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Liver fibrosis is a significant health problem which represents the liver’s scarring process and response to
injury through deposition of collagen and extracellular matrix, and ultimately leads to cirrhosis.
Resveratrol is a naturally occurring phytoalexin found predominantly in grapes. This study aimed to
investigate the antifibrotic role of resveratrol on dimethylnitrosamine (DMN)-induced liver fibrosis in
rats. Rats were divided into four groups and treated for three weeks; control, resveratrol administered
orally (20 mg/kg daily), DMN intraperitoneally injected (10 mg/kg 3 days/week), and the last group
was pre-treated daily with resveratrol then injected with DMN, 3 days/week. DMN administration
induced severe liver pathological alterations. However, oral administration of resveratrol before DMN
significantly prevented the induced loss in body weight, as well as the increase in liver weight which arise
from DMN administration. Resveratrol has also inhibited the elevation of serum aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and bilirubin levels.
Furthermore, resveratrol significantly increased hepatic reduced glutathione (GSH) levels and reduced
the levels of malondialdehyde (MDA) due to its antioxidants effect as well as increased serum protein
levels. In addition, DMN induced elevation in hydroxyproline content. On the other hand, hydroxyproline
level was significantly reduced in the resveratrol pretreated rats. Resveratrol has also remarkably main-
tained the normal liver lobular architecture. Moreover, resveratrol had displayed potent potentials to pre-
vent collagen deposition, lymphocytic infiltration, necrosis, steatosis, vascular damage, blood
hypertention, cholangiocyte proliferation. It can be concluded that resveratrol has a marked protective
role on DMN-induced liver fibrosis in rats, and can be considered as antiproliferative, antihypertensive,
as well as antifibrotic agent and may be used to block the development of liver fibrosis.
� 2017 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Liver fibrosis is a wound-healing response to chronic liver
injury that leads to cirrhosis and liver failure if liver damage occurs
frequently. Hepatic fibrosis is a widespread health problem with a
worldwide mortality attributable to cirrhosis and primary liver
cancer of around 1.4 million deaths per year (WHO, 2002). Liver
go through wound healing processes when suffering from chronic
injury, accumulate a mass of extracellular matrix proteins and
afterward, fibrosis or scarring occurs. Several etiologies, such as
viral hepatitis, alcohol intoxication, drug abuse, metabolic disor-
ders due to mineral overload, and autoimmune diseases, attribute
to liver fibrosis (Kisseleva and Brenner, 2006; Sugimoto and Takei,
2017), which may later progress into cirrhosis. Liver cirrhosis com-
monly results in high mortality (Friedman, 2003) and consequently
develops into hepatocellular carcinoma (HCC) (Bataller and
Brenner, 2005).

Previously, liver fibrosis and cirrhosis were assumed to be irre-
versible responses whereas current thoughts hold otherwise, if the
underlying etiology is eradicated (Zhou and Lu, 2009). During acute
injury, the changes in liver architecture are reversible. With
chronic injury, there is gradual replacement of the liver parench-
yma by scar tissue. The liver has a remarkable regenerative capac-
ity, subsequently, patients often progress slowly to cirrhosis over
decades (Lee and Friedman, 2011).

Fibrosis leading to cirrhosis can accompany nearly any chronic
liverdisease that is characterizedbydisruptionand/or inflammation
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of tissue architecture. Mortality is higher because cirrhosis influ-
ences the progress of HCC, which represents the fifthmost common
cancer and the thirdmost common cause of cancermortalityworld-
wide. Epidemiological investigation predicts a peak for advanced
chronic liver diseases (CLDs), includingHCC, in the next decadewith
an expanded number of patients getting end-stage disease (Parola
and Pinzani, 2009). Currently liver transplantation is the main suit-
able treatment for end-stage liver disease, which implies that new
therapies for liver fibrosis are urgently needed (Forbes and Parola,
2011).

Reactive oxygen species (ROS) are harmful to cells, mainly due
to the destructive effect they exert on lipids, proteins and nucleic
acids, which lead to structural and functional damage (Birben
et al., 2012; Al-Attar and Al-Rethea, 2016). ROS cause liver damage
through lipid peroxidation, resulting in inhibition of mitochondrial
and peroxisomal b-oxidation enzymes, leading in turn to accumu-
lation of fatty acids in the hepatocytes, resulting in hepatic steato-
sis (Reddy and Rao, 2006). Numerous interventions have been
proposed to counteract the effects of ROS by boosting the antioxi-
dant defense systems.

Plants produce a large number of low-molecular-weight natural
products as ‘secondary metabolites’ play a critical role in the
defense of plants against infections or stress-inducing conditions.
When plants are assaulted by pathogenic organisms, Phytoalexins
are produced (Borriello et al., 2010). Resveratrol (3,5,40-trihydroxys
tilbene or 3,5,40-stilbenetriol; MW: 228.25) is a polyphenol identi-
fied as a phytoalexins and caught remarkable attention. Resvera-
trol is synthesized by several plants in response to adverse
conditions such as stress, injury, UV irradiation and fungal infec-
tion (Floreani et al., 2003). Resveratrol is produced by several plant
species, such as grapes, mulberries and peanuts. Epidemical inves-
tigation on the French paradox phenomenon laid the earliest find-
ings on the beneficial impact of resveratrol to the human body.
That the frequency of coronary heart diseases in France was much
lower than those in different nations, despite the French had high-
fat diets (Ndiaye et al., 2011). In addition to the cardioprotective
properties, resveratrol have the ability to exert vasorelaxation,
anti-inflammatory response, and ROS scavenging (Khurana et al.,
2013). Among other health benefits, resveratrol possesses anti-
tumor, anti-diabetic and anti-obesity activities (Brisdelli et al.,
2009; Jeong et al., 2012; Li et al., 2012). Currently, resveratrol is
generally extracted from red grapes, and it has been estimated that
fresh grape skin contains about 50–100 lg of resveratrol/g
(Timmers et al., 2012).

Resveratrol has been found to improve endothelium-dependent
vasodilation due to its power to enhance endothelial NO produc-
tion, to increase endothelial nitric oxide synthase (eNOS) expres-
sion in mouse arteries (Wallerath et al., 2002), implying that
resveratrol could lower blood pressure. Additionally, resveratrol
can induce major anti-oxidant enzymes (e.g. glutathione peroxi-
dase, heme oxygenase, superoxide dismutase) in cardiac and vas-
cular cells (Das et al., 2006; Thirunavukkarasu et al., 2007;
Ungvari et al., 2010) which lead to a marked reduction of oxidative
stress.

Recently, resveratrol has been recognized as an antiaging com-
pound which can be applied in neurodegenerative disease therapy.
On animal models, resveratrol has shown its effects on Alzheimer’s
disease (AD), Parkinson’s disease (PD), Huntington’s disease, amy-
otrophic lateral sclerosis, and neuropathic pain (Rosen et al., 1993;
Gao and Hu 2005; Solans et al., 2006; Sharma et al., 2007; Singh
et al., 2007). For Parkinson’s disease, resveratrol (10–40 mg/kg/d)
given orally for 10 weeks, significantly protects dopaminergic neu-
rotoxicity in substantia nigra in 6-hydroxydopamine induced PD in
rats (Jin et al., 2008). Resveratrol can also be utilized to treat acute
seizures (Shetty, 2011). Furthermore, resveratrol has anti-bacterial
effects (Docherty et al., 2007).
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Dimethylnitrosamine (DMN) is a potent hepato-carcinogen and
mutagen, induces not only liver fibrosis but also cirrhosis due to
repeated exposure of animals to its lower dosages (Ahmad et al.,
2009). Therefore, establishing effective anti-fibrotic strategies
may alter the natural history of chronic liver disease and ulti-
mately manage liver fibrosis and cirrhosis, bringing hope to mil-
lions of patients with chronic liver disease worldwide. For this
reason, this study is aiming to capture the main advances in liver
fibrosis histology, and provide the rationale for antioxidants poten-
tials of resveratrol in the prevention of liver fibrosis.
2. Materials and methods

2.1. Animals

Twenty-eight Wistar male albino rats weighing 90–116 g were
used in the experiment in accordance with the guidelines of the
Biochemical and Research Ethical Committee at King Abdulaziz
University, Jeddah, Saudi Arabia. Animals were housed in a well-
ventilated temperature-controlled room at 22 ± 23 �C with 12 h
light and dark cycles. Food consisted of standard laboratory rat
chow with free access to water. All experimental procedures were
performed between 8 am and 11 am and care was taken to avoid
all stressful conditions.
2.2. Study design

Animals were randomly divided into four groups.

Group 1 (control group): Rats were treated orally with the vol-
umes of saline and 0.5% CMC solution equivalent to those of the
resveratrol group, for 3 weeks.
Group 2 (resveratrol group): Rats were treated orally with
(20 mg/kg body weight/day) for 3 weeks. Resveratrol sus-
pended in 0.5% carboxymethylcellulose sodium CMC (Lee
et al., 2010).
Group 3 (fibrosis group): liver fibrosis was induced by
intraperitoneal injection (i.p.) of DMN (10 mg/kg body weight/-
day) on three consecutive days of each week for 3 weeks. DMN
10 ml diluted to 1 mL with 0.15 M sterile NaCl (Lee et al., 2003).
Group 4 (protection group): Rats were given resveratrol (daily),
then after 2 h lag were treated with DMN (3 days/week) for
3 weeks. 2 h lag of resveratrol administration was selected on
the basis of (Ahmad and Ahmad, 2014).

The morphological and behavioral changes were monitored
after administration of DMN. Animals were weighed at the begin-
ning of the experiment, and each week. On day 0, 7, 14, and 21.
Animals were anaesthetized and sacrificed on day 21st from the
beginning of the experiment.
2.3. Sample collection and preparation

The body weight and liver weight of the animals in each group
were measured. Before sacrifice, blood samples were obtained
from orbital vein on day 21st from all groups. Blood samples were
centrifuged at 3000 rpm and 4 �C for 8–10 min. and the resulting
clear, pale colored sera was stored in aliquots at �20 �C for bio-
chemical analysis. The animals were sacrificed at the end of the
third week under ether anesthesia. The livers of all animals were
rapidly removed rinsed in cold saline and weighed. Liver tissue
was fixed in formalin for histopathological study, the remaining
tissue stored at �20 �C until assayed.
ratrol on liver fibrosis induced by dimethylnitrosamine in male rats. Saudi
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2.4. Preparation of liver homogenate

Liver tissue was homogenized in 1:3 (w/v) Tris–HCl buffer
(50 mM, pH 7.5) at 4 �C. The final concentration of the homogenate
was adjusted to 100 mg tissue/ml (Potters B.BRALUN type:
853304/0). The crude homogenates were centrifuged at 8000 rpm
and 4 �C for 30 min (BECKMAN model J2-21). The supernatant
was used for biochemical assays.

2.5. Assay of liver function biomarkers

The activities of biomarkers of liver function were determined
using Siemens Dimension Vista� system. The activities of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were
assayed by the method of Bergmeyer et al. (1978). The activities
of alkaline phosphatase (ALP) were determined according to the
protocol described in Bowers and McComb (1966). Bilirubin was
assayed by the method of Doumas et al. (1985).

Hydroxyproline collagen (fibrosis markers expression) was
measured using manual kit (Elisa BIOTEK, Synergy HT). Hepatic
reduced glutathione (GSH) level was determined by the method
of Tietze (1969). Malondialdehyde (MDA) was measured using
the method of Ohkawa et al. (1979).

2.6. Histopathological examinations

The liver specimens were fixed in 10% neutral buffered formalin
for histological study by light microscopy (Bancroft and Gamble,
Fig. 1. Body and liver weights of all experimental groups. Statistical analysis of rats bo
treatment (G4). Body and liver weight were measured weekly throughout the study. Res
indicates a significant difference between G1 and G3. ** indicates a significant differenc
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2002). 3–5 mm liver sections were deparaffinized and processed
routinely for hematoxylin and eosin (H&E) and Masson’s trichrome
staining.

2.7. Statistical analysis

Values for weight and biochemical data are expressed as mean
value ± SD. Statistical analysis was performed by one-way analysis
of variance (ANOVA) using SPSS 16.0 software (SPSS Inc., USA). Sta-
tistical significance was estimated by t-test. P < 0.05 was consid-
ered statistically significant.

3. Results

3.1. Body and liver weights

The body weight of all groups is represented in (Fig. 1). In DMN
treated group, the ratio of the total increase in body weight was
significantly low (44.9%) compared to the other groups (88.5%,
83.3%, and 91.8% in G1, G2 and G4 respectively). However, in rela-
tive liver weight DMN treatment caused the highest increase (5.8%)
compared to other groups (5.2%, 4.9%, 5.5% G1, G2 and G4 respec-
tively) (Fig. 1). Interestingly, in resveratrol group (G2) the ratio of
the total increase in body weight was lower than the control group,
and the relative liver weight was the lowest compared to other
groups. Our results show that resveratrol pretreatment tended to
suppress the loss of body weight as well as the increase in relative
liver weight.
dy and liver weights during DMN intoxication (G3) and resveratrol (Resvtrl) pre-
ults were analyzed by ANOVA one way and are presented as mean ± SEM P � 0.01.*
e between G3 and G4.
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Ratio of the total increase of b: wt:

¼ final b: wt:� original b: wt:
original b: wt:

� 100 ð1Þ

Relative liver: wt: ¼ liver wt:
b: wt:

� 100 ð2Þ
3.2. Serum parameters of liver function

After 21 days, the levels of serum AST, ALT, ALP were shown in
Fig. 2. In the DMN-intoxicated group, activities of serum AST, ALT
Fig. 2. Serum and homogenate levels of liver biomarkers. The mean difference is signific
between G1 and G3. ** indicates a significant difference between G3 and G4.

Please cite this article in press as: Abdu, S.B., Al-Bogami, F.M. Influence of resve
Journal of Biological Sciences (2017), https://doi.org/10.1016/j.sjbs.2017.09.003
and ALP (126.60 ± 12.32, 69.80 ± 15.155, 291.20 ± 40.98 respec-
tively) were higher than the control group (119.80 ± 11.69,
59.00 ± 28.61, 249.80 ± 115.73). Resveratrol pre-treatment
reduced these DMN-induced elevations (111.40 ± 11.80,
53.60 ± 6.348, 200.40 ± 48.438). Excretion of bile pigments can be
impaired after liver damage. Pre-treatment with resveratrol
(2.40 ± 0.547) inhibited the increases in the serum bilirubin con-
tent in rats treated with DMN (2.60 ± 0.547). The total sera protein
contents were significantly decreased in DMN group (63.40 ± 2.30)
indicating DMN-mediated disruption in protein synthesis in the
liver, when compared to control values (67.60 ± 1.14). Resveratrol
pre-treatment significantly blocked these reductions in serum
ant at the 0.05 level by ANOVA one way p � 0.05. * indicates a significant difference

ratrol on liver fibrosis induced by dimethylnitrosamine in male rats. Saudi
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protein concentrations and ameliorated the protein synthesis in G4
(64.00 ± 2.00). Resveratrol pre-treatment at a dose of 20 mg/kg was
significantly effective in revising all enzymatic variables towards
normal as evidenced by t-test (P < �0.05) (Fig. 2).

3.3. Liver homogenate parameters

Hydroxyproline, an amino acid exclusively present in collagen,
the levels of hydroxyproline in liver homogenate were found to
be significantly elevated during DMN-intoxication (97 ± 0.226).
On the contrary, the resveratrol pre-treatment significantly mini-
mized the DMN-induced elevated hydroxyproline contents of liver
(0.398 ± 0.286), suggesting a decline in collagen deposition (Fig. 2).
GSH level as measured in the liver tissue of all the experimental
groups has been shown in (Fig. 2). DMN administration caused
massive reduction in liver GSH level (10.256 ± 2.026). Pre-
treatment with resveratrol elevated that reduction (15.78 ± 4.46).
The level of MDA as an index of lipid peroxidation, a degradative
process of membrane lipids, in liver tissue of DMN treated rats
was significantly (P < 0.01) elevated (60.196 ± 20.34) when com-
pared to control animals (31.51 ± 17.64). Pre-treatment with
resveratrol significantly decreased the elevation of MDA
(42.98 ± 1.35). According to data shown in Fig. 2 Pre-treatment
with resveratrol was significantly effective in retaining all the mea-
sured parameters (G4) at normal levels as evidenced by Student’s
t-test (P � 0.05).

3.4. Histological study

Light microscopic study of the control liver (G1) showed normal
liver architecture with portal areas demarcated by connective tis-
sue, Normal amount of collagen fibers was observed at the portal
area. At the center of the lobule is the central vein, into which
the sinusoids drain. Anastomosing plates of hepatocytes, separated
by sinusoids that perfuse the cells with the mixed portal and arte-
rial blood were radiated from the central vein. The hepatocyte has
one or two nuclei (Figs. 3 and 4A). In resveratrol group (G2), the
histology was virtually the same as the control with normal lobular
structure (Figs. 3 and 4B). Administration of DMN for 21 days
induced severe histopathological changes in the liver tissue (G3).
Masson’s trichrome stain demonstrated dilatation of central veins
with slight pericentral fibrosis and well developed portal fibrosis.
Collagen deposition was distinct on day-21 of DMN treatment
(Fig. 3C). Sections has fibrous, disorganized portal tracts with
bridging fibrosis and extensive proliferation of the bile ducts (duct
hyperplasia), a large number of small bile ducts and a smaller num-
ber of large dilated bile ducts were seen as well as multiple bile
ductules in the periphery of a portal area (Fig. 3E). H&E staining
showed distinct vascular thrombosis in many portal veins, focal
congestion and hemorrhage with marked dilatation and deforma-
tion of central and portal veins (Fig. 4C). Early cirrhosis was noticed
in some areas owing to the portal tracts expansion by inflamma-
tory cells. As liver cells were destroyed, the portal tracts became
extended by fibrosis. Lymphocytic inflammation and damage
extended to bile ducts in portal tracts. Many portal tracts appeared
to have enlarged arteries and ducts (Fig. 3E) Fig. 4c. In addition,
numerous irregular arterial branches, visible arterial sprouting
was observed along with dilatation of portal veins. Severe disrup-
tion of vascular architecture such as obliterative portal venopathy
(Fig. 4C) was evident. Thickening of the central vein wall was seen
in many areas. Thrombi were common (Fig. 4C), hepatic small ves-
sels showed signs of vasculitis and wall thickening with frequent
vascular thrombosis (Fig. 4E). Infiltration of mononuclear cells
was observed in portal tracts. Inflammatory lymphocytes may also
be present in hepatic parenchyma within sinusoids. Widespread
ballooning of hepatocytes owing to hydropic degeneration was evi-
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dent (Fig. 3E). Spotty necrosis, small aggregates of inflammatory
cells of lymphocytes and activated Kupffer cells/macrophages in
the lobule was seen (Fig. 3E). Necrosis is characterized by cell swel-
ling, karyolysis, cell lysis, and release of cellular contents. The cyto-
plasm has lost definition and the plasma membranes are indistinct.
Complete breakdown of nuclear material was seen and karyolysis
was evident leaving the dead cell as an anucleate (Fig. 4E). There-
fore, the liver parenchyma displayed several areas of hepatocyte
sufferance represented by areas of cellular ballooning, vacuolar
degeneration, steatosis, hemorrhage as well as spotty and single
cell necrosis. Accumulation of easinophilic material inside portal
veins (Fig. 4G) as well as lipid droplets in many areas inside the
portal veins, ducts and hepatocytes was noticed. Portal veins wall
were replaced by a thick fibrous tissues.

The effect of resveratrol supplementation before DMN adminis-
tration was documented. Using Masson’s trichrome stain, fibrosis
was noted during the treatment of rats with DMN with the depo-
sition of collagen fibers surrounding the portal areas, central veins.
Thickening and deposition of these collagen fibers was markedly
reduced in resveratrol pre-treated rats (Fig. 3D and F). Resveratrol
pre-treatment greatly suppressed the levels of necrotic liver dam-
age by minimal inflammatory cells infiltration (Fig. 4D and F);
spotty necrosis was extremely reduced as well as, single cell necro-
sis compared to DMN group. Regenerating hepatocytes were seen
in many places. Fibrosis, vascular dilatation, congestion, wall thick-
ening, duct proliferation, and necrosis were considerably amelio-
rated by resveratrol supplementation before DMN treatment. In
contrary to DMN group, resveratrol preserved the portal vein wall
structure normal. Eosinophilic material and steatosis in the portal
area and hepatocytes were highly reduced compared to DMN
group (Fig. 4H). Administration of resveratrol daily before DMN
at 20 mg/kg maintained to a large extent the normal architecture
of the liver. The histopathological alterations from DMN were
remarkably reduced in the liver of this group. Resveratrol pre-
served almost normal lobular pattern with better cord arrange-
ment of hepatocytes.
4. Discussion

Liver toxicity is one of the most important diseases in the world.
Therefore, the efforts in the hepatoprotection and treatment of
liver disorders are highly needed. DMN induced liver fibrosis in
rats is one of the most extensively studied experimental model
for clarifying the mechanism of liver fibrosis. The model imitates
fibrosis in human liver. It is suitable for evaluating the efficacy
and hepatoprotective potential of natural and synthetic com-
pounds (Ahmad et al., 2014). The present study was conducted
to evaluate the protective effect of resveratrol against DMN
induced hepatic fibrosis.

The present study showed that resveratrol prevented the
decrease in body weight as well as the increase in liver weight
resulted from DMN administration. Oral administration of resver-
atrol was able to keep the damage to near normal biomarker levels
and reserve histological integrity. Resveratrol supplementation
significantly regulated the DMN mediated alterations in biomark-
ers of hepatic fibrosis. The AST, ALT and ALP are markers of hepa-
tocellular injury (Wegwu et al., 2005) and their elevation in serum
reveals cellular leakage and loss of the functional integrity of cell
membranes in liver (Rajesh and Latha, 2004). Decline in AST, ALT
and ALP levels after resveratrol administration indicated improve-
ment in hepatocytes integrity. AST is indicative of necrosis. ALT is a
cytosolic enzyme, an increase in enzyme activity reflects increase
in cell membrane permeability which in turn associated with cell
death (Rosen and Keeffe, 2000). ALP is a membrane bound enzyme
and mainly arises from the lining of the bile canaliculi and
ratrol on liver fibrosis induced by dimethylnitrosamine in male rats. Saudi
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Fig. 3. Light micrographs of rat liver sections showing (A) control, (B) resveratrol, the histology is the same as the control with normal lobular structure; (C) DMNwith central
veins dilatation and disrupted vascular architecture (arrows), collagen deposition (stained in blue) around the central vein and portal area; (D and F) resveratrol pretreated
group, exhibiting minimal fibrosis, with normal central veins and portal areas. Thickening of collagen fiber bundles and central vein dilatation is markedly reduced by
resveratrol pretreatment. (E) DMN, bridging fibrosis between two portal areas with marked increase in collagen content. Note bile ducts proliferation (arrows) and muscular
hypertrophy of a hepatic artery (*). Central vein (CV) and portal area (PA). Masson’s trichrome stain (A, B, C and D X40; E and F X 200).
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sinusoidal surface of hepatocytes that is excreted by the liver nor-
mally via bile (Muriel and Escobar, 2003). ALP is an indicator of
cholestasis, interruption in the excretion of bile, caused by obstruc-
tion within the liver (Giannini et al., 2001). The obstruction causes
bile salts, the bile pigment bilirubin, and fats to accumulate in the
blood stream instead of being eliminated normally. The liver occu-
pies a central role in the metabolism of bile pigments in the hepatic
uptake, conjugation, and excretion of bile pigments which can be
impaired after liver damage. Bilirubin is one of the most useful
clinical parameters to know the severity of hepatic necrosis which
is resulted from the degradation of hemoglobin and excreted into
the bile. Resveratrol decreased the elevated level of serum bilirubin
in the present study, suggesting that it can be used in the acute
condition of jaundice (Fan et al., 2009). In addition, the decreased
value of sera protein in DMN group suggesting a decrease in the
synthesis of protein due to the necrosis that was noticed in this
Please cite this article in press as: Abdu, S.B., Al-Bogami, F.M. Influence of resve
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group. On the other hand, this parameter was increased in resver-
atrol pretreatment suggesting amelioration in cell content and
integrity.

Oxidative stress, either mediated by ROS or free radical species,
results in the oxidative decomposition of membrane phospholipids
that lead to the formation of end products such as malondialde-
hyde (MDA), 4-hydroxy-2,3-nonenal (HNE) and other 4-hydroxy-
2,3-alkenals (Ahmad and Ahmad, 2014). ROS and free radicals, gen-
erated during cytochrome P450-mediated DMN metabolism, have
strong potential to react with triglycerides of the hepatic biomem-
branes and would inflict peroxidative damage to produce lipid per-
oxides. Lipid peroxidation is a common event in any toxic
phenomenon. It occurs to a limited extent under normal physiolog-
ical conditions, but external factors can augment this process so
that it escapes cell control which leads to damage of macro-
molecules such as lipids in the cell membrane and eventually
ratrol on liver fibrosis induced by dimethylnitrosamine in male rats. Saudi
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Fig. 4. Histological analysis of rat liver sections showing (A) control, normal liver structure with polygonal hepatocytes (H), prominent nucleus (N), sinusoids (S) and central
vein (CV); (B) resveratrol treatment, normal structure with organized plates of hepatocytes separated by sinusoids (S). (C) DMN, early cirrhosis with dilated, congested portal
vein and the extension of inflammatory cells from the portal tract into the periportal parenchyma (arrows). (D) Resveratrol pretreatment, tissue architecture appears to be
similar to that of control rats. (E) DMN, typical lymphocytic inflammation spotty necrosis (N) and damage to bile ducts in portal tracts (*). Note, proliferation of bile ductules
(BD), fat droplets (thick arrow) inside ducts, veins, and hepatocytes. Most of the hepatocytes (H) are swollen and hydropic, but some are shrunken and necrotic (arrows); (F)
resveratrol pretreatment shows preserved and organized hepatocyte plates and sinusoids. Necrosis is rare. (G) DMN. Dilated and thickened fibrotic portal vein (arrow) with
eosinophilic material (E) and large amount of fat droplets inside the vein (short arrow), hepatocytes show ballooning and steatosis. Note the large number of fibroblasts lining
the vein wall, and liver cell regeneration (head arrows). (H) Resveratrol pretreatment. Note the big difference in the wall thickness of the portal vein between (G and H), the
fat inside the vein, and the eosinophilic material. (H&E) stain (A, B, C, and D �100; E, F, G and H �400).
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causes membrane damage and cell death (Chávez et al., 2008). Our
data on liver of DMN-treated rats showed significant increase in
MDA levels as well as a significant decrease in GSH levels. MDA
parameter is an indicator of oxidative stress and disruption in hep-
atocytes membrane integrity. On the other hand, the significant
depletion of MDA levels and elevation of GSH levels in resveratrol
pretreated animals may reflects a decrease in lipid peroxidation
and increase in tissue antioxidant defense enzymes. This indicates
that resveratrol could reduce the generation of free radicals as well
as boost the free radical scavenging mechanism. Resveratrol has
previously been studied against lipid peroxidation and GSH alter-
ations for its hepatoprotective activity (Rivera et al., 2008). The
study has also shown that feeding rats with resveratrol alone has
a normal effect on the previous parameters which indicate the
safety of using resveratrol.esveratrol administration showed
restorative effects on hydroxyproline concentration in liver tissues
(Hong et al., 2010) as well as in the present study. As expected,
DMN treatment for 3 weeks resulted in the development of fibro-
sis, thus causing the accumulation of hydroxyproline and extracel-
lular matrix.

In the present study, fibrosis, early cihrrosis, ducts proliferation,
vascularization, lymphocytic infiltration, focal necrosis, hydropic
degeneration of hepatocytes, steatosis, as well as portal hyperten-
sion, all these were histopathological manifestations occurred due
to DMN intoxication. Administration of resveratrol before DMN
treatment has remarkably diminished all these histopathological
alterations and accelerated regeneration of parenchymal cells.

Inflammatory activity in fibrosis can be divided into two main
components; the first involves portal tracts with variable extension
into periportal regions, the second involves liver parenchyma
(Vollmar and Menger, 2009). In the present study, both areas were
affected. Balloning of hepatocytes or hydropic damage and necrosis
are probably reflects a defect in the membrane permeability due to
ROS from DMN treatment. These changes were markedly reduced
by resveratrol pre-treatment which means that resveratrol has
probably counteracted the pathological effect of DMN on liver tis-
sue. In this study, bile ducts proliferation owing to ducts obstruc-
tion, impeded bile flow which in turn caused proliferation of
ductules at the edge of portal tracts. Inflammatory damage to the
bile ducts may cause cholestasis and damage to hepatocytes. Portal
hypertension resulted from an increase in vascular resistance and
an elevated portal blood flow owing to vascular obstruction within
the liver (Alan et al., 2002). Portal hypertension is a common clin-
ical syndrome associated with chronic liver diseases. In the present
study, occasional capillaries are blocked, portal hypertension has
occurred in response to muscular hypertrophy of portal vein
branches. In the present study histopathological alterations
include, the hepatic cell plates have been destroyed and there is
marked disarray and destruction of hepatocytes, many hepatocytes
being atrophic. Bridging necrosis is more severe form of the inflam-
mation. The portal tracts are enlarged and infiltrated with inflam-
matory cells which extended into the lobule accompanied by
necrosis of individual hepatocytes. The present study proved that
in the liver sections of resveratrol pre-supplemented rats, thicken-
ing of the collagen fibers was significantly reduced. Surprisingly,
fat accumulation in the veins, ducts, and hepatocytes was highly
eliminated, lymphocytic infiltration and necrosis was markedly
reduced. All these characteristics of resveratrol depicting the
potential antifibrotic role of resveratrol. Histological architecture
was remarkably saved. Using resveratrol pretreatment, the pro-
gression of fibrosis was halted, and the liver function was greatly
preserved.

In conclusion the present study proved that resveratrol pos-
sesses strong potentials as a promising antifibrotic and hepatopro-
tective agent through boosting up antioxidant defense, alleviating
Please cite this article in press as: Abdu, S.B., Al-Bogami, F.M. Influence of resve
Journal of Biological Sciences (2017), https://doi.org/10.1016/j.sjbs.2017.09.003
oxidative stress, thus maintaining structural integrity of biomem-
branes and banning steatosis as well as fibrosis of liver, declaring
great potentials in the prevention of fibrosis. Resveratrol ability
to suppress proliferation of cells as well as reduces portal pressure,
necrosis, steatosis, and liver fibrosis suggesting it may be used as a
useful dietary supplement in the prevention of portal hyperten-
sion, jaundice, lipidosis and liver fibrosis.
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