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Abstract

We compared the preventive capacity of high intakes of vitamin C (VC) and vitamin E (VE) on oxidative stress and liver toxicity in rats fed
a low-fat ethanol diet. Thirty-two Wistar rats received the low fat (10% of total calories) Lieber-DeCarli liquid diet as follows: either ethanol alone
(Alc group, 36% of total calories) or ethanol in combination with VC (Alc + VC group, 40 mg VC/100 g body weight) or VE (Alc + VE group,
0.8 mg VE/100 g body weight). Control rats were pair-fed a liquid diet with the Alc group. Ethanol administration induced a modest increase
in alanine aminotransferase (ALT), aspartate aminotransferase (AST), conjugated dienes (CD), and triglycerides but decreased total radical-trapping
antioxidant potential (TRAP) in plasma. VE supplementation to alcohol-fed rats restored the plasma levels of AST, CD, and TRAP to control levels.
However, VC supplementation did not significantly influence plasma ALT, AST, or CD. In addition, a significant increase in plasma aminothiols
such as homocysteine and cysteine was observed in the Alc group, but cysteinylglycine and glutathione (GSH) did not change by ethanol feeding.
Supplementing alcohol-fed rats with VC increased plasma GSH and hepatic S-adenosylmethionine, but plasma levels of aminothiols, except GSH,
were not influenced by either VC or VE supplementation in ethanol-fed rats. These results indicate that a low-fat ethanol diet induces oxidative
stress and consequent liver toxicity similar to a high-fat ethanol diet and that VE supplementation has a protective effect on ethanol-induced oxidative

stress and liver toxicity.
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Introduction

Acute or chronic ethanol ingestion increases reactive oxygen
species (ROS) in the liver and plasma as demonstrated in animal
and clinical studies [1-3]. The pathogenesis of alcohol-induced
liver disease involves the adverse effects of ethanol metabolites
and oxidative stress [4]. Oxidative stress in tissues refers to
enhanced generation of ROS and/or depletion of antioxidants [5].
Therefore, effective strategies to enhance intracellular and
extracellular antioxidant defences in tissues may help protect the
liver from injury.

Antioxidants are essential for preventing the cellular damage
caused by free radicals. Vitamins E (VE) and C (VC) are naturally
occurring antioxidants that protect against oxidative damage by
free radical. VE is the major lipid soluble antioxidant in serum
and is transported as a component of lipoprotein. VE effectively
decreases in vitro and in vivo susceptibility to lipid peroxidation
[6,7]. VC, a water-soluble antioxidant, scavenges aqueous peroxyl
radicals before they damage lipids [8].

Because ROS are produced naturally, a variety of enzymatic

and nonenzymatic mechanisms have evolved to protect cells
against ROS [9,10]. Some of these defence systems are impaired
after chronic ethanol consumption. Ethanol or its metabolites can
alter the redox balance in the liver to a more oxidized state,
impairing the antioxidant cell defenses [11]. Reduced glutathione
(GSH), an essential component of the GSH peroxidase system,
and VE are probably the most important nonenzymatic antioxi-
dants and participate in a wide range of cellular functions. Low
molecular weight thiol-containing compounds known as aminothiols
are also present, including homocysteine (Hcy), cysteine (Cys),
and cysteinylglycine (CysGly) in addition to GSH. Aminothiols
function as intracellular redox buffers and constitute an important
extracelluar redox system [12,13]. Alterations in plasma Hcy and
Cys concentrations are associated with the development of
vascular disease [14,15], whereas GSH and its metabolite CysGly
have important antioxidative properties [16,17]. Abnormal Hcy
metabolism due to chronic ethanol exposure increases fat
accumulation, inflammation, and injury to hepatocytes [18,19].
Ethanol-induced hyperhomocysteinemia is associated with oxidative
endoplasmic reticulum stress, leading to the activation of
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apoptosis and upregulation of lipid synthesis in hepatocytes [20].

Previous studies have shown that ethanol-induced alcoholic
liver injury is associated with changes in methionine metabolism
[21-23]. Chronic ethanol ingestion decreases plasma concentrations
of folate and hepatic concentrations of S-adenosylmethionine
(SAM) [24] and increases plasma Hcy and hepatic S-adenosyl-
homocysteine (SAH) in animals and humans [18,22,23]. Hepatic
SAM depletion and a decreased SAM:SAH ratio due to chronic
ethanol exposure is associated with different degrees of liver
injury in animals such as fatty liver, inflammation, and fibrosis
[18,21,23].

The aim of the present study was to examine whether ethanol-
induced oxidative stress and hepatotoxicity could be neutralised
by dietary VC or VE supplementation in rats. Because a high-fat
diet also plays an important role in oxidative stress and pathological
hepatic changes, the rats were fed a 36% ethanol liquid diet that
was relatively low in fat (10%) to examine hepatic toxicity due
to ethanol toxicity rather than to a high-fat diet. Few studies
have examined the effects of VC or VE supplements on plasma
aminothiols in rats chronically treated with ethanol. Thus, we
measured plasma alanine transaminase (ALT) and aspartate
transaminase (AST) activities to evaluate hepatotoxicity and
plasma levels of GSH, total radical-trapping antioxidant potential
(TRAP), conjugated dienes, aminothiols, and hepatic SAM to
evaluate changes in antioxidant capacity and oxidative stress.

Materials and Methods

Materials

L-Homocystine, tri-n-butylphosphine, DL-methionine, met-
myoglobin, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), heparin, cyclohexane, SAM, and SAH
were purchased from Sigma (St. Louis, MO, USA). Lactobacillus
rhamnosus (ATCC 7469) was obtained from the American Type
Culture Collection (Manassas, VA, USA). Folic acid-depleted
casein medium was obtained from Difco Laboratories (Detroit,
MI, USA). 7-Fluoro-benzo-2-oxa-1,3-diazole-4-sulfonate was
obtained from Wako Chemicals (Osaka, Japan). All chemicals
were of the highest purity commercially available.

Animals and experimental protocol

Five-week-old male Wistar rats weighing 170-180 g were
obtained from Orient Bio (Seongnam, Korea) and initially fed
a chow diet until they reached body weights of 200-220 g. After
a 5 day acclimation, the animals were randomly assigned to one
of four groups of 8 rats each: (1) control group (no ethanol);
rats were fed a liquid diet that was essentially the same as the
diet described by Lieber and DeCarli [25] with the exception
of reducing total lipid content from 39.6 g/L to 10 g/L and adding
dextrin-maltose to make up the energy deficit. The proportion

of energy in the control liquid diet was as follows: 76%
carbohydrate, 10% fat, and 14% protein. Soybean oil was used
as the fat source in the liquid diet. Ethanol was introduced into
the diets gradually over 5 days. (2) Alc group; the proportions
of energy in the ethanol-fed rat regimens were as follows: 36%
ethanol, 40% carbohydrate, 10% fat, and 14% protein. (3) Alc
+ VC group (40 mg VC/100 g body weight [BW]): these animals
were fed the ethanol diet containing 2 g VC/L (4) Alc + VE group
(0.8 mg VE/100 g BW): these animals were fed the ethanol diet
containing 40 mg VE/L.

Animals in the pair-fed groups (control, Alc+ VC group, and
Alc + VE group) were fed the same diet amount as that consumed
by the Alc group over the preceding 24 hrs. The amount of diet
consumed was monitored daily, and BW was measured weekly.
The diets were fed for 5 weeks. Rats were housed individually
in plastic cages in a temperature- (23+1C) and humidity-
controlled (50 +5%) room with a daily light cycle from 0600
to 2000 hr. The animal experiments followed protocols established
by the NIH Guide for the Care and Use of Laboratory Animals.
This study protocol was approved by the institutional animal care
and use committee (HNU 2011-05).

Sample collection

At the end of the 5-week feeding period, the rats were fasted
overnight and anesthetised with carbon dioxide. Blood samples
were collected by cardiac puncture into heparinised syringes.
Blood was immediately centrifuged for 15 min at 1,500 x g and
47C to collect the plasma. Liver tissues were removed, washed
in ice-cold saline, and frozen rapidly in liquid nitrogen. The
samples were stored at -70°C until analysis.

Biochemical analyses of plasma and liver tissue

Plasma ALT, AST, and triglycerides were measured using a
photometric autoanalyser (ERBA Chem Pro, Transasia Bio-
Medicals, Mumbai, India). Plasma levels of aminothiols inclu-
ding total Hey, Cys, CysGly, and GSH were determined by high
performance liquid chromatography (HPLC) simultaneously with
fluorometric detection (excitation at 385 nm and emission at 515
nm) according to Nolin ef al. [26]. Aminothiol compounds were
separated on a Hypersil Gold ODS analytical column (250 x 4.6
mm LD., 5 pm particle size) (Thermo, Runcorn, UK). To
determine hepatic levels of SAM and SAH, portions of frozen
liver were homogenised with 0.4 M HCIO, and centrifuged at
12,000 x g at 4C for 30 min. SAM and SAH were analysed
by HPLC equipped with 250 x 4.6 mm Ultrasphere 5-um ODS
Betasil analytical column (Thermo) according to Wagner et al.
[27]. Folate was analysed using a microplate assay method with
L. rhamnosus (ATCC 7469) according to Tamura [28]. Portions
of liver were homogenised and autolysed for hydrolysis of ¥
-glutamy] residues in the presence of sodium ascorbate at 37°C.
Supernatants of liver homogenates and plasma samples were used
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for the folate assay.

TRAP was analysed to measure antioxidant potential using an
inhibition assay according to Rice-Evans and Miller [29]. Plasma
samples were incubated with a peroxidase (met-myoglobin) and
H,O: to produce the ABTS + cation. A relatively stable blue-
green colour occurred and was measured at 30°C and 740 nm.
Antioxidants in the plasma samples caused suppression of this
colour production to a degree proportional to their concentration.
The standard TRAP assay procedure consisted of determining
the Trolox equivalent antioxidant capacity (mmol/L). Oxidation
of low-density lipoprotein (LDL) was identified by measuring
the formation of conjugated dienes (CD) to evaluate early lipid
peroxidation. LDL was isolated with buffered heparin as
described previously [30-32]. Lipids were extracted from LDL
samples with chloroform-methanol (2:1) and dried under nitrogen,
then redissolved in cyclohexane to estimate LDL oxidation. The
quantity of CD in LDL was assessed by monitoring the change
in absorbance at 234 nm at the indicated time points [33]. Results
are expressed as pumol/L.

Statistical analysis

Results are expressed as mean + standard error. Differences
among the experimental groups were identified by one-way
analysis of variance. Duncan’s multiple range tests were used
as a post hoc test, and a P<0.05 was considered significant.
All statistical analyses were performed using SPSS 20.0 for
Window (SPSS, Inc., Chicago, IL, USA).

Results

Food intake, body weight gain, and liver weight

All rats gained weight throughout the study (Table 1). During
the 5-day period to gradually introduce ethanol into the liquid
diets, rats fed either the Alc or Alc+ VC diet gained more weight.
Therefore, the initial body weight of rats fed the Alc diet was
higher than that in the control group (P <0.05). However, after
5 weeks, rats fed the alcohol diets (Alc, Alc + VE, Alc+ VC)
tended to gain more weight compared to those in the control

Table 1. Effects of vitamin C and E supplementation on body and liver weights

group (P <0.05) and the rats fed the Alc+ VE diet gained the
most weight, although food intake by the control was higher than
that of the ethanol-fed rats. However, ethanol administration
alone or with VC or VE supplementation did not affect liver-to-
body weight compared to that in the controls.

Plasma ALT, AST, and triglyceride

Chronic ethanol ingestion elevated plasma levels of ALT (P
<0.05), AST (P<0.01), and triglycerides (P <0.01) compared
with those in the control (Table 2). VE supplementation to
ethanol fed rats restored plasma AST activity to control levels.
However, VE supplementation did not alter plasma triglycerides.
VC supplementation tended to decrease plasma ALT and AST,
but the difference was not significant.

Plasma aminothiols, liver SAM and SAH, and folate

Chronic ethanol ingestion induced a significant increase in
plasma levels of Hcy (P<0.01) and Cys (P<0.05) but not
CysGly or GSH (Table 3). VC or VE supplementation did not
affect plasma Hcy and Cys levels when compared with ethanol
feeding alone, but plasma GSH levels in ethanol-fed rats
increased in rats supplemented with VC (P <0.01) but not in
those given VE. Ethanol administration reduced plasma folate
significantly (P <0.01), but hepatic folate remained unchanged
(Table 4). Plasma folate was significantly higher in rats
administered Alc + VC than those given Alc alone. Hepatic SAM
was lower in rats administered Alc (P <0.01), and hepatic SAM
and the SAM:SAH ratio was higher in rats administered Alc +
VC compared with those administered Alc alone.

Table 2. Effects of vitamin C and E supplementation on plasma aminotrans-
ferases and triglycerides in chronic ethanol-treated rats

Group Control Alc Alc +VC Alc + VE
ALT (units/L) 155.4+4.8° 209.3+14.6° 184.3+15.9% 178.1+10.9™
AST (units/L) 204.6+18.6° 292.9+18.1° 250.7+35.1° 194.2+85°
TG (mg/dL) 67.3+1.7° 772+13° 748+21°  783+1.96°

Data are mean = SE (n=8). Values not sharing a common superscript letter are
significantly different at ~<0,05,
Control, no ethanol group,

Table 3. Effects of vitamin C and E supplementation on plasma aminothiols in
chronic ethanol-treated rats

in chronic ethanol-treated rats Group Control Alc Alc +VC Alc + VE
Group Control Alc Alc+VC Alc +VE Plasma Hcy 10.48 048" 12.08+0.82° 1263+0.73° 12.19+0.41°

Initial body weight (g) 252.0£4.1° 2757+3.1° 2650+2.7% 2441+ 145° (nmolfml.) X ) )

a
Final body weight (g) 349.3+6.0° 3835+37° 3835+7.7° 365.8+8.3° ﬂféﬂfnﬁys 3020:13.8° 3616:138° 373.1+186° 362.1+11.3
. . + a + ab + ab + b

Weight gain (g/day) ~ 2.8+0.1 ) 31£047 322027 3604 Plasma CysGly 0.553+0.103" 0.518+0.052 0.473+0.031 0.527 +0.087

Food intake (mL/day) 83.2+0.1° 824+0.1*° 825+0.1% 825+0.1° (nmol/mL)

Liver weight (g) 98+04" 115+03 115£15 112+12 Plasma GSH 46.7+3.2° 554+36° 90.0+12.1° 48.3+10.7°

% Liver:body weight 2.9+02%  3.0+0.1 31+0.2 3.0+0.2 (nmol/mL)

Data are mean + SE (n=8), Values not sharing a common superscript letter are
significantly different at ~<0.,05,
Control, no ethanol group; NS, not significant,

Data are mean = SE (n=8), Values not sharing a common superscript letter are
significantly different at ~£<0,05,
Control, no ethanol group; NS, not significant,
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Table 4. Effects of vitamin C and E supplementation on plasma and liver folate
and plasma and liver methionine metabolites in chronic ethanol-treated rats

Group Control Alc Alc+VC Alc +VE
Plasma folate ~ 50.60 +4.26° 37.33+3.34° 48.82+343° 42.23+3.23%
(nmol/L)

Liver folate 491+044"  413+019 4.02+0.33 4.78+0.34
(umol/g)

Liver SAM 6.91+183° 564+237° 914+176° 6.36+1.62"
(nmol/g)

Liver SAH 547+095" 493+169 503+109 554+047
(nmol/g)

Liver SAM:SAH  1.28+0.35°  1.20+0.36° 221+0.5%° 1.48+0.6°
ratio

Data are mean + SE (n=8), Values not sharing a common superscript letter are
significantly different at ~<0,05,
Control, no ethanol group; NS, not significant,

Table 5. Effects of vitamin C and E supplementation on plasma total radical-
trapping antioxidant potential (TRAP) and conjugated dienes in chronic ethanol-
treated rats

Group Control Alc Alc +VC Alc + VE

TEAC  1.4376 +0.0003° 1.4114 + 0.0020° 1.4275 +0.0010° 1.4269 + 0.0010°
(mmol/L)

CcD 29.38£0.72°
(umol/L)

Data are mean + SE (n=8). Values not sharing a common superscript letter are
significantly different at ~<0.05,

The results of plasma TRAP measurements are expressed as TEAC (Trolox
Equivalent Antioxidant Capacity) (mmol/L); CD, conjugated dienes of plasma LDL;
Control, no ethanol group; NS, not significant,

3497+1.28° 3403+065°  29.60+0.97°

Plasma TRAP and conjugated dienes

Chronic ethanol ingestion caused a significant decrease in
TRAP levels (P <0.001) and an increase in CD levels (P <0.01)
(Table 5). VC supplementation increased plasma TRAP levels
in ethanol-fed rats compared with those of ethanol feeding alone,
but the CD level remained unchanged in rats administered Alc
+ VC. VE supplementation significantly increased plasma TRAP
level but decreased CD level in ethanol-fed rats compared with
those in rats fed ethanol alone.

Discussion

Chronic ethanol ingestion leads to increased oxidative stress
in tissues, and ethanol-induced liver injury is associated with
oxidative stress [2,5,12,24]. There is a balance between the
generation of free radicals and the antioxidant defence mech-
anism during normal metabolism. Antioxidants are essential for
preventing the cellular damage caused by free radicals and free
radical-modified lipid peroxidation. VC and VE are important
dietary modulators for antioxidant capacity of the body [6,7].
One study showed that both VC and VE are reduced during
chronic exposure to ethanol [33]. Pretreatment with antioxidants
showed that both VC and VE can prevent the generation of
1-hydroxyethyl radicals produced by acute ethanol treatment.
However, conflicting results have been reported concerning
oxidative stress following supplementation with antioxidant

vitamins in chronic ethanol-fed rats [34-36].

Because a high-fat diet plays an important role in oxidative
stress and pathologic hepatic changes, we examined the effect
of an ethanol diet relatively low in fat (10%) on oxidative stress
and hepatic toxicity due to ethanol toxicity rather than to a
high-fat diet in this study. We observed that ALT and AST were
released into the blood after administering the low-fat ethanol
diet, indicating that liver toxicity was induced by ethanol. Hepatic
oxidative stress and consequent lipid peroxidation play a
pathogenic role in alcoholic liver disease [35]. The high fat and
low carbohydrate contents of the ethanol liquid regimen are
responsible for the ethanol-induced increase in hepatic trigl-
yceerides in rats [35]. AST activity, which increases with alcohol
intake, was restored to almost normal levels by VE supple-
mentation. These results indicate the protective effect of VE
supplementation on liver injury in ethanol-fed rats.

We also observed that chronic ethanol administration decreased
TRAP and increased CD of plasma LDLs, indicating that
enhanced oxidative stress was induced by chronic ethanol
administration. These oxidative stress markers decreased to control
levels by VE supplementation, demonstrating that VE supple-
mentation reduces oxidative stress in rats chronically treated with
ethanol. This finding agrees with the results of recent studies
[6,7].

The rats fed ethanol gained body weight compared with those
in the control group, possibly due to hyperlipidemia, as ingesting
ethanol causes hyperlipidemia [37]. We observed that plasma
Hcey increased with ethanol feeding. Autoxidation of Hcy is
associated with the generation of ROS, including hydrogen
peroxide as well as superoxide and hydroxyl radicals [13,38].
VC therapy reverses Hey-related endothelial damage, supporting
a protective effect by this antioxidant [39,40]. A recent study
showed that ascorbic acid (25 mg/100 g BW) supplementation
ameliorates hepatic steatosis in guinea pigs [41]. However, VC
supplementation (40 mg/100 g BW) with ethanol did not alter
CD of plasma LDL in the present study. This result suggests
that VC did not protect against lipid peroxidation.

Oxidative stress plays a major role in the development of
alcoholic liver disease [2,5]. GSH is a major endogenous
antioxidant that protects cells against injury by scavenging free
radicals, which play a pathogenic role in alcoholic liver disease.
SAM, a primary methyl donor of anabolic metabolism, is a GSH
precursor. Chronic ethanol administration decreases hepatic SAM
levels due to the depressed activity of methionine adenosyl-
methyltransferase and the depressed activity of methionine
synthase to participate in the synthesis of endogenous methionine.
Depletion of SAM correlates with increased lipid peroxidation
and mitochondrial damage [42]. Thus, chronic depletion of SAM
can predispose the liver to injury. SAM has been recently shown
to attenuate ethanol-induced liver injury by restoring hepatic
concentrations of GSH depleted by ethanol as well as by
up-regulating the trans-sulfuration pathway [18,43,44].

We observed that VC supplementation increased plasma GSH
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and hepatic SAM concentrations in ethanol-fed rats when
compared with those fed ethanol alone. Despite increased plasma
GSH and hepatic SAM in rats fed the Alc+ VC diet, these
animals failed to be protected against liver toxicity in contrast
to rats fed Alc + VE. Although the exact reason for the difference
in the hepatoprotective effects between the two antioxidant
vitamins remains unclear, a high intake of VC may induce hepatic
cytochrome P4502E1-linked monooxygenases, which cause
adverse pro-oxidant outcomes depending on the VC dose [36].

Taken together, our results indicate that a low-fat ethanol diet
induces oxidative stress and consequent liver toxicity similar to
a high-fat ethanol diet, and that VE supplementation has a
protective effect against oxidative stress and liver toxicity in rats.
Further studies on the protective effects of various doses of VC
and VE in chronic alcoholism are needed.
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