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H u m a n  serum bilirubin fractionation in various hepatobiliary diseases by 
the newly developed high performance liquid chromatography 

Yukihiko ADACHP, Hiroko INUFUSA 1, Masaki YAMASHITA 1, Akira KAMBE 1, Kazutoshi YAMAZAKI 2, 
Yoshihide SAWADA 2 and Toshio YAMAMOTO 1 
~Second Department of Internal Medicine, Kinki University School of Medicine, Osaka 589, Japan and 2Sekisui 
Chemical Co., Ltd., Osaka 618, Japan 

Summary: Serum Bilirubin was fractionated by newly developed reversed phase high performance 
liquid chromatography (HPLC) into 5 fractions: 6 (6-Bilirubin, B6), y (bilirubin diglucuronide, BDG),/J 
(Bilirubin monoglucuronide, BMG), ]3' ((Z, E,)- and/or (E, Z)-bilirubin IXa) and a ((Z, Z)-bilirubin IXa). 
Sera of healthy subjects and of patients with unconjugated hyperbilirubinemia showed predominantly 
a fraction with a small amount of ]3' fraction. Trace amounts of 6 fraction were detected in a few cases. 
The results of fractionation of serum bilirubin in 159 patients with various hepatobiliary diseases 
suggested that the ratios B6/(B6+BDG+BMG) and BMG/B6 can be useful parameters to follow patients 
with jaundice, compared with the reported B6/total bilirubin which did not always reflect the jaundice 
stage, especially in cases with low serum bilirubin levels. Gastroenterol ]pn 1988;23:268-272 
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Introduction 

In 1966, Kuenzle  et al. 1 first f ract ionated se rum 
b i l i rub in  by co lumn  c h r o m a t o g r a p h y  into four 
fractions: a (uncon juga ted  bi l i rubin;  Bu), fl 
(b i l i rubin  m o n o g l u c u r o n i d e ;  BMG), 7 
(bi l i rubin  d ig lucuron ide ,  BDG), and  c5 (tightly 
p r o t e i n - b o u n d  b i l i rub in  or delta b i l i rubin;  B6). 
Weiss et al. 2 repor ted ,  u s ing  the newly  devel-  
o p e d  h igh  per formance  l iqu id  ch roma tog raphy  
(HPLC) 3, that  the percentage  of B6 in total 
b i l i rub in  (TB) increased in cases of jaundice  
w i th  good  prognos is ,  whi le  it decreased  wi th  
increased percentages  of BMG and  BDG in 
cases of j aundice  wi th  poor  prognosis .  In spite 
of such progress ,  the  repor ted  HPLC m e t h o d s  
s h o w  low sensi t iv i ty  because  they need  a 
var iety of p re t rea tments  3 or run  a small a m o u n t  

of se rum 4"5. Wu et a l .  6 and  S u n d b e r g  et al. 7 
deve loped  the mul t i layer  film process (the 
Ektachem method)  wh ich  fractionates serum 
b i l i rub in  into 3 fractions: B6, conjugated 
b i l i rub in  (Bc; BMG + BDG) and  Bu. The 
Ektachem m e t h o d  de t e rmines  TB by the diaz0 
reaction,  Bc and  Bu by  reflection spectroscopy, 
and  B6 f rom the difference b e t w e e n  TB and 
(Bc+Bu), and  the  results  ob ta ined  wi th  the 
Ektachem m e t h o d  do not  totally agree with 
those ob ta ined  by HPLC in sera bo th  with low 
b i l i rub in  concent ra t ion  and  unconjugated 
h y p e r b i l i r u b i n e m i a  s. The p resen t  paper 
descr ibes  the result  of f ract ionat ing serum 
b i l i rub in  in var ious  hepa tob i l ia ry  diseases by 
us ing  a newly  deve loped  accurate and  simple 
HPLC. 
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Fig. 1 Micronex high performance liquid chromatogram 

Serum from a pa t ien t  w i th  j aundice  ( serum TB 170.5 
#mol/L,  5 /zL) was analyzed.  Five peaks were  s h o w n  in 
the e lut ion order  of ~, y, fl, fi', and  a. fl peak was com- 
posed of two BMG isomers.  

Materials and Methods  

HPLC grade solvents, including acetonitrile, 
were obtained from Wako Junyaku (Osaka, 
Japan). The n e w  HPLC (Micronex HPLC) was 
performed using Micronex RP-30 0P6 m m  x 150 
mm; Sekisui Chemical  Co., Osaka, Japan) 9. The 
serum bi l i rubin was fractionated into 5 
fractions by Micronex HPLC, i.e., b, y, fl, fl' ((Z, 
E)- and/or (E, Z)-bil irubin),  and a fractions. A 
chrornatogram of the serum bi l i rubin fractions 
from an icteric pat ient  is presented in Figure 1. 

All steps were  performed in subdued  light 
(red light). Five to ten/zL of collected sera were  
analyzed immedia te ly  or wi th in  a week  upon  
storage in l iquid nitrogen.  Bilirubin fractions 
were de te rmined  by the Jendrassik-Gr6f 
method O-G method)  1~ and Micronex HPLC 
using sera from 28 normal  adults, from 21 cases 
of unconjugated hyperb i l i rub inemia  and from 
159 patients wi th  various hepatobi l iary 
diseases. The ratios of bi l i rubin fractions to TB 
and to each other  were  calculated. Student 's  t- 
test was used for statistical analyses. 

Results  

Micronex HPLC revealed that sera from 28 
normal  subjects contained 15.2 + 5.0/zmol/L TB 
wi th  nei ther  BDG nor  BMG. B6 was found only 
in 2 subjects (6.5% and 3.6% of TB) and small fl' 
fraction in 16 subjects (fl'/a was 11.9 + 9.7%). In 
sera from 18 patients wi th  Gilbert 's syndrome 
and 3 patients wi th  type II Crigler-Najjar 
syndrome the serum bi l i rubin pattern was 
composed by Bu (,8' fraction + a fraction) and, 
in 7 patients of Gilbert 's syndrome,  by traces of 
B6. The mean  fi'/a ratio was 10.3% and 7.0% in 
Gilbert 's syndrome and in type II Crigler-Najjar 
syndrome,  respectively. Bilirubin fractionation 
was performed by Micronex HPLC in sera from 
159 patients wi th  various hepatobi l iary dis- 
eases. 

In non-icteric patients wi th  hepatobi l iary 
diseases (30 cases out of 159), Bu (a fraction + 
fi' fraction) accounted for most  of the serum 
bi l i rubin (fi'/a = 9.4 + 10.1%), Bb amounted  to 
5.3 + 11.7% of TB, and nei ther  BDG nor BMG 
was detected. 

Bu/TB was h igh in compensa ted  liver cirrho- 
sis and chronic hepati t is  (mean: 96.3 and 81.7%, 
respectively) and 18.9-40.2%, on the average, in 
other  hepatobi l iary diseases (Table 1). Mean fl'/ 
a ratio was comparable  in each hepatobi l iary 
disease (from 11.2 to 16.6%). 

In sera conta ining Bb, the Bb/ 
(B b+ BDG + BMG) ratio was significantly lower 
dur ing  the increase phase of jaundice  than 
w h e n  jaundice was remit t ing in acute hepatit is  
and obstructive jaundice.  The ratio was remark- 
ably low in fu lminant  hepati t is  and signifi- 
cantly lower in decompensa ted  than in com- 
pensated  liver cirrhosis (Table 1, Fig. 2). 

Similar changes in the Bb/TB and Bb/ 
(Bb+BDG+BMG) ratios were  observed in all 
cases wi th  exceptions of chronic hepati t is  and 
compensated  liver cirrhosis (Table 1). These 
exceptions may be accounted for by the h igh 
amount  of Bu present  in these diseases. 

BMG/TB and BDG/TB ratios were  high in ful- 
minan t  hepatit is,  in the jaundice-progress ion 
stage of acute hepati t is  and of obstructive 
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T a b l e  1 Serum Bilirubin Fract ions in Normal  Subjects,  Pat ients with Unconjugated  Hyperbi l i rubinemia and Pat ients with Var ious 
Hepatobi l iary D i s e a s e s  

Serum bilirubin Bb/TB BDG/TB BMG/-FB Bb BMG 
n (pmol/L) (%) (%) (%) Bu/TB n# (B6+BDG+BMG) B6 

(%) 

Normal 28 15.2- + 5.0 0.4+_ 1.7 0 0 99.6+_ 1.7 2 100 O 
Gilbed'ssyndrome 18 47.9-+ 14.2 2.1+_ 2.1 0 0 98.8+_ 2.1 7 100 0 
Cdgler-Najjar 3 167.3-+ 47.9 0 0 0 100 0 - -  - -  

(Type U) 
Fulminant hepatitis 4 509.9-+ 44.9 19,8_ + 6.7 16.9+_4.2 38.6+_ 7.1 24.8+_ 4,5 4 26.8+_10,3 2,31_+1.09 
Acute hepatitis 18 169,0+- 72,1 24,0-  + 7.9 21.2+-5.2 31.2_+ 5,1 20,4-+ 9,7 15 30,6+_ 7,9 1,50-+0.52 

(progression stage) 
Acute hepatitis 34 92,0+_ 69,2** 53.5-+11.4"** 6,1+_6.3"** 6.4-+ 7.7*** 35,7+_18.6"* 34 83.0+_17.0"** 0.13-+0.17"** 

(recovery stage) 
Chronic hepatitis 25 22.8-+ 7.0 3.6-+ 5.8 0 0 96,3+_ 5,8 9 100 0 
Liver cirrhosis 14 28.9+_ 11,1 14,1+_13,5 2,0-+2.2 2,3-+ 2.9 81.7+_17.5 10 80.0-+13.7 0.092_+0.083 

(compensated) 
Liver cirrhosis 21 238,0-+157.0"** 32.2+_ 6.8*** 13.0-+3,5"** 19,6+_ 7.7*** 33,7+_12,0 *** 21 50.7+_ 9.3*** 0,61-+0,27"** 

(decompensated) 
Hepatocellular 12 154.3-+ 87.3 32.7+_ 8,9 13.5-+4,8 23.0-+14.0 34,8+_17,3 12 52,6+_15,1 0.68-+0,52 

carcinoma 
Intrahepatic 10 146.7-+120.5 29.2-+ 8,5 1 1 . 4 + _ 7 . 1  18.8+_10.7 40.2-+17.0 10 52.1-+15.7 0.70-+0.45 

cholestasis 
Obstructive jaundice 11 247.3+_153.4 27.1+ 6.1 20,6+_3.4 33.5+- 9.1 18.9-+11.1 11 32.9-+ 6.6 1.29-+0.42 

(progression stage) 
Obstructive jaundice 13 59.9+_ 38.0*** 39.7+_ 8.4*** 9.3+-6.0*** 8.5-+ 7.5*** 42.5-+18.2"* 13 78.2_+15.7"** 0.21+0.17"** 

(recovery stage) 

Comparison of all data was made between the progression and remission stages of acute hepatitis, between decompensated and compensated liver cirrhosis, and 
between the progression and recovery stages ot obstructive jaundice. 
**: P<0.01, "": P<O.001, : the number of subjects whose serum bilirubin contained B6. Mean +_ SD. 
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Fig. 2 Bb/(BO+BDG+BMG) in  hepatobiliary diseases 
***: p<0,001.  Large solid circles indicate 5 cases each. 

Fig. 3 BMG/B6 in hepatobiliary diseases 
***: pK0.001. Large solid circles indicate 5 cases each. 

jaundice and significantly decreased in the 
recovery stage (Table 1). In decompensated 
liver cirrhosis, hepatocellular carcincoma and 
intrahepatic cholestasis, BMG/TB and BDG/TB 
ratios showed intermediate values�9 On the 
contrary, the value was very low both in chronic 
hepatitis and compensated liver cirrhosis. 
Accordingly, a significant difference was 
observed between the ratios in decompensated 

and compensated liver cirrhosis. In general, 
BMG/TB changes were more remarkable than a 
BDG/TB change (Table 1). 

In sera containing B6, BMG/B6 was als0 
calculated (Table 1, Fig. 3). Opposite  trends 
were observed in BMG/B6 and B6/ 
(BO+BDG +BMG), as the increase of the former 
was associated with a decrease of the latter and 
vice versa. 
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Fig. 4 A course of a patient with acute hepatitis 
Initially low B6/(B6+BDG+BMG) increased and initial- 
ly high BMG/B6 decreased in accordance with the re- 
mission of jaundice. B6/TB changed similarly to B6/ 
(B6+BDG+BMG) but to a small extent. 
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Fig. 5 A course of a patient with obstructive jaundice (common 
bile duct cancer) 
B6/(B6+BDG+BMG) and BMG/B6 changed in a 
warranty similarly to the patterns seen in Fig. 4. The 
change of B6/TB was not remarkable. 

The courses of patients wi th  acute hepati t is  
and obstructive jaundice  are shown in Figures 4 
and 5. B6/(B6+BDG+BMG) and BMG/B6 
changed remarkably in opposi te  directions,  
compared wi th  the modera te  changes of B6/TB. 

Discussion 

Micronex HPLC separated serum bi l i rubin into 
5 fractions, 6, y, fi,/J', and a, by a single, simple 
pretreatment of se rum in a reproducible  and 
accurate way. The 6, y, /J, and a fractions 
corresponded to the corresponding fractions by 
Lauff's HPLC, and /J', fraction in Micronex 
HPLC was identif ied as (E, Z)- and/or  (E, Z)- 
bilirubin IXa 9. 

Recently, McDonagh 11 reported that photo-  
derivative(s) of b i l i rubin  appeared in sera from 
adults exposed for a long time to sunlight.  
Micronex HPLC detected the photoderivat ives  
and revealed the presence of them in heal thy 
adults and patients wi th  liver diseases. There- 
fore, a small amount  of the photoderivat ives  of 
bilirubin might  be usually present  in adult  sera. 
However,/J' fraction may be increased by the 
exposure of serum to light because of the diffi- 
culty in collecting blood in complete darkness.  

Recently Muraca et aI.12 reported the presence 
of trace amounts  of BDG and BMG in normal 

serum and in cases of unconjugated  hyper-  
bi l i rubinemia.  Since the minimal  detection 
limits of Micronex HPLC for BDG and BMG 
were  5 to 10 times h igher  than those reported by 
Muraca et al. 12 w h e n  5-10/~L serum was used in 
Micronex HPLC, BDG and BMG might  not be 
detected in the serum of normal  subjects and 
cases of unconjugated  hyperb i l i rub inemia  by 
Micronex HPLC. When  a large amount  of serum 
(25 /~L) of normal  subjects were  analyzed by 
Micronex HPLC, the y(BDG) and ~BMG) peaks 
appeared  and amoun ted  to 2.0 + 3.3% and 4.2 + 
2.0% of TB, respectively (TB = 14.9 + 3.3/~mol/ 
L, n=6)  (unpublished) .  

B6 is reported t o b e  produced  by the covalent 
b ind ing  of a lbumin  and Bu 9, BDG or BMG 13'14. 
Accordingly,  all of Bu and trace amounts  of BDG 
and BMG may account for the presence of B6 in 
the serum of some of the normal subjects and of 
Gilbert 's syndrome cases. 

In 159 patients wi th  hepatobi l iary diseases, 
we de te rmined  and compared  the B6/ 
(B6+BDG+BMG) with  the B6/TB ratio which  
was previously descr ibed by Weiss et al. 2 as a 
good index in moni tor ing  the jaundice.  While 
B6/(B6+BDG+BMG) was remarkably high in 
chronic hepati t is  and compensa ted  liver cirrho- 
sis, mostly at stable state, decrease in B6/TB was 
observed as previously reported by Weiss et 



272 Y. Adachi et al. Vol. 23, No. 3 

al. 2, suggest ing poor prognosis.  The ratio of Bc~/ 
(B6+BDG+BMG) decreased in the jaundice- 
progression stage and increased in the remis- 
sion stage to a larger extent than B6/TB. These 
results of the B6/(B6+BDG+BMG) study are in 
line with those from the corresponding B6/ 
(Bc+B6) examined by the Ektachem method s. 

BMG/TB and BDG/TB changed in a direction 
opposite for B6/(B6+BDG+BMG). The change 
of BMG/TB was more remarkable than that of 
BDG/TB. 

When jaundice develops,  the BMG/TB ratio 
increased while  the B6/TB ratio decreased, and 
BMG/B6 changed more than B6/TB, as shown 
in Figs. 4 and 5. These f indings suggest that B6/ 
(B6+BDG+BMG) and BMG/B6 at the time of 
serum collection can be a very useful parameter 
for monitoring and diagnosing the stages of 
jaundice without  fol lowing the course in hepa- 
tobiliary diseases. 
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