
714 Specialia JC~XPERIENTIA 33/6 

genized wi th  4 vol.  of 0.25 M sucrose, 10 mM Tris-HC1, 
p H  7.5, 2.5 mM KC1, 1 mM MgC12, passed th rough  4 
layers of cheese-cloth and centr i fuged a t  600 • g for 10 
min.  The  supe rna t an t  was fur ther  centr i fuged a t  10,000 • 
g for 10 min  to sed iment  the  mi tochondr ia ,  and then  the  
'crude soluble cy toplasmic  f ract ion '  was obta ined  by  
centr i fuging 90 min  a t  105,000 • g. The  600 • g nuclear  
pel let  was washed wi th  the  homogeniza t ion  med ium con- 
ta in ing  0.5% Tr i ton-X-100  and twice wi th  the  same me- 
d ium wi thou t  Tr i ton-X-100.  The  washed nuclear  f ract ion 
was suspended in 0.2 M KPi ,  p H  7.5, and ex t rac ted  for 
90 min  wi th  cont inuous  s t i r r ing 5. The  nuclear  suspension 
was then  centr i fuged for 90 rain a t  105,000 • g. This  was 
the  'crude nuclear  ex t rac t ' .  
The  2 crude ex t rac t s  were f rac t iona ted  wi th  solid (NHa) , 
SO~ (0-50% saturat ion) ,  the  prec ip i ta tes  were resuspended 
in a small vo lume  of 10 mM Tris-HC1, p H  8.2, and dialyzed 
exhaus t ive ly  against  t he  same buffer.  For  the  assay of 
poly(A) syn the tase  ac t iv i ty ,  the  tes t  sys tem conta ined  7 
100 mM Tris-HC1, p H  8.2 (37~ 2 mM di thiothre i to l ,  
1 mg /mt  poly(A) (from Miles), 1 mM [8-z~ClATP (1,200- 
1,500 cpm/nmole) ,  1 mM MnClz, app rox ima te ly  0.200 mg 
of protein ,  KCI (NH4)~SO 4 as indica ted  in the  legend to 
the  figure, and wa te r  to a f inal  vo lume  of 0.25 ml. T h a t  
a po tyadenyta t ion  reac t ion  is a lways measured  is demon-  
s t ra ted  by  the  comple te  dependence  of AMP incorpora t ion  
on the  addi t ion  of syn the t ic  po lyadeny la te  to the  react ion 
mix tu re  (data, no t  shown). 
Results and discussion. The figures A and B show the  ef- 
fect  of increasing concent ra t ions  of KC1 and (NH4)2SO 4 

on the  po lyadeny la t ion  ac t iv i ty  of dia lyzed nuclear  and 
cytoplasmic  a m m o n i u m  sulfate fractiorls. The  2 prepara-  
t ions exhib i t  a different  response to increasing ion con- 
cen t ra t ion  bo th  wi th  KCI and (NH4)~SO ~. W i t h  bo th  salts 
m a x i m u m  effect is obta ined  when the  same values  of 
ionic s t rength  are reached.  
The  dia lyzed a m m o n i u m  sulfate  f ract ions f rom nuclei h a v e  
no detec table  poly(A) syn the tase  ac t i v i t y  wi th  no addi t ion 
of salt  to the  incuba t ion  mixture .  This  a c t i v i t y  rises s teeply 
by  increasing salt  concent ra t ions  and reaches a peak  much  
higher  t h a n  t h a t  of the  cy toplasmic  ac t iv i ty .  The  la t te r  
is s l ight ly enhanced by  the  lowest  concen t ra t ion  of bo th  
salts used, b u t  i t  is s t rongly  inhibi ted by  the  concentra-  
t ions causing h ighes t  act ivi t ies  wi th  the  nuclear  ex t rac t .  
Thus,  under  our  exper imenta l  conditions,  i t  appears  pos- 
sible to dis t inguish the  Mn++-dependent  poly(A) p r imed  
poly(A) syn the tase  ac t iv i ty  of nuclear  ex t rac t s  f rom t h a t  
of cy toplasmic  ones on the  basis of a different  salt  re- 
qu i rement .  
Since we have  been working wi th  a crude enzyme prepara-  
t ion,  besides the  existence of a t  least  2 separa te  enzymes  
for po lyadenyla t ion  ac t iv i ty  wi th in  the  cell of eukaryotes ,  
o ther  possibili t ies cannot  be ruled out,  such as dissociat ion 
and reassociat ion of subuni ts  of the  same ol igomeric pro- 
tein,  as a consequence of subceltular  f rac t ionat ion  and 
salt  addi t ion  to the  tes t  system. 

7 A. Corti, A. Casti, N. Reali and C. M. Caldarera, Biochem. bio- 
phys. Res. Comm. 71, 1125 (1976). 

Enzymatic  activities of muscle  fibres differentiated, in vitro, from pectoralis major (white) and 
adductor m a g n u s  (red) musc les  of chick embryos  z 

j .  Nougu6s and F. Bacou  

Station de Physiologic Animale, Institut National de la Recherche Agronomique, E. N. S. A., Place Viala, 1:-34060 
Montpellier-Cddex (France), 30 September 7976 

Summary. Specific act ivi t ies  of N A D P  isoci trate  dehydrogenase  and acetylchol inesterase  were s ignif icant ly higher  in 
muscle  fibres different ia ted,  in vi t ro ,  f rom myoblas t s  of adduc tor  magnus  (red) t han  pectoral is  ma jo r  (white) muscles 
10-day-old chick embryos.  This  is evidence,  as far as enzyme act ivi t ies  are concerned, t h a t  myoblas t s  f rom different  
t ypes  of skeletal  muscles are able to give, in t issue culture,  muscle fibres of di f ferent  propert ies ,  even  in the  absence 

of ne rve  supply.  

I t  is now f i rmly establ ished t h a t  muscle fibres arise by  
the  fusion of mononuc lea ted  myogenic  ceils 2, a, and t h a t  
in v ivo  d i f ferent ia ted  muscle fibres mani fes t  differences 
in s t ructural ,  cont rac t i le  and metabol ic  character is t ics .  
This  pe rmi t s  t h e m  to be classified into 3 main  types :  
whi te  fibres z W  (fast t w i t c h  and glycolytic),  red fibres ~R 
(fast tw i t ch  and oxidat ive)  and fiR (slow tw i t ch  and 
oxidat ive) .  Moreover  i t  is known f rom dene rva t ion  and 
cross- innervat ion  4, 5 t e n o t o m y  6-s, or local appl icat ions of 
anaes thet ics  9,10, t h a t  the  ma in tenance  and to some ex t en t  
the  acquis i t ion  of the  m a t u r e  character is t ics  of the  muscle 
f ibres are de te rmined  b y  thei r  mo to r  inne rva t ion  and 
func t iona l  ac t iv i ty .  
However ,  i t  is no t  ye t  well-known,  whether ,  dur ing the  
ontogenesis  of muscle fibres, the  var ious  character is t ics  
of fibres, as t h e y  appear  in v ivo,  resul t  only  f rom nervous  
and Iunc t ionna l  influences or whe the r  some of t h e m  are 
myogenic  in origin. T h a t  is to say, are some of the  pro-  
per t ies  of t he  d i f ferent  t ypes  of fibres re la ted  to t he  
exis tence of popula t ions  of myogenic  cells wi th  di f ferent  
potent ia l i t ies ,  the  ceils of a same popu la t ion  fusing to give 
a specific t y p e  of f ibre ? 

We  inves t iga ted  this  possibi l i ty  by  de termining  the  ca- 
pac i ty  of embryonic  myoblas t s  obta ined  f rom muscles 
which are known to be composed in the  adul t  by  only  one 
t y p e  of f ibre (co or t5), to give s epa ra t e ly ,  in vi t ro,  fibres 
wi th  s imilar  or  d is t inc t ive  characteris t ics .  This  present  
work  has been carried ou t  on myoblas t s  of 10-day-old 
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Enzyme activities of muscle fibres differentiated, in vitro, from myogenic cells of pectoralis and adductor muscles 

Protein Specific activities: milli-unit (mU)/mg protein 
mg/g wet weight ICDH Aldolase AChE 
Pectoralis Adductor Pectoralis Adductor Pectoratis Adductor Pectoralis Adductor 
culture culture culture culture culture culture culture culture 

CPK 
Pectoralis Adductor 
culture culture 

42.98 40.21 96.52 137.76 193.52 200.60 79.06 130.12 618.03 805.27 
-4- 4.12 • 4.10 ~_ 10.34 -4- 16.48 • 19.75 -- 30.42 • 17.14 -4- 17.20 ~ 95.74 -4- 103.53 
(10), N.S. (10), * (10), N.S. (10), * (10), N.S. 

Mean • S.E. ( ) Number of each type of cultures. * Significant (p < 0.01). N.S. Non-significant. ICDH: NADP isocitrate dehydrogenase 
(E.C.: I-1-1-42). Aldolase: Fructose 1 6 diphosphate aldolase (E.C.: 4-1-2-13). ACHE: Acetylcholinesterase (E.C.: 3-1-1-7). CPIK: Creatine 
kinase (E.C.: 2-7-3-2). 

ch i ck  embryos .  In  some of t he  p rev ious  work  on  t h i s  
sub jec t ,  suf f ic ien t  a t t e n t i o n  ha s  n o t  b e e n  pa id  to  t he  
choice  of muscle  f rom wh ich  myogen ic  ceils are i so la ted :  
I n  some cases TM 12 all  t he  muscles  of t he  t h i g h  h a v e  been  
used  to  o b t a i n  m y o b l a s t s  of ' r ed  muscle ' .  H o w e v e r  t h e  
g r e a t  m a j o r i t y  of t h e  muscles  of t he  t h i g h  are mixed  w i t h  
v a r y i n g  p ropo r t i ons  of f ibre  types ,  l ead ing  to a n  he t e ro -  
geneous  s t a r t i n g  p o p u l a t i o n  of m y o b l a s t s .  
I n  th i s  s tudy ,  cells were o b t a i n e d  f rom 2 d i f fe ren t  mus-  
cles:  t h e  pec to ra l i s  ma jo r ,  wh ich  d i f fe ren t ia tes ,  in  vivo,  
in to  one t y p e  of f ibre  13 (aW), a n d  t he  a d d u c t o r  magnus ,  
w h i c h  d i f f e ren t i a t e s  in to  80% f i r  f ibres  and  20% ~ W  
f ibres  1~. These  e W  fibres  are  g rouped  in a t h i n  s t r ip  
loca ted  on  t h e  pos te r io r  s ide of t h e  musc le  a n d  were 
easi ly  d i sca rded  u n d e r  b inocu l a r  lens b y  d issec t ing  
b e y o n d  th i s  s t r ip ,  to  o b t a i n  pure  f i r  myob las t s .  
S e p a r a t e  cu l tu res  of m y o b l a s t s  f rom these  t w o  muscles  
were  e s t ab l i shed  on  t he  same d a y  f rom t he  same  e m b r y o s  
acco rd ing  to  a p rocedure  p rev ious ly  descr ibed  15. In  o rder  
to  d e t e c t  a n y  dif ferences  b e t w e e n  t h e  2 cu l tu res  a n d  to 
r e l a t e  t h e m  to  t h e  t y p e  of f ibres  found  in pec tora l i s  a n d  
a d d u c t o r  muscles ,  in  vivo,  t he  ac t iv i t i e s  of 4 e n z y m e s  
were a s sayed  : these  were N A D P  i soc i t ra te  d e h y d r o g e n a s e  
(ox ida t ive  me tabo l i sm) ,  w h i c h  is h igher  in  f i r  f ibres,  a n d  
t h e  a c t i v i t y  of f ruc tose  1-6 d i p h o s p h a t e  a ldolase  (glyco- 
lyr ic  me t abo l i sm) ,  which  is h ighe r  in ~W fibres.  I n  addi -  
t ion,  t h e  ac t iv i t i e s  of e r ea t ine  kinase~6,1~ and  ace ty l -  
chol inesteraselS,  19, w h i c h  are  r e l a t ed  to t he  d i f fe ren t ia -  
t i on  a n d  func t i on  of m u s c u l a r  t i ssue  were also measured .  
Mater ia l  and  methods. Tryps in -d i s soc ia t ed  myogen ic  cells 
were p l a t e d  on  60 m m  Fa lcon  p las t ic  t i s sue  cu l tu re  
dishes ,  coa ted  w i t h  r a t - t a i l  collagen,  a t  a n o m i n a l  d e n s i t y  
of 1.106 cel ls /dish.  Cu l tu re  m e d i u m  consis ts  of:  Eag le ' s  
M i n i m u m  Essen t i a l  M e d i u m  (wi th  Ea r l e ' s  b a l a n c e d  sa l t  
solut ion) ,  sheep  serum,  ch ick  e m b r y o  e x t r a c t  in t he  r a t io  
8 : 1 : 1 .  Cul tu res  were g rown in a w a t e r - s a t u r a t e d  a t m o -  
sphe re  of 5% CO s in a i r  a t  37~ The  m e d i u m  was 
c h a n g e d  e v e r y  d a y  a f t e r  p la t ing .  T he  p a t t e r n  of deve lop-  
m e n t  of t he  2 cu l tu res  was t he  same.  Cells b e g a n  to  fuse 
a t  t h e  end  of t he  second day,  f o r m i ng  m u l t i n u c l e a t e d  
m y o t u b e s ,  wh ich  t o w a r d s  t he  s i x t h  d a y  showed  cross- 
s t r i a t i o n s  a n d  s p o n t a n e o u s  con t rac t ions .  W h e n  t h e  cul-  
t u r e s  were f i rs t  p repa red ,  n e a r l y  30% of the  cells were 
f ib rob la s t s  and  in o rder  to  p r e v e n t  ove r c r ow d i ng  of t h e  
c u l t u r e s  b y  f ibroblas t s ,  t h e y  were t r e a t e d  w i t h  Ara-C 
(10 ~zM) for  24 h a t  t he  end  of t h e  per iod  of m y o b l a s t  
fusion.  A l m o s t  pure  cu l tu res  of muscle  f ibres  were t h u s  
o b t a i n e d .  
F o r  each  t y p e  of cu l tu re ,  t h e  muscle  f ibres f rom 5 p la t e s  
were  pooled,  su spended  (1 : 5 di lu t ion)  in  p h o s p h a t e  buf fe r  
0.,1 M, p H  7.25, a n d  hom ogen i zed  a t  4~ in a P o t t e r  
h~mogenize r .  E n z y m e  ac t iv i t i e s  were pe r fo rmed  a t  37~ 
or) cen t r i fuga l  s u p e r n a t a n t s  us ing  a Gilford Model  240 

record ing  s p e c t r o p h o t o m e t e r .  Aldolase,  I C D H  a n d  C P K  
ac t iv i t i e s  were de t ec t ed  on t he  35,000 g s u p e r n a t a n t  b y  
B e r g m e y e r ' s  m e t h o d s  2~ us ing  t h e  a b s o r p t i o n  b a n d  a t  
340 n m  of coenzymes  N A D  a n d  N A D P ;  A C h E  a c t i v i t y  
was d e t e r m i n e d  on  t he  500 g s u p e r n a t a n t  b y  t he  m e t h o d  
of E l l m a n  et  al. ~1 us ing  B W  284 C 51 as a n  i n h i b i t o r  of 
ACHE. P r o t e i n  d e t e r m i n a t i o n s  were car r ied  ou t  on  a p a r t  
of t he  whole  h o m o g e n a t e  b y  Lowry ' s  m e t h o d  ~ w i t h  
b o v i n e  s e rum a l b u m i n  as a s t a n d a r d .  Specific ac t iv i t i e s  o f  
these  enzymes  were assayed  on 7-day-old  cul tures .  
Results  and discussion. The  resu l t s  ( table) show t h a t  t he  
ac t iv i t i e s  of A C h E  and  I C D H  were s ign i f i can t ly  d i f fe ren t  
be tween  t he  f ibres  w h i c h  o r ig ina t ed  f rom myogen ic  ceils 
of t h e  pec to ra l i s  and  a d d u c t o r  muscles .  The re  was  no  
s ign i f ican t  di f ference b e t w e e n  t he  o t h e r  2 enzymes  in a n y  
of t h e  cu l tures .  
I n  t he  case of ACHE, Wi l son  et  al. 2a showed  t h a t  t he  
e n z y m e  was re leased b y  t h e  muscle  f ibres  in to  t h e  me-  
d ium.  Assays  of A C h E  a c t i v i t y  were car r ied  out ,  on  t h e  
6th,  7 th  a n d  8 th  day ,  on  t h e  cu l tu re  me~tium w h i c h  was  
changed  eve ry  day.  These  showed  no s ign i f i can t  dif-  
ferences  be tween  pec tora l i s  a n d  a d d u c t o r  cu l tu res  
(48.8 • 3.6 and  46.7 ~= 2.5 m U / m l ,  respect ively) .  T h u s  
t he  e n z y m e  a c t i v i t y  obse rved  b e t w e e n  t h e  2 t y p e s  of 
cu l tu res  c a n n o t  be  exp la ined  b y  a d i f fe ren t i a l  loss of 
e n z y m e  in to  t h e  med ium.  I t  is k n o w n  t h a t  A C h E  is p re -  
sen t  in  t he  muscle  cell m e m b r a n e  (in b o t h  t h e  p l a s m a  
m e m b r a n e  a n d  s y n a p t i c  folds) a n d  i t  h a s  been  sugges ted  2~ 
t h a t  th i s  e n z y m e  is a p a r t  of t he  basic  e x c i t a t i o n  u n i t  
which  also includes  t he  ace ty lcho l ine  r ecep to r  p r o t e i n ;  
t h e  n u m b e r s  of these  2 molecules  are be l i eved  to  be  t h e  
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same es. Meanwhile,  i t  is known t h a t  t he  d is t r ibut ion  and 
the  n u m b e r  of receptors  v a r y  no t  only  w i t h  the  degree of 
d i f ferent ia t ion  of myo tubes  2,, b u t  also wi th  its s ta te  of 
inne rva t ion  2~, the  same holds  t rue  for cholinesterase ~s. 
Recen t ly  is has been shown 10 t h a t  the  n u m b e r  of acetyl -  
choline receptors  of neuromuscu la r  junct ion-f ree  muscle  
str ips of r a t  soleus (red) was a lmos t  2 t imes  grea ter  t h a n  
t h a t  of the  ex tensor  d ig i to rum longus (white). The  dif- 
ference be tween the  A C h E  ac t i v i t y  in the  2 cul tures  
suggest  t h a t  th is  is re la ted  to the  di f ferent  s t ruc tura l  
proper t ies  of exci table  membranes  of pectoral is  and ad- 
duc tor  muscle d i f ferent ia ted  in vi t ro.  These differences in 
the  A C h E  ac t iv i ty ,  as in I C D H ,  show t h a t  myoblas t s  
ob ta ined  f rom 2 dif ferent  homogeneous  muscles differen- 
t ia te ,  in vi t ro,  under  the  same condi t ions  of deve lopment ,  
into muscle fibres w i th  di f ferent  funct ional  and metabol ic  
propert ies .  This  resul t  be tween  the  2 cul tures  m a y  be 
re la ted to the  existence of myogenic  cells wi th  different  
potent ia l i t ies .  
I n  a h is tochemical  s t udy  of in v i t ro  d i f ferent ia ted  muscle 
fibres f rom breas t  and leg muscles myoblas t s  of 10-day- 
old chick embryos ,  Askanas  et  al. 1~ found no difference in 
phosphorylase  (glycolytic metabol ism) s ta ining be tween  
the  2 cultures,  this  resul t  being in ag reemen t  w i th  our  
observa t ion  for aldolase, ano tker  enzyme  of the  g lycolyt ic  
pa thway .  As we observed signif icant  differences in I C D H  
act iv i t ies  (citric acid cycle), these au thors  also observed 
a difference in succinate  dehydrogenase  (oxidat ive  me- 
tabolism) : s ta ining for this  enzyme  was more  pronounced  

in cu l tured  leg muscles t h a n  cul tured  breast  muscle,  and 
this  difference could be re la ted  to a greater  a m o u n t  of 
mi tochondr ia  as observed in electron micrographs  of 
cu l tured  leg muscles. However ,  these leg muscle cul tures  
were establ ished f rom ill defined popula t ions  of myogenic  
cells coming f rom heterogeneous  muscles samples,  the  
m a j o r i t y  of t h e m  being of m ixed  fibre popula t ions :  I n  
these c i rcumstances  i t  is diff icult  to re la te  the  observa-  
t ions to  the  type  of myogenic  cell. We  feel t h a t  wi th  our  
results, pa r t i cu la r ly  in the  case of adduc to r  muscle cul- 
tures, we can wi th  ce r t a in ty  re la te  the  differences to the  
type  of myob las t  f rom which t h e y  originated.  
This  is evidence,  therefore,  t h a t  my0blas t s  f rom po ten-  
t ia l ly  different  skeletal  muscle di f ferent ia te  in di f ferent  
ways  in t issue culture,  even  in the  absence of the  nerve  
supply.  This  cer ta in ly  seems to be t rue  as far  as enzyme 
act ivi t ies  are concerned.  F r o m  a general  po in t  of view, 
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the  n e r v e  Supply. 
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Reduction of gallstone formation by ascorbic acid in hamsters  
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Summary. The addi t ion  of 0.5 % of ascorbic acid to the  l i thogenic diet  of golden hamsters  whose body  pool was labelled 
wi th  26-~4C-cholesterol, lowered the  format ion  of gallstones, the  cholesterol  concent ra t ion  and half-life in blood p lasma 
and  in the  liver, and accelerated cholesterol  t r ans fo rmat ion  to bile acids. 

Bile acids and leci thin are the  ma jo r  solubil izing agents  
for b i l iary  cholesterol,  the  p r e d o m i n a n t  componen t  of a t  
least  90% of gallstones. An ini t ial  phase in gal ls tone 
fo rmat ion  is a disorder  of l iver  cell metabol ism,  the  pro-  
duc t ion  of bile t h a t  is supersa tura ted  w i t h  cholesterol  1. 
Persons wi th  cholesterol  gallstones have  a decrease in 
bile acid pool  size 2. The  increase in bi l iary  cholesterol  
secret ion and the  reduc t ion  of bile acid pool  size could 
lead to  a decrease in the  p ropor t ion  of bile salts to cho- 
lesterol  which could resul t  in the  prec ip i ta t ion  of choles- 
terol  and aggregat ion  of cholesterol  crystals  into gall- 1 
stones. A similar  metabol ic  s i tua t ion  occurs in guinea-  2 
pigs dur ing a chronic  l a t en t  v i t a m i n  C deficiency:  the  
ra te  of cholesterol  t r ans fo rmat ion  to bile acids in the  l iver  3 
is decreased s, 4 and the  size of the  bile acid po01 is also 4 
reduced 5. Marginal  v i t a m i n  C deficiency interferes wi th  5 
t he  biosynthesis  of bile acids a t  the  s tage of microsomal  6 
7 e -hydroxy la t ion  of t he  cholesterol  nucleus s. B jS rkhem 7 
and Kal lner  7 have  suggested t h a t  ascorbate  affects the  8 
synthesis  or b reakdown of the  cholesterol  7 ~-hydroxyla t -  9 
ing system, in par t icu la r  the  cy tochrome P-450 component .  
I n  scorbut ic  guinea-pigs,  f requen t  occurence of gallstones 10 
was observed 8-10. These facts have  p r o m p t e d  us to con- 
sider the  po ten t ia l  role of a chronic  l a t en t  v i t a m i n  C 11 
deficiency in t he  pathogenesis  of choleli thiasis and the  12 
possibi l i ty  of p reven t ing  the  fo rmat ion  of gallstones by  

a p e r m a n e n t  supply  of v i t amin  C 11. The  a im of the  ex- 
pe r imen t  repor ted  here  has been to ver i fy  this  hypothesis .  
Materials and methods. 200 male  golden hamsters  aged 
app rox ima te ly  6 weeks (body weight  abou t  70 g) were 
p u t  on a semi-purif ied fat-free,  high-glucose d ie t  12 known 
to produce  cholesterol  gallstones. 100 animals  were fed 
this  d ie t  w i thou t  any  v i t a m i n  C addit ion,  t he  others  had  
the  same diet  plus 5 g of ascorbic acid per  kg of diet. The  
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