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Absiract : The comelation between superoxide radical production and hepatic damage under cholestasis
induced by common bile duct (CBD) ligation was studied in rats. The amount of superoxide radical produc-
tion in the cholestatic liver was significantly increased after CBD ligation compared to a sham operation
control group. Serum and cytosolic xanthine oxidase (XO) activities were significantly increased after operation.
Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP}
activities, and the bilirubin level of the cholestatic liver in the subject rats increased after CBD ligation.
Severe morphological changes were also noted after CBD ligation. These parameters, which are known
to reflect hepatic function in the serum, and the XO activity were significantly correlated with the amount
of superoxide radical production. According to these results an increased XO activity includes an increased
conversion from xanthine dehydrogenase in the liver, resulting in an increase in oxygen free radical produc-
tion. These oxygen radicals may play a role in the aggrevation of inflammation and necrosis in the liver

under cholestasis induced by CBD ligation.

In human beings cholestasis in the liver occurs in
various diseases, such as congenital biliary obstruction,
tumors of the bile duct, biliary stones, primary biliary
cirrhosis, cholangitis, and cholestatic hepatitis (Halsted,
1976). Biliary obstruction in rats causes known biochem-
ical and morphological abnormalities, such as inflam-
mation, necrosis, fatty change, biliary hyperplasia, fibro-
sis, and cirrhosis (Moritz and Snodgrass, 1972; Chang
et al, 1987; Kim et al, 1989). However the mecha-
nism causing these abnormalities is not clear, although
increased biliary pressure, retention of biliary constitu-
ents, and impairment of hepatocellular transport have
been suggested (Hardison et al, 1983).

Oxygen free radicals have been implicated in a va-
riety of inflammatory disorders (McCorrd, 1983; Parks
et al, 1983), including hepatic damage induced by car-
bon tetrachloride (Parks et al, 1983; Dashti et al,
1992). Oxygen free radicals may also involved in path-
ogenesis of the cholestatic liver.

To evaluate the involvement of oxygen radicals in
hepatic damage under cholestatic conditions, the activ-
ity of xanthine oxidase(EC 1.2.3.2, XO), the major
source of oxygen radicals (Leibovitz and Siegel 1980),
and the levels of parameters which are known to reflect
hepatic function, such as ALT, AST, ALP, bilirubin, total
protein, and albumin levels, were measured in choles-
tatic rats induced by common bile duct (CBD) ligation
which is one of the most commonly used animal mo-
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dels to study abnormalities associated with hepatic cho-
lestasis. The correlation between the amount of super-
oxide radical production and the above parameters was
also studied.

Materials and Methods

Animals

Normal male Sprague-Dawley rats weighing between
320 and 350 g were used. All animals were main-
tained on a diet of commercial pellets purchased
from Jin Yang Co., Limited.

The CBD was exposed through a middle line inci-
sion. After double ligation the mid point of the CBD
was cut. A sham operation was performed in the same
way without CBD ligation.

In the sham operated control group rats were sacri-
ficed on the 2nd day after operation. In the CBD ligated
group rats were sacrificed on the 2nd day after ligation.

Rats were anesthetized with ether for surgery and
sacrifice, and were fasted prior to sacrifice.

Chemicals

Sodium deoxycholic acid, xanthine sodium salt, oxi-
dized nicotinamide adenine dinucleotide, trichloroacetic
acid, uric acid, and bovine albumin were purchased
from Sigma (USA). All other chemicals were of the
highest commercially available purity.
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Cell fractionation and enzyme peparation

After rats were anesthetized with ether blood was
collected from the abdominal aorta, and the liver was
perfused through the portal vein with physiologic saline
solution. The liver was rinsed in cold saline solution.
The surface was then wiped dry. Cytosol and mitocho-
ndria were obtained according to the method described
by Kwak and Kwak (1986).

The cytosolic fraction was used as the cytosolic en-
zyme solution. The mitochondrial fraction was treated
with 1% sodium deoxycholic acid containing 1% so-
dium bicarbonate, and was used as the mitochondrial
enzyme solution.

All procedures were performed at 2 to 4C.

Enzyme assays

The XO activity was measured with a spectrophoto-
meter (DU 650, Beckman) according to the method
of Rowe and Wyngaarden {1966) with xanthine as a
substrate. The XO activity was expressed as the amount
of uric acid formed per milligram of protein (or per
milliliter of serum} per minute.

The ALT and AST activities were measured accord-
ing to the method of Reitman and Frankel (1957).
The ALP activity was measured according to Kind and
King (1954).

Superoxide radical production assay

The amount of superoxide radical production was
measured according to the method of Auchlar and
Voisin (1984) with modification according to Kim et
al. {1993). The amount of superoxide radical produc-
tion was expressed as the amount of SOD-inhibitable
nitro blue tetrazolium reduction.

Determination of protein

Protein concentrations were determined by the biuret
method (Gomall et al, 1949) using bovine serum albu-
min as a reference protein.

Statistical analysis

Values were expressed as meant SD. Statistical eval-
uation of the difference between means was performed
with Student’s t-test. p values of <0.05 were conside-
red significant.

Results

The amount of superoxide radical production of the
cholestatic liver was significantly increased after CBD
ligation compared to the sham operated control group
(Table 1). Serum and cytosolic XO activities were signif-

Table 1. Superoxide radical production and xnathine oxidase
(XO) activity in common bile duct ligated rats

Sham CBDL

Superoxide radical production{nmol
NBT reduced mg protein™!-min})
Serum XO

{nmol uric acid ml~!-min"})
Cytosolic XO

{nmol uric acid mg protein~

1509+ 277 2261+ 151***

4265+424 5873+ 590"

1. _ 990t086 774+ 112% )
+min~1)

Values are means+ SD with 5 rats in each group.

Values significantly different from control values(*p<0.05, *** p<
0.001).

Sham; the rats which were sacrificed at the 2nd day after sham
operation, CBDL,; the rats which were sacrificed at the 2nd day
after common bile duct ligation.

Table 2. Alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase activity and bilirubin, serum total protein and serum

albumin levels in common bile duct ligated rats

Sham CBDL
Serum alnine aminotransferase (Karmen U mi™1) 32+ 10 658+ 201***
Serum aspartate aminotransferase (Karmen U ml™V 111+ 28 1,472+ 242%**
Cytosolic alanine aminotransferase (Karmen U mg protein™?) 644+t 61 566+ 73
Cytosolic aspartate aminotransferase (Karmen U mg protein~?) 680+ 127 616+ 87
Mitochondrial alanine aminotransferase (Karmen U mg protein!) 88+ 11 79+ 16
Mitochondrial aspartate aminotransferase (Karmen U mg protein™) 215t 39 195+ 27
Serum total bilirubin {mg di™!) 0.28+0.05 1020+ 2.10***
Serum alkaline phosphatase (umol phenol ml™!-min™?) 261+ 087 10.18+ 2.06***
Serum total protein (g dl™') 811+ 040 8.38+0.53
Serum albumin {g dI™}) 374+ 029 343+043

Values are means* SD with 5 rats in each group.
Values significantly different from control values (***p<0.001).
Other conditions were the same as in Table 1.
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Table 3. Correlations between the amount of superoxide radical
production and several parameters

Pearson correlation
Several parameters

coefficients
Serum xanthine oxidase 0.83***
Serum alanine aminotransferase 0.75**
Serum aspartate aminotmasferase 0.77**
Serum total bilirubin 0.73**
Serum alkaline phosphatase 0.77**
Cytosolic xanthine oxidase 0.54*
Cytosolic alanine aminotransferase —048
Cytosolic aspartate aminotransferase ~052
Mitochondrial alanine aminotransferase 043
Mitochondrial aspartate aminotransferase 024
Serum alkaline phosphatse 0.77**

Values significantly different from control values (*p<0.05, **p<
001, ***p<0.001).

icantly increased after operation (Table 1).

The serum ALT and AST activities of the cholestatic
liver in the rats were increased approximately 10 to
20 fold after CBD ligation (Table 2). However, the he-
patic cytosolic ALT and mitochondrial AST activities
in the rats were decreased without significance (Table
2). The serum total bilirubin level was significantly in-
creased approximately 35 fold after CBD ligation (Table
2). The serum ALP activity was significantly increased
approximately 4 fold after CBD ligation (Table 2). The
serum total protein and albumin levels were slightly
changed, without significance (Table 2).

The parameters which are known to reflect hepatic
function in the serum, and XO activity were significantly
correlated with the amount of superoxide radical pro-
duction (Table 3).

Microscopic study of the CBD ligated liver showed
marked numerous and large focal necrosis of liver cells
with moderate infiltration of inflammatory cells in the
area of necrosis (Fig. 1).

Discussion

In cholestatic liver, serum ALT and AST activities
were increased compared to sham operated controls.
However, cytosolic and mitochondrial ALT and AST
activities were decreased compared to controls. Cytoso-
lic and mitochondrial ALT and AST may flow into the
blood through damaged cell membranes caused by
cmmon bile duct ligatation.

The serum bilirubin level increased after CBD ligaton,
as did the serum ALT and AST activities. A liver func-
tion test of the serum revealed hepatic dysfuntion after
CBD ligation with morphological change.
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Fig. 1. Histological feature of liver from rats with common bile
duct ligation. Note marked and large focal necrosis of the liver
cells with moderate infiltration of inflammatory cells in the area
of necrosis (Arrows) (haematoxylin and eosin stain, original mag-
nification X 40).

The amount of superoxide radical production was
increased after CBD ligation, and several parameters
which reflect hepatic function were significantly correlat-
ed with the amount of superoxide radical production.
There may be some relation between hepatic dysfunc-
tion and the amount of superoxide radical production
under cholestasis.

In spite of increased serum XO activity, cytosolic XO
activity was increased compared to sham operated con-
trols. The cause of increased serum XO is presumed
to be enzyme which flowed into the blood from liver
cells through damaged membranes, like ALT and AST.
It also seems that cytosolic XO is induced by purine
metabolites caused by cell necrosis, as shown in Fig. 1.

In this study the Pearson correlation coefficient was
0.54 (p<0.05) between superoxide radical production
and cytosolic XO which is the major source of oxygen
radicals, paticularly superoxide radicals. It is suggested
that increased xanthine oxidase in the liver causes the
increased amount of superoxide radical production.

According to these results increased XO activity in-
cludes increased conversion from xanthine dehydroge-
nase in the liver, resulting in an increase in oxygen
free radical production. This increased oxygen radical
production plays a role in aggrevation of inflammation
and necrosis in the liver under cholestasis.
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