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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, 
this seems to be the  expression of those character is t ics  
which are myogenica l ly  de termined,  o the r  character is t ics  
m a y  well be de te rmined  by  exogenous factors  including 
the  n e r v e  Supply. 
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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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weight  curves  and mor t a l i t y  in bo th  the  groups were 
s imilar  (7% wi th in  8 weeks). Af t e r  8 weeks, 50 prosper ing 
animals  w i th  a m i n i m u m  body  weight  range  (90-110 g), 
were picked ou t  f rom each group. B o d y  weight  was the  
on ly  select ion cr i ter ium.  The animals  were  all g iven an 
i .p.  in ject ion of 26A4C-cholesterol (Radiochemical  Center,  
A m e r s h a m ;  specific ac t iv i ty  55.8 mCi/mM) emulsif ied 
wi th  tween 20 in saline, in a dose of 3.36 [zCi per  animal .  
The  nu t r i t iona l  regimen in bo th  the  groups remained  
unal tered.  A t  weekly  in terva ls  f rom week 1 to 8 following 
admin is t ra t ion  of labeled cholesterol,  the  24-h Output  
of 1'CO,, v i t amin  C concent ra t ion  in the  liver, the  con- 
cen t ra t ion  and specific a c t i v i t y  of cholesterol  in blood 
p lasma and l iver  were de te rmined  by  procedures  similar  
to those used in our  previous  s tudy  *. 6 animals  were 
autops ied  in each week (8 in week 8) of bo th  the  groups.  
The  presence of gallstones was regis tered:  the  occurence 
of small  stones, app rox ima te ly  0.2 m m  in diameter ,  was 
classified as incipient  cholelithiasis,  while t h a t  of a larger  
number  of minu te  stones or of one large aggregate  above  
1 m m  in d iamete r  was classified as advanced  cholelithiasis. 
The  decline of the  log specific ac t iv i ty  of p lasma and l iver  
cholesterol  in t ime  f rom the  second week af ter  labelled 
cholesterol  admin is t ra t ion  p roved  to  be l inear  (correlat ion 
coefficient  of log specific ac t iv i ty - t ime  was 0.985 in bo th  
the  groups). These da t a  served for a calcula t ion of t he  
half-life of p lasma and l iver  cholesterol  and fur ther  pa-  
rameters  of cholesterol  t u r n o v e r  in t e rms  of 0ne-pool 
model  ~s. The ra te  of cholesterol  t r ans fo rmat ion  to bile 
acids was de te rmined  as the  ra t io  of dis integrat ions in 
ti le 14CO2 to the  cholesterol  specific a c t i v i t y  s imilar ly  as 
in our  preceding s tudy  4. The  results were s ta t i s t ica l ly  
eva lua ted  by  means  of s tandardized  p rogrammes  (Stu- 
den t ' s  t - test ,  l inear  regression, )c2-test) on a computer .  

The effect of vitamin C on the incidence of gallstones and on choles- 
terol metabolism in golden hamsters fed fat-free high-glucose diet 

Parameter Ascorbic acid in the diet 
Zero 0.5% 

Body weight (g) 92 -4- 1 93 4- 1 

Animals free of gallstones (%) 32 (16) 56 (28)* 

Animals with incipient 
eholelithiasis (%) 26 (13) 20 (10) 

Animals with advanced 
eholelithiasis (%) 42 (21) 24 (12)* 

Ascorbie acid in the liver 
(rag/100 g wet tissue) 14.7 -t- 0.5 26.8 4- 0.6** 

Total cholesterol in plasma 
(mg/100 ml) 210 4- 8 181 ! 4 (49)** 
Total cholesterol in the liver 
(mg/100 g wet tissue) 751 i 49 582 4- 26** 
Cholesterol transformation to 
bile acids (mg/24 h/100 g b.wt) 2.16 -4- 0.12 (32) 2.53 • 0.11 (30)* 

Body pool of miscible 
cholesterol (rag per animal) 162 128 

Half-life of plasma 
cholesterol (days) 21.5 15.7"* 

Half-life of liver cholesterol 
(days) 21.5 16.3"* 
Cholesterol turnover rate 
(mg per 24 h per animal) 5.23 5.67 
Fractional turnover rate 
(% 9 f pool renewed in 24 h) 3.2 4.4 

Figures represent mean values :j= SEM. The number of animals ob- 
served for each determination was 50, unless indicated otherwise in 
parenthesis. *p ~ 0.05-0.02; **p < 0.01-0,001. 

Results and discussion. The body  weight  f rom the  t ime  
of the  admin is t ra t ion  of labelled cholesterol  unt i l  dea th  
remained  unchanged  and was a lmos t  ident ica l  in the  2 
groups. No t  a single one of the  100 animals  perished. 
z/s of the  hamsters  kep t  on v i t amin  C-free die t  had  gall- 
stones. The  addi t ion  of ascorbic acid to the  diet  signifi- 
can t ly  depressed bo th  the  occurence and the  degree of 
exper imenta l  cholelithiasis (table). E v e n  though  hamsters  
possess the  capac i ty  to synthe t ize  ascorbate  in the  liver, 
a long- term adminis t ra t ion  of an unbalanced  die t  de- 
pr ived  of v i t a m i n  C produced  in t h e m  a re la t ive  v i t amin  
C def ic iency:  the i r  ascorbate  level  in the  l iver  was sub- 
s tan t ia l ly  lower t h a n  in hamsters  fed on  cereals and vege-  
tables 14. The addi t ion  of 0.5% ascorbic acid to ti le diet  
doubled the  v i t a m i n  C concen t ra t ion  in the  liver. Unde r  
t he  effect  of ascorbic acid, the  concent ra t ion  and half-  
life of cholesterol  decreased in the  p lasma and liver, and 
s imul taneous ly  the  ra te  of cholesterol  t r ans format ion  to 
bile acids s l ight ly  increased. The  effect  of v i t amin  C on 
cholesterol  metabo l i sm in hamsters  is thus  v e r y  similar  
to  t h a t  seen in guinea-pigs ~, ~. D a t a  f rom a kinet ic  analy-  
sis of cholesterol  t u rnove r  in te rms  of one-pool  model  
overes t imate  the  t rue  size of miscible pools 1~. However ,  
the  decrease in the  size of miscible pool  in animals  re- 
ceiving v i t amin  C is in good correlat ion wi th  ti le decline 
in the  levels of p lasma and l iver  cholesterol.  
The  metabol ic  s i tua t ion  developing ill hamsters  pu t  on a 
fat-free, ascorbate-free,  high-glucose diet, is p robab ly  as 
follows: the  in take  of enormous  quant i t ies  of glucose 
enhances  the  endogenous synthesis  of cholesterol  ~6. As a 
consequence of a def iciency of essential  f a t t y  acids and 
v i t a m i n  C, these animals  are incapable  of compensa t ing  
for ti le enhanced cholesterol  biosynthesis  by  increasing 
its ca tabol i sm to bile acids ~, 17. Hypercholes te ro lemia  sets 
in these  animals,  w i th  an accumula t ion  of cholesterol  in 
t h e  liver, a pro longat ion  of the  half-life of p lasma and 
l iver  cholesterol,  an increase in the  rat io  cholesterol /bi le  
salts in the  bi le lL and u l t ima te ly  leads to the  format ion  
of gallstones. Similar ly  in guinea-pigs l a t en t  ascorbate  
deficiency increases t i le p ropens i ty  for gallstone format ion  
(unpublished results). On the  o ther  hand,  addi t ion  of 
v i t amin  C to the  diet  enhances  the  concen t ra t ion  of 
ascorbate  in hepat ic  cells so t h a t  the  l iver  becomes a t  
least  pa r t i a l ly  capable  of compensa t ing  for the  enhanced 
synthesis  of endogenous cholesterol  by  its increased t rans-  
fo rmat ion  to bile acids. As a resul t  of this, the  cholesterol  
accumula t ion  in the  p lasma and l iver  is smaller  and the  
increase in the  rat io  cholesterol/bi le salts in the  gall- 
b ladder  bile is less str iking.  The  overal l  ou tcome is a 
lowered gallstone format ion  under  the  effect of v i t amin  C. 
The  results obta ined  indicate  t h a t  sa tura t ion  of the  l iver  
wi th  v i t amin  C s ignif icant ly  depresses the  occurrence of 
gallstones in the  hamster .  The key  quest ion t h a t  remains  
open is whe ther  these results  m a y  be ex t rapo la ted  to the  
h u m a n  organism. Large doses of v i t a m i n  C did no t  
s ignif icant ly  a l ter  the  chemical  composi t ion of the  bile 
in hea l thy  subjects  18, bu t  in these exper iments  ascorbic 
acid was unfo r tuna te ly  adminis te red  only  over  a ve ry  
short  period (1-2 weeks). 
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