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Microheterogene i ty  of C o m p l e x  Glycos ides  of Bi l irubin f r o m  H u m a n  Bile 

Prev ious  inves t iga t ions  ~ h a v e  shown t h a t  b i l i rub in  is 
excre ted  in t he  h u m a n  bile as complex  con juga te s  
invo lv ing  disacchar ides .  Aldobiouronic ,  hexuronosy l -  
hexuron ic  and  pseudoa ldob iouron ic  acids h a v e  been  
impl i ca ted  as con j uga t i ng  moiet ies  (Figure 1). Ev idence  
has  been  adduced  b y  gas- l iquid c h r o m a t o g r a p h y  a n d  
mass  s p e c t r o m e t r y  t h a t  t he  a ldob iouron ide  t y p e  con- 
j uga t e  consis ts  of t h r ee  subspecies  d i t fer ing in t he  
compos i t ion  of t h e  con j uga t i ng  c a r b o h y d r a t e s L  I n  an  
a t t e m p t  to  resolve these  a ldob iouron ides  in to  discre te  
ent i t ies ,  a c h r o m a t o g r a p h i c  sys t em was deve loped  t h a t  
al lowed the i r  p r e p a r a t i v e  s epa ra t i on  on po lyamide  sheets.  
In  e x t e n d i n g  th i s  m e t h o d  to  t he  h e x u r o n o s y l h e x u r o n i d e  
and  pseudoa ldob iouron ide  conjugates ,  i t  was found  t h a t  
b o t h  also consis ted  of 3 subfrac t ions .  

Methods. Bi l i rub in  con juga te s  were isola ted f rom h u m a n  
T - t u b e  bile as t he i r  pheny lazo  der iva t ives .  Aldob iouron ide  
(azo p i g m e n t  B4), h e x u r o n o s y l h e x u r o n i d e  (azo p i g m e n t  
B~) a n d  pseudoa ldob iouron ide  (azo p i g m e n t  B6) t y p e  
con juga tes  were o b t a i n e d  b y  co lumn  c h r o m a t o g r a p h y  
us ing  t he  th ree - s t ep  p rocedure  descr ibed p rev ious lyL  
The  p r e p a r a t i o n s  were freed f rom c o n t a m i n a t i n g  celite b y  
dissolving in me thano l -g lac ia l  acet ic  acid (3:1, v/v)  and  
f i l te r ing t h r o u g h  a co lumn (2.7 •  cm) of po lyamide  2. 
The  e lua te  was s h a k e n  w i t h  1 -bu tano l  (2 vol.) a n d  wa te r  
(6 vol.). The  red  bu t ano l i c  layer  was collected, washed  .:.'~D:, ,; ,)  :: ; ?g. .'..;. 
twice  w i t h  w a t e r  (4 vol.), and  the  pooled aqueous  phases  ;:.;~,.;.'-?...'~ 
were b a c k - e x t r a c t e d  w i t h  1 -bu tano l  (0.5 vol.). The  . . . . . .  
c o m b i n e d  b n t a n o l i c  ex t r ac t s  were e v a p o r a t e d  to  d ryness  "~":"":" 
b y  azeot ropic  d i s t i l l a t ion  w i th  w a t e r  (1 vol.) us ing  a 
r o t a r y  e v a p o r a t o r  a t  35 ~ The  res idue was dissolved in 
m e t h a n o l ,  s t r eaked  on to  po lyamide  sheets  a (approx.  1 mg  
per  plate)  and  twice  deve loped  to 15 cm wi th  i n t e r m e d i a t e  
drying,  us ing  a so lven t  sys t em p repa red  f rom 4-methyl -2-  
p e n t a n o n e  (methyl- iso-butyl-ketone)-l-butanol-acetoni-  
t r i l e -methano l -g lac ia l  acet ic  ac id -wate r  (8 : 2 : 1 : 1 : 1 : 1, b y  
vol.). The  s epa ra t ed  f rac t ions  were sc raped  f rom the  
plates ,  e lu ted  b y  s t i r r ing  w i t h  glacial  acet ic  acid and  
cen t r i fuged  a t  1000 grna, for 5 min.  T he  s u p e r n a t e  was 
d i lu ted  w i t h  w a t e r  (10 voI.) and  e x t r a c t e d  w i t h  1 -bu tano l  
(4 vol.). The  b u t a n o l i c  layer  was collected,  washed  
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Fig. 1. Schematized structures of the complex glycosides of bi l irubin 
isolated from human bile as their phenylazo derivatives. All com- 
pounds contain a disaccharide bound to the propionic acid side chain 
of azobilirubin. The non-reducing termini of the various disaccharides 
are at the left, and each reducing terminus is shown to be involved in 
an acyl glycoside linkage with the pigment moiety. In azo pigment 
B4, the disaccharide is an aldobiouronic acid (uronic acid -+ neutral 
sugar) ; in azo pigment B5, it is a hexuronosylhexuronic acid (uronic 
acid -+ uronic acid), and in azo pigment B6, it is a pseudoaldobiouron- 
ie acid (neutral sugar --> uronic acid). 

1 C. C. KUENZLE, Biochem. J. 119, 387 (1970); Biochem. J. 119, 395 
(1970); Biochem. J. 119, 411 (1970). 

2 1K. WOELM, Eschwege, Germany. 
a Polygram | polyamide 11-UV254, pre-coated sheets for thin-layer 

chromatography, 20• cm, thickness, 0.1 ram; Macherey- 
Nagel & Co, Dtiren, Germany. 

twice  w i t h  w a t e r  (10 vol.), e v a p o r a t e d  to d ryness  b y  
azeot ropic  d i s t i l l a t ion  w i t h  w a t e r  and  dried in a h igh  
v a c u u m .  

Results. I n  us ing  th i s  s y s t e m  for  t he  I r ac t i ona t i on  of 
the  azo p i g m e n t s  B4, B 5 and  136, v i r t u a l l y  iden t ica l  
c h r o m a t o g r a p h i c  p a t t e r n s  were ob ta ined .  A p a r t  f rom a 
smal l  a m o u n t  of u n c o n j u g a t e d  azo p i g m e n t  o r ig ina t ing  
f rom hydro lys i s  du r ing  processing,  3 azo p i g m e n t  sub- 
f rac t ions  were v isual ized  in all  3 ins t ances  (Figure 2). 
These  were n u m b e r e d  in order  of decreas ing  mobi l i t ies  
and  were label led azo p i g m e n t s  B4.1, B4. 2 a n d  Ba.a; 
B5.1, Bs. 2 and  Bs.a; and  B6.~, B6. 2 and  B6. 3, respect ive ly .  
Gross e s t i m a t i o n  of t he  subf rac t ions  gave  a n  a p p r o x i m a t e  
i n t r a g r o u p  ra t io  of 5 : 60 : 35. 

Discussion. I n  p r e p a r a t i v e  work  t he  sys t em was no t  
en t i r e ly  sa t i s fac to ry  for two  reasons�9 Fi rs t ,  t h e  azo pig- 
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Fig. 2. Analytical thin-layer chromatogram on polyamide showing 
subfractionation of azo pigment B a (right lane). Unconjugated azo 
pigment (left lane) was run as a marker. Virtually identical chromato- 
graphic patterns were obtained with azo pigments Ba and B~. 
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m e n t s  of lowest  m o b i l i t y  (azo p i g m e n t s  134.3, Bs. 3 a n d  
Bs.3) were i n c o m p l e t e l y  s e p a r a t e d  f rom those  of in te r -  
m e d i a t e  m o b i l i t y  (azo p i g m e n t s  B4. 3, ]35. 2 a n d  136.2) a n d  
were the re fo re  no t  o b t a i n e d  pure.  Second,  e lu t ion  of t he  
sub~ract ions  f rom t h e  p la t e s  r e su l t ed  in p a r t i a l l y  solubil iz-  
ing t he  c h r o m a t o g r a p h i c  suppor t ,  t h u s  c o n t a m i n a t i n g  t he  
p r e p a r a t i o n s  w i t h  depo lymer ized  ma te r i a l .  

Summary. A t h i n - l a y e r  c h r o m a t o g r a p h i c  sys t em on 
po lyamide  was deve loped  ~hat  a l lowed a f u r t h e r  frac- 
t i o n a t i o n  of p rev ious ly  i so la ted  azo p i g m e n t s  f rom bile. 
Aldobiouronic ,  h e x u r o n o s y l h e x u r o n i c  a n d  pseudoa ldo-  
b iouron ic  acids i nvo lved  in  b i l i r ub in  con j uga t i on  t h u s  
a p p e a r  to  be  he te rogeneous .  S t r u c t u r a l  e luc ida t ion  is in  
progress  4. 

Zusammen/assung. Die Aldobiouronid- ,  Hexuronosy l -  
h e x u r o n i d -  u n d  P s e u d o a l d o b i o u r o n i d k o n j u g a t e  des Bili- 
r u b i n s  lassen sich d u r c h  P o l y a m i d - D i i n n s c h i e h t c h r o m a t o -  
g raph ic  in  je 3 S u b f f a k t i o n e n  un te r t e i l en .  
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Evidence of Major Role of the Intest ine in Cholesterol  Synthes i s  in the Adult  Male Rat 

I t  h a s  r ecen t l y  been  s h o w n  b y  m e a n s  of i nd i r ec t  p roof  
t h a t  t h e  d iges t ive  t r a c t  is t h e  source of 65% of t he  chol- 
es terol  syn thes i zed  pe r  d a y  in t he  r a t  1. U s ua l l y  t he  l iver  
has  been  cons idered  respons ib le  for p r o d u c i n g  m o s t  of t he  
b o d y  cholesterol1.  W e  fel t  t h a t  i t  was  essent ia l ,  in  o rder  to  
chal lenge th i s  t r a d i t i o n a l  theory ,  to  p rov ide  a d i rec t  p roof  
of t he  m a j o r  role p l ayed  b y  t he  in tes t ine .  

Material and methods. Our  a r g u m e n t  runs  as fol lows:  
ace ty l  CoA is used b y  severa l  p a t h w a y s ,  some of wh ich  are 
i r revers ible ,  such  as o x y d a t i o n  and  choles terol  synthes is ,  
whereas  o t h e r  p a t h w a y s ,  such  as t h e  syn thes i s  of f a t t y  
acids coupled  w i t h  t h e i r  b r e a k d o w n ,  are revers ible .  I i  we 
label  ace ty l  CoA a t  a s t a r t i n g  p o i n t  0, no  label led  ace ty l  
CoA can  be  p roduced  b y  b r e a k d o w n  of f a t t y  acids,  
p rov ided  t he  e x p e r i m e n t a l  t i m e  is suf f ic ien t ly  shor t .  
F r o m  the  r a d i o a c t i v i t y  s t a n d p o i n t ,  therefore ,  revers ib le  
sys t ems  can  be  l inked  to  i r revers ib le  sys tems .  H e n c e  t he  
d i s t r i b u t i o n  of labe l led  ace ty l  CoA in each  me tabo l i c  
rou te  where  i t  is used depends  on t h e  r a t e  of u t i l i za t ion  
alone. I f  ms is t h e  r a t e  of choles tero l  syn thes i s ,  mr: t h e  
sum of t he  r a t e s  of all  t ypes  of ace ty l  CoA ut i l i sa t ion ,  
Rs t h e  r a d i o a c t i v i t y  of t h e  syn thes i zed  s terols  a n d  R u  
t he  r a d i o a c t i v i t y  of al l  c o m p o u n d s  in al l  t h e  me tabo l i c  
rou tes  involved ,  we o b t a i n  

ms  R s  

my R v  

The  ca lcu la t ion  of ms is va l id  no m a t t e r  w h a t  v a r i a t i o n s  
t h e r e  m a y  be  in t h e  specific r a d i o a c t i v i t y  of t he  ace ty l  CoA 
or in  t he  d i s t r i b u t i o n  of r a d i o a c t i v i t y  a m o n g s t  t h e  va r ious  
c o m p o u n d s  w i t h i n  one a n d  t h e  same  m e t a b o l i c  chain.  

E m p l o y i n g  t h i s  m e t h o d ,  we used a d u l t  ma le  r a t s  
we igh ing  350 g on a con t ro l  feed s. Acetate-1-14C was 
infused  b y  a c a t h e t e r  p laced  in to  t h e  j ugu l a r  ve in  some 
days  before  3. Only  r a t s  h a v i n g  a n o r m a l  food i n t a k e  d u r i n g  
t he  days  p receed ing  t he  e x p e r i m e n t  were used. Specific 
r a d i o a c t i v i t y  of t he  e x p i r a t o r y  14CO2 was recorded  
c o n t i n u o u s l y  4. An  equ i l i b r ium va lue  was a t t a i n e d  f rom t h e  
3rd h of in fus ion  onwards  (Figure  1). 3 groups  of 5 r a t s  
each  were ki l led a t  t he  end  of t he  fol lowing per iods  of 
in fus ion  re spec t ive ly :  3.5 h, 6 h, a n d  10 h. W e  t h e n  
d e t e r m i n e d  t he  r a d i o a c t i v i t y  of free s terols  (RF) a n d  
es ter i f ied s terols  (RE) f rom 22 organs  or f r a g m e n t s  of 
t i ssue  s. These  c rude  r ad ioac t iv i t i e s  were cor rec ted  to  a 
same  specific equ i l i b r ium r a d i o a c t i v i t y  of t he  a n i m a l ' s  
14CO~ (1 [zCi/1% CO2). F r o m  th i s  i t  was  possible  to  ca lcu la te  
t h e  ac t iv i t i e s  of t h e  free and  ester i f ied s terols  of t h e  
whole  r a t  e a n d  t h e i r  s u m  (Rs) (Table  I). F u r t h e r m o r e ,  
R e  is t he  dif ference b e t w e e n  t he  r a d i o a c t i v i t y  of a ce t a t e  

a d m i n i s t e r e d  a n d  t h a t  of t he  u n u s e d  label led  ace ty l  CoA. 
The  l a t t e r  va lue  can  be de t e rmined ,  since we know the  
pool  of ace ty l  CoA (M) (see below), a n d  i ts  specific 
r a d i o a c t i v i t y  ca lcu la ted  f rom t h a t  of t he  14CO26. 

F ina l ly ,  to  d e t e r m i n e  t he  mr: va lue  w i t h  precision,  we 
in jec ted  50-100 ~Ci of 1-14C-acetate i n to  t h e  j ugu l a r  ve in  
of 8 a d d i t i o n a l  r a t s  a n d  c o n t i n u o u s l y  recorded  t he  
l o g a r i t h m  of t h e  specific r a d i o a c t i v i t y  of t h e  44CO2 
(Figure  2). I n  a f i rs t  a p p r o x i m a t i o n ,  t he  curves  can  be  
decomposed  in to  2 s t r a i g h t  lines% The  f i rs t  (steep slope) 
cor responds  to  t he  overa l l  u t i l i za t ion  of acetyl-CoA. 
F r o m  th i s  l ine  t he  f r ac t iona l  t u r n o v e r  r a t e  of ace ty l  CoA 
(K = 1.37 h -1) and  t he  size of i ts  pool  (M = 3.08 m M )  
can  be  de t e rmined ,  and  f rom th i s  t he  r a t e  of t u r n o v e r  
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Fig. 1. Logarithm of specific activity ([xCi/l% C%) of laC% expired 
by a rat as a function of time (h) during an i.v. infusion of 1-14C - 
acetate, rzQ: specific activity at equilibrium. 


