r e s u l t s  w ere

c o n firm e d  by M a tth e y se  (1977) i n  h i s  w ork on l i v e r  s l i c e s  o f

a d re n a le c to m iz e d  r a t , ,  in  v i t r o . CVS, ASS ntul fii:i',lnase resp o n d e d

to  c o r t i s o l  i n  v i t r o  in  th e s e  s l i c e s  i n  a more p o s i t i v e  way th a n  in

n o n - a d re n a le c to m iz e d  r a t s  i n  v iv o , Al> showed th e  anom alous d ro p  w ith

c o r t i s o l  t r e a tm e n t  even  in  v i t r o .



Sh e p h a rd  (1975) found  t h a t  i n  28 day r-ld  r a t s ,  h e p a t i c  CPS 

resp o n d e d  to  g lu c ag o n  in  c a ts  m a in ta in e d  on ICR, 22'. and 75% p r o t e i n  

d i e t s  and from  t h i s  c o n c lu d e d  t h a t  th e  i n d u c i b i l i t y  by hormone was 

in d e p e n d e n t o f  d i e t a r y  p r o t e i n  c o n te n t .

From th e  above  i t  can  be c o n c lu d e d  t h a t  u re a  c y c le  enzymes in  

h o s t  l i v e r s  and hepatom as a re  r e sp o n d in g  to  hormone and d i e t  i n  an 

in d e p e n d e n t and  c o r r e l a t e d  way and t h a t  th e  r e g u la t i o n  o f  th e s e  

enzymes in  th e s e  t i s s u e s  i s  s i m i l a r  to  th o se  o f  j u v e n i l e  r a t s  up to  day 

28 p o s t n a t a l l y .  At day 29 and beyond th e r e  i s  a  d r a m a tic  change in  

th e  r e g u la t i o n  o f  th e s e  enzymes such  t h a t  th e  re s p o n s e  i s  n o t  a lw ays 

c o r r e l a t e d  and su c h  t h a t  th e  i n d u c i b i l i t y  by hormone i s  d ie t- d e p e n d e n t ,  

b u t  indutiULlity by d i e t  i s  in d e p e n d e n t o£ h o rm jn c .

4 ,5  REGULATION OF UREA CYCLE ENZYME ACTIVITIES

The u r e a  c y c le  enzymes have  be en  shown to  be h av e  in  a  

c o n c e r te d  c o - o r d in a te d  way f o r  a number o f  sy s te m s  s tu d i e d  (McLean 

and  G urney , 1963; S chim ke, 1962a) in c lu d in g  t h e i r  b e h a v io u r  i n  

n e o p la s i a  and r e g e n e r a t io n ,  T h is  s u g g e s ts  t h a t  t h e s e  enzymes a re  

u n d e r  s i m i l a r  k in d s  o f  c o n t r o l s  a s  th o se  i n  th e  m odel d e s c r ib e d  by 

B r i t t o n  and D av id son  ( 1969 ).

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

s im i l a r  and t h i s  c o u ld  he e x p la in e d  by p o s t u l a t i n g  s im i l a r  b u t  non­

i d e n t i c a l  p ro m o to r r e g io n s  w i th  d i f f e r e n t  a f t i n i  L ie s  f o r  RNA p o ly ­

m erase  a t ta c h m e n t .  D u rin g  th e  e v o lu t io n  o f  th e  u r e a  c y c le  th e  genes 

c o d in g  f o r  th e  d i f f e r e n t  enzymes may o r i g i n a l l y  have  be en  c lo s e l y  

l in k e d  to  e a c h  o th e r  and u n d e r  th e  c o n t r o l  o f  a  s i n g l e  p ro m o to r ,  as 

i n  th e  l a c  o p e ro n  o f  E . c o l i . T h is  c o u ld  have  be en  fo llo w e d  by 

d u p l i c a t i o n s  i n  th e  p ro m o te r  re g io n  fo llo w e d  by tr a n s Z o c a t io n s  such  

t h a t  th e s e  g e n e s , eac h  w ith  t h e i r  own p ro m o te r s i t e  c o u ld  now be 

d is p e r s e d  th ro u g h o u t th e  genome, S l i g h t  a l t e r a t i o n s  i n  th e  p rim a ry  

se q u en c e  o f  th e  p rom o to r r e g io n  c o u ld  c au se  changes i n  th e  a f f i n i t y  o f  

RNA p o lym erase  f o r  them and so  c o u ld  n i t e r  th e  r c l n t i v i '  r n tv s  o f  

t r a n s c r i p t i o n  and t r a n s l a t i o n  o f  th e s e  enzym es, E v id e n ce  e x i s t s  t h a t  

l o c i  c o d in g  f o r  th e  u re a  r .y c lr  enzymes a re  n o t  c l o s e l y  l in k e d  i n  th e  

chromosomes o f  r a t s  (Soberon , p e r s o n a l  c o m m u n ic a tio n s).



S e v e ra l  iso z y m ic  form s o f  RNA p o ly m e ra se  a r e  known b o th  in  

p r o k a r y o te s  and e u k a r y o te s  ( T ra v e r s ,  1 9 7 6 ) . RNA p o ly m e rase  h o lo -  

enzym es may e x i s t  i n  f u n c t i o n a l l y  d i s t i n c t  form s eac h  o f  w hich 

i n i t i a t e s  a t  a  p a r t i c u l a r  c l a s s  o f  p ro m o te r  s i t e s ,  T h e re  may e x i s t  a  

c o m p le te  s p e c tru m  o f  s p e c i f i c i t y  Cor d i f f e r e n t  isozym es from  b in d in g  

e x c lu s i v e ly  to  one ty p e  o f  p ro m o te r  to  i n t e r a c t i n g  w e l l  w ith  s e v e r a l  

d i f f e r e n t  p ro m o to rs  ( i b i d ) .

S in c e  such  isozym es a r e  known to  e x i s t  i t  i s  f e a s i b l e  to  p o s tu l a t e  

t h a t  th e  u r e a  c y c le 'c n z y m e s  a r e  c o n t r o l l e d  by a c l a s s  o f  s im i l a r  b u t  

n o n id e n t i c a l  p ro m o to r s i t e s  u nder th e  c o n t r o l  o f  a p a r t i c u l a r  isozym e 

w ith  d i f f e r e n t  a f f i n i t i e s  f o r  th e  d i f f e r e n t  p r o m o te rs . The g r e a t e r  

th e  a f f i n i t y  o f  th e  p o ly m e rase  f o r  th e  p ro m o to r , th e  more r a p id  th e  

i n i t i a t i o n  o f  t r a n s c r i p t i o n ,  and th e  g r e a t e r  th e  am ount o f  mRNA 

a v a i l a b l e  f o r  t r a n s l a t i o n .  T h is  c o u ld  a c c o u n t f o t  th e  q u a n t i t a t i v e  

d i f f e r e n c e s  s e e n  in  th e  u r e a  c y c le  enzyme a c t i v i t i e s  when in d u c e d  by 

p a r t i c u l a r  s t i m u l i .

The above m echanism  i s  j u s t  one o f  s e v e r a l  t h a t  c o u ld  e x p la in  th e  

c o o rd in a te d  c o n t r o l  o f  u r e a  c y c le  enzym es. i t  m u st be p o in te d  o u t  t h a t  

th e  a c t i v a t e s  a r e  m easured  u nder o p tim a l c o n d i t io n s  and do n o t  r e f l e c t  

th e  t r u e  a c t i v i t i e s  u n d e r  p h y s io l o g ic a l  c o n d i t i o n s . F o r exam ple th e  

f a c t  t h a t  th e  a c t i v i t y  o f  a r g in a s e  i s  v e ry  much g r e a t e r  th a n  t h a t  o f  ASS 

i n  t h e  a s s a y s  em ployed does n o t  n e c e s s a r i l y  mean t h a t  th e r e  i s  more 

a rg in a s e  p r o t e i n  p r e s e n t ;  th e  a r g in a s e  r e a c t i o n  may j u s t  p ro ce ed  a t  

a  much f a s t e r  r a t e  th a n  t h a t  o f  ASS and to  t e s t  w h e th e r  th e  a b s o lu te  

am ount o f  enzyme p r o te i n s  does ii  f a c t  d i f f e r ,  im m uno log ica l a s s a y s  u s in g  

p u r i f i e d  a n t ib o d ie s  w ould have  to  b e  p e rfo rm e d ,

I f  th e  a b s o lu te  am ount o f  enzymes a v a i l a b l e  does a c t u a l l y  d i f f e r  

i t  does n o t n c s o s s a r i l y  mean t h a t  th e  mRNA's a r e  t r a n s c r ib e d  a t

d i f f e r e n t  r a t e s .  The d i f f e r e n t  am ount o f  p r o t e i n s  may r e f l e c t  

d i f f e r e n t  r a t e s  o f  t r a n s l a t i o n  o f  s im i l a r  am ounts o f  m e ssa g e , o r  

c o m b in a t io n s  o f  r a t e s  o f  s y n th e s is  and d e g ra d a t io n  o f  mRNA's i . e .  

d i f f e r e n t i a l  r a t e s  o f  t r a n s c r i p t i o n  w ith  d i r /o r e n L in l  r a t e s  o f 

d e g ra d a t io n  o f  m essages by r i b o n u c l e a s c s ,  d i f f e r e n t i a l  r a t e s  o f

t r a n s l a t i o n  o f  p r o t e i n s  w ith  d i f f e r e n t i a l  r a t e s  o f  p r o t e o l y s i s , Any

c o m b in a t io n s  o f  th e  above c o u ld  r e s u l t  i n  d i f f e r e n t  am oun tso f enzyme 

p r o t e i n s  i f  th e s e  d i f f e r e n c e s  do e x i s t ,
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