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Abstract : Possible mechanisms of increase of xanthine oxidase (XO) activity in
cholestatic rat liver and serum were studied. These hepatic and serum enzyme activities were
determined in experimental rats with choledocho-caval shunt (CCS) or bile duct obstruction
(BDO). The-Michaelis-Menten constant of this hepatic enzyme were also measured. The
activities of hepatic and serum XO as well as the Vmax value of this hepatic enzyme were
found to be significantly increased in both CCS plus taurocholic acid (TCA) injected group,
and BDO plus TCA injected group than in the control groups such as CCS alone and BDO
alone. In addition, these serum and hepatic XO activities did not change in both the CCS
plus tauroursodeoxycholic acid (TUDCA) injected group and the BDO plus TUDCA injected
group. On the other hand, the Km value of the above hepatic enzyme did not change in any
experimental group. Above results suggest that TCA induces biosynthesis of XO in the liver.
The elevated activity of serum XO is most likely caused by increased hepatocytes membrane
permeability due to TCA mediated liver cell necrosis.

Key Words : Bile duct obstuction, Choledochocaval shunt, Taurocholic acid, Tauroursodeoxycholic
acid, Xanthine oxidase.
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Table 1. Effects of time and model of biliary retention on liver and serum xanthine oxidase activities in rats

Xanthine oxidase activities

Experimental
groups Liver Serum

(nmol uric acid min” mg protein™) (nmol uric acid min" mL")
Normal 8.04 + 1.32 38.52 £ 2.08
Sham 1 day 812 + 143 40.05 + 4.57
Sham 2 days 8.07 £ 135 40.76 £ 4.15
CCS 1 day 8.76 + 1.51 4362 £42%
CCS 2 days 9.53 £ 1.65 4527 £ 427
BDO 1 day 1328 £ 2,18 49,78 £ 10.42°
BDO 2 days 1545 + 297" 58.67 £ 10.08"

The data are expressed as mean + SD with 5 rats in each group; Sham [ day or Sham 2 days: sacrificed on the
1st or 2nd day after sham operation; CCS 1 day or CCS 2 days: sacrificed on the 1st or 2nd day after choledocho-
caval shunt; BDO 1 day or BDO 2 days: sacrificed on the 1st or 2nd day after common bile duct ligation. a, P<0.05
vs. Normal; b, P<0.01 vs. Normal; ¢, P<0.001 vs. Normal; e, P<0.01 vs. Sham 1 day; h, P<0.01 vs. Sham 2 days; i,
P<0.001 vs. Sham 2 days; k, P<0.01 vs. CCS 1 day; m, P<0.05 vs. CCS 2 days; 0, P<0.01 vs. CCS 2 days.
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Table 2. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after choledocho-

caval shunt (CCS) on liver and serum xanthine oxidase activities in rats

Xanthine oxidase activities

Experimental
groups Liver Serum

(nmol uric acid min” mg protein™) (nmol uric acid min” mL"')
CCS 1 day 876 £ 151 4362 £ 423
CCS 1 day + TCA 1244 +2.1¥% 60.80 £ 14.62
CCS 1 day + TUDCA 892 + 1.53 44.12 + 4.16
CCS 2 days 9.53 &+ 1.65 4527 £ 427
CCS 2 days + TCA 13.92 £ 234 64.61 & 15.14"
CCS 2 days + TUDCA 981 + 1.72 46.72 £ 443

The data are expressed as mean + SD with 5 rats in each group; CCS 1 day and CCS 2 days, sacrificed 1 or 2
days after CCS operation; One of the following bile acids, TCA and TUDCA (45 #mol/100 g body weight) was
intravenously administered through the superior vena cava. j, P<0.05 vs. CCS 1 day; m, P<0.05 vs. CCS 2 days; n,

P<0.01 vs. CCS 2 days.

Table 3. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after bile duct

obstruction (BDO) on liver and serum xanthine oxidase activities in rats

Xanthine oxidase activities

Experimental .
groups Liver Serum
(nmo! wric acid min” mg protein™) (nmol uric acid min” mL™)

BDO 1 day 13.28 £ 2.18 49.78 £ 10.42

BDO 1 day + TCA 20.96 £ 3.24° 72.82 + 18.52°

BDO 1 day + TUDCA 13.78 £ 2.25 50.26 + 14.63

BDO 2 days 15.45 £ 2.97 58.67 + 10.08

BDO 2 days + TCA 24.72 £ 446 81.06 + 18.13°

BDO 2 days + TUDCA 16.12 £2.83 60.08 + 15.14

The data are expressed as mean + SD with 5 rats in each group; BDO 1 day and BDO 2 days, sacrificed 1 or 2
days after common bile duct ligation; One of the following bile acids, TCA and TUDCA (45 ymol/100 g body
weight) was intravenously administered through the superior vena cava. p, P<0.05 vs. BDO 1 day; g, P<0.01 vs.

BDO 1 day; s, P<0.05 vs. BDO 2 days; t, P<0.01 vs. BDO 2 days.
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VmaxX & 7HarEvhs o 72% (140.001),
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Table 4. Kinetic parameters of xanthine oxidase from rat liver 2 days after choledocho-caval shunt (CCS 2 days)

determined with xanthine sodium as substrate

Experimental Km Vmax

groups (M) (nmol uric acid min” mg protein™)
Sham 2 days 57.1 + 6.8 20.22 £ 3.41

CCS 2 days 598 = 64 23.83 £ 4.14

CCS 2 days + TCA 582 + 7.1 34.80 1= 5.45*

CCS 2 days + TUDCA 578 £ 6.6 20.26 = 4.30

Michaelis-Menten constants for xanthine oxidase were determined using xanthine sodium as substrate at 37 °C for
cytosolic fraction of experimental rat livers at two days after CCS. The data are expressed as mean £ SD with §
rats in each group. Experimental groups are described in Table 1, 2 and text. 1, P<0.001 vs. Sham 2 days; n, P<0.01

vs. CCS 2 days.

Table 5. Kinetic parameters of xanthine oxidase from rat liver 2 days after bile duct obstruction (BDO 2 days)

determined with xanthine sodium as substrate

Experimental Km Vmax

groups (M) (nmol uric acid min" mg protein™)
Sham 2 days 571 £ 6.8 2022 + 3.41

BDO 2 days 582 +72 37.62 + 7.43"

BDO 2 days + TCA 61.8 = 6.4 64.52 + 10.78

BDO 2 days + TUDCA 576 £7.0 40.30 = 7.08"

Michaelis-Menten constants for xanthine oxidase were determined using xanthine sodium as substrate at 37 °C for
cytosolic fraction of experimental rat livers at two days after BDO. The data are expressed as mean + SD with 5
rats in each group. Experimental groups are described in Table 1, 3 and text. h, P<0.01 vs. Sham 2 days; i, P<0.001

vs. Sham 2 days; t, P<0.01 vs. BDO 2 days.



BT, AA 227 AHE A7 AF TCAE F
dsta 29 AANFAE 7& Alxd £ X0

VmaxA & 7Mrediave & 219% (P{0.001), &
FH FATRYE ok 72% (P<0 01) 2712 Jehy
Ao} 2ej3 FHE A E N H$F TUDCAE +
data 29 AHANZAE | 3t AEZA £89 X0
VmaxA| & 7Meedivhe & 99% (PX0.0D)9] %
7Fe JERglY. 2y R wded vings
A o] g Aol 7k Y1 THTable 5).

n #
$8 49 9FLAT WIAA Lol £4E 2
o% 49 X0 F4=7 FHE A)e oA 3
o 1 7lge e v ek mekd A BEE
A% st

A7) AEANA o] FAY FAT HE 7)H
3] ZE A7t A AA o] &2l AR
= 7 U2 AR Ay

ol&d GFEAR 7 &) op|HE Tge 42
of gt Asletd w7 53] 7t ai % 71w 4

NO

fe W o

L

=

226 ﬂd“ﬂ %‘M THEHS 229 H5
SR AEE X0 T = FHEEE F 1,
2, 3% 69 EAFHLE 7ol F T71E bl
ohi aa, A XOY EeE FHA 2F F 2,
3R 6del 7T FIE ‘%E}ﬂ]&’iﬂrﬂ ST 1
i} o] BudME H FE5EAT A2 299
A X0 8457 371H & 7139 teild e £l
st $A ‘L’%E‘r ol ’“‘54011*13 FEeA 7t

gl o] A
_f_i. o] ;q_/\ ﬁ—/ﬁl:ﬂ Ta—-%

£
>,
™
ol
e,
o
X
bty
2
b
M,
rlo

W

A B ANEFE A7) o]t o] % 2
& ARk] ATESE 76 BFe B AR F
e ge pot ne Fe Aol ARESS 5

ERRBE R BT L 55205 258 2001

9@ A3 vdo] 29 AW ¢ vy 1 3
719 £=71 mEoE Foltt (10,18). AlA 2d&
2 T /\H;Hﬁuﬂ W

3 A5 E%OW} riebd ol ¥ 7 2y

fo
ol
o
i
_5,\:_,
T
ox,
A:
ga
i
>y
=
lo &
UXL
N
[
5 off
Mo
ol\

H A Bd=e 7k ‘ﬂ TCA~/] 53} W}T: TCA
o] g32 gopd 7} ITH10,12).

o] AgollA] E sht 14 alfof & A2 F31AI7)
HEHY RV HEY o)F 84 @R Hx
A% @At she Aol uhehA EEEA
Al LI} AaEE QAR A U Bh
arylesterase$} HHEA AN 427} F7iHE
AAelE FA W &4 arylamine N-
methyltransferase®] Aol 43& F4 & ‘“E‘rl“
TUDCA(8,12)5 2% #3 A% £+
A 3 A% Ao d Jod o £ ]
TUDCAS &35 #3sto] Bgirt

ol Ao HellA e dFH EFE A7 ¥
19 9 29 AAANHES of 2F AEE £E9 X0 &
Axe d WE5E veplA g9t 23y 849

7

__:

rE r:L e e

=tk
*c';‘

_?.“u{é

= =
X0 BAEE 399 U9 BHE A F 122 2
Q AFAAE W FARACE ol 31T et
GgT B Aol F9E A4S A F 1D E 2
A AR W 7 AEA 23} BN KO &

3 2712 Jeniae. ol
39 At AR 2

2
1o
USL [
m]}l

A FHE AT AZe e o 2EE)
AEs UehiAl 4= s & & djer, 24
XO& HEEA7E AF Aol 1 257} 571

24 $99) X0 PYEE 2T Fed B3 &
Tl el BAHA o 91T 218 st
=3 A7) %



FE2A oA Tauracholate F3to] 21gt 7ke] Xanthine Oxidase $% 179

<
)
X %

o
-
>
o2
2,
R
o fo o 5 o Ho

<

(@

do

<

=)

o BoHm

ir o

N =

oo fir

o B .
)
i

o

w 0 £

o

ELYL >,

=

JR= = A )
o 2
= e 3

o

S
ofN
N
i
v
T,
=)
32
sz
[N
ACS
=
o,
11b:d
ek
2,
o=

xanthine sodium®l
T TAEZ FHA gt WEs YEhiA] &
T} o] A3 2 Kol TCAE 7Y X0 dA &
O3 33T 4 9 en 53] TCAE FYs
oA ol& &49 KmAl= %o §leBA VmaxAl
7FE7FA AL A9 FEL I o Jibe) = 2
FHeta AJZEet, agjn o] FEAA S 2ol XO7}
TCA®] 23] o] 71 AL 271 XO7 258
A= 48 A E Y9 purine nucleotide?] ©|8+E
ZAANA 48 A 2§35 SolstA 3] Kl
UEhd slute] dite] ofdrzt Azt T

o] AgoA FHA FEH HYW F3 £&
T HAE A7) AE TUDCAE =4/ A 14 ¥
BAHANAE W 7 A2E B8] XO E4==
# 9 Zpol7h gt o] ABZ & o TUDCAE
o] X0 AR Fdd= BAdA detn 33
71 AT o] AZolA FHoA FEH g F
T FE3 G445 A7 19 2 24 AFAFE
FH9 XO F = TATHLE F93 T7HE
BT}, o] AN FHdA FEH uige #
T FHE HAE A7 A% TCAZ FU9AA 1
4 29 BAHAZHS W A XO EHEE g2z

F

2
&

T+

L A B e FEH 9wl vid)
T oz folgt 71 et <] 29E
E ) GFeA A dFoA o] F4o AR}
el Z2A 7] AEA) g9 o] FAv}
o] FAH19,20)2 7HA Eeke] a1y

oo fS me md ©OE oo po A R pe mf

Eayole

g{_(l
tilo
=
irl
N,
&2
fr
ot
njN
rz
o,
i
iy
U

A Al o] G40 84 5 FXE F7HE TCAY ¢

ko] AR 7F Ao Fapge] lso] ol&
A7} ZHelA 5o U f3Eo Yehd A3
=

= s

Aol s vehd 2%2 AzEy ok H@H
< !

i

T GEEA A X0 BA% 71 7149
Golfi7] Hated Algsldon oA FEH
A 25 v 2@ 232 938 a7 3
T TCA T TUDCAZ AtiAa= Yo 394171 o
& ANA o 74 Ao XO BAEE 2435l o
FAhd 0|5 @Fale] 72 dolugir),

AoA Fd# P EE A7 FF TCAZ +

—

&
A F597 HARE AL AF TCAZ FUMA 1€ &
L AT £E9 X0 &
T AIZL o) Hlel folg SUE
Uehiith, aej 3 AdA 98 i 29 ==
ZFE8 A& A7 AF TUDCAEZ F9AA 14 2
2% AAA S o A 7 A EE 289 XO 4

(e300}

S

< r

ofji

i

o e
A= E=1 =
2

it

>

=
et do #d o
juh

Rt ]

oX o
>

oy
N
J
._3
(@)
>
i
—IN
2,
>,
)
e
o
o

ofji

™Y of
o ™
)

= o
>
=

(o]

offir
ai’
Mo Sb

>
Y,
™
o
,_a
-
)
@}
>
ﬂllﬂl
N m
z8
ol

rJ
o,
o
= B R
L0 bk ! o

(RO R A L o =M

[
=,
b
M
ol
2
>
o

o,
o,
1o,
IR
e
il
f
9,
oL
i
o
X
)
£,
=,
<
O
o,
bt



180

F7he BE 2o &3 TCA 23] o ;vq &

go] & AANZ A4 olgy] &

A A o] B4 Y F FAHE S/ TCAd 4

gk Zte] HALR 2t Al xete] Fago] gRlEe] o] F
g FrEEo] vehd 23R

1. Bray RC: Xanthine oxidase. In: Boyer PP, Lardy H,
Myrback K, editors. The Enzymes. 2nd ed. New
York: Academic Press; 1963. Vol 7, p. 533-55.

2. Krenitsky TA, Neil SM, Elion GB, Hitechings GH:
A comparison of the specificities of xanthine
oxidase and aldehyde oxidase. Arch Biochem
Biophys 1972; 150(2): 585-99.

3. Krenitsky TA: Xanthine oxidase and aldehyde
oxidase in purine and purine analogue metabolism.
Adv Exp Med Biol 1973; 41: 57-64.

4. Younes M: Concerning the determination of
xanthine oxidase in biological meterial via its ability
to produce superoxide. Biochem Pharmacol 1981;
30(6): 673.

5. Giler S, Sperling O, Brosh S, Urca I, De Vries A:
Serum xanthine oxidase in jaundice. Clin Chim Acta
1975; 63: 37-40.

6. 2324 3z FZ52H 79 xanthine oxidase<]
AR AFofdl=FF 1985; 4(2): 125-30.

70974, 443, FF4: FEY 79 T
# 79} benzoyltransferase®] =, A'Fe/fgt

2] 2001; 20(1): 20-30.

8. 0]W S 32 Tourocholate F-3k¢] o] g 317
7t+e] arylamine N-methyltransferase®] %=, o oF
9] 78131 7] 2000; 59(2): 141-53.

9. 345 A3, ZF2: FH oA tourocholate F
Blol] 93l 7Fe) glyoxalase 19 . Aoy

ERIB X BTG 520% 258 2001

8l&%] 2001; 20(1): 1-11.

10. Ogawa H, Mink I, Hardison WGM, Mivyai K:
Alkaline phosphatase activity in hepatic tissue and
serum correlates with amount and type of bile acid
load. Lab Invest 1990; 62(1): 87-95.

LAY, A3 FFA 2o 0@ 87 0
9} y-glutamyl! transpeptidase®] F%=.
A1 1997; 3(3): 210-26.

12. 8983, 73] 8 7H9 arylesterase T4 of
"X & 3153} taurocholate®] <38k o gl7Fshg]

2] 1997; 3(2): 154-69.

13. Z&2], A4 8 b4 E 239 1 Mitochond-
ria 2 microsome?] £, 27’]%79,71:,1],_ 22 1986;
5(1): 45-53.

14. Battelli MG: Enzymic conversion of rat liver
xanthine oxidase from dehydrogenase (D form) to
oxidase (O form). FEBS Lett 1980; 113(1): 47-51.

15. Rowe PB, Wyngaarden JB: The mechanism of
dietary alterations in rat hepatic xantheine oxidase
levels. J Biol Chem 1966, 241(23): 5571-6.

16. Greenberg DM, Rothstein M: Method for isolation
and degradation of labelled compounds. In
Colowick SP, Kaplan NO, editors. Method in
Enzymology. New York: Academic Press; 1957. Vol
4,p.708-31.

17. Gornall AG, Bardawill CJ, David MM:
Determination of serum protein by means of biuret
reaction. J Biol Chem 1949; 177(3): 751-66.

18. Toyota N, Miyai K, Hardison WG: Effect of biliary
perssure versus high bile acid flux on the
permeability of hepatocellular tight junction. Lab
Invest 1984; 50(5): 536-42.

19. Palmer RH: Bile acids, liver injury, and liver
disease: Arch Intern Med 1972; 130(4): 606-17.

20. Drew R, Priestly BG: Choleretic and cholestatic
effects of infused bile salts in the rat. Experimentia
1979; 35(6): 809-11.



