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Activities of Hepatic Antioxidant Enzymes in
Bile Duct Ligated Rats
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INTRODUCTION

The partial reduction of molecular oxygen in
biologic systems produces the cytotoxic intermediates
superoxide, hydrogen peroxide, peroxyl radicals and

hydroxyl radical.'” These oxygen free radicals are
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recognized to play significant roles in the pathogene-
sis of various disorders of the digestive system such
as inflammatory disorders'” and hepatic cirrhosis."*
And the major source of these oxygen radicals
appears to be the enzyme xanthine oxidase,” present
in the largest amount in the liver,6 oxidizes hypoxan-
thine to xathine and xanthine to uric acid.’

Against damage by active oxygens, aerobic cells
are protected by several antioxidants” include three

well-known biological antioxidant enzymes such as



superoxide dismutase, catalase, and glutathione per-
oxidase.™®’ However, the role of these enzymes
which protect the damage by active oxygens under
the cholestasis is not clear.

To evaluate the protective role of three well-known
biological antioxidant enzymes against oxygen free
radicals under the cholestasis, the activity of xanthine
oxidase, the amount of superoxide radical production,
and the activities of antioxidant enzymes were mea-
sured under the cholestasis induced by common bile
duct(CBD) ligation.

SUBJECT AND METHOD
1. Animals

Normal male Sprague-Dawley rats weighing be-
tween 320 and 350 grams were used in this experi-
ment.

All the experimental groups, with 5 rats in each
group, were divided as follows: 1) 4 sham operated
control groups: the rats were sacrificed at the Ist,
2nd, 3rd and 7th day after sham operation. 2) 4 CBD
ligated groups: the rats were sacrificed at the Ist,
2nd, 3rd and 7th day after CBD ligation. All animals
were maintained on a diet of commercial pellets pur-
chased from Sam Yang Co., Limited. The rats were
anesthetized with ether for surgery or being sacri-
ficed, and they were fasted prior to sacrifice. The
CBD was exposed through a middle line incision.
And after double ligation, the mid point of the CBD
was cut. The sham operation was performed in the

same way without CBD ligation.
2. Chemicals

Xanthine sodium salt, trichloroacetic acid, uric
acid, nitroblue tetrazolium, Tris(hydroxymethyl) mi-
nomethane hydrochloride, NADH, dimethylsulfoxide,
hydrogen peroxide, sodium azide, p-phenylene dia-
mine dihydrochioride, Tris(hydroxymethyl) amino-
methane, reduced glutathione, NADPH, glutathione
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reductase were purchased from Sigma(USA). All
other chemicals were of the highest purity commer-

cially available.

3. Assays of enzyme activities and

superoxide radical production

The xanthine oxidase activity was measured with
spectrophotometer according to the method of Rowe
and WyngaardenIO with xanthine as a substrate. The
amount of superoxide radical production was assayed
by the method of Auclair and Voisin."' Superoxide
dismutase was assayed using alkaline dimethylsul-
foxide as a superoxide anion-generating system in
association with cytochrome C as a superoxide anion-
ndicating scavenger by the method of Hyland et al.”
Glutathione peroxidase activity was assayed by the
method of Palgia and Valentine"” in which the oxida-
tion of glutathione is coupled to the glutathione

reductase, thus promoting consumption of NADPH.
4, Statistical analysis

Values were expressed as mean+S.D. Statistical
evaluation of significant difference between means
was performed with the Student’s t-test. P values of

<0.05 were considered significant.

RESULTS

Cytosolic xanthine oxidase activity between the st
day and the 7th day after operation was higher in
CBD ligated group than in sham operated control
group(Fig. 1).

Superoxide radical production between the lst and
3rd day after operation was higher in CBD ligated
group than in sham operated control group(Fig. 2).

Superoxide dismutase and glutathione peroxidase
activities showed no significant changes throughout
the experiments(Fig. 3, 4).

Catalase activity between the 3rd and 7th day after

operation was lower in CBD ligated group than in



68 The Korean Joumal of Gastroenterology. Vol 30, No. 1, 1997

25 -

*k

20 |

e Bile duct ligated group
o Sham operated group

nmol uric acid/min/mg protein
I
T

o] 1 i 1 1 1 ) 1
o] 1 2 3 4 5 6 7 days

® Bile duct ligated group
O Sham operated group

s 60

@

o

o

e

o,

o

g 40l

~ —.

£

£

£ 1

o

D 20+

O | 1 1 1 1 1 1
¢} 1 2 3 4 5 6 7 days |

Fig. 1. Cytosolic xanthine oxidase activity in rats with
bile duct ligation. Vertical bars are mean=tSD
with 5 rats in each groups. Values significantly
different from sham operated control values(*; p
<0.05, ** p<0.01).
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Fig. 2. The amount of superoxide radical production in
rats with bile duct ligation. Vertical bars are mean
+SD with 5 rats in each group. NBT, nitro blue
tetrazolium. Values significantly different from
sham operated control values(*p<0.05).

sham operated control group(Fig. 5).

Km value of xanthine oxidase was not changed
significantly in CBD ligated group, but Vmax value
of this enzyme was higher in CBD ligated group than

Fig. 3. Cytosolic superoxide dismutase activity in rats
with bile duct ligation. Vertical bars are mean*
SD with 5 rats in each group. One unmit of super-
oxide dismutase activity was defined as the am-
ount which inhibited the reduction of cytochrorne
C by 50%.
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Fig. 4. Cytosolic glutathione peroxidase activity in rats
with bile duct ligation. Vertical bars are mean:"
SD with 5 rats in each group.

in sham operated control group(Fig. 6).

Km value of catalase was not changed significantly
in CBD ligated group, but Vmax value of this
enzyme was lower in CBD ligated group than in

sham operated control group(Fig. 7).
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Fig. 5. Hepatic catalase activity in rats with bile duct
ligation. Vertical bars are mean=®SD with 5 rats
in each group. Values significantly different from
sham operated control values(*; p<0.05, **; p<

0.01).
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Fig. 6. Xanthine oxidase kinetic parameters determined
with xanthine. Michaelis-Menten constants for
xanthine oxidase were determined using xanthine
at 7th day after bile duct ligation. Values are
mean £ SD with 5 rats in each group. Values
significantly different from sham operated control
values(**; p< 0.01).

DISCUSSION

CBD ligation in rats causes known biochemical

and morphological abnormalities in the liver include
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Fig. 7. Catalase kinetic parameters determined with hy-
drogen peroxide. Michaelis-Menten constants for
catalase were determined using hydrogen peroxide
at Tth day after bile duct ligation. Values are
mean*SD with 5 rats in each group. Values
significantly different from sham operated control
values(*; p<0.05).

inflammation and necrosis.'*'® From the CBD ligated
liver which suffers inflammation and necrosis, purine
nucleotides will be liberated thus xanthine oxidase
which oxidizes hypoxanthine to xathine and xanthine
to uric acid’ will be induced. In this study, cytosolic
xanthine oxidase activity and Vmax value were
higher in CBD ligated group than in sham operated
control group(Fig. 1, 6). These results indicate that
the synthesis of xanthine oxidase in the liver is
increased to oxidize nucleotides liberated from dam-
aged hepatocytes under the cholestasis.

The amount of superoxide radical production was
increased after CBD ligation(Fig. 2), like xanthine
oxidase(Fig. 1). This result suggests that increased
activity of xanthine oxidase which is the major
source of oxygen free radicals’ result in increased
production of superoxide radicals under the chole-
stasis induced by CBD ligation.

In spite of increased production of superoxide
radicals(Fig. 1), superoxide dismutase and glutathione
peroxidase activities showed no significant changes

(Fig. 3, 4). Catalase activity and Vmax value of this
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enzyme was lower in CBD ligated group than in
sham operated control group (Fig. 5, 6). These results
indicate that although the production of oxygen free
radicals is increased due to increased biosynthesis of
xanthine oxidase, antioxidant enzymes do not play
their protective role to oxygen free radicals due to

decreased biosynthesis.

SUMMARY

Background/Aims: Protective role of antioxidant

enzymes under the cholestasis was evaluated.
Methods:: The activity of xanthine oxidase, the
amount of superoxide radical production, and the
activities of antioxidant enzymes such as superoxide
dismutase, catalase and glutathione peroxidase were
measured under the cholestasis. Results: Xanthine
oxidase activity, Vmax value of this enzyme and
superoxide radical production were iricreased after
CBD ligation. Superoxide dismutase arid glutathione
peroxidase activities showed no significant changes
throughout the experiments. Catalase activity and
Vmax value of this enzyme in the liver was signifi-
cantly decreased after CBD ligation. Conclusions:
Although the production of oxygen free radicals is
increased due to increased xanthine oxidase, anti-
oxidant enzymes do not play their protective role to

oxygen free radicals due to decreased biosynthesis.

Key Words: Catalase, Glutathione peroxidase, Oxy-
gen free radicals, Superoxide dismu-
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