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Cleghorn [REEHEIC & b YeBEH. 5 (HITACHImodel
101) % BV R ES3Smu THIE L 12.

4. Glucuron B EIEEE

BB ester Ebilirubin 3B D gluicuron &
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5. MolthEHE:

Bilirubin - glucuron & mol it i ester B bilirubin
W4 Aglucuron &% mol h & UL THEHL,
bilirubin - sulfate mol ;i3 EHEEYbilirubiniz 343
AR mol b & LTEHLU 2. HEXDFM
S M iEduL T

6. FFesapmREER

B

M&Ebilirubin & (Jendrassik - CleghornfE&:
Z£#:) , MiEtransaminase IFME{E (GOT - GPT,
Karments) , (iEBE RN (Kunkel FhfilgHE A5,
BRZn TT, Thymol BEHIMT T T ), MiHalkaline
phos phatase jE#fE (Bessey Lowry #£) 35 X ZXIl
EEADE (7-globulin®) ZEELE. 35T,
—IBOEEFIC DU CidbromsulfaleinZfit (BS P
test) 2R LI,

Table 1. Bilirubin-sulfate molar ratio and bilirubin-glucuronic acid molar ratio

in the bile of male without liver injury, and liver function

case sex age bilirubin  bilirubin GOT GPT alkaline bilirubin ZnTT TTT 7y-globulin
No. -sulfate  -glucuronic phosphatase
molar ratio acid u. u. *B. L. u. mg/dl  u. u. g/dl
molar ratio
1 ¢ 19 0.19 2.25 12 17 1.2 0.56 4 1 1.11
2 % 20 0.03 2.17 24 24 1.6 0.42 6 2 1.24
3 % 19 010 1.82 12 13 1.2 0.65 5 2 1.32
4 § 22 0.16 1.79 9 15 1.7 0.36 6 3 1.69
5 % 21 0.13 1.65 18 21 2.0 0.28 8 3 1.05
6 3 20 0.09 1.73 11 14 1.8 0.74 7 2 0.84
7 % 21 0.11 1.41 14 12 1.4 0.35 4 1 0.86
8 ¢ 24 010 1.91 14 20 1.6 0.52 7 3 1.15
average 0.10+0.03

% Bessey Lowry unit

Table 2. Bilirubin-sulfate molar ratio and bilirubin-glucuronic

in the bile of human beings with cholecystopaty, and

acid molar ratio

liver function.

case sex age bilirubin bilirubin GOT GPT alkaline bilirubin ZnTT TTT y-globulin
No. -sulfate -glucuronic phosphatase
molar ratio acid u. u. *B.L.u. mg/dl u. u. g/dl
molar ratio
1 & 43 0.19 1.62 14 10 1.0 0.52 9 3 1.13
2 3 62 0.10 1.83 19 17 3.1 0.47 8 2 1.05
3 & 63 0.05 2.11 14 23 3.1 0.36 6 2 0.98
4 § 61 0.11 1.53 14 25 2.3 0.48 8 1 1.00
5 3% 43 0.01 1.91 28 20 1.4 1.09 5 3 0.84
6 3 44 0.12 1.73 7 15 1.2 1.36 6 3 0.93
7 % b4 0.04 1.82 22 21 4.0 0.65 8 2 0.85
8 § 37 0.05 2.00 12 21 2.0 0.98 6 2 0.85
average 0.0810.06
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Table 3. Bilirubin-sulfate molar ratio and bilirubin-glucuronic acid molar ratio

in the bile of human beings with acute hepatitis, and liver function

case sex age Dbilirubin Dbilirubin GOT GPT alkaline bilirubin ZnTT TTT py-globulin

No. - -sulfate  -glucuronic phosphatase
molar ratio acid u. u. B.L.u. mg/dl u. u. g/dl
molar ratio
1 3 47 018 1.73 121 141 1.8 .03 5 4 1.20
2 ) 28 0.74 1.11 56 120 3.2 3.24 8 3 1.72
3 3 36 0.63 1.23 62 80 1.2 0.36 4 2 1.59
4 2 51 0.61 1.56 52 80 1.6 0.74 9 4 1.63
5 2 21 0.50 1.87 62 100 1.4 1.42 8 3 1.24
6 N 26 0.04 2.02 240 370 2.3 1.20 6 2 1.11
7 % 31 0.02 1.92 32 43 2.0 0.72 7 2 1.14
average 0.39+0.28

Table 4. Bilirubin-sulfate molar ratio and bilirubin-glucuronic acid molar ratio

in the bile of human beings with chronic hepatitis, and liver function

case sex age bilirubin  bilirubin GOT GPT alkaline bilirubin ZnTT TTT 7-giobulin
No. -sulfate  -glucuronic phosphatase
molar ratio acid u. u. B.L.u. mg/dl u. u. g/dl
molar ratio
1 36 0.17 .72 25 30 1.5 0.56 7 5 1.06
2 ¥ 32 0.15 1.82 35 51 2.0 0.65 14 7 1.23
3 + M 0.09 1.17 24 44 1.4 0.60 4 1 1.01
4 $ 51 0.31 1.84 57 128 2.0 0.84 13 9 1.98
5 S 53 0.70 1.29 22 25 2.1 0.61 11 1 2,52
6 % 0.10 .97 48 39 1.2 0.70 10 4 1.81
7 ? 15 0.26 1.78 72 73 2.0 0.82 4 3 1.76
8 & 1 0.46 0.93 107 388 3.4 2.32 8 4 1.62
9 t 22 0.18 1.61 19 24 1.5 0.75 4 4 1.84
average 0.2740.19

Table 5. Bilirubin-sulfate molar ratio and bilirubin-glucuronic acid molar ratio

in the bile of human beings with liver cirrhosis, and liver function

case sex age bilirubin  bilirubin GOT GPT alkaline bilirubin ZnTT TTT y-globulin

No. -sulfate  -glucuronic phosphatase
molar ratio acid u.  u. B.L.u. mg/dl u. u. g/dl
molar ratio

1 L2 5 0.74 1.03 72 59 1.2 1.23 19 1 1.93
2 T 29 0.63 0.91 80 67 1.4 0.82 16 7 2.45
3 ? 48 0.61 1.21 63 32 2.0 1.00 20 9 2.18
4 2 42 0.54 1.52 100 40 1.5 1.42 18 4 2.23
5 2 68 0.49 0.94 89 78 1.2 0.96 20 9 1.89
6 T 47 0.21 1.41 121 141 1.0 0.88 14 5 1.94
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7 £ 30 0.35 1.13 35 23 1.3 0.42 4 6 1.73
average 0.5611+0.17

Table 6. Bilirubin-sulfate molar ratio and bilirubin-glucuronic acid molar ratio
in the bile of human beings with Gilbert’s syndrome, and liver function

case sex age bilirubin  bilirubin GOT GPT alkaline bilirubin ZnTT TTT ¥-globulin

No. -sulfate  -glucuronic phosphatase

molar ratio acid u. u. B.L.u mg/dl u. u. g/dl
molar ratio

1 + 19 0.17 0.88 27 9 3.3 11.56 7 2 1.24

2 + 26 0.59 1.06 27 30 1.1 3.24 8 4 1,22

3 4 18 0.51 1.00 17 22 1.6 2.83 8 3 0.93

4 YN | 0.66 0.71 21 19 1.2 2.01 6 4 0.98
average 0.48+0.19

Figure 2. Distributian of molar ratio of
. FERERAE

B}t bilirubin - FEs R mol H;, bilirubin-
glucuronfifmol H D AIFEE R ¥ & Ol ESEAITF#EE
RERRIISTEBNCK]L ~6 DB Th s,
Figure I. Relation between age and bilirubin

- sulfate molar ratio to direct
bilirubin in bile.
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0.09~0.705:4#90.27 +0.19, FFEEZSFERE0. 21~0. 74

F£30.510.17,Gilbert FEMRREE0. 17~0, 66-E150. 48
+0.19, 8 FHE0.03~0.16 140.1010.03CH - 1-. &
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Figare 3. Relation between molar ratio of

sulfate radical to direct bilirubin
and molar ratio of glucuronic acid

to ester-form. bilirubin in bile.
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Figure 4. Relation between serum bilirubin
and molar ratio of sulfate radical
to direct bilirubin in bile.
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Figure 5. Relation between serum GOT and

molar ratio of sulfate radical to

direct bilirubin in bile.
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molar ratio of sulfate radical to

direct bilirubin in bile.
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bEish -1z (r=0.08, p>0.05).
Figure 7. Relation between serum ZnTT and
molar ratio of sulfate radical to

direct bilirubin in bile.
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Figure 8. Relation between serum TTT and
molar ratio of sulfate radical to

direct bilirubin in bile.
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Figure 9. Relation between serum alkaline
phosphatase and molar ratio of
sulfate radical to direct bilirubin

in bile.

0 01 02 03 04 05 06 07 08
" bilirubin-sulfate molar ratio in bile

5) &y - globulin & & ORE% (X10)
fEH-FBbilirubin - HEE#Emolk: & MiFY - globulin
8L Ofic i3 EE8%%10.60, BKRE 0.1 %LTTH

=

EoEEs#E» o,
Figure 10, Relation between serum 7 - globulin
and molar ratio of sulfate radical
to direct bilirubin in bile (r=0.60,
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Figure 11. Relation between BSP test (45')
and molar ratio of sulfate radical

to direct bilirubin in bile.
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Table 7. BSP test (45') and molar ratio of

sulfate radical to direct bilirubin in
bile.

case No. 1 2 3 4

bilirubin
-sulfate 0.21 0.70 0.31 0.70

molar ratio

BSP test
% (45" )

6.5 8.5 7.0 0.5

5 6 7 8 9 10
0.10 0.18 0.66 0.01 0.63  0.61

1.0 0.5 3.2 1.2 3.5 1.0
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B+ bilirubin - sulfate moltk & BSP test @
455HE & OB IR ENICFEOHBIIBD o h
-tz (r=—0.06, p>0.05).
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Studies on bilirubin sulfate

Part 2. Clinical significance of bilirubin sulfate fraction
in the bile of the patients with various liver diseases.
by
Yutaka WATANABE

The First Department of Internal Medicine,
Okayama University Medical School.
( Director : Prof. Kiyowo KOSAKA )

Clinical significance of the components of direct bilirubin in bile was investigated on the basis
of the relation between bilirubin sulfate fraction in bile and serological liver function tests
in various liver diseases. Forty-three examined cases were consisted of eight cases with
cholecystopathy, seven cases with acute hepatitis, nine cases with chronic hepatitis, seven cases
with cirrhosis of the liver, four cases with Gilbert’s syndrome and eight normal subjects, and
their bile were collected with duodenal tube. The sulfate radical in direct bilirubin was quan-
titatively determined by Weber & Schalm’s method and the molar ratio of sulfate radical to bili-

rubin was calculated. The following results were obtained.

1) No difference was observed between male and female, and among the age of patients on the
molar ratios of sulfate to bilirubin.

2 ) The molar ratio of glucuronic acid to ester-form bilirubin was inversely proportional to
that of sulfate radical to direct bilirubin.

3) The mean molar ratio of sulfate radical to direct bilirubin was found to be 0.10 in normal
subjects, 0.08 in the cases with cholecystopathy, 0.27 in chronic hepatitis, 0.39 in acute hepa-
titis, 0.51 in liver cirrhosis and 0.48 in Gilbert’s syndrome. The each values of liver diseases
was significantly higher than normal subjects, and no difference between normal subjects and
the cases with cholecystopathy.

4 ) Significant correlation was observed between the molar ratio of sulfate radical to direct
bilirubin and following items, that is, ZnTT, TTT and 7-globulin ;but no correlation between
the molar ratio of sulfate radical to direct bilirubin and S-GOT, S-GPT, serum alkaline phos-
phatase, serum bilirubin and BSP retention test.

These results suggest that the sulfate .conjugation of bilirubin was compensated as compared

to the disturbance of glucuronide formation of bilirubin in liver parenchymal damage.



