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T h e  Effect  of  E x o g e n o u s  C o n j u g a t e d  B i l i rub in  on the  U r i n a r y  E x c r e t i o n  of U n c o n j u g a t e d  14C-Bill-  
rub in  by the  G u n n  Rat  ~ 

In  man,  and  in several  an imal  species, uncon juga ted  
bi l i rubin (UB) is rap id ly  conjuga ted  as the  diglucuronide 
(CB) or p i g m e n t  I I  ~. A monoglucuronide  or  p i g m e n t  I 
has  also been  descr ibed 3,4 bu t  it  is now considered as an 
equimolecular  complex  of Ut3 and  CB 5. I n t r a v e n o u s  inj ec- 
t ion of UB increases the  concen t ra t ion  of p igmen t  13,5 or 
of U B  ~ in t he  bile. I t  has  no t  ye t  been clarified wh e t h e r  
hydrolis is  of CB occurred or the  complex  was formed.  As 
far as we know, no evidence has  been p resen ted  on the  
in vivo syn thes i s  of such a complex.  The d a t a  repor ted  
in th is  paper  suppor t  the  exis tence of the  complex.  

We  have  used the  Gunn  ra t  as expe r imen ta l  model,  
due to  its congeni ta l  defect  of g lucuronoconjugat ion  ~ and  
despi te  the  fact  some CB has  been  observed in bile s. Tile 
u r ina ry  excre t ion  of labelled U B  i n  Gunn  ra ts  wi th  bile 
duc t  l igat ion and in jec ted  wi th  unlabel led CB was s tudied.  
Since CB is select ively excre ted  in urine, the  increase of 
labelled U B  in urine af ter  the  in ject ion of unlabel led CB, 
has  been t aken  as evidence of complex  fo rmat ion  (Figure 1). 

Methods .  Label led UB was ob ta ined  in 2 ways :  (a) by  
in jec t ing  14C-ALA (d-aminolevulinic acid-4-14C hydro-  
chloride, CEA, France) s.c. in 6 Gunn ra ts  as a single 
dose (5 microcuries per  animal) and, (b) by  i.v. inject ion 
of ~C-bi l i rubin in 27 Gunn  ra ts  (100-145 tzg, specific 
ac t iv i ty  2000-3200 DPM/~zg) crystal l ized f rom bile s of 
no rma l  ra t s  in jec ted  wi th  ~4C-ALA. Some of the  ra t s  
also received di f ferent  quant i t i es  of CB (100-2200 ~zg) in 
the  form of bile f rom normal  ra t s  in jec ted  wi th  UB i.v. 

The animals  were allowed access to 5 % glucose solut ion 
ad l ib i tum and placed in res t ra in ing cages. Ur ine  and  
blood were col lected dur ing 6-24 h and  a t  the  end of  the  
e x p e r i m e n t  respect ively.  Ur ine  and  serum samples  were 
s tored  a t  - -15~  unt i l  analyzed.  De t e rmina t i ons  of 
u r inary  bi l i rubin  10 and  of se rum bil irubin n were carried 
out  in a D U  B eckman  spec t ropho tomete r .  Crystall iza- 
t ions  of b i l i rubin  and measu remen t s  of r ad ioac t iv i ty  in 
a Packa rd  Tri Carb Liquid  Scint i l la t ion Spec t romete r  
were pe r fo rmed  as descr ibed 7,s. P a p e r  c h r o m a t o g r a p h y  
of d iazot ized samples  of urine were carried out~2; the  
samples  were concen t ra t ed  to a small  volume ~s and  the  
azop igments  purif ied as reportedX~. Reverse  phase  par t i -  
t ion  c h r o m a t o g r a p h y  of pooled urine samples  was also 
pe r fo rmed  ~5 and  the  p igmen t s  e luted f rom tile column, 
d iazot ized and  then  c h r o m a t o g r a p h e d  on paper .  Azo- 
p igmen t s  spots  were finally e luted f rom paper  w i th  1.5% 
HC1 (v/v), ex t r ac t ed  in bu tano l  is, the  specific ac t iv i ty  
measured  and  compared  to t h a t  of serum azopigments .  

Resul t s .  In  the  Gunn  rats ,  in jec ted  s imul taneous ly  wi th  
14C-ALA and unlabel led CB, a s ignif icant  increase of 
rad ioac t ive  u r inary  bi l i rubin ( P < 0 . 0 1 )  and of to ta l  
u r inary  bi l i rubin were observed (Figure 2 and Table). 

In  the  exper imen t s  where  ~C-bi l i rubin and unlabelled 
CB were admin i s t e red  s imul taneously ,  u r inary  radio- 
ac t iv i ty  and to ta l  b i l i rubin  were b o t h  also increased. 
Animals  receiving 14C-bilirubin and  CB excre ted  3.3% 
(S.D. 4- 0.8) of t he  dose af ter  6 h and  7.1% (S.D. 4- 0.8) 
af ter  21 h. These values  are more  t h a n  twice those  ob- 
served in control  rats,  the  differences being s ta t is t ica l ly  
s ignif icant  (P  < 0.001). Crystal l izat ion of bi l i rubin f rom 
urine collected in pa i red  exper iments ,  revealed t h a t  ~C- 
bi l i rubin excre t ion  was increased 2-5 t imes  in ra ts  inj ected 
wi th  CB. W h e n  CB -was given in the  form of bile samples 
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Fig. 1. Diagram showing the theoretical explanation for which 
evidence is presented regarding the effect of CB on labelled UB 
excretion in the urine of Gunn ligated rats. 
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Fig. 2. Urinary excretion of total bilirubin and radioactivity in 
bilirubin, in Gunn rats with bile duct ligation and injection of 
laC-ALA. 0, Gunn rat injected with unlabelled CB; (3, control Gunn 
rat; the arrow indicates the thne of injection. 
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Effect of CB on the urinary excretion of bilirubin by Gunn rats with 
bile duct ligation and injection of laC-ALA 

Rat CB injected Interval of Urinary 
(~xg/100 g) collection (h) bilirubin 

(txg/100 g) 

Radioactivity 
in bilirubin 
(DPM/100 g) 

1210 
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5080 
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5480 
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2 - 9 4 
3 - 9 11 
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6 350 9 42 
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Fig. 3. Urinary excretion of total bilirubin and radioactivity as a 
percent of dose, in Gunn rats with bile duct ligation and injection 
of bile samples containing constant amounts of bile salts and dif- 
ferent concentrations of CB: A, injection of 30 tzg; O, injection of 
130 ~.g; O, injection of 500 Ixg. 
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Fig. 4. Chromatography of diazotized urine collected from a Gunn 
rat with bile duet ligation that received 14C-bilirubin and CB. 
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c o n t a i n i n g  c o n s t a n t  a m o u n t s  of bile sa l ts  16 and  d i f fe ren t  
c o n c e n t r a t i o n s  of CB, u r i n a r y  r ad ioac t iv i t y  and  b i l i rubin  
were fo u n d  to be a f u n c t i o n  of the  dose of CB (Figure  3). 

C h r o m a t o g r a m s  of d iazot ized  ur ine  s amp le s  of r a t s  
t h a t  rece ived  CB showed  a z o p i g m e n t s  A and  B;  s c a n n i n g  
of the  p ap e r  s t r ips  revea led  a m a j o r  peak  of r a d i o a c t i v i t y  
over  a z o p i g m e n t  A (Figure  4). Af te r  pur i f i ca t ion  of azo- 
p i g m e n t s ,  100% of r ad ioac t i v i t y  was  assoc ia ted  to  azo 
A spot .  Rev e r se  p h a s e  pa r t i t i on  c h r o m a t o g r a p h y  of 
pooled ur ine  s am p le s  f rom ra t s  in jec ted  wi th  b o t h  ~C- 
b i l i rubin  a n d  un labe l led  CB d e m o n s t r a t e d  t he  p resence  
of b i l i rubin ,  p i g m e n t  I and  p i g m e n t  II .  W h e n  eluted,  
d iazot ized an d  c h r o m a t o g r a p h e d  on paper ,  t h e y  gave  
respec t ive ly  a z o p i g m e n t  A; A + B, and  B p lus  an  o range  
spo t  p r o b a b l y  co r r e spond ing  to wate r - so lub le  ca t abo l i t e s  
(Figure  5). Ra t i o  of specific a c t i v i t y  be tween  azo A a n d  
B spo t s  f r o m  bi l i rubin  a n d  p i g m e n t  I I  respec t ive ly ,  a n d  
be tween  azo A a n d  B spo t s  f rom p i g m e n t  I, was  3:1  
in b o t h  cases.  Ur ine  s a m p l e s  f rom cont ro l  a n i m a l s  also 
showed  a z o p i g m e n t s  A and  B on pape r  c h r o m a t o g r a p h y ,  
b u t  the  specific a c t i v i t y  of a z o p i g m e n t  A was  v e r y  m u c h  
lower t h a n  in r a t s  in j ec ted  w i th  CB, t he  di f ferences  be ing  
equa l  to t h a t  of t4C-bilirubin excret ion.  Specific a c t i v i t y  
of azo A spo t s  s e p a r a t e d  b y  pape r  c h r o m a t o g r a p h y  of 
s e r u m  samples ,  and  r a d i o a c t i v i t y  in to t a l  s e r u m  bi l i rubin  
were s imi la r ly  lower in t he  cont ro l  group.  

F ina l ly ,  in a couple  of pa i red  e x p e r i m e n t s  w i th  r a t s  
rece iv ing  or n o t  CB, chemica l  pa r t i t i on  of s e r u m  direct-  
r eac t ing  p i g m e n t s  17, revea led  more  t h a n  twice of p i g m e n t  
I in the  t r e a t ed  group.  

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  CB is able to 
increase  u r i n a r y  excre t ion  of r ad ioac t ive  U B  in the  G u n n  
rat .  Th i s  p h e n o m e n o n  can  be exp la ined  t h r o u g h  t he  pre-  
v ious  f o r m a t i o n  of a c o m p l e x  be tween  b o t h  p i g m e n t s .  

Fig. 5. Paper chroinatography of diazotized pigments after separa- 
tion by reverse phase partition chromatography. A and B standard 
azopiglnents; Brr, bilirubin at the top of thc cohunn; I, pigment 
with R 0.3; lI, piglncnt collected with the solvent front. 

l?esumen. La  inyecc i6n  de b i l i r rub ina  c o n j u g a d a  a r a t a s  
G u n n  con l i gadura  coledociana,  p roduce  un  a u l n e n t o  de 
la excreci6n u r ina r i a  de b i l i r rub ina  C 14 ex6gena  o de la 
e n d 6 g e n a  s i n t e t i z a d a  a pa r t i r  de la inyecc i6n  de ALA-C 14 
en d ichos  an imales .  Dicho a u m e n t o  rue p robado  por  la 
cr is ta l izacidn de la b i l i r rub ina  r a d i o a c t i v a  de m u e s t r a s  
de or ina  y por  la r a d ioa c t i v ida d  p r e s e n t e  en el a z o p i g m e n t o  
A sepa rado  por  c ro lna togra f i a  sobre  p a p e l  E1 a u m e n t o  
de p i g m e n t o  I, d e m o s t r a d o  en el suero  por  pa r t i c idn  qui-  
mica  y e n  la or ina  por  c o l u m n a  c roma togr~ f i ca  de fase 
inversa ,  p e r m i t e n  s u p o n e r  la f o rma c i6n  de u n  comple jo  
de b i l i r rub ina  no c o n j u g a d a  r a d i o a c t i v a  y de b i l i r rub ina  
con jugada ,  colno m e c a n i s m o  del pa sa j e  menc ionado .  
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