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BILE SECRETORY FUNCTION OF THE LIVER IN BIRDS OF 

DIFFERENT AGES WITH EXPERIMENTAL ATHEROSCLEROSIS 
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and P. S. Lyashehenko 

The b i l e - s e c r e t o r y  function of the l ive r  under  no rma l  conditions and in exper imen ta l  a the ro -  
s c l e r o s i s  produced by adminis t ra t ion  of choles te ro l  was studied in exper imen t s  on young (3-4 
months old) and adult (30-36 months old) hens of the Russian White breed.  During natural  
aging a dec r ea s e  in the total  and f r ee  choles te ro l  concentrat ions in the blood s e r u m  and in 
the b i l e - s e c r e t o r y  function of the l i ve r  was observed.  These indices were  r a i sed  during ad-  
min i s t ra t ion  of cho les te ro l  and a the rosc le ro t i c  changes developed in the aorta .  The s eve r i t y  
of these  changes com pa red  with normal  was g r e a t e r  in the adult than in the young expe r i -  
mental  b i rds .  

KEY WORDS: exper imenta l  a the rose l e ros i s ;  age; bi le  acids; choles terol ;  l iver .  

Dis turbances  of the me tabo l i sm,  s t ruc tu re ,  and function of the l i ve r  play an impor tan t  ro le  in the patho-  
genes is  of a t h e r o s c l e r o s i s  [2, 8, 11]. 

Changes in the b i l e - s e c r e t o r y  function of the l iver  were  studied in b i rds  of di f ferent  ages  under  normal  
conditions and with exper imenta l  a t h e r o s c l e r o s i s  caused by chronic choles te ro l  loading. 

E X P E R I M E I ~ T A  L M E T H O D  

Exper iments  were  c a r r i e d  out in the fal l  and winter  on hens of the Russian White b reed  of two ages:  3-4 
months (the hens begin to lay at the age of 5-6 months) and 30-36 months (laying, which had ceased  because  of 
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T A B L E  i. S e c r e t i o n  and C h e m i c a l  C o m p o s i t i o n  of  B i l e  f r o m  Young Hens  u n d e r  N o r m a l  
Cond i t i ons  and a f t e r  A d m i n i s t r a t i o n  of  C h o l e s t e r o l  f o r  2 Months  (M • m) 

Hours of secretion 

1-st 

2- nd 

3-nd 

4-th 

Total for 4 h 

Total for 4 h calculated per kg 
body weight 

Control (n = 6) 
Volume of [ Cholesterol 

i 
[ mg 

2,002-+0,34 

1,46----- 0,23 

1,5t=0,I0 

1,46=0,11 

6.4420,50 

6,83~ 0,32 

Bile acids, 
mg 

Experiment (n = 8) 
Volume of Cholesterol,I Bile acids, 

rag I mg 

2,862 0,25 

2,6820,18 
P<0,01 

2,39=0.24 
P<0,01 

2,4720,29 
P <0,05 

10,422 0,48 
P<O,O01 

8,022 0,40 
P <0,05 

bile, ml 

1,002 0,07 

0,8120,05 

0,7620,03 

0,72~-0,06 

3,30+---0,11 

4,66~0,27 

8,D9 + 0,92 

6,4621,I5 

5,2420,78 

3,88+0,62 

21,16 ~ -- 1, I I 

30,08• 2,58 

bile, ml 

1,9120,20 
P<O,OI 

1,88• 0,09 
P<0,001 
1,7720,I5 
P <0,001 

1,9320,21 
P<0,0Ol 

7,5120,43 
P<O,OOI 

5,66+0,27 
P <0,05 

10.79• 

10,56+0,56 
P<0,5 

8,89--+ 1,3! 

8,292 0,86 
P<0,0! 

38,54-----2,80 
P<0,01 

29,012 1,74 

Legend .  H e r e  and in  T a b l e  2 P d e n o t e s  s i g n i f i c a n c e  of d i f f e r e n c e  b e t w e e n  c o n t r o l  and 
e x p e r i m e n t .  

T A B L E  2. S e c r e t i o n  and C h e m i c a l  C o m p o s i t i o n  of  Bi le  f r o m  Adul t  Hens u n d e r  N o r m a l  
Cond i t ions  and a f t e r  A d m i n i s t r a t i o n  of  C h o l e s t e r o l  f o r  2 Months (M • m) 

Volume Control (n = i0) Experiment (n = 7). 
Hours of secretion of Cholesterol, Bile acids, Volume of Cholesterol Bile acids, 

bile, ml bile, ml- mg mg 

1- S t  

2-nd 

3-rid 

4-th 

Total for 4 h 

Total for 4 h calculated per kg 
body weight 

0,91--0,11 

0,68----- 0,09 

0,62--+ 0,10 

0,5520,09 

2,77+0,28 
P1 <0,1 

1,39-+-0,22 
PI<0,001 

mg mg 

1,66---0,28 4,45~-0,81 1,8l~-0,09 2,44~0,09 !4.03= 1.25 
Px<0,01 P<0,001 P<0,05 P<0,001 

1,17-~0,19 4,03+0,90 1,38--0.2t 2,00• 9,49+ 1,86 
P o<0,05 P<0,05 P<0,05 

1,09~- 0,t7 2,96=0,80 1,18+0,12 1,66-~0,21 7,592 1,31 
P1<0,05 PI<0,1 P~<0,01 P<0,05 

P<0,01 
0,9720,23 2,88• 1,27+0,1I 1,71~0,12 6,70~- 1,13 
PI<0,1 P<0,01 P<0,05 P<0,05 

P2<0,04 
4,91-----0,65 14,64--2,05 5,69-----0,39 7,83~0,57 37,82-----5,29 
Pl<0,1 Pl<0.02 P<0,001 P<0,05 P<0,01 

P~<O,O1 P2<O,OI 
2,65+---0,34 7,90"+" 1,04 4,51"+'0,90 6,28-+-0,37 30,1723,87. 
PI<O,O01 Px<O,Ot P<O,O01 P<O,O01 P<O,O01. 

P~<O,OI P,,<O,OI 

Legend:  Pi)  S ign i f i c ance  of age  d i f f e r e n c e s  in n o r m a l  s t a t e ;  P2) s i g n i f i c a n c e  of age  d i f -  
f e r e n c e s  in  a t h e r o s c l e r o s i s .  

the  age of the  b i r d s  and the t i m e  of y e a r ,  was  not  a r t i f i c i a l l y  s t i m u l a t e d ) .  E x p e r i m e n t a l  a t h e r o s e l e r o s i s  was  
p r o d u c e d  in 8 of  the  14 b i r d s  of  the  1s t  and 7 of the  17 b i r d s  of the  2nd age g roup  by g iv ing  c h o l e s t e r o l  by  
mouth  d a i l y  fo r  2 mon ths  a s  a 50% e m u l s i o n  in  s u n f l o w e r  o i l  in a dose  of 2 g of  the  p r e p a r a t i o n / k g  body weight .  
The r e s t  of the  hens  w e r e  k e p t  on a n o r m a l  d ie t .  The  b lood  c o n c e n t r a t i o n s  of t o t a l ,  f r e e ,  and e s t e r i f i e d  c h o -  
l e s t e r o l  of  a l l  the  b i r d s  w e r e  d e t e r m i n e d  [16]. In an  acu te  e x p e r i m e n t  a f i s t u l a  was  f o r m e d  in the  ga l l  b l a d d e r  
[5] and the  b i l e  duc t s  w e r e  s i m u l t a n e o u s l y  l i ga t ed .  S a m p l e s  of b i l e  w e r e  t a k e n  e v e r y  h o u r  f o r  4 h. C h o l e s t e r o l  
[6] and b i l e  a c i d s  [4] w e r e  d e t e r m i n e d  in  the  b i l e .  A t  the end of the  e x p e r i m e n t  a l l  the  b i r d s  w e r e  k i l l e d  by 
e xs angu ina t i on .  The  a o r t a  was  r e m o v e d ,  opened  l ong i tud ina l l y ,  s t a i n e d  in toto wi th  Sudan EI - IV  so lu t ion  [9], 
and the  d e g r e e  of s e v e r i t y  of the  a t h e r o s c l e r o t i c  l e s i o n s  was  d e t e r m i n e d  by  d i r e c t  p l a n i m e t r y  [1]. A l l  the  
n u m e r i c a l  d a t a  w e r e  s u b j e c t e d  to s t a t i s t i c a l  a n a l y s i s  [7]. 

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 e x p e r i m e n t s  showed  tha t  n o r m a l l y  the  b lood  l e v e l s  of t o t a l  (127 • 9 mg%) and f r e e  (50 • 3 mg%) 
c h o l e s t e r o l  w e r e  h i g h e r  in the  young b i r d s  than  in the  adu l t s  (102 • 6 and 32 • m g % ,  r e s p e c t i v e l y ;  P < 0.05). 

Keep ing  the  b i r d s  on an a t h e r o g e n i c  d i e t  l e d  to  a m a r k e d  i n c r e a s e  in  the  b lood  c h o l e s t e r o l  l e v e l ,  l a t e r  
in  the  adu l t s  than  in  the  young  hens .  A t  the  end of  the  e x p e r i m e n t s ,  f o r  i n s t ance ,  the  c o n c e n t r a t i o n s  of  t o t a l  
(209 • 31 rng %) and f r e e  (91 • 10 mg %) c h o l e s t e r o l  w e r e  l o w e r  in  the  young hens  than  in  the  adu l t s  (408 • 52 
and 143 • 1 7 m g % ,  r e s p e c t i v e l y ;  p < 0.02). 
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Data showing the volume of bile secre ted  and the concentrat ions of choles terol  and bile acids in it for  
the young and adult hens under normal  conditions and with a therosc leros is  respect ively are  given in Tables 
1 and 2. Clearly more  bile was secre ted  by the normal  young birds than by the normal  adult hens and it con-  
tained more  cholesterol  and bile acids. This is c lear ly  revealed by calculating these indices per  unit of body 
weight. 

Administrat ion of cholesterol  was accompanied by a marked increase  in the volume of bile secre ted  by 
all the experimental  hens and in the quantity of cholesterol  and bile acids in it. The quantity of bile acids 
s e c r e t e d  during the experiment,  expressed per  kg body weight, was about the same for the young experimental  
birds as for  the adults. Meanwhile, the bile of the adult hens contained less  choles terol  ~han that of the young 
hens. 

Macroscopic sudanophilic changes in the intima of the aorta were found in the control group only in the 
hens of the older  age group. They were found in 8 of the 10 birds of this group, in which they occupied an av- 
erage of 1.9% of the a rea  of the intima of the aorta  and they corresponded in shape and localization to spon- 
taneous lesions in the aorta  of birds descr ibed by other  workers  [!5, 18]. In the experimental  group a thero-  
sclerot ic  lesions were found in both young and adult birds.  Of the 8 young hens investigated, plaques were seen 
macroscopica t ly  in only 3. They appeared as whitish elevations above the intima and were situated chiefly in 
the arch and thoracic par t  of the aorta, where they occupied an a rea  of 1 to 12% (mean 2.4%) and stained red 
with Sudan III-IV solution. In the experimental  birds of the older age group a therosclerot ic  lesions were found 
more  often (in 6 of 7 cases) and they occupied a l a rger  area  of the intima of the aor ta  (from 7 to 80%, mean 
23.4%) than in the young birds.  

Other workers  have also observed a decrease  in the blood cholesterol  concentration [10], a decrease  in 
the rate  of synthesis  of cholesterol  and bile acids in the l iver  t issue,  and a decrease  in their  excret ion [13, 
14, 17] in birds with age. 

The increase  in the b i l e - s ec r e to ry  function of the l iver  and in the excret ion of bile acids and s terols  
with the feces during al imentary cholesterol  loading [12, 13] are  probably a compensatory  react ion to the 
excessive intake. The lower blood cholesterol  level in the young experimental  hens than in the adults is in 
harmony with its g r ea t e r  excret ion with the bile in the former .  Meanwhile the quantity of bile acids excreted 
with the bile was about the same in the young and adult hens with experimental  a therosc leros is .  It can be 
postulated that the absence of a paral le l  between the degree of hypercholes te remia  and the quantity of bile 
acids excreted with the bile is connected to some extent with their  increased reabsorpt ion in the intestine of 
the birds of the older age group. 

Although the increased  bile secret ion in a therosc le ros i s  is interpreted as a compensa tory  react ion of 
the body, it must  not be forgotten that with an excessive intake of cholesterol  with the diet the increased se -  
cre t ion of bile could resul t  in bet ter  absorption of cholesterol  in the intestine and it could therefore  be a con- 
t r ibutory factor  to the genesis of the hypercholes te remia  and a therose leros is .  Divergence of the changes in 
the blood cholesterol  concentrat ion and in the b i l e - s ec re to ry  function of the l iver during physiological aging 
(a decrease) and during the development of experimental  a therosc le ros i s  (an increase) will be noted. This 
fact  conf i rms the view of Gorev et al. [3] that age changes and a therosclerot ic  changes in the organism are 

not identical. 
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A dec rea se  in the r a t e  of co r t i cos t e rone  synthes is  by adrenal  s l ices  and a d e c r e a s e  in cy to -  
p l a smic  dehydrogenase  act ivi ty of the adrenal  cel ls  were  obse rved  in male  r a t s  48 h a f te r  
pa r t i a l  hepatec tomy,  when the level  of s t e ro id  me tabo l i sm in the l iver  was low, compa red  
with the si tuation in an imals  undergoing a mock  operation.  The changes found a re  the r e -  
sult  of dep re s s ion  of cen t ra l  mechan i sms  of s t r e s s  as a r e su l t  of the lowered s te ro id  m e -  
t abo l i sm.  In t raper i tonea l  injection of CC14 into r a t s  in a dose of 0.1 ml /100  g body weight 
at these  s ame  t imes  led to a marked  inc rease  in s te ro id  product ion in the adrenal  t i s sue  
and act ivat ion of NAD-dependent cy top lasmic  dehydrogenases .  The ro le  of toxic damage  to 
the glands in the changes in the functional s ta te  of the adrenocor t i ca l  ce i l s  is d iscussed .  

KEY WORDS: CC14; pa r t i a l  hepatec tomy;  adrenals ;  dehydrogenases ;  co r t i cos te ro ids .  

Acute and chronic  l ive r  d i s ea se s  a re  accompanied by changes in adrenal  function [6, 7]. However,  the 
p rob l em of whether  these  changes a r e  the resu l t s  of indi rec t  inhibition of the adrenal  glands through the de-  
p r e s s i o n  of s te ro id  me tabo l i sm  o r  the r e su l t  of d i rec t  toxic injury to the adrenal  cor tex  sti l l  r ema ins  un- 
solved [9]. 

In this invest igat ion a c o m p a r a t i v e  analys is  was made of the s teroid  producing function of the adrenals  
and of ce r t a in  m e c h a n i s m s  of i ts  energy  prov is ion  in an imals  with mechanica l  and toxic l i ve r  damage.  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on four  groups of noninbred ma le  albino ra t s  weighing 150-200 g. Under 
e the r  anes thes ia  l apa ro tomy  was p e r f o r m e d  on the animals  of group 1, pa r t i a l  hepa tec tomy by the method of 
Higgins and Anderson on the ra t s  of group 2, the r a t s  of group 3 rece ived  an in t raper i tonea l  injection of CC14 
in a dose of 0.1 ml /100  body weight, and the r a t s  of group 4 acted as the control .  All manipulat ions were  c a r -  
r ied  out between 9 and 11 a.m. The animals  we re  decapi ta ted 48 h la ter .  The adrenals  were  removed,  f reed  
f r o m  connect ive t i s sue  in the cold, cut into four  pa r t s ,  and incubated in a Warburg  appara tus  in Krebs  - R i n g e r -  
phosphate buffer  with 20 mM glucose at 37~ in an a tmosphere  of 02. The concentra t ion of l l - h y d r o x y c o r -  
t i cos te ro ids  ( l l -BCS)  in the p l a s m a  and incubation samples  was de te rmined  f luo romet r i ca l ly  [12]. The t r a n s -  
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