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Effects of Intravenous Administration of Taurocholate on
Hepatic Aryl Sulfotransferase Activity in Cholestatic Rats

Kyo-Cheol Mun, You-Hee Kim and Chun-Sik Kwak'

Department of Biochemistry, Keimyung University, School of Medicine, Daegu 700-712, Korea

The possible mechanisms of increased aryl sulfotransferase (AST) isozymes activities in cholestatic rat liver were
studied. Hepatic AST-I, I and -III, IV activities were determined from the experimental rats with common bile duct
ligation (CBDL). The Michaelis-Menten constants in these hepatic enzymes were also measured. The activities of
mitochondrial AST-I, II and -III, IV, and microsomal AST-III, IV as well as their Vmax values were found to be
increased significantly in CBDL plus taurocholic acid (TCA) injected group than in the control group, such as CBDL
alone groups. However, their Km values in the experimental groups did not vary. The results suggest that TCA

stimulates biosynthesis of the AST in the liver.
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AR 7ho] 48 wom AR olE YA HE T4 aryl
sulfotransferase2] &4 =71 7Hll A W5 %= A (Thm et al,
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Aryl sulfotransferase (3'-phosphoadenosylsulfate: phenol sulfo-
transferase, EC 2.8.2.1, AST)& d& 3gEElA S XL
3} (conjugation)A] A HIAAZI= Al 273 AAolE AA| WIS
(phase 2 xenobiotic biotransformation) & 4~Z4] (Jakoby et al.,
1980; Kim, 1984) Ef-5o] (ol F= 350} St} (Ba-
neljee et al., 1966; Hidaka et al., 1969; Campbell et al., 1987). ©]
e AHOA 2%, FAE 459 isozyme (ASTL -II,
I -IV)©] EA)51 (Jakoby et al., 1980; Sekura et al., 1981;
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19411 %],

2 G @A el FA]E] o] AT} (Christ et al., 1989; Falany et
al,, 1990; Thm et al., 1995). F oAl GFEAE oA vl
7he] mEZ=globe} mlo]lg &0 ASTL 1T 2 -1 IV
isozyme®] %7} E715= A (Ihm et al, 1995)0] 8317
Ao 1 T FThE d4 ] frieol 71dg Ao
O}L 7} A3 AT} (Thm et al., 1995). 212} o] E271 &
A oA o 71Hel] oJE) 1 Tt S AEA

o v B,

o] A= AST isozyme?] A7) G584 (k] nEE
=gjo} 9 mlo]and F3loA FUlEE 7| AR &
oll7] flate] AlgEion, AHoA FHd AR HHS

HHAIZ o 7HHAVS FEA] )AL (Palmer, 1972; Drew
et al, 1979; Kitani et al,, 1986) &2 FAdol FaFS m| At
(Han et al., 1997; Park et al., 2004)+= taurocholic acid (TCA)E
B o FYAA BAHOR o) AR, FEFE]
slolamel A olF kel WY ZYshold vk TCA
b eI ol Aal BHE AFFH Aow FYHE
A3k AN 1 A mastad sk

1. A <

2-Mercaptoethanol, 2-naphthol, adenosine 3'-phosphate 5'-pho-
sphosulfate, methylene blue, a-naphthyl sulfate potassium, TCA
(from ox bile, sodium salt, T0750), tauroursodeoxycholic acid
(sodium salt, T0266, TUDCA) % @3 7 (10 g/100 ml
bovine albumin) Sigmar} (F]=7) A& AHESIGITE 1 9
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+ Sprague-Dawley &9 £#E AH&3l¢lom 155 59

=]
2 slo] e o] 9o ik

(sham operation)

7FHre 519 2 24l 7 AN 7 (T 2.
(common bile duct ligation) =

= 4% 2

4) SEE ZEI BH TCAE st &

? A2 43 Ogawa et al. (1990)3} Park et al. (1999)

A (A% 100 g5 45 pmoles)S A=

£ Lo
o=
2
o 2
=)
AL
;_]
(@)

off gk £ 1 2 24l 47 A T (F 2).

5) S&at Z&tn} &4 TUDCAE Fst &

9 22 A3 Ogawa et al. (1990)7} Park et al. (1999)
o] ¥Hgef F=sko] TUDCA (A% 100 g@ 45 pmoles)E 7t
Al Yol 48 T 1 2 2o 2+ YN F (F
2).

ZF AT NE 2] pgatglon AE 5] JdAg
07 ARSIt AR AEFARETA AL AE]
HAEEE RS Hes 39ith 9% 22 v 9 7
2 ah Ao dF TS st AE &F 249
Al 5A] Afele] AN ¢ RS T AR 2o
™ 12A13F S AL 5 o]H (ether) WEF SRl A A AT
FH A2 7F 2939 oF | em olHI% ] YHH F
IS 27 o] AR £ 1 3 B9 E ddsiglen 7h
HEA] G#e] A s Gelsiink 28 ke w
& e AlEksit)

TCA % TUDCAY 9] g™ | 59 syringe pump
(model 341A, Sage instruments, USA)S A}&38}] 15%7F 5

sk

homogenizer (ThomasA} Al chamber clearance 0.005~0.007
inches)2 2~4CE FA3IHA 400 rpme] 52 FA A+
Al 53] G5 mRaiEte] 10% (wiv)e] 2] AR E THERL
t}. o] 7+ AN BFE FH3}] sucrose density gradient ¥
AR (Kwak et al,, 1986)0. 2 A X wEIZ=z]o} 2
wlolAEE #8& sl

A AEEGHA BE 222 2~4Toll A Akl e
], ojuf A-8-g 1412715 Du Pont SorvallAke] RC-5B
refrigerated superspeed centrifuge®} OTD-65B ultracentrifuge 3}
t}. o]u] Al8-¢F rotor= Du Pont SorvallA}2] SS-34 2 T865
rotor$ 3L sucrose linear density gradient -8-<49] #|Z=+= gra-
dient former (model 570, ISCO, USA)E Al-&-3}51Th.

4. 2N NE XX

ASTL IT 2 -1, VY] T SHE A8 ZAlE B
St A, vlo]a2E 9 nEZs ol IS whilzsko
25 mgml7} HXE% 025 M sucrosed]ol] AEAF oM o]
WG olE g FHE S48 AEE AMESIATH

5. 24 BYE 53

7] MEA, vEZEgol W nlo]geE 3]0 ASTO]
S = 4L A5} €7 2-naphthol?} adenosine 3'-phosp-
hate 5'-phosphosulfateE 7|2 & A&-3te] 37ColA 10%3F
S-S A]7]= &<toll A3 % 1-naphthyl sulfateS methylene
blue?} HH-5-A|A A2J% ion pair pigmentE chloroform o 2
F53% 5 651 nm Il A HjAlEte] G40 SRS A
3} Sekura et al. (1981)2] Hell &3t} (o] H2 ASTI
ASTIIE §H8F AST 1, 19] X9} AST-IIF AST-IVE
3k ASTHIL, VO] BAE=E S4ahs whdolth, g1 o]
o] ASTL, I 4% ZH Ao+ 0.5 M sodium phosphate (pH
74) SRS 223k o ASTL IV AL SAA =
0.5 M sodium acetate (pH 5.5) &5NS A& ©] &4
o] I E T 187k 1 mge] @A o] wkg-sle] A4
St 1-naphthyl sulfateE nmolZ YERN ST

i

7] fste] 22 Algol tiste] 23] SAste] 1 WA
SiSiTk o Aol ma GAE SAH ARSI
+ computer controlled enzyme spectrophotometer (Cary 210,
Varian, USA) A t}-

6. Kmat & Vmaxztel 53

Fe F2d AT BE e xR 54 ARE
2} ASTY] 2§ 714 % adenosine 3'-phosphate 5'-phosphosul-
fates Aol 7]d Aoz} NS A3 5 o] 7]

57 2-naphthol 7] & ARE-Ste] ASTL 1T B -III, IV
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Table 1. Effects of time of biliary retention on hepatic subcellular
aryl sulfotransferase I, Il (AST-L, II) activities in rats

Table 2. Effects of time of biliary retention on hepatic subcellular
aryl sulfotransferase I11, IV (AST-IIL, IV) activities in rats

AST-L II activities

AST-III, IV activities

Experimental (nmol 1-naphthyl sulfate min~' mg protein™") Experimental (nmol 1-naphthyl sulfate min~' mg protein”")
STOUPS Cytosol Mitochondria ~ Microsome SIOUpS Cytosol Mitochondria ~ Microsome
Normal 0.291+0.04 0.56£0.03 0.74£0.03 Normal 0.19£0.02 0.66£0.05  0.61£0.08
Sham 1 day 0.29+0.03  0.58+0.05  0.75+0.04 Sham 1 day 0.21£0.03  0.67+£0.06  0.63£0.10
Sham 2 days 0284+0.04  0.57+£0.04  0.74%0.05 Sham 2 days 0.20£0.04  0.67£0.05  0.62%0.11
CBDL 1 day 0.27+0.04 0.6410.06 0.73£0.09 CBDL 1 day 0.20%0.05 0.66£0.06  0.74£0.12
CBDL 2 days 0.2610.05 0.6510.07 0.72£0.11 CBDL 2 days 0.21£0.06 0.67+0.07  0.8110.14%

The data are expressed as mean £ SD with 5 rats in each group;
Sham 1 day or Sham 2 days, sacrificed on the 1st or 2nd day after
sham operation; CBDL 1 day or CBDL 2 days, sacrificed on the
1st or 2nd day after common bile duct ligation

FSEZHE 1[S]Hhs AlLlsle] o]F % (double reci-
Ao 2EE Km#td} VmaxihS

TS SHI T o5 Ao ZRE INigkS 83 7]
=z
=

procal plot)E I TS o]
S

7. HE g

B AR Fo 9uld AHHFS
methanol-ether =3+ (3:1)o.2 whulas
berg et al. (1957)'HC.2 G4 A8 T2 BHAS GA S v

2 biuretH (Gornall etal., 1949)2.2 A &Fs}3it).

8. 948 4d

o

ol AAL Student's t-test® dFF oW Fo FF

0.05 °]3t= ATt

{ AlZtol Zte] AST-I,

1. FolM SEE Z2EL =HEF

v 28 E0 njxle G

HoA FF A2 AA 19 2 29 (27 TableolA]

CBDL 1 day 3 CBDL 2 days) 42 31 ol ko] A2,
1=]

nEZ=o} 9 wlo]Z2E £3589 ASTL, I 4%, 714
¥4 2 ngZcgol B39 ASTI, IV S %} 933

A4S AFA 1Y AHAHS o) 7F nfo]A2E B3 o] AST-
L, IV 84 %= 1 Wso] fIAT) (Table | & 2). 12} 3¢
nfo]l g B4 BE o] ASTII, IV PEE 2ok 2% 5

o

29 ARARE ) FATHOE FelR F7HE vhehgck

= THH AF 524 AT ellA 3F vlo|AEE 78
o] o] a4 L AT 2 7HrET (B Tableol A
Sham 2 days)®.th 22} oF 33% (P<0.05) 2 °F 31% (P<0.05)
o] F7Fe JERISITE 2Eu 3ke] o] EAE e ¥ 1Y

The data are expressed as mean &= SD with 5 rats in each group;
Sham 1 day or Sham 2 days, sacrificed on the 1st or 2nd day after
sham operation; CBDL 1 day or CBDL 2 days, sacrificed on the 1st
or 2nd day after common bile duct ligation. a, P<0.05 vs. Normal;
g, P<0.05 vs. Sham 2 days

BANAE Wt 22 A ARG Wl vl 5 AApEEe

y
Hbs wie AIgHoR fogt Afol= §IATh (Table 2).

o

2. FlolM BE EE Al TCA E= TUDCA F¢l0| 7t
S AST—I, Il & —Il, IV &g =0 Ojx|= g&

HANA T AZE A AF TCAE TUANA 19 2
2% 743} (23} Tabledll Al CBDL 1 day+TCA % CBDL 2
days + TCA)A S ] 71e] mEFE=glo} £39] ASTL 1
9, IV 3RS g2 9 2280 A7 o) b
3 FATH R Fost Ve WERloH, o] o mlo]
AR5 B ASTIL IV EHEE Fo3t 5715 YER
Atk F 2HH 2F AT TCAS FYA7)aL 1Y 2 2d
BIANAE W 3F v EFEo} #8]2] AST, 11 &=
e FHd 2EN A7 7 (237} Tableol Al CBDL 1
day ¥ CBDL 2 days)=2.t} Z}2} oF 38% (P<0.01) 2 ©F 43%
(P<0.01)®] 715 YERHSISH (Table 3), {F M|EZ=2]ok
3o ASTIL IV 3 e tizatwet 42k oF 55% (P<
0.001) & °F 61% (P<0.001)9] T7Fe YeRSIch 12]at 3¢
o] mpo]A 2% e FHI AF A5 TCAE FUA
719 9 2d AAAHE w ASTIL, Ve SA=7}F tiZ2at
B} ZHzE oF 319% (P<0.05) 2 2F 30% (P<0.05)9] S71&
ERNATE (Table 4). g S 22-& Al71 29 TUDCA
E FYAA 19 2 29 A3} (3 Tabledl| ] CBDL 1 day
+TUDCA % CBDL 2 days + TUDCA)ANAS W= 7k 3%
AEEFo| ASTL I 2 -0, IV FAHAEE BF 27
BAH o2 o)t ol §lUTH (Table 3 & 4).
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Table 3. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after common bile duct ligation
(CBDL) on hepatic subcellular aryl sulfotransferase I, IT (AST-
I, II) activities in rats

Table 4. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after common bile duct ligation
(CBDL) on hepatic subcellular aryl sulfotransferase III, IV
(AST-IIL, IV) activities in rats

AST-L II activities

AST-IIL, IV activities

Experimental (nmol 1-naphthyl sulfate min~' mg protein™") Experimental (nmol 1-naphthyl sulfate min~' mg protein”")
oups oups
group Cytosol Mitochondria ~ Microsome group Cytosol Mitochondria ~ Microsome
CBDL 1 day 0.27£0.04 0.64%0.06 0.731£0.09 CBDL 1 day 0.20£0.05 0.66£0.06 0.74£0.12
CBDL 1 day k CBDL 1 day 1 j
+TCA 0.25+0.03 0.88+0.09 0.80%0.15 +TCA 0.18%0.03 1.02+0.14°  0.97%0.14
CBDL 1 day CBDL 1 day
+TUDCA 0.26+0.04 0.66%0.08 0.721+0.12 +TUDCA 0.21£0.04 0.68£0.07 0.74£0.15
CBDL 2 days 0.26£0.05 0.65£0.07 0.73£0.11 CBDL 2 days 0.21£0.06 0.67£0.07 0.81£0.14
CBDL 2 days n CBDL 2 days o m
+TCA 0.24+0.05 0.93£0.12 0.831+0.14 +TCA 0.17£0.04 1.08%0.16 1.0510.18
CBDL 2 days CBDL 2 days
+TUDCA 0.25+0.04 0.68%0.10 0.74%0.08 +TUDCA 0.20£0.05 0.70£0.08 0.76x0.13

The data are expressed as mean=+ SD with 5 rats in each group;
CBDL 1 day or CBDL 2 days, sacrificed 1st or 2nd day after
common bile duct ligation; One of the following bile acids, TCA
or TUDCA (45 umol/100 g body weight) was intravenously ad-
ministered through the superior vena cava. k, P<0.01 vs. CBDL 1
day; n, P<0.01 vs. CBDL 2 days

AST-III, IVE- adenosine 3'-phosphate 5'-phosphosulfates 7|2
= ARgSte] Kmak 3 Vmax#hs 54 IS W Kmgke &
T ge] Yotk EF 5% F 29 AW RE AP

oA 2t RlEZ=glo} 28] ASTL T 2 -, IVY] Vmax

P B Ao R fog ME2 ISt (Table 5 & 6).

aEy FHollAl FE 27E AR F 29 AIAHE o
ZF o)A 24 HEo] ASTIL IV VmaxzhS 7HEait Al
71 TR oF 23% (P<0.05)2] 571E YERNSIT) (Table 6).
AA FHH A2S A7 A5 TCAE T8t 2 4
3} (23} Tableo] ] CBDL 2 days+ TCAA S o] 7+ mE
Frglo} ¥39] ASTL 119] Vmaxih2 7Hrsit A7l
HUR= oF 64% (P<0.001), FE¥ 22T A7 wFHUR= oF
46% (P<0.01)°] Z7+He YRty ey 9 23S
AlZ1 A% TUDCAE T3t 2¢ 43} (27 Tableol A
CBDL 2 days+ TUDCA)AI A S W& ©] 549 Vmaxghe
frolet WES YERNA @9kt (Table 5). 12]al FHlA &
G A4S AR A3 TCAS FUsta 29 ZEHAFHS u)
7ro] mEFE=gole} mlo] 24 180] ASTIIL, IVE] Vmax
e et A TRuE 247 9F 67% (P<0.001) 2 oF
63% (P<0.001), S93 Azt A7 R 2447 oF 62%
(P<0.001) 2 <F 32% (P<0.05)2] 715 YERNRJT] (Table
6). 18 TEH A4S AX AF TUDCAE T3t 2
o AIAZE W= o] EAY Vmaxihe o3 HES

LRI SSHC} (Table 6).

The data are expressed as mean + SD with 5 rats in each group;
CBDL 1 day or CBDL 2 days, sacrificed 1st or 2nd day after
common bile duct ligation; One of the following bile acids, TCA
or TUDCA (45 pmol/100 g body weight) was intravenously ad-
ministered through the superior vena cava. j, P<0.05 vs. CBDL 1
day; 1, P<0.001 vs. CBDL 1 day; m, P<0.05 vs. CBDL 2 days; o,
P<0.001 vs. CBDL 2 days

Table 5. Rat hepatic mitochondrial aryl sulfotransferase I, II
(AST-L, II) kinetic parameters from 2 days after common bile
duct ligation (CBDL 2 days) determined with adenosine 3'
-phosphate 5'-phosphosulfate as substrate

Km Vmax

Experimental
groups (Km; mM, Vmax; nmol 1-naphthyl sulfate
min”" mg protein ')
Sham 2 days 1.65+0.29 0.70=£0.06
CBDL 2 days 1.63%£0.31 0.79%0.09
CBDL 2 days in
+TCA 1.61£0.25 1.15+0.15
CBDL 2 days
+ TUDCA 1.641+0.28 0.81%0.11

Michaelis-Menten constants for AST-I, II were determined using
adenosine 3'-phosphate 5'-phosphosulfate and 2-naphthol from
experimental rat livers at two days after CBDL. The data are
expressed as mean £ SD with 5 rats in each group. Experimental
groups are described in Table 1, 3 and text. i, P<0.001 vs. Sham 2
days; n, P<0.01 vs. CBDL 2 days
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Table 6. Rat hepatic mitochondrial and microsomal aryl sulfotransferase III, IV (AST-IIL, IV) kinetic parameters from 2 days after
common bile duct ligation (CBDL 2 days) determined with adenosine 3'-phosphate 5'-phosphosulfate as substrate

Mitochondria Microsome
Experimental groups Km Vmax Km Vmax
(Km; mM, Vmax; nmol 1-naphthyl sulfate min~' mg protein™")
Sham 2 days 2.321+0.35 0.98£0.08 2.26%0.43 1.15£0.13
CBDL 2 days 2.28+0.41 1.01£0.11 2.22+0.45 1.42+0.218
CBDL 2 days + TCA 2.25+0.45 1.6410.18 2.20%+0.47 1.87+0.27"
CBDL 2 days + TUDCA 2.301+0.37 1.04£0.12 2.2440.41 1.35£0.23

Michaelis-Menten constants for AST-III, IV were determined using adenosine 3'-phosphate 5'-phosphosulfate and 2-naphthol from
experimental rat livers at two days after CBDL. The data are expressed as mean £ SD with 5 rats in each group. Experimental groups are
described in Table 1, 3 and text. g, P<0.05 vs. Sham 2 day; i, P<0.001 vs. Sham 2 days; m, P<0.05 vs. CBDL 2 days; o, P<0.001 vs.

CBDL 2 days

Bk ol T A= STHE = AAlel= AA

50
3k @452 xanthine oxidase, glyoxalase I, aldehyde dehy-

r& ol

drogenase, benzoyltransferase, phenylacetyltransferase, arylamine

N-methyltransferase, thiol methyltransferase 2 AST 5 (Ihm et
al., 1995; Rhee et al., 2000; Kim et al., 2002; Rhee et al., 2002)]
o o5 F ASTE AQe a4 BFE 11 @459 Tt 7]
Ao o]= A e A it (Rhee et al, 2000; Kim et al.,
2002; Rhee et al,, 2002). = ©]& 49 4% F7} 7|
HEEAR AE el S7HE TCAZE a4 44 A=st
o] ol Fhe) YL F7HIUHE Aol

Thm et al. (1995)°] W.itol| oja}d o] Fehus ARH
T HFEA el mEZ=eoke] ASTL 1T SHEE 5
I A7 T 7Y, 149, 28 2 YU nEE=2]olo] AST-
I, IV 5% S 22 3 79, 149, 289 9 4290
Folg S7F eIt skglen vholamEelM =
ASTIL V] =R T3 27 F 29, 3%, 7Y, 14
28 Bl a2dd Fo13k S7He vehidekaL sl oot
AE ASTL 119 L IVE F @5&A 11 vEZ=go}
3 rpolagEelM I ST} Sk AAlelE A W
3 Zagka aglon 1 7} 7)ol tisiAdE AST, gt
- Ve g el olgk A okt FEakal qlvk
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S7P7IEE 718kt EAE EekAl ARetal A &
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H

:I

o
o] o]\ 7)Ao 93] YeERT AJNXE &z} sl A8
Aotk webs o] ATtelA sdsfored dAlE o5 EATt
HEeA elAe 2 Ggert ofd 71 o8 Sk
7} sk Zlojth o] AFexE o] AIE sliat] flst
o] Ogawa et al. (1990)3} Park et al. (1999)2] WlHol 3l 2
7] T RES e HellA Fw

22 G HHAA FEEA S T Aola, A
2L HojlA FEd A= 93S HFAZ A9 TCAS
o

KeX
FH ol T Fsto] el HEEAlE vs A

= 3 o
= BASA=I

71 AolH, o] Rz Il TCAS| arsiol] weE TCA
o] g5 <ol ¥ 47} A= A (Ogawa et al., 1990; Park et
al., 1999)0]t}. T3k o] Aol E FYsE FEHAke] &
7F g2 ol a4 AL nHE ave ELEV]‘:J}**
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methyltransferase®] g0l 9IS T4 2T (Rhee et al,
2000; Rhee et al., 2002) H52E] {230 diel B 3=
7} = TUDCA (Poupon et al., 1987; Kitani, 1988; Leuschner
et al, 1989; Heuman et al., 1991)E5 23 2722 3 HE
A7 25 e ylol] v YA TUDCAS] &9 %
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o] AgolA FA FHH AFS A
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