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Abstract
Background and Objective: Hepatocellular carcinoma (HCC) is the major threat to the human health and it has got 6th rank among all
types of cancers and 3rd leading cause of cancer related death. The HCC patients have high mortality rate. Resveratrol (natural phenol)
participate in a significant way in the formation of the cell membrane and also play a significant role in functioning of membrane fluidity
and proteins. This study was aimed to examine the anticancer effect of resveratrol (RT) against diethylnitrosamine (DEN) induced HCC
in Wistar rats. Materials and Methods: For the current experimental study, the Wistar rats were used and an intraperitoneal dose of DEN
(200 mg kgG1) was given to them for the induction of HCC. The rats received various doses of RT for 22 weeks. The progressions of serum
biomarkers and macroscopical components of hepatic tissue were used to access the prophylactic effects. The antioxidant parameters,
cancer preventive agent status and apoptosis mechanism were reviewed to scrutinize the possible mechanism. Results: The RT treatment
significantly (p<0.001) altered the hepatic nodules, body weight and hepatic, antioxidant, non-hepatic parameters in a dose-dependent
manner. The macroscopical observation exhibited the hepatic nodules in DEN-induced rat’s liver and dose-dependent treatment RT
significantly reduced the formation of hepatic nodules and decolourization of tissue.  Curiously,  the  expression  of  $-arrestin-2,  Bcl-xal
and  Bcl-2  were  significantly  (p<0.001)  reduced  and  expression  of  caspase-3  and  Bax  was  significantly  (p<0.001)  increased  at  the
dose-dependent manner of RT treatment. Conclusion: On the basis of result, the authors concluded that the RT exhibited the defensive
effect against the DEN-induced HCC that might be due to antioxidant effect and actuation of apoptosis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is known as the major
health problem worldwide and having ranked 6th among all
cancers  due  to  the  high  mortality  rate  5,00,000-10,00,000.
New cases of HCC are reported every year and approximately
7,50,000 patients died from HCC. In the modern era, food
habit, environmental factor and living style seem to be the
major factor for cancer expansion1,2. It is believed that
changing of dietary composition and consumption
significantly modulate the process of carcinogenesis. The
available treatment for HCC is surgical resection and liver
transplantation, but both the treatments have limitation to the
patients such as; patient history, liver tissue and size of the
tissue which commonly affect the treatment of HCC. Both
methods are effective only when HCC is detected at an early
stage3,4. Other alternative treatment such as surgery,
radiotherapy, hormone, chemo and immune therapy are
available in hospital but the long run of these treatment have
limitations.  The  treatment  of  the  HCC  depends  upon  the
stage and type of cancer, but available treatment having the
limitation due to developing of drug resistance into the
normal as well as cancerous cells5,6 and having side effects like
diarrhoea, thrombocytopenia, alopecia and nausea etc.

The HCC is considered the most common malignancies in
developed countries as well as in undeveloped countries. The
HCC is the most common malignancies and also called the
main form of hepatic cancer due to its bad diagnosis. It is
considered to be a multigene and step malignancy process
and involved numerous pathogenesis factors such as aflatoxin,
hepatitis B or hepatitis C and heavy ethanol consumption7-9.
The HCC is started via air contamination, poisonous chemical,
fungal  poisons  and  nourishment  added  substance.
Diethylnitrosamine (DEN) is the member of  the nitroso moiety
and it also considers as the effective hepatotoxin, which are
induced by the similar hepatocellular carcinoma in human.

Apoptosis is a strictly managed mechanism of cell suicide
and is critical for cytotoxicity induced via anticancer drugs. It
is confirmed that tumour suppressor p53 is a pro-apoptotic
protein and an effective growth suppressor10, which play a
significant role in cellular apoptosis protecting organisms from
developing cancer. Several proteins regulate the p53 pathway
but Murine double minute (MDM2) consider as a significant
regulator of p53 pathway. Its play a key role in the cancer
progression and expansion. The MDM2 directly blocked the
p53 trans activation domain encouraging the degradation11,12.
It is believed that MDM2 and p53 play an important role in the
expansion and development of HCC. Both directly take parts

in the intrinsic apoptosis pathway via interacting with
members of Bcl-2 family. The Bcl-2 and Bax, both are the
members of Bcl-2 family which play potential roles in the
prognosis and progression of various human malignancies.
Bax encourage cell death via promoting the permeabilization
of mitochondrial outer membrane, such as secreting the
cytochrome C into the cytoplasm and activating the caspases
to promote the cleavage of various key cellular substrates10,12.
On the contrary, Bcl-2 averts via reducing the Bax activity.
Moreover, Bax/Bcl-2 ratio could respect the extent of
apoptosis.

In last few decades, the advancement of the cancer
therapy is limited and several researchers make effort to
identify the novel treatment for the HCC. The researchers
screened a lot of synthetic compounds but have a few
limitations such as; side effects, high toxicity and lack to target
the potential site13,14. Now the researcher focused on the
nutraceuticals, which derived from the plant or animal sources
and have the multiple functions to treat the disease. The
advantage of nutraceuticals is that they are easily available
and have less side effects and are low in cost. Several
researchers suggested that the regular intake of nutraceuticals
reduced the risk of cancer and its complication in animal and
human15,16. Phenolic phytoconstituent plays an important role
in the formation of the cell membrane and also in the
functioning of membrane fluidity and proteins. It shows
various cellular, sub-cellular functions, processes and gene
expression17,18.

Still  no  experimental  investigation  has  been conducted
on the estimation of biochemical, hepatic, non hepatic,
antioxidant estimation and alteration of apoptosis marker in
chemically induced hepatic cancer rodent via phenolic
phytoconstituent drugs. Moreover, the current study was
designed to evaluate the role of resveratrol on DEN induced
hepatic cancer rats along with estimation of possible markers
and enzymes.

MATERIALS AND METHODS

Drugs and reagents: Resveratrol and Diethylnitrosamine
(DEN) were purchased from Sigma Aldrich (USA). Collagenase
type 4, RNase, sodium cacodylate, hematoxylin and eosin were
purchased from Himedia. The Bax and Bcl-2 were purchased
from  Biosynthesis  Biotechnology  (Beijing,  P.R.  China).  The
AST, ALT, AFP and ALP were purchased from Beihua Kangtai
Biotechnology (Beijing, P.R. China). All other chemical and
reagents used in the experimental study were acquired from
the reputed vendor.
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Experimental animal: Swiss Albino Wistar rats (100-125 g)
were used for the current experimental study. For the current
experimental study, the rat were received from the
institutional animal house and kept in the single polyethylene
cage in standard environmental condition (22±5EC) and
provided standard diet pellet (Foodes pellets, Beijing, china)
and water ad libitum. All experimental study was conducted
accordance to Institutional Animal Ethical Committee
(JCH/18/02/021).

Experimental protocol: About 72 Swiss Wistar rats were used
in the current experimental study. The rats were housed in the
single polypropylene cages and randomized into six groups
and  each  group  having  12  rats.  The  rats  were  stored  in
the  controlled  condition  of  temperature  and  light
(22±3EC,  12  h  light:dark  cycle).  During  the  experimental
study, the rats were fed with standard rat pellets  and  water
ad libitum. Before starting the experimental study, the rats
were acclimatized for 14 days. The rats were divided into
following    groups    namely    group    I:    Normal    control,
group   II:   Normal   control   received   RT   (100   mg   kgG1),
group III: DEN control (200 mg kgG1), group IV-VI: Received
DEN (200 mg kgG1) and Resveratrol (25, 50 and 100 mg kgG1),
respectively.    The    single    intraperitoneal    dose    of    DEN
(200   mg   kgG1)   induced   HCC   in   the   rats.   The   level   of
alpha-fetoprotein (AFP) was estimated after 1 week
administration of DEN13,19. After that, the rats were given the
RT dose treatment. The experimental study was terminated
after 154 days, the animals were anesthetized with light ether
and the serum samples were obtained via puncturing the
retro-orbital plexus. All rats were sacrificed via cervical
dislocation and the liver tissue was excised, cleaned and
washed with ice-cold saline and further blotted to dryness.
The hepatic tissue was homogenated in phosphate buffer
saline (0.1 M; Ph-7.4) and centrifuged to obtain the clear
supernatant. The supernatant was further used for the
biochemical parameter estimation.

Morphology   and   morphometry   of   hepatocyte   nodules:
At the end of the experimental study, all group rats were
anesthetized    via    intramuscular    injection    of    ketamine
(90 mg kgG1) and xylazine (10 mg kgG1), respectively. After that
perfusion of hepatic tissue via the portal vein using the
heparinized saline, the hepatic tissue was quickly removed,
washed with ice-cold PBS to flush out any blood remaining
part,   blotted   with   paper   towel,   weighed   and   captured
the photograph. All group rats hepatic tissue was
macroscopically examined for surface as well as the presence
of hepatic nodules (greyish white in colour). The hepatic
nodules (greyish white in colour) were easily identified

because they were surrounded by reddish brown non-nodular
hepatic tissue. Vernier calliper was used for the estimation of
the size of the hepatic nodules. The hepatic nodules
categorized into three categories20 such as <1, 1-3 and >3.

Immunohistochemical          staining          for          glutathione
S-transferase placental form positive foci (GST-P+foci): For
the estimation of positive foci (GST-P+foci), 2-3 mm of the
hepatic tissue section was fixed into the ice cold solution
(acetone)  for  the  estimation  of  GST-P+foci  via  using  the
anti-mouse GST-P antibody. The avidin biotin peroxidise
complex   model   was   used   for   the   visualization   of   the
GST-P+foci (>2 mm in diameter) in the hepatic tissue section.

Biochemical parameter estimation: The hepatic parameters
such as Serum "-fetoprotein (AFP), alanine aminotransferase
(ALT),  alkaline  phosphatase  (ALP)  and  aspartate
aminotransferase (AST); non-hepatic parameter viz., total
protein, albumin, total bilirubin, direct bilirubin and blood urea
nitrogen (BUN) were estimated via using the manufacture
instructions.

Antioxidant parameters: The antioxidant parameters viz.,
superoxide dismutase (SOD), catalase (CAT), lipid peroxidation
(LPO), glutathione (GSH) and glutathione peroxidize (GPx)
were   determined   by  using   the   reported   method   of
Kumar et al.21 via minor modification.

RNA  extraction  and  cDNA  synthesis:  Trizol reagent
(Invitrogen Corp., Carlsbad, CA) was used for separation of the
total RNA from the rat hepatic tissue via using the
manufacture instruction guidelines. The pellet of RNA was
breaking down in Diethyl pyrocarbonate (DEPC) water. The
Agilent Bioanalyzer and nano-drop spectrophotometer were
used for the determination of purity and concentration of
aggregate RNA. The cDNA synthesis kits were used for the
estimation of correlative DNA via using the manufacture
instruction.

Real-time PCR analysis: Real-time PCR was utilized for the
determination of gene expression of the hepatic apoptotic
related protein. Sangon Biotech Co., Ltd. (Shanghai, China)
synthesize the primer viz., Bcl-2 forward sequence:
CCCCAGAAGAAACTGAACC, reverse sequence: GCATCTCC
TTGTCTACGC; caspase-3 forward sequence: CTGGACTGCGG
TATTGAGAC, reverse sequence: CCGGGTGCGGTAGAGTAAGC;
Bax forward sequence: GTTGCCCTCTTCTACTTTGC, reverse
sequence:  ATGGTCACTGTCTGCCATG;  Bcl-xL  forward
sequence: CGTGGAAAGCGTAGACAAGG, reverse sequence:
CAACAACCATGCCAGGAGAC;            $-arrestin-2            forward
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sequence: CCACGTCACCAACAATTCTG, reverse sequence:
TTGGTGTCTTCGTGCTTGAG and housekeeping gene GAPDH
forward sequence: TCAAGAAGGTGGTGAAGCAG, reverse
sequence: AGGTGGAAGAATGGGAGTTG, respectively. All the
PCR  reactions  were  performed  to  use  the  Maxima  SYBR
Green   qPCR   Master   Mic   and   reactions   were   completed
via using the accompanying condition utilizing a Master Cycler
TMEppendr of real plex. Abour 1 µg of hepatic tissue RNA was
used in cDNA synthesis in 96 well thermal cycler with steps
involving and incubation performed at 25EC for 10 min, 37EC
for 120 min, 85EC for 5 min, respectively. The distinctions in
quality  expression  between  the  different  groups  were
estimated  via  using  the  Ct  (process  duration,  Ct)  strategy
and also standardized to glyceraldehyde-3-phosphate
dehydrogenase   (GAPDH)   and   were   presented   as   relative
mRNA level as a comparison to control group. Differential
expression was estimated via using the 2-))CT method with
minor modification22.

Statistical analysis: The results obtained in the current
experimental studies were expressed as Mean±SEM (n = 12).
One way ANOVA was used to obtain the statistical following
at least significant difference. The p<0.05, p<0.01 and p<0.001
were considered as the significant, more significant and most
significant.

RESULTS

Effect  of  RT  on  morphology  and  morphometry  of
hepatocyte  nodules:  The  data  presented  in  Fig.  1  showed
the effect of RT on the morphology and morphometry of
hepatocyte nodules of DEN-induced HCC rats. Normal and
normal received RT (100 mg kgG1) did not show any sign of
morphometry hepatocyte nodules at end of the experimental
study. The DEN-induced control group rats showed greyish
white in colour hepatocyte nodules. The expansion of hepatic

Fig. 1(a-d): Effect of RT on the hepatic tissue of DEN control group rats, (a) Expansion of hepatic nodules (greyish in colour) and
decolourization of the tissue, (b) DEN induced group rats treated with RT (25 mg kgG1) established the hepatic nodules
(greyish in colour) and decolourization of the tissue, (c) DEN induced group rats treated with RT (50 mg kgG1) showed
the hepatic nodules (greyish in colour) and decolourization of the tissue and (d) DEN induced group rats treated with
RT (100 mg kgG1) showed the decolourization of the tissue
Normal control group and normal control+RT (100 mg kgG1) groups rat did not show any sign and symptom of hepatic nodules and the macroscopical
image of normal control and normal control+RT (100 mg kgG1)
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Table 1: Effect of RT on the development of macroscopic hepatocytes nodules induced by DEN in rats
Groups Number of rats/number of rats with nodules Total number of nodules Tumor incidence (%)
DEN control 9/9 212 100.00
DEN control+RT (25 mg kgG1) 12/11 167 91.66
DEN control+RT (50 mg kgG1) 12/7 95 58.33
DEN control+RT (100 mg kgG1) 12/3 38 25.00
Group I: Normal control and Group II: NC+RT (100 mg kgG1) did not show any visible hepatocytes nodule

Table 2: Effect of resveratrol on the size distribution and growth of hepatocyte nodules induced by DEN in rats
Relative size (Number size (%))

Total number Average number of nodules/ ------------------------------------------------------------------------------------
Groups of nodules nodules bearing rats <1 mm 1-3 mm >3 mm
DEN control 212 36.83±2.83 103 (48.58) 77 (36.32) 32 (15.09)
DEN control+RT (25 mg kgG1) 167 27.32±2.38 76 (35.84) 55 (25.94) 30 (14.15)
DEN control+RT (50 mg kgG1) 95 14.39±1.82 48 (22.64) 30 (14.15) 19 (8.96)
DEN control+RT (100 mg kgG1) 38 7.92±1.62 20 (9.43) 11 (5.18) 6 (2.83)
Group I: Normal control and Group II: NC+RT (100 mg kgG1) did not show any visible hepatocytes nodule

nodules (greyish in colour) and decolourization of the tissue
was  observed  in  Fig.  1a,  DEN  induced  group  rats  treated
with RT (25 mg kgG1) demonstrated the hepatic nodules
(greyish in colour) and decolourization of the tissue (Fig. 1b).
In Fig. 1c, DEN induced group rats treated with RT (50 mg kgG1)
illustrated the hepatic nodules (greyish in colour) and
decolourization of the tissue and Fig. 1d demonstrated that
DEN induced group rats treated with RT (100 mg kgG1)
exhibited the decolourization of the tissue. The data presented
in Table 1 showed the total number of the nodule observed in
the DEN control group rats, which suggested that the DEN
group rats having the 100% tumour incidence DEN group rats
treated with resveratrol (25, 50 and 100 mg kgG1) showed less
nodules and suggested the hepatoprotective effect via
inhibited the incidence of tumour formation and the data
given in Table 2 exhibited that the average number of the
nodules were greater in the DEN control group and resveratrol
(25, 50 and 100 mg kgG1) treatment decreased the growth of
hepatocyte nodules and also decreased by increasing the size
while normal and normal received RT (100mg kgG1) did not
show any visible hepatocytes nodule.

Effect of RT on the body weight: The data presented in Fig. 2a
showed the effect of the RT of the body weight on the normal
control and DEN-induced group rats. The initial body weight
of the all group rats was almost similar. Normal control and
normal control group rats received resveratrol (100 mg kgG1)
showed the enhancement of the body weight at the end of
the experimental study. DEN-induced rats illustrated the
augmented body weight at end of the experimental study. On
the other hand, resveratrol (25, 50 and 100 mg kgG1) received
group rats exhibited the boosted body weight at dose
dependent manner. Normal control and normal control
received resveratrol (100 mg kgG1) demonstrated the almost
similar liver and relative liver tissue weight. The DEN-induced
HCC group rats exhibited the increased liver weight as a

comparison to the normal and normal received resveratrol
(100mg kgG1). Resveratrol-treated group rats showed the
reduced   liver   weight   at   the   dose   level   of   25,   50   and
100 mg kgG1 as compared to DEN control (Fig. 2b). A similar
momentum   was   found   in   the   relative   body   weight,
DEN-induced group rats exhibited the increased relative
hepatic tissue  weight  and  resveratrol  treatment
demonstrated the reduced relative hepatic tissue weight in a
dose-dependent manner.

Effect of resveratrol on hepatic parameters: The AFP is
considered as the gold parameter and commonly used for the
estimation of HCC. During the HCC, the level of hepatic
parameters increased due to leakage into the serum. Normal
control and normal control received resveratrol (100 mg kgG1)
exhibited   the   almost   similar   hepatic   parameters.   The
DEN-induced group rats showed the up-regulation of the AFP,
AST, ALT and ALP, respectively (Fig. 3). The level of these
parameters almost double as compared to the normal control
and normal control received resveratrol (100 mg kgG1).
Resveratrol (100 mg kgG1) treatment significantly (p<0.001)
down-regulated the AFP, AST, ALT and ALP, respectively.

Effect of resveratrol on non-hepatic parameters: Similar
hepatic parameters trends were observed in the non-hepatic
parameters. The level of non-hepatic parameters such as;
albumin, total protein, BUN, total bilirubin and direct bilirubin
were found almost similar in the normal control and normal
control treated with RT (100 mg kgG1) group rats (Fig. 4). On
the other hand, DEN-induced HCC rats exhibited the alteration
in the level of non-hepatic parameters including albumin, total
protein, BUN, total bilirubin and direct bilirubin. DEN-induced
rats treated with the resveratrol (100 mg kgG1) demonstrated
the modulation in the level of non-hepatic parameters viz.,
albumin, total protein, BUN, total bilirubin and direct bilirubin,
respectively (Fig. 4).
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Fig. 2(a-b): Body  weight  effect  of  RT  on  the  normal  control  and  DEN  induced  treated  group  rats,   (a)   Initial   and   final
body  weight  of  normal  control  and  RT  treated  group  rats  and  (b)  Hepatic  tissue  and  relative  hepatic  tissue
weight
RT: Ravesterol and DEN: Diethylnitrosamine. The comparisons were made by ANOVA followed by Dunnett’s test. *p<0.05 is considered as significant,
**p<0.01 is considered as very significant, ***p<0.001 is considered as extremely significant

Fig. 3: Effect  of  RT  on  the  hepatic  parameters  on  the  normal  control  and  DEN  induced  treated  group  rats  as  AFP,  AST,
ALT and ALP
AFP: Alpha fetoprotein, AST: Aspartate transaminase, ALT: Alanine Aminotransferase, ALP: Alkaline phosphatase, RT: Ravesterol and DEN: Diethylnitrosamine.
The comparisons were made by ANOVA followed by Dunnett’s test. *p<0.05 is considered as significant, **p<0.01 is considered as very significant, ***p<0.001
is considered as extremely significant
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Fig. 4: Effect of the RT on the non-hepatic parameters on the normal control and DEN induced treated group rats as  albumin,
total protein, total bilirubin, bun and direct bilirubin
BUN: Blood urea nitrogen, RT: Ravesterol and DEN:  diethylnitrosamine. The comparisons were made by ANOVA followed by Dunnett’s test. *p<0.05 is
considered as significant, **p<0.01 is considered as very significant, ***p<0.001 is considered as extremely significant

Fig. 5: Effect of the RT on the antioxidant parameters on the normal control and DEN induced treated group rats as SOD, LPO,
CAT, GPx and GST
SOD: Superoxide dismutase, LPO: Lipid peroxidation, CAT: Catalase, Gpx: Glutathione peroxidise, GST: Glutathione-S-transferase, RT: Ravesterol and DEN:
Diethylnitrosamine. The comparisons were made by ANOVA followed by Dunnett’s test. *p<0.05 is considered as significant, **p<0.01 is considered as very
significant, ***p<0.001 is considered as extremely significant

Effect     of     resveratrol     on     antioxidant     parameters:
The  data  presented  in  Fig.  5  illustrated  the  antioxidant
effect   of   resveratrol   on   the   normal   and   DEN   treated 
group  rats.  The  resveratrol  treatment  restored  the
antioxidant   defence   via   alteration   in   the   level   of   the

antioxidant parameter as a comparison to DEN group rats.
Resveratrol   successfully   reduced   the   level   of   LPO   and
up-regulated the level of SOD, CAT, GPx and GST in
comparison   to   DEN-induced   toxic   control   group   rats
(Fig. 5).
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Fig. 6: Effect of the RT on the mRNA expression of normal control and DEN induced treated  group  rats as Caspase-3, Bax, Bcl-2,
$-arrestin and Bcl-xl
RT: Ravesterol and DEN: Diethylnitrosamine. The comparisons were made by ANOVA followed by Dunnett’s test. *p<0.05 is considered as significant, **p<0.01
is considered as very significant, ***p<0.001 is considered as extremely significant

Resveratrol boosted apoptosis in hepatic tissue: The data
presented  in  Fig.  6  represented  the  quantitative  real-time
PCR results showed the critical boosting level of mRNA
expression    of    antiapoptotic    proteins    such    as    Bcl-xl,
$-arrestin-2, Bcl-2, reduction in the level of caspase-3 and Bax
level of DEN-induced control group rats. The DEN-induced
HCC  rats  treated  with  resveratrol  showed  significantly
(p<0.001) down-regulation of antiapoptotic proteins such as;
Bcl-xl, $-arrestin-2, Bcl-2, up-regulation of caspase-3, Bax level
as compared to DEN control group rats.

Effect of resveratrol on preneoplastic foci: The GST-P+foci
were expanding in all groups rats treated with DEN. The DEN
group rats showed the decreased number of GST-P+foci and
also showed the reduced area of GST-P+foci as compared to
the normal control and other group rats. Dose dependent
treatment of resveratrol altered the preneoplastic foci at the
end of the experimental study (Fig. 7a, b).

DISCUSSION

In the current experimental study, DEN was used for the
induction of HCC. The DEN-induced group rats exhibited the
formation of greyish white nodules and decolorization of
hepatic    tissue23,24.    Resveratrol    concentration    dependent

treatment demonstrated the less number of greyish white in
colour hepatic nodules and the smooth tissue surface. It is
already confirmed that greyish white colour hepatic nodules
are the precursor of hepatic cancer23,24. Therefore, a large
number of human hepatic cancer and experimental studies on
the rodent clearly suggested that the relationship between
the number and size of hepatocytes nodules and HCC. The
reduction in the hepatic nodules formation via resveratrol
suggested the protective effect against the HCC.

The AFP is the best parameter to estimate the expansion
of HCC. During the HCC, the level of AFP significantly
increased25,26. The shape and size of the AFP protein almost
similar to the other serum protein and the concentration of its
presence in minute quantity during the normal condition27,28.
The similar minute concentration of AFP was found in the NC
and NC received resveratrol (100 mg kgG1) and DEN-induced
group rats exhibited the boosted level of AFP almost 100
times more as compared to NC and suggested the progression
of  HCC.  Resveratrol  significantly  (p<0.001)  down-regulated
the level of AFP and suggested its chemoprotective effect.
Transaminase enzymes viz., AST and ALT both are flooded in
most  of  the  human  body  tissue.  These  enzymes  catalyse
easily  formed  the  amino  groups  from  the  amino  acids  and
1-oxoacids. Both the hepatic parameters such as ALT and AST
generally used in the estimation of any changes in the hepatic
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Fig. 7(a-b): Effect of resveratrol on the number and area of
placental glutathione S-transferase (GST-P)
positive foci in DEN induced PH promoted hepatic
carcinogenesis in rats. (a) Area of GST-P+foci and
(b) Number of GST-P+foci
Values are Mean±SE, Means with different letters are significantly
different, p<0.05, whereas means with similar letters are not
different from each other

tissue29. Another hepatic enzyme ALP, also used as the
indicator of hepatic damage. During the hepatic tissue injury,
the level of ALP increased due to inhibition of conversion of
amino acids into the keto acids and start the expansion of
HCC30,31. The DEN-induced group rats showed the increased
level of AST, ALT and ALP as compared to NC and NC received
resveratrol and resveratrol reduced the level of hepatic

enzymes   and   suggested   the   chemoprotective   effect.
Non-hepatic parameters were also used to identify the
chemoprotective effect of the tested drug against the HCC.
The reduced level of total protein and albumin is used as the
indicator of reduction of protein biosynthesis due to
dissociation and destruction of polyribosomes on the
endoplasmic reticulum induced via DEN toxicant.

The liver is the significant site for the digestion  of  DEN
and during digestion DEN-induced a lot of reactive oxygen
species (ROS) and also plays a critical role to DEN prompted
cancer-inducing effects. During DEN digestion, generation of
free radical or ROS, they involved in the various stages of
carcinogenesis via progression, expansion and initiation.
Several researchers claimed that the DEN disturbs the cellular
endogenous redox balance32-34.

It is believed that tumour initiation, expansion, metastasis
and  maintenance  generally  arbitrated  via  change  in
apoptosis-related proteins. Previous studies suggested that
the dis-regulation of apoptosis is the significant basis for HCC
progression35,36. Two major pathways played a crucial role in
the process of apoptosis: first; mitochondrial arbitrated
intrinsic pathway and second; death receptor arbitrated
extrinsic apoptosis pathway. The Bcl-2 family protein, a known
group of antiapoptotic proteins, which act via neutralizing the
proapoptotic proteins viz., Bax protein and it also plays an
important role in guiding the tumour cells to undergo
apoptosis. Bax protein is commonly found in the cytosol and
is shifted to the mitochondria to instigate apoptosis, yet the
action of Bax also comes via antiapoptotic proteins such as;
Bcl-xl and Bcl-2. Bcl-2 family proteins regulated the
mitochondrial     pathway,     which     is     involved     in     the
pro-anti-apoptotic member of proteins37-39. During the
apoptosis process, pro-apoptosis protein (BAD and BAX)
translocates to the mitochondrial outer membrane and boosts
the  secretion of cytochrome C40-42. On the other hand, the
anti-apoptotic proteins such as Bcl-xl and Bcl-2 both reduce
the secretion of cytochrome C43. Several researchers
suggested that the number of cells removed from apoptosis
via  increased  the  expression  of  Bcl-xl  and  Bcl-240-42.  The
DEN-induced group rats showed the decreased expression of
pro-apoptotic proteins (BAD and BAX) and up-regulation
expression of anti-apoptotic (Bcl-2 and Bcl-xl) proteins.
Resveratrol treatment exhibited the up-regulation of mRNA
expression of pro-apoptotic expression along with down-
regulation of expression of anti-apoptotic (Bcl-2 and Bcl-xl)
protein expression in qRT-PCR. The implementation of
apoptosis was performed via activation of caspase. The
activation of caspase especially caspase-3 in two ways;
intrinsic and extrinsic pathway. In the current experimental
study, DEN group rats showed  the  decreased  expression  of
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caspase-3, while resveratrol treatment activated the caspase-3
expression. The HCC cells are directly linked to the increased
expression of caspase-3 and Bax and reduced expression of
Bcl-xl and Bcl-2. Resveratrol treatment initiated the apoptosis
via reduced the Bcl-xl and Bcl-2 expression and increased of
caspase-3 and Bax level might be considered as the crucial
mechanism for preventing the HCC. Various researchers
suggested that the $-arrestin-2 was first uncovered as an
eliminator of G protein-coupled receptor signaling and it has
been present to display the novel abilities as a signal
transducer in diverse signaling pathways. The $-arrestin-2
found to obstruct the apoptosis signaling pathways via
inactivation  of  the  intrinsic  apoptotic  pathway44,45.  The
current  experimental  study  showed  the  increased  content
of   $-arrestin-2   in   DEN-induced   HCC   group   rats   and
dose-dependent treatment of resveratrol significantly
(p<0.001) down-regulated the mRNA expression level and
claim the apoptotic effect. The apoptotic effect of resveratrol
also confirmed via an increased level of caspase-3 and Bax.

CONCLUSION

On the basis of the result, it can be concluded that the
resveratrol exhibited the chemoprotective effect against the
DEN-induced HCC. Resveratrol showed the chemoprotective
effect via alteration of antioxidant effect and enlistment of
apoptosis. Till date no successful treatment available for the
HCC, current research recommends for the potential utilization
of resveratrol in the chemoprevention of HCC.

SIGNIFICANCE STATEMENT

This study discovered the hepatoprotective effect of
resveratrol that can be beneficial for hepatic cancer and this
study will help the researchers to uncover the critical areas of
hepatocellular carcinoma that many researchers were not able
to explore. Thus a new theory on hepatocellular carcinoma
may be arrived at in this experimental study.
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