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In  p rev ious  s tud ies  we  have  shown  tha t  d i e t a r y  choles terol  (1, 2) a n d  
d i e t a ry  s q u a l e n e  (2) c o u n t e r a c t  f o r m a t i o n  of choles terol  c o n t a i n i n g  gal l -  
s tones  in  y o u n g  hamsters .  I n  our  s tudy  (2) i t  was  f o u n d  tha t  a lmos t  com- 
p le te  p ro tec t ion  aga ins t  f o r m a t i o n  of choles terol  c o n t a i n i n g  ga l l s tones  
could  be  o b t a i n e d  w h e n  e i the r  choles tero l  or  squa !ene  was  added  at  the  
level  of 1 p e r c e n t  to a ga l l s tone  p roduc ing  d ie t  c o n t a i n i n g  20 % casein,  
67.3 ~ glucose, 7 ~ p a l m k e r n e l  oil p lus  v i t a m i n s  a nd  salts  a nd  a n o n -  
abso rbab l e  an t iox idan t .  

The  p r e s e n t  s t udy  deals  w i t h  the  i n f l uence  of d i e t a r y  choles terol  a nd  
squa l ene  on  the  compos i t ion  of the  b l a d d e r  b i le  of hams te r s  w i t h  respect  
to cholesterol ,  phospho l ip id  and  bi le  sa l ts  (bile acids). 

Experimental 
The hamsters  used in the present  study were those belonging to Experimen- 

tal Series G 160 in our previous study (2) where other details of the experiment  
are described. The series consisted of three groups, each comprising 20 male and 
20 female hamsters. The hamsters in the first group (1414) received the gall= 
stone producing diet without addition, those in the second group (1415) received 
the diet with addition of 1 %  cholesterol, whereas those in the third group 
(1416) received the diet with addition of 1 %  squalene. The animals  were killed 
after having received the diet for a period of 42-44 days. Sampling of bile and 
methods for determinat ion of cholesterol, phospholipid and bile acids in the 
bile were as described in our paper (3) with the exception that  the separation 
of cholesterol was carried out by thin layer chromatography instead of paper 
chromatography (silicagel G, moving phase: petroleum ether/diethyl ether/gla- 
cial acetic acid (70/30/1). 

In  most cases it was necessary to pool bile from 2 or 3 animals  in order to 
obtain enough for the analyses. I t  was not possible to obtain bile from all 
animals in each group. 

Results and discussion 
The  resu l t s  are  p r e sen t ed  in  tab les  1, 2 and  3, a nd  in  fig. 1. 
F r o m  the tab les  i t  can  be seen t ha t  bo th  the  diet  w i th  1 e/0 choles tero l  

and  the  d ie t  w i th  1 ~ s q u a l e n e  have  p roduced  increase  of the  m e a n  va l ue  
of the  ra t io  of Tota l  Bi le  Acids to Choles tero l  (TBA/C) a n d  of the  m e a n  
va lue  of the  ra t io  of Phospho l ip id  to Choles te ro l  (P/C) w i t h  the  except ion  
t h a t  the  m e a n  va lue  of the  ra t io  P/C for  the  males  in  the  choles terol  fed 
g roup  changed  f rom 3.9 to 3.7. 
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Fig. 1. Abscissa: mo la r  rat ios of Tota l  B i le  Acids to Cholesterol (TBA/C). O rd i -  
nate: mo la r  rat ios of Phosphol ip id  to Cholesterol  (P/C). The curved l ines ind i -  
cate l im i t s  fo r  so lub i l i t y  of cholesterol in  aqueous solutions of  b i le  salts and 
lecithin. The inner curved line is based on the data from Hegardt and Dam 
(ref. 4), and Holzbach et al. (ref. 5). The outer curved line is based on data from 
MuSsan et al. (ref. 6 and 7). The four oblique lines indicate values of the molar 

ratio of Total Bile Acids to Phospholipid = 2.5; 5; 10; and 20 resp. 

The single values of these ratios are plotted in fig. 1 which also 
shows the limits for solubility of cholesterol in aqueous solutions of bile 
salts and lecithin based on data f rom Hegardt and Dam (4) and Holzbach 
et al. (5) (the inner curve}, and on data f rom Mu]son et aI. (6, 7) (the outer 
curve). The sources of error  in the determination of the solubility pointed 
out by Mufson et al. make it seem likely that  the curve based on their data 
is to be preferred. Points to the r ight and above the curve represent un- 
saturation; points to the left and below the curve represent supersaturation 

Comparison with the outer curve shows that for the diet given without  
addition, 9 out of the 11 points represent saturation or more or less pro- 
nounced supersaturation, and only 2 of the points represent  unsaturation, 
whereas for the diet given with addition of 1 %  cholesterol, 11 out of the 
14 points represent unsaturation, and for the diet given with addition of 
1% squalene, 11 out of the 13 points represent  unsaturation. 

These observations are in accordance with the fact  that  occurrence of 
cholesterol containing gallstones is f requent  in the group of hamsters re- 
ceiving the diet wi thout  addition, and rare in the groups receiving the diet 
with either 1 ~ cholesterol or 1 0/o squalene. 

The values of the ratio of Total Bile Acids to Phospholipid (TBA/P) 
show a much greater  scattering than did the values of this ratio in our 
earlier experiments (3, 8) which were carried out with hamsters from 
our own breeding colony. This circumstance may be due to the origin and 
preexperimental  feeding of the hamsters used in the present study, and, 
possibly, also to the part icular  basal diet used. 
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Summary  

S a m p l e s  of b l a d d e r  b i le  f r o m  h a m s t e r s  on  t h r e e  d i f f e r en t  d ie t s  w e r e  a n a -  
l yzed  for  choles tero l ,  p h o s p h o l i p i d  a n d  b i l e  acids.  

T h e  d ie t s  w e r e :  
D ie t  1: a g a l l s t o n e - p r o d u c i n g  d i e t  c o n t a i n i n g  20 e/0 casein ,  67.3 o/0 glucose,  7 % 

p a l m k e r n e l  oil, p lus  v i t a m i n s ,  sa l t s  a n d  0.05 ~ of a n o n - a b s o r b a b l e  a n t i o x i d a n t .  

D ie t  2: d i e t  1 w i t h  a d d i t i o n  of 1 %  choles te ro l .  
D ie t  3: d i e t  1 w i t h  a d d i t i o n  of 1 %  squa lene .  

G r a p h i c a l  p l o t t i n g  of t h e  r a t i o s  T B A / C  a n d  P /C  for  e a c h  of t h e  s a m p l e s  a n a -  
lyzed, t o g e t h e r  w i t h  t h e  m o s t  r e c e n t l y  e s t a b l i s h e d  l i m i t  fo r  so lub i l i ty  of choles -  
t e ro l  in  aqueous  so lu t ions  of b i le  sa l t s  a n d  l e c i t h i n  shows  t h a t  for  d ie t  1, on ly  
two  ou t  of e l e v e n  s a m p l e s  r e p r e s e n t  u n s a t u r a t i o n ,  w h e r e a s  fo r  d ie t  2, e l e v e n  
ou t  of f o u r t e e n  samples ,  a n d  for  d ie t  3, e l e v e n  ou t  of t h i r t e e n  s a m p l e s  r e -  
p r e s e n t  u n s a t u r a t i o n .  

These  f ind ings  a r e  in  a c c o r d a n c e  w i t h  t h e  f ac t  t h a t  o c c u r r e n c e  of cho les te ro l  
c o n t a i n i n g  g a l l s t o n e s  is f r e q u e n t  w i t h  d ie t  1, a n d  r a r e  w i t h  d ie t s  2 a n d  3. 

Zusammenfassung 

P r o b e n  yon  B l a s e n g a l l e  y o n  H a m s t e r n ,  d ie  m i t  d r e i  v e r s c h i e d e n e n  k i i n s t -  
l i c h e n  N a h r u n g e n  ge f i i t t e r t  w a r e n ,  w u r d e n  in  bezug  a u f  Cho les t e r in ,  P h o s p h o -  
l ip id  u n d  G a l l e n s ~ u r e n  ana lys i e r t .  

Die  N a h r u n g e n  w a r e n :  
N a h r u n g  1: E i n e  G a U e n s t e i n e  h e r v o r r u f e n d e  N a h r u n g ,  d ie  au s  20 e/0 Casein ,  

67,3 % Glucose,  7 % Pa lmenke rnS1 ,  V i t a m i n e n ,  S a l z e n  u n d  0,05 % e ines  n i c h t r e -  
s o r b i e r b a r e n  A n t i o x y d a n s  be s t and .  

N a h r u n g  2: N a h r u n g  1 m i t  Z u g a b e  yon  1 N0 Cho les t e r in .  
N a h r u n g  3: N a h r u n g  1 m i t  Z u g a b e  y o n  1 ~ Squa l en .  

G r a p h i s c h e  A b b i l d u n g  d e r  V e r h ~ l t n i s s e  T B A / C  u n d  P /C  f i i r  d ie  e i n z e l n e n  
a n a l y s i e r t e n  P r o b e n  z u s a m m e n  m i t  d e r  s p ~ t e s t e n s  e r m i t t e l t e n  LSs l i chke i t s -  
g r e n z e  f i i r  C h o l e s t e r i n  in  w ~ s s e r i g e n  L S s u n g e n  yon  G a l l e n s a l z e n  u n d  L e z i t h i n  
zeigte,  daf~ ff i r  N a h r u n g  1 n u r  zwei  y o n  i n s g e s a m t  elf  P r o b e n  u n g e s ~ t t i g t  in  
b e z u g  au f  C h o l e s t e r i n  w a r e n ,  w~ihrend  f i i r  N a h r u n g  2 elf  v o n  i n s g e s a m t  v i e r -  
z e h n  P r o b e n  u n d  f i i r  N a h r u n g  3 e l f  y o n  i n s g e s a m t  d r e i z e h n  P r o b e n  u n g e s ~ t t i g t  
w a r e n .  

Diese  B e f u n d e  e n t s p r e c h e n  d e r  Ta t s ache ,  d a b  das  V o r k o m m e n  y o n  cho le -  
s t e r i n h a l t i g e n  G a U e n s t e i n e n  u n t e r  d e n  m i t  N a h r u n g  1 g e f i i t t e r t e n  H a m s t e r n  
h~ittfig u n d  u n t e r  d e n  m i t  d e n  N a h r u n g e n  2 ode r  3 g e f f i t t e r t e n  H a m s t e r n  s e l t e n  
ist. 
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