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The Urinary Excretion of Bilirubin After Increased Plasma Hemoglobin  Concentration in Dogs 

The  c i r cums tances  of t he  f o r m a t i o n  a n d  exc re t ion  of 
u r i n a ry  b i l i rub in  in h e m o l y t i c  cond i t ions  are no t  well  
known.  B i l i rub in  appea r s  in  t h e  u r ine  of t he  dog a b o u t  
30 min  a f t e r  ar t i f ic ia l ly  i nduced  hemolys i s  ~. O t h e r  a u t h o r s  
found  a l i t t l e  or  no  increased  q u a n t i t y  of u r i n a r y  b i l i rub in  
a f te r  hemolys i s  2. The  c o n t r a d i c t i o n  in t h e  l i t e r a tu re  a n d  
our  knowledge  of th i s  prololom obl iged us to  m a k e  new 
observa t ions .  I t  appea red  necessa ry  to  i nves t i ga t e  a t  w h a t  
c o n c e n t r a t i o n  of hemolys i s  in  t h e  p l a s m a  we :found a n  
excre t ion  of b i l i rub in  in t he  u r ine  a n d  to e luc ida te  t h e  
m e c h a n i s m  of th i s  process.  

I n  113 h e a l t h y  dogs t h e  excre t ion  of b i l i r ub in  in t he  
ur ine  (UBV) in  ing pe r  u n i t  of t ime  was  re la t ive ly  
c o n s t a n t  in  each  i n d i v i d u a l  dog. T h e  t o t a I  24 h b i l i r ub in  
excre t ion  r a n g i n g  f rom 0.1 to  0.8 m g / 2 4 h  (mean  0.4 
t : S . D .  0.25) in all  dogs, was  also c o n s t a n t  in  each  
i n d i v i d u a l  an imal .  T he  abso lu te  U B V / 2 4  h va lues  were 
inf luenced  n e i t h e r  b y  t h e  t o t a l  b o d y  weigh~c (5-30 kg), 
no r  b y  t he  age (1-10 years)  nor  b y  t h e  d ie t  ~, no r  b y  t he  
diuresis  of t he  dog (urine v o l u m e  r a n g i n g  f rom con t ro l  
levels of 1 ml  up  to  8 m l  pe r  minu te ) .  All  f r ac t iona l  de ter -  
m i n a t i o n s  of U B V  per  u n i t  of t i m e  were a lways  expressed  
in va lues  of U B V / 2 4  h. T he  b i l i r ub in  in t he  u r ine  was  
d e t e r m i n e d  b y  a s l ight  mod i f i ca t ion  of t h e  GI~IES and  
GRI~S'S m e t h o d  ~, b y  wh ich  u n c o n j u g a t e d  b i l i rub in  could 
be d e t e r m i n e d  w i t h  a n  accu racy  of more  t h a n  1% a n d  
the  c o n j u g a t e d  b i l i r ub in  w i t h  a def ici t  of 5%.  All experi-  
m e n t s  were  pe r fo rmed  u n d e r  l i gh t  n e m b u t a l  anaes thes ia ,  
wi th  c a n n u l a t i o n  of t h e  2 ureters ,  so t h a t  f r ac t ions  of 
even  smal l  u r ine  vo lumes  could be  d e t e r m i n e d  w i th  g rea t  
accu racy  a t  a n y  t ime.  Af te r  a single i.v. i n j ec t ion  of 
h e m o g l o b i n  solut ions,  r ang i ng  f rom 300 m g  to  6 g, t he  
excre t ion  of b i l i rub in  in t he  u r ine  of all 56 dogs r e m a i n e d  
v e r y  c o n s t a n t  and  no rma l  for 24 h if t he  c o n c e n t r a t i o n  
of h e m o g l o b i n  in  t h e  b lood  d id  n o t  exceed t h e  b i n d i n g  
capac i t y  of t he  p l a s m a  h a p t o g l o b i n  a n d  also, in  83% of 
t h e  cases, if t h e  s a t u r a t i o n  of t he  b i n d i n g  capac i t y  of 
p l a s m a  h a p t o g l o b i n  did  no t  exceed 50 rag/100 ml. Vv21ere 
t he  free p l a s m a  h e m o g l o b i n  c o n c e n t r a t i o n  was h ighe r  
t h a n  50 mg/100  ml, t he re  was, in  82% of t h e  cases, a 
m a r k e d  increase  of t he  UBV,  wh ich  was some t imes  more  
t h a n  80 mg /24  h. One  can  follow t h e  course  of t h e  u r ine  
b i l i rub in  excre t ion  in  5 dogs in F igure  1. T he  f igure  of 
t he  increased  U B V / 2 4  h in co r re l a t ion  w i t h  t i m e  was 
cha rac t e r i s t i c  for each  an imal .  Af te r  r epea t ed  in jec t ions  
of a s imi la r  dose of h e m o g l o b i n  a t  a t  l eas t  6 h in te rva ls ,  we 
h a d  nea r ly  'a lways a n  ident ica l  l ine for t h e  s ame  a n i m a l  
(Figure  2). The  slope a n d  ve loc i ty  of t he  increased  excre- 
t i on  d e m o n s t r a t e d  a ce r t a in  ana l ogy  witl,, t h e  abso lu t e  
r a t e  of b i l i r ub in  exc re t ion  in t he  bi le  of t he  r a t  a f t e r  
a d m i n i s t r a t i o n  of h e m o g l o b i n  so lu t ions  5. T he  c learance  
of c o n j u g a t e d  b i l i rubin ,  wh ich  in cont ro l s  was  ahvays  
lower t h a n  1 ml /min ,  a n d  as sugges ted  b y  FL'LOP a n d  
BRAZEAU ~ a t  m o s t  2.5~o of t h e  c learance  of c rea t in ine ,  
increased  in ce r t a in  dogs, so t h a t  t h e  c learance  of con- 
j u g a t e d  b i l i r u b i n  was  more  t h a n  100% of t h e  c r ea t i n ine  
c learance  (Figure  3). I n  ic tcr ic  dogs we had  t h e  s ame  
resul ts .  K n o w n  inh ib i to r s  of t he  t u b u l a r  secret ion,  l ike 
P robenec id  (p -d ip ropy l su l fany l  benzoic  acid) d id  no t  
cause  a fall  in  t h e  increased  U B V / 2 4  h. 

W e  k n o w  t h a t  on ly  a smal l  f r ac t ion  (mean  1.6%) of 
the  p l a s m a  c o n j u g a t e d  b i l i r ub in  is i nvo lved  in f i l t r a t ion  
b y  t h e  g lomeru lus  s, a n d  t h e r e  was  n e v e r  a suff ic ient  rise 
in  t h e  s e r u m  c o n j u g a t e d  b i l i rub in  levels as a resu l t  of 
t he  increased  p r o d u c t i o n  of b i l i rub in  f rom h e m o g l o b i n  
b r e a k d o w n  in o the r  sites. T he  T a b l e  i l lus t ra tes  t h i s  b y  
r e p r e s e n t a t i v e  d a t a  f rom one of our  expe r imen t s .  W e  
see t h a t  t he  rea l  u r i n a r y  b i l i rub in  excre t ion  is m u c h  

h ighe r  t h a n  t he  ca lcu la ted  1.6% of t he  t o t a l  f i l tered load 
(Cc~ • PI)B). Our  f ind ings  could no t  be  exp la ined  b y  a 
change  e i the r  ill g lomeru la r  f i l t ra t ion ,  or  in  t u b u l a r  
func t ion ,  or in  t o t a l  f i l tered load, or in  t he  d ia lyzab le  
f r ac t ion  of p l a s m a  c o n j u g a t e d  b i l i rubin .  W e  bel ieve t h a t  
t he  increased  ur ine  b i l i rub in  excre t ion  could he  an  
aux i l i a ry  m e c h a n i s m ,  b y  wh ich  t h e  o rgan i sm is able  to  
change  t he  a c c u m u l a t e d  p l a s m a  h e m o g l o b i n  in t h e  k i d n e y  
to  b i l i rubin ,  wh ich  is i m m e d i a t e l y  excre ted  in t he  urine.  
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Fig. 1. The excretion of bilirubin in the urine after total saturation 
of the plasma haptoglobin with hemoglobin and an excess of free 
plasma hemoglobin > 50 mg]100 ml. 
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Fig. 2. The excretion of bilirubin in the urine of a dog after repeated 
i.v. injections of hemoglobin with total saturation of the plasma 
haptoglobin and an excess of free plasma hemoglobin > 50 rag/100 ml 
(1:66 mg]100 ml, 2:70 rag/100 ml, 3:66 rag/100 ml). 
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B y  m i c r o  a g a r  e l e c t r o p h o r c s i s  of  b l o o d 4 r e e  k i d n e y  
t i s s u e ,  w h i c h  w a s  h o m o g e n i z e d  a b o u t  2 h a f t e r  t h e  
a d m i n i s t r a t i o n  o f  t h e  h e m o g l o b i n  s o l u t i o n s ,  we  f o u n d  in  
t h e  k i d n e y  a q u a n t i t y  o f  h e m o g l o b i n ,  w h i c h  w a s  b o u n d  
to  a t i s s u e  p r o t e i n .  T h i s  h e m o g l o b i n  c o u l d  b e  r e l e a s e d  
in  v i t r o  f r o m  t h i s  c o n n e c t i o n  b y  a d m i n i s t r a t i o n  o f  p l a s m a  
h a p t o g l o b i n  t o  t h e  k i d n e y  t i s s u e  h o m o g e n a t e .  W e  ob -  
s e r v e d  t h a t  t h e  l o w e r  h e m o g l o b i n  c o n c e n t r a t i o n  of  t h e  
k i d n e y  t i s s u e  h o m o g e n a t e  ( 1 0 - 1 2 0 0  r a g / 1 0 0  ml) ,  t h e  
h i g h e r  t h e  m a x i m u m  i n c r e a s e d  u r i n e  b i l i r u b i n  e x c r e t i o n  
(10 -22 .3  m g / 2 4  h) .  

I n  c l in i ca l  h e n l o l y t i c a l  c o n d i t i o n s  in  d o g s  a n  i n c r e a s e d  
u r i n e  b i l i r u b i n  e x c r e t i o n  m a y  b e  a n  i n d i c a t i o n  of :  

(1) A s t r o n g  h e m o l y s i s ,  b e c a u s e  t h e  i n c r e a s e  of  t h e  
U B V  u s u a l l y  d o e s  n o t  b e g i n  u n t i l  t h e  f ree  p l a s m a  h e m o -  
g l o b i n  c o n c e n t r a t i o n  is h i g h e r  t h a n  50 r ag /100  ml .  

(2) A s l ow  f ree  p l a s m a  h e m o g l o b i n  c l e a r a n c e ,  b e c a u s e  
t h e r e  is a c o r r e l a t i o n  w i t h  t h e  i n c r e a s e  of  t h e  u r i n e  bi l i -  
r u b i n  e x c r e t i o n  L 

(3) A g o o d  k i d n e y  f u n c t i o n ,  b e c a u s e  t h e r e  w a s  no  
i n c r e a s e  in  t h e  U B V  in  d o g s  w i t h  r e n a l  d i s e a s e s  (our  
u n p u b l i s h e d  r e su l t s ) .  

I n  t h e s e  c i r c u m s t a n c e s  a n  i n c r e a s e d  u r i n e  b i l i r u b i n  
e x c r e t i o n  is n o t  a n  i n d i c a t i o n  o f  a l i ve r  d i sease .  

A typical experiment in a nmngrel dog. Hemoglobin binding capacity of the plasma: 215 mg/100 ml. 

Time CCr PCB PCB • CCr Calculated 1,6% UBV 
(min) (ml/min) (mg/100 ml) (,ag/min) of 6 the flit. load ([xg/min) 

(~g/min) 

UBV/PcB • CCr 
. (%) 

-- 30 73 0.04 29.1 0.4 0.01 0.2 
0 86 0.03 25.8 0.4 0.2 1.0 

Hemoglobin: 3.240 g i.v.; hemoglobin plasma concentration: 300 mg/100 inl 

+ 30 " 59 0.02 11.7 0.2 0.3 2.5 
+ 60 63 0.02 12.6 0.2 10.3 81.7 
+ 90 55 0.03 16.6 0.3 14.2 85.5 
-t- 120 61 0.05 30.6 0.5 18.3 59.8 
+ 150 64 0.07 44.9 0.7 28.8 64.1 
+ 180 68 0.05 34.4 0.6 28.3 82.2 
+ 210 72 0.07 50.6 0.8 37.6 74.3 
+ 240 81 0.04 32.6 0.5 30.8 94.4 
+ 270 83 0.05 36.5 0.6 33.4 91.5 
-:- 300 75 0.09 67.6 1.0 34.0 50.2 
+ 330 83 0.07 58.4 0.9 30.7 52.5 
-~- 360 82 0.05 40.8 0.7 24.8 60.7 
-!- 390 87 0.06 51.9 0.8 35.5 68.4 
i 420 84 0.07 58.7 0.9 28.8 49.0 

i 460 80 0.05 40.1 0.6 20.7 51.6 
+ 480 89 0.05 44.5 0.7 21.5 47.8 
+ 510 84 0.06 50.5 0.8 20.4 40.3 
+ 540 83 0.05 41.5 0.7 3.8 9.1 

Abbreviations. CCr, creatinine clearance (the method of Bonsnes and Taussky);  PCB, plasma conjugated bilirubin (the inethod of Jendrassik 
and Grof); PCB X CCr, calculated filtered load of bilirubin. 
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Fig. 3. The changes in the clearance of conjugated bilirubin (CDB), 
the clearance of creatinine (CCr), and the ratio between both 
(CDB/CCr) after an i.v. injection el hemoglobin with total saturation 
el the plasma haptoglobin and an excess of 300 mg/100 rrd free 
plasma hemoglobin in a dog. 

Rdsumd. L ' e x c r 6 t i o n  r 6 n a l e  de  la  b i l i r u b i n e  d a n s  l ' u r i n o  
v a r i e  e n t r e  0,1 e t  0,8 m g  p a r  j o u r  d a n s  u n e  s6r ie  de  113 
c h i e n s  n o r m a u x .  A v e c  u n e  c o n c e n t r a t i o n  d ' h 6 m o g ! o b i n e  
p l a s m a t i q u e  l ibre ,  e x c d d a n t  50 r a g / 1 0 0  ml ,  les  a u t e u r s  
o n t  r e m a r q u 6  u n e  a u g m e n t a t i o n  s e n s i b l e  de  l ' e x c r 6 t i o n  
u r i n a i r e  de  l a  b i l~rubine ,  s a n s  q u e  les  t a u x  s a n g u i n ,  de  la  
b i l i r u b i n e  n i l e  c l e a r a n c e  de  la c r d a t i n i n e  s o i e n t  c h a n g 6 s .  
L e s  r 6 s u l t a t s  f o n t  s u p p o s e r  u n  m 6 t a b o ] i s m e  loca l  de  
l ' h 6 m o g l o b i n e  e n  b i l i r u b i n e  d a n s  les r e in s .  
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