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Materials and methods. 17 males  of W i s t a r  s t ra in ,  15 homo-  
zygous  (DI) a n d  15 he te rozygous  (non-DI)  ma le  r a t s  of 
B r a t t l e b o r o  s t r a i n  aged 90 days  and  rea red  f rom b i r t h  
u n d e r  s t a n d a r d  l a b o r a t o r y  cond i t ions  were used. 8 an ima l s  
in each  group were dep r ived  of w a t e r  24 h before  t h e  onse t  
of t he  expe r imen t .  Tissue S6Rb-uptake was used as a n  
i n d i c a t o r  of local  t issue b lood flow s as modif ied  for un-  
a n a e s t h e t i z e d  animals% The  S6Rb-dis t r ibut ion  in t he  
course  of t he  f i rs t  ra in  a f te r  i.v. i n j ec t ion  cor responds  to 
ca rd iac  o u t p u t  d i s t r ibu t ion .  20 ~xCi S*Rb in the  form of 
RbC1 ( I socommer tz ,  GDR)  were in jec ted  in to  the  ta i l  ve in  
a n d  40 sec l a t e r  t he  r a t  was decap i t a t ed .  The  a c t i v i t y  of 
samples  and  of SqRb s t a n d a r d  was m e a s u r e d  b y  Autowel l  
I I  (Picker,  USA) .  Accord ing  to Sap i r s te in  s, t i ssue  SqRb- 
c o n t e n t  was  expressed  in pe r cen t  of t o t a l  a d m i n i s t e r e d  
dose (organ flow f rac t ion  in pe r cen t  of card iac  ou tpu t )  a n d  
in pe r cen t  of t o t a l  S6Rb-dose pe r  g t i ssue  (corrected for a 
' s t a n d a r d  r a t '  weighing  200 g). S6Rb-uptake was m e a s u r e d  
in a n t e r i o r  a n d  pos te r io r  p i t u i t a r y  s e p a r a t e l y  and  for 
compar i son  also in hea r t ,  k idneys  and  in samples  of liver,  
skin,  i n t e s t ine  a n d  muscle.  D a t a  were s t a t i s t i ca l ly  pro-  
cessed b y  m e a n s  of S t u d e n t ' s  t - tes t .  
Results and discussion. In  accordance  w i t h  ear l ier  obser-  
v a t i o n s  5, no changes  were observed  a f t e r  w a t e r  depri-  
v a t i o n  e i the r  in DI  or in n o n - D I  ra t s  in an t e r i o r  p i t u i t a r y  
weight ,  f low f rac t ion  and  S~Rb/g up take .  On t he  o the r  
h a n d ,  t he re  was a s ign i f ican t  increase  in f low f rac t ion  of 
card iac  o u t p u t  a n d  in S~Rb/g u p t a k e  in n e u r o h y p o p h y s i s  

of D I  and  "Wistar rats .  The  increase  of co r re spond ing  
va lues  was n o t  s ign i f ican t  in  n o n - D I  rats .  In  a g r e e m e n t  
w i t h  d a t a  r epo r t ed  b y  Sokol a n d  V a l t i n  10, heav ie r  neuro -  
h y p o p h y s i s  were found  in D I  t h a n  in n o n - D I  and  W i s t a r  
ra ts ,  and  th i s  we igh t  f u r t h e r  increased  a f te r  wa te r  depr i -  
v a t i o n  on ly  in D I  rats .  D e h y d r a t i o n  did  no t  inf luence  
S6Rb/g-uptake in o the r  o rgans  s tud ied  in n o n - D I  ra ts ,  
while  in DI  r a t s  S6Rb/g-uptake was decreased in i n t e s t i ne  
(0.95 =k0.109 vs. 0.41 •  a n d  in skin (0.17 •  vs. 
0.12 =:0.010). Af te r  w a t e r  dep r iva t i on ,  the  we igh t  of myo-  
c a r d i u m  increased  in D I  r a t s  (316 .3 •  vs. 3 3 3 . 0 =  
4.6 mg/100 g b .wt) .  
An  increase  of t he  n e u r o h y p o p h y s e a l  f low f rac t ion  of 
card iac  o u t p u t  a n d  of S6Rb/g-uptake  was obse rved  a f t e r  
osmot ic  load p roduced  b y  24 h of w a t e r  d e p r i v a t i o n  of 
"Wistar males.  B u t  t he  increase  of b o t h  p a r a m e t e r s  was  
m u c h  more  expressed  in h o m o z y g o u s  B r a t t l e b o r o  r a t s  
a l t h o u g h  t h e y  do no t  s y n t h e t i z e  VP.  This  increase  need  
no t  be ill r e l a t i on  to  the  syn thes i s  or release of VP,  a n d  i t  
m i g h t  be  r e l a t ed  to t he  oxy toc in  release% the  t u r n o v e r  
of wh ich  seems to  be e n h a n c e d  in DI  r a t s  n .  
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Summary. Gal l s tone  f o r m a t i o n  in h y p o v i t a m i n o t i c  C guinea-pigs  fed a h i g h  choles tero l  d ie t  was  associa ted w i th  qual i -  
t a t i v e  changes  in t he  ga l lb l adde r  bile, namely ,  a h igh  choles terol  concen t r a t i on ,  a lowered bile acid c o n t e n t  a n d  di- 
m in i shed  phospho l ip id - to -cho les t e ro l  a n d  bile ac id- to-choles te ro l  ra t io .  

The  f o r m a t i o n  of choles tero l  ga l l s tones  ha s  been  induced  
e x p e r i m e n t a l l y  in severa l  species of a n i m a l  b y  modif i -  
ca t ions  to  t h e i r  d ie t  3-6. A l t h o u g h  e x p e r i m e n t a l l y  i nduced  
v i t a m i n  A- a n d  to  a lesser e x t e n t  v i t a m i n  D-def ic iency  
h a v e  been  shown  to  p r o m o t e  ga l l s tone  f o r m a t i o n L  no 
ev idence  for a r e l a t i onsh ip  be t w een  v i t a m i n  C s t a t u s  a n d  
ga l l s tone  f o r m a t i o n  ha s  appeared .  Th i s  is p e r h a p s  sur-  
p r iz ing  in v iew of t h e  cons iderab le  a m o u n t  of e x p e r i m e n t a l  
ev idence  l i nk ing  v i t a m i n  C w i t h  choles tero l  m e t a b o -  
l ism s-l~. D u r i n g  t he  course of a w ide - rang ing  s t u d y  of t h e  
effects of a the rogen ic  d i e t s  in  guinea-pigs ,  a h igh  inc idence  
of ga l l s tone  f o r m a t i o n  was obse rved  in an ima l s  w i t h  
l a t e n t  v i t a m i n  C-deficiency.  W e  r e p o r t  here  Oil a n  in i t i a l  
e x p e r i m e n t  des igned to exam i ne  t he  r e l a t ionsh ips  be-  
tween  v i t a m i n  C a n d  ga l l s tone  fo rmat ion .  
Methods. 36 male  guinea-pigs  (Dunk in  Har t l ey )  weigh ing  
a p p r o x i m a t e l y  200 g were g iven  access to  w a t e r  a n d  a 
s t a n d a r d  pe l le ted  l a b o r a t o r y  d ie t  ad  l i b i t u m  for 2 weeks, 
a n d  t h e n  t r a n s f e r r e d  to a pe l le ted  h igh  choles te ro l  (0.5%) 
scorbu t i c  d ie t  (Cooper Nut r i t ion ) .  Chronic  h y p o v i t a -  
minos is  C was induced  in 18 of t he  an i m a l s  b y  t he  da i ly  
p.o. a d m i n i s t r a t i o n  of 0.5 rag. L-ascorb ic  acid (Sigma Ltd)  
in  0.2 ml  of 20% sucrose solut ion.  The  r e m a i n i n g  an ima l s  
were s imi la r ly  dosed  w i t h  5.0 m g  of t h e  v i t a m i n  in t he  
same v o l u m e  of vehicle.  This  d i e t a r y  r eg i m en  l a s t ed  for 
5 weeks  a f t e r  wh ich  t ime  t he  an i m a l s  were weighed,  
a n a e s t h e t i z e d  a n d  t he  b i l a ry  t ree  e x a m i n e d  for concre te -  

men t s .  Fo l lowing  an  overdose  of anaes the t i c ,  t he  cys t ic  
d u c t  was  l iga ted  pr ior  to  cho lecys tec tomy.  The  gall-  
b l adde r  c o n t e n t s  were cen t r i fuged  a t  5000 r p m  for 20 m i n  
to  s epa ra t e  t he  bi le  f rom gal l s tones  and  associa ted  debris ,  

1 Acknowledgment. I am indebted to Prof. H. M. Sinclair (Ox- 
ford) and Drs K. M. L. Morris (City of London Polytechnic) and 
G. M. Murphy (Guys Hospital Medical School) for valuable dis- 
cussion and advice, and to Mr 3 ~. A. Rawlings for technical 
assistance. 

2 R.F.  Borgman, Am. J. vet. Res. 26, 1167 (1965). 
3 F . J .  Caldwell, Jr, K. Levitsky and B. Rosenberg, Am. J. 

Physiol. 209, 473 (1965). 
4 F. Christensen and H. Dam, Acta physiol, scand. 211, 1069 

(1966). 
5 L.G. Schoenfield and K. J. Sj6vall, Am. J. Physiol. 211, 1069 

(1966). 
6 T. Osuga and O. Portman, Proc. Soc. exp. Biol. Med. 136, 722 

(1971). 
7 J .G.  Fortner, Surgery 36, 932 (1954)~ 
8 G.C. Chatterjee, in: The Vitamins, vol. 1, p. 399. Academic 

Press, New York and London 1967. 
9 E. Ginter, Science 779, 702 (1973). 
10 E. Ginter, J. Babala and J. Cerven, J. Atheroscler. Res. 10, 

341 (1967). 
11 E. Ginter, P. Bobek and M. Ovecka, Int. Z. VitamForseh. 38, 

104 (1967). 
12 R.E.  Hughes, J. hum. Nutr. 30, 315 (1976). 



15. 12. 1977 Specialia 

Table 1. Weight changes, mortality and incidence of gallstones in guinea-pigs receiving either 0.5 or 5 mg of vitamin C daily 
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Group Daily dosage of vitamin C No. of animals Average wt change (g) No. of survivors with gallstones 
Started Survived 

A 0.5 18 14 + 2.89 14 
B 5 18 17 + 25.67 0 

Table 2. Bile acid, cholesterol and phospholipid content of the gallbladder bile of guinea-pigs receiving either 0.5 or 5 mg of vitamin C daily 

Group Daily dosage of vitamin C Bile acids ( B A )  Cholesterol (C) Phospholipids (P) Ratio BA: C Ratio P: C 

A 0.5 8.99 -1- 0.81" 2.11 J_ 0.12" 7.19 -t- 0.62 4.4* 3.7* 
B 5 14.54 • 0.97, t.22 ~= 0.17 8.4i • 0.82 16.7 9.3 

* Significantly different from group B values at p < 0.01 (t-test). Values are mmoles/1 • SEM. 

and  the  bile ana lyzed  for phosphol ip id  la, cholesterol  14 
and  bile acids 15. The gal ls tones were washed  in dist i l led 
water ,  dr ied unde r  vacuum,  ex t r ac t ed  wi th  alcohol, and  
the  cholesterol  c o n t e n t  de t e rmined  14. 
Results and discussion. Table  1 summar izes  the  resul t  of 
the  e x p e r i m e n t  in t e rms  of weigh t  gain, mor t a l i t y  and 
incidence of gallstones.  During the  exper imen ta l  per iod 
the  increase in weigh t  of v i t amin  C replete  animals  was 
cons iderab ly  grea te r  t h a n  t h a t  of animals  subjec ted  to the  
low v i t amin  C regimen,  bu t  inani t ion  was no t  p re sen t  in 
any  of the  guinea-pigs.  Gal ls tones were p resen t  in t he  gall- 
b l adder  and  occasional ly  in the  lumen  of both  tile cyst ic  
and  common  bile duc t  of atl survivors  t h a t  had  received 
0.5 mg v i t amin  C per  day.  The dr ied pooled gal ls tones 
weighed 18.96 mg and  52.8% of th is  weigh t  was accounted  
for by  the  presence  o f  cholesterol .  
The gal lb ladder  bile of h y p o v i t a m i n o t i c  C guinea-pigs had  
a h igher  concen t ra t ion  of cholesterol  and a lower con- 
cen t ra t ion  of bile acids t h a n  t h a t  of cont ro l  animals,  and  
consequen t ly  a lower bile acid : cholesterol  rat io (BA:C).  
Al though  the re  was no s ignif icant  difference be tween  the  
bile phosphol ip id  concen t ra t ions  in the  2 groups  of 

animals ,  the  phosphol ip id  : cholesterol  (P:C) ra t io  in the  
h y p o v i t ami n o t i c  C guinea-pigs was s ignif icant ly  lower 
t han  t h a t  of the  controls  as a resul t  of the  h igher  bile 
cholesterol  concen t ra t ion  in these  animals.  Similarly,  
lower B A : C  and P : C  ra t ios  c o n c o m i t a n t  wi th  gal ls tone 
fo rma t ion  has  been repor ted  by  o the r  inves t iga tors  a, 5,1~ 
Cholesterol  is held in micel lar  solut ion in bile in com- 
b ina t ion  wi th  phosphol ip ids  and  bile acids and  it has been 
pos tu l a t ed  t h a t  tile B A : C  and  P : C  rat ios  de te rmine  its 
solubi l i ty  r a the r  t h a n  absolu te  values  17. Consequent ly ,  a 
lowering of the  B A : C  and P : C  rat ios  favours  choles terol  
p rec ip i t a t ion  and provides  a sa t i s fac to ry  exp lana t ion  for 
gal ls tone fo rma t ion  in the  h y p o v i t a m i n o t i c  guinea-pigs.  
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Prote in  bound  c a l c i u m  in p i sc ine  red and w h i t e  m u s c l e s  
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Summary. The levels of Ca ++ and calc ium binding  proper t ies  of sarcoplasmic pro te ins  in red and  whi te  muscles  of ca t  
fish were compared .  The whi te  muscle is charac ter ized  b y  grea ter  wa te r  conten t ,  ionic calc ium and  Ca-binding capaci ty ,  
whereas  the  red muscle  is charac te r ized  by  a h igher  calcium sensi t ive p ro te in  con ten t .  

Calcium levels and  Ca-binding proper t ies  of sarcoplasmic 
p ro te ins  of v e r t e b r a t e  red and  whi te  muscles are no t  
known.  Sreter  2 compared  the  up take  of Ca ++ in red and 
whi te  muscles of rabbi t .  In  view of the  impor t ance  of 
Ca ++ in muscle  cont rac t ion ,  the  ra te  of which  differs in 
red  and  whi te  muscles  a, 4, the  p re sen t  inves t iga t ion  was 
under t aken ,  to  examine  whe the r  t he  muscles are charac-  
te r ized  by  Ca-binding capac i ty  and  Ca-bound prote ins .  
Cat fish, Clarias batrachus (Linn), were caugh t  f rom 
Hebba l  (fresh water)  tank,  s tored in l abora to ry  aquar ia  
and  fed dai ly on ea r thworms .  Red  and  whi te  muscles  

f rom the  anaes the t i zed  (with chloroform) fish were 
excised and  t rans fe r red  to a lumin ium pans  kep t  on ice 
piles. The wa te r  co n t en t  of the  muscles  was assessed by  
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