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The common bile duct of albino ra ts  was exter ior ized and the bile collected for  24 h. After 
removal  of the bile for  this period the concentration of ester if ied cholesterol  in the l iver  
fell sharply compared with control ra t s  (mock operation). Neither the content of total and 
free cholesterol  in the l iver  or  the content of cholesterol  f ract ions in the blood plasma 
showed any significant change. It is postulated that cholesterol  e s t e r s ,  through conversion 
into free cholesterol ,  are  utilized in bile acid biosynthesis .  

Conversion of cholesterol into bile acids and neutral steroids of the feces is a fundamental process 
of cholesterol catabolism and excretion in animals and man. For this reason the study of cholesterol ca- 
tabolism in the liver is of great interest to the elucidation of the cholesterol balance in the body and its 
regulation. The content of cholesterol in the mammalian liver is about 2-3 mg/g fresh weight and the 
ratio of free to esterified cholesterol is 4 :I [8, II]. Bile acids are formed from free cholesterol via hy- 
droxylation inthe C-Ta position [13, 12]. The sequence of stages of conversion of cholesterol into cholic 
acid is considered to be as follows [4]: i) hydroxylation at C-7 and C-12; 2) inversion of the 3fi hydroxy 
group; 3) saturation of the double bond; 4) degradation of the side chain. At the same time, it has been 
argued on theoretical grounds that the first stage of hydroxylation involves, not free cholesterol, but its 
ester [7]. In experiments on rats it is possible to exteriorize the common bile duct and thereby to remove 
the bile acids present in the enterohepatic circulation, thereby stimulating their increased synthesis [5]. 

The object of this investigation was to study the content of cholesterol fractions of the liver and 
plasma of rats after removal of bile acids by draining the bile for 24 h. 

E X P E R I M E N T A L  

Male albino ra t s  weighing 180-220 g were s tarved for  16 h and the common bile duct was then ex- 
te r ior ized  [5]. Under ether  inhalation anesthesia a polyethylene tube about 1 mm in external d iameter  was 
inserted into the common bile duct at the point where it leaves the l iver ,  the abdominal wound was sutured, 
and the rats  were  placed in individual cages res t r ic t ing  their  mobility,  where they were given a 5~ solution 
of glucose in 0.9% NaC1 to drink. Rats undergoing a mock operation without exter ior izat ion of the bile duct, 
and kept in s imi lar  cages,  acted as the control .  The outflowing bile was collected for 24 h, after  which the 
ra t s  were sacrif iced.  Blood was taken into tubes containing heparin and the l iver  was perfused with 80 ml 
of a cold 0.9% NaC1 solution. Samples of p lasma and l iver  homogenate were extracted for 24 h with a 
ch lo ro fo rm- me thano l  (2 :1 ,  v /v )  mixture in the rat io of t issue :mixture  = 1 :20 .  The ext rac ts  were f i l te r -  
ed, one-fifth of their  volume of water  was added, and after  mixing they were left to stand overnight at 4~ 
Aliquot volumes were taken f rom the bottom chloroform layer  to determine cholesterol  f ract ions by the 
method of Sperry  and Webb [16]. Total bile acids in the port ions of bile were  determined by the method of 
Kul 'berg and Malyarskaya [2 ]. 
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TABLE 1. Content of Cho les t e ro l  F r ac t i ons  in L ive r  and P l a s m a  
of Control  Ra ts  and Ra ts  Losing Bile for  24 h (mg~) 

Liver 

Plasma 

Object Index 

M 
~ - m  

% 
+-M 

m 
% 

Control rats (mock opera- 
tiom n= 7) 

Rats after removal of bile 
for 24h (n = V) 

E 

10 
+3,82 
--4,2 
24,0 
2,39 

49,6 

201 
10,04 
78,5 
20,2 
2,74 

39,0 

55 256 227 
5,97 + I 1,70 + 12,03 

21,5 ~ 0 0 , 0  --95,8 
31,9 I 52,1 24,8 
4,65 [ 5,63 2,36 

61,0 [ I00,0 50,4 

T 

237 
• 11,55 
100,0 
38,8 
3,68 

100,0 

Legend:  F) F r e e ,  E) e s t e r i f i e d ,  T) to ta l .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The mean volume of bi le  dra in ing  f rom the r a t s  was 10.5 :e 0.68 m l / d a y ,  and the content of bi le  ac ids  
exc re t ed  in the 24-h por t ion  of bile was  24.12 + 0.92 mg. During the f i r s t  hours  a f te r  the r a t s  r e c o v e r e d  
f rom the anes the t ic  the r a t e  of bi le  d ra inage  was 0.6-0.9 m l / h ,  but by the end of the expe r imen t  th is  had 
fa l len  to 0.3-0.4 m l / h .  The max imal  concent ra t ion  of total  bi le  ac ids  (5-7 m g / m l )  was found 2-3 h a f te r  
e x t e r i o r i z a t i o n  of the common bi le  duct,  while the lowest  concent ra t ion  (1-2 m g / m l )  o c c u r r e d  at  the end of 
the exper imen t .  

The r e s u l t s  of de t e rmina t ion  of the content of cho les t e ro l  f r ac t ions  in the l i v e r  and p l a s m a  of the con-  
t ro l  and e x p e r i m e n t a l  r a t s  a r e  given in Table 1. The r e l a t ive  content of e s t e r i f i e d  cho le s t e ro l  in the l i v e r  
of the cont ro l  r a t s  (mock operat ion)  was 21.5%, while in the r a t s  with the e x t e r i o r i z e d  bi le  duct it was only 
4 .2~,  a fivefold d e c r e a s e  (P < 0.001). The d e c r e a s e  in e s t e r f f i ed  cho l e s t e ro l  took p lace  desp i te  ma in ten-  
ance of a constant  l eve l  of the f ree  and total  cho le s t e ro l  of the l i v e r  (P > 0.05). The content of cho le s t e ro l  
f r ac t ions  in the blood p l a s m a  showed no s ignif icant  change (P > 0.05). 

In r a t s  weighing 200 g, with a mean  weight of the l i v e r  of 8 g, the content of c i r cu la t ing  bile ac ids  is  
10 mg [12]. In the p r e s e n t  e x p e r i m e n t s  the mean l o s s  of e s t e r i f i e d  cho le s t e ro l  was 3.6 mg (0.45 m g / g  • 8 
g), o r  about 5 mg of bi le  ac ids .  This total  (15 mg) is  much l e s s  than the da i ly  lo s s  of bi le  ac ids  (24.12 * 
0.92 mg), indicat ing that  addi t ional  quant i t ies  of f ree  cho les te ro l  we re  being u t i l ized  to fo rm bile ac ids .  

E x p e r i m e n t s  with c h o l e s t e r o l - C  i4 have shown that f ree  cho les t e ro l  is  a p r e c u r s o r  of bi le  ac ids  [6, 12]. 
F r e e  cho les te ro l  is  a l so  u t i l i zed  in c o r t i c o s t e r o i d  b iosyn thes i s  in the adrena l  co r t ex  [9], desp i te  the fact  
that  mos t  of the cho les t e ro l  is  p r e s e n t  in e s t e r i f i e d  fo rm [8, 11]. E s t e r i f i e d  cho les te ro l  in the l i ve r  and 
ad rena l s  can thus be r e g a r d e d  as  a r e s e r v e  fo rm of cho le s t e ro l ,  m e t a bo l i c a l l y  ine r t ,  in a s ta te  of equi l ib -  
r i um with f ree  cho l e s t e ro l  which takes  p a r t  in subsequent conve r s ions .  Boyd 's  hypothes is  [7] that e s t e r i -  
f led cho les t e ro l  can be conver ted  d i r e c t l y  into bi le  ac ids  has not yet  r e c e i v e d  expe r imen ta l  ve r i f i ca t ion .  In 
th is  d i scuss ion  it i s  t he r e fo re  a s sumed  that the f ree  cho le s t e ro l  of the hepa tocy tes  is the d i r e c t  p r e c u r s o r  
of b i l e  ac ids .  Bes ides  phosphat ides ,  cho le s t e ro l  is  another  l ip id  component  of the p l a s m a  m e m b r a n e  [1,10]. 
In the w r i t e r ' s  opinion mos t  of the f r ee  cho le s t e ro l  in the l i ve r  c e l l s ,  jus t  as in o ther  ce l l s  of the body, is  
located in the m e m b r a n e s .  The g r e a t e r t h e  sur face  a r e a  of the m e m b r a n e ,  the h igher  the f ree  cho le s t e ro l  
content in the ce l l .  The d i s c o v e r y  of cho les t e ro l  in a main ly  nones t e r i f i ed  fo rm in the nuc lea r ,  mi tochon-  
d r i a l ,  and, in p a r t i c u l a r ,  m i c r o s o m a l  f r ac t ions  of the r a t  l i v e r  [14, 15, 3] can be a t t r ibu ted  to i ts  oc cu r r ence  
as  an ob l iga to ry  s t r u c t u r a l  component of the subce l lu l a r  m e m b r a n e s .  The absence  of changes in the con-  
tent  of f ree  cho le s t e ro l  in the l i v e r  of r a t s  with an e x t e r i o r i z e d  bi le  duct con f i rms  its impor tance  as a 
s t ruc tu ra l  component of the m e m b r a n e s .  The d i s c o v e r y  of a smal l  quanti ty of cho le s t e ro l  e s t e r s  in the 
subce l lu l a r  f r ac t ions  in a p rev ious  inves t igat ion enabled the w r i t e r  to pos tu la te  that  cho les t e ro l  e s t e r s  a r e  
loca ted  in the hya lop la sm and within the subce l lu l a r  organoids ,  i . e . ,  in t he i r  m a t r i x  [3]. A smal l  f rac t ion  
of f r ee  cho les t e ro l  in a s ta te  of equ i l ib r ium with e s t e r i f i e d  cho le s t e ro l  mus t  a l so  be p r e s e n t  t he re .  The 
u t i l iza t ion  of this  f rac t ion  of f r ee  cho le s t e ro l  in bi le  acid b iosyn thes i s  led to a marked  d e c r e a s e  in the r e -  
s e rve  of e s t e r i f i e d  cho le s t e ro l  in r a t s  with an e x t e r i o r i z e d  bi le  duct.  A change in the content of total  f ree  
cho l e s t e ro l  could not be de tec ted  because  this  f rac t ion  is r e l a t i v e l y  smal l  in magni tude.  

1390 



LITERATURE C I T E D  

1. E .M.  Kreps, Ukr. Biokhim. Zh., No. 5, 734 (1965). 
2. L .M.  Kul'berg and M. B. Malyarskaya, Vraeh. Delo, No. 9, 810 (1951). 
3. L . K .  Finagin and T. M. Pechenova, Ukr. Biokhim. Zh., No. 5,645 (1971). 
4. H. Van Belle, Cholesterol, Bile Acids and Atherosclerosis, Amsterdam (1965), p. 76. 
5. S. Bergstr}~m and H. Danielsson, Acta Physiol. Scand., 43, 1 (1958). 
6. K. Block, B. N. Berg, and D. Rittenberg, J. Biol. Chem., 149, 511 (1943). 
7. G.S.  Boyd, Fed. Proe.,  Suppl., 11, 86 (1962). 
8. R . P .  Cook, in: Cholesterol. Chemistry, Biochemistry and Pathology, New York (1958), p. 152. 
9. R . E .  Dailey, L. Swell, and C. R. Treadwell, Proc. Soc. Exp. Biol. (New York), 110, 571 (1962). 

10. J . B .  Finean, Circulation, 26, 1151 (1962). 
11. D.S. Goodman, Physiol. Rev., 45, 747 (1965). 
12. R .G.  Gould and R. P. Cook, in: Cholesterol. Chemistry, Biochemistry and Pathology, New York 

(1958), p. 237. 
13. S. Lindestedt, Acta Chem. Scand., 11,417 (1957). 
14. L . I .  Rice, M. C. Schotz, R. B. Alfin-Slater, et al., J. Biol. Chem., 201,867 (1953). 
15. M.C.  Schotz, L. I. Rice, and R. B. Alfin-Slater, J. Biol. Chem., 204, 19 (1953). 
16. W.M. Sperry and M. Webb, J. Biol. Chem., 187, 97 (1950). 

1391 


