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Protein Turnover in Skeletal Muscle and Liver of Rats Bearing the Walker 256 Carcinoma 

I n  a n  i n v e s t i g a t i o n  of t h e  effect  of t u m o u r  g r o w t h  on  
p r o t e i n  d e g r a d a t i o n  in  h o s t  t issues,  a s t u d y  ha s  b e e n  
m a d e  of t h e  effect  of t he  W a l k e r  256 ca r c inoma  on label-  
l ing  p a t t e r n s  in  musc le  a n d  l iver  of r a t s  in j ec ted  w i t h  
3H-L-lysine 7 days  before  t u m o u r  i m p l a n t a t i o n .  

Methods. F e m a l e  W i s t a r  r a t s  of m e a n  b o d y  we igh t  
192 g were  i n j ec t ed  i.p. u n d e r  e t h e r  a n a e s t h e s i a  w i t h  
20 ~Ci L-lysine-(4,5)-SH'HC1 (250 mCi /mmqle)  pe r  100 g 

�9 b o d y  weight .  Some of t h e  an ima l s  were ki l led a f t e r  7 days  
(control  group)  a n d  t h e  r e m a i n d e r  were a n a e s t h e t i z e d  
w i t h  e the r  a n d  in j ec t ed  s.c. e i the r  w i t h  a suspens ion  of 
W a l k e r  256 c a r c i n o m a  cells or w i t h  1 ml  0.9% (w/v) 
sal ine a n d  ki l led a f t e r  a f u r t h e r  10 days,  w h e n  t h e  m e a n  
t u m o u r  we igh t  was  24.9 g. E a c h  a n i m a l  was  fed da i ly  12 g 
f ine ly  g r o u n d  r a t  cake  ( N o r t h  E a s t e r n  Agr i cu l tu r a l  
Co-operat ive ,  Ltd . )  s u p p l e m e n t e d  w i t h  L-12C-lysine to 
reduce  t he  r eu t i l i s a t i on  of label led  a m i n o  acid ~-3. To ta l  
da i ly  ava i l ab le  lys in  e i n t a k e  was 135.5 mg, e s t i m a t e d  
accord ing  to CARPENTE~ ~. To ta l  p r o t e i n  of l iver,  soleus 
a n d  gas t rocnemius  was isolated,  e s t i m a t e d  a n d  coun t ed  
as p rev ious ly  descr ibed  5. S t a t i s t i ca l  e v a l u a t i o n  of resu l t s  
was  ca r r ied  o u t  us ing  S t u d e n t ' s  C-test. 

Results and discussion. T he  d a t a  in  t h e  T a b l e  i nd i ca t e  
t h a t  t h e r e  was  no  loss of p r o t e i n  f rom t he  soleus due  to 
t u m o u r  g r o w t h  a n d  t he  fall  in  p r o t e i n  specific a c t i v i t y  a n d  
loss of t o t a l  labe l led  p r o t e i n  were t h e  same in b o t h  t he  
t u m o u r - b e a r i n g  a n d  sa l ine - in jec ted  rats .  T he  pe rcen t age  
loss of t o t a l  l abe l led  p r o t e i n  f rom t he  7 th  to  17 th  day  
fo l lowing isotope in jec t ion  was 21.1% in b o t h  groups  which  
was no t  s ign i f i can t ly  g rea t e r  t h a n  t h e  p e r c e n t a g e  loss 
f rom the  ga s t rocnemius  (15.1%) in t h e  sal ine-inj  ec ted r a t s  
a n d  s ign i f i can t ly  less ( P  < 0.001) t h a n  t he  pe rcen t age  loss 
f rom t h e  g a s t r o c n e m i u s  of t he  t u m o u r - b e a r i n g  r a t s  
(31.7%). I t  would  a p p e a r  t h a t  t u m o u r  i m p l a n t a t i o n  a n d  
g r o w t h  h a d  no  effect  on  p r o t e i n  t u r n o v e r  in  t h e  soleus 
d u r i n g  t h i s  period.  

T h e  increased  loss o f  t o t a l  labe l led  p r o t e i n  f rom t h e  
g a s t r o c n e m i u s  of t he  t u m o u r - b e a r i n g  r a t  was  a c c o m p a n i e d  
b y  a n e t  loss of p ro t e in  a n d  a g rea te r  fal l  in  p r o t e i n  specif ic  
a c t i v i t y  c o m p a r e d  to  t h e  sa l ine- in jec ted  ra t .  A fall  in  
t o t a l  label led  p ro t e in  ref lects  t he  e x t e n t  of p ro t e in  ca t ab -  
o l i sm in a t i ssue  a n d  t h u s  these  resu l t s  would  sugges t  t h a t  
d u r i n g  t h e  per iod  of t u m o u r  i m p l a n t a t i o n  a n d  g r o w t h  
the re  �9 is a n  increase  in p ro t e in  c a t a b o l i s m  in  t he  gas t ro-  
cnemius .  The  increased  fall  in  specific a c t i v i t y  of gas t ro-  
cnemius  p ro t e in  in  t he  t u m o u r - b e a r i n g  r a t  p r o b a b l y  resu l t s  
f rom the  g rea te r  re la t ive  loss of labe l led  p ro t e in  in t h i s  
group.  On t h e  o the r  h a n d ,  in  t h e  l iver  of t he  t u rnou t -  
bea r ing  r a t  in  w h i c h  t he re  was a n  increase  in p r o t e i n  
c o n t e n t  a n d  a r e t e n t i o n  of more  label led  p ro t e in  t h a n  in t he  
l iver  of t he  sa l ine- in jec ted  ra t ,  t h e  decrease  in  p ro t e in  
specific a c t i v i t y  is m o s t  read i ly  i n t e r p r e t e d  as be ing  due to 
a n  increased  ra t e  of p ro t e in  synthes is .  Th i s  would  be in 
accord  w i t h  t h e  f ind ing  of a n  increase  in t h e  in  v ivo  
i n c o r p o r a t i o n  of 14C-glycine in to  l iver  p ro t e in  of t u m o u r -  
bea r ing  r a t s  d u r i n g  s h o r t - t e r m  labell ing~. The  g rea te r  
a m o u n t  of r ad ioac t i ve  p r o t e i n  r e m a i n i n g  in t h e  l iver  of 
t he  t u m o u r - b e a r i n g  r a t  would  sugges t  t h a t  t h e r e  ha s  been  
a r e d u c t i o n  in t h e  r a t e  of p r o t e i n  ca tabo l i sm.  

Thus  t he  dif ference in t he  response  of t h e  soleus and  
gas t rocnemius  to  t he  W a l k e r  256 ca r c inoma  is due  no t  
on ly  to a d i f fe ren t ia l  effect  of t he  t u m o u r  on  p ro t e in  
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Specific activity and total radioactivity of proteins of soleus, gastrocnemius and liver of control, saline-injected and tumour-bearing rats 

Control Saline injected Tumour-bearing P 

mg protein per soleus per 100 g initial body wt. 

dpm per mg soleus pretein 

dpm x 10 .3 per total soleus protein per 
100 g initial body wt. 19.7 4- 1.1 

Mean percentage loss total labelled protein 

mg protein per gastrocnemius per 
100 g initial body wt. 116.1 4- 2.9 

dpm per mg gastroenemius protein 1119 4- 40 

dpm • 10 -a per total gastroenemius protein 
per 100 ginitiat body wt. 129.3 4- 2.9 

Mean percentage loss total labelled protein 

mg protein per liver per 100 ginitial body wt. 561 4- 13 

dpmper mgliverprotein 2451 • 78 

dpm • 10 .2 per total liver protein per 
100 ginitiaIbody wt. 1377 4- 65 

Mean percentage loss total labelled protein 

15.84- 0.7 16.14- 0.6 16.24- 0,8 n.s. 

1262 4-79 969 4-36 962 4-25 n.s. 

15.7 4- 0.8 15.6 4- 1.0 n.s. 

20.8 4- 4.1 21,3 4- 4.9 n.s. 

114.6• 1.4 103.94- 1.9 <0.001 

958 4-25 850 ~- 30 <0.002 

109.84- 3.5 88.34- 3.4 <0.001 

15.14- 2.7 31.74- 2.6 <0.001 

601 4-19 763 1 2 1  <0.001 

844 -t-15 789 ~ 2 1  <0.05 

507 • 18 600 -4- 14 <0.001 

63.2 -4- 1.3 56.5 4- 1.0 <0.001 

Results are expressed as the mean 4- S.E. of 8 experiments. Paired soleus and right gastrocnemius muscles were analysed. P value given 
for saline-injected versus tumour-bearing group. 
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b iosyn thes i s  in  t he  two t issues  as shown prev ious lyS ,  7 b u t  
also to  i t s  specific effect on p r o t e i n  c a t a b o l i s m  in t he  la t te r .  

Rdsumd. Les pro t6 ines  des t issus  de r a t s  on t  6t6 marqu6es  
au  m o y e n  de L-Lysine-4, 5- t t3 .  U ne  inocu la t ion  de 
Carc inome W a l k e r  256 a 6t6 effectu6e 7 jours  aprgs. Des  

obse rva t i ons  de pe r t e  de pro t6 ines  r ad ioac t ives  i n d i q u e n t  
que  chez les r a t s  avec  t u m e u r  la d6g rada t i on  des pro t6 ines  
du  gas t rocn6mius  a u g m e n t e  celle des pro t6 ines  du  tote, 
d iminue  et  que  celle du  sol6us n ' e s t  pas  modifi6e. 
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Plate l e t  A g g r e g a t i o n  by T h r o m b o f a x  | S tudies  on the M e c h a n i s m  of Ac t ion  ~ 

W e  h a v e  r epo r t ed  in a p rev ious  c o m m u n i c a t i o n  s t h e  
p l a t e l e t - agg rega t ing  ac t i v i t y  of T h r o m b o f a x  (Ortho),  a 
commerc ia l  cepha l in  p r e p a r e d  as an  e the r  e x t r a c t  of 
ace tone-dr ied  b r a i n  a. This  r eagen t  is ready- to-use ,  s t ab le  
a n d  gives h igh ly  reproduc ib le  results .  I t  h a s  been  shown 
to  aggrega te  p la te le t s  f rom h u m a n s L  dogs, guinea-pigs  
a n d  r a t s  4. 

The  add i t i on  of 0.2 ml  T h r o m b o f a x  to  0.8 ml  s t i r red  
n o r m a l  c i t r a t ed  p l a t e l e t - r i ch  p l a s m a  (PRP,  300,000 
platelets/~zl) in  a B o r n  aggregomete r  p rovokes  a s t rong  
p l a t e l e t  agg rega t ion  a f te r  a l a t e n t  per iod ;  t he  d u r a t i o n  of 
t h e  l a t e n t  per iod  is inversely ,  a n d  t he  in i t ia l  r a t e  of 
aggrega t ion  is direct ly ,  r e l a t ed  to  t h e  a m o u n t  o f  T h r o m -  
bo rax  added  (Figure 1). A c o n t i n u o u s  s t i r r ing  of t he  
s y s t e m  is requ i red  to  o b t a i n  p la t e l e t  aggregat ion .  P rev ious  
i n c u b a t i o n  of P R P  w i t h  T h r o m b o f a x  a t  37~ before 
s t i r r ing  is s ta r ted ,  sho r t ens  or abol ishes  t he  l a t e n t  per iod  
before  aggrega t ion  (Figure 2). I n  t he  presence  of non-  
aggrega t ing  a m o u n t s  Of T h r o m b o f a x ,  a s t rong  second 
wave  of aggrega t ion  appea r s  fol lowing add i t i on  of e i the r  
a d e n o s i n e - 5 ' - d i p h o s p h a t e  (ADP) (Figure 3) or ad rena l ine  
(Figure 4) a t  c o n c e n t r a t i o n s  u n a b l e  to  p rovoke  b y  t h e m -  
selves a second wave  of aggregat ion ,  i n d i c a t i n g  synerg i sm 
of T h r o m b o f a x  w i t h  these  aggrega t ing  agents .  R e c e n t l y  
i t  has  been  s h o w n  5 t h a t  T h r o m b o f a x ,  l ike  o the r  aggre-  
ga t ing  agents ,  induces  r e t r a c t i o n  in P R P  c lo t t ed  b y  
rept i lase .  

The  possible  role of t h r o m b i n  in m e d i a t i n g  t he  aggre-  
ga t ing  a c t i v i t y  of T h r o m b o f a x  could be  exc luded  b y  t h e  
o b s e r v a t i o n  t h a t  c o n c e n t r a t i o n s  of hepar in ,  wh ich  i n h i b i t  
t h e  aggrega t ing  a c t i v i t y  of a t  leas t  130 N . I .H .  u n i t s / m l  
t h r o m b i n ,  are ineffec t ive  on  aggrega t ion  b y  T h r o m b o f a x ;  
in  add i t ion ,  f o r m a t i o n  of p l a s m a  clots  d u r i n g  or a f te r  
aggrega t ion  b y  T h r o m b o f a x  was neve r  obse rved ;  f inal ly,  
p la te le t s  f rom p a t i e n t s  w i t h  congen i t a l  def ic iency of 
fac to r  V, V I I  or V I I I  r eac ted  n o r m a l l y  to  T h r o m b o f a x .  

T h r o m b o f a x  p r e i n c u b a t e d  a t  37~ w i t h  8 m g / m l  
h u m a n  a l b u m i n  (Hyland)  p rogress ive ly  loses i t s  aggrega t -  
ing a c t i v i t y  wh ich  usua l ly  d i sappear s  w i t h i n  30-45 min .  
P r e i n c u b a t i o n  of T h r o m b o f a x  w i t h  n o r m a l  h u m a n  p la te le t -  
poor  p l a s m a  does n o t  mod i fy  i t s  agg rega t ing  proper t ies .  
Since i t  h a s  been  d e m o n s t r a t e d  b y  WARNER et  al. 6 t h a t  
a l b u m i n  inh ib i t s  t he  agg rega t ing  p r o p e r t y  of free f a t t y  
acids (FFA),  i t  is l ikely t h a t  FFA,  w h i c h  indeed  c o n s t i t u t e  
a b o u t  ~/8 of t he  t o t a l  l ip id  c o n t e n t  of T h r o m b o f a x  7, are  
respons ib le  for i ts  agg rega t ing  ac t iv i ty .  T he  agg rega t ing  
ac t i v i t y  of T h r o m b o f a x  was no t  l inked  to t he  t h e r m o l a b i l e  
f r ac t ion  in t h i s  reagen t ,  wh ich  p r e c i p i t a t e s  a t  56~ 
P l a t e l e t  agg rega t ion  b y  phospho l ip ids  a n d  F F A  has  been  
r epo r t ed  b y  severa l  a u t h o r s  e, s-10. HASLAM 9 d e m o n s t r a t e d  
t h a t  t he  aggrega t ing  effect  of F F A  was  m e d i a t e d  b y  t h e  
release of endogenous  p l a t e l e t  ADP.  

T h a t  T h r o m b o f a x  induces  p l a t e l e t  agg rega t ion  b y  a 
s imi la r  m e c h a n i s m  is s u p p o r t e d  b y  t h e  fol lowing observa-  
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Fig. 1. Human platelet aggregation by different concentrations of 
Thrombofax. To 0.8 ml PRP were added 0.2 mI of Thrombofax at the 
following dilutions (in isotonic saline) : A, undiluted; B, dilution • 2; 
C, dilution • 4; D, dilution • 8; E, dilution • 16; F, dilution • 32; 
G, dilution • 64. 
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Fig. 2. Effect of previous incubation of human PRP with Tbrombofax 
at 37 ~ without stirring, on subsequent platelet aggregation. A, no 
preineubation; ]3, 30 see preineubation; C, 60 see preincubation. 
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