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—WREBD L THB.
@ Paper chromatography
@-1 2N, P IEH X 0B8R S EE bil-
irubin 23l & U1z, Pt Schleicher & Sch-
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BARTERH20m L E ER4 5 X CRAL . BIEABKIX
n -butanol : ethanol : H:0(4 : 1 @ 2) 2wk,
® HEHENE

GMcounter ( Geiger-Miiller counter, Aloka
Model TDC-1 AR KKH) 268 L THE
Liz.

Radio chromatogram iX Paper chromato sca-
nner ( Aloka Model PC S-4 BAMEKKH) %
(ELABNIERLU. FHIE—WcBRoCL
{ChA.
® Radioautogram

HIiE#E bilirubin % ¥ 4" paper chromatography
TR, 5Nz paper chromatogram iC-o4»
T Fuji TEMAXE 7 1V A non-screen type 200%
VR L. FMIEBCEoBE Y THA.
@ mEROHEE

Weber & Schalm® OV BIELZ. B
LEEEE bilirubin %0. 1N, NaOH150mliCBRE L,
3053 B FREE IKii@# 6 NHClicTp H2 ik
41U, chloroform180ml% i X il 4500/
5 3EETL L, 28 381 chloroform % 0.1N
HClLiz T2 [OiZeMEL It AR EZE U, Ei%20.1N
NaOHL 5alic 5 L, Fic/K6.5ml%MA12NHCI
T 1 NHCHZ L1890} SR/ Tk 3 2174
W, BHHES5S NNaOHicTp H 2.5 CHfIL, IR
BOERIC/2 5 X CREUFBIL, FKIiC10% BaCl,
0.3m0% 71N, 5 IR 5 R RIME L, &bl T
B85 hicPbi#E #0. 01N HCl iz T 1 EZE¥EL, &kl
TS itk % glycerol : H:O(1 : 1)5mlic T+
TS Leitz BOEEHEET Model M%Z AL
RATOmp ic TRE ZHE U1z, HEEROBREHBO
YESLITI3ERRE Y — % 1 % 100 mlic BaCL%2+3 A
BaSO, 27 3 ¥, BHIhiz BaSO, @2HHL
zhzh0.25, 0.5, 1.0, 2.0 ------ 1EDmg %D b D
DOEFRLUTHWI.

ER N8

@ IEE rat icisiy 084> S HEldh iR

* SHikE Y — ¥ OB ED 5> ORI KR 5 D
HEtHREE 283344 5 BT SEALNEHTEL b
ABEEE L 1B i >WTRE LIz,

Bt~ Hftfix *S 2B ERICEARS ~
6 3T E hBBUTEM, ®*SEAKSITLSH
12 h D St BIIFEE & /2 h LUERED L, S5BF
BchiAr—ERBE X »1z. (K1, K2)

Fig.1 Excretion curve of S in bile
after injection of 3°S sodium sulfate
into duodenum of rat

cpm
X 1000
15t
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Fig.2 Excretion curve of S in bile after

<pm  injection of 33§ sodium sulfate
X100C0 .
into duodenum of rat

1 2 3 4 5 6 7 Bh
*SIBEEAR SHME T SEARD42.145.7
% HMEH hicHtt sz, X0~ 5EEDBH %
FEEL U EBRICEEL 1283, Thid rat BEARKTSO
29.842. 4%t H 1z b SRR OHEER DT 145.3
%Thizh.
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©@ ME{LRFEFREE rat K SEE UIES DN
e SHHtE R OZEAL

PUEEA LR FERTREE rat OFFHEREMRTE % RRIEEYICTT
ol 2,3 DL ThH-T.

2 ¥ iR LR RIS 5212, 24, 48, 96RsRID
B % & Ric T 5 BERGERIN L, Hil *° S iEH: 2R
EUER rat L HBREF LIz, S SEARNA
WL ERS#12, 24, 48, RERIDMEST, Z2h

Table 1

Distribution of **S-activity in various steps

zh 1 BEBERIEA L.

7 DIERIFR rat-Tid 33,900 ~ 64,200 i3
51,500 count/min, EEHIEWCIZ 23,600 ~

34,000 £¥529,300 count/min , 24 B % Tik

15,900 ~ 54,100 4937, 000count/min , 488FRI
Tix 37,500 ~ 87,600 963, 000count/min , 96
BSR4 I 88,400 ~ 90,400 1589, 400count/
min Ch-712.(F7) 212, FRahzBH I O
bilirubin %2¥&H U, Z D bili-

bin & & * SEOHE #EIE
Sttfp Experiment [ No1 [ No 2 | No. 3 | No t No. 5 Averafe :ZJ:IE'% rat ik 2;: 500 —
Bile klw00%| %) %) %) 100% 103,100 351, 400count/mg,
Flltf'ate 4.5 6.2 4.2 4.5 4.1 4.7 BE®I1285M T 13,400 ~ 24
Residue after
methanol 6.0 8.3 7.3 7.2 7.7 7.3 , 900 31519, 000count/mg, 248§
extraction 7
* 12,100 ~ 55,400

Crude bilirubin |[89.5 |85.5 |88.5 |88.3 |88.2 88.0 rgee ¥

Fig.3 Paper chromatogram of conjugated bilirubin in rat bile

and its radioautogram

331, 700count/mg , 4865 T 42
,000 ~ 125,100 i
76, 900count/mg, 968#R
T 160, 100 ~ 174,900 ¥
5 167, 500count/mg T &
-72. (X 8)

o @

@ MEHF* S D3H
$HEEE bil irubin OF
BEETD*SORHIZ

B RicE Eh 218468
2100% & UT3EE, RE

g oFRbIiC 4.7%
53, methanol HhH#ED
BEBIC 1.3% 052D 5

Fig.4 Paper chromatogram of conjugated bilirubin in rat bile

and its radioautogram

hiz. HIE#E bilirubin
RO SAHRREHD
88.0% Th-1-.(%(1)

@ *SEf rat Bt
bilirubin @ paper ch-
romatogram & Z® ra-

dioautogram & radio-

o @ D

chromatogram

Rat 7+ fHiEHE bilir-

ubin M paper chroma-
togram X (K3) oim
EBATEL DEL, B

2, E3D3 spot L5
»h& Rf {HIZH 1 spot
0.32 ~ 0.418 2 spot

0.20 ~0.25, % 3 spot



334

0.09~0.12Th - 1:.
> ¥{Z% D paper chromatogram {Z2\VT ra-

dicauto graphy

D
(=]

2T ->THBEEL, H2 spot

A T A IR IR I & B3 LI 2 R 1
(K3) Z DM IXBAIIIED Shish-Tc.
MR & L TSmlD rat JBH IS % 5 e /mlfiEE Y —
SR E L TIHRERS U, LEERABEIC paper chrom-
atogram i FIZ Z D radiocautogram Z2{ER L1z &
5, matiEIERickE Y, EREIBD oI
1. (K4)
X 51t EEED paper chromatogram %\ ra-
diochromatogram #%{ES4 L 12§83, radioauto-
graphy & AT rat BHAOEEE bilirubin 24
WIZIBAITIZE 1 spot, & 2 spot IZHXMT 550
RESEEO L 2By . (K5 ) — BB T

FRicoafgEdolBsBD o iz, (K6)

Table 3 Liver function of rats with carbon tetrachloride liver injury

3N

Table 2 Liver function of rats with
carbon tetrachloride liver injury

CCl TTT| ZnTT
injury | No.|( M.U.)|Kunkel U. Co |CCF
1] 11| 16 [R | +
Oh. | 2] 0.8 1.6 R, #+
3| 1.1 1.6 R. +~4
1] 1.4 6.5 Ry~ +
12h. | 2 1.4 6.5 R. +#
3 1.6 2.5 R. #+
1 1.6 2.5 R, +#
24h. | 2 1.6 6.3 Ri~ +
3| 2.2 5.2 R: +
1 2.5 7.7 Rs #+
48h. | 2 1.4 5.7 R, +~+
3| 2.8 5.2 R. +~4

CCL GOT GPT | SBilirubinmg% | Al-p.ase | CholineE
injury |No.| KarmenU | KarmenU.| T. .D. | BodanskyU.| (A pH)
1 150 35 0.20 0.12 9.2 0.59
Oh. {2 81 60 0.39 0.20 8.1 0.62
3 95 70 0.15 0.09 8.5 0.61
1 1800 2000 0.20 0.10 0. 57
12h. | 2 1800 2100 0.63
3 1850 2080 0.40 0.30 9.2 0.61
1 1780 1750 9.0 0. 57
24h. | 2 1800 2200 0.43 0. 32 7.8 0.55
3 1800 2100 0.35 0. 32
1 1750 2200 0. 57
48h. |2 1800 2080 0.43 0.32 0.59
3 1680 2180 0. 32 0.25 9.0 0.57

Fig.5 Paper chromafogram of conjugated bilirubin in rat bile

and its radiochromatogram

o @

® IFEREEHERS
@ bilirubin sulfate
BizoWnWT
HERL hEM I
$ bilirubin X h Weber
& Schalm DTS TH
ESIR 2 HIE U iR 1R
4DTEL{THHT.
BEERBICBVWTHER
bilirubin AHZ L ¥ 27
BIROER IR R
1.82~0. 48 % F1591.02%
FFREZSAEL. 83~0. 47 %
#1. 12 % B EE]L. 43%
~0.38%¥150.94% & /s
b, ZDfEIX, bilirubin
_ mono s\ulf;'a,té & Lf:fﬁ
a, ZhZhiEHER bil-
rubin @ 10.01~2.64%
#95.61% 10.06~2. 59
%1596, 16 %7. 87~2,09
%15, 17% T > 12
® FESSZRERT
bilirubin sulfate &
& AP BRRE R AR
®-1 M7E bilirubin
& bilirubin
sulfate (X 9)
& bilirubin EE



[E#E bilirubin ICBY¥ AHFFE

[E#£ bilirubin W9
% bilirubin sulfate
BERLOMIB—E
L1-B8f%i3# bilirubin
T & [EfE bilirubin %
NREELIRTLRD
bz -1z,

®-2 MEGPTE

bilirubin sulfate
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Fig.6 Paper chromatogram of conjugated bilirubin in

rat bile and its radiochromatogram

(X10)
GPTOLERELE

$ bilirubin O bil-

irubin sulfate DZH @

@ Y27

L OfliKiz—E L

Table 4 Amount of SOi"in Amount of SO, in urinary bilirubin

AM3EED (A4
ﬁ{%‘ W_E bz N Direct Indirect [Salt-form S 0;- S 0:"/Direct

1. % | bilirubin | bilirubin bilirubin ! bilirubin
. 1 B.lmg | 0.62ng | 2.03mg | 0.147% 1.82%

©-3 BENGE Acute 2| 10.7 0.85 1.89 0.11 1.04

bilirubin sulfate hepatit 3 18.7 1.53 3.90 0.10 0.56

epatitis 4| 199 1.45 2,48 0.09 0. 48

(11, 12) 5| 20.2 1.85 3.80 0.24 1.20

TTT,ZonTTED 1 15.3 1.20 7.42 0.20 1.83

. . 2| 12.4 0.89 5.28 0.18 1.45

Hiciz e eHEls s 3 Liver 3] 8.8 0.52 1.20 0.04 0.47

PICRAT-MSAIE &1 cirrhosis | 4 | 215 1.93 5.94 0.18 0.85

B 5 14.0 1.05 6.02 0.14 0.98

fEBEGRE —0.27, #&&E 1| 30.4 2,60 8.20 0.43 1.43

Li3—0.46Th HERR Obstructive | 2| 28.6 2,02 6.34 0.34 1.20

R ) o 3| 2.4 1.65 4,58 0.13 0.56

ERIBETI0%LLE, % jeundice 4| 320 2.02 5.00 0.12 0.38

%‘T 5 %u_tlo%u—F 5 41.5 4.11 9. 82 0.48 1.15

Fig.7 Amount of *°S activity excreted

in rat bile
cpm
X10000

fo)
9 o 5

8

0h|12h]24h. 48N

96 h.

After CCly injeclion

LIz hPPERELOEEMNHLLEALNI.
(®-4 Alkaline phosphatase & bilirubin
sulfate ([X]13)

Alkaline phosphataée &, {B# bilirubin AAO
bilirubin sulfate ®EE & OREICIE, —E LBk
ED oz 1.

BIEY CICER

Bilirubin sulfate i Isselbacher & Mc Car-
thy iILL » TR TRR 3I#, DW\WT bilirubin
sulfate ILDWT L EFERPHS. ¥ rat”
dog® AW TIIEET A LWL DLNTS.
L b UBEERRAS bilirubin & &EAT 2 HALILDNT
IXE#RMH D, %) Isselbacher™ 51X B -glucu-



336 G ¥

ronidase % U1z RERKEER D> S bilirubin D afif
DM D O HEIT sulfate AL TV 3 & LTS,

Z D% Noir'® i3 N HEIC sulfate &S UL, dis-
ulfate Td b, BH\ bilirubin glucuronide & 3t
it 33 & Lic. —J5 Weber & Schalm™ (dbi-
lirubin sulfate BE{&iziZBA 6 o> 22 FH0NE Orie{t
FHRHE 2R U I @32, alkali stable bili-
rubin 259 72bH 5 bilirubin sulfate TH 2 L RXE

Fig.8 °sS activity of conjugated bilirubin

per Img of bilirubin in rat bile

v,

X

U8 5 Atz fBiT AR bilirubin ~D* S O, DHH 2#E
FHICRIE LTz L C BEH# 5 ~ 6 40 &\ 5 A
TEEIZ® S 07 I3AEH A HHBR L, U A> & BEFT AR icHE
H3h2z®S 0 D88%HS bilirubin FEILAL D5
bhtz. Isselbacher'® 5 $* S 07 2RAHE L,
T AR DICIEHAIC radio activity #IEHLIZC
EBWELTVWA. D ¥iC bilirubin SEILOWT
paper chromatography #{7-TA 56N 5 32D
spot IZDWTHS EHE 1AM 2 spot IL—E
LT®S O DB 2EEAAL, % DEALIC bilirubin
L sulfate ¥4 U7 bilirubin %2ZERBU7C.
ZDHE1, %2 spot 137FEE pigment 11D spot

X10000 ° it—3 L, Watson 5™ »3 pigment II53EAIZ bil-
o irubin sulfate BT 2 L & 2B IR IL—H
15 LTz, &C 57T pigmentI4YERICER s h 3 EE
& LT Weber™ 5 ik bilirubin & glucuron &M
° O sulfate DREAMOFESEALS L L, COTHRE
# % morphine D2 HIFRELTEH, TZOED
0 ° b DHTET FUEUIR pigment 1l & A—HET 5 C
L BFPT 5 LD TERT, CDBE glucuron
B8 & sulfate OESY DA EEZL S & bilirubin
o ° sulfate P38 alkali stable OEHE bilirubin T
5 o°°o og & % H 5 bilirubin & glucuron ERA7 X sulfate D
00 0 % & OREAYDELED TR LR 5 55 Schoenfi-
°o Tro Oo eld” &3 B -glucuronidase ZfWTHRE LIz &
°le € % Tid bilirubin glucuronide & bilirubin su-
0 Oh.|12h.]24 h.l 48 h.] 96 h. lfate & X paper chromatogrami‘.‘f’ﬁﬁ@%if{b
After CCly iniury THh LROTEHREESNI>: L LB T Sc-
hoenfield™5 X ratic CCLIC & AFEZ 253 €
ARz &, alkali
stable bilirubin O& sc& Fig.9 Relation between serum bilirubin
REDTPRETHET  gliuin
L, ANEATIRIER and bilirubin sulfate
53 & IBH % 174 pigm- % ® Total bilirubin
ent NEDMAIRE> 2 [ . o © Direct biibin
< alkali stable bil- *
irubinWHER SN 3 C oe
& % &F, bilirubin oce Oe
sulfate DEEKNIEE 1+ &8 (<) °
oW TEENRES °
E->TA. o 08 ’ o . ° *
ZCTEER, ¥F o o % % o °
Na® S O, % rat DOig o o. o ° B | . .
BRICARL, Fofr 10 20 30 0 mgt.

BIU B & b EREX



B4 bilirubin 12BAT ATA5E

T bilirubin sulfate .
AEOBEERN LI
LT B, RONEHE "
mE¥sCee@BLE, o

and bilirubin sulfate

337

Fig.10 Relation between serum G P T
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Bilirubin . .
and bilirubin sulfate

%

Fig.13 Relation between alkali phosphatase

Moox

2) S SiEHEIX rat
fBit o (MEHE) bi-
lirubin 537288 %
Fvont.
3) Paper chrom-
atography €& b
MEHR bilirubin
° DERDEEL, Z0
radioautogram,
radio chromatogr-
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0.41, 0.20~0.250D
2 spot IL—H LT
SSTRHENEBDL LT

5 10

TEL ratfPRRATRAED Nz, BERPX
h 238 U 721E#E bilirubin Az U ¥ % Z D& 1L bil-
irubin mono sulfate & U THEHT 5 L EEE bilir-
ubin OBRHFI0%EE T, Isselbacher, Watson 5
D10~15% & h PRDVEETH b Noir DS
{ bilirubin disulfate Ta& % & ¢ HILEHE bilir-
ubin ORFES %FEEL /2.

% § ~sodium sulfate % rat +_{5IENICAR L

MHBHE 2 VEAR U, £RER U 12BBHT 220 T bilirub-
in sulfate @ﬁ?ffi’&?iﬁ'% &R %, HE
BHE , B RE G O BEIR 2 L Schalm & We-
ber OHEEIRRIERIZ L b bilirubin sulfate D
RIERIC OV T S RE L TEROMRM 2 A 12,
1) 3 S-sodium sulfate % rat O+ _$8BKNICE
FL > STEEDIBHA~DOBIT2 A5 LARHES ~
63& b AL S NLIH 8 FRIE ICHS ** SHATE
HD42. 1% A LD L.
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Studies on direct bilirubin
Part 2. Studies on bilirubin sulfate fraction

The first department of internal medicine, Okayama university

medical school (Director : Prof. Kiyowo Kosaka )

Toshio KAWAI

The bile was collected from the rat external bile fistula after the duodenal administration
of **S-sodium sulfate. The exsistence of bilirubin sulfate in the bile was studied. Also cli-
nical significance of bilirubin sulfate was studied useing jaundiced urine obtained from the pat-
ients with acute hepatitis, liver cirrhosis and obstructive jaundice. The amount of sulfate was
measured by Weber & Schalm's method. The results were as follows :

1) Appearance of **S-radioactivity into the rat bile was found from 5 to 6 minutes after
the duodenal administration of **S-sodium sulfate.  The total amount of radioactivity up to 8
hours was 42.1% of given ** S-radioactivity.

2) Crude direct bilirubin fraction obtained from the rat bile contained 88% of total bile
radioactivity.

3) Crude direct bilirubin was fractionated with paper chromatography, then **S-radioactivity
was dectected with radioautogram and radio chromatogram obtained from the paper chromatogram.
The ** S-radioactivity was found at two spots of Rf 0.32—0.41 and 0.20—0.25. The radioactiv-
ity was localized at the original spots of paper chromatogram obtained from the mixture of di-
rect bilirubin and * S-sodium sulfate.

4) Amount of bilirubin sulfate decreased at 12 hours when the liver parenchyma was highly
damaged after acute carbon tetrachloride poisoning, then increased.

5) No significant corelation was found among the ratio of bilirubin sulfate to direct bilirubin
and non-specific colloid reactions, serum transaminases, alkaline phosphatase, total bilirubin
and direct bilirubin.

6) Bilirubin sulfate obtained from the jaundiced urine was ranged from 2.09 to 10.0% of the

direct bilirubin and averaged 5.98% when bilirubin sulfate was caliculated as bilirubin monosulfate.



