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Effect of Common Bile Duct Ligation on Hepatic

Aryl Sulfotransferase IIl, IV Isozyme Activities in
Chronic Ethanol-Intoxicated Rats

Kyung Il Jo, M.D., You Hee Kim, M.D., Chun Sik Kwak, Ph.D.

Department of Biochemistry,
Keimyung University School of Medicine and Institute for Medical Science,
Taegu, Korea

Abstract : The drinking hazard in hepatobiliary disease was studied by the assays of hepatic
aryl sulfotransferase I, IV isozyme activies in cholestasis induced by common bile duct (CBD) liga-
tion after chronic ethanol intoxication in rats. The activity of serum aryl sulfotransferase I, IV
isozyme was also measured. Liver cytosolic aryl sulfotransferase II, IV isozyme activity in the group
of CBD ligation after chronic ethanol intoxication showed a greater decrease between the 7th and the
14th day after CBD ligation than that in the group of CBD ligation alone. The mitochondrial aryl sul-
fotransferase I, IV isozyme activity in the group of CBD ligation after chronic ethanol intoxication
showed a greater decrease at the 14th day after CBD ligation than that in the group of CBD ligation
alone. The microsomal arylsulfotransferase II, IV isozyme activity in the CBD ligation after chronic
ethanol intoxication showed a greater decrease between the 2nd and 14th day after CBD ligation than
that in the group of CBD ligation alone. The serum aryl sulfotrnasferase 1, IV isozyme activity in the
CBD ligation after chronic ethanol intoxication showed a greater increase between the 1st and 14th
day after CBD ligation than that in the group of CBD ligation alone. The Vmax values of the liver
cytosolic and mitochondrial aryl sulfotransferase II, IV isozyme in the CBD ligation after chronic
ethanol intoxication showed a greater decrease at the 14th day after CBD ligation than that in the
group of CBD ligation alone. However, the Km values of the above hepatic enzymes did not change.
The results indicate that the biosynthesis of the liver aryl sulfotransferase I, IV isozyme is decreas-
ing in chronic ethanol intoxication with cholestasis than in cholestasis alone. The increased activity of
the serum aryl sulfotransferase II, IV isozyme in chronic ethanol intoxication with cholestasis reflects

increased hepatic damages which cause this isozyme to leak into the blood in great quantity.
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A A o] B (xenobiotic)E& A HEA 7| =
F7lo| 2 g AAo] g A HE aagol ohE
(]akoby et al., 1982) E3) GEEHE 7t

= A o] A4EY BRI HEHE
], 1985; #Ha4l 9 1988; A& 9, 1990; T34
&, 1992). wets e A8 SFE 57
F 50| of7|Hh 7hx 2 o A A o] & A
3t 840 PR HEO & Ao R AZHT
Aryl sulfotransferase (3’-phosphoadnosylsulfate: phe-
nol sulfotransferase, EC 2.8.2.1)+= phenol 3}3HE5 9]
Al sulfateE EFHA| A vl A 7] = QA o] A A H3L
A2 2 A (Jakoby er a/., 1980; Kim, 1984) £ 45 &9
7t &2 EEF o 9 2nf(Banerjee & Roy, 1966;
Hidaka e 4/., 1969; Campbell ¢z a/., 1987) 8Fo = &
&slrh(Anderson 7 a/., 1991). 0] B A= Algho A 2
Holl A 4% 9] isozyme( 1, T, T 3 NV)oj tZHOPml
(Jakoby ez al., 1980; Sekura er a/., 1981; Campbell ¢z a/.,
1987), TtA| 2ol A= Al 23, vJEEE2of H U2
Ao 225 o] Q) o m(Christ & Walle, 1989; Falany
etal., 1990; Thm e al., 1995) FH oA §E5 A& 07| 4
A< o te} nE EERjotet mpo]| a2 g T2 A
NAe T EAZ7 F7HE R A2 doM = 1 BYE
Tt gase Aoz wE A AU

olgt Zol AHolE A HE A< aryl sulfo-
transferase 7t HEEH A A2 Ao 1 BAHETH W
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£ °F7l*l7 T 7o A2, v[EE =g ot ¥ ool

43} Aol A aryl sulfotransferase 1, NV isozyme &

HES 2ystdon of2e By 74 35 5 %
2% }01 149 AN 78] 2ol A

o] &
VmaxA) £ A 2ol ol 4H g
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1. Al

2-Mercaptoethanol, 2-naphthol, 3"-phosphoadeno-
sine 5-phosphosulfate (PAPS), methylene blue, a-
naphthyl sulfate potassium ¥ Tz E 210 g
/100 mL bovine serum albumin) $-& SigmaA}(St
Louis, MO, USA) A && A3 o0 19 A|FEL2
ATt 53 £ AFES A8

2. 38 ¥ Ax

TESAF o) ZE 2U2E AST AT 280~
320 8 == Sprague-Dawley %9 3§ AH8-3t3 2
1#g 5utel & stof o33} 2ol F 22322 el
o & A4S, FEY 2E $ 19,29, 39,79
2 140 7tz FAPANT FET BERHF 5T, B
MeEe F19,29, 39,74 9 142 7 A2
st E sil), Eagon ez a/. (1987)) ¥ o] wa} 59
(v/v) ethanol& 6047 AHAZ A 4 F52(1
), 5% (v/v) cthanolS 6027+ A A7 T A% 5%
(v/v) ethanol & A F| A 71U A 29T A2 5 14,2

3.
a
z2

l‘US

[=3

39,79 9 1490 A4 YA Y FH T= F
FEWE 24T F(F 59, 5% (v/v) ethanolZ 60
ZHAHAZ & A% 5% (viv) ethanol S A H A 7] H A
Heed T T 19,2939, 7Y ¥ 1490 24z 54
A By £3 F5 5 7heed o 2(F 53) 50
o}.
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I 2722 ARSI AR e AFFAAIRT
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2 Teflon glass homogmzer (Thomas, USA chamber
clearance 0.005-0.007 inches)Z 2~4 CE FA|3}H A
400 pm Q| £ =2 2HAYUA 53] & v st 10%
(wiv)o] 7t 22 g AHE stk o] 2 A 25
£ #3}a] sucrose density gradient YA B a] (34
o =AY A, 1986)0. 2 A2, n|EEE 2o} W npo]3
24 282 L8t

919 A2 EEoA BE 222 2~4 TAA A
oty oo, ojuf AHEF U4 &2 7l= Du Pont
Sorvall (Newtown, USA YAFS] RC-5B refrigerated
superspeed centrifuge?t OTD -65B ultracentrifuge %
t}. o]u} A}L-3} rotor= Du Pont SorvallAF9] SS-34 9
T 865 rotor¥ I sucrose linear density gradient 8- 9|
A 2+ gradient former (ISCO model 570, Lincoln,

3 45

USA)E AH&-3t At
4. 84 Mg =X

Aryl sulfotransferase I, IV isozyme A& &4 A
29 AL B3t A2, njfEZ T o} U njo|z
24 8532 oAk o 2 S mg/mL7 HEE 025 M
sucrose M of] FEFA] A A}L5}% )

5. 84 88 =3

Q3 7o) AT, SEZEol U sho|ARE
23] 9] aryl sulfotransferase I, IV isozyme2] A &
270 A 29} 5 2-naphthol T PAPSE 7] A 2 A&
skl 37 CollA 1087t W3 A 7]l= Sl AAE 1-
naphthyl sulfate & methylene blue®} BF-g-A] 5 YA H
ion pair pigmentE chloroform& 2 &3+ 3 651 nm
s 4 W Astel H4e] BHES AHESH: Sekura
er al. (1981)2] ol ot om ojuf ALR3E HFHLE
0.5 M sodium acetate (pH 5.5) &ZHo|Qlc}. o] &4
o BHE Gt 1870 1 mLe B EE 1 mg
ctal 2lo] vh-g-3lo] A A3 1-naphthyl sulfateE nmol
2 ey

o Aol 4 AT Ao FHE 2H YO IS
=0l7] Y3t Sigmate] HAE AAE A
Hotaon 22 A5 gt 28] £33t 1 H
Ag Hatgch 28 o] AN o] A BHE S
Aol A&3H B33 % A= computer controlled

i

Jl

0

enzyme spectrophotometer (Cary 210, Varian, Paloalto,
USA)% o},

6. Kmx| & Vmaxx|e| &H

Mg Bl 29T 22§ 149 AT F9 @
424 55 A 08 HEE BE FUT A4S
T 149 Ao Ao AT B8 RS 250 B4
718 % PAPSZ Aelsiol 712 Aol 714 540 S
A z% & o] & 7] N} 2-naphthol 7] H YHS AHE-
3lo] zH7} aryl sulfotransferase I, IV isozyme AL
2 2% T o]l A OoZHH INVAE L 4 &
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4 AL SHo AHEE 71EAY VA FEREE 1.0t =M ZE X oM SR ZAE0| 2H9] A
[SIA & A4tsted o] F 4=k (double reciprocal ZH aryl sulfoiransferase l, V isozyme?
plot) & A =3t t} & o] Ao ZHE KmA & Vmax2| & Moo 0|X|s HEt

AFZ(Segel, 1976)3} A Tt

H 719 A|ZA aryl sulfotransferase I, IV 1sozyme
7. B o AL B FH FEZT WA 34 35 ¥
462 B AL A0 BB L A 92

a4 o) gl Mk 05 M perchloric acid2} (Table 1).

methanol-ether& A3 : )02 WA S A A d}= A 7+ M Z A aryl sulfotransferase I, IV isozyme
Greenberg & Rothstein (1957) 0.2 4N F9 ot o BAEL HAH O] 2Tt AN Lo AL 7jS
WAS AR S o}-S biuret®(Gornall er af., 1949)0.2 48 % Fo| v YD AL T 1409 F 479
CERPE (P<0.0D)2] 245 et B4 24 5 & &
gEE 2 FoME 2 2L Y = 5
8. 48 #¥ T 7tped oo vlg) o] ALY BHEE FHT
A% & 740l F 47% (P<0.05), 140l = <F 57%
ol 442 Student’ s test® 3t 0 foj4 (P<0.01)9) 725 el et 221 o] A4 A
& 050l st e S04 34 35 T UV AR 2 HA4H
of T A% LS HuARS =W =4 F
5 3 ZHES 2AT Jo] ST 2% FEG
4 # FUT A F U0k oF 58% (P<0.05), 14Qo] & o}

68% (P<0.05)2) 7+ 4 S LFEFUI QI TH(Table 1)

Table 1. Effect of common bile duct ligation on liver cytosolic aryl sulfotransferase I, IV
activities in chronic ethanol intoxicated rats

Day(s) ~ Aryl sulfotransferase activity
f(’“(’W!ng (nmol 1-naphthyl sulfate minmg protein™)
operation
(Normal; 0.19£0.02 Ethanol; 0.18 +0.04)
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.21£0.03 0.20%0.05 0.18+0.05 0.16+0.06
2 0.20+0.04 0.194+0.03 0.17%0.06 0.14£0.05
3 0.20+£0.03 0.17+0.03 0.17+0.05 0.12£0.04
7 0.19£0.02 0.160.04 0.15+0.04 0.08 £ 0.05¢
14 0.19+0.03 0.10£0.03" 0.14+0.04 0.06+0.02°¢

All values are expressed as mean = SD with 5 rats in each group; Sham: Sham operated rats,
CBDL: Common bile duct ligated rats, Ethanol: Rats were given 5% (v/v) ethanol solution for
60days. b, P <0.01 vs. Sham; d, P <0.05 vs. Ethanol + Sham; e, P<0.01 vs. Ethanol + Sham; g, P
<0.05 vs. CBDL.



2018 FH F= FoM S AFEO0| 249 0|
EZc 30} aryl sulfotransferase I, V
isozyme2| M0 O|X|= HE

# 7v9) u|EZ L gl o} aryl sulfotransferase I, IV
isozyme?] FA = WA FH 25 TS 34
SIAE 913 ¥ES thehh 2] Steh(Table 2)

# 7t} o] EFZ E g o} aryl sulfotransferase I, NV

isozyme 2] %Ugi% AAFA o] Zotuto Aakst Lo
Ne 7teas o 2ol vls) 398 2% & 149 oF
82% <P<0001)4 2742 Uty it W 24 25
T FYAL AT Folde 2 g2 E) Y =3
3% 5 Meeg @ 2o uls) o] BAY BHEE 3
g3 A2 3 1490 oF 56% (P<0.01)9] ZF7HS e}
Witk 22U By A4 S5 F SHHE 4%
o A4 SUUT ABE o vsto] YT 2
A 5 1490 oF 34% (P<0.01)9 ZAE LeER) AT

7He Aryl ST T, V&) ZH4Jof v| )&= A& 47

3.0ty =4 %5 HolM S ZFo0| 29 o
0|2 24 aryl sulfotransferase [ll, [V isozyme
o gdzol Oxl= g

H 7+9] mpe] A 24 aryl sulfotransferase I, IV
isozyme ] A E L g £ A Z2Edyl b 22 =
=5 7teas T FolAE YT WES HEWA
okorch(Table 3).

F] 749} mfo]l A 24 aryl sulfotransferase I, IV
isozymee] AEE A4S THBS 228 Fol
A 7teed 3 2o vld) 38 2% 3 2dd &
oF 46% (P<0.01), 3Y0j= °F 479 (P<0.01), 7Q 0=
2k 50% (P<0.01), 14¥ o= 2F56% (P<0.01)8] 2715
Gesieh o] Bao BHEE WA £H FE 5 3
FHE 24U 20 Y FH FE F ke T

rir

Table 2. Effect of common bile duct ligation on liver mitochondrial aryl sulfotransferase I, IV

activities in chronic ethanol intoxicated rats

Day(§) Aryl sulfotransferase activities
follow!ng (nmol 1-naphthyl sulfate min” mg protein™)
operation
(Normal; 0.66 £ 0.05 Ethanol; 0.58 +£0.09)
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.66 £ 0.05 0.67 £0.05 0.58+0.12 0.56+0.15
2 0.67+0.06 0.68+0.06 0.56+0.10 0.59%0.13
3 0.66 +0.04 0.69+0.07 0.56+0.13 0.64+0.17
7 0.66 +0.05 0.74+0.09 0.5310.14 0.641+0.16
14 0.65+0.04 0.50+0.09 0.78+0.11="

1.18+0.15°

All values are expressed as mean = SD with 5 rats in each group.

Animal groups are described in Table 1.

¢. P<0.001 vs. Sham: e. P <0.01 vs. Ethanol + Sham: h. P <0.01 vs. CBDL.
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#Puc FEW AT F 29 % 3YE oF 26%
(P<0.05), 794 o= 2F 31 % (P<0.05), 14 ol = °F 36%
(P<0.05)9) 245 ekt Sieh(Table 3).

4. 14 FH 3= FoM SEH 2FHo| €34
aryl sulfotransferase |ll, IV isozyme &4 = of

O xj= g

9] aryl sulfotransferase 1, IV iso7ymc£’4 g
Al
o

HE 24 FEZT Y 24 55 T leg
S 3 2ol AL S5t MES UEhA| ekokoh(Table

F @A 9| aryl sulfotransferase I, IV isozyme2| &
Are BAHY Fge 22T 2oAMe 7tree
gt ol v FEH A T 1¥os 4 259
(P<0.01), 2ol = F 48% (P<0.001), 3Y o= 2k 52%
(P<0.001), 7 of| = F 519 (P<0.001), 14 o]l &= F 49%
(P<0.001)9] Z71& L}-E}LHME]- oy 23 25 5 %
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BUE BT A Y 39 35 471
2ot A
ju =

Ui %*E}(Table 4).

N EY ES= FHoAM SEHEE B ZE 14
ol Ztel aryl sulfotransferase I, IV
U VmaxX|2| HE

M

5.

me ro

isozyme2| Km

I?J-A

o?:i
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b}

9] 3

O}N

5 BUE 2B ¥ 1499 9F

Table 3. Effect of common bile duct ligation on liver microsomal aryl sulfotransferase I, IV

activities in chronic ethanol intoxicated rats

Day(s) Aryl sulfotransferase activiry
following (nmol 1-naphthyl sulfate min* mg protein™)
operation
(Normal; 0.61 £0.08 Ethanol; 0.58 £0.14)
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.62+£0.09 0.75+0.12 0.57+0.16 0.69+0.20
2 0.61£0.10 0.89£0.15" 0.58+0.18 0.66+0.16¢
3 0.62+0.08 0.91£0.13* 0.55+0.14 0.67 +0.19
7 0.62£0.07 0.93+0.15" 0.481+0.20 0.64£0.17¢
14 0.61+0.11 0.95+0.17° 0.42+0.17 0.61£0.22¢

All values are expressed as mean £+ SD with 5 rats in each group.

Animal groups are described in Table 1.
b, P<0.01 vs. Sham; g, P <0.05 vs. CBDL.
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EA oA H2A, n|EZEelol W ofo|AEE aryl o ZbzE 8| g of | x}o)7h gloUth(Table 5). 1
sulfotransferase 1, IV isozyme®] Km* ]—3— 1 g zel g ot A 2= Fo] g AAg & 149 9
B Y F5 T teed s 9 FHET A FESHTANAM A2A, n|EZE ol W vto] a2 %

Table 4. Effect of common bile duct ligation on liver cytosolic aryl sulfotransferase T, IV
acuivities in chronic ethanol intoxicated rats

Day(s) Aryl sulfotransferase activity
following (nmol 1-naphthyl sulfate min"' mg protein™')
operation
(Normal; 2.54+0.17 Ethanol; 2.85 +£0.26)
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 2.63+0.23 3.28+0.20" 2.91%£0.28 3.7440.53¢
2 2.60£0.25 3.86+£0.42¢ 2.88+0.26 490+ 0.57%
3 2.58+0.23 3.92+0.44 2.90£0.31 4.86+0.50%
7 2.57+0.21 3.87+0.34 2.96%£0.35 5.22x0.61%
14 2.56x0.19 3.81+0.32 3.02+0.42 5.83+0.72%

All values are expressed as mean £ SD with 5 rats in each group.

Animal groups are described in Table 1.

b, P <0.01 vs. Sham; ¢, P <0.001 vs. Sham; d, P < 0.05 vs. Ethanol + Sham; f, P <0.001
vs. Ethanol + Sham; g, P <0.05 vs. CBDL; h, P <0.01 vs. CBDL; i, P<0.001 vs. CBDL.

Table . Aryl sulfotransferase I, IV kinetic parameters from cholestasis with chronic ethanol -
intoxicated rat liver determined with adenosine 3'-phosphate 5'-phosphosulfate as substrate

gglltions A Sham CBDL Ethano! + Sham Ethanol + CBDL
Km (mM)
Cytosol 1.81£0.33 1.78£0.28 1.85+0.31 1.87£0.33
Mitochondria 2.32+0.32 2.25120.40 2.37£0.39 2.35£0.44
Microsome  2.26+0.38 2.2210.44 2.30£0.46 2.28+0.52
Vmax (nmol 1-naphthyl sulfate min” mg protein™)

Cytosol 0.25+0.06 0.16+0.05° 0.1940.03 0.10£+0.04<"
Mitochondria 1.024+0.08 1.50+0.16 0.90+0.10 1.11£0.11%
Microsome  1.0310.07 1.461+0.14 0.86+0.16 . 1.05+£0.19

Michaelis-Menten constants for aryl sulfotransferase I, IV were determined using adenosine 3'
-phosphate 5'-phosphosulfate and 2-naphthol at 37 C for cytosolic, mitochondrial, and microsomal
fractions of male rat livers at the 14th day after operation.

The data are expressed as mean = SD with 5 rats in each group.

Animal groups are described in Table.1.
a, P<0.05 vs. Sham; ¢, P <0.001 vs. Sham; d, P <0.05 vs. Ethanol + Sham; e, P <0.01 vs. Ethanol

+ Sham: h, P <0.01 vs. CBDL: i. P <0.001 vs. CBDL.



50

aryl sulfotransferase I, IV isozyme?] Vmax & £
Huk A& 23 44 v e o 2F FoF ga
£ e 9l th(Table 5).

U

77 e 928 We us AW, g 2
Z(Wooddell, 1980; Sherlock, 1985b; Hall, 1994) 9]
Qlom =X & 710 Alb‘}?ﬂEstPxi W 3}
(Chang, 1985 &, 1987; Hall, 1994) 12 gtc}. 3
ol FeEy Met 22 B4 oE
C 2jopet W A A el A 4&7.%_‘5]“1 o EZ =g ot
A et Festa Wete 4, WY 2 crisue?)
# & 5 2H(Chang, 1987; Hall, 1994) S0] 1 U3 2 A5}
A et Es H3tes B WFAATY F4
(Chang, 1985; Hall, 1994)E = 4 9o 0]9_]01]5 7t
AE AFS 20t e)std 8 s(Hall, 1994)5 B
Sel 222 A% LAE A dehE dAL
B2 = lactate?] At 57, pyruvated] A4 4,
2)ubAbe] BHA 231, FolAbg 2o B AS © Ajut
AL} AbsL 7+ A E(Ellenhorn & Barceloux, 1988; Hall,

o
o R o)l

o
T
T

g0 rr i
.20

ox s
of¥

2t 2Ho| BESA o HE A5 Yy ¢
4 17 9% 9B, 952N 7Y, MUY BE

d ¥} 5(Desmet, 1994)0] Ltebd ok opy et gt
7v71%5 9 Aol = Webtch(Halsted, 1976; Sherlock,
1985a).

3o e AAsty o E A7} o7 = o
AjZrol Zagkel wel gE2A7HE AL HEFA,
AR3t 9 3k W3y A48 2 2 ey (Moritz

& Snodgrass, 1972; Kountouras e a/., 1984; Zd| A 9],
1987, AAA 9], 1989) FAlof 7H715 % o7t =
2+ ZA(Kaplan & Righetti, 1970; Righetti & Kaplan,
1971: Toda et al., 1980; T3} o]&38), 1992)0.2 &
BA otk whebal PR Wake) Asetd A7 E ¢
st AEH WHo g da o] &3le o] FY FEH

BB ARG 205 15% 2001

g At FEEAS NEE

7o) uj A 7] Soff Bof 7} 9.
%] (Sherlock, 1985a) o] &
Alo) 2 WA W AT BA 4
dHA Aok = 'ﬁ— Azt Al 1 BH=T 5
= Aol 44 |
S-transferase (PE 2 9, 1990), xanthine oxidase(Z&
A1.1985), nto| 2 24 ethanol oxidizing system, alde-
hyde dehydrogenase (Z&4] 2], 1988), ] EZ =g o}
q u}o] 2 24 aryl sulfotransferase (Thm ¢t a/., 1995)%
olm I A E7 aEE QA olE A4 wE asE
AlZA 9 ol EZ =2 o} glutathione S-transferase, glu-
tathfone peroxidase (H&4 9], 1990), monoamine oxi-
dase (£} 4], 1989), catalase, alcohol dehy-
drogenase (4] 9|, 1988), carboxylesterase, aryle-
sterase, cholinesterase (ZE A1} o] &3 1992), Al E
A aryl sulfotransferase (Ihm er a/., 1995) 5224 o]
5 nso) PHE U F2 BESALIN 1 ¢
3ol %‘%‘EIEE’H Wb AT (4], 1985 24
9], 1988; B2 du} 4] 1989; HLA 9] 1990; &
Z“-L—]' 0]4\1— , 1992; Thm ez a/., 1995)2} 11 3o},

Aol Ead FHL oA R E AR o
AT & ethanol©| acetaldehyde 2 AFSE] 31 T} A
acetate 2 A3} E|o] o] 85+ ZA(Bosron & Li, 1980;
Lieber, 1985)0|tt. 53] o2&t Atz ol A A€
acetaldehyde= ZHA 29 IAE 23t B4
(Sherlock, 1985b)2 A& A Q)1 T3 =& F=A] 4
3 Fejatz] H3lzl & ¥ +=(Chang, 1985 & 1987)%k
3 uaeds 24 F50 Yaucty ¢ &40 4
BE o 48T Aol

Rl M WA 2 5N TESAR 221 &4
o] Haid w= *Jixﬂol% A e aL59 B

Al

& A4 microsomal glutathione

7 w5 ol AstthaaAl 9, 1990; 3 gw%
1992; A A1 2], 1994; Mun & Kwak, 1999; Mun e
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