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The purpose of the present study was to evaluate the effects of b-carotene on the cell viability and antioxidant status of hepatocytes from
chronically ethanol-fed rats. Rats in the ethanol group were given an ethanol-containing liquid diet that provided 36 % of total energy as
ethanol, while rats in the control group were fed an isoenergetic diet without ethanol. After 4 weeks, hepatocytes were taken out and cul-
tured for 24 h. Hepatocytes from the rats in the control and ethanol groups were cultured in medium without (HC, HE) or with b-carotene
(HC þ B, HE þ B). The results showed that lactate dehydrogenase leakage was significantly increased in the HE compared with that in the
HC group. However, lactate dehydrogenase leakage of the HE þ B group was similar to that of the HC group. When compared with the
HC group, activities of glutathione peroxidase and catalase in the HE group were significantly decreased by 54 and 31 %, respectively.
Catalase activity in the HE þ B group was significantly increased by 61 % compared with that in the HE group. However, activities of
glutathione reductase and superoxide dismutase showed no difference among the groups. The level of glutathione in the HC þ B and
HE þ B groups was significantly increased to 155 and 143 % compared with those in the HC and HE groups, respectively. The concen-
tration of lipid peroxides showed no difference among the groups. The present results demonstrate that b-carotene improved the cell via-
bility of hepatocytes, and increased catalase activities and glutathione levels in hepatocytes from chronically ethanol-fed rats.
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According to the statistics tabulated by the Department of
Health, Taiwan (2003), chronic liver disease and cirrhosis
together are the sixth leading cause of death in Taiwan.
The causation is not only associated with unbalanced diet-
ary patterns but also with excessive consumption of alcohol
in recent years. Long-term excessive drinking induces
alcoholic liver diseases and psychological damage.
Additionally, an unstable mental condition may lead to
broken families and several other severe social problems.
Therefore, it is important in medical and health research
to resolve drinking-induced problems that impact on the
health of individuals, families and society.

Ethanol is metabolised to acetaldehyde by some
enzymes in the body, including alcohol dehydrogenase,
cytochrome P450 2E1, catalase (CAT), xanthine oxidase,
etc. Then acetaldehyde is decomposed to acetic acid by
acetaldehyde dehydrogenase in the mitochondria. Numer-
ous studies have indicated that an excessive ethanol
intake induces the mass production of free radicals in the
body, which are considered to be associated with alcoholic

liver diseases. Ishii et al. (1997) indicated that the chronic
intake of ethanol increases free radical levels, which are
produced from the metabolic pathway of ethanol,
especially superoxides (O2

2) and H2O2. Bailey & Cunning-
ham (1999) indicated that the exposure of hepatocytes to
ethanol resulted in an increased production of reactive
oxygen species (ROS), which correlated with decreased
cell viability. On the other hand, acetaldehyde stimulates
the production of neutrophils, and then neutrophils release
a large number of free radicals, which can damage hepato-
cytes and induce alcoholic liver diseases (Williams &
Barry, 1987). Additionally, the chronic intake of ethanol
has been shown to induce the production of lipid peroxi-
dation, because of decreasing antioxidant enzyme activities
(Rouach et al. 1997). Moreover, many studies have
reported that vitamins A and E and b-carotene are reduced
in the blood and liver with excessive ethanol intake, and
the range of reduction is related to the amount of ethanol
administration (Kawase et al. 1989; Leo et al. 1993;
Ahmed et al. 1994; Polavarapu et al. 1998). Thus, it was
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thought that antioxidant nutrient supplementation might
lower the formation of free radicals produced from exces-
sive ethanol intake by enhancing the body’s antioxidant
ability. Lieber (1997) reviewed antioxidant nutrient
supplementation and suggested that it serves as a new
therapy for alcoholic liver disease.
b-Carotene is viewed as a non-toxic precursor of vitamin

A. Also, the strong antioxidant properties of b-carotene
have been proven in several studies (Diplock, 1991). It
functions as an efficient singlet oxygen quencher and as
a radical-trapping antioxidant at low oxygen pressure to
reduce the extent of nuclear damage and to inhibit lipid
peroxidation (Palozza & Krinsky, 1992). It has been
reported that the ethanol-induced hepatic depletion of vita-
min A could be corrected by b-carotene supplementation
(Ahmed et al. 1994). However, few reports have discussed
the antioxidative effects of b-carotene on ethanol-induced
oxidative stress in the liver.

The purpose of the present study was to investigate the
direct influences of b-carotene on the ethanol-induced
hepatic damage of antioxidant status. In order to eliminate
the conversion and absorption factors of b-carotene within
the intestinal mucosal cells, the primary hepatocytes model
was set up to evaluate the effects of b-carotene on cell via-
bility and antioxidant enzyme activities in hepatocytes
from rats, which were chronically administered an etha-
nol-containing liquid diet.

Materials and methods

Animals and diets

The design of the experimental animal model was modified
from the studies of Bailey & Cunningham (1999). Twenty
male Sprague–Dawley rats weighing 200–210 g (National
Laboratory Animal Breeding and Research Center,
National Science Council, Taipei, Taiwan) were used in
the present study. Rats were individually housed in a
room maintained at 23 ^ 28C with 50–70 % humidity
and a 12 h light–dark cycle. The rats were divided into
two groups. One group was not administered ethanol (con-
trol group); the other was administered ethanol (ethanol
group). The composition of the diets was previously
described in detail by Lieber & DeCarli (1994). The rats
in the ethanol group were fed liquid diets with free
access that provided 36 % of total energy as ethanol, and
the rats in the control group received an isoenergetic
amount of the ethanol liquid diet in which the ethanol
was replaced with maltose–dextrin. The rats in the control
and ethanol groups were fed the experimental liquid diets
for 4 weeks.

Liver function and pathology

At the end of the experimental period, blood was collected
from the tail veins of the rats after 10 h fasting, and gluta-
mate oxaloacetate transaminase (GOT) and glutamate pyr-
uvate transaminase (GPT) activities were measured with
commercial kits (RM, 163K; Iatron Laboratories, Tokyo,
Japan) to confirm the liver function in each group
(Dufour et al. 2000). In addition, one rat in each group

was killed and a small piece of liver (5 £ 2 mm) was
removed at death and fixed in 10 % (v/v) formaldehyde.
The samples were stained with haematoxylin and eosin
for light microscopy. The pathologist who carried out the
histological analysis had no prior knowledge of the differ-
ent experimental groups.

Preparation of isolated rat hepatocytes

Hepatocytes were isolated from the rats according to the
two-step collagenase perfusion technique described by
Berry & Friend (1969). Isolated cells were cultured as
monolayers in William’s medium E with 5 % (w/v) fetal
bovine serum and 1mM-dexamethasone at a density of
1 £ 105 cells/ml. After 20 h incubation at 378C in 5 %
CO2, the medium was replaced by the medium without
(HC, HE) or with 1mM-b-carotene (HC þ B, HE þ B)
and continuously cultured for 24 h. b-Carotene was incor-
porated with the medium by tetrahydrofuran (0·5 %)
according to the method of Bertram et al. (1991). Then,
cells were collected using a scraper and re-suspended in
tri(hydroxymethyl)-aminomethane buffer (50 mM-tri(hy-
droxymethyl)-aminomethane–HCl, 5 mM-EDTA; pH 7·5)
for the following analyses. Thus, hepatocytes from the
rats in the control and ethanol groups were cultured in
medium without or with b-carotene.

Lactate dehydrogenase leakage

The viability of hepatocytes was expressed as the percen-
tage of lactate dehydrogenase (LDH) leakage, which was
the LDH content in the culture medium relative to the
total LDH content including the culture medium and cyto-
solic fraction. The LDH level was determined using the
method described by Moldeus et al. (1978).

Antioxidative enzyme activities

Cells in tri(hydroxymethyl)-aminomethane buffer were lysed
with a sonicator and centrifuged at 48C, and 10 000 rpm for
10 min. Then, supernatant fractions were used to determine
the antioxidative enzyme activities. Glutathione peroxidase
(GPx) activity was measured spectrophotometrically at
340 nm by the method of Paglia & Valentine (1967) using
a commercial kit (RS 504; Randox Laboratories, Crumlin,
Antrim, UK). The activity of GPx is expressed as mU/mg
protein. GPx activity is expressed as mmol NADPH
oxidised/min. Glutathione reductase (GRd) activity was
measured spectrophotometrically at 340 nm using a commer-
cial kit (Calbiochem 359962; Calbiochem-Novabiochem,
La Jolla, CA, USA). GRd activity is also expressed as mU/
mg protein. CAT activity was determined spectrophotome-
trically at 240 nm by the method of Lück (1963). The activity
of CAT is expressed as kU/mg protein. Superoxide dismutase
(SOD) activity was determined spectrophotometrically at
525 nm by the method of Nebot et al. (1993) using a commer-
cial kit (Calbiochem 574600; Calbiochem-Novabiochem).
The activity of SOD is expressed as U/mg protein. The pro-
tein content in the hepatocytes was measured by the modified
method of Lowry et al. (1951) using a Bio-Rad DC protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA).
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Antioxidants levels

The concentration of GSH in the hepatocytes was measured
spectrophotometrically at 400 nm using a commercial kit
(Calbiochem 354102; Calbiochem-Novabiochem) accord-
ing to the method of Anderson (1989).

Concentrations of b-carotene and retinol in the hepato-
cytes and medium were measured by reverse-phase
HPLC (Shimadzu LC-10A HPLC Pump, Shimadzu SPD-
10AV UV/Vis Detector; Shimadzu, Tokyo, Japan) using
a 4·6 £ 250 mm C18 column (5mm, Vydac 201TP54)
according to the method of Wei et al. (1998). The concen-
tration of b-carotene was measured at 452 nm under the
mobile phase of methanol, acetonitrile and H2O (88:9:3,
by vol.). The concentration of retinol was measured at
325 nm under the mobile phase of methanol. Data were
analysed by SISC-LAB chromatographic analysis software
(Scientific Information Service Corp., Taipei, Taiwan).

Lipid peroxidation

The concentration of lipid peroxides in the hepatocytes
was assessed colorimetrically at 586 nm using a commer-
cial kit (Calbiochem 437634; Calbiochem-Novabiochem)
(Esterbauer & Cheeseman, 1990). The cytosolic fraction
(200ml) was mixed with 650ml reagent 1 (7·7 nmol
N-methyl-2-phenylindole/l in 75 % acetonitrile and 25 %
methanol) and 150ml reagent 2 (15·4 mol methanesulfonic
acid/l) at 458C for 40 min. The levels of malondialdehyde
(MDA) and 4-hydroxy-2(E)-nonenal (4-HNE) endproducts
derived from the peroxidation of PUFA and related esters
were measured at 586 nm.

Statistical analysis

All data are expressed as means and standard deviations.
The data were analysed by unpaired Student’s t test to
determine the effects of ethanol on GOT and GPT activi-
ties in the rats. Also, the data were analysed by two-way
ANOVA to determine the effects of ethanol and b-carotene
on the antioxidative status of primary hepatocytes from the
control and ethanol-administered rats. Fisher’s least signifi-
cant difference test was used to make post hoc comparisons
if a main effect was demonstrated. SAS software (version
6.12; SAS Institute, Inc., Cary, NC, USA) was used to ana-
lyse all data. Statistical significance was assigned at the
P,0·05 level.

Results

Energy intakes in the control and ethanol groups were
257·5 (SD 0·4) and 254·1 (SD 0·4) kJ/d, respectively. And,
the average alcohol intake in the ethanol group was 2·62
(SD 0·03) g/d. Initial body weight was 200·4 (SD 8·0) g in
the control group and 200·2 (SD 5·1) g in the ethanol
group. After 4 weeks, the final body weight of the ethanol
group (276·8 (SD 31·0) g) was significantly lower (P,0·05)
than that of the control group (313·4 (SD 7·5) g).

GOT activities of the control and ethanol groups were 66
(SD 10) and 82 (SD 1) karmen units. GPT activities of the
control and ethanol groups were 18 (SD 4) and 29 (SD 5)

karmen units. Compared with the control group, GOT
and GPT activities had significantly increased (P,0·05)
by 24 and 61 % in the ethanol group, respectively. From
the light micrograph of liver, fat accumulation was
observed in the ethanol group (Fig. 1).

LDH leakage is shown in Table 1. LDH leakage of the
HE group had significantly increased (P,0·05) when com-
pared with that of the HC group. In contrast, LDH leakage
in the HE þ B group was nearly the same as that of the HC
group, and significantly lower (P,0·05) than that of the
HE group.

Table 2 shows the antioxidative enzyme activities. The
HE group had significantly lower (254 %; P,0·05) GPx
activities than the HC group. Furthermore, the HE þ B
group had significantly decreased (254 %; P,0·05) GPx
activities than the EC þ B group, but showed no difference
when compared with the HE group. The CAT activity of
the HE group was significantly reduced (231 %;
P,0·05) compared with that of the HC group, but it was
significantly elevated by 61 % in the HE þ B group com-
pared with the HE group (P,0·05). However, there was
no change in the GRd and SOD activities of any group.

Concentrations of GSH and lipid peroxides are shown in
Table 3. The GSH level showed no changes between the
HC and HE groups. However, the level of GSH in the
HC þ B group had significantly increased (P,0·05) by
155 and 143 % compared with those of the HC and HE
groups, respectively. However, there were no differences
in the MDA and 4-HNE levels in any group.

Tables 4 and 5 show the levels of b-carotene and retinol in
hepatocytes and medium. b-Carotene levels in the HC þ B
and HE þ B groups had significantly increased (P,0·05)
compared with those of the HC and HE groups in both hep-
atocytes and medium. The retinol concentration of the
HC þ B and HE þ B groups had significantly increased
(P,0·05) compared with those of the HC and HE groups
in hepatocytes. However, the retinol level of the medium
in the HE group was significantly reduced (214 %;
P,0·05) compared with that of the HC group, and those
of the HC þ B and HE þ B groups had significantly
increased (P,0·05). Moreover, the retinol level of the
medium in the HE þ B group was significantly lower
(212 %; P,0·05) compared with that of the HC þ B group.

Discussion

Chronic ethanol consumption results in the formation of
oxygen free radicals and lipid peroxidation (Reinke et al.
1987). In the present study, b-carotene was used to
improve the cell viability and antioxidant status in hepato-
cytes from chronically ethanol-fed rats.

In the present study, it was found that ethanol consump-
tion in the ethanol group was similar to that reported in
other previous reports (Lieber & DeCarli, 1994; Navder
et al. 1997). On the other hand, the isoenergetic substi-
tution of carbohydrates by ethanol resulted in a lower
weight gain despite similar energy intakes as also pre-
viously reported (Pirola & Lieber, 1975). This lower
body-weight gain has been attributed to induction of the
microsomal ethanol-oxidising system, increased sympath-
etic tone and associated thermogenesis and/or enhanced
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ATP breakdown secondary to acetate production from
ethanol (Cunningham & Spach, 1987). Ethanol consump-
tion for 4 weeks by rats led to high GOT and GPT
activities and fatty changes in the liver, which might
have been due to an enhanced mobilisation of NEFA
from adipose tissue and the increased hepatic biosynthesis
of lipids as previously suggested (Fig. 1) (Lieber, 1991).

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 cells. Therefore, LDH leakage
can be used to indicate cell viability. In the present 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. Hepato-
cytes from the ethanol-fed rats showed higher LDH leak-
age than those from the control rats (Table 1; HC v.
HE). This suggests that chronic ethanol administration
might reduce the cell viability of hepatocytes, which

might be due to the oxidative stress from ethanol (Bailey
& Cunningham, 1999). However, b-carotene significantly
decreased LDH leakage when it was added to the
medium (Table 1; HE v. HE þ B). Similar to the present
results, previous in vitro studies have shown that b-caro-
tene can decrease LDH leakage of hepatocytes by means
of reducing ROS production (Ek et al. 1994; Martin et al.
1996; Lawlor & O’Brien, 1997).

The metabolism of ethanol is believed to result in an
increased production of ROS, especially superoxide and
H2O2, and the removal of these toxic species is thought
to be a vital initial step in ensuring cell survival during
ethanol intoxication (Nordmann et al. 1992). Four major
antioxidant enzymes available to the cell during ethanol-
induced oxidant stress include GPx, GRd, CAT and
SOD. Schisler & Singh (1989) reported that GPx, CAT
and SOD activities in ethanol-treated animals, including
five inbred strains of mice and Sprague–Dawley rats,
were generally reduced in comparison with those of their

Fig. 1. Effects of ethanol on liver pathology between control and ethanol groups. (A), Section of liver from a rat fed the control diet for 4 weeks
showing normal histology with no evidence of pathological change (haematoxylin and eosin, magnification £ 200); (B), section of liver from a
rat fed ethanol for 4 weeks showing the presence of macrovesicular and microvesicular fat accumulation (haematoxylin and eosin, magnifi-
cation £ 200).
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matched controls. Polavarapu et al. (1998) also suggested
that GPx, CAT and SOD activities showed an inverse cor-
relation with severity of pathological injury in rats fed
ethanol. However, Oh et al. (1998) reported that chronic
ethanol feeding resulted in a lower activity of GPx with
significantly higher activities of GRd and CAT.

The present results indicated that GPx and CAT activi-
ties showed significant reductions, but GRd and SOD
showed no changes in the hepatocytes from the chronically
ethanol-fed rats (Table 2; HC v. HE). Both GPx and CAT
can react with H2O2. GPx is thought to be more active in
the removal of H2O2 because of its dual location (mito-
chondria and cytosol) (Diplock, 1991). Therefore, this
theory suggests that GPx should be more sensitive and
more easily alterable than CAT in a situation of chronic
ethanol intake.

Also, it has been reported that chronic ethanol feeding
results in an increased (Polavarapu et al. 1998), decreased
(Comport et al. 1973), or unchanged (Shaw et al. 1981)
hepatic GSH content. In the present study, there were no
significant changes in the GSH content of hepatocytes
from the ethanol-fed rats (Table 3; HC v. HE). This
might be one of the reasons why there were different
changes in antioxidant enzyme activities among different
studies. The discrepancies in the total GSH levels in the

livers of rats chronically fed ethanol might have originated
from differences in the strains of rats used and the dose,
duration and route of ethanol administration among differ-
ent studies. The most acceptable concept is that chronic
ethanol intake significantly increases the rate of GSH turn-
over (Morton & Mitchell, 1985). Therefore, the
GSH:GSSG ratio must be determined in future studies.

Lipid peroxidation induced by long-term ethanol intake
results not only from an increased ROS production but
also from the enhanced generation of acetaldehyde
(Müller & Sies, 1982). However, another mechanism that
promotes lipid peroxidation is GSH depletion. Many
reports have demonstrated that chronic ethanol intake pro-
motes the accumulation of lipid peroxidation (Shaw et al.
1981; Müller & Sies, 1982; Polavarapu et al. 1998), but
the present results did not show an alteration of the
MDA þ 4-HNE contents of hepatocytes from the etha-
nol-fed rats (Table 3; HC v. HE). We speculated that the
unchanged GSH level was one of the reasons why the
MDA þ 4-HNE contents showed no striking changes.

Carotenoids have been found to inhibit free radical-
induced lipid peroxidation (Krinsky & Deneke, 1982;
Krinsky 1989), and b-carotene is one of the most efficient

Table 1. Effect of b-carotene on lactate dehydro-
genase (LDH) leakage in primary rat hepatocytes*

(Mean values and standard deviations of three
replicate assays)

LDH (%)

Group† Mean SD

HC 41a 2
HC þ B 43a 1
HE 69b 9
HE þ B 40a 4

a,bMean values with unlike superscript letters were signifi-
cantly different (P,0·05).

* For details of procedures, see p. 210.
† Hepatocytes from the control group were cultured in

medium without (HC) or with b-carotene (HC þ B), and
hepatocytes from the ethanol group were also cultured
in medium without (HE) or with b-carotene (HE þ B).

Table 2. Effects of b-carotene on antioxidant enzymes glutathione peroxidase (GPx), glu-
tathione reductase (GRd), catalase (CAT) and superoxide dismutase (SOD) activities in
primary rat hepatocytes*

(Mean values and standard deviations of three replicate assays)

GPx (mU/mg pro-
tein)

GRd (mU/mg
protein)

CAT (kU/mg
protein)

SOD (U/mg
protein)

Group† Mean SD Mean SD Mean SD Mean SD

HC 42·97c 8·63 5·90a 1·53 724b 52 0·06a 0·02
HC þ B 39·26bc 15·63 5·98a 0·53 842b 17 0·06a 0·02
HE 19·95ab 3·70 5·52a 0·80 500a 177 0·04a 0·01
HE þ B 19·58a 10·00 5·93a 0·23 803b 93 0·06a 0·05

a,b,cMean values within a column with unlike superscript letters were significantly different (P,0·05).
* For details of procedures, see p. 210.
† Hepatocytes from the control group were cultured in medium without (HC) or with b-carotene

(HC þ B), and hepatocytes from the ethanol group were also cultured in medium without (HE) or with
b-carotene (HE þ B).

Table 3. Effect of b-carotene on reduced glutathione and
lipid peroxide concentrations in primary rat hepatocytes*

(Mean values and standard deviations of three replicate
assays)

GSH (mM)
MDA þ 4-HNE

(mM)

Group† Mean SD Mean SD

HC 0·27a 0·26 6·21a 0·20
HC þ B 0·69b 0·11 5·32a 0·68
HE 0·21a 0·10 6·21a 0·36
HE þ B 0·51b 0·18 5·71a 1·29

MDA, malondialdehyde; 4-HNE, 4-hydroxy-2(E)-nonenal.
a,bMean values within a column with unlike superscript letters were

significantly different (P,0·05).
* For details of procedures, see p. 210.
† Hepatocytes from the control group were cultured in medium

without (HC) or with b-carotene (HC þ B), and hepatocytes from
the ethanol group were also cultured in medium without (HE) or
with b-carotene (HE þ B).
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quenchers of singlet oxygen (Lomnitski et al. 1993). b-Car-
otene may also prevent lipid peroxidation through specific
enzyme inhibition (Palozza & Krinsky, 1991; Lomnitski
et al. 1993). However, the present study demonstrated that
b-carotene improved the CAT activity as well as the GSH
level when it was added into the medium of hepatocytes
from the ethanol-fed rats (Tables 2 and 3; HE v. HE þ B).
The present results suggest that higher GSH levels due to
b-carotene treatment might reduce H2O2 production and
indirectly improve CAT activity. Furthermore, the lipid per-
oxide contents slightly decreased without statistical signifi-
cance in the hepatocytes treated with b-carotene (Table 3;
HC v. HC þ B, HE v. HE þ B). A study in guinea-pigs
noted a protective effect against lipid peroxidation when
animals were pre-treated with b-carotene (Kunert &
Tappel, 1983), and in rats it was reported that b-carotene
inhibited MDA production in a concentration-dependent
manner (Kim-Jun, 1993). However, in rats, Alam & Alam
(1983) noted no change in either blood or tissue lipid per-
oxides after the ingestion of 180 mg b-carotene/kg per d
for 11 weeks. In any event, the question remains as to
whether the combination of alcohol and b-carotene may
be useful for the prevention of lipid peroxidation without
producing some signs of toxicity. Leo et al. (1993) reported
that ethanol-induced oxidative stress was improved only by
high-dosage b-carotene supplementation. Leo et al. (1993)
also concluded that the dosage of b-carotene was the key
point in the improvement of the ethanol-induced oxidative
stress including lipid peroxidation. Therefore, in the present
study, if the b-carotene content in the medium is elevated,
the reduced range in the lipid peroxide contents may be
more evident.

Concerning the b-carotene content of the hepatocytes, it
was demonstrated that the b-carotene levels were zero in
the control cells (Table 4; HC and HE). This means that
the b-carotene could not have been endogenously produced
in the hepatocytes. When b-carotene was supplied, the
b-carotene concentration was significantly increased in
the cells (Table 4; HC þ B and HE þ B). In addition, reti-
nol was detectable in hepatocytes and medium, and its

levels were significantly reduced in the ethanol-fed rats’
hepatocytes whether treated with b-carotene or not
(Table 5; HC v. HE, HC þ B v. HE þ B). The present
results suggest that b-carotene might enter hepatocytes
and be converted to retinol, and the hepatocytes from the
ethanol-fed rats consumed more retinol than those from
the control rats. This phenomenon agrees with previous
studies, that is, ethanol intake induces the depletion of
hepatic vitamin A (Kawase et al. 1989; Leo et al. 1993;
Ahmed et al. 1994; Polavarapu et al. 1998).

In previous studies (Leo et al. 1993; Ahmed et al. 1994),
it has been demonstrated that b-carotene could alleviate
ethanol-induced liver damage by correcting the retinol
depletion. However, the present study indicates that cell
viability, CAT activities, GSH levels and retinol contents
were improved when b-carotene was directly supplied to
the hepatocytes of the chronically ethanol-fed rats. This
means that b-carotene could attenuate the oxidative stress
induced by chronic ethanol intake. On the basis of the pre-
sent study, the dosage of b-carotene must be reconsidered,
when b-carotene is provided in food or supplements during
chronic ethanol ingestion, and an in vivo study is essential
in the future.
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trations of hepatocytes and medium in each group*
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assays)

b-Carotene concentration

Hepatocytes
(nmol/107cells)

Medium
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Group† Mean SD Mean SD

HC 0b 0 0b 0
HC þ B 5·96a 0·82 2·46a 0·49
HE 0b 0 0b 0
HE þ B 5·49a 0·58 2·25a 0·40

a,bMean values within a column with unlike superscript letters were
significantly different (P,0·05).

* For details of procedures, see p. 210.
† Hepatocytes from the control group were cultured in medium with-

out (HC) or with b-carotene (HC þ B), and hepatocytes from the
ethanol group were also cultured in medium without (HE) or with
b-carotene (HE þ B).

Table 5. Effects of b-carotene on retinol concentrations of hepato-
cytes and medium in each group*

(Mean values and standard deviations of three replicate assays)

Retinol concentration

Hepatocytes
(10210mol/107cells) Medium (nmol/ml)

Group† Mean SD Mean SD

HC 5·32a 0·34 8·85b 0·81
HC þ B 7·50b 0·31 9·88c 0·31
HE 5·32a 0·15 7·59a 0·98
HE þ B 6·20b 0·71 8·68b 0·30

a,b,cMean values within a column with unlike superscript letters were signifi-
cantly different (P,0·05).

* For details of procedures, see p. 210.
† Hepatocytes from the control group were cultured in medium without (HC)

or with b-carotene (HC þ B), and hepatocytes from the ethanol group were
also cultured in medium without (HE) or with b-carotene (HE þ B).
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