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ABSTRACT

Hepatocellular carcinoma (HCC) is one of the mdj@alth burdens and the fifth most common cancetdwade.
Although there are several drugs available to cohtrancer growth, there are fewer drugs presenthgilable to
specifically inhibit the metastasis of cancer cellgrevent its angiogenesis. The present studgaito investigate
the protective or therapeutic effect of resveratfohtural phytoalexin) on diethylnitroseamine (DENAduced
hepatocarcinogenesis in rats. Rats were injectat aisingle dose DENA (200mg/kg b.w, i.p) only ithwre and
post treatment of low and high doses of resverd800mg/kg b.w and 450mg/kg b.w) respectively églifig for 9
months. To elucidate the mechanism by which retetrexerts its function as anticancer agent, todofving
parameters were determined: aspartate and alaniménatransferase (AST, ALT), alkaline phosphatadePjA
total bilirubin as liver function test; vascular dothelial growth factor (VEGF) as a marker for angenesis and
heparanase, elastase and matrixmetalloproteinasbdfd) as markers of metastasis. Histopathological
investigation was also confirmed. All parameterse aelevated in DENA group, which confirmed by
histopathological analysis where hepatic hemorrisagssociated with necrosis, hyperchromatism, hypsigq
proliferating hepatocytes were noticed. While thrdmanistration of resveratrol improved all biochemlicand
histopathological changes in post-treated groupserthan pre-treated one, indicating that resveratmay be a
potent anticancer agent and its therapeutic effeatore potent than protective effect.

Keywords: Hepatocellular carcinoma, Chemoprevention, Resk@raingiogenesis, Metastasis.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the mosgdient tumors representing the fifth commonesignahcy
worldwide and the third cause of mortality from carjl]. The vast majority of HCC cases is attrildute
underlying hepatitis B and hepatitis C virus infest but several other risk factors, e.g., excessicohol
consumption, obesity, iron overload as well as remvhental and chemical carcinogens are also indolxeits
etiology[2,3].The survival of patients with clinibaapparent HCC is generally limited a few montifike majority
of patients with symptoms of HCC have tumors thiatreot amenable to curative treatment becausesaértensive
involvement of the liver, invasion of the hepaticpmrtal vein and the presence of metastases [Hh5fiew of the
limited treatment by surgical resection or liveartsplantation and negative prognosis of liver cgneeventive
control approaches, notably chemoprevention has beasidered to be the best strategy in lowerirgpresent
prevalence of the disease [6].
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Tumor growth and expansion requires an ability exdy to proliferate, but also to down-modulate alath and
activate angiogenesis to produce a tumor neovascealaMetastasis of cancer cells to distant sitesnie of the
major deciding factors in cancer outcome [7,8]. f&wt, prognosis of cancer is mainly determined hg t
invasiveness of the tumors and its ability to metsige. Thus, the promotion of apoptosis with aatastasis and
antiangiogenesis targeting strategies is one ointip@rtant focuses in current cancer therapy [8f Gevelopment
of such novel, effective and less or no toxic coomas with multiple mode of action for targeted artherapy has
become an innovative approach and efforts have tieected towards discovering such anticancer agemtiowed
with cytotoxic action [10,11].

It has been demonstrated that dietary factors iboré to as much as one-third of potentially présble cancers
[2]. Epidemiological and current laboratory stud&gygest consumption of certain types of fruits aedetables,
containing phytochemicals, is associated with reducancer risk, where they can function as chenveptae
and/or adjuvant chemotherapeutic agents [12]. @Qok phytochemical is resveratrol (3, 4, 5-trihydrstdbene). It
is a stilbene-type aromatic phytoalexin predomilyafdund in grapes, peanuts, berries, turmeric, athebr food
products [13]. Resveratrol exists as two geométrmers, trans and cis forms. The trans- and eigeratrol can be
either free or bound to glucose [14]. The transAafaran undergo isomerization to the cis-form wheposgrd to
ultraviolet irradiation, a process called photoisviration[15].Resveratrol has been reported to Biklseveral
physiological activities including anti-aging, argncer, antiviral, anti-diabetic, anti-inflammatpskin-, neuro- and
cardio-protectiveactivitiegn vitroand in experimental animal models, as well as imdms [16]. Resveratrol has
elicited much attention as a potential anticangana since its inhibitory effect on carcinogeniogesses at the
initiation, promotion, and progression stages [1SUbsequently, numerous studies have illustratederatrol's
capacity to modulate a multitude of signaling pailisvassociated with cellular growth and divisiopoftosis,
angiogenesis, invasion, and metastasis [18].

Fig. 1. Structure of trans and cis— resveratrol

However, despite the identification of numerous ewalar targets, the underlying mechanisms involvethe
anticancer activities of resveratrol are not corghje understood. So, we demonstrate in this studyoeel
antiangiogenic and antimetastatic-related mechafesmesveratrol-induced inhibition of liver tumgrowth.

EXPERIMENTAL SECTION

2.1 General

Trans-resveratrol(98% purity) was purchased froren2hen Sungening bio-technologyCo., Ltd.(Shen Zbiwyn
518116, China). All other chemicals and solvenedus this study were of the highest purity andlgiwal grade,
and purchased from Sigma-Aldrich chemic (Deisenh@ermany).

2.2 Animals and treatment

The animal care and handling was done accordinligeg@uidelines set by the World Health Organizati®aneva,
Switzerland. Healthy, and according to approvahifrthe Committee for Animals Care at the Nationatésech
Centre, Egypt.Eighty of adult male Sprague-Dawlkgtg with body weights 120-150 g, bred in the AnifHaluse
Colony of The National Research Centre, Dokki, GEgypt. Animals were allowed 7 days for acclimatian at
24°C with 12 hr light — dark cycle and fed a staddaboratory diet and watexd libitunbefore the experiment.
After one week of acclimation, the animals werentdevided into eight groups of rats each of teroupr1: (control
group) rats fed a plain chow diet for 9 months. @r@: (low dose resveratrol group) rats fed redverat a low
dose of (300 mg/kg b.w) for 9 months. Group 3: hitpse resveratrol group) rats fed resveratroltdgh dose of
(450 mg/kg b.w) for 9 months. Group 4: (diethyloeamine treated group) rats received a single dbse
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diethylnitroseamine (DENA) intraperitoneally (i.p)a dose of (200 mg/kg b.w),two weeks later ratsewgiven a
single dose (2 ml/kg b.w) of carbon tetrachlori@€(,) by oral cavage. Group 5: (low dose resveratrettpeated
group) rats fed resveratrol at a low dose of (3@@ken b.w) for 4 weeks before being injected witkiragle dose of
DENA i.p.(200 mg/kg b.w), after 2 weeks rats wereeg a single dose of CGL2 ml/kg b.w) as previously
mentioned, followed by feeding the rats with restal (300 mg/kg b.w) for 9 months. Group 6:(highsd
resveratrol pre-treated group) rats fed resveraire high dose of (450 mg/kg b.w) for 4 weeksnthemplete as
mentioned in group 5. Group 7: (low dose resvelginst-treated group) rats received (i.p) a sirgise of DENA
at a dose of (200 mg/kg b.w), after 2 weeks the wagre given a single dose of CGtrally at a dose of (2 ml/kg
b.w), followed by feeding rats with low dose of vemtrol (300 mg/kg b.w) for 9 months. Group 8:thidose
resveratrol post-treated group) the same as grouqut7rats fed high dose of resveratrol (450 mdikg) for 9
months.

At the end of the treatment protocol, food was héld for 16-18 hr., animals were anesthetized witier and
blood samples were drawn from the retro-orbitakpgeof the individuals of all groups. Samples wiefe to clot
then centrifuged at 3000 rpm for 15 min to sepattatesera and stored at 220until analysis. This was then used to
determine ALT, AST and ALP activities and total itibin level spectrophotometrically according toeth
manufacturer's instructions, using reagent kitsaioled from Biomerieux (France).After blood collecij all
animals were sacrificed by decapitation and thears were rapidly excised, weighed, washed witineaand a
portion of it was preserved in 10% formalin in saliand subjected to histopathological analysis.r€heining part
of liver immediately homogenized in ice-cold 10%cmase buffer using Omni tissue master homogenikke
homogenate was centrifuged at 1700 rpm at 4°C lemdesulting supernatant was stored at®Z@or biochemical
analysis.

2.3 Histopathological analysis

Samples of the liver from all animals were fixedL®?o neutral formalin and embedded in paraffin waections 4
um thickness) were stained with hematoxylin and edBl&E) and examined microscopically for detection of
histopathological alteration[19].

2.4 Estimation of VEGF concentration

VEGF concentration was determined in serum usingSBELkit obtained from Koma Biotech Inc., Korea. $hi
technique depends on binding VEGF antigen to aifspemmobilized antibody. The formed immune comple
binds to avidin-peroxidase conjugate, and a cobwetbped in proportion to the amount of VEGF bowurch was
measured spectrophotometrically at 450 nm.

2.5Determination of heparanase activity

Heparanase activity was determined in serum usli§A kit obtained from Glory Science Co., Ltd (DRlo, TX
78840, USA) according to the manufacturen'structions The kit assay rat heparanase level in serum ymined
rat heparanase to coat microtiter plate wells, makelid-phase antibody, then add rat heparanaseetts
containing enzyme labeled to form antibody-antigemyme-antibody complex, after washing completeld a
substrate solution which becomes blue color at mezgatalyzed, reaction is terminated by the addithd a
sulphuric acid and the color change is measuredtisgotometrically at 450 nm. The concentrationsefum
heparanase in the samples is then determined byarimg the O.D. of the samples to the standardecurv

2.6. Determination of elastase activity
The elastase activity is determined in serum bygatalytic effect on the N-succinyl-trialanginitroanilide substrate
releasingp-nitroaniline ENA) which is measured photometrically at 405 nm[20]

2.7 Estimation of MMP-2 and MMP-9 levels

Serum MMP-2 and MMP-9 levels were determined ugih$SA kit purchased from Glory Science Co., Ltd [De
Rio, TX 78840, USA) using purified MMP-2 or MMP-6 toat microtiter plate wells, makes solid-phasibady,
then add MMP-2 or MMP-9 to wells containing enzyialeeled to form antibody-antigen-enzyme-antibodyptex,
after washing completely add substrate solutionctvhbecomes blue color at enzyme-catalyzed, readson
terminated by the addition of a sulphuric acid #mel color change is measured spectrophotometrieal450 nm.
The concentration of Serum MMP-2 and MMP-9 in thenples is then determined by comparing the O.Ohef
samples to the standard curve.
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2.8 Estimation of sirtuin concentration

Sirtuin concentration was determined in tissue hgenate using ELISA kit obtained from Glory Scier@e, Ltd
(Del Rio, TX 78840, USA). The kit assay rat sirtua@vel in tissue homogenate using purified ratugirto coat
microtiter plate wells, makes solid-phase antibdtign add rat sirtuin to wells containing enzymelad to form
antibody-antigen-enzyme-antibody complex, afterhireg completely, add substrate solution where a bhlour is
obtained. The reaction is terminated by the addittd a sulphuric acid and the color change is measu
spectrophotometrically at 450 nm. The concentratibrat sirtuin in the samples is then determingcdmparing
the O.D. of the samples to the standard curve.

2.9 Statistical analysis

Data were expressed as mean + standard error af ($#M). Results of biochemical studies were dtatily
analyzed using one-way analysis of variance (ANOMA)case of the significant F-ratiBpsthoc Bonferroni’$est
for multiple comparisons was done. All statisticerevdone using SPSS (Version 17) for Windows (QfugdL,
USA). Differences were considered significant &\alue less than 0.05.

RESULTS AND DISCUSSION

Therapeutic intervention for HCC remains elusivel dhere is a strong rationale to justify a chemopnéive

approach for the treatment of this disease [21]CHEcharacterized by active angiogenesis and tastaswhich
account for rapid recurrence and poor survival R2yiogenesis is an essential component of the stetia
pathway. These vessels provide the principal rbytevhich tumor cells exit the primary tumor sitedaenter the
circulation [23].0ne of the key events in tumor asasis is the adherence of tumor cells to bloaselewalls,
followed by penetration of the vessel wall and shidsequent emigration of tumor cells into tissUdgse events
require localized degradation of the inter-enda#thadell junctions and sub-endothelial matrix casints [24].

Therefore the present study aimed to investigate fiotective or therapeutic effect of resveratral lover

carcinogenesis as antiangiogenic and antimetastgéiot in experimental animals.

The activities of liver enzymes (AST, ALT and ALBNd bilirubin level of all experimental groups wegigen in

(Table 1). The results revealed that the activibésthese enzymes and the level of bilirubin weagmnificantly

higher in DENA group compared to control groupsttesults were in parallel withthe finding of Gaiskt al. [25]

whomentioned that the levels of hepatic enzymesagtel in liver damage due to tissue necrosis or lonane
damage and subsequent leakage of enzymes inteiine sFeeding rats with resveratrol alone didrféetfon the
previous parameters which indicate the safety @igusesveratrol. While there was a significant éase in the
activities of liver enzymes and bilirubin level pre-treated and post-treated groups compared toAD&fMup.

While, the ameliorative effect of post-treatmenswaore pronounced than that of pre-treatment.

Table 1.The effect of resveratrol on liver functionin all groups

Group (?UC/’LT) (I(f‘JF/’LT) (ﬁj"/f) Bilirubin (mg/dl)
- Control 54.48+1.40  38.90+1.03 100.62+3.53 1.33@0.
- High dose resveratrol 56.10+2.10 39.86+2.51 15617 1.30£0.10
- Low dose resveratrol 53.66+3.11 38.24+1.58 108688 1.29+0.13
-DENA 132.1846.7° 105.3246.7°  250.46+8.5° 3.5240.2%
- Low resveratrol pre-treated ~ 91.41+5'87 80.81+3.09"* 150.36%6.53" 2.730.3%*
- High resveratrol pre-treated ~ 82.35+£00 71.93+4.44" 141.89+6.89" 2.33+0.16"
- Low resveratrol po-treater  71.72+2.8%f  52.42+2.0°  122.756.0° 1.9340.12
- High resveratrol post-treated ~ 74.26+32 54.00+0.27  128.29+0.23* 1.960.18

Values are expressed as mean +SE (n=10), a: DEfAmwas compared to the control group. b: resuelgtost and pre-treated groups were
compared to DENA group, significant at P<0.05.

Hepatic histopathological features of control argegimental groups of rats were illustrated in (R2é-K). In this
study, damage to hepatic structure integrity indubg DENA is further supported by our histopathitad
examination, where hepatic hemorrhage associatéld mécrosis, hyperchromatism, hyperplasia, praiiag
hepatocytes were noticed. Treatment with resvdralone at high or low doses showed normal livesue as in the
control group depicts the non-toxic property ofviegsitrol. The post-treatment with resveratrol afiéministration
of DENA showed that the hepatocytes thereby présgmear normal architecture. While the pre-treatimeith
resveratrol before DENA administration showed ddpsghocytic infiltration of portal tract by inflamatory cells,
moderate necrosis, moderate ballooning degenerafidrepatic cells, enlarged nuclei with increasenber and
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prominence of nucleoli. These results indicate thatpost-treatment with resveratrol was more &ffechan pre-
treatment (Figure 2).

Fig 2.Normal liver tissue showed hepatic lobule wit normal architecturebrought out central vein and @lls with preserved granulated
cytoplasm and small uniform nuclei and nucleolus (A Liver of rats treated with high (B) and low (C) doses resveratrol, showing normal
histological structure. DENA treatment showed los®f architecture with many different histological paternsis extremely variegated may be
seen from hyperchromatic and irregular nuclei with fibrosis, fatty infiltration and thin walled sinusoids and disarrangement
withdegenerationof hepatocytes. The cells are sligh larger, have more irregular and malignant nucleus, mitotic,granular cytoplasm with
neoplastic cells (D and E). hyperchromatism, hypeipsia, proliferating hepatocytes(F), focal hepatihiaemorrhages and necrosis(G). Liver of
the DENA post-treated with high (H) and low (1) dogs of resveratrol, showed improvement in the hepatipattern as previously seen in normal
control. Liver of rats pre-treated with high (J) and low (K) doses of resveratrol before DENA sowed dese inflammatory cells infiltration of
portal tract, moderate basemel necrosis of liver dis (moderate activity) (J), and dense lymphocytiinfiltration of portal tract by inflammatory
cells, moderate necrosis, moderate ballooning degenation of hepatic cells, enlarged nuclei with incease number and prominence of nucleoli
(K)(H&E, 200x)
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Tumor angiogenesis performs a critical role in tunpwogression through which the tumor establishes a
independent blood supply, consequently facilitatingnor growth and favoring the transition from hygasia to
neoplasia [26]. This process is regulated througlalance of proand antiangiogenic factors. VEGF seems to be
the most potent and predominant angiogenic celfaletor sustaining tumor growth [27]. The presdatlg showed
that although he level of VEGF was significantlglmér in DENA group as compared to control groupatment
withresveratrol decreased the level of VEGF in tpeated and post-treated groups compared to DENApgr
indicating that resveratrol improved angiogend3ig, the significant improvement of resveratrol pweated group
was more pronounced than that of pre-treated giiaipé 2).

Heparanase is a heparan sulfate (HS) degradinggbrdsidase participating in extracellular matriggdadation
and remodeling [28]. Heparanase seems to modukatectitical systems involved in tumor progressioamely

VEGF expression and epidermal growth factor reaefGFR) activation. Neutralizing heparanase enziorand

non-enzymatic functions is therefore expected twfqundly affect tumor growth, angiogenesis, and asitsis
where heparanase induction correlated with incoeismor metastasis, vascular density, and shodstoperative
survival of cancer patients, thus providing a sraslinical support for the prometastatic and proaggnic

functions of the enzyme and positioning heparaaasan attractive target for the development ofcantier drugs
[24, 29]. In addition, elastase is another broauye proteolytic enzyme thought to be a tumor pteminvolved in

increasing tumor cell invasiveness by facilitatoedl motility and transendothelial migration ahés the ability to
degrade the basement membrane and extracellulaixghgtoproteins such as elastin, fibronectin, aslivas

adhesive molecules and junctional cadherins[30]rddeer, elastase considered to be protease thalblés to

degrade insoluble elastin, a structural componéptastic tissues such as blood vessels, skin, livey and breast
tissues [31].

As shown in Table 2,the results showed that thivibes of heparanase and elastase enzymes wendicagtly
increased in DENA group as compared to control graMhile the treatment with resveratrol decreagmlenase
and elastase activities in pre and post-treatedpgr&ompared to DENA group which indicate that eesatrol
inhibit metastasis. Otherwise, the results indi¢dtet, the post-treatment with resveratrol shoaredmprovement
in both activities than pre-treatment and the &gty of both enzymes were not affected when reguarwas taken
alone. In consistence with our results, Elkin et[32] showed that expression of heparanase cteselaith the
metastatic potential of tumor cells, and treatmeith heparanase inhibitors markedly reduces théémce of
metastasis in experimental animals. Furthermoraighahi et al. [33] postulated that increased akestdestroy the
barrier between the tumor and the local circulasystem, either lymphatic or hematogenous, andtriesat least
loco-regional metastases.

Table 2.The effect of resveratrol on VEGF level anthe activity of heparanase and elastase in all gops

Group (‘é,'zﬁfl) Heparanase (U/ml)  Elastase (U/ml)
- Control 198.9+22.03 2.20+0.20 0.21+0.03
-High resveratrol 189.35+5.44 2.00+0.21 0.22+0.02
- Low resveratrol 190.05+9.05 2.30+0.17 0.23+0.02
- DENA 435.25-:40.25° 6.1240.54 1.0140.17
- Low resveratrol pre-treated  300.97+1247  4.60+0.19" 0.62+0.08"
- High resveratrol pre-treated ~ 285.66+1%.87  4.00+0.34* 0.51+0.03*
- Low resveratrol po-treatec  223.31:13.92° 2.8240.27 0.3340.0¢°
- High resveratrol post-treated  252.94+18.24  2.97+0.23 0.39+0.03

Values are expressed as mean +SE (n=10), a: DEfgAmwas compared to the control group. b: resuaigtost and pre-treated groups were
compared to DENA group, significant at P<0.05.

MMPs are a large family of proteolytic enzymes, ethiare involved in the degradation of many différen
components of the extracellular matrix [34]. MMPRa2d MMP-9 are thought to be important in metastfzhs.
MMP-9 has been described to promote tumor maligpesgression, invasion, and metastatic spread tiyatiog
tumor growth factop. Inhibiting the action of MMPs by synthetic andtural inhibitors represents a new
therapeutic approach for the treatment of individypes of cancer and several broad-spectrum, |lmlecular-
weight MMP inhibitors are currently being assesk®dclinical use [37]. The present study showed tdP-2,
and MMP-9 were over expressed in DENA group as @agpto control group. The administration of reatret
was significantly decreased their levels as comp&weDENA group, which indicate that resveratrotterole in
improvement metastasis. The improvement of botlyrees in post-treated group was more effective thahin
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pre-treated group (Table, 3). Bergers et al. [38htioned that MMP-9 is now regarded as a specdinmonent of
the angiogenic switch, because it renders VEGF ragadable to its receptors and its inhibitors impagiogenesis
and tumor growth. Moreover, MMPs are overexpredsed variety of tumor types, and their overexprassis

associated with tumor aggressiveness and poor psig)f89].

Table 3.The effect of resveratrol on MMP-2, MMP-9 ad SIRT 1 in all tested groups

Group MMP-2 MMP-9 SIRT 1
(ng/ml) (ng/ml) (Pg/ml)
- Control 496.56+30.20 265.53+21.86 2.50+0.42
- High resveratrol 467.37+26.96 275.64+19.66 9.08%0
- Low resveratrol 486.49+17.68 280.02+17.59 6.7380.
- DENA 1467.95+98.22  836.08+38.7 8.68+1.00

- Low resveratrol pre-treated 814.12+48%51 480.64+26.8°  12.08+0.92
- High resveratrol pre-treated 660.68+3%8.99427.05+25.31"  12.63+0.78"
- Low resveratrol post- treated ~ 542.87+28.44 330.84+22.57  11.09+0.75
- High resveratrol po- treater  551.07+37.3°  350.72438.9°  9.42+0.7¢
Values are expressed as mean +SE (n=10), a: DENAmwas compared to the control group. b: resvelgtost and pre-treated groups were
compared to DENA group, significant at P<0.05.

Sirtuins are a highly conserved family of nicotiriden adenine dinucleotide (NABdependent protein lysine
modifying enzymes, catalyzing the deacetylationaoétyl-lysine residues of histones and other pmeté#0].
Mammals have seven sirtuins, namely SIRT1-7 witleidie biological functions. They are key regulaforsa wide
variety of cellular and physiological processeshsas cell proliferation, differentiation, DNA darmea@nd stress
response, genome stability, cell survival, metamo)i energy homeostasis, neuroprotection, organla@avent,
aging, and cancer [41,42]. SIRT1 is described asntiain target of resveratrol. However, recent respbave
challenged the hypothesis of its direct activatigrresveratrol [43], which may help in the treattnenprevention
of obesity, and in preventing tumorigenesis andatieg-related decline in heart function and neakdoss [41].
The present study revealed that, the level of SiRELsignificantly increased in all groups (Table8)ompared to
control group. Moreover, the pre-treatment withbhidpse of resveratrol was significantly increadesl level of
sirtuin as compared to DENA group, while post-teeagjiroup was more effective than that in pre-tcgt®up. In
addition, the level of SIRT1 was improved by thenaustration of resveratrol in all groups as congghmith
DENA group, indicating the regulation of cancerl gagbliferation and DNA damage repair.In consistesith our
results, Yang et al. [42] explained that Liver can8IRT1 expression is significantly elevated inG&mpared to
non-tumor tissues, suggesting that SIRT1 may aa agnor promoter, and the expression levels ceelith
tumor grades and predict poor prognosis. Portmarmh §44] explained that the inhibition of SIRTA HCC cells
impairs their proliferation in vitro and tumor foationin vivo.

It was mentioned that resveratrol is postulatefilibation as a potential signaling pathway modulatod as such, is
demonstrated to affect a multitude of signal tratidn pathways associated with tumorigenesis and/o
carcinogenesis which lead to regulation betweem etioer [42,45]. It is likely that this collectivactivity, rather
than just a single effect, resulting in cell cyaleest, suppression of tumor cell proliferatiorduntion of apoptosis
and differentiation, reduction of inflammation aadgiogenesis, and inhibition of adhesion, invasind metastasis
[46]. These explanations agreed with our resultkvibxplained that although the level of sirtuinswiacreased in
both post and pre-treated groups, there was arowaprent in these groups than DENA group.

CONCLUSION
In conclusion from the present study it can be tafed that resveratrol may be considered as afifgnative,
antiangiogenic and antimetastatic agent throughffect on VEGF, heparanase, elastase, matrix lopteteinases
and sirtuin and it had therapeutic effect rathantl protective effect on DENA-induced hepatocagémesis in
rats.
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