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In  a n  ea r l i e r  s t u d y  (1) we  descr ibed  the  f o r m a t i o n  of choles terol  ga l l -  
s tones  in  gerbi l s  fed ce r t a in  diets. In  t ha t  p a p e r  we  concen t r a t ed  on his to-  
logical  changes  a n d  due  to the  r e l a t ive  p a u c i t y  of ma te r i a l ,  we  were  u n -  
ab le  to p r e s e n t  conc lus ive  da ta  c o n c e r n i n g  changes  in  b i le  composi t ion.  I n  
the  p r e s e n t  s t u d y  we a imed  at  i nves t i ga t i ng  these  l a t t e r  changes  a nd  at  
c o m p a r i n g  t h e m  wi th  those found  in  o ther  a n i m a l  models.  

Material and methods 
Mongolian gerbils of both sexes with a mean weight of 60 g were randomly 

divided into two groups. One group comprising 38 animals were fed with 
chow*) to which I per cent W/W cholesterol and 0.5 per cent W/W cholic acid 
were added. The other 28 animals served as controls and were fed chow. All 
animals were individual ly caged and had free access to food and water. After 
1 month 17 animals of the experimental  group were sacrificed. After 3 months 
the surviving animals of the experimental  group were sacrified and so were the 
animals of the control group. At autopsy the gallbladder was removed and bile 
was collected for analysis. As the bile samples were small, pooling was neces- 
sary in some cases. The number  of investigated samples in the three groups 
(controls, 1 month exposure and 3 months exposure) were 12, 8 and 10, 
respectively. 

Bile samples were assayed for cholesterol, bile acid, and phospholipid con- 
tent. Cholesterol was determined according to Abell (2). Lipid phosphorus was 
determined according to the method of Dryer as described by Henry (3). Finally, 
bile acids were determined according to the method described by Bruusgaard (4). 

Results 

Tab le  1 gives the  compos i t ion  of the  g a l l b l a d d e r  b i le  for  gerb i l s  fed 
chow d u r i n g  th ree  m o n t h s  a n d  for  those fed w i t h  chow s u p p l e m e n t e d  w i t h  
choles terol  a n d  cholic acid d u r i n g  1 m o n t h  a n d  3 m o n t h s  respect ively .  The  
d i f f e ren t  va lues  are  g iven  als pe rcen tage  m o l a r  f rac t ions  of the  to ta l  sum 
of b i le  acids and  lipids.  As seen in  the  table ,  a f te r  1 m o n t h  on  the  exper i -  
m e n t a l  diet  t he re  is a l r e a d y  a cons ide rab le  inc rease  of the  cholesterol  
mo la r  f r ac t ion  as compared  w i th  the  controls .  Wi th  the  M a n n - W h i t n e y  
U test  this  d i f fe rence  is s igni f icant  a t  t he  0.01 level .  The  inc rease  in  choles- 
terol  takes  p lace  at  the  expense  of the  b i le  acid f rac t ion,  which  shows a 
co r r e spond ing  decrease  (0.05 ~ P ~ 0.01). 

*) Harald Fors, Holmsund, Sweden 
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Table I .  Molar  concentrations of  three main  bile components,  expressed as per- 
centages of their  sum, in gallbladder bile of  gerbils. 

Diet  and  durat ion Cholesterol Phospholipids Bile acids N i) 

chow 3 months  4.97 • 0.36 5.73 • 0.63 89.30 • 0.70 12 
choles~.-eholic ac. 9.83 4- 0.74 6,77 4- 1.71 83.41 4- 2.24 8 

1 month  
cholest.-cholic ac. 21.86 4- 2.52 6.44 ~ 0.95 71.70 4- 2.52 10 

3 months  

*) Number  of bile samples analyzed. 

A f t e r  3 m o n t h s  on  t h e  e x p e r i m e n t a l  d i e t  w h e n  c h o l e s t e r o l  ga l l s t one s  
s t a r t  to  a p p e a r ,  t h e  c h a n g e s  in  b i l e  c o m p o s i t i o n  h a v e  b e c o m e  e v e n  m o r e  
p r o n o u n c e d .  T h e  cho le s t e ro l  f r a c t i o n  has  n o w  r i s e n  to v e r y  h i g h  v a l u e s  
w h i l e  t he  d e c r e a s e  in  b i l e  ac ids  has  a lso  b e c o m e  s ign i f i can t  a t  t h e  0.01 l e v -  
el. T h e  p h o s p h o l i p i d  m o l a r  f r a c t i o n  s h o w s  a s l i gh t  inc rease ,  b u t  t he  d i f -  
f e r ences  b e t w e e n  t h e  one  a n d  t h r e e  m o n t h s  v a l u e s  a n d  t h e  con t ro l s  a r e  
no t  s t a t i s t i c a l l y  s ign i f i can t .  

A s  a resu l t ,  a p a r t  f r o m  t h e  e x p e c t e d  f a l l  of  t h e  p h o s p h o l i p i d / c h o l e s t e r o l  
a n d  b i l e  a c i d / c h o l e s t e r o l  ra t ios ,  t h e r e  is a lso  a c o n s i d e r a b l e  d e c r e a s e  in  t he  
b i l e  a c i d / p h o s p h o l i p i d  ra t io .  Th is  l a t t e r  r a t i o  is 17.10 fo r  con t ro l s  as c o m -  
p a r e d  w i t h  15.77 a f t e r  one  m o n t h  a n d  12.89 a f t e r  t h r e e  m o n t h s  on  the  e x -  
p e r i m e n t a l  d ie t .  

Discussion 

T h e r e  a r e  a t  p r e s e n t  f ive  a n i m a l  m o d e l s  w i t h  r e l i a b l e  i n f o r m a t i o n  on  
t h e  c h a n g e s  in  b i l e  c o m p o s i t i o n  w h i c h  p r e c e d e  o r  a c c o m p a n y  t h e  f o r m a -  

% 
/ ~ .  

7/ \ 
I t . . . . . . . . . . . . . . . .  

90 .80 70 60 

Fig. 1. Change of bi le  composition at  induction of cholesterol gallstones in dif-  
ferent  animals.  The arrows in the  small  t r iangle  give the general  direct ion of the  
observed changes and the direction expected on the assumption of an una l te red  

bile acid/phospholipid ratio. 
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t ion of stones. These changes are  essent ia l ly  the same. There  is in al l  f ive 
models  an increase  of cholesterol,  expressed  as a pe rcen tage  mola r  f rac -  
t ion of the  to ta l  sum of bi le  acids and lipids.  This increase  takes  place  at  
the  expense  of the  b i le  acid fract ion.  The phosphot ip id  f rac t ion shows a 
tendency  towards  h igher  values.  A seen in table  2 there  is only  one ex-  
ception to the  ru le  i.e. the squi r re l  monkey  on the less l i thogenic  die t  840 C. 
But, a f te r  p ro longed  exposure  to the diet, this an imal  also conforms to the 
genera l  ru le :  No decrease  of the  phosphol ip id  fraction.  The non-s igni f i -  
cant  increase  of the phosphol ip id  f rac t ion found in our  gerbi ls  is therefore  
in  accordance wi th  the  u p w a r d  t r end  of this  fraction,  when  cholesterol  
gal ls tones are  induced in animals.  Also the  fal l  of the  bi le  ac id/phosphol i -  
pid ra t io  accompanying  gal ls tone fo rmat ion  in gerbi ls  is in ag reemen t  which 
the f indings  in other  models.  As we have  s t ressed elsewhere,  the in fo rma-  
t ion which can be der ived  f rom animal  s tudies  is for the  most  pa r t  h igh ly  
ambiguous,  but  here, for  once, there  is no ambigu i ty  at  all  (9). 

In  f igure  1 the  pa thways  of the  f ive animals  when  they  move f rom 
gal ls tone prevent ion  to l i thogenici ty ,  is given in a t r i a ngu l a r  d iagram.  The 
f igure  shows tha t  the  genera l  d i rect ion of the  pa thways  devia tes  c lear ly  
f rom wha t  would  be expected  unde r  the assumpt ion of an una l t e red  bi le  
ac id/phosphoI ipid  ratio.  

The presen t  s tudy  showed tha t  in the gerbi l  as well  as in all  o ther  an i -  
mal  models,  h i ther to  described,  the  change in bi le  composition, which p re -  
cedes the  fo rmat ion  of cholesterol  stones, is essent ia l ly  a change in the  
re la t ionship  be tween  cholesterol  and  bi le  acids. Wha teve r  the i r  role  in the  
solubi l izat ion of cholesterol,  phosphol ip ids  show a tendency  to h igher  va l -  
ues when  gal ls tones are  induced. The s tudy  of gal ls tone fo rmat ion  in 
animals  has given numerous  examples  of the p i t fa l l s  of ex t rapola t ion .  Still ,  
the unan imi ty  of the resul ts  obta ined  in f ive d i f ferent  models  is impressive.  

Sure,navy 

Mongolian gerbils form cholesterol gallstones when fed with chow supple- 
mented with cholesterol and cholic acid. The change in bile composition accom- 
panying gallstone formation was found to consist of an increase of the cholester- 
ol fraction at the expense of the bile acid fraction of the total sum of bile acids 
and lipids. The five animals models for gallstone formation on which reliable in- 
formation regarding bile composition is now available, were compared. A simi- 
lar change was found in all five models while the phospholipid fraction showed 
a tendency to higher values. In all five models the bile acid]phospholipid ratio 
decreases when gallstones are induced. 

Zusamraenfassung 

Mongolische Gerbils bilden Cholesterolgallensteine, wenn sie mit einer Di~t 
geffittert werdea, der Cholesterol und Cholins~ure zugeffigt sind. Die Ver~nde- 
rung der Gallenzusammensetzung, die die Gallensteinbildung begleitet, besteht 
aus einer Steigerung der Cholesterolfraktion auf Kosten der Gallensfiurefrak- 
tion der Summe yon Gallens~uren und -lipiden. Die ffinf Tiermodelle ffir Gal- 
lensteinbildung, fiber welche man jetzt zuverlfissige Auskfinfte hat, wurden ver-  
glichen. Alle ffinf Modelle zeigten dieselbe Verfinderung. Die Phospholipidfrak- 
tion zeigte eine Tendenz zu hSheren Werten. In allen ffinf Tiermodellen sank 
die Gallens~uren-/Phospholipid-Quote, werm Gallensteine sich entwickelten. 
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