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Abstract

AIM: To investigate dose-response and time-course of
the effects of ethanol on the cell viability and antioxidant
capacity in isolated rat hepatocytes.

METHODS: Hepatocytes were isolated from male adult
Wistar rats and seeded into 100-mm dishes. Hepatocytes
were treated with ethanol at concentrations between 0
(C), 10 (E10), 50 (E50), and 100 (E100) mmol/L (dose
response) for 12, 24, and 36 h (time course). Then,
lactate dehydrogenase (LDH) leakage, malondialdehyde
(MDA) concentration, glutathione (GSH) level, and
activities of glutathione peroxidase (GPX), glutathione
reductase (GRD), superoxide dismutase (SOD), and
catalase (CAT) were measured.

RESULTS: Our data revealed that LDH leakage was
significantly increased by about 30% in group E100 over
those in groups C and E10 at 24 and 36 h, The MDA
concentration in groups C, E10 and E50 were significantly
lower than that in group E100 at 36 h. Furthermore,
the concentration of MDA in group E100 at 36 h was
significantly higher by 4.5- and 1.7-fold, respectively,
than that at 12 and 24 h. On the other hand, the GSH
level in group E100 at 24 and 36 h was significantly
decreased, by 32% and 28%, respectively, compared
to that at 12 h. The activities of GRD and CAT in group
E100 at 36 h were significantly less than those in groups
C and E10. However, The GPX and SOD activities showed
no significant change in each group.

CONCLUSION: These results suggest that long-
time incubation with higher concentration of ethanol
(100 mmol/L) decreased the cell viability by means of
reducing GRD and CAT activities and increasing lipid
peroxidation.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Ethanol is metabolized to acetaldehyde by some enzymes
in the body, including alcohol dehydrogenase (ADH),
cytochrome P450 2E1 (CYP 2E1), catalase (CAT), xanthine
oxidase (XO), etc. Then acetaldehyde is decomposed to
acetic acid by acetaldehyde dehydrogenase (ALDH) in
mitochondria. Several studies have provided evidences for
reactive oxygen species (ROS) generation during ethanol
metabolism, including superoxide radical! hydrogen
peroxidelz], hydroxyl radical, and 1-hydroxyethyl radical.
Numerous studies have indicated that excessive ethanol
intake induces the mass production of free radicals in the
body, which are considered to be associated with alcoholic
liver disease’”. Furthermore, a number of experimental
studies demonstrated that either acute or chronic
alcohol administration to experimental animals increases
the formation of lipid peroxidation products, such as
malondialdehyde (MDA), and decteases tissue levels of
antioxidants, such as glutathione (GSH), in the liver',
Bailey and Cunningham also indicated that the exposure of
hepatocytes to ethanol resulted in increased production of
ROS, which correlated with decreased cell Viabﬂitym. The
impairment of cellular antioxidant defenses along with the
formation of oxygen-derived radicals has been proposed
to play a role in causing oxidative damage associated with
alcoholic liver disease. Moreover, the individual differences
in animals always makes the results inconsistent; therefore,
the purpose of this study was to investigate and clarify the
influences of different concentrations of ethanol on the
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cell viability, antioxidant capacity, and antioxidant enzymes
activities in the isolated liver parenchymal cells during
different incubation times.

MATERIALS AND METHODS

Preparation of isolated rat hepatocytes

Hepatocytes were isolated from rats according to the two-
step collagenase perfusion technique described by Berry
and Friend®. Tsolated cells were cultured as monolayers
in William’s medium E with 5% fetal bovine serum and
1 umol/L dexamethasone at a density of 1x10” cells/mL.
After 24 h of incubation at 37 C in 50 mL/L COg,
hepatocytes were treated with ethanol at concentrations
between 0 (C), 10 (E10), 50 (E50), and 100 (E100) mmol/L
(dose response) for 12, 24, and 36 h (time course). Then,
the cells were collected using a scraper and resuspended in
Ttis buffer (50 mmol/L Tris-HCl, 5 mmol/L EDTA, and
1 mmol/L DTT, pH 7.5) for analysis as follows.

Lactate dehydrogenase (LDH) leakage

The viability of hepatocytes was expressed as the
percentage of LDH leakage, which was the LDH activity
in the culture medium relative to the total LDH activity
including the culture medium and cytosolic fraction. The
LDH level was determined using the method described by
a previous study'”.

Lipid peroxidation of hepatocytes

The MDA concentration of hepatocytes was assessed
colorimetrically at 586 nm using a commercial kit
(Calbiochem 437634; Calbiochem-Novabiochem, La Jolla,
CA, USA). The concentration was exptressed as nmol/mg
protein in hepatocytes.

Glutathione (GSH) concentration of hepatocytes

The concentration of reduced GSH in hepatocytes
was measured spectrophotometrically at 400 nm using
a commercial kit (Calbiochem 354102; Calbiochem-
Novabiochem). The concentration was expressed as nmol/
mg protein in hepatocytes.

Glutathione peroxidase (GPX) activity of hepatocytes
GPX activity of hepatocytes was determined with a
commercial kit (RS 504; Randox Laboratories, Antrim,
UK). Twenty microliters of the diluted sample was added
to 1 mL of mixed substrate (4 mmol/L. GSH, 0.5 U/L. GRD
and 0.34 mmol/L NADPH dissolved in 50 mmol/L
phosphate buffer, pH 7.2, 4.3 mmol/L EDTA). Forty
microliters of cumene hydroperoxide (diluted in deionized
water) was added to the mixture and GPX activity was
measured at 37 ‘C on a Hitachi U-2000 Spectrophotometer
at 340 nm for 3 min. The activity was expressed as mU/mg
protein in hepatocytes.

Glutathione reductase (GRD) activity of hepatocytes

GRD activity of hepatocytes was measured with a
commercial kit (Calbiochem 359962; Calbiochem-
Novabiochem). Two hundred microliters of the diluted

sample was added to 400 pL of 2.4 mmol/L GSSG buffer
(dissolved in 125 mmol/L potassium phosphate buffer, pH
7.5, 2.5 mmol/L EDTA). Four hundred microliters of 0.55
mmol/L NADPH (dissolved in deionized water) was added
to the mixture and GRD activity was measured at 340 nm
for 5 min on a Hitachi U-2000 Spectrophotometer. The
activity was expressed as mU/mg protein in hepatocytes.

Superoxide dismutase (SOD) activity of hepatocytes

SOD activity of hepatocytes was measured with a
commercial kit (SD 125; Randox Laboratories). Fifty
microliters of the diluted sample was added to 1.7 mL
of mixed substrate (50 umol/L xanthine and 25 pumol/L
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium
chloride, INT). Two hundred and fifty microliters of XO
was added to the mixture and SOD activity was measured
at 37 C on a Hitachi U-2000 Spectrophotometer at 505
nm for 3 min. The activity was expressed as U/mg protein
in hepatocytes.

Catalase (CAT) activity of hepatocytes

CAT activity of hepatocytes was determined at 25 C
with Hitachi U-2000 Spectrophotometer UV-VIS
Spectrophotometer according to the previous study'.
Diluted sample was added to 59 mmol/L H20: (dissolved
in 50 mmol/L potassium phosphate buffer, pH 7.0) and
CAT activity was measured at 240 nm for 3 min. One
unit of CAT activity was defined as the mmol of H202
degraded/min/mg protein. The activity was expressed as
U/mg protein in hepatocytes.

Total protein concentration

In order to express the antioxidant enzymes activities
per gram of protein, total protein concentration of
hepatocytes was determined colorimetrically by using a
Bio-Rad DC protein assay kit (Cat. No. 500-0116; Bio-Rad
Laboratories, Hercules, CA, USA).

Statistical analysis

Values were expressed as mean+SD. To evaluate the
differences between the groups studied, two-way analysis
of variance (ANOVA) with Fishet’s post hoc test was used.
The SAS software (Vers. 8.2, SAS Institute Inc., Cary, NC,
USA) was used to analyze all the data. Differences were
considered statistically significant when P<0.05.

RESULTS

Effect of ethanol on LDH leakage

LDH leakage into the culture media of hepatocyte was
used to assess the hepatotoxicity of ethanol (Figure 1).
LDH leakage in group E10 was nearly the same as that
in group C at 12, 24, and 36 h. In contrast, LDH leakage
in group E100 was significantly increased by about 30%
more than that in groups C and E10 at 24 and 36 h (P<0.05).
Furthermore, the LDH leakage showed dose-dependent
correlation with the ethanol concentrations (P = 0.0020).
However, there was no significant correlation between
LDH leakage and incubation time of ethanol (P>0.05).
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Figure 1 Lactate dehydrogenase (LDH) leakage of primary rat hepatocytes in each
group. Data are mean+SD for 3 hepatocyte preparations. Cultures were incubated
without ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50),
and with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively. *P<0.05 vs
24 h of group C and E 10; “P<0.05 vs 36 h of groups C and E 10.
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Figure 2 Lipid peroxidation of primary rat hepatocytes in each group. Lipid
peroxidation was estimated by the measurement of MDA. Data are mean+SD
for 3 hepatocyte preparations. Cultures were incubated without ethanol (C), with
10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50), and with 100 mmol/L
ethanol (E 100) for 12, 24, and 36 h, respectively. °P<0.05 vs 36 h of groups C, E 10
and E 50; °P<0.05 vs 12 h of group E 50; °P<0.05 vs 12 h and 24 h of group E 100.

Effect of ethanol on lipid peroxidation

The level of MDA in group E100 at 36 h was significantly
increased by 1.9-, 1.5-, and 1.0-fold, respectively, over that
in groups C, E10, and E50 (P<0.05, Figure 2). In group
E50 and group E100, the lipid peroxidation product was
significantly elevated at 36 h (P<0.05), by 2.9- and 4.5-fold,
respectively, when compared to that at 12 h. In addition,
there was no significant difference in group C and group
E10. The level of MDA also showed significant correlation
with the incubation concentration and time of ethanol
(P =0.0105 and P = 0.0001, respectively).

Effect of ethanol on antioxidant level

There was no significant difference across the groups at
different times (Figure 3). However, in group E100, the
GSH level was significantly decreased at 24 and 36 h, by
32% and 28%, respectively, over that at 12 h (P<0.05).

Effect of ethanol on antioxidant enzymes activities
There was no significant difference in GPX activity in each
group at different times (Figure 4). However, in group

Figure 3 Glutathione (GSH) concentrations of primary rat hepatocytes in each
group. Data are mean=SD for 3 hepatocyte preparations. Cultures were incubated
without ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50),
and with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively. °P<0.05 vs
12 h of group E 100.
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Figure 4 Glutathione peroxidase (GPX) activities of primary rat hepatocytes in
each group. Data are mean+SD for 3 hepatocyte preparations. Cultures were
incubated without ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol
(E 50), and with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively.
°P<0.05 vs 12 h of group E10; °P<0.05 vs 12 h of group E 50; °P<0.05 vs 12 h of
group E 100.

E10, the GPX activity was significantly decreased at 36 h
from that at 12 h (P<0.05). Furthermore, both in groups
E50 and E100, GPX activities were significantly lowered
at 24 and 36 h from those at 12 h (P<0.05). As a result,
the activity of GPX was significantly correlated with the
incubation time course (P = 0.0004).

After 36-h incubation, there were significantly fewer
GRD activities in groups E50 and E100 than in groups
C and E10 (P<0.05, Figure 5). However, both in group
C and group E10 at 36 h, the activities of GRD were
significantly increased over those at 12 and 24 h (P<0.05).
On the other hand, the relation of GRD activity and the
incubation time showed positive correlation (P = 0.0002).

There were no significant differences among the groups
at different times in SOD activity (Figure 6). SOD activity
of group E50 was significantly decreased at 36 h, by 45%,
from that at 12 h (P<0.05). Furthermore, in group E100,
the SOD activities were significantly decreased at 24 and
36 h, by 40% and 38%, respectively, from that at 12 h
(P<0.05). In addition, the activity of SOD exhibited the
reverse correlation with the incubation time (P = 0.0018).
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Figure 5 Glutathione reductase (GRD) activities of primary rat hepatocytes in each
group. Data are meanzSD for 3 hepatocyte preparations. Cultures were incubated
without ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50),
and with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively. *P<0.05 vs
36 h of groups C and E 10; °P<0.05 vs 12 h and 24 h of groups C; °P<0.05 vs 12 h
and 24 h of group E 10.
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Figure 6 Superoxide dismutase (SOD) activities of primary rat hepatocytes in each
group. Data are meanxSD for 3 hepatocyte preparations. Cultures were incubated
without ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50),
and with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively. *P<0.05 vs
12 h of group E50; °P<0.05 vs 12 h of group E 100.

After 12-h incubation, CAT activities in groups E50
and E100 were significantly increased, by 94% and 68%,
respectively, over those in group C (P<0.05, Figure 7).
On the contrary, CAT activity in group E100 at 36 h was
significantly decreased from that in groups C and E50
(P<0.05). Moreover, both in groups E50 and E100, CAT
activities were significantly lowered at 24 and 36 h from
those at 12 h (P<0.05). There was a significant increase
in correlation between CAT activity and incubation time

(P = 0.0003).

DISCUSSION

LDH is an enzyme that exists in many tissues and organs,
such as the heart, muscle, kidney, liver, etc. When those
tissues or organs are damaged, LDH is released into the
blood from the cells. Therefore, LDH leakage can be
used to indicate cell viability. In this study, the viability
of hepatocytes was monitored by the release of LDH
into the medium. That is to say, higher LDH leakage was
interpreted as lower viability of hepatocytes. The previous
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Figure 7 Catalase (CAT) activities of primary rat hepatocytes in each group. Data
are meantSD for 3 hepatocyte preparations. Cultures were incubated without
ethanol (C), with 10 mmol/L ethanol (E 10), with 50 mmol/L ethanol (E 50), and
with 100 mmol/L ethanol (E 100) for 12, 24, and 36 h, respectively. °P<0.05 vs 12 h

of groups C; °P<0.05 vs 36 h of groups C and E 50; °P<0.05 vs 12 h of group E 50;
°P<0.05 vs 12 h of group E 100.
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study has shown that ethanol increased the production of
ROS and resulted in a decrease in hepatocyte viability'”.
Results in this study also suggest that high concentration
of ethanol (100 mmol/L) may decrease cell viability of
hepatocytes.

MDA was one of the main lipid peroxidation products,
its elevated levels could reflect the degrees of lipid per-
oxidation induced injury in hepatocytes' . Many reports
have demonstrated that ethanol exposure promotes the
accumulation of lipid peroxidation iz vive"™ and in vitro".
Lipid peroxidation induced by ethanol administration re-
sults from not only increasing ROS production but also
the mass generation of acetaldehyde[u]. Our data also
indicated that the MDA concentration showed significant
correlation with the incubation concentration and time of
ethanol in isolated rat hepatocytes.

It has been reported that chronic ethanol feeding results
in increased"”, decreased"’, or unchanged hepatic GSH
contents"”! in vivo. The discrepancies in the total GSH lev-
els in the livers of rats chronically fed with ethanol might
have originated from the differences in the strains of rats
used and the dose, duration, and route of ethanol admin-
istration among the different studies. On the other hand,
the previous study has demonstrated that acute ethanol
administration neither decreases nor increases the GSH
level in hepatocytes, at least within 4 h after treating with
50 mmol/L ethanol in vitrd"®. Our results also showed
that there was no significant difference in GSH content
after 50 mmol/L ethanol treatment in hepatocytes. But the
GSH concentration in hepatocytes significantly declined
after 100 mmol/L ethanol treatment at 24 and 36 h. In
this study, the reduction of GSH and the elevation of lipid
peroxidation were simultaneously observed in the 100
mmol/L ethanol exposure. Thus, it could be speculated
that ethanol-induced lipid peroxidation might contribute to
decreased GSH contents in this study as previously shown
by others'"?,

Metabolism of ethanol is believed to result in the in-
creased production of ROS, especially superoxide and
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H202, and the removal of these toxic species is thought to
be a vital initial step in ensuring cell survival during ethanol
intoxication'”. Four major antioxidant enzymes available to
the cell during ethanol-induced oxidant stress include GPX,
GRD, SOD, and CAT. The previous study has shown that
GPX, CAT, and SOD activities showed an inverse cot-
relation with the severity of pathological injury in rats fed
with ethanol™®. In contrast, Oh e a/ reported that chronic
ethanol feeding resulted in the lower activity of GPX
with significantly higher activities of GRD and CAT!™",
However, there have been a few reports about the effects
of ethanol on antioxidant enzymes activities in hepato-
cytes in vitro. Our data suggest that higher concentration
of ethanol may reduce antioxidant enzymes activities of
GRD and CAT after long-time incubation and contribute
to decreased cell viability and increased lipid peroxidation.
In conclusion, this study indicates the direct relatedness
between ethanol and hepatocytes and excludes the factor
of gastrointestinal absorption. It was demonstrated that
100 mmol/L ethanol exposure diminished the cell viability
because the lipid peroxidative product accumulated, which
was caused by the decreased antioxidative status, including
the reduction of GSH contents, GRD and CAT activities.
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