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~SCa++ and total Ca ++ in the subcellular fractions from the red and white muscle of the rabbit 
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% distribution of ~SCa++ cpm/mg protein cpm/mM Ca ++ 

Red White Red White Red White 

Mitochondria 8.3 4- 0.9 6.3 ~ 0.2 328.0 :J: 14.7 253.2 :t: 36.1 24.4:1- 0.2 10.2 ~ 3.3 
Sarcoplasmie retieulum 6.3 4- 0.1 9.2 :j: 2.3 7.8 ~: 2.1 181.1 4- 17.9 0.4 :t: 0.03 6.9 4- 1.6 

Data are given :k S.C. 

f ract ions:  to ta l  Ca++ was measured  in a P e r k i n - E l m e r  
Mod. 303 a tomic  absorp t ion  spec t ropho tomete r ,  in the  
presence  of 1% LaCla. P ro te in  was  de t e rmined  wi th  a 
b iure t  react ion.  

A previous  s t u d y  f rom this  l abora to ry  has  shown t h a t  
the  d i s t r ibu t ion  of 45Ca++ among  the  subcellular  f ract ions  
af ter  in vivo in jec t ion  of 4~Ca++ reflects,  a t  least  in par t ,  
in vivo m o v e m e n t s  r a the r  t h a n  the  red i s t r ibu t ion  of the  
r ad ioac t iv i ty  dur ing  the  f rac t iona t ion  1. The  Table  shows 
t h a t  a b o u t  8% of the  to ta l  Ca++ of the  red muscle  was 
recovered in the  isolated mi tochondr ia ,  as compared  wi th  
abou t  6% in the  whi te  muscle.  These values  were cer- 
ta in ly  underes t ima ted ,  since a large n u m b e r  of mi to-  
chondr ia  s ed imen ted  in the  first  low speed centr i fugat ion.  
Upon  app ly ing  a correct ion based  on the  to ta l  cy tochrome  
oxidase  ac t iv i ty  of the  homogena tes ,  abou t  2/a and 400/0 
of the  to ta l  45Ca++ was found in the  mi tochondr i a  in the  
red and  whi te  nmscle,  respect ively.  The  sarcoplasmic  
re t iculum isolated f rom the  red muscle had  prac t ica l ly  
no radioact iv i ty ,  while the  same fract ion f rom the  whi te  
muscle con ta ined  abou t  10~ of the  to ta l  45Ca++ of the  
muscle. For  the  reasons men t ioned  above,  also th is  
value was likely to be underes t ima ted .  While  in the  red 
muscle the  a m o u n t  of ~sCa++/mg of re t icular  pro te in  
was negligible wi th  respect  to mi tochondr ia ,  in the  
whi te  muscle it was of the  same order  of magn i tude  in 
the  2 organelles. The a m o u n t  of ~sCa++/mg of re t icular  
pro te in  was more  t h a n  20 t imes  higher  in whi te  t h a n  in 
red muscle,  while in mi tochondr ia  it was only 25% lower 
in whi te  t h a n  in red muscle. The specific ac t iv i ty  of the  
Ca++ in the  subcellular  organelles could be t a k e n  as an 
indica t ion  of the  t u rnove r  of the i r  Ca ++ . Clearly, the  
specific ac t iv i ty  of re t icular  Ca ++ was m u c h  h igher  in 
whi te  t h a n  in red muscle:  in the  masse te r  i t  was abou t  
60 t imes  lower t h a n  t h a t  of mi tochondr ia l  Ca ++, while in 
the  adduc to r  it  was of the  same order  of magni tude .  
However ,  the  table  shows t h a t  the  specific ac t iv i ty  of 
the  mi tochondr ia l  Ca++ was qui te  high also in the  whi te  
muscle. The  resul ts  thus  showed t h a t  the  Ca++ pool 
associated wi th  the  sarcoplasmic re t icu lum was larger 

and more  act ive in whi te  t h a n  in red muscle,  in agree- 
m e n t  wi th  the  view t h a t  sarcoplasmic  re t icu lum is ve ry  
act ive  in the  in t racel lular  m o v e m e n t s  of Ca ++. However ,  
in ag reemen t  w i th  the  recent  s tudies  on hea r t  men t ioned  
above z, the  resul ts  have  also shown t h a t  the  specific 
ac t iv i ty  of Ca++ in the  sarcoplasmic  re t iculum of t he  
red muscle was negligible w i th  respec t  to mi tochondr ia ,  
a f inding which suggests  a role for mi tochondr i a  in the  
Ca++ m o v e m e n t s  l inked to the  con t rac t ion  and  re laxat ion  
of red muscle. However ,  mi tochondr i a  were found to  
be qui te  act ive in the  in t racel lular  m o v e m e n t s  of Ca ++ 
also in the  whi te  muscle;  the i r  pa r t i c ipa t ion  in the  con- 
t rac t ion  and  re laxa t ion  cycles of whi te  muscle  canno t  
therefore  be ruled outS. 

Riassunto. Dopo iniezione di  45Ca++ in conigli, radio-  
a t t iv i tg  appare  nei mi tocondr i  e nel reticolo sarcoplasmico 
del masse tere  de l l ' addu t to re  magno.  La quan t i t g  di 
rad ioa t t iv i tg ,  e l ' a t t i v i t g  specifica del Ca+#, sono mol to  
pih elevate  nei mi tocondr i  che nel reticolo sarcoplasmico 
del massetere .  Sono dello stesso ordine di grandezza  nei 
due  organell i  de l l ' addu t to r e  magno.  I r i su l ta t i  suggeri- 
scono un ruolo p r o m i n e n t e  dei mi tocondr i  nei umvimen t i  
intracel lular i  del Ca++ nel muscolo rosso, ed un analogo 
p rominen t e  ruolo del reticolo sarcoplasmico nel muscolo 
bianco. 
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Mitogenic  Effect of S od i u m Phenobarbita l  and Rat Liver Arginase  Activity 

I t  is well known  t h a t  admin i s t r a t i on  of phenoba rb i t a l  
to ra ts  br ings abou t  d rama t i c  a l tera t ions  in the  b iochem- 
ical and s t ruc tura l  compos i t ion  of the  p a r e n c h y m a l  liver 
cells 1. Besides tha t ,  we have  found t h a t  phenoba rb i t a l  
has  g rowth -p romot ing  act ion in bo th  in tac t  and  regenera t -  
ing ra t  l iver due to p a r e n c h y m a l  cell hyperp las ia  2. Ac- 
cordingly,  some of the  l iver metabol ic  reorganiza t ion  
which follows phenoba rb i t a l  admin i s t r a t i on  can be as- 

sumed to be re la ted  to  processes associa ted wi th  growth,  
r a the r  t h a n  to o the r  a l tera t ions .  

1 S. ORRENIUS, J.  L. ERICSSON and L. ERNESTER, J. Cell Biol. 25, 
627 (1965). 

2 M. JAPUNDZIC, B. ]~NEZEVI(~, V. DJORDJEVI(~ and I. JApUNDZI(~, 
Exp. Cell Research 48, 163 (1967). 
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Arginase activity during liver regeneration of phenobarbital-Na-treated and saline-treated rats 

15.6. 1969 

No. of cases h Saline-treated rats Phenobarbital-Na treated rats 
after Arginase % of p Arginase % of p 
operation activity difference values activity difference value 

7 Intactliver 285.9 -b 41.2 - - 253.9 ~ 23.8 - - 
7 6 318.4 :t- 29.0 + 11.7 < 0.01 295.9 ~= 50.0 + 16.3 < 0.05 
7 12 328.5 4- 52.4 + 15.1 < 0,01 373.2 ~ 70.2 + 47.0 < 0.01 
7 24 275.6 =k 41.9 -- 3.6 > 0.05 287.2 =k 45.6 + 13.2 > 0.05 
7 48 271.9 ~: 41.9 -- 4.8 > 0.05 238.3 2}= 21.0 -- 5.7 > 0.05 

7 72 249.0 ~ 40.0 + 3.0 > 0.05 241.4 :h 34.4 -- 4.9 > 0.05 
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Arginase activity and mitotic activity 
during liver regeneration of saline- 
treated (A) and phenobarbital-treated 
(B) rats. - - ,  number of mitoses/lO00 
nuclei; - - - ,  arginase activity. 

To br ing the  ac t iv i ty  of liver arginase in correla t ion 
wi th  the  contro l  of D N A  synthes is  3-5, we examined  
arginase ac t iv i ty  a t  t he  t i m e  of ac t ive  cellular prolifera-  
t ion  induced  by  p h e n o b a r b i t a l  and par t ia l  hepa t ec tomy .  

The expe r imen t s  were carr ied out  on whi te  male ra t s  
weighing be tween  130 and  150 g. 2 groups of animals  
were s u b m i t t e d  to  par t i a l  hepa tec tomy .  1 group of 
an imals  was in jec ted  wi th  phenoba rb i t a l -Na  by  i.p. way  
in dai ly doses of 100 mg/kg  body  weight ,  for 5 days  
before opera t ion  and the  o the r  group wi th  saline solution. 
The  t r e a t m e n t  was  the  same af ter  the  opera t ion  up to  
the  sacrifice. Par t i a l  h e p a t e c t o m y  was pe r fo rmed  in b o t h  
groups under  e the r  anes thes ia  by  HIGGINS' and ANDER- 
SON'S 6 method .  The an imals  were sacrificed a t  d i f ferent  
in tervals  af ter  t he  opera t ion.  In  each group of animals,  
i n t ac t  l iver arginase ac t iv i ty  was compared  wi th  cor- 
r e spond ing  pos tope ra t ive  values. S t anda rd  m e t h o d  of 
VAN SLYKE and  ARCHIBALD 7 was appl ied  for de te rmina-  
t ion  of arginase act iv i ty .  The  q u a n t i t y  of enzymes  which 
1 ~mole of urea  creates  for 1 rain, under  s t anda rd  condi-  
t ions,  was t a k e n  as the  un i t  of arginase act iv i ty .  

In  the  course Of the  regenera t ion  of normal  r a t ' s  liver, 
we no ted  a s ta t i s t ica l ly  s ignif icant  increase in arginase 
ac t iv i ty  dur ing  the  p remi to t i c  phase  in re la t ion to  the  
in tac t  un t r ea t ed  liver. The increase of arginase a c t i v i t y  
6 h  af ter  the  opera t ion  a m o u n t s  to  11.7% ( p < 0 . 0 1 ) ,  
while  12 h af ter  t he  opera t ion  i t  is abou t  15% (p < 0.01). 
There  were no s ta t i s t ica l ly  i m p o r t a n t  var ia t ions  a t  the  
o the r  examined  in terva ls  (Table). Dur ing  the  regenera t ion  
of the  l iver of phenoba rb i t a l  t r ea t ed  animals  (Table), we 
have  also found an increased arginase ac t iv i ty  in the  
p remi to t i c  phase  of regenera t ion  which  is more  pro-  
nounced  t h a n  in the  l iver of sa l ine- t rea ted  animals.  Tile 
increase of arginase  ac t iv i ty  6 h  af ter  t he  opera t ion  
a m o u n t s  to  17%, while 12 h af ter  the  opera t ion  i t  is 
abou t  50%. Bo th  increases in arginase act iv i ty ,  in rela- 
t ion  to  the  i n t ac t  l iver of phenoba rb i t a l  t r ea ted  animals,  
are s ta t is t ica l ly  s ignif icant .  The var ia t ions  dur ing  o the r  
t e s t  in tervals  are no t  s ta t i s t ica l ly  significant .  

I t  is of in te res t  to  consider  t he  resul ts  of our  experi-  
m e n t s  in re la t ion  to  da ta  and  hypo thes i s  of LIEBERMAN 
and  Ov~ 4, OTsuKA and TERAYAMA 3 and  HOLLEY 5. The 
results  of these  au thors  indicate  t h a t  arginase migh t  have  
an inh ib i to ry  role in DNA synthesis .  Our resul ts  show t h a t  
the  prol i fera t ive  ac t iva t ion  of t he  l iver af ter  par t ia l  
hepa t ec tomy ,  of bo th  normal  and  phenoba rb i t a l  t r ea ted  
animals  is accompanied  by  an increase in arginase ac t iv i ty  
dur ing  the  p remi to t i c  phase  of regenera t ion  (Figure), when 
a highly in tens ive  D N A  synthes is  t akes  place in the  paren-  
ch y ma l  l iver  cells. Accordingly,  i t  is obvious  t h a t  under  
our  condi t ions  one canno t  a t t r i bu t e  the  role of an inhibi-  
to r  of D N A  synthes is  to  l iver arginase,  as t he  increase 
of i ts  ac t iv i ty  dur ing  p remi to t i c  phase  ot l iver regenera- 
t ion  coincides w i th  a spectacular  increase in DNA syn- 
thesis.  

Rdsumd. Au cours de la r6g6n6ration du foie normal  des 
rats ,  on a consta t6  une a u g m e n t a t i o n  - s t a t i s t i quemen t  
s ignif icat ive - de l 'act ivi t6  arginas ique dans  la phase pr6- 
mi to t ique .  Chez des an imaux  trai t6s  par  le ph6nobarbi ta l ,  
l ' ac t iv i t6  arginas ique augmen te  encore davan tage  dans  
la phase  p r6mi to t ique  du foie r6g6n6r6. 
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