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Altered  C o m p o s i t i o n  of B i l i rub in  Conjugates  in Rat Bile after O b s t r u c t i o n  of the  C o m m o n  Bile Duct  

Accord ing  to  c u r r e n t  concep t s  1-3, on ly  b i l i rub in  a n d  
b i l i r u b i n  d ig lucu ron ide  a re  t h o u g h t  of i m p o r t a n c e  in 
h u m a n  a n d  m u r i n e  bile,  a n d  u p o n  d i azo t i s a t i on  t h e y  
give r ise to  a z o p i g m e n t s  A (azobi l i rub in)  a n d  B (azobili-  
rubin- f l -D-monoglucuronide) ,  respec t ive ly .  T he  ava i l ab le  
e v i d e n c e  4 a n d  r e c e n t  s tud ie s  b y  OSTROXV a n d  MURPHY 5 
s t r o n g l y  s u p p o r t  t he  ex i s tence  of b i l i r ub in  monog lucu-  
ronide.  Ana lys i s  of a z o p i g m e n t s  o b t a i n e d  w i t h  t he  diazo- 
n i u m  sa l t s  of an i l ine  s a n d  of e t h y l  a n t h r a n i l a t e  4,7,s 
f u r t h e r  shows t h a t  severa l  o t h e r  fo rms  of b i l i rub in  con- 
j u g a t e s  exis t .  

W h e n  h u m a n  bile, o b t a i n e d  p o s t - o p e r a t i v e l y  by  'T ' -  
t u b e  d ra inage ,  was  t r e a t e d  w i t h  d iazo t i zed  e thy l  a n t h r a -  
n i l a t e  7, c o l u m n  c h r o m a t o g r a p h y  of t h e  azop i gm en t s  4,8 
y ie lded  4 d o m i n a n t  a z o p i g m e n t  groups ,  cal led ~, r ,  7 
a n d  ~, w h i c h  can  b e  f u r t h e r  s e p a r a t e d  b y  TLG 4 in to  
closely c lus te red  sub-groups .  T h i s  degree  of he t e rogene i ty  
h a s  also b e e n  d e m o n s t r a t e d  for  bi le  o b t a i n e d  f rom n o r m a l  
a d u l t s  b y  d u o d e n a l  i n t u b a t i o n  (FEvERY, u n p u b l i s h e d  
work) .  T h e  ~-group c o n t a i n s  m a i n l y  azob i l i rub in ,  whereas  
o n l y  c o n j u g a t e d  a z o p i g m e n t s  a re  p r e s e n t  in  t he  o t h e r  
g roups  4. T h e  fl a n d  7 g roups  a re  la rgely  composed  of 
h e x u r o n i c  a c i d - c o n t a i n i n g  azob i l i r ub i n  der iva t ives ,  wh ich  
res is t  p ro longed  i n c u b a t i o n  w i t h  f l-glucuronidase.  T h e i r  
c o n j u g a t i n g  moie t ies  c o n t a i n  groups  which  are easi ly  
sp l i t  off in s l igh t ly  acid m e d i a  c o n t a i n i n g  ace tone  or  
wa t e r -mi sc ib l e  a lkohols .  T he  /3- a n d / o r  7 -azop igmen t s  
m a y  co r r e spond  to  t h e  d i sacchar id ic  a z o p i g m e n t  con-  
j uga t e s  desc r ibed  b y  KUENZLI~ s. The  &group  is m a i n l y  
composed  of azobi l irubin- f l - I>monoglucuronide.  

I n  c o n t r a s t  to  this ,  t h e  a z o p i g m e n t  com pos i t i on  de r ived  
f rom n o r m a l  r a t  bi le  is d o m i n a t e d  b y  t he  ~- and  d-azo- 
p i g m e n t s  4, 7, s, t h e  (fl + y ) - azop igmen t s  a m o u n t i n g  on ly  
to  a b o u t  6 %  of t o t a l  a z o p i g m e n t  colour.  E x p e r i m e n t s  
were se t  u p  to  s t i m u l a t e  in  r a t s  t h e  b i l i a ry  exc re t ion  of  
t hose  bi le  p i g m e n t s  w h i c h  on  azo coup l ing  yie ld  t h e  
a z o p i g m e n t s  fl a n d  ~'. As desc r ibed  below,  t h i s  could  be  
ach i eved  b y  m e c h a n i c a l  or  h y d r o s t a t i c  o b s t r u c t i o n .  

Fo r  s h o r t - t e r m  o b s t r u c t i o n  (15-21 h) n o r m a l  W i s t a r  
r a t s  (R-s t ra in )  were anes t he t i z ed  w i t h  e ther .  A poly-  
e t h y l e n e  c a t h e t e r  (PE  10) was inse r ted  in t h e  c o m m o n  
bile d u c t  a n d  bi le  samples  were col lected for  6 h a t  10 
to  60 mJn in te rva l s .  The  an i m a l s  were p laced  in  a re- 
s t r a i n i n g  cage and  t h e n  t r an s f e r r ed  to  a t h e r m o s t a t e d  
p r e m a t u r e - i n f a n t  i n c u b a t o r  to  fac i l i t a te  r ecove ry  of 
37.8 °C b o d y  t e m p e r a t u r e t  R a t s  h a d  free access to  wate r .  
B o d y  t e m p e r a t u r e ,  wh ich  i m m e d i a t e l y  a f t e r  a n e s t h e s i a  
was  a b o u t  33.5°C, t h e n  g radua l ly  rose w i t h i n  3 - 4 h  t o  
n o r m a l  va lues .  W h e n  t he  b o d y  t e m p e r a t u r e  h a d  s t ab i l i zed  
a t  37.8°C ( ±  0.1°C) bi le  was  col lected for  2 success ive  
o n e - h o u r  per iods  to  serve  as  a cont ro l .  T h e  free end  of 
t h e  c a t h e t e r  was  e l eva ted  to  o b t a i n  a h y d r o s t a t i c  p ressure  
(23-24  c m  wate r )  suff ic ient  to  c o u n t e r a c t  bi le  secre t ion .  
Af te r  15-21 h t h e  c a t h e t e r  was  b r o u g h t  d o w n  a n d  bi le  
col lec ted  f r ac t iona l ly  for  6 h. 

Fo r  o b s t r u c t i o n  of longer  d u r a t i o n  (2 or  4 d) t h e  
ca the te r ,  a f t e r  in se r t ion  in t h e  c o m m o n  bile duct ,  was  
cu t  a t  a l e n g t h  of 5 cm a n d  sealed a t  the  end  b y  hea t ing .  
I t  was  t h e n  inse r t ed  s.c. in t he  a b d o m i n a l  wal l  a n d  t h e  
r a t  a l lowed  to  r e sume  n o r m a l  act ivi t ies .  Af te r  2 or  4 
days ,  t h e  c a t h e t e r  was ex ter ior ized  u n d e r  l ight  e t h e r  
a n e s t h e s i a  a n d  t h e  r a t  immobi l i zed  in a r e s t r a in ing  cage 
p l aced  in  t h e  i n c u b a t o r .  Af ter  n o r m a l i s a t i o n  of t he  b o d y  
t e m p e r a t u r e ,  t h e  end  of t he  c a t h e t e r  was  cu t  off a n d  bi le  
co l lec t ion  s t a r t ed .  

To d e t e r m i n e  t h e  c o n j u g a t e d  bi le  p igment s ,  a l i quo t s  
of t h e  b i le  s amp le s  were  t r e a t e d  w i t h  d iazot ized  e t h y l  
a n t h r a n i l a t e  4,7 a n d  t h e  a z o p i g m e n t s  s epa ra t ed  b y  T L C ~. 

The  s e p a r a t e d  a z o p i g m e n t s  were r e m o v e d  f rom t h e  
p l a t e s  w i t h  m e t h a n o l  a n d  q u a n t i t a t e d  p h o t o m e t r i c a l l y  4. 

t n  n o n - o b s t r u c t e d  ra ts ,  b i le  p i g m e n t  c o m p o s i t i o n  grad-  
ua l ly  c h a n g e d  as  t h e  b o d y  t e m p e r a t u r e  rose, to  r e a c h  
s t e a d y  va lues  once  t h e  t e m p e r a t u r e  of t h e  a n i m a l s  was  
n o r m a l i z e d :  ~, 19.4 ± 1 .0% ; fl -}- y, 6.0 ~ 1,1% ; 6, 72.1 4- 
2 .3% (average  va lues  4 - S . D . ;  n = 4). As s h o w n  in t he  
Figure ,  s h o r t - t e r m  o b s t r u c t i o n  caused  a p r o n o u n c e d  
increase  in  t he  p e r c e n t a g e s  of t he  ( f l +  7) a z o p i g m e n t  
f r ac t ion  to  35.1 ± 5 .7% (average  v a l u e  ± S.D. ;  n = 3) 
of t o t a l  a z o p i g m e n t  co lour  i m m e d i a t e l y  a f t e r  r e l i ev ing  
t he  obs t ruc t i on .  A z o p i g m e n t  c o m p o s i t i o n  t h e n  g r a d u a l l y  
r e t u r n e d  to  p r e - o b s t r u c t i o n  values .  I n  t h e  d i a g r a m  t h e  
r -  a n d  7 - a z o p i g m e n t s  are  p l o t t e d  as t h e i r  sum,  as t h e  
changes  of b o t h  p i g m e n t  g roups  pa ra l l e l ed  e a c h  o t h e r  
v e r y  closely. Essent ia l ly .  i den t i ca l  p a t t e r n s  were o b s e r v e d  
in r a t s  o b s t r u c t e d  for  2 or  4 d a y s  w i t h  t h e  i m m e d i a t e  
p o s t - o b s t r u c t i o n  v a l u e s  of t h e  (fl + 7) f r ac t i on  a m o u n t i n g  
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Bile pigment composition of the bile of Wistar rats (R-strain) 
before (CP) and after hydrostatic obstruction (POP) of the common 
bile duct. Average values -4- 1 S.D. obtained with 3 rats are given. 
During the experiments the body temperature of the rats was 
controlled at 37,84-0.1°C, After obtaining two 1-h-control col- 
lections (CP; the nlean values were averaged to obtain the control 
points) hydrostatic obstruction was maintained for 15-21 h (OP). 
After relieving the obstruction (POP) bile was collected for 6 h at 
10 to 60 min intervals. 
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Bile pigment compositidn and flow characteristics of bile of Wistar R-strain rats before and after obstruction of the common bile duct 

Rat No. Interval Bile flow Concentrationof Bihary output (nmol/min/100 g body wt.) 
of bile (txl/min/100 g CB/(mM) 
collection body wt.) CB Azopigmcnts 
(min) o¢ 

1 (body wt. 343 g; 
liver wt. 12.2 g) 
Non-obstructed 
After obstruction 

2 (body wt. 379 g; 
liver wt. 12.8 g) 
Non-obstructed 
After obstruction 

3 (body wt. 392 g; 
liver wt. 13.0 g) 
Non-obstructed 
After obstruction 

0-120 3.50 0,385 1.35 0.269 0.093 0.94 
0- 10 8.8 0.98 8.6 0.89 2.51 4.96 

10- 22 9.8 0.91 8.9 0.80 2.60 5.30 
22- 30 7,3 0.81 5.91 0.61 1.53 3.60 
30- 60 3.90 0.92 3.59 0.408 0.87 2.21 
60- 90 2.90 0.443 1.29 0.182 0.313 0.74 
90-120 2.90 0.282 0.82 0.140 0.188 0.452 

120-180 2.90 0.230 0,67 0.106 0.132 0.395 
180-240 2.90 0.168 0,487 0.091 0.086 0.279 
240-300 2.90 0,144 0,418 0.076 0.077 0.238 
300-360 2,40 0,130 0.312 0.055 0.058 0.186 

0-120 4.00 0,308 1.23 0.230 0.060 0.92 
0- 10 13.2 1.03 13,6 0.85 5.49 6.9 

10 20 9.3 1.64 15.3 0.94 6.1 7.9 
20- 30 6,6 1.71 11.3 0.82 4.22 5.95 
30 60 5.10 1.11 5.66 0.538 2.04 2.92 
60- 90 3.50 0.93 3.26 0.406 1.09 1.66 
90-120 3.50 0.418 1,46 0.213 0.414 0.78 

120-180 3.50 0.400 1.40 0.217 0.325 0.80 
180-240 4.40 0,338 1.49 0.295 0.292 0.85 
240-300 4.00 0.352 1.41 0.309 0.216 0.85 
300-360 3.50 0.366 1.28 0.293 0.181 0.77 

0-120 3,70 0,298 1.10 0.218 0,053 0.81 
o- 10 12.8 0.87 11.1 0,99 3.99 5.58 

10- 20 10.2 1.15 11.7 0,95 3.85 6.07 
20- 30 5.10 1,72 8.8 0.86 2.66 4.39 
30- 60 4.30 1.09 4.69 0.536 1.32 2.33 
60- 90 4,30 0.83 3.57 0.406 0.85 2.04 
90-120 3.40 0.366 1.24 0.162 0.254 0.71 

120-180 4.30 0,297 1.28 0.182 0.238 0.81 
180 240 4.00 0.347 1.39 0.230 0.204 0.91 
240-300 3.80 0.300 1.14 0.189 0.142 0.77 
300-360 3.80 0,277 1.05 0.176 0.123 0.72 

Obstruction was for 15-21 h. CB denotes conjugated bilirubin, 

t o  28 .9=[ :3 .1% (ave rage  v a l u e  ± S . D . ;  n .... 4) a n d  
2 8 . 5 - 2 9 . 6 %  (n = 2), r e spec t i ve ly .  R e t u r n  to  n o r m a l  
o c c u r r e d  a t  a s l i gh t ly  l ower  r a t e  t h a n  in  t h e  o b s t r u c t i o n  
e x p e r i m e n t s  of  s h o r t e r  d u r a t i o n .  

A s  s h o w n  in t h e  T a b l e  b o t h  t h e  v o l u m e  f low a n d  bi le  
p i g m e n t  o u t p u t  a r e  m a r k e d l y  i nc reased  a f t e r  r e l i ev ing  
t h e  o b s t r u c t i o n .  O b v i o u s l y ,  c o n s i d e r i n g  t h e  b o d y  w e i g h t  
o f  t h e  a n i m a l s  t e s t e d  (Table) .  a f lu id  v o l u m e  a b o u t  e q u a l  
t o  t h e  t o t a I  e x p e c t e d  b i t i a ry  t r ee  v o l u m e  ~0 h a s  b e e n  
r e l ea sed  o v e r  t h e  f i r s t  4 - 5  m i n  a f t e r  r e l i ev ing  t h e  ob -  
s t r u c t i o n .  

S e p a r a t e  c a n n u l a t i o n  of  t h e  2 l e f t - h a n d - s i d e  l iver  lobes  
w a s  t r i e d  in 2 r a t s  a n d  succes s fu l l y  a c h i e v e d  in  one  r a t  
only .  T h e  c a n n u t a  w a s  t i ed  off  a n d  i n s e r t e d  s.c, A f t e r  
7 2 h, o b s t r u c t i o n  w a s  re l ieved  a n d  bile col lected s e p a r a t e l y  
f r o m  t h e  o b s t r u c t e d  a n d  n o n - o b s t r u c t e d  lobes.  As  d e m o n -  
s t r a t e d  b y  T L C  t h e  a z o p i g m e n t  p a t t e r n s  f r o m  t h e  lobes  
w h i c h  h a d  b e e n  o b s t r u c t e d  s h o w e d  a r e l a t i ve  i nc rease  of 
t h e  ( f l + y l  a z o p i g m e n t  f rac t ion ,  w h e r e a s  bi le  o b t a i n e d  
f r o m  t h e  o t h e r  lobes  did no t .  T h i s  e x p e r i m e n t  s u g g e s t s  
t h a t  t h e  bi le  p i g m e n t s  w h i c h  y ie ld  8- a n d  y - a z o p i g m e n t s  
u n d e r  t h e  c o n d i t i o n s  de f ined  in  t h e  p r e s e n t  work ,  a re  
p r o d u c e d  in t h e  l iver  a n d  n o t  in e x t r a h e p a t i c  t i s sue ,  

T e m p o r a r y  o b s t r u c t i o n  of  t h e  b i l e  d u c t  in r a t s  is 
t h e r e f o r e  a n  e a s y  m e t h o d  for  s t i m u l a t i n g  t h e  f o r m a t i o n  

of  t h o s e  bi le  p i g m e n t s  w h i c h  u p o n  azo  c o u p l i n g  y ie ld  
t h e  8- a n d  y - a z o p i g m e n t s .  T h e i r  m e c h a n i s n l  of  s e c r e t i o n  
is a t  p r e s e n t  u n d e r  i n v e s t i g a t i o n .  I t  is e x p e c t e d  t h a t  s u c h  
s t u d i e s  m a y  lead  t o  a b e t t e r  u n d e r s t a n d i n g  of  t h e  
p a t h o l o g y  of o b s t r u c t i v e  j a u n d i c e  in m a n .  

Rdsumd. C h a n g e m e n t  de la  c o m p o s i t i o n  des  p i g m e n t s  
b i l ia i res  de la  bi le  de  r a t  ap r~s  o b s t r u c t i o n .  L ' o b s t r u c t i o n  
des  vo les  b i l i a i res  chez  le r a t  W i s t a r  m ~ n e / z  la  f o r m a t i o n  
de  p i g m e n t s  b i l ia i res  d o n n a n t  p a r  d i azo - r6ac t i on  des  azo-  
p i g m e n t s  ( j u s q u ' ~  35~o de  la c o u l e u r  to ta l e )  q u i  d i f f e r e n t  
de l ' a z o b i l i r u b i n e  e t  de l'azobilirubin-8-D-monoglucuro- 
nide.  
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