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After  isolation of the common bile duct the quantity of bile secre ted  during 24 h and the con- 
centrat ion of total  bile acids in it were determined in adult (11-12 months) and old (27-29 months) 
ra ts .  Differences between the adult and old ra ts  as regards  bile formation and the concent ra -  
tion of the choles terol  fractions of the l iver and blood plasma were not significant if the animals 
were kept on a s tandard diet. If kept on an atherogenic diet, the secret ion of bile acids was s igni-  
ficantly higher both in the adult and in the old rats .  Meanwhile the level of total and es ter i f ted  
choles terol  in the blood plasma was higher in the old than in the adult rats .  
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There is as yet no general  agreement  regarding the changes with age in the blood se rum choles terol  con-  
centrat ion in ra t s  or  the causes of these changes. For instance, the increase  in the choles terol  concentrat ion 
in ra ts  up to 18 months of age, which some workers  [7, 10] have observed,  has not been conf i rmed by other 
investigations [12, 13]. A high choles terol  diet can cause more  severe  lipid infiltration of the~ l iver in old than 
in young animals  [1]. A decrease  in the formation of bile acids from cholesterol  may be one possible cause of 
changes in the choles terol  concentrat ion in the blood and liver.  There is evidence of a decrease  in the conver-  
sion of choles terol  into bile acids in ra ts  between the ages of 2 and 18 months [13]. However, the cha rac te r  of 
the changes in bile formation at an older age remains  unknown. 

The object of this investigation was to study age differences in the choles terol  level in the blood plasma 
and liver of ra ts  kept on ord inary  and atherogenic diets and to compare  these findings with the bile secre t ing  
function of the liver.  

EXPERIMENTAL METHOD 

Rats of two age groups were used: adult animals  aged 11-12 months (groups 1, 3, 5, and 6) and old rats  
aged 27-29 months (groups 2 and 4). The rats  of groups 1 and 2 were kept on the ord inary  animal house diet 
and the animals of groups 3 and 4 received an atherogenic diet, including cholesterol ,  concentrated bile, and 
6-methyl thiouract l ,  for 5 months. The adult ra ts  of group 5 reeelved a diet with choles terol  and those of group 
6 choles terol  together  with bile. The conditions of experimental  feeding were descr ibed previously  [2]. The 
b i l e - sec re t ing  function of the l iver  was studied in an acute experiment.  Under inhalational ether  anesthesia,  
a polyethylene tube was inserted into the common bile duet and fixed [4]. Bile was collected for 24 h, af ter  
which the rats  were decapitated and the total,  free,  and ester i f ied cholesterol  concentrat ions were determined 
in the blood plasma and l iver [4]. Bile acids were determined in the bile samples [3]. 

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

Data on the level of the choles terol  fract ions in the blood, thevolume of bile secreted,  andthe concentrat ion 
of bile acids in it are  given in Table 1. They show that the relat ive volume of bile secre ted  during the 24 h 
period falls with age in ra ts  kept on a s tandard diet. Meanwhile, the quantity of bile acids per  unit weight of the 
animal remains  substantial ly unchanged. The choles terol  concentrat ion in the l iver  and blood plasma of the 
adult and old ra ts  kept on a s tandard diet was about the same. 
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TABLE 1. Secret ion of Bile Acids with Bile and Level  of Cholesterol  Frac t ions  in Blood P l a s m a  and Liver  of 
Rats  of Different  Ages Kept on Standard and Atherogenic  Diets (M * m) 

St dnd-! 

Atheto-' 
genic 

Choles- 
erol 

Cholcs - 
erol + 
bile 

tWeig" 
Diet Age[ rats , 

3i .~dttlt] 2o7-+7 
n ~ 6  

41 Did ]338 c-+ 20 

I 

Volume of 
bite, ml/  
lhO0 g/24 

4~70~0,35 

3 ,30a~0 ,25  

6 ,30•  

4 , 9 c ~ 0 , 8 4  

3,83 ~ 0,47 

4,68 • 1,12 

Quantity eli Liver cholesterol, mg]g tissue 
:bile acids, ! 
rag/100 g/24 h free esterified 

10,90--+0,42 2,11-+0,12 0,09___0,03 

10, [0~1 ,53  2, I 0 _ 0 , 1 3  0,03-4-0,06 

79,40b • 5,32 9,90b-+1,23 24,60b-+ 3,57 

36,3c_4-11,68 ~2,26 c, d .+4~,78 16,70 c, d+3 ,33  

21,0e-+ 2,59 2,384-6,42 I ,2204-0,55 

20,3f• If,Of __+3,93 13,4f4- 1,83 

total 

2,214-0,14 

2 , I04-0 ,15  

3,4464-4,45 

39,0 c 4-6,3 

3,61 4-0,77 

24,40 t4-5,74 

Plasma cholesterol, mg/100 ml 

free ] estefified I total- 

22,0~I,9 

20,04-2,2 

257,0b___ 18,~ 

324,0 c, d 4- 20,'~ 

43,00___ 7,8 

190,0 f +21 ,s 

3 1 , 0 _ 3 , 9  

38,04-3,07 

151,0b-+ 12,9 

189,0c, d ~-32,5 

21,04-6,7 

61,0f 4-7,0 

53,0_+3,8 

58,0_~3,5 

409,0b~ 27,5 

H6,O c, d+26,2 

63,0~ I0,2 

251,0f + 26,0 

Legend. Difference significant (P < 0.05) between groups:  a) 1 and 2; b) 1 and 3; c) 2 and 4; d) 3 and 4; e) 1 and 
5; f) l a n d  6. 

When the r a t s  were  kept on an a therogenic  diet, the i r  choles te ro l  concentra t ion in the l ive r  and p l a sma  
was cons iderab ly  increased .  The inc rease  affected the levels  of  both f ree  and es t e r i f i ed  choles te ro l .  The in- 
c r e a s e  in the concentra t ion of the l a t t e r  was pa r t i cu l a r l y  marked .  The hype rcho l e s t e r emia  was accompanied  
by an apprec iab le  inc rease  in bile secre t ion.  In the old r a t s  the inc rease  in the cho les te ro l  concentra t ion in the 
blood p l a sma  and l ive r  was r a t he r  g r e a t e r  than in the adult r a t s .  The inc rease  was significant for  the levels  
of  cho les te ro l  e s t e r s  and tota l  choles te ro l  in the blood p la sma .  

The b i l e - s e c r e t i n g  function of the l ive r  of the adult and old r a t s ,  kept on a normal  and art a therogenic  diet 
a lso was studied in another  s e r i e s  of expe r imen t s  in which bile was col lected for  4 h. Since the r e su l t s  of  these  
exper imen t s  ag reed  with those desc r ibed  above, detai ls  of them will not be given in this paper .  

There  is evidence in the l i t e ra tu re  of marked  dec rea se  in the excre t ion  of cho les te ro l  and bile acids  with 
the bile and feces during aging [9, 11] and a sharp  inc rease  in the i r  excre t ion  during cho les te ro l  loading [6]. 
However ,  in the invest igat ions cited above,  sexual ly  immatu re  (2-3 months old) and adult {14-18 months old) 
r a t s  were  compared .  According to the r e su l t s  of  the p re sen t  exper iments ,  the changes in bile sec re t ion  in r a t s  
in the older  age per iod  a r e  not significant.  Meanwhile, the excre t ion  of bile acids was s ignif icant ly  inc reased  
by both adult and old r a t s  kept on an a therogenic  diet. 

The inc reased  excre t ion  of bile acids with the bile was due to the p r e sence  not only of bile acids in the 
diet: but a lso  of choles tero l ,  as  the r e su l t s  of the exper imen t s  of group 5 show. 

A sharp  dec rea se  in the level  of e s t e r i f l ed  cho les te ro l  in the l ive r  of  the adult (0.09 mg/g)  and old (0.08 
mg/g)  control  r a t s  should be, noted a f t e r  excre t ion  of bile for  24 h. In the adult r a t s  undergoing the mock o p e ra -  
t ion this  index was 0.55 m g / g  [4]. These  facts conf i rm the view that  cho les te ro l  e s t e r s ,  which a r e  used  in the 
synthes is  of bile acids ,  p e r f o r m  a t r a n s p o r t  and r e s e r v e  function [4, 5, 8]. 

The absence  of di f ference in the bile s ec re t ing  function of the l iver  between the adult and old r a t s  kept on 
an ord inary  diet, obse rved  in these  exper iments ,  ag r ee s  with data of a recen t ly  published invest igat ion [12], in 
which no change was found in the cho le s t e ro l -7 -hydroxy la se  ac t iv i ty  in the l iver  of r a t s  between 18 and 24 
months old. 

Analys is  of the r e su l t s  sugges ts  that during a l imen ta ry  cho les te ro l  loading p r o c e s s e s  of cho les te ro l  e s t e r i -  
fieation, the synthes is  of bile acids ,  and the i r  excre t ion  f rom the body a re  act ivated.  If bile or  bile and 6 -me thy l -  
th iouraci l  a r e  given together  with choles te ro l ,  inhibition of bile acid synthes is  by the feedback pr inc ip le  and a c -  
cumulat ion of cho les t e ro l  e s t e r s  in the l ive r  t i s sue  and blood a re  observed .  Bile ac ids ,  whose excre t ion  with 
the bile is intensified under  these  c i r cum s t ances ,  may  pe rhaps  be predominant ly  exogenous r a t h e r  than endo- 
genous in origin.  It must  a l so  be r e m e m b e r e d  that s imul taneous  admin is t ra t ion  of bile acids  and cho les t e ro l  
leads to be t te r  absorpt ion  of the l a t t e r  in the intestine and the reby  leads to the development  Of h y p e r c h o l e s t e r -  
emia  and l ipoidosis  of the l iver .  

The higher blood cho les te ro l  level  in the old r a t s  than in the adult an imals  kept on an a therogea ic  diet is 
difficult to explain by the s ta te  of the bile sec re t ing  function of the l iver  at this age,  for  t h e q u a n t i t y  of bile acids 

148 



excreted with the bile of the old experimental animals did not differ significantly from its value in the adult 
rats.  It can only be suggested that these special features of the response of old rats to an atherogenic diet are 
connected either with increased reabsorption of bile acids in the intestine in old age or with changes in other 
pathways of cholesterol catabolism with age. 
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