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T r a n s f e r  of B i l i rub in  T h r o u g h  the  Liver  of G u n n  Rats  

I t  is be l ieved t h a t  con j uga t i on  of b i l i rub in  is a n  
ob l iga to ry  s tep  for i ts  exc re t ion  in t h e  bi le  1,2. I n  con t r a -  
d ic t ion  to th i s  c u r r e n t  belief, OSTROW 3 sugges ted  t h a t  un- 
conjugated b i l i rub in  (UB) m a y  be  secre ted as such b y  t h e  
l iver  cell. BERTHELOT a n d  FAUVERT expressed  4 t h e  same  
view, b u t  d id  n o t  cons ider  th i s  excre t ion  as phys io logica l ly  
i m p o r t a n t .  OKOLICSKNYI e t  al. 5 supposed  t h a t  some con- 
j u g a t e d  b i l i r ub in  (CB) m i g h t  be  h y d r o l y z e d  b y  t h e  l iver  
cells of G u n n  ra t s  a n d  t h e n  excre ted  in  t he  bile. BILLING 3 
obse rved  r ecen t l y  t h a t  r e l a t ive ly  large q u a n t i t i e s  of U B  
are  found  in t h e  bi le  of G u n n  r a t s  a f t e r  i .v. i n j ec t ion  of 
large  doses of th i s  p igmen t .  

I t  seems the re fo re  t h a t  U B  m a y  be  excre ted  in t h e  bile. 
W e  h a v e  i n v e s t i g a t e d  t h i s  poor ly  u n d e r s t o o d  pheno-  
m e n o n  in G u n n  r a t s  because  of t h e i r  congen i t a l  i n c a p a c i t y  
to form CB~. 

I. In order to exclude the possibility of an active trans- 
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fer of UB from the plasma to the bile, we infused illcreas- 
ing doses of this pigment intravenously. At different 
times after the beginning of infusion, plasma and bile ~ 40 
were ana lyzed  for t o t a l  b i l i r ub in  (TB). _~E 

2. I n  o rder  to  def ine how  th i s  passage  occurs,  t h r o u g h  "~ 
t h e  h e p a t o c y t e s  or b e t w e e n  t h e m ,  we in fused  i.v. large ~ ZD 
c o n c e n t r a t i o n s  of U B  in  assoc ia t ion  w i t h  Novobioc in .  
Again,  p l a s m a  a n d  bi le  samples  were ana lyzed  for T B  a t  ~- 
d i f fe ren t  t imes  a f t e r  t he  b e g i n n i n g  of t he  infusion.  

Mater ia l  and  methods. 22 h o m o z y g o u s  G u n n  r a t s  were 
used for  these  expe r imen t s .  T he  an i m a l s  were a n a e s t h e t -  

ized w i t h  sod ium p e n t o b a r b i t o n e  (30 m g / k g  i.p.), a 1 4 0 1  
c a n n u l a  was  p laced  in to  t he  t r a c h e a  and  t h e  r a t s  were 
k e p t  u n d e r  t h e  h e a t  of a c o m m o n  lamp.  T he  c o m m o n  bi le  
d u c t  a n d  t h e  2 f emora l  ve ins  were t h e n  c a n n u l a t e d  w i t h  Z0 
p o l y e t h y l e n e  t u b i n g  to  col lect  bi le  a n d  b lood  a n d  to  
a d m i n i s t e r  UB.  

E x p e r i m e n t  A:  A p r i m a r y  dose of 2 m g / k g  of U B  ~- 0 
(Br i t i sh  D r u g  Houses)  was  in j ec t ed  i.v. to  16 G u n n  rats .  
I m m e d i a t e l y  the rea f t e r ,  5 of t h e m  rece ived  i.v. 15 mg, 
6 of t h e m  30 m g  a n d  t h e  r e m a i n i n g  5, 45 m g  of UB.  This  ~ 40[ 
was  f resh ly  d issolved in 5 ml  of 0.1 M sod ium c a r b o n a t e  

f a n d  infused  a t  a c o n s t a n t  r a t e  of 0.2 m l / m i n .  Bile a n d  
b lood  samples  were col lected before  a n d  5, 10, 15, 20 m i n  "~ Z0 
a f t e r  t h e  in j ec t ion  of UB.  T he  samples  were i m m e d i a t e l y  :~- 
s to red  a t  0 -4  ~ Th e  b lood  was cen t r i fuged  for  10 m i n  a t  
0 -4~  to  s epa ra t e  t h e  p lasma .  Bi le  a n d  p l a s m a  samples  ~- 00 
were ana lyzed  for T B  b y  a mod i f i ca t i on  s of t h e  
MICHAELSSON'S mic roas say  9. 

E x p e r i m e n t  B :  6 G u n n  r a t s  rece ived  i.v. 2 m g  of U B  
disso lved  in 0 . 1 M  sod ium ca rbona t e .  T h e n  4 m g  of 
Novob ioc in  (Albamycin ,  U p j o h n  Co.) pe r  100 g b o d y  
we igh t  d issolved in I ml  of 0 .9% NaC1, a n d  30 m g  of U B  
f resh ly  dissolved in 4 ml  of 0.1 M sod ium ca rbona t e ,  were 
c o m b i n e d  and  g iven  i.v. b y  m e a n s  of a n  in fus ion  p u m p  a t  
a c o n s t a n t  r a t e  of 0.2 ml /min .  Blood a n d  bi le  samples  
were  col lected a n d  ana lyzed  as descr ibed  above .  

Results  and discussion. Figure  1 r ep resen t s  d a t a  ob-  
t a i n e d  a f t e r  t he  i.v. in fus ion  of inc reas ing  a m o u n t s  of UB.  
The  t o t a l  bi le  b i l i r ub in  c o n c e n t r a t i o n  increased  5 m i n  
a f t e r  t h e  b e g i n n i n g  of t he  in fus ion  in each  series of exper i -  
m e n t s  and  r e m a i n e d  h igh  over  t h e  whole  per iod  of obse rva -  
t ion.  P l a s m a  a n d  bi le  b i l i r ub in  c o n c e n t r a t i o n s  were  no t  
s ign i f i can t ly  dif ferent .  

However ,  w h e n  45 m g  of U B  were  admin i s t e r ed ,  p l a s m a  
a n d  bile b i l i r ub in  c o n c e n t r a t i o n s  were  dif ferent ,  15 ra in  
a n d  20 m i n  a f t e r  t h e  b e g i n n i n g  of in fus ion ;  we i n t e r p r e t  
th i s  p h e n o m e n o n  as due  to  t he  toxic  ac t ion  of UB,  as these  
a n i m a l s  deve lopped  d y s p n e a  a n d  progress ive  decrease  of 
bi le  f low sho r t l y  a f t e r  t h e  b e g i n n i n g  of infusion.  On t h e  

con t r a ry ,  th i s  was no t  t he  case w h e n  lower (30 mg, 15 mg) 
U B  doses were  infused.  

Our  d a t a  do n o t  p rove  a n  ac t ive  t r a n s f e r  of th i s  pig-  
m e n t .  P rev ious  s tud ies  of WEINBltEN a n d  BILLING 10 h a v e  
shown  t h a t  a dose of 20 m g  of U B  for  a n o r m a l  r a t  of 
250 g is suff ic ient  to  s a t u r a t e  t h e  exc re to ry  c a p a c i t y  of t h e  
l iver  for b i l i rubin .  I n  our  e x p e r i m e n t s  i t  was  no t  poss ible  
to  s a t u r a t e  t he  exc re to ry  capac i t y  of G u n n  r a t  l iver  for  
b i l i rubin .  However ,  i t  c a n n o t  be  exc luded  t h a t  we h a v e  
p a r t l y  m e a s u r e d  d iazo-pos i t ive  m e t a b o l i t e s  of b i l i rub in  7. 

BILLING et  al. 11 d e m o n s t r a t e d  t h a t  Novob ioc in  in te r fe rs  
w i t h  t he  con juga t ion ,  u p t a k e  and  excre t ion  of b i l i rubin .  
The  same  au thors ,  in  in  v i t ro  e x p e r i m e n t s  w i t h  p l a s m a  
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Fig. 1. Gunn rats. Infusion of uneonjugated bilirubin. Mean changes 
of total plasma and bile bilirubin concentrations after i.v. infusion 
of increasing amounts of uneonjugated bilirubin. Vertical bars 
indicate standard errors. 
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f rom ra t s  wh ich  h a d  received infus ions  of b o t h  U B  a n d  
Novobioc in ,  d id  no t  f ind  a n y  i n t e r a c t i o n  b e t w e e n  t he  2 
subs tances .  Therefore,  we used Novob ioc in  to conf i rm our  
hypo thes i s  t h a t  t i le  passage  of U B  occurs  f rom t he  l iver  
cell to  t he  bile. 

I n  our  exper imen t s ,  t he  t o t a l  p l a s m a  b i l i rub in  concen-  
t r a t i o n  was h ighe r  in  Novob ioc in  t r e a t e d  r a t s  t h a n  in t he  
cont ro l  group,  and  t h e  c o n c e n t r a t i o n  of T B  in t i le  bi le  was  
lower. S ta t i s t i ca l  ana lys i s  of va r i ance  showed  t h a t  these  
differences were  s ign i f ican t  (p lasma:  F = 13.8, p <  0.01; 
bi le:  F = 6.7, p < 0.02). I f  t he  passage  of b i l i rub in  to  t h e  
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Fig. 2. Gunn rats. Infusion of 30 mg of unconjugated bilirubin. 
Mean changes of total plasma and total  bile bilirubin after i.v. 
infusion of uneonjugated bilirubin (below) and uneonjugated bili- 
rubin + Novobiocin (above). Vertical bars indicate standard errors. 

bile did  no t  occur  t h r o u g h  t he  l iver  cell, p l a s m a  a n d  bile 
b i l i rub in  c o n c e n t r a t i o n s  would no t  be  af fec ted  b y  
Novobioc in .  

I n t r a v e n o u s  infus ion  of CB pe rmi t s  b i l i a ry  a n d  
u r i n a r y  excre t ion  of U B  1~,13. Our  expe r imen t s  sugges t  
t h a t  u n d e r  ce r t a in  cond i t ions  U B  m a y  be excre ted  in t h e  
bi le  even  in t h e  absence  of C B ~ .  

Rdsumd. L ' a b s e n c e  d ' u n  T m lors de per fus ion  en q u a n -  
t i t6  c ro i ssan te  de b i l i rub ine  n o n  conjugu6e chez le r a t  
Gunn ,  a ins i  que  la d i m i n u t i o n  de la c o n c e n t r a t i o n  bi l ia i re  
de la b i l i rub ine  to t a l e  lors d ' i n fus ion  s imul t an6e  de bili-  
r u b i n e  non  conjugu6e  et  de Novobiocine ,  sugggren t  la 
possibi l i t6  d ' u n  t r a n s f e r t  passif  de la b i l i rub ine  n o n  con-  
jugu~e du  sang  darts la bile, & t r a v e r s  la cellule h @ a t i q u e .  
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Genetic Variation of Supernatant and Mitochondrial Malate Dehydrogenase Isozymes in the Teleost 
Fundulus heteroclitus 

Tile s t u d y  of i sozymes  has  p rov ided  cons iderab le  
i n s igh t  in to  t he  s u b u n i t  s t r u c t u r e  of enzymes  z as well  
as p r o v i d i n g  gene m a r k e r s  for t he  ana lys i s  of p rob l ems  
in d e v e l o p m e n t  S an d  evo lu t ion  3. T he  i sozyme s y s t e m  of 
m a l a t e  d e h y d r o g e n a s e  (L-malate:  N A D  oxidoreduc tase ,  
EC 1.1.1.37) is r ep r e s en t ed  b y  2 m a j o r  forms in ver-  
t e b r a t e s  a n d  i n v e r t e b r a t e s :  1) s u p e r n a t a n t  m a l a t e  
d e h y d r o g e n a s e  (S-MDH),  and  2 ) m i t o c h o n d r i a l  m a l a t e  
d e h y d r o g e n a s e  (M-MDH). Il l  a d d i t i o n  to t h e i r  d i f fe ren t  
subce l lu la r  locale these  M D H s  differ  in  t h e i r  e lectro-  
phore t i c  mob i l i t y  ~, k ine t ic  b e h a v i o r  4, a m i n o  acid com- 
pos i t ion  5, a n d  an t igen ic  proper t ies% Bot t l  t he  S - M D H  
a n d  M - M D H  of v e r t e b r a t e s  h a v e  been  s h o w n  to  exis t  as 
d imers  b y  in v i t ro  molecu la r  h y b r i d i z a t i o n  ~ a n d  allelic 
i sozyme v a r i a t i o n  8-10. Ma la t e  dehydrogenases  exis t  as 
c o n f o r m a t i o n a l  i sozymes  in some o rgan i sms  1, t~. 

Tile m a l a t e  d e h y d r o g e n a s e  isozymes of Fundulus hetero- 
clitus were  i nves t i ga t ed  because  th i s  species is p o t e n t i a l l y  
va luab l e  for  s t u d y i n g  d e v e l o p m e n t a l  a n d  b iochemica l  
genet ics .  The  p r e sen t  p a p e r  descr ibes  t i le m a l a t e  dehydro -  
genase  isozymes of F. heteroclitus, t h e i r  subce l lu la r  dis t r i -  
b u t i o n  and  discusses t he i r  possible  genet ic  a n d  molecu la r  
bases.  

Methods. Sexual ly  m a t u r e  F. heteroclitus of b o t h  sexes 
were t r a p p e d  f rom Mill P o n d  in W o o d s  Hole,  M a s s a -  

chuse t t s .  The  subce l lu la r  d i s t r i b u t i o n  of M D H  isozymes 
f rom freshly  ki l led F. heteroclitus was d e t e r m i n e d  b y  
d i f fe ren t ia l  cen t r i fuga t ion .  F re sh  un f rozen  l ivers  were 
homogen i zed  in a loose-f i t t ing  Dounce  homogenizer ,  in  
2 vo lumes  of 0 . 2 5 M  sucrose in 0.13/I Tris-HC1, p H  7.7. 
Cen t r i fuga t ion  was car r ied  ou t  in an  SS-34 ro to r  in  a 
Sorval l  RC 2-B a t  4 ~ U n b r o k e n  cells, cell f r agments ,  
a n d  nucle i  were  r e m o v e d  b y  480 g for 5 min.  The  mi to -  
chol ldr ia  were p r ec ip i t a t ed  b y  12,100 g cen t r i f uga t i on  for 
10 rain.  The  s u p e r n a t a n t  r e su l t ing  f rom cen t r i f uga t i on  a t  
105 ,000g  for  40 m i n  con ta ins  t he  s u p e r n a t a n t  M D H  
(S-MDH).  The  i so la ted  m i t o c h o n d r i a  were twice  washed  
a n d  sub jec t ed  to 12,100 g for 10 ra in  and  t h e n  Dounce -  
homogen ized  in one v o l u m e  of 0.12VI Tris-HC1, p H  7.0 
followed b y  cen t r i f uga t i on  a t  105,000 g for 30 mill.  Th i s  
s u p e r n a t a n t  con ta ins  t he  m a l a t e  de t lydrogenase  re leased 
f rom the  m i t o c h o n d r i a  (M-MDH).  

Tile ske le ta l  muscle  f rom each  of 245 frozen Funduh~s 
was homogen ized  in a Dounce  homogen ize r  in  one v o l u m e  
of 0 . 1 M  Tris-HC1, p H  7.0, cen t r i fuged  a t  4S,000 g for 
30 ra in  a t  4~ pr io r  to  t he  e lec t rophoreses  used for t i le  
p o p u l a t i o n  analysis .  

All  e lec t rophoreses  were pe r fo rmed  in a 14~o ve r t i ca l  
s t a r ch  gel a t  p H  6.9. Tile s tock  buf fe r  was  0 . 7 5 M  "Iris + 
0 . 2 5 M  ci tr ic  acid (monohydra t e )  ad ju s t ed  to p H  6.9. 


