thetel otsta A - M 66 2 H5=
Vol. 66, No. 5 May, 2004

A &0

SE=Q | oA 2t U E’S_I Thiosulfate Sulfurtransferase &’§ =0

0|X|= Taurocholate

Atzrel Za|Y 9| o2 Muntstod e 2 Ay
= 1
0] H 2.2 F 4

Effects of Intravenous Administration of Tauro-
cholate on Liver and Serum Thiosulfate Sulfur-
transferase Activities in Cholestatic Rat

Byung Wook Rhee, M.D. and Chun Sik Kwak, Ph.D.!

Purpose: To Study the possible mechanisms of change of
thiosulfate sulfurtransferase (TST) activity in cholestatic rat
liver and serum.

Methods: Rats were divided into seven groups: those
receiving a sham operation (Sham group), with a bile duct
obstruction (BDO) alone (BDO group), with a BDO plus
taurocholic acid (TCA) injection (BDO plus TCA group), with
a BDO plus tauroursodeoxycholic acid (TUDCA) injection
(BDO plus TUDCA group), a choledocho-caval shunt (CCS)
operation (CCS groups), a CCS operation plus TCA injection
(CCS plus TCA group) and a CCS operation plus TUDCA
injection (CCS plus TUDCA group). The TST activities in the
serum and in the hepatic subcellular fractions isolated from
above experimental rats were determined. The K, and Vmax
values of this hepatic enzyme were measured.

Results: The liver cytosolic, mitochondrial and microsomal
TSTs activities, as well as the TST Viax values were found
to be significantly decreased in the BDO plus TCA and BDO
groups compared to the control group. The activity and Viax
value of the liver cytosolic TST were also found to be
significantly decreased in the CCS plus TCA group.
Conversely, there was no variation in the Ky values of the
hepatic enzymes in any of the above experimental groups.
The serum TST activities in the CCS plus TCA and BDO
plus TCA groups, were significantly increased compared with
the control, CCS and BDO groups. However, the serum and
hepatic enzyme activities were unchanged in both the CCS
plus TUDCA and BDO plus TUDCA groups.
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Conclusion: The above results indicate that TCA represses
the biosynthesis of TST in the liver. Also, the elevated TST
activity in the serum is most likely due to an increase in
the permeability of hepatocytes membrane upon TCA
mediated liver cell necrosis. (J Korean Surg Soc 2004;
66:359-366)
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Potassium cyanide, sodium thiosulfate pentahydrate, formal-
dehyde, ferric nitrate, ferric thiocyanate, potassium phosphate
monobasic, TCA sodium salt (from ox bile), TUDCA sodium
salt, thiosulfate sulfurtransferase (typell, from bovine liver) %!
Tl A 33 F 9 (10 g/100 ml bovine albumin) 5 SigmaA}
(St Louis, MO, USA) zﬂﬁg A}J%}?iott] I 9] gk Ak
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glass homogenizer (chamber clearance 0.005~0.007 inches,
Thomas Co., USA)Z 2~4°CE FA3lHA 400 rpme] &%
2 227 53 9 oled 10% wwe 1 2472
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gradient YA EZHUINLE AXZ, nEZ=g o} 4 ulo]
A& 2885 )

Ao AEZFEGHAAN BE 222 2~4°Col A A3t
o o] uwf A8 Y4EE]7]= Du Pont SorvallAH(USA)<]
RC-5B refrigerated superspeed centrifuge®} OTD-65B ultracen-
trifuge 4 TF. ©] W] A}&-3} rotor= Du Pont SorvallAH(USA)<]
SS-34 2 T865 rotor 3 I sucrose linear density gradient &<}
9] A|Z% gradient former (model 570, ISCO, USA)E A}-&-3}
At
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A /3 E ferric thiocyanateE 460 nm ZH7gol| A B35t} &
20 BAEE AE3HE Westley(6)9] Hol 9ttt o] &
429 FAE dYe 1870 1 mlY A = 1 mgel &
Aol "k-3-3l] A A3t ferric thiocyanateE nmolZ YEFH $1
o},

o] Aol A a4 FAE S 2
°o]7] $18ko] Sigmarh(USA)S] AAl® LS AHE
gatslen 22 AR tsto] 23] FAsto] 1 FEA]
HaAh o] AP 2 &4 SAE SHo) AHE3 7
B == computer controlled enzyme spectrophotometer
(Cary 210, Varian, USA)&t}.
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Table 1. Effects of time and model of biliary retention on hepatic
subcellular thiosulfate sulfurtransferase activities in rats

Thiosulfate sulfurtransferase activities

Experimental (umol ferric thiocyanate min" mg protein™)
groups

Cytosol Mitochondria Microsome
Normal 3.06£0.28 4.20+0.83 0.24+0.06
Sham 1 day 3.11+0.33 4.29+0.87 0.25+0.07
Sham 2 days  3.10+0.31 4.32+0.91 0.25+0.07
CCS 1 day 3.02+0.27 4.27+0.85 0.23£0.06
CCS 2 days 2.87+0.34 4.03+0.81 0.25+0.08
BDO 1 day  2.60:0.28*  3.97+0.78  0.29+0.09
BDO 2 days 2.46032%°  3.71:0.82 0.27+0.07

The data are expressed as mean+SD with 5 rats in each group.
Sham 1 day or Sham 2 days = sacrificed on the 1st day or 2nd
day after sham operation; CCS 1 day or CCS 2 days = sacrificed
on the 1st day or 2nd day after choledocho-caval shunt; BDO 1
day or BDO 2 days = sacrificed on the Ist day or 2nd day after
common bile duct ligation; CCS = choledocho-caval shunt; BDO
= bile duct obstruction. *P <0.05 vs. Noramal; "P<0.05 vs. Sham
1 day; *P<0.05 vs. Sham 2 days.
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Table 2. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after choledocho -caval
shunt (CCS) on hepatic subcellular thiosulfate sulfur-
transferase activities in rats

Table 3. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after bile duct obstruc-
tion (BDO) on hepatic subcellular thiosulfate sulfurtrans-
ferase activities in rats

Thiosulfate sulfurtransferase activities

Thiosulfate sulfurtransferase activities

Experimental ~ (umol ferric thiocyanate min” mg protein’l) Experimental (umol ferric thiocyanate min” mg protein’l)
groups groups
Cytosol Mitochondria Microsome Cytosol Mitochondria Microsome
CCS 1 day 30204027  427+085  023+0.06 BDO 1 day 2604028 397078  0.29+0.09
CCS 1 day+ BDO 1 day+
4l 2764028 363076  021+0.07 y 1924030"  2.53+0.74*  0.17+0.05*
TCA TCA
CCS 1 day+ BDO 1 day+
2y 308+031 4224087  024+0.05 2y 267031 4124084  0.26+0.07
TUDCA TUDCA
CCS 2 days  2.87+034  403:081 025008 BDO 2 days  246:032  371:082  027:0.07
CCS 2 days+ BDO 2 days+
YT 2031025%  344%067  0.20£0.07 YT 124027 226071 0.13+0.06'
TCA TCA
CCS 2 days+ BDO 2 days+
YT 2064028 4154079  0.26+0.06 YT 2504029 3944087  0.25+0.08
TUDCA TUDCA

The data are expressed as mean+SD with 5 rats in each group;
CCS 1 day+TCA or CCS 1 day+TUDCA, and CCS 2 days+
TCA or CCS 2 days+TUDCA. One of the following bile acids
were administered intravenously through the superior vena cava,
TCA or TUDCA (45umoles/100 g body weight) at the time of
CCS operation in rats. Then the rats were sacrificed 1 or 2 days
after CCS operation. *P<0.01 vs. CCS 2 days.
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The data are expressed as meaniSD with 5 rats in each group;
BDO 1 day+TCA or BDO 1 day+TUDCA, and BDO 2 days+
TCA or BDO 2 days+TUDCA. One of the following bile acids
were administered intravenously through the superior vena cava,
TCA or TUDCA (45umoles/100 g body weight) at the time of
common bile duct ligation in rats. Then the rats were sacrificed
1 or 2 days after common bile duct ligation. *P<0.05 vs. BDO
1 days; "P<0.01 vs. BDO 1 days; ¥ P<0.05 vs. BDO 2days; P
<0.01 vs. BDO 2 days; 'P<0.01 vs. BDO 2 days.

TATAHCRE F8 FAE Uit 5 23 4
F TCAE FHA71aL 19 9 2% BAAZ S W 3t A=
£ TST FAEE el gadAw A2 220 2
7 9k 26% (P<001) 2 °F 50% (P<0.001)9] 7HAg e
AL, 7k PlEZEol #99 TST S =e oA
A7 R Z47E oF 36% (P<0.01) 2 <F 39% (P<0.05)<]
A2E dehfilen, 3t vlolazd 89 o] ax 24
TE FHAAT A7 R A2 oF 41% (P<0.05) B oF

52% (P<001)9] s Yehideh 22y FaH g A5
TUDCAE F9A1A 1€ 3 2 AAANF S = He) 3%
AZEZ M TST FAEE L5 thxad ¥ 2o)7) I
TH(Table 3).

AdA FEB PANES T= GB3HHE APE 1)
4] TST A== EAH o2 Fo3tA Sl
S ZES O8N EY $ 19 B ol A A TST
FAEE ARTFRGE 9 83% (P<0.0L), /FFEETRTE
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Table 4. Effects of time and model of biliary retention on serum
thiosulfate sulfurtransferase activity in rats

Thiosulfate sulfurtransferase activities

Table 6. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after bile duct obstruc-
tion (BDO) on serum thiosulfate sulfurtransferase acti-
vity in rats

Experimental
groups (nmol ferric thiosyanate min" ml™) . Thiosulfate sulfurtransferase activities

Experimental

Normal 206+45 groups (nmol ferric thiocyanate min™ ml’l)

Sham 1 day 213£56

CCS 1 day 376272+ BDO 1 day+TCA 1,227+284

CCS 2 days 428+67" ! BDO 1 day+TUDCA 968+229

BDO 1 day 1’015i276f§ BDO 2 days 9974245

BDO 2 dayS 997i2451‘ [ BDO 2 dayS+TCA 1,410i291*
BDO 2 days+TUDCA 9781253

The data are expressed as mean+SD with 5 rats in each group.
Experimental groups are described in Table 1 and text. *P<0.01
vs. Normal,; " P<0.001 vs. Normal,; ¥P<0.01 vs. Sham 1 day; 'p
<0.001 vs. Sham 1 day; 'P<0.001 vs. Sham 2 days.

Table 5. Effects of taurocholic acid (TCA), and tauroursodeoxy-
cholic acid (TUDCA) infusions after choledochocaval
shunt (CCS) on serum thiosulfate sulfurtransferase acti-
vity in rats

The data are expressed as mean + SD with 5 rats in each group.
Experimental groups are described in Table 3 and text. *P <0.01
vs. BDO 2 days.

Table 7. Rat hepatic thiosulfate sulfurtransferase kinetic parameters
from 2 days after choledocho-caval shunt (CCS 2 days)
determined with sodium thiosulfate

Cell Sham 2 CCS 2 CCS 2 days CCS 2 days
. Thiosulfate sulfurtransferase activities fractions  days days +TCA +TUDCA
Experimental
groups (nmol ferric thiocyanate min” ml™) Km (mM)
Cytosol
CCS 1 day 376£72 24542 24746 242452 244+38
CCS 1 day+TCA 490+76* : )
CCS 1 day+TUDCA 387462 Vmax (].lInOl ferric thiOCyanate min’ mg proteinf)
+
CCS 2 days 42867 Cytosol 3.82+0.38 3.34+041  2.69+0.34* 3.65+0.36
CCS 2 days+TCA 544+81
CCS 2 days+TUDCA 40275 Michaelis-Menten constants for thiosulfate sjlfurtransferase were

The data are expressed as mean*SD with 5 rats in each group.
Experimental groups are described in Table 2 and text. *P<0.05
vs. CCS 1 day; ' P<0.05 vs. CCS 2 days.

°F 77% (P<0.01)9] F7He Yt on a3 tiy=
T 52 AN FollA] HY o] EA =T A
TRTE ok 108% (P<0.001), 7}rEdE2TE ¢k 105%
<0.001)°] F7H8 e 218 F@E S F 1Y
A7 oA A9 o] B4 FAEE TR E ©
393% (P<0.001), 7}r&dR = oF 377% (P<0.001)2] =
7V detlilon Sa3H ] $ 29 AR oA EF
o] o] A4 BAEE AATRTE 9F 384% (P<0.001), 7}
FeTROE oF 377% (P<0.001)9 F71E YEhAt
(Table 4).
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determined using sodium thiosulfate and potassium cyanide at 25°C
for cytosolic fraction of male rat livers at two days after CCS. The
data are expressed as mean+SD with 5 rats in each group. Animal
groups are described in Table 1, 2 and text. *P<0.01 vs. Sham
2 days; "P<0.05 vs. CCS 2 days.

AN Few g 73]
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Table 8. Rat hepatic thiosulfate sulfurtransferase kinetic parameters from 2 days after bile duct obstruction (BDO 2 days) determined

with sodium thiosulfate

Cell fractions Sham 2 days BDO 2 days BDO 2 days+TCA BDO 2 days+TUDCA
Km (mM)

Cytosol 245442 243+45 238+47 245+44
Mitochondria 269+51 262458 257455 265+53
Microsome 602+117 587+126 583+119 594+130

Vmax (umol ferric thiocyanate min’' mg protein™)

Cytosol 3.82+0.38 2.90+0.39" 1.41+0.327 3.05+0.35%
Mitochondria 4.75+1.04 4.06£0.91 2.45+0.80"° 4.32+0.96
Microsome 0.26+0.07 0.28+0.08 0.14%0.06*" 0.26+0.08

Michaelis-Menten constants for thiosulfate sulfartransferase were determined using sodium thiosulfate and potassium cyanide at 25°C for
cytosolic, mitochondrial and microsomal fractions of male rat livers at two days after BDO The data are expressed as mean * SD with
5 rats in each group. Animal groups are described in Table 1, 3 and text. *P <0.05 vs. Sham 2 days; "P<001 vs. Sham 2 days; ¥ P<0.001
vs. Sham 2 days; 'P<0.05 vs. BDO 2 days; 'P<0.001 vs. BDO 2 days.

F7he et & S
PA71 1Y 2 2 Az
iz T8 AN EFE A
(P<0.05) 2 2F 27% (P<0.05)9] =7} a
U THd W3S A7l AF TUDCAES FUAIA
d 92 AHAIHE w] Ao TST A= BF U=x
7 zto]7t §lith(Table 5).

oA FHHAHE A7 AF TCAE FAAA 24 FH
AL W A TST FAEE 272 GaHH 9 A2

I
o =
s
o
N
N,
N
2
(98]
(e}
=X

FH A A% TCAE FYA1712 2 BHAAAES o A9
TST FAEE thxFET ¢k 41% (P<0.01)9 =71 Ve
yolth 28y 2394 A% TCASE FLAIA 19 FHA|
AL wo} F3HH FF TUDCAS FIAA 1¥€ 2 29
BAIAANAE W) A TST FAEE 2F x7 ¥ 2
°]7} A tH(Table 6).

Fatol A 1He TST= 2%

odium thiosulfateol] th3te] 212 Km#k 2 Vmax#k
T WEo]l glltH(Table 7, 8).

FHAA F2FF NGWETES A7 AF TCAE FH3tn
J S W AEE E9 TSTY Vmaxgh2 7}
THoE 9 30% (P<001), TEH hAHE
°F 19% (P<0.059 #A&E YERWL
W3S A7l 2 F TUDCAE 9
1Z4S W 7+ AE2d £3589 TSTY Vmaxdk

ol

_O|L
k1
)
e,
o,
A<
>

2 F39o TSTY Vmaxit
24% (P<0.01)9] A4S YERHRL
FA FBAAE A7 AF TCAE FH3haL 2¢
ANAE o T+ AEA, MEZEE oL E rlo]a2 &
TSTY Vmax#t2 7H&t A7l R b= 247 of
<0.001), °F 48% (P<0.01) & °F 46% (P<0.05), T

-

&
ok A7) FRTE 42 oF 51% (P<0.001), °F 40% (P <0.05)
2 %F 50% (P<0.05)9 HAs YA 1eja

HE A7 AF TUDCAS FY3ta 29 BAAAS
AEA ZZ] TSTY Vmaxghe 7H4EEw A7 21
°F 20% (P<0.05)% 745 YeER AT ey s
A7 23 v S e @ ol7h gl Th(Table 8).
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