616.36 : 612.357. 13

H:Ffié,%ﬁob glucuron BHAICE 4 ATHE

gel

i

EERAEERO glucuron BEAICHET 2RE

FILRZEFME—AREE (£  /MiFEREKR)

T H 1E LG
CRER434E 9 B30 /)
DTS DEERL I,
2 B
2. EERFk
BillingD {C X% bilirubin glucuronide D43, 2.1 i
B4 bilirubin DAREHF T bilirubin glucuronide BMB3RARE#HRXDIToR.,

DHTHBPORAENPETH glucuron B A
PIAA®D bilirubin DEELEDS Isselbacher?), FEZLED),
RO SIREXOTEDONTE YD, FiER biliru-
bin {% glucuron BB T & 2 C & i3 Talafant® o
KEOTHRBINTN S, —FFRERI glucu-
ron BRIE & DSANMAITE B 5B %5 HICTDU T Schoen-
field® 53, FFEERICIE glucuron B ASEEHE
TT3CE2HE, T -HZRED I3 glucuronyl
transferase FEHAEDIET %D T glucuron ERiEA
BERFFRERET T3 L& Licds, —F Beck®DO) 5
ZFFEZSERIC menthol 2ERTAC LT LD &
X313 menthol glucuronide &% HIE U FFEE B
ICBNTH glicuron BMIARIVETLEVE RE
LTEY, BRNHE0TH S,

F—RICBDTHIERERIC 81 5 bilirubin gluc-
uronide FEOHE R L LB ERBZ 58 D benzoyl
glucuronide FEDHEE L ZHLHREF L 785 R ben-
zoyl glucuronide JERLEEIZ—FE LR A5 3 45, AF
KREBREAE LN ZORAEIIETT L%
Er 2l Yol

COEEEIS I 100, ERNEEKD
bilirubin glucuronide £} Y T¥ic B BRIF 5K D
benzoyl glucuronide 537, BREOAKEDHSE
BRETBCELELR.

RBRMHETICH®

1. EB%Y
2~3kg OHUPABEREERL, —Hi33~
SIEEL, EBRICELDIFMERELT. REE

2. 2 LREERRAN

Mukerjiel) S DRICH T IEBRREE S, ¥
AERAIRLFRICEEETR (FL{tER) oft
£ 1g @ O#5 L, [ARC/k 50ml % Levine tube
ICTRERICERNITEAL 72,

FRRIIBRIC K D REERIR5% 6 KiOL&RK%E
IR U7z, BB20Mics ) 28RIZTNTERL
7.

3. Bilirubin RERITIZHEER

Bilirubin OE & |3 Jendrassik & Cleghorn KREHEW
%A\, Bilirubin HHERES/NR, FIP OFEIC
XV, 1M bilirubin % fYHE bilirubin, IEH biliru-
bin, ester & bilirubin O 3 SEIC S HL 7. —F
Eberlein!® #: CR§#E bilirubin, Pigment I, Pigment
LI HEHEL 7.

4. Glucuron BERE

A8, S k3 NaBHg 3 T naphthoresor-
cinol picrate ZFNTEEL. FHMEAFEMHE
RomTh 5.

5. ZREBRIEE

Kingsbury-Swanson (9 TH—RECiIRo 0 < 1T
27z,

6. [GBRERRIE®

RoFRIkI6% 0 E—fmatiiom < T o7,

7. Benzoyl glucuronide BOETFE

Benzoyl glucuronide & 3ZBERED S EREE
BNz E I XD TRD 78,

8. FFHEENRE

IBE G E U T cobalt SUSZREKED T
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Ty, Z0DHdb 5 BE T3 Cephalin-cholesterol 521K
>, Alkaline phosphatase (Bodansky #), S-GOT,
S-GPT (Kalmen ¥) A8FF L 7.

9. FEE*

9.1 PHE(LRFIC L3 HESE

Pt b F1ml % olive #i5ml IC/AREL, TKEKX
BEARICESR L. BEHRZEERIRSF2 BRI
ol

9. 2 Chloroform iT X % JFREED

Chloroform 0.5ml % olive i 5ml {ZEMEL, K
RABEARCESL .

10. WEBERIE

FHATE KD EIHLRRICOVT, ARER
S OERE CEDRETUEEMA, BIEEEMER
L, ZERERLL.

£ B B &

1. Bilirubin glucuronide S}E®DEE

1.1 REEBEMERRERICBO 2 M bilic-
ubin glucuronide Z}E DK

5 O EERME R8O X 1) bilirubin glucuronided,
ester X bilirubin HEICDHEET S C & MBRER
ENTHOADT, ester &l bilirubin IZ DN THREFL
THRRIEIN, FLRICRTWLT, HRA
bilirubin BICXd 3 glucuron BE % mol HOFHET
Kb (UUF mol HEEET) i3 18081 TH
205, fER%1BEFELBEENICETT 243
H B LI#%13350. 905 % 2R oz,

12 FEERRHQEERRRICK T 2 bili-
ubin glucuronide 4}E DEE

BIGhEESPE L FHEIC ester Z bilirubin i€ DT

Fig. 1. Shift of molar ratios in the normal rabbits
in the case given chloroform or carbon tet-
rachloride followed by ligating common bile
duct.

olar Ratio

20

Tiormal vabdit

ey x rabbit given GCP4 o CHUL3

R E 8B

Table 1. Shift of molar ratios in the normal
rabbits and the rabbits given chlorof-
orm or carbon tetrachloride followed
by ligating common bile duct.

raﬁlggit Before Af{' el 3 5 7

1.850.98 | 0.84 | 0.87 | 0.85
1.75 | 1.22 | 1.05 | 1.03 | 0.87
1.88 | 0.96 | 0.91 | 0.90 | 0.93
4 1.70 | 1.17 | 0.94 | 0.91 | 0.92
Average| 1.80 | 1.08 | 0.94 | 0.92 | 0.89

norma) rabbit
@ P =

S| 2 |1.61/0.980.610.52]0.52
ng 3 |1.92|0.90|0.51|0.47 | 0.50
S5| 6 |1.65(0.820.47|0.430.89
3l 8 [1.87|1.17|0.67|0.54 | 0.48
g" 14 | 1.840.77 [ 0.58 | 0.44 | 0.47
2]

Average| 1.76 | 0.95 | 0.57 | 0.48 | 0.47

N.B. CHCl3: Case No.2 & 3
CCly : Case No.6, 8 &14

BREULERRE 1N, £1R20MKE%R%R188
F450.95, 8 B AL FEEH0.5T~0.4TL{ET L.
BHE IR B L C mol WO TR DREEH  Bo
{BMEERL .

2. Bilirubin 3 FEOHERE

MR bilirubin % /NK, B O bilirubin 3 £ H
ECHE L IRREE 2 RICRT 0 BRI
VI REERRAREERE L SEROZRRL,
BB EERLETIZ ZNE N ester Bl bilirubin 2%, #j
#1346.0~58.9%, F1553.8%, t%#1345.0~59.0
%, ¥#352.1%CH D, HEH bilirebin 13, FIH
15.0~20. 1%FH17.9%, %H1I12.1~23.2%, F
$916.9%C» 5. [GHE vilirubin [TFIE TId 4.7~
33.9%, FH528.3%, %ERW.1~31.1%, FH
28.9%TH 5.

BEster & bilirubin 48 X ER%R 188, i
71.8% ; T4.8%, %%k 8 HERFHT1.2%;70.9
%, Wik sAERFH68.0% ; 61.6%, THH
1371.6% ; 13.2%THok.

#F bilirabin KOV T HE%KE 1 BEFF14.6
% ; 10.9%, 3 BE¥H16.5% ; 14.3%, 5HE
F#917.5% ; 18.6%, 7 BEFEH16.3% ; 14.7%
THD, fIE bilirubin (RS 1 B ETFH18.6%
: 15.83%, 3 HE¥#12.3% ; 14.8%, 6 HB¥F
$#14.5% ; 13.7%, 7 BE¥H12.6% ; 12.1%T
H0, ke bREKIROBRICENEENRSS
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Table 2. Shift of indirect, salt-form and ester-form bilirubin fractions in the normal rabbits and
the rabbits given chloroform or carbon tetrachloride after ligating common bile duct.

normal rabbit rabbit given CCl4 or CHCl3-
Before r;'};bit Indirect Salt Ester MR r;rl;bit Indirect Salt Ester MR
1 27.4% 20.0%| 52.6%| 1.85 2 33.6% 21.4%| 45.0%| 1.61
2 24.7 16.4 58.9 1.95 3 28.6 12.4 53.0 1.92
3 27.2 15.0 57.8 1.88 6 37.1 12.1 50.8 1.65
4 33.9 20.1 46.0 1.90 8 28.2 23.2 48.6 1.87
14 27.1 15.5 57.4 1.84
Average 28.3 17.9 53.8 28.9 16.9 52.1 1.76
After 1 12.0 13.0 75.0 0.98 2 18.9 12.6 68.5 0.98
1 2 12.6 21.6 65.8 1.22 3 18.8 7.1 74.1 0.90
3 14.5 14.0 71.5 0.96 6 15.0 9.2 75.8 0.82
4 15.2 10.0 74.8 1.17 8 11.7 8.5 79.8 1.17
14 11.9 12.3 75.8 0.77
Average 13.6 14.6 71.8 1.08 15.3 10.9 74.8 0.95
1 16.6 21.9 61.5 0.84 2 16.3 18.3 65.4 0.61
3 2 10.6 21.7 67.7 1.05 3 14.5 13.1 72.4 0.51
3 15.8 13.0 71.2 0.91 6 17.0 14.0 69.0 0.47
4 6.2 9.6 84.2 0.94 8 13.6 12.6 73.8 0.67
14 12.3 13.7 74.0 0.58
Average 12.3 16.5 71.2 0.94 14.8 14.3 70.9 0.57
1 19.3 17.3 63.4 0.87 2 13.8 17.0 69.2 0.52
5 2 12.5 15.0 72.5 1.03 3 12.5 18.5 69.0 0.47
3 14.0 19.8 66.2 0.90 6 14.6 23.8 61.6 0.43
4 12.1 17.9 70.0 0.91 8 11.5 17.5 71.0 0.54
14 16.3 16.2 67.5 0.44
Average’ 14.5 17.5 68.0 0.92 13.7 18.6 67.6 0.48
1 15.8 16.6 68.6 0.85 2 11.2 20.6 68.2 0.52
7 2 9.5 17.1 73.4 0.87 3 11.4 16.9 71.7 0.50
3 12.0 17.0 71.0 0.93 6 10.3 6.6 83.1 0.39
4 13.0 14.5 72.5 0.92 8 13.1 18.4 68.5 0.48
' 14 14.7 10.9 74.4 0.47
Average 12.6 I 16.3 ’ 71.6 0.89 \ 12.1 ‘ 14.7 ‘ 73.2 0.47
Abbreviations :
Indirect Indirect bilirubin
Salt Salt-form bilirubin
Ester Ester-form bilirubin
MR Molar Ratio
nigipote, FFREERAC B B/NR, JRHIC & 3 bilirubin 3

3 FEEHCHTZNE EEiclzms 43 & Eberlein 3:1C X 3 bilirubin 3 23 & OBFE%E
bilirubin 35} & Eberlein k(- & 3 bilirubin Wit 2 BI0T, HEEFRRZRVBEEESR
3 3HE %, /MR, EMicX3 bilirubin 8 4E & Eberlein
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Table 3. Comparison of Kosika-Hara's method and Eberlein’s method separating into three
bilirubin fractions from serum bilirubin.

Py
rabbit No. day | Indirect Py Py / Indirect | Salt Ester |[Molar Ratio
P+ Py
mg% mg%|
2 1 0.38 1.54 0.77 0.66 0.50 0.60 1.55 0.98
3 0.76 2.77 1.59 0.64 0.80 0.30 3.15 0.90
6 0.80 2.89 1.50 0.66 1.15 0.70 5.80 0.82
8 0.65 1.80 1.48 0.65 0.55 0.40 3.75 1.17
14 0.76 2.12 2.00 0.52 0.62 0.38 4.20 0.77
Average 0.61 0.95
2 3 0.45 0.90 0.97 0.48 0.50 0.50 2.50 0.61
3 0.82 2.30 2.92 0.44 0.86 0.62 5.40 0.51
6 1.27 1.93 2.80 0.40 1.25 0.80 6.25 0.47
8 0.59 2.72 4.24 0.39 0.74 0.55 5.10 0.67
14 0.57 1.68 2.97 0.36 0.62 0.58 4.80 0.58
Average 0.41 0.57
2 5 0.25 0.43 0.77 0.36 0.36 0.44 1.80 0.52
3 0.90 2.28 2.82 0.44 0.70 0.70 4.20 0.47
6 0.92 1.60 2.65 0.37 0.94 0.76 4.75 0.43
8 0.54 1.87 2.85 0.39 0.64 0.64 4.32 0.54
14 0.62 1.51 2.63 0.37 0.85 0.75 3.60 0.44
Average 0.39 0.48
2 1 0.15 0.52 0.97 0.35 0.22 0.40 1.33 0.52
3 0.80 2.27 3.08 0.42 0.75 1.10 4.70 0.50
6 0.63 1.55 2.52 0.38 0.47 0.30 3.80 0.39
8 0.43 0.99 1.42 0.41 0.30 0.42 1.56 0.48
14 0.46 1.20 2.25 0.35 0.67 0.50 3.40 0.47
Average 0.38 0.47
Indirect -+ Indirect bilirubin Salt --- Salt-form bilirubin Ester :-- Ester-form bilirubin

Py --- Pigment L Py -+ PigmentIl

B:C X 3 bilirubin 3 4 & OBFKIR, B3 RICRT
me, /MR, BEEick 3 3 4EE ester & bilirubin
DWW TFTD7 mol W & Eberlein ZETHE L
Pigment I, Pigment II &% Pigment I PigmentT
+PigmentT (P1/P1+P2) TELHDEDEFR%E
%2 & mol HIZBEEEEKKR1BE 0.77~1.17,
SE4390.95, 3 HEIL, 0.47~0 67, J£¥0.57, 5 H
B0.43~0.54, SE190.48, 7 HEI10.39~0.52, ¥
¥#0.471 CHY, Py/P1+P: IKEFHKK1BHEH 0.52~
0.66, J£30.61, 3 HE{30.36~0.48, J50.41,
5 A H0.36~0.44, 3£i50.39, 7 HH0.35~0.42,
SE#90.38CH D7z, Pi/Pi+Pe & mol H & D RiC
3% 2, 3RS, HkEENTRETHEE,

5 mol HD/ET, Pigment IAE®D LR BAD
She,

4. [7E bilirubin glucurenide 4} & FF#iAE
EDME

PR RS IRE DL cobalt KK i35
7, SEOWML T, #K%E1BBZ R ThHoH4H
K Ru~p EEEOEE(LE R, BEREE
mol th& DBEFKIEE LMo BERKBEL
TODEAL cobalt KGR T B EEEE % R

(=) Ra~t (£), Re (+), Bs (4) £T5L,
FFREED (£) B E Tl ma Hiz 1.0~0.8 &7
U7e. FFREED (+) DLEORNT mol tizfaA <
0.8 FTHD, FEEDEDS>NIZNHITIE mol



Fig. 3. Shift of molar ratio and
Pigment I/Pigment I+

FEEEEOD Glucuron MBS ICET 2HE

Fig. 2. Relation between molar
ratio and Pigment I/Pi-

Pigment II gment I+ Pigment II
n Molar Ratio
"fen
2010 20
.
\ *
1005 RN Y 1 ¢
B\ .
' L
Tw o® ¢ (‘"
R y -
MR ..‘.-
1 3 5 7 day 05 10

Pigment 1/ Pigment I + Pigment IT

Fig. 4. Relation between molar ratios and colloid reaction in
icteric stage of various liver damage.

Table 4. Shift of cobalt reaction before and
after ligating common bile duct.

Rabbit Cobalt Reaction (R)

No. Before After

1 3 5 7 9 Day

1 2~3 3 3~4 4 4~5H

2 3 3~4 4 4 4~5

3 3 4 5 5~6 6 6

9 3 4 4~5 5 4 3~4

16 8 3~43~4 4 4~5
Abbreviations : Before before ligating common

bile duct
After after ligating common
bile duct

MR 0.21 041 061 081 101 121 141 161 181 2.01
0.2 04 06 0.8 1.0 12 14 16 1.8 2.0
X X X X
oex| o X
+ R P
o X
o 006 908 0ex X| e
+ oe [338| e
ce | 0Q $
ce 0:‘ o
++ o .
[ ]
+H
X No Treatment O CHeyy ®CcCy

973

Hiz1.2P ECHoT. 88
Btk 2R0s D 3R 1L cobalt K
JEOREHRIZE(LIZHE 4 ROW
{TH3.

5. Benzoyl glucuroni-
de SEEBERG

FEERREBICREERR
%, ZEERZEICKBRF
benzoyl glucuronide B LBH
RS & U T 272864t cobalt
B & OBRERIR S 5 BRITR S
miTHhy, FEEEOLR
ICHED T, benzoyl glucuronide
BOET0RED M.

6 BEEHERZREOM
bilirubin, [E# bilirubin,
mol [k, RUFKEOHER

6. 1 HfERTERH

RIEEBAERRRE O
7% bilirubin, mol H % UHF#E
HERZEOHEROBERIIE 6 X
RTHOmML, BEERR
% bilirobin HIZREIC L7
L, #%e5 B EEICRSHE
WEL, TO®RIETT 5.
Mol HuidfalERER® 188
BIHICL.09FTRITIET 4 523,

3 HELIAIZIEIZ 1.0 31D
BE#ET 5. 51k cobalt K

Fig. 5. Relation between benzoyl glucuronide and
cobalt reaction in the case given carbon
tetrachloride.

100
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i0
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se |o o
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Fig. 6. Relation between molar ratio and liver

function test in the case of ligating co-
mmon bile duct.

Cobait R: Rs R3-4 Rs R4
CCF = = [&9] [CORENG!
AL-ph 34 9.4 105 17.2 12.3
10 | 20 Ligation
mg%
5110
a 1 3 5 7 day
£l = [
e8| 2| 5%
2= 5| &
Salgl| ®F
TB ----+ total bilirubin
DB - direct bilirubin
MR - molar ratio
Fig. 7. Relation between molar ratio and liver

function test in the case given chlorof-
orm followed by ligating common bile
duct.

Cobalt |R-3 R3 R¢  Rs3-4 R4 Ra-s5
CCElD @ B
Af-ph{ 32 52 77 9.6 12'2, 10.2
;:% 20 Ligation
51 1.0

CHCQaI.
HE: 1 3 5 7 day
g2l & %
S| S 4
R

R E 8

Fig. 8. Relation between molar ratio and liver
function test in the case given carbon
tetrachloride followed by ligating com-
mon bile duct.

Cobalt |R3 Rx4 Rsa Rs Rs-6 Rs Rs

CCF (=) (1) (1) () (FrH) HHH) (PHH)

Al-ph |37 44 83 128 16.3 215 14.5

10| 20

mg%

4 Ligation

¥

5110

2

ElE|e . 1 3 5 7 9

SE 5|5 & day

gg glm <

5% U cephalin-chlesterol #IRFJ5IZ 3 B B LIRIE
EBEERL, £ORER (+) BEiKEok.

6.2 FFEERRE

Chloroform YU PG/ RBICEAFEERR
ICIRNB BRI A T D 1z B D175 bilirubin {E, mol
BLUHBEREDHRESE—PIRTEHRT, B8
Mo T, WEEbIZZEAEORAZERLE. M
{& bilirubin fEIIFRABEHEIRM 5 ~ 7 B BIC BAE
ZRU, mol MBS L DIEMEZRL, B
EREHRE 1 HH0.90~0.9512 L3 D T Dk bHIK
BT Uiz, BBICfTo7-384L cobalt K KU COF
b, BEERAXOEEEESRD o,

7. MEERERRICEASHRRSR, RPCH
#ENIRAER, BERBATIC benzyl glucu-
ronide SFEDEE )

7.1 BRRERREEH

RIEERERINCIIRRREROR PRI 9
X, % 5&KICRTIN 446mg~649mg, EH 541mg
ThHote, #k#E1HE 32Tmg~4T0mg, g 384
mg, 3 HE 143mg~466mg, i 313mg & HIEME
ZRL, 5 HABI 21Tmg~501mg, ¥ 360mg &
W fz.

FE PR R B |34 2R B405mg~590mg, 5 500mg,
Hik#% 1 HE 245mg~38Tmg, Y45 313mg, 3 HE
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Fig. 9. Shift of urinary excretion of benzoic
acid, hippuric acid and benzoyl glucu-
ronide followed by benzoic acid admin-
istration before and after common bile
duct ligation.

g
500
400
/ BA
sHA
300 '
.'v4
" B A -~ Benzoic acid
HA = Hippuric acid
% BG ---- Benzoyl glucuronide
0 % - BG/BA =100
20 {100 RSN
”'- \‘A
10 /\\: %
4 BG

Before  diter

1 3 5 day
108mg~41Tmg, ¥ 251mg THRIEMEERL, 5H
H 174mg~439mg, ¥4 319mg &ML 1=, %EE
MR - BRBEEME S 12, 12IZETEENS S
e,

Benzoyl glucuronide Bid#E%EHT 19mg~59mg,
1 4mg, %K% 18E 5Tmg~83mg, 1 Timg
EEmML-m388 35mg~95mg, W1 62mg, 5
HE 2Tmg~62mg, F1 4lmg L{EFL 7.

REEERICH T 3 benzoyl glucuronide B4
DETRD B LEEKBT 5.0~11.6 %, Fi7.6%,
RARIHE 14.3~25.1%, T 185 %, #E%
$HH 10.6~33.9 %, ¥ 19.8 %, k%5
B7.4~19.8 %, ¥ 11.1 B4R,

T2 HEEZREH

FEERRB LT SRR BRI BT thic gt &
N3ZRER, BERBYUIc benzoyl glucuronide
ROBRIIEION, %6 FicRTm<, HRREE R
B ZEEMHMEIZ10E 265 mg~369 mg, ¢
30 mg, 3F 165mg~378 mg, Y1 293 mg &{%
FU, 5HE 23Tmg~316mg, iy 218mg & B,

Table 5. Shift of urinary excretion of benzoic
acid, hippuric acid and benzoyl glucu-
ronide followed by benzoic acid admin-
istration before and after ligating com-
mon bile duct.

Rabbit

day N |BA|HA |BG| %
Before 1 458 | 405 ( 53 | 11.6
2 483 | 435 | 48 | 10.0
3 446 | 427 | 19 5.0
4 630 | 588 | 42 7.3
5 582 | 556 | 26 4.5
6 649 | 590 59 9.3
Average | 541 | 500 | 41 7.6
After 1 327 | 245 | 82 | 25.1
1 2 361 | 293 | 68 | 18.8
3 341 | 281 | 60 | 17.6
4 399 | 342 | 57 14.3
5 406 | 330 76 18.7
6 470 | 387 | 83 [ 17.7
Average | 384 | 313 | 71 | 18.5
3 1 280 | 185 | 95 | 33.9
2 323 | 257 | 66 20.4
3 143 | 108 | 35 24.5
4 466 | 417 | 49 | 10.6
5 308 | 261 | 47 15.3
6 35| 275 | 80 | 22.5
Average | 313 | 251 | 62 | 19.8
5 1 269 | 236 | 33 | 12.3
2 366 | 339 | 27 7.4
3 501 | 439 | 62 | 12.4
4 217 | 174 | 43 | 19.8
5 354 | 312 | 42 | 11.9
6 453 | 416 | 37 8.2
Average | 360 | 319 | 41 | 11.4

Abbreviations : BA benzoic acid, HA hippuric acid
BG benzoyl glucuronide

HAERL, BHERAID P DERETHD.
7TBE 285mg~313mg, i 298mg EIHEINL 7z,
FEERRHTIIEMARRRBICH UES itk
WEOBLRCEIEOBREZ D,
BIRBEEMRIIER% 18 H 219mg~304mg,
13 256mg, 3 HEH 132mg~330mg, ¥ AUbmg &
RIEMEAERL, 5HE 21Tmg~2T4mg, ¥ U6mg
CRIEKEERRED, THE 252mg~281mg, T
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Fig. 10. Shift of urinary excretion of benzoic
acid, hippuric acid and benzoyl glucu-
ronide in the case given carbon tetra-
chloride followed by benzoic acid adm-

inistration before and after common
bile duct ligation.

g
500 1
400 v

300

— _/—'HA
200
% I oI I T/L=I=—
20 (100
‘ BG
g g ! 3 5 7 day
s S

262mg MU, BRBELBLZEERE DN
RIIBMSRH L ARRIZETERNED SN,

Benzoyl glucuronide B iZFERR% 1 HE 46 mg~65
mg, 35 53mg LML, 3HB 33mg~58mg,
i 48mg LEKEZRDL, 5 BEIC 20mg~42mg,
45 83mg LIETL, 7 HB 32~44mg, Y4 36mg
THole.

Benzoyl glucuronide B IZHARERBICHL T,
THORRIC BN THEMERL .

BELUCCESE

FREERC B 3 bilirubin A3, BKIC bilirubin
BOEML 7-FBHHERD bilirubin R H H3iC
FbhsrR3HEKSZMTHY, WERTH MK
EAFEMBEICE O TER bilirubin HEBTEC
LREBICET 5. BERFREBBNICO LH5UH
BEEOIM#E Cid bilirubin glucuronide 43 A3 HIRHY
BELESBH, 1WA, IMRSDVD ester T bili-

E B

Table 6. Shift of urinary excretion of benzoic
acid, hippuric acid and benzoyl glucu-
ronide in the case given carbon tetra-
chloride followed by benzoic acid adm-
inistration before and after ligating
common bile duct.

day | BEMOI | psma|Be| %
0.
1 1 369 | 304 65 17.6
2 297 | 247 | 50 | 16.8
3 323 | 276 | 47 | 14.6
4 265 | 219 | 46 17.4
5 293 | 235 | 58 | 19.8
Average 309 | 256 | 53 | 17.2
3 1 317 | 259 | 58 | 18.3
2 263 | 207 | 56 | 21.3
3 340 | 297 | 43 | 12.6
4 378 | 330 | 48 | 12.7
5 165 | 132 | 33 | 20.0
Average 293 | 245 | 48 | 16.4
5 1 237 { 217 | 20 8.4
2 268 | 235 | 33 | 12.3
3 293 | 259 | 34 | 11.6
4 277 | 243 | 34 | 12.3
5 316 | 274 | 42 | 13.3
Average 278 | 246 | 33 | 11.9
7 1 313 | 281 | 32 | 10.2
285 | 252 | 33 | 11.6
3 297 | 2583 | 44 | 14.8
Average 298 | 262 | 36 | 12.1
Abbreviations : BA benzoic acid, HA hippuric acid,

BG benzoyl glucuronide

rubin 4HEBBLLIENCT EEEDHTE D, glucuron
BEADADHA, BERFIC K D bilirubin
HIEHE bilirubin ICIEBEZG TOBCEERT S
DEEZ Iz,

REMED, FEHED, FAFEB®SIRERCED
% bilirubin glucuronide % bilirubin BT X T 5
glucuron FRE 4 mol D (UITF mol i) Tk
BT EickY, mol hEIFHREE L COBERIGE
EEF L ORic BITRHEERSEC L, Thomllh
LT, »ODED bilirubin glucuronide P4t
OREMNEILET S T EERBD TS,

FFREERIC BT 5 glucuron BB T2V T
menthol®10)22),  n-aeetyl-p-aminophenol®, salicyls-
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mide?), acetanilid®, B FE, ZEFREMD),
phénolphthalein® & FHN e HEDH D, 5 i
HABEDIED, XIREN0E, F R 2 F
RETHBDLZEIDTEYD, —HRULRENEOINT
vt TFEEROERE LT, BO—8BF
ORI L 3 Nasarijanz OERO D, PR
%, chloroform EERFO DU EN I DA D
BET%2EH TS, I Chojecki & Kernd) (3O
{LRFIC & B FEE rat ICHT ZRERT bilirubin
& phenolphthalein & T glucuron BRI AR 2
z& &b, glucuron BRI ST S8 K, glucu-
ronyl transferase {C|3 2 EIFDSDOMNEET LD T
REWHPELTHS,
 19464F Snapper?2®) 5 I HEFRIZER, K
THAINTRBICHE X 1 3 BRERY U ICbenzoyl
glucuronide D RERETL, EERETCIREE
BRiZ T T glycine AT E U THME S RGBT,
glucuron BRIGA DM T—HREIhTHt s h3 C
LEBDI. RUSHS FEER IS ORATY
EDESREAT B hICH>VTIRAS BRI I T
TV, ZCCHESRED glucuron MARE% bili-
rubin {TDTiE, ME bilirubin BICH T 3 glue-
uron BREDH, Bb mol LRV BEickD, &
1t DIB A BT R EEIR 5RIC 35 1) B[R fibenzoyl
glucuronide 2HET B &icky, ThZhiitL
T 5 &, FFRBEEDEY TiZmol L.OE T, benzoyl
glucuronide BB 25Dz, T4 Beck®DID) 5
OFEZEIETS bilirubin O glucuron B AIHET
L3\ & DIEIRAREE & 12 R 72 D, benzoy] glucuronide
WRAEERTTET 228, BESEATSCE, EickH
BALRF F 721 chloroform i€ & 2 fFEEIC BINTE
DEENEEDIES, benzoyl glucuronide Bz kb
EEERT C LA, acetanilid Z 7= 18 4% F
R, FEEERTIE glucuron BIAAETAXRT &
$% Hammar & Prellwitz?) (Dff #%, menthol %
V> glucuron BfAAREE BRI L, FFEBEELS T,
TOAAEICEEIROHEEEERCRIETT
% LD Nasarijana?D DERAEE & < —K L, B—Hic
BoTaY, BUFR, FEEEOKREEENT
i glucuron BE{AADIETIZ HD SN DS, HiE
MTRETERTETIHEREE b X —KT 3.
%7z benzoyl glucuronidé & mol & DEET
i3, FEMNEE &85 & benzoyl glucuronide B7s
—RCHB T A, ZORIETL, WEOMICIZ
FTBGERBED Shishot, B2 RAAELTO

glucuron MRH1AIC L % benzoyl glucuronide A fKi,
RRTRAEL A THEmMIcENR, § Tt EL
2T, TORNBBRENDLEEZIONS,

Mol M ERBESG & OMICE, BERADHEER
BIC LOHESED SN, CORKEIZHEERB®D 0
BREKLS—HKLUL.

BRI B R OWEWBNO® L —F L, ff
REBRETRICRD T 5 C &b o1,

Billing36) (3[E#¥ bilirubin % Pigment I & Pig-
ment TICHEL, FIT Eberlein® [IE L U 7
bilirubin 3 SEEZIRBEL, TOHEKKERELH
SMICLTNE, £C T Eberlein I K DELQ
7z Pi/P1+P2 Emol & DEFKRERIILTH S E,
FEHREHTREZOMIC, »130 KOEFEERN
BEH oI, BLEORHRRAERTIE, Bt
M & 3 EEROIEFRERAICODTTH 70
Pigment I S EHER L7729 p/P1+P2 2T L
kboEELZONE, —RIC Py/Pi+P RBEKX
BEEDHBEE G DEEIONINETHIILHP
b5 mol tht ABAOHEE R EXDHF
EEMBEERE L OBFRETIE mo HIZBER TH2H
Py/P1+P: BEEHRLRBZEZELSNTD. B Pign-
ent I, Pigment IAEZDSDDFRSMbH D
TOBN), BERGEDOBEEERD 3B,
mol KD H MR BB DRIEE & D EEMICRTE
BHECEETHECELND, WEAOBREE—K

L.
¥ B

BIERERET > TEROFEE LB L iRt
BRI DT bilirubin glucuronide SE W THIT
B BRSO benzoyl glucuronide HHE, BR
BoOAREOHEBIC SV TR L TROBEER .

1. (RIS MR ROME bilirubin B ITX
9% glucuron BREDH% mol HBeRD T 46 3 &
Hekis, EFT 2083 HERBOLE 1.0FIROME
=Rl 7z,

FFRSE SR BET 12 mol i3 BAERESRA & D BiE%
SRU, f3kih s BERI%$0.56~0.5FEFEE TET
L7-. 1% chloroform EEE PaiE(L R R EER L
ORICTEA EEITED b hE D7,

9. BtsEA L JUCFBERRETE, /MR
Eo 3 SEETIE bilirubin 3 HERMICFEDZER
b 51T, ester KU bilirubin BREHE ED,
WBOWETIRERTEMIED S XD,

3, [f0#% bilirubin IO ester B bilirubin T2
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WTRD 7z mol b EBERISHEEE & ORI L
HBEEEED.

4. FREREES (+) DLoO, mil HiZFRA
E0.8LUTTHY, mol tdsl.20 EDEAFREE
WRB SN BHRFRA ER D72,

5. ZRHFRRSABRTE, BMERBCENT
12453612 3 A BicRIBE (REERE JSUERREE
ME) 2RU, 5 BEKIREIEO Bl %R 7z,
benzoyl glucuronide {IHEFRILIER T 548, ZEER,
BRBROBEMBNRE L2 2BICITTIIETOM

X

1) Billing, B.H. & Lathe, G.H.: Biochem. J.
63, 69, 1956.

2) Isselbacher, K.J. & McCarthy, E. A.: Bioc-
hem. Biophys. Acta 29, 658, 1958.

8) B : MILES R, 72, 1723, 1960.

4) ok - BN, 63, 513, 1966.

5) Talafant, E.: Personal communication to Dr.
Sakamoto.

6) Schoenfield, L.J., Grindlay, J.H., Foulk, W.
T. & Bollman, J.L.: Proc. Soc. Exp. Biol
Med. 106, 438, 1961.

7) Taketa, K.: Acta medicinae Okayama 16, 115,
1962.

8) Beck, K., Richter, E. & Kiani, B.:
Medical Monthly {0, 318, 1965.

9) Beck, K. & Kiani, B.: Klin. Wschr, 38,
428, 1960.

10) Bech, K., Schubothe, H. & Bauman, G.: Klin.
Wachr. 40, 1041, 1962.

11) Mukerjie, S.S. & Mukerjie, S.K.: Ann, Bio-
chm. Exp. Med. 20, 233, 1960.

12) I : BB, 22, 536, 1952.

13) Eberlein, W.R.: Pediatrics 25, 378, 1960.

14) A, B E2E v 0y BTIRS.

15) Kingsbury, F.B. & Swanson, W. W.: J. Biol,
Chem. 48, 13, 1921,

16) #7, b : BLER &4, 74, 255, 1962
PEEES. 4, 9, 1962

17) RE : HSE. 3, 519, 1956.

18) WEHE : E¥HE. a) 37, 188, 1967

b) 87, 200, 1967.

19) 97¥8 : AILES 4. 71, 6399, 1959.

20) 5 : WIEHERBEBEL XM,

German

R E 5

MERL .
B4 & LTO glucuron ER{AAD REFAIEB
BERHZCEERTIDEELLNS.
HEERRH CREMSRRER LD ZEERD
Pet B {EMEZEIR L, benzoyl glucuronide B & Bikf
HRBICHUBET, FRERESHEARKD
REERIETT2LEBbN S,

(FRekrsedicb, PRER, GRHTHOH

TR EH L ET.)
ik

21) Jendrassik, L. & Cleghorn, R.A.: Biochem.
Z. 289, 1, 1936.

22) Nasarijanz, B.A.: Schweiz. Med. Wschr. 48,
1090, 1934.

23) Dutton, G.J.: Biochem. J. 71, 141, 1959.

24) Taketa, K.: Acta medicinae Okayama 16, 129,
1962.

25) Hammar, C.H. & Prellwitz, W.: Klin. Ws-
chr. 44, 1010, 1966.
26)) Snapper, I., Greenspan, E. & Saltzman, A.:
Am. J. Dis. 13, 275, 1946.
27) Snapper, I. & Saltzman, A. :
Hosp. 15, 64, 1948,

28) Snapper, I., Saltzman A. & Greenspan, E.:
Am. J. Digest Dis. 13, 341, 1946.

29) Brown, A.K. & Zuelzer, W.W.: J. Clin.
Invest. 37, 332, 1958.

30) Nasarijanz, B. A.: Zsch. f. dges. exp. Med.
80, 11, 1931 '

31) Chojecki, Z. & Kern, F.J.: Gastroenterology
40, 521, 1961.

32) Guick, A.J.: Am. J. Digest Dis. 6, 716,
1939. : Am. J. med. Sei. 185, 630, 1933.

33) fEk : WiRE. 6, 249, 1959.

34) Sharnoff, J.G., Budnick, M & Jakab, G.:
Am. J. Clin. Path. 21, 234, 1951.

35) Al : RyE &, 66, 991, M7

36) Cole, P.G, Lathe, G.H. & Billing. B.H.:
Biochem. J. 57, 514, 1954.

37) Weber, A.P. Schalm, L. & Witman, J.: Acta
Med. Scend. 173, 19, 1963.

38) Gregory, C.H. & Watson, C.J.: J. Lab. &
Clin. Med. 60, 17, 1962,

J. Mt. Sinai



FFRERD Glucuron BRIZEICET 207% 979

39) Snapper, I. & Saltzman, A. Am. J.Med. 2, 327, 1947.

Studies on Glucuronide Formation in Liver Diseases

Part II Observation on the Glucuronide Formation under
the Condition of Experimental Jaundice

By

Masami YUKUTAKE

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

ABSTRACT

The icteric male rabbits produced through ligation of common bile duct were employed
for investigating not only the shifts of serum bilirubin glucuronide fraction but the change of
formation of benzoyl glucuronide or hippuric acid after administration of benzoic acid and the
following results were obtained.

I. The molar ratio of glucuronic acid to bilirubin in the serum decreased by ligating the
common bile duct, however, the ratio kept on nearly 1.0 even later than the 3rd day in the
normal rabbits, while, the molar ratio in the rabbits with liver injury were more markedly
depressed as compared to normal group and kept the value 0.55—0.45. The liver injury with
chloroform and that with carbon tetrachloride showed no difference in the molar ratio.

2. No significant difference in 3 fractions of bilirubin fractionated by the method of
Kosaka-Hara was found between normal rabbits and rabbits with liver injury after common
bile duct ligation ; almost all were equally occupied with ester form bilirubin, besides, no
change could also be observed by the duration after common bile duct ligation.

3. The good correlation was found between molar ratio of glucuronic acid contained in
ester form bilirubin to ester form bilirubin in serum and the grade of disturbance of the ser-
um colloidal reaction.

4. In case that the grade of liver injury showed more than (+), molar ratio revealed
less tkan 0.8, on tke other hand, no liver injury was found in the cases with 1.2 or more.

5. When benzoic acid was given to the normal rabbits with ligated common bile duct the
excretion of benzoic acid or hippuric acid became minimum after 3 days and showed some
recovery after 5 days, while, the excretion of benzoyl glucuronide increased after ligation of
common bile duct, however, already revealed the tendency to decrease when the excretion of
benzoic acid or hippuric acid reach minimum. It was considered from this results that a limi-
tation seemed to exist in the substitutional effect of glucuronic acid conjugation. On the other
hand, not only the excretion of benzoic acid but that of benzoyl glucuronide was diminished
in the rabbits with liver injury as compared to normals, then it was concluded that the sub-
stitutional effect of glucuronic acid conjugation impaired in the case of liver injury.
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