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The aim of this study was to investigate the hepatoprotective effects of resveratrol in alcoholic liver disease (ALD). Alcohol
was administered to healthy female rats starting from 6% (v/v) and gradually increased to 20% (v/v) by the fifth week. After 16
weeks of intervention, liver enzymes (aspartate aminotransferase [AST] and alanine aminotransferase [ALT]) were analyzed using
a chemistry analyzer, while hepatic antioxidant enzymes, oxidative stress markers, and caspase 3 activity were assessed using
ELISA kits. Furthermore, hepatic CYP2E1 protein levels and mRNA levels of antioxidant and inflammation-related genes were
determined using western blotting and RT-PCR, respectively. The results showed that resveratrol significantly attenuated alcohol-
induced elevation of liver enzymes and improved hepatic antioxidant enzymes. Resveratrol also attenuated alcohol-inducedCYP2E1
increase, oxidative stress, and apoptosis (caspase 3 activity).Moreover, genes associatedwith oxidative stress and inflammationwere
regulated by resveratrol supplementation. Taken together, the results suggested that resveratrol alleviated ALD through regulation
of oxidative stress, apoptosis, and inflammation, which was mediated at the transcriptional level. The data suggests that resveratrol
is a promising natural therapeutic agent against chronic ALD.

1. Introduction

Alcoholic liver disease (ALD) often results from binge
overconsumption of alcohol. Epidemiological investigations
have shown that, in the developed countries of Europe and
America, liver diseases account for a significant cause of
morbidity and mortality [1, 2]. ALD is becoming a global
problemwith increasing cases in the developing countries [3].
ALD encompasses fatty liver, alcoholic hepatitis, and chronic
hepatitis with liver fibrosis, which are caused by the toxic
effects of the byproducts of alcoholmetabolism [4, 5]. Clinical
testing has demonstrated that ALD patients normally have
protein and/or combined protein-calorie malnutrition [6].
On the other hand, rats fed with corn oil and ethanol showed
accelerated liver injury because of the polyunsaturated fatty
acids intake [7]. Accordingly, risk factors for the development
of ALD, including excessive alcohol intake, high fat diet, and
calorie malnutrition, have been adopted in the rat model.

Oxidative stress and inflammation are central to the
development and progression of ALD [8, 9], often leading
to apoptotic cell death as a result of accumulating metabolic
end-products of alcohol. Oxidative stress through an imbal-
ance of prooxidant and antioxidant proteins results in oxida-
tive damage including lipid peroxidation [5]. Inflammation,
on the other hand, is often a secondary factor that further
promotes hepatic damage [10]. Despite the huge burden of
the problem at present, there is a lack of effective therapeutics
to protect against ALD. Moreover, available pharmaceutical
agents are costly and may have side effects. For this reason,
interest has heightened in natural products as sources of cost
effective and safer alternative therapies for ALD.

Resveratrol is a polyphenol existing in natural products,
especially in grape seed. It is a nutraceutical withwide ranging
potential therapeutic actions, including antioxidant [11], anti-
inflammation [12], cardioprotective [13], and anticancer [14]
activities in vitro and in vivo. Additionally, results of animal
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experimentation and clinical trial in nonalcoholic fatty liver
disease setting have suggested that resveratrol could reduce
hepatic fat accumulation, partly through antioxidant and
anti-inflammatory actions [15, 16]. Furthermore, nonalco-
holic liver disease shares overlapping mechanisms with ALD
suggesting that resveratrol may also be effective on ALD.
Moreover, resveratrol has been shown to attenuate subacute
ALD via regulation of inflammation and hepatosteatosis [17,
18]. There is still need, however, to determine the effect of
resveratrol on chronic ALD and the underlying mechanisms
involved. Thus, in this study, we explored the effects of
resveratrol supplementation against liver damage caused by
chronic alcohol intake with limited high fat diet.

2. Materials and Methods

2.1. Materials. Rat superoxide dismutase (SOD) and catalase
(CAT) enzyme-linked immunosorbent assay (ELISA) kits
were purchased from Cell Biolabs (INC. USA). Glutathione
peroxidase (GPx) and caspase 3 colorimetric assay kits were
purchased from Beyotime (Jiangsu, China). Rat chow was
purchased fromSpecialty Feeds (Glen Forrest,WA,Australia)
and other solvents of analytical grade were purchased from
Merck (Darmstadt, Germany).

2.2. Animals, Diets, and Experimental Design. Thirty-six
female Wistar rats weighing approximately 200 g were used
for the animal experimentation at the Tianjin Medical Uni-
versity (Tianjin, China). All protocols for animal experi-
mentation and maintenance were conducted in accordance
with ChengdeMedical University Animal Ethics Committee.
The animals were kept in individual cages under controlled
temperature (25 ± 2∘C) and humidity and a 12 h light/dark
cycle. Animals were acclimatized for 2 weeks on standard
rat chow ad libitum and free access to water. After that, rats
were randomly distributed into three groups of nine animals
each: control group, maintained on high fat diet; alcoholic
liver fibrosis group, maintained on high fat diet and free
access to alcohol; resveratrol group, maintained on high fat
diet, alcohol, and resveratrol (250mg/kg BW/day) [19, 20].
The high fat diet fed to the alcohol and resveratrol groups
was based on our previous publication [21] and contained
85% standard rat chow plus 15% corn oil. The ethanol was
introduced as 6% (v/v) ethanol-containing water for one
week and gradually increased to 9% (v/v) for three days,
12% (v/v) for two weeks, and finally 20% (v/v) from the fifth
week onwards. Body weights were monitored weekly and
food intake was monitored daily. The alcohol and resveratrol
groups were fed with isocaloric high fat diet for 16 weeks.
Before sacrifice, the rats were fasted for 12 hours, and blood
was collected and stored at −80∘C. At sacrifice, portions of
the liver tissue were snap-frozen in liquid nitrogen or fixed in
10% neutral formalin for further analyses.

2.3. Serum Biochemical Assays. Serum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) analyses
were performed at several times during the study using blood
collected via cardiac puncture after a 12 h fast. Analyses were
performed using analytical kits (Biosino Bio-Technology

and Science Inc. Beijing, China) based on manufacturer’s
instructions on the Hitachi-High-Tech instrument (Hitachi
High-Technologies Co. Ltd., Shanghai, China).

2.4. Morphological Observation. For light microscopy, the
dissected livers were fixed in 10% (v/v) formalin saline, and
subsequently processed accordingly. Samples were finally
stained with hematoxylin and eosin. To evaluate the liver
changes, samples were observed at ×200 magnification, and
the scale and degrees of liver injury were assessed by two
pathologists. For transmission electron microscopy, 1mm
cubes of rat liver were fixed for 4 h at 0∘C in 2.5% glutaralde-
hyde in 0.1M sodium cacodylate buffer (pH 7⋅4), washed
overnight, and postfixed in 2% (w/v) osmium tetroxide.
The tissue was then stained with 2% (w/v) uranyl acetate,
ethanol dehydrated, and finally embedded in resin. Sections
were poststained with lead citrate, and observed under the
transmission electron microscope (Hitachi H-7650).

2.5. SOD, CAT, and GPx Antioxidant Activities. SOD, CAT,
and GPx activities of the liver were analyzed using commer-
cial ELISA kits based on manufacturer’s instructions. Finally
the absorbances were read at the appropriate wavelengths
on the Synergy H1 Hybrid Multimode Microplate Reader
(BioTek, Winooski VT, US), and the results were calculated
from the corresponding standard curves (SOD, 𝑦 = 0.319𝑥 −
0.126, 𝑟2 = 0.998; CAT, 𝑦 = 0.279𝑥 − 0.300, 𝑟2 = 0.995; GPx:
𝑦 = 0.246𝑥 − 0.107, 𝑟2 = 0.996).

2.6. Thiobarbituric Acid Reactive Substances (TBARS) Assay.
Liver samples were homogenized in PBS (50mg/50 𝜇l PBS)
and added to a mixture of 0.25N HCl, 15% TCA, and 0.375%
TBA. The samples were then incubated at 100∘C for 10min,
after which they were centrifuged at 3000 rpm for 15min.
Finally, the absorbance of supernatants was read at 540 nm
using the Synergy H1 Hybrid Multimode Microplate Reader
(BioTek, Winooski VT, US). Tetramethoxypropane (TMP)
was used as the standard (𝑦 = 0.115𝑥 − 0.266, 𝑟2 = 0.983).

2.7. CYP2E1 Western Blotting. Liver samples were homog-
enized in radio-immune precipitation assay buffer (RIPA)
with protease inhibitors. The homogenate was centrifuged at
10,000𝑔 for 20min at 4∘C. Then, 30mg protein, determined
by the bicinchoninic acid (BCA) protein assay kit, was
loaded per well onto a 10% resolving gel and 4% stacking
gel. Proteins were transferred to polyvinylidene difluoride
(PVDF) membranes and incubated with primary antibody
CYP2E1 (1 : 500 dilution, Abnova, Taipei, Taiwan) at 4∘C
overnight. The horseradish peroxidase- (HRP-) conjugated
secondary antibody (Abnova, Taipei, Taiwan)was then added
for 1 h at room temperature. The membrane was stripped
once for 20min with stripping buffer and then reprobed
with first/secondary antibody as described above for 𝛽-actin
(Sigma, St. Louis, MO, USA) which was used as a loading
control. Bands were visualized using 3,3-diaminobenzidine
(DAB) kit (Nacalai Tesque, Inc. Kyoto, Japan). The relative
intensities of the immunoreactive bands were captured using
a Molecular Imager, ChemiDoc XRS + System (Bio-Rad,
Hercules, CA) and quantified with Quantity One Analysis
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Table 1: Body weights and food intake in alcoholic liver disease rat model after 16 weeks of intervention.

Rat groups Control group Alcohol group Resveratrol group
Body weight at beginning (g) 188.89 ± 12.24 185.45 ± 3.21 190.21 ± 6.31
Body weight at end of 4th week (g) 207.34 ± 13.55 204.95 ± 14.50 202.85 ± 12.18
Body weight at end of 8th week (g) 232.40 ± 17.45 221.91 ± 18.70 222.65 ± 14.38
Body weight at end of 12th week (g) 255.86 ± 26.74 229.74 ± 23.87a 232.11 ± 4.8a

Body weight at end of 16th week (g) 298.6 ± 35.91 217.85 ± 25.16a,b 254.97 ± 24.99a

Total food intake (Kcal./kg/day) 155.83 ± 8.56 64.56 ± 4.43 72.21 ± 5.66
Total alcohol intake (g/kg/day) NA 8.23 ± 2.14 7.89 ± 3.31
Values are mean ± SD, 𝑛 = 9. Control group received standard rat chow for 16 weeks; alcohol group gained high fat diet and alcohol liquid; resveratrol group
received high fat diet and alcohol liquid with 250mg/kg BW/day resveratrol. a𝑃 < 0.05 versus normal control group; b𝑃 < 0.51 versus alcohol group.
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Figure 1: Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels of the rats during chronic alcohol
administration for 16 weeks with resveratrol. Control group received standard rat chow for 16 weeks; alcohol group received high fat diet and
alcohol; resveratrol group received high fat diet and alcohol with 250mg/kg BW/day resveratrol. Data represent mean ± SD of 5 individual
values. A𝑃 < 0.05 versus alcohol group; B𝑃 < 0.05 versus control group.

Software, Version 4.6.4 (Bio-Rad, Hercules, CA). The results
were expressed as the ratio of protein to 𝛽-actin.

2.8. Liver Caspase 3 Activity. Caspase 3 Activity Assay Kit
was used to quantify hepatic caspase 3 activity according to
manufacturer’s instructions (Beyotime, Jiangsu, China). The
absorbances were read at 405 nm on the Synergy H1 Hybrid
Multimode Microplate Reader (BioTek, Winooski VT, US).

2.9. Quantitative RT-PCR. The total RNAwas extracted from
rat hepatic tissue using the total RNA extraction kit (San-
gon Biotech, Shanghai, China), while reverse transcription
was performed using the TaqMan Reverse Transcription
Kit according to the manufacturer’s instructions. Primer
sequences (Table 2) were designed on the National Center for
Biotechnology Information (NCBI) website and purchased
from Sangon Biotech (Shanghai, China). Quantitative PCR
was performed using SYBR Green PCRMaster Mix (Qiagen,
Inc., Valencia, CA) in a Thermal Cycler (Bioer Technology,
Germany). Furthermore, the results were normalized to beta-
actin expression and analyzed based on the manufacturer’s
instructions.

2.10. Statistical Analysis. Data were analyzed by one-way
ANOVA with Tukey’s HSD test, 𝑇 test, Pearson correlation,
and linear regression analysis using the Statistical Analysis

System (SAS Institute, Cary, NC, USA). Results are expressed
as the mean and SEM. 𝑃 ≤ 0.05 was taken as the level of
statistical significance.

3. Result

3.1. Ethanol Intake, Food Intake, and Body Weight. As can be
recalled, ALD often results from alcohol overconsumption.
Alcohol metabolism byproducts can propagate liver dis-
ease through steatohepatitis, fibrosis, cirrhosis, liver failure,
and/or hepatocellular carcinoma [10]. At the beginning of
the intervention, no significant differences in weights were
observed among all the groups (Table 1). At the end of 12
weeks of intervention, however, the control group was sig-
nificantly different from the alcohol and resveratrol groups,
while, after 16 weeks, the body weights of the resveratrol
group were increased and significantly different compared to
the alcohol group, although they were still lower than those
of the control group. In the ALD-inducing period, there was
no significant difference in food and alcohol intake between
the alcohol and resveratrol groups.The total food and alcohol
intake are shown in Table 1.

3.2. Liver Enzymes. There were no significant differences in
the ALT and AST among all groups at the beginning of
the study (Figure 1; ALT: 𝑃 = 0.4543; AST: 𝑃 = 0.2694).
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Table 2: Names, accession number, and primer sequences used in the study.

Gene name Accession number Forward sequence Reverse sequence
Kan(r)∗∗

Beta-actin∗ NM 031144 AGGTGACACTATAGAATA
GGCATCCTGACCCTGAAGTA

GTACGACTCACTATAGGGA
AGACGCAGGATGGCATGAG

SOD1 NM 017050 AGGTGACACTATAGAATA
TCAATATGGGGACAATACAC

GTACGACTCACTATAGGGA
TACTTTCTTCATTTCCACCTT

SOD2 NM 017051 AGGTGACACTATAGAATA
TGTATGAAAGTGCTCAAGAT

GTACGACTCACTATAGGGA
GCCCTCTTGTGAGTATAAGT

SOD3 NM 012880 AGGTGACACTATAGAATA
TCGAACTACTTTATGCCC

GTACGACTCACTATAGGGA
GAAGACAAACGAGGTCTCTA

CAT NM 012520 AGGTGACACTATAGAATA
ACTGCAAGTTCCATTACAAG

GTACGACTCACTATAGGGA
GTTCAACTTCAGCAAAATAAT

GPx NM 001039848 AGGTGACACTATAGAATA
GTGCCAGAGCCGGGG

GTACGACTCACTATAGGGA
GGTCTTGCCTCACTGGGA

CYP2E1 NM 031543 AGGTGACACTATAGAATA
AGAGGGAATTGGATC

GTACGACTCACTATAGGGA
TGCCTGGGATCAGGTTA

FasL NM 010177 AGGTGACACTATAGAATA
GTGCCCCGGAATTGGG

GTACGACTCACTATAGGGA
GGGCTCAATTCCCAA

TNF-𝛼 NM 001024447 AGGTGACACTATAGAATA
GCCAAGGGGTTGGGAA

GTACGACTCACTATAGGGA
GGGACTTTGGGGGAAA

∗Housekeeping gene. Underlined sequences are left and right universal left and right sequences (tags). ∗∗Internal control supplied by Beckman Coulter Inc.
(Miami, FL, USA) as part of the GeXP kit. RT conditions were 48∘C for 1 min; 37∘C for 5 min; 42∘C for 60min; 95∘C for 5min and then held at 4∘C. PCR
conditions were initial denaturation at 95∘C for 10min, followed by two-step cycles of 94∘C for 30 sec and 55∘C for 30 sec, ending in a single extension cycle
of 68∘C for 1min. IDE: insulin degrading enzyme; LRP: low density lipoprotein receptor-related protein 1; SOD: superoxide dismutase; CAT, catalase; PSEN:
presenilin; APP: amyloid precursor protein. Gapdh: glyceraldehyde-3-phosphate dehydrogenase; Kan(r): kanamycin resistance.

At the end of the fourth week of intervention, however,
the alcohol group showed elevated ALT and AST levels in
comparison with the other two groups (ALT, 𝑃 < 0.0001;
AST, 𝑃 = 0.0004), which progressively increased until the
end of the intervention period, suggesting ongoing damage to
the liver. The liver enzymes (AST and ALT) in the resveratrol
supplementation group were significantly lower than in the
alcohol group (𝑃 < 0.05) after the fourth week.

3.3. Morphological Changes. Morphological changes in the
liver are shown in Figure 2. The control group showed
liver cells in normal state, with clear cellular boundary,
rounded and centrally located nuclear membrane, central
lobular vein, and radially arranged and clear sinusoids with
no dilatation or congestion (Figure 2(a)(A)). The alcohol
group, however, had ballooning of hepatocytes at the acinar
zone III, with signs of necrosis (Figure 2(a)(B), shown as
arrow), dark double-nucleus hepatocytes, and lymphocyte
and neutrophil infiltration. There were also signs of acinar
perivascular fibrosis, evidenced by the large numbers of bun-
dles of collagen fibers and a wide range of bridging fibrosis
(Figure 2(a)(B), shown as arrow). In some areas, steatosis and
inflammation were also visible (Figure 2(a)(B)). Interestingly,
the resveratrol group had no bundles of collagen fibers and
showed attenuation of the alcohol-induced changes, although
rounded fat droplets were still visible in the liver tissue
(Figure 2(a)(C)).

No fatty infiltration and bundles of collagen or other
abnormal changes were seen in the control group under TEM
(Figure 2(b)(A)). In the alcohol group, the Disse space was

filled with bundles of collagen, while the microvilli were
reduced, and the mitochondria were spherical. There were
also fewer and shorter mitochondrial cristae, and the sur-
faces of the endoplasmic reticulum were smooth and cystic.
Bundles of collagen between intercellular spaces and rounded
lipid droplets were also visible (Figure 2(b)(B)). Notwith-
standing, the resveratrol group significantly attenuated
alcohol-induced hepatocellular damage (Figure 2(b)(C)).
Accordingly, no deformation of mitochondrial and collagen
structures was observed, although few rounded lipid droplets
were observed.

3.4. Hepatic Antioxidant Capacity. The levels of SOD enzyme
activity were assessed in hepatic homogenate. As shown
in Figure 3, at the end of the intervention the alcohol
group had significantly increased SOD level (𝑃 < 0.0001;
Figure 3(a)), which was attenuated by resveratrol supplemen-
tation, although it was not as low as that of the control group
(𝑃 = 0.0067). The alcohol group had significantly lower
levels of CAT andGPx activities in comparisonwith the other
groups (CAT, 𝑃 < 0.0001, Figure 3(b); GPx, 𝑃 < 0.0001, Fig-
ure 3(c)). Interestingly, the resveratrol-treated group had sig-
nificantly higher activities of both enzymes (CAT,𝑃 < 0.0001;
GPx, 𝑃 = 0.0001). Additionally, the ratio of SOD/CAT+GPx
in the resveratrol group was lower than that of the alcohol
group (𝑃 < 0.0001), although it was not as low as that
of the control group (𝑃 < 0.0001).

3.5. Hepatic Oxidative Damage. The hepatic malondialde-
hyde (MDA) level was estimated as a measure of oxidative
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Figure 2: Histological study in the different groups ((A) control, (B) alcohol, and (C) resveratrol). (a) Hematoxylin and eosin staining (light
microscope) of liver tissue ×200; (b) Transmission electron microscopy of liver tissue ×15000. Groups are the same as Figure 1.

damage to the liver. As described in Figure 4, the alcohol
group had higher levels of MDA (𝑃 < 0.0001) in comparison
with the other groups, which were not significantly different
between each other (𝑃 = 0.0613).

3.6. CYP2E1 Protein Expression. The alcohol group had
significantly higher CYP2E1 protein expression in the liver
compared to the control and resveratrol groups (𝑃 <
0.0001; Figure 5). Conversely, the resveratrol group had lower
CYP2E1 protein expression in comparison with the alcohol
group (𝑃 < 0.0001).

3.7. Hepatic Caspase 3 Activity. Cleaved caspase 3 was upreg-
ulated in the alcohol group in comparison with the other
groups (𝑃 < 0.0001; Figure 6). Resveratrol supplementation
decreased cleaved caspase 3 activity in comparison with the
alcohol group (𝑃 < 0.001), although it was not as low as that
of the control group.

3.8. mRNA Levels of Hepatic Antioxidant and Inflammation-
Related Genes. Figure 7(a) shows the effects of the inter-
ventions on the expression of antioxidant genes (SOD1,
SOD2, SOD3, CAT, and GPx). In the present study, alcohol
upregulated SOD genes (SOD1, 𝑃 < 0.0001; SOD2, 𝑃 <
0.0001; SOD3, 𝑃 < 0.0001) and decreased the expression

of the CAT and GPx genes (CAT, 𝑃 < 0.0001; GPx, 𝑃 <
0.0001). Interestingly, resveratrol supplementation attenu-
ated the alcohol-inducedmRNA changes (SOD1, 𝑃 = 0.0004;
SOD2, 𝑃 < 0.0001; SOD3, 𝑃 < 0.0001; CAT, 𝑃 = 0.0003;
GPx, 𝑃 < 0.0001). Additionally, significant differences were
observed inmRNA levels of SOD andGPx genes between the
control and resveratrol groups (𝑃 = 0.0003 and 𝑃 = 0.0073,
resp.). Moreover, the mRNA levels of inflammation-related
genes (CYP2E1, FasL, and TNF-𝛼) were significantly higher
in the alcohol group in comparison with the other groups
(CAP2E1, 𝑃 < 0.0001; FasL, 𝑃 < 0.0001; TNF-𝛼, 𝑃 <
0.0001), although the levels in the control group were signif-
icantly lower than in the resveratrol group except for TNF-𝛼
mRNA expression (𝑃 = 0.1286).

4. Discussion

In the present study, ALD was established using chronic
alcohol administrationwith high fat diet consumption, which
is known to induce hepatic steatosis, inflammation, and
hepatocyte ballooning, similar to the features of human ALD
[22]. Accordingly, signs of incipient fibrosis, worsening of
liver function and antioxidant status, and increased inflam-
matory markers and caspase 3 expression were indicative of
successful induction of ALD in the alcohol group.
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Figure 3: Antioxidant enzymes following chronic alcohol administration for 16 weeks with or without resveratrol supplementation, (a) liver
superoxide dismutase (SOD) levels; (b) liver catalase (CAT) levels; (c) glutathione peroxidase (GPx) activity; (d) SOD/[CAT + GPx] level.
Groups are the same as Figure 1. Data represent mean ± SD of 5 individual values. A𝑃 < 0.05 versus alcohol group; B𝑃 < 0.05 versus control
group.
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Figure 4: Hepatic malondialdehyde (MDA) at the end of chronic alcohol administration for 16 weeks with resveratrol. Groups are the same
as Figure 1. Data represent mean ± SD of 5 individual values. a𝑃 < 0.05 versus alcohol group.
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Figure 5: Hepatic CYP2E1 protein expression of rats at the end of
chronic alcohol administration after 16 weeks. (a) Representative
western blot assay and (b) relative optical density in hepatic
homogenate. Groups are the same as Figure 1. Data representmean±
SD of 5 individual values. A𝑃 < 0.05 versus alcohol group; B𝑃 < 0.05
versus control group.
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Figure 6: Hepatic caspase 3 protein expression of rats at the end of
chronic alcohol administration after 16 weeks. Groups are the same
as Figure 1. Data represent mean ± SD of 5 individual values. a𝑃 <
0.05 versus alcohol group; b𝑃 < 0.05 versus control group.

The effects of resveratrol onALDwere assessed, including
mechanistic bases for such effects. In the past, the protec-
tive role of resveratrol against liver damage has been pre-
dominantly attributed to antioxidant and anti-inflammatory
activities. However, both inflammation and oxidative stress
are largely secondary effects of liver damage. Therefore, we
sought to establish whether resveratrol exerted any direct
effect on the major enzymes in the alcohol metabolism
pathway. The elimination of alcohol is primarily dependent

on the oxidation of alcohol and its metabolic byproducts by
CYP2E1, which produces toxic byproducts, like hydroxyethyl,
superoxide anion, and hydroxyl radicals [23, 24]. Interest-
ingly, we observed that resveratrol could attenuate CYP2E1
activity and protein levels via western blotting assay. The
present findings appear to be consistent with the benefits
of resveratrol on suppression of CYP2E1 observed in other
liver damage disease models because it is also involved in the
metabolism of other toxins in addition to alcohol [25].

On the basis of observations that ethanol administration
yields increased amounts of free radicals and hydrogen per-
oxide, one would logically predict a compensatory increase
in enzyme activity to overcome oxidative stress. Moreover,
oxidative stress is a well-established factor in the progression
of liver damage due to alcohol intake and a high fat diet.
In ALD, the byproducts of dysregulated alcohol and lipid
metabolism result in the excessive production of free radicals,
which leads to oxidative stress [26, 27]. ALDhas been demon-
strated to be more severe in mice lacking specific antioxidant
enzymes [28, 29], underpinning the central role of oxidative
damage in ALD and the importance of antioxidants in
attenuating such effects. Additionally, chronic alcohol admin-
istration typically reduces the antioxidant enzyme activities,
as indicated in the present study by the reduced SOD, CAT,
and GPx activities. Insufficient antioxidant activity allows
free radicals to accumulate and bind to unsaturated fatty
acids in cell membranes, which causes lipid peroxidation
[30]. Kessova et al. [31] reported that the induction of
steatosis after chronic alcohol administration is more severe
in Cu/Zn SOD knockout mice. The increased CAT and GPx
activities, with lower SOD activity in the resveratrol group in
comparisonwith the alcohol control group, is suggestive of an
antioxidative mechanism in attenuation of alcohol-induced
oxidative damage by resveratrol. This is further supported
by the reduced oxidative stress (MDA) and improved liver
function (AST and ALT) in the resveratrol group. There are
divergent views on the significance of the absolute values of
antioxidant enzyme activities as a reflection of their effects
[32, 33], in which case SOD/CAT + GPx ratio has been used
[34, 35]. The data again suggested that resveratrol modulated
antioxidant enzymes, which may have been the basis for
the improved attenuation of oxidative stress and ultimately
ALD. Additionally, increased caspase 3 activation in the
alcohol group may have been mediated through increased
oxidative stress. Moreover, oxidative stress and apoptosis are
reported to share common pathways, and the end result of
oxidative stress in cells is often apoptotic death [36, 37]. This
is supported by the potentiation of antioxidant enzymes and
attenuation of both MDA and caspase 3 by resveratrol in this
study.

It is well documented that transcriptional regulation of
metabolic processes precedes any biochemical changes, and
in the present study transcriptomic regulation of antioxidant
and inflammation-related genes were evaluated. The data
showed that the effects of resveratrolmay have beenmediated
at the transcriptional level. Accordingly, the effects of resver-
atrol may be long lasting since transcriptional regulation is
reported to produce longer lasting effects than biochemical
changes alone [38, 39]. Such nutrigenomic regulation may
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Figure 7: Hepatic mRNA levels of SOD1, SOD2, SOD3, CAT, GPx1, CYP2E1, FasL, and TNF-𝛼 genes at the end of chronic alcohol
administration after 16 weeks. Groups are the same as Figure 1. Data represent mean ± SD of 5 individual values. A𝑃 < 0.05 versus alcohol
group; B𝑃 < 0.05 versus control group.

mean that resveratrolmay be amore effective alternative than
palliative pharmaceuticals presently in use for ALD.

The findings from this study mirror those of previous
studies that have shown the beneficial effects of resveratrol
on ALD [15, 16]. However, our data adds to the existing
knowledge on how resveratrol protects the liver against
alcohol damage. Moreover, the duration of our study (16
weeks) mimics that of chronic alcohol exposure more than
the previous studies which lasted between 4 and 6 weeks.
Similarly, while the previous studies have shown that resver-
atrol attenuates ALD through regulating inflammation and
hepatic lipid metabolism, our data shows that multiple
mechanisms, including the modulation of oxidative stress,
inflammation, and apoptosis, may be involved in the long
term effect of resveratrol against ALD. Another study [19]
had demonstrated that resveratrol could attenuate alcohol-
induced oxidative stress similar to what was observed in this
study. However, the dose used in that study (5 g/kg body
weight) calls the reliability of the findings into question.
Crowell et al. [20] have demonstrated that doses of resveratrol
above 300mg/kg in rodents are toxic, suggesting that the
results from the study byKasdallah-Grissa et al. [19]may have
been influenced by toxicity from resveratrol.

Taken together, the present findings indicate that resvera-
trol may have alleviated ALD through alleviation of oxidative
stress, apoptosis, and inflammation, which were mediated
at the transcriptional level. Moreover, resveratrol affected
multiple processes and pathways suggesting its effectiveness
in alleviating ALD.

5. Conclusions

These results demonstrated that resveratrol (250mg/kg BW/day)
effectively attenuated alcohol-induced hepatotoxicity in
femaleWistar rats.The hepatoprotective effects of resveratrol
were mediated by modulating multiple pathways including
oxidative stress, inflammation, and apoptosis. The evidence
obtained in this study suggested the effectiveness of res-
veratrol as a natural therapy for ALD.

Abbreviations

ALD: Alcoholic liver disease
SOD: Superoxide dismutase
CAT: Catalase
GPx: Glutathione peroxidase
FasL: Fas ligand
CYP2E1: Cytochrome P450 2E1
TNF: Tumor necrosis factor
ALT: Alanine aminotransferase
AST: Aspartate aminotransferase.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Study design was performed by He Peiyuan, Hou Zhiping,
and Li Bingqing. Primer design for gene expression study
was performed by He Peiyuan and Hou Zhiping. Conduct
of experimental parts was performed by He Peiyuan, Wang
Chunqing, Hou Zhiping, Song Chengjun, and Li Bingqing.
Data analyses and preparation ofmanuscript were performed
by Hou Zhiping, He Peiyuan, and Mustapha Umar Imam.
Review of manuscript and final approval for submission
were performed by Hou Zhiping, Li Bingqing, andMustapha
Umar Imam.

Acknowledgments

The present work was supported by grant from Health
and Family Planning Commission of Hebei (no. 20110179)
and Hebei Province Clinical Talent Project (361008). The
authors thank all staff of Morphology Experimental Center
of Chengde Medical University for their help during the
study.



Evidence-Based Complementary and Alternative Medicine 9

References

[1] Y. Xie, B. Feng, Y. Gao, and L. Wei, “Characteristics of alcoholic
liver disease and predictive factors for mortality of patients
with alcoholic cirrhosis,” Hepatobiliary & Pancreatic Diseases
International, vol. 12, no. 6, pp. 594–601, 2013.

[2] F. Nassir and J. A. Ibdah, “Role of mitochondria in alcoholic
liver disease,” World Journal of Gastroenterology, vol. 20, no. 9,
pp. 2136–2142, 2014.

[3] R. Williams, “Global challenges in liver disease,” Hepatology,
vol. 44, no. 3, pp. 521–526, 2006.

[4] R. S. O’Shea, S. Dasarathy, and A. J. McCullough, “Alcoholic
liver disease,” Hepatology, vol. 51, no. 1, pp. 307–328, 2010.

[5] H.-I. Lee, R. A. McGregor, M.-S. Choi et al., “Low doses of
curcumin protect alcohol-induced liver damage by modulation
of the alcohol metabolic pathway, CYP2E1 and AMPK,” Life
Sciences, vol. 93, no. 18-19, pp. 693–699, 2013.

[6] C. L. Mendenhall, S. Anderson, R. E. Weesner, S. J. Goldberg,
and K. A. Crolic, “Protein-calorie malnutrition associated with
alcoholic hepatitis. Veterans administration cooperative study
group on alcoholic hepatitis,”American Journal ofMedicine, vol.
76, no. 2, pp. 211–222, 1984.

[7] R. Polavarapu, D. R. Spitz, J. E. Sim et al., “Increased lipid perox-
idation and impaired antioxidant enzyme function is associated
with pathological liver injury in experimental alcoholic liver
disease in rats fed diets high in corn oil and fish oil,”Hepatology,
vol. 27, no. 5, pp. 1317–1323, 1998.

[8] E. Grasselli, A. D. Compalati, A. Voci et al., “Altered oxidative
stress/antioxidant status in blood of alcoholic subjects is associ-
ated with alcoholic liver disease,”Drug and Alcohol Dependence,
vol. 143, no. 1, pp. 112–119, 2014.

[9] P. Zhang, X. Qiang, M. Zhang et al., “Demethyleneberberine, a
natural mitochondria-targeted antioxidant, inhibits mitochon-
drial dysfunction, oxidative stress, and steatosis in alcoholic
liver disease mouse model,” The Journal of Pharmacology and
Experimental Therapeutics, vol. 352, no. 1, article no. A19, pp.
139–147, 2015.

[10] D. Seth, P. S. Haber, W.-K. Syn, A. M. Diehl, and C. P.
Day, “Pathogenesis of alcohol-induced liver disease: classical
concepts and recent advances,” Journal of Gastroenterology and
Hepatology, vol. 26, no. 7, pp. 1089–1105, 2011.

[11] A. Bishayee, A. S. Darvesh, T. Politis, and R. McGory, “Resver-
atrol and liver disease: frombench to bedside and community,”
Liver International, vol. 30, no. 8, pp. 1103–1114, 2010.

[12] S. Das and D. K. Das, “Anti-inflammatory responses of resver-
atrol,” Inflammation & Allergy-Drug Targets, vol. 6, no. 3, pp.
168–173, 2007.

[13] G. Petrovski, N. Gurusamy, and D. K. Das, “Resveratrol in
cardiovascular health and disease,” Annals of the New York
Academy of Sciences, vol. 1215, no. 1, pp. 22–33, 2011.

[14] B. B. Aggarwal, A. Bhardwaj, R. S. Aggarwal, N. P. Seeram, S.
Shishodia, and Y. Takada, “Role of resveratrol in prevention and
therapy of cancer: preclinical and clinical studies,” Anticancer
Reseach, vol. 24, no. 5, pp. 2783–2840, 2004.

[15] G. Musso, “Obeticholic acid and resveratrol in nonalcoholic
fatty liver disease: All that is gold does not glitter, not all those
who wander are lost,” Hepatology, vol. 61, no. 6, pp. 2104–2106,
2015.

[16] J. Shang, L.-L. Chen, F.-X. Xiao, H. Sun, H.-C. Ding, and H.
Xiao, “Resveratrol improves non-alcoholic fatty liver disease by
activating AMP-activated protein kinase,” Acta Pharmacologica
Sinica, vol. 29, no. 6, pp. 698–706, 2008.

[17] J. M. Ajmo, X. Liang, C. Q. Rogers, B. Pennock, and M. You,
“Resveratrol alleviates alcoholic fatty liver in mice,” American
Journal of Physiology-Gastrointestinal and Liver Physiology, vol.
295, no. 4, pp. G833–G842, 2008.
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