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Chemo Preventive Effect of Rutin Against
N-Nitrosodiethylamine-Induced and Phenobarbital-
Promoted Hepatocellular Carcinoma in Wistar Rats
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ABSTRACT

Background: In recent years, a large number of natural compounds have been identified
and proved to have a potential cancer chemopreventive importance due to their strong
antioxidant and cytotoxic activities. Objective: The present study is designed to
investigate the preventive effects of Rutin against N-Nitrosodiethylamine-induced and
Phenobarbital-promoted Hepatocellular carcinoma in male wistar rats. Materials and
Methods: Twenty-four male wistar rats were divided into four groups (n=6). Group
| serve as Control, Group Il was induced HCC by DEN (200mg/kg b.wt) followed by
phenobarbital (0.05 % w/v), Group lll received same as Group Il and followed by Rutin
(50mg/kg b.wt) and Group IV received Rutin alone at a dose of 50mg/kg b.wt, up
to 16 successive weeks. Results: Results observed that there is significant increase
in relative liver weight and liver marker enzymes (P<0.001), tumor marker enzymes
(AFP, CEA at P<0.001) and also Significant abnormalities were observed in membrane
bound enzymes and Electrolytes, whereas the above said alterations were significantly
restored in Rutin treated group compared with DEN treated Group. Conclusion: The
results of these findings suggested that Rutin can be used as an adjunct to conventional
chemopreventive agent, which may provide a novel therapeutic approach to serve as a
promising agent for treatment of Hepatocellular carcinoma.
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Key Messages

e This study reports the effect of Rutin in Hepatocellular carcinoma, Rutin significantly
reduced the levels of cancer markers, biochemical markers and Histopathological

parameters in HCC rat models. o
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e Also Rutin shows significant effect on restoring body weight, food intake and
controls the electrolyte imbalance in experimental rats.

DOI: 10.5530/ijper.52.1.9
Correspondence:
AHM.Vswanathswamy,
K.L.E university's college
of pharmacy, Vidayanagar,
Hubli-580031, Karnataka,
INDIA.

e Eventually Rutin evoked a significant protective effect on HCC induce by DEN

INTRODUCTION

Hepatocellular carcinoma (HCC), also called
malignant hepatoma is the most common
primary liver cancer, which accounts as the
third leading cause of deaths wotldwide.'
HCC is a fatal malighancy extends in several
regions of Africa and Asia (80%).” The
majority of HCC cases attributable to prime
infections is induced by hepatitis B and C
viruses, aflatoxin exposure, liver cirrhosis,

environmental pollutants like nitrosamines

and obesity. The current treatment for HCC
is employed by several modalities. Potentially
the beneficial options for HCC is liver
transplantation or local ablation are con-
sidered when the tumor is restricted to the
liver. But, these therapies not only confine
to the extent of tumor, but also by the liver
disease and circumstance of the patient.*

In recent years, many natural compounds

and herbs have increasingly been receiving
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public interest by its potent therapeutic action as a
complementary and alternative medicine.” A number
of studies have proved that flavonoids and pheno-
lics have wide range of physiological functions due to
their potent anti-oxidant activity.® Rutin (3',4',5,7-tetra-
hydroxy-flavone-3-rutinoside) (Figure 1a), a common
dietary flavonoid with a wide range of pharmacological
activities is present in many plants (as buckwheat seeds,
tea), fruits (citrus fruits, apple), vegetables (onion), and
red wine etc,” Different studies have represented the
biological effects of Rutin, such as anti-oxidative, anti-
inflammatory, antihypertensive, anti-carcinogenic, cyto-
protective, and cardio protective activites.”

N-Nitrosodiethylamine  (DEN) showed
in Figure 1b is found in the environment, and it

Structure

is present in foods, beverages, tobacco, smoke,
agricultural  chemicals, and  industrial
pollution. These are the major risk factors of liver
diseases, and their endogenous formations causes a wide
range of tumors, and dangerous to human health. DEN
is called to be human carcinogen based on the sufficient
evidence of catrcinogenicity in experimental animal
models.”" i
arrangement in the nuclear enzymes involved in DNA
repair/replication. The reactive oxygen species (ROS)
formation occurs during the metabolic biotransforma-
tion of nitrosamines and leads to carcinogenesis by up
regulation of biochemical, intracellular signalling pathways
and gene expression. One of the most important appli-
cations in the emerging field of cancer treatment is to

cosmetics

t is known to cause disturbance in course or

discover the alternative therapy for solid tumors with
negligible cytotoxicity to the normal cells. Hence, the
identification of novel compound from plant origin
especially have been shown as the chemotherapeutic
agent. Thus, the bioactive compound provides a better
opportunity to improve the present standard of care
for HCC and other cancers.'"'? There is no evidence for
anticancer activity of Rutin against nitrosamine induced
hepatocellular carcinoma. The present study was
designed with the aim of investigation of anti-cancer
activity of Rutin against DEN induced and phenobarbital
promoted HCC in Male wistar Rats.

MATERIALS AND METHODS
Chemicals

Rutin and N-Nitrosodiethylamine (DEN) were purchased
from Sigma Aldrich co. (Bangalore, India). Kits for liver
pathophysiological markers were procured from Erba
Mannheim. SP twin electrolytes, calcium and Magnesium
kits were procured from Span diagnostics Ltd. ATP
(Adenosine triphosphate) was purchased from Hi

Media Pvt. Ltd. (Mumbai). All other chemicals used
in this study were analytical grade from SD Fine
chemicals.

Experimental animals

Wistar albino pathogen-free male rats weighing 100-
150g were obtained from Sri Venkateshwara Enterprises,
Bangalore. The animals were housed in polypropylene
cages with husk bedding under standard laboratory con-
ditions (temperature 25'C £2°C, and 50 + 10 % relative
humidity and 12 hours dark/light cycle). The animals
were fed with standard pelleted diet and drinking water
was provided ad /ibitum. Before starting of experiment,
animals were acclimatized to the animal room condi-
tions for one week. The experiment was designed and
conducted with adherence to the ethical guidelines regu-
lated be the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA)
and study was reviewed and approved (Ref No :08/
Mar-14) by the Institutional Animal Ethics Committee.
The rats were randomly divided into four groups, each
group containing six animals (n=06) as depicted in
Table 1 and Figure 2.

Collection of Blood

At the end of the treatment period blood was collected
with deep inhalation anaesthesia by use of isoflurane,
blood samples were collected by retro orbital puncture
and allowed to clot for one hour at room temperature.
Centrifuge at 4000 rpm for 15 min, to separate serum
and analyzed the same for the following observations.

Biochemical studies

Serum was separated and levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), acid
phosphatase (ACP), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), gamma glutamyltransferase
(y-GT) and total bilirubin (TBIL) were estimated using
an automated ERBA biochemical analyzer. The total
protein in the serum was estimated by Lowry’s method'”
and quantification of DNA was estimated by using
QIAGEN kit.

Enzyme linked immunosorbant assay (ELISA) of
AFP and CEA

The quantitative estimation of liver tumor markers
a-fetoprotein  (AFP) and carcinoembryonic antigen

(CEA) was monitored based on solid phase enzyme
linked immunosorbant assay (ELISA)."%"

Estimation of Membrane bound enzymes

Na*® K" ATPase was estimated by the method of
Bonting.” The activity of Ca®" ATPase was assayed
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Table 1: Experimental design and treatment protocol

Groups Treatment Study period
Group | - Normal control Receives only 0.9% w/v normal saline daily for 16 weeks.
Group lI-Disease control Received DEN at a single dose of 200 mg/kg (body weight)

intraperitoneally on 1stweek followed by administration of
phenobarbital (PB) (0.05% w/v) daily after 2" week through
drinking water up to 16 successive weeks.4

Group llI-Treatment group Received DEN at a single dose of 200 mg/kg (body weight)
intraperitoneally on 1°* week followed by administration of 16 Weeks
Phenobarbital (PB) (0.05% w/v) daily after 2" week through
drinking water up to 16 weeks. Rutin was given orally after 2™
week at a dose of 50 mg/kg,'®'® (body weight) up to 16 successive
weeks.

Group-IV-Rutin Only Received Rutin orally after 2™ week at a dose of 50 mg/kg (body
weight) up to 16 successive weeks.

OH
OH OH o

a) Rutin (3',4',5,7-tetrahydroxy-flavone-3-rutinoside), b) N-Nitrosodiethylamine (DEN)

Figure 1: Chemical structure of (a) Rutin,” (b) N-Nitrosodiethylamine (DEN).%°

Weoks

Groups

t r Nomual l)xc!! t 1 Normal Drmnking Water; s - 0.05% Phenobarbital
with drinking water ': Treatment of Rutin l Time of DEN administration

Figure 2: Schematic representation of the experimental protocol involving DEN exposed experimental rat hepatocellular
carcinogenesis.
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by the method of Hjerten and Pan.” The activity of
Mg** ATPase was assayed by the method of Ohnishi
et al?

Estimation of Electrolytes

The concentration of Sodium and Potassium in serum
were estimated by Gilbert’s method. Concentration
of calcium in serum was estimated by Stein ¢ a/* and
serum magnesium concentration was estimated by
Gindler’s method.*

Histopathological studies?®

A portion of the liver was cut into 2-3 pieces of approx-
imately 6 mm size and fixed in phosphate butfered 10%
formaldehyde solution. After embedding in the paraffin
wax, thin sections of 5 um thickness of liver tissues were
cut and stained with Haematoxyllin- Eoisin staining.
The thin sections of liver were made into permanent
slides and examined under high resolution microscope
with photographic facility.

Statistical analysis

The data was computed by using Graph Pad Prism
Software version 5.0. The statistical significance was
analyzed by using one-way ANOVA followed by
Bonferroni’s multiple comparison test. P values < 0.05
were considered to indicate statistical significance.
All the results were expressed as mean = SEM for six
animals in each group.

RESULT
General observations

Experimental rats were well tolerated Intraperitonial
and oral administration of DEN and PB respectively,
and there were no clinical signs of toxicity-related death
in the groups during the experimental period, there was
a moderate change in food and water consumption and
mild difference in growth rates of control and treatment
groups, the data on mean body weight, liver weight and
relative liver weight were summarized in Table 2.

The relative liver weight of DEN administered rats was
significantly (p< 0.001) increased as compared with
control group and Rutin treated group showed signif-
icant (p< 0.001) reduction in the relative liver weight
compared with DEN administered rats.

Biochemical studies

Effect of Rutin on liver marker enzymes like AST, ALT,
ALP,LDH, y-GT and ACP, TBIL, DNA, Total protein in
the serum of control and experimental groups of rats as
shown in Figure 3 and Table 3 respectively. Compari-

sons were made as *** statistical significant at P< 0.001,
compared with Normal group; ### statistical signi-
ficant at P<0.001 compared with DEN/PB group;
ns: non-significant compared with DEN /PB group.
The DEN administered (Group II) rats reflects signi-
ficant (P< 0.001) elevation in the liver cell metabo-
lism, which leads to distinctive changes in liver marker
enzymes when compared with normal control (Group I)
rats. Increased enzymes levels are indicators of liver
damage. The treatment groups of Rutin (Group III)
showed significant (P< 0.01, P< 0.05) decrease in the
activities of these enzymes when compared with DEN
induced group rats. However, the status of these marker
enzymes in Rutin alone (Group 1V) administered groups
does not exhibit any significant alterations compared to
the normal control group which indicates the non-toxic
nature of Rutin.

Enzyme linked immunosorbant assay (ELISA) of
AFP and CEA

Alfa fetoprotein and Carcinoembryonic antigens are
the most extensive tumor markers used in the diagnosis
of HCC. Therefore, high levels of AFP and CEA are
believed to be a strong indicator of hepatic carcinogenesis
because more than 80% of HCC patients have high
serum concentration of AFP and CEA due to tumor
burden. The levels of AFP and CEA in DEN admin-
istered (Group, II) rats were increased significantly
(p<0.001) compared with normal control (Group, I)
rats, which could be due to tumor cell proliferation.
However, the levels of these tumor markers were signi-
ficantly (p<<0.001) abridged in Rutin treated group
(Figure 4), which was presumably due to inhibition of
malignant transformation and therefore, decreases in
the tumor production rates that are associated with anti-
proliferative effect.

Comparisons were made as *** statistical significant at
P< 0.001 compared with Normal group; ### statistical
significant at P< 0.001, compared with DEN/PB group.

Estimation of Membrane bound enzymes

Figure 5 represents; DEN treatment group (Group-1I)
caused significant (P< 0.001) reduction in the activities
of Ca®* ATPase,Na’/K* ATPase and Mg”" ATPase in
the liver tissue of rats as compared to control (Group-I),
whereas rutin treated group (Group-III) was shown
mild elevation of Ca?" ATPase, Na*/K*" ATPase and
shown significant (P< 0.001) elevation in Mg*" ATPase.
Comparisons were made as *** statistical significant at
P<0.001 compared with Normal group; ### statistical
significant at P< 0.001 compared with DEN/PB group;
ns: non-significant compared with DEN/PB group
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Table 2: Initial and Final Body, Liver and Relative liver weights

Group Rat initial weight Rat final weight Liver weight Relative liver weight
(in grams) (in grams) (in grams)
Group | 140.83 £ 3.52 317.50 + 9.98 12.0 £ 0.51 3.8+0.12
Group I 171.67 £4.94 251.67 £ 11.45 13.7 £ 0.36 55+0.18"*
Group I 170.00 £ 4.28 245.00 + 6.58 10.8 £ 0.20* 4.4 +0.10*
Group IV 148.83 £5.29 301.67 + 5.87 12.0 £ 0.47 4.0+0.20

Results were expressed as Mean + SEM (n = 6), Comparisons were made as *** statistical significant at P< 0.001, compared with Normal group. # Statistical

significant at P< 0.05, compared pared with DEN/PB group.

Table 3: Liver biochemistry

Group | Group Il Group Il Group IV
e 1.66 £ 0.41 3.61 £0.74** 3.46 + 0.42ns 2.89 £ 0.55
(mgs%)
TBL rx
. 0.46 £ 0.11 1.43 £0.21 0.77 £ 0.04# 0.66 + 0.08
(mgs%)
DNA
39.60 + 2.54 339.17 £ 28.98 239.99 + 10.53## 38.30 £ 2.53
(Hg/ml)
T. Proteins 7.73+0.41 3.00+0.74™ 5.14 + 0.50 7.77£0.39
(mgs%)

Values are expressed as Mean + SEM (n=6), by one-way ANOVA followed by Bonferroni test. Where ***p< 0.001 significant compared with normal group, and ## p< 0.0z, #

p< 0.05, and ns: non-significant, compared with DEN/PB group, respectively.
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Figure 3: Liver biochemistry.
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Figure 4: Assay of AFP & CEA
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Figure 5: Membrane bound enzymes

Electrolytes such as serum potassium, calcium and
magnesium concentrations were significantly (P< 0.001)
increased in Group II compared with control group
(Group, 1) and significant (P<0.001) reduction in the
serum sodium concentrations were observed, which
indicates the fluid and electrolyte imbalance in the DEN
treated group (Group, II) compared with the normal
group (Group, I). Rutin treated group shown (Group I1I)
significant reduction in serum potassium, calcium and
magnesium concentrations (P<0.001,P<0.001 and P<0.05
respectively), and deflation serum sodium levels compared
with the DEN treated group (Group, 1I). Results are
shown in Table 4.

Liver histopathology

Figure 6, Depicts that Anti-cancer activity of Rutin
against DEN/PB induced rats. Photomicrographs
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Table 4: Estimation of Electrolytes

Group | Group Il Group Il Group IV
ST 146.27+ 2.83 92.20 + 3.49™ 12474 £7.14* 146.22 + 8.16
(mEq/L)
PEEEST 6.01+0.43 10.94 + 0.49™ 6.75 + 0.22# 512 +0.30
(mEq/L)
el 6.12 £ 0.89 14.59 + 1.21° 10.62 + 1.12## 6.04 £ 0.70
(mgs%)
Magnesium 5.62+0.52 10.71 £ 0.45™ 7.98 £ 0.67* 517 +0.56
(mgs%)

Values are expressed as Mean = SEM (n=6), by one-way ANOVA followed by Bonferroni test. Where ***p< 0.001, significant compared with normal group, and #*## p< 0.001,
# p< 0.05, compared with DEN/PB group respectively.

Figure 6: Photomicrographs of (H & E staining) Histopatho-
logical studies of Liver of various groups.

(40 X magnificence) of liver section taken from
different groups. 6(A), Control group (Group I) shows
normal lobular architecture and normal hepatocytes.
6(B) DEN/PB treatment group (Group II) shows
focal necrosis and inflammation in the liver (marked in
arrows) and hepatocellular degeneration by DEN. 6 (C)
DEN/PB + Rutin treatment group (Group III) depicts
improvements in the architecture with lesser damage
of hepatocytes and low index of necrosis.6 (D) Rutin
only treatment group (Group IV) shows normal lobular
architecture and normal hepatocytes.

DISCUSSION

Uncontrolled proliferation is one of the main charac-
teristic mechanisms for tumerigenesis which acquires at
different stages of cancer development. Like initiation,
promotion and progression of tumor growth, thereby
increasing the tumor burden and initiating metastasis,”
this dystegulation mainly occurred by disrupted G1/S
phase cell cycle transmission during the development
of malignant neoplasm; therefore, the present study was
conducted to evaluate the anti-proliferative activity of

Rutin through modulating the cell cycle regulator
proteins during DEN induced rat HCC.

In the present study, the food, water intake and the
body weight of control and experimental rats were
monitored. The body weight of DEN administered rats
was significantly lowered, and this unintentional weight
loss was derived from loss of both muscle mass and fat
mass. An increased liver weight in HCC induced animals
indicate an uncontrolled proliferation of the cancer
cells, there by increased tumor mass and liver weight
observed as a common symptom of carcinogenesis.”’
In contrast, Rutin treated groups, significantly improved
body weight with reduced liver weight, which indicates
Rutin has suppressed the tumor in DEN induced HCC
rats.

In this study, the liver marker enzymes AST, ALT,
ALP, ACP, LDH, y-GT, T.Proteinand T.BIL levels
exceeded their normal range in DEN/PB treated group,
compared with normal control group indicating the
carcinogenic nature of DEN, Which may be due to
metabolic dysfunction of liver and this is due to leakage
of these enzymes from liver cytosol into blood.” In
Rutin treated group, the activity of hepato specific
enzymes were restored near to the normal levels which
demonstrates the effect of Rutin in prevention of DEN
induced uncontrolled proliferation and dysregulation of
cell proliferation.

The tumor markers AFP and CEA are associated with
cancer, and these are useful in the diagnosis and progres-
sion of cancer. The combinations of serological analysis
of AFP and CEA are being considered as a most exten-
sively used in the diagnostic and prognostic determinant
value for HCC.*” AFP is one of the most sensitive and
specific marker for diagnosis of cancer, the increased
levels of AFP observed in acute and chronic viral hepa-
titis due to proliferation of hepatocytes.” Elevation of
CEA occurred in the terminal stage of incurable cancer
like HCC. In this study, AFP and CEA levels were drasti-
cally increased in the DEN administered rats compared
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to the normal group, which indicates the progression
of HCC. Our results suggested that levels of AFP and
CEA were significantly lowered in the Rutin treatment
group when compared with DEN induced group, which
cleatly states that Rutin may inhibit the aberrant tumor
production and metastasis resulting in the inhibition of
uncontrolled cell proliferation in tumor cells.
Quantification of DNA levels in liver is a potential
biomarker for tumor diagnosis and prognosis. Increased
levels of DNA levels were observed in DEN treated
group indicates uncontrolled DNA replication due to
formation of reactive oxygen species (ROS).” In treat-
ment group shows, reduced levels of DNA indicated its
ability to reduce the tumor proliferation.
Membrane-bound enzymes and electrolytes are also
specific indicators for hepatocellular carcinoma.”” The
membrane-bound enzymes such as Na'/K", Ca** and
Mg** ATPase is responsible for transport of sodium,
potassium and calcium ions across membrane.” In the
present study the levels of Na*/K* ATPase was found
to decrease in erythrocyte, membranes of liver and
decreased Mg?" ATPase was observed in DEN treated
animals, this is may be due to increased lipid peroxidation
(LPO) and membrane damage by DEN. However, Rutin
treated group improved these ATPase levels near to the
normal values. It indicates that Rutin can protect the
structural integrity and probably shield against the
deleterious effect of lipid peroxidation. Primary liver
tumor may present as a hypercalcemia crisis and the
finding of elevated serum calcium levels is indicative
of liver failure. Furthermore, failure of sodium pump
results in a depletion of plasma sodium and rise in
plasma potassium concentration, which are the most
common electrolyte abnormalities in cancer conditions.”*
Magnesium is directly implicated as the key element in
controlling proliferation of both normal and neoplastic
cells. A rapid influx of magnesium is observed at cell
division, and high intracellular magnesium levels may
operate to promote cell division. Elevated levels of
intracellular magnesium would then accelerate cellular
mitosis. Thus in cancer, the intracellular free magnesium

3637 in

concentration is higher than that in normal cells
Rutin treated group it was observed that the restoration
of these electrolytes near to the normal range indicates
effectiveness of Rutin in restoration of membrane
stability may be responsible for the recovery of mineral
status in HCC suffering animals, which explains the

anti-cancer activity of Rutin against DEN induce HCC.

CONCLUSION

Based upon the above results, we can conclude that
the data provides strong evidence that inhibition of

cell proliferation in neoplastic hepatocytes and hepatic
tissue by Rutin is a major mechanism that may be due
to inhibition of hepatocarcinogenesis. This inhibition
might lead to suppression of the hepatospecific marker
enzymes, tumor invasion. Furthermore, Rutin shows
its definite modulating effect on cell membranes and
on the deregulated mineral status. Hence Rutin can be
used as an adjunct to conventional chemo preventive
agent, which may provide a novel therapeutic approach
to serve as promising agent for treatment of Hepatocel-
lular carcinoma in future.
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ABBREVIATIONS USED

HCC: Hepatocellular carcinoma; DEN: N-Nitrosodi-
ethylamine; ROS: Reactive oxygen species; CPCSEA:
Committee for the Purpose of Control and Supervision
of Experiments on Animals; AST: Aspartate amino-
transferase; ALT: Alanine aminotransferase; ACP: Acid
phosphatase; ALP: Alkaline phosphatase; LDH: lac-
tate dehydrogenase; y-GT: Gamma glutamyltransferase;
TBIL: Total bilirubin, AFP: o-fetoprotein; CEA:
carcinoembryonic antigen; ELISA: Enzyme linked
Immunosorbant Assay; ANOVA: Analysis of variance;
SEM: Standard error mean.
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SUMMARY

Study was aimed to evaluate the potential effect of

Rutin in DEN induced hepatocellular carcinoma (HCC),
HCC was induced by injecting (200 mg / kg, Through I.P)
in male wistar rats and Phenobarbital used as a promotor.
Treatment groups were treated with 50 mg / kg p.o. at
the end of the study period, all experimental animals
were sacrificed and estimated the biochemical param-
eters, membrane bound enzymes and tumor markers
which were significantly elevated compared to normal
control group and histopathology studies revealed
that the formation of Hepatocellular carcinoma. Rutin
treated groups showed significant inhibitory action in
progression of hepatocellular carcinoma by restored
the all abnormalities compared to DEN treated groups.
Hence Rutin shows potent preventive effect on Hepato-
cellular carcinoma & further investigations required to
prove its molecular pharmacological actions.
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