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Abstract

Pomegranate (Punica granatum Linn), has been widely used in India’s ancient Ayurveda system of traditional medicine which
is commonly portrayed as a constituent in remedies. The present study was aimed to investigate the anticancer activity of
the aqueous extract of P. granatum fruits (PGET) against ehrlich-ascites-carcinoma (EAC)-bearing Swiss albino mice. The
PGET were administered to EAC bearing mice at the doses of 100, 200 and 400 mg/kg body weight (BW) intraperitonially
for 14 successive days and 24 h of last dose and 18 h of fasting, the mice were sacrificed and the anticancer effect of PGET
was appraised by evaluating tumor volume, viable, nonviable tumor cell count, tumor weight, hematological, biochemi-
cal parameters and histopathological changes of EAC mice. PGET showed momentous decrease in tumor volume, viable
cell count, tumor weight and elevated the life span of EAC bearing mice. Hematological profile such as RBC, hemoglobin
and lymphocyte count reverted to normal level in PGET treated mice. The extract at 400 mg/kg BW showed a noteworthy
reduction in the level of lipid peroxidation and considerably increased the levels of antioxidant enzymes in the liver and
observed significant restoration of histopathological changes in experimental animals. Hence, the current study revealed
that the PGET was efficient in inhibiting the tumor growth in ascitic models and that is comparable to 5-Fluorouracil. The
anticancer properties of P. granatum could be due to the presence of the various phytoconstituents in it.
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Introduction

Cancer is a disgraceful disease and fighting this disease is
of immense magnitude to public health. Over the past few
decades, cancer has remained as the biggest cause of death
global and the number of persons existing with cancer is
gradually mounting. Cancer is the second foremost cause
of mortality after heart disease in India and its numbers in
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India are lower than those noticed in western countries but
are rising with increasing migration of rural population to
the cities, augment in life expectancy and changes in life-
styles (Jahan et al. 2009). The escalating occurrence of can-
cer reported over the last a few years among metropolitan
population in India has led to development of new anticancer
drugs, drug combinations, and chemotherapy strategies by
scientific and methodological investigation of massive pool
of biological, synthetic and natural products (Mukherjee
et al. 2001).

Excess oxidative stress and undermined antioxidant
protection system are crucial aspects of the development
and pathogenesis of cancers. Oxidative stress replicates
inequity between the ability of biological systems and the
systemic manifestation of reactive oxygen species (ROS)
to restore the resultant damage or to willingly detoxify
the reactive intermediate. Superoxide radicals make other
kinds of cell destructive oxidizing agents and free radi-
cals. The unfavorable action of the hydroxyl radical is the
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strongest bounded by free radicals. Hydroxyl radicals are
mostly prone to commence the multistage carcinogenesis
progression starting with cellular manifestation, DNA
damage and degenerative cell growth and eventually result-
ing in carcinoma. Cellular antioxidant enzymes and the
free radical scavengers typically guard the cell from toxic
effects of the ROS. Antioxidants produced from a plant
source illustrate additional attention as free radical pro-
tectors because they are protective against ROS-induced
oxidative damage. Chemoprevention by nutritional com-
ponents has been materialized as a cost-effective move
towards handling incidences of cancers (Uddandrao et al.
2016). A miscellaneous collection of herbal medicines and
medicinal plants have conventionally been used in India
and also the corresponding therapies based on herbal
medicines are the world’s most antique form of medicine
and recent reports recommended that such therapies still
benefit from enormous popularity, particularly in develop-
ing countries like India where the majority of the popula-
tion does not have easy access to contemporary medicine
(Uddandrao et al. 2017). Plants and its active compounds
give useful sources for the development of drugs in the
management of cancer. Edible plants contains rich amount
of polyphenols and these plants are being well thought-
out as sources of anticancer drugs (Ferguson et al. 2004).
Experimental investigations established that many natu-
rally occurring agents and plant extracts have publicized
anticancer prospective in a variety of bioassay systems
and animal models having consequence to human disease
(Aziz et al. 2003).

Punica granatum Linn. (Punicaceae), regularly called
pomegranate, has been used expansively as conventional
medicine in several countries. P. granatum is a rich resource
of bioactive compounds which are demonstrated to have
antioxidant (Parmar and Kar 2008), anti-atherosclerotic
(Aviram et al. 2004), and antibacterial (Braga et al. 2005)
properties. Modern studies have made known that P. grana-
tum is a potent anticancer agent (Motaa and Shaker 2011).
Taking the above facts into consideration as well as the prop-
erties exhibited by the plant, an attempt has been made, in
this study, to evaluate the potential anticancer activity of the
pomegranate extract (PGET) against in vivo ehrlich ascites
carcinoma (EAC) tumor model.

Materials and methods
Chemicals
5-Fluorouracil (5-FU) was obtained from Ranbaxy Labora-

tories, Ltd., India. All other chemicals used were of analyti-
cal grade.
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Preparation of extract

A fresh P. granatum fruits were procured from the local mar-
ket. It was authenticated by Dr. P. Ponnumurugan, Associate
Professor and specimen (Voucher No: 1959/2017) was stored
at the Herbarium of Botany, Department of Biotechnology,
K.S. Rangasamy College of Technology, Tiruchengode, India.
The air-dried powdered fruits (250 g) were extracted with
water in soxhlet apparatus for 6 h. The extract was evaporated
to dryness under reduced pressure to give solid residues. The
residue was stored at 0—4 °C for subsequent experiments.

Phytochemicals analysis

Qualitative phytochemical analysis of plant extract powder was
tested as follows: Tannins (200 mg extract in 10 mL distilled
water, filtered). A 2 mL filtrate +2 mL FeCl,, blue-black pre-
cipitate indicated the presence of Tannins. Alkaloids (200 mg
extract in 10 mL methanol, filtered). A 2 mL filtrate + 1%
HCI +steam, 1 mL filtrate + 6 drops of Wagner’s reagent.
Browinsh-red precipitate indicated the presence of alkaloids.
Carbohydrate (0.5 mL extract+2 drops molish reagent, violet
color ring persistence meant carbohydrate present). Glyco-
sides (Keller-kiliani test: 2 mL filterate + 1 mL glacial acetic
acid +FeCl; +conc. H,SO,). Green-blue color indicated the
presence of glycosides. Steroids (Liebermann Burchard reac-
tion: (200 mg extract in 10 mL chloroform, filtered). Flavo-
noids (200 mg extract in 10 mL ethanol, filtered). A 2 mL fil-
trate + conc. HCl+ magnesium ribbon. Pink-tomato red color
indicated the presence of flavonoids.

Animals

Healthy Swiss albino mice (Body weight 20+2 g, Age
5-7 weeks) were taken for the study. The animals were kept
in polypropylene cages with sawdust bedding and main-
tained under standard laboratory conditions. Standard pellet
diet (Hindustan Lever, Kolkata, India) and water were given
ad libitum. Before the commencement of the experimentation,
the mice were habituated for 7 days to the laboratory con-
ditions. They were maintained under restrained temperature
(20+2 °C) and 12 h light/12 h dark rhythm. The protocol of
this study was approved by the institutional ethical commit-
tee of Muthyammal College of Arts and Science, Rasipuram,
Tamilnadu, India (Approval No: 1416/P0/a/11/CPCSEA).

Toxicity study

Healthy Swiss albino mice, starved overnight, were divided
into seven groups (n=4). Group I-VI animals were orally
fed with extract in increasing dose levels of 0.5, 1.5, 2.0, 2.5,
3.0 and 4.0 g/lkg BW, while group VII (untreated) served as
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control. The animals were observed continuously for 2 h, and
then intermittently and after 24 h for 14 days. The animals
were observed for behavioral, neurological and autonomic
profiles. One-tenth and one-twentieth of the maximum safe
dose of the extract tested for acute toxicity were selected for
the in vivo experiment.

Tumor cells

EAC cells were acquired from Amala Cancer Research
Centre, Trissur, and Kerala, India. The EAC cells were
maintained by intraperitoneal inoculation of 2x 107 cells/
mouse. EAC cells aspirated from the peritoneal activity of
mice were washed with saline and were given intraperitoni-
ally (IP) to develop ascitic tumor.

Experimental design

Healthy mice were separated into six groups each compris-
ing a minimum of six mice. EAC cells (2 X 10° cells/mouse)
were injected IP, to each mouse of each group except normal
saline group. This was taken as Day 0. Extract treatment was
continued for subsequent 9 days starting from Day 1. On
10th day, 24 h after the last dose four mice were sacrificed
from each group and the rest were kept for the life span study
of the tumor hosts. At the end of the experimental period,
the mice were fasted overnight, anaesthetized using low
doses of phenobarbitone and sacrificed by cervical decapi-
tation. Blood was collected by intracardially to evaluate the
hematological and biochemical parameters. Liver tissue was
collected from the animals for the evaluation of in vivo anti-
oxidant status.

The groups and the design of the experiment were as
follows.

Group I: 2% Tween-80 (5 mL/kg BW, IP)

Group II: EAC (2x 10° cells/mouse) + 2% Tween-80
(5 mL/kg BW, IP)

Group III: EAC (2% 10° cells/mouse) + PGET (100 mg/
kg BW, IP)

Group IV: EAC (2% 10% cells/mouse) + PGET (200 mg/
kg BW, IP)

Group V: EAC (2 x 10° cells/mouse) + PGET (400 mg/
kg BW, IP)

Group VI: EAC (2 x 10° cells/mouse) + 5-FU (20 mg/kg
BW, IP)

The antitumor efficacy of PGET was compared with the
standard which served as the sixth group (5-FU, 20 mg/kg/
day IP). Antitumor activity of PGET was assessed by obser-
vation of changes with respect to the following parameters.

Tumor growth response

The effect of PGET on tumor growth and host’s survival
time were examined by studying the following param-
eters such as tumor volume, packed cell volume, tumor
cell count, viable tumor cell count, nonviable tumor cell
count, median survival time (MST) and increase in life
span (ILS).

Hematological studies

Red blood cells (RBC), white blood cells (WBC) counts
and estimation of hemoglobin was done by standard pro-
cedures from the blood obtained intracardially.

Hemoglobin estimation

0.1 mL of heparinized blood was taken in Sahli’s Hemo-
globinometer and diluted with 0.1 N HCI until the color
matched with standard. The reading was then taken from
the graduated cylinder and expressed as g/100 mL of
blood.

Biochemical parameters

After the collection of blood samples, the mice were sac-
rificed. Then the liver was excised, rinsed in ice cold nor-
mal saline followed by ice-cold 10% KCI solution, blotted,
dried and weighed. A 10% w/v homogenate was prepared
in ice-cold KClI solution and centrifuged at 2000 rpm
for 10 min at 4 °C. The supernatant thus obtained were
used for the estimation of thio-barbituric acid substances
[TBARS] (Fraga et al. 1988), glutathione [GSH] (Beutler
and Kelly 1963), superoxide dismutase [SOD] (Kakkar
et al. 1984), catalase [CAT] (Aebi 1984) and glutathione
peroxidase [GPx] was analyzed by Paglia and valentine
method (Paglia and Valentine 1967).

Histopathological examination

A piece of liver samples were fixed in 10% formalin for
histopathological examination. The thin sections were cut
and then stained by haematoxylin and eosin and observed
under light microscope.

Statistical analysis

All the results were expressed as the mean + SD for six
animals in each group. All the grouped data were statis-
tically evaluated with SPSS\10.0 software. Hypothesis
testing methods included one way analysis of variance
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(ANOVA) followed by least significant difference (LSD)
test, significance level at and p <0.05, 0.01, 0.001 were
considered to indicate statistical significance.

Results

Toxicity study and preliminary phytochemical
analysis

In acute toxicity study, PGET did not show any toxic effect
up to the dose of 4 g/kg BW, accordingly 100, 200 and
400 mg/kg BW were taken as doses of PGET for the experi-
ment. Preliminary phytochemical analysis of PGET showed
the presence of flavonoids, saponins, glycosides, terpenoids,
amino acids, alkaloids, carbohydrates, phenolic compounds
and proteins. Qualitative analysis of the extract confirmed
the presence of ellagic acid, a potent antioxidant.

Effect of PGET on tumor growth response

Table 1 showed the levels of tumor volume, tumor weight,
MST, %ILS, viable tumor cell count and non-viable cell
count in control and experimental animals. There was a sig-
nificant (p <0.01) reduction in tumor volume, tumor weight
and viable tumor cell count with a significant elevation in
MST, %ILS and non-viable cell count in the treated groups,
compared with EAC control mice. Administration of PGET

tended to bring all the parameters in tumor growth response
study towards near normal levels.

Effect of PGET on hematological parameters

Table 2 summarized the level of RBC, WBC and hemo-
globin levels in control and experimental animals. A sig-
nificant reduction in the level of RBC and hemoglobin and
a concomitant increase in the level of WBC were observed
in EAC bearing mice. Administration of PGET significantly
reduced WBC count in all the groups of treatment with
respect to that of EAC control group. RBC count and hemo-
globin content, which were decreased after EAC inoculation,
were found to be significantly restored to the normal levels
in animals treated with PGET as well as standard drug 5-FU.

Effect of PGET on biochemical parameters

Figures 1 and 2 depicted the level of TBARS, GSH, SOD,
CAT and GPx in the liver of control and experimental
groups of mice. A significant reduction in the level of GSH,
SOD, CAT and GPx and a concomitant increase in the level
of TBARS were observed in EAC bearing mice. Treatment
with PGET and 5-FU showed a significant increase in activi-
ties of SOD, CAT and GPx and decrease of TBARS in liver
of treated animals.

Table 1 Effect of PGET on tumor growth response in control and experimental mice

Groups EAC control  Treated with Treated with Treated with Treated with 5-FU (20 mg)
PGET (100 mg) PGET (200 mg) PGET (400 mg)

Tumor volume (mL) 6.66 +1.27 4.23+£0.79%%* 373+ 1.51%%*%  2.454+0.85%*%  2.06+0.68%*

Tumor weight (g) 6.13+1.41 4.15+£1.62%* 4.5+0.57™ 2.28+0.48%k#% 2 164(.72%k**

MST (Days) 27.36+0.81  36.62+3.26%*  38.7+2.11%#k 39642 6Nk 44.3 47 2%k

%ILS 0.00 45.1 £3.6%*% 46,9 £5.56%*%  T9.4£2.56%** 8D 843 4wk

Viable tumor cell count (X 107 cells/mL) 14.8+2.2 14.1+2.0™ 13.8+1.3™ 9.8 4 (0.9%k:#* 9.2 4+0.88%#k:*
Non-viable cell count (x 107 cells/mL) 1.033+0.2 1.27+£047™ 1.35+£041™ 3.26+£0.38%#% 376+ 0.46%**

Values are mean +SD, n=6, Values are statistically significant at *p <0.05, ** p<0.01, *** 0.001, "not significant, *significantly different from

EAC control

Table 2 Effect of PGET on hematological parameters in control and experimental mice

Groups Normal control EAC control Treated with Treated with Treated with Treated with
PGET (100 mg) PGET (200 mg) PGET (400 mg)  5-FU (20 mg)
RBC (x 106 cells/mL) 8.3+0.51 5.6+0.81%* 6.13+0.78* 6.3+1.3% 6.62+ 1.4 6.97 + 1.6
WBC (x 104 cells/mL) 9.13+0.62 15.14 £2.11%%%* 14.4 4 1,958 14.14 +2.35%5% 11.6+2.32% 10.8 +2.6%
HB (%) 17.42+1.42 9.68 +1.67%** 12.5+3.1%%* 14.3+2.1™ 14.5 42,80 15.8 4 140

Values are mean=+SD, n=6, values are statistically significant at * p <0.05, *** 0.001, ™not significant, “significantly different from control,

bsignificantly different from EAC control
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Fig. 1 Effect of PGET on TBARS in liver of experimental mice.
Values are mean+SD, n=6. Values are statistically significant at
*p <0.05. *Significantly different from normal control. "Significantly
different from EAC control
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Fig.2 Effect of PGET on GSH, SOD, CAT and GPx in liver of
experimental mice. Values are mean+SD, n=6. Values are statisti-
cally significant at *p<0.05. *Significantly different from normal
control. ° Significantly different from EAC control

Histopathological analysis

The group of normal mice administrated PGET showed
normal histological architecture (Fig. 3a). With respect to
Ehrliched mice, microscopal examination of liver revealed
diminishing in pathological structure, to a great degree,
towards normal intact histological structure as shown in
Fig. 3b. Interestingly, treatment with PGET and 5-FU
reduced most of the pathological alterations induced by
EAC cells in mice (Fig. 3c—f).

Discussion

Transplantable tumor cells such as EAC are quickly grow-
ing cancer cells with violent behavior (Segura et al. 2000).
Since ascites fluid constitutes a direct nutritional source
for tumor cells, it is mandatory for tumor growth (Shimizu
et al. 2004). So, a hasty raise in ascites fluid with tumor
growth would be a mean to meet the nutritional prerequi-
site of tumor cells (Rajeshwar et al. 2005). This proposi-
tion was apparent in the current study, since inoculation
of EAC cells into mice caused considerable increase in
the mice body weight and reduced MST, ILS. This may be
due to superior mitosis which could be accredited to the
decreased rate of natural death mechanism that occurs in
the tumor (Badr et al. 2011). However with the administra-
tion of PGET the percent increase in tumor cell volume,
and number of viable tumor cells were found to be drasti-
cally less when compared to the EAC control. Hence, this
might be due to the direct cytotoxic effect, striking the
tumor growth and increased the life span of EAC-bearing
mice. The percentage of ILS at the 400 mg/kg BW dose
of the extract indicates its powerful anticancer nature. In
acute toxicity studies, the administration of PGET at the
dose of 100, 200 and 400 mg/kg BW for 14 days did not
display any unfavorable effects which may be due to its
composite nature where the presence of phytoconstituents
could counteract its toxicity.

The accumulation of ascites fluid in the peritoneal cav-
ity could have been due to (a) reduced lymphatic recov-
ery system which is associated with the obstruction of
the lymphatic system by tumor cells (b) angiogenesis,
which was detected in the ascites tumor bearing perito-
neal wall (c) the hyper permeability of micro vessels in
the peritoneal cavity (Badr et al. 2011). Administration
of PGET to the tumor bearing mice causes an increase
in life span accompanied by a reduction in WBC count.
The persistence of life span, vanishing of leukemic cells
from the blood and diminution of solid tumor volume is a
consistent decisive factor for judging the effectiveness of
anticancer drugs (Man et al. 2010). This is in line with the
present study. The anticancer effects of PGET have been
attributed to ellagic acid, a metabolite of the ellagitanins,
and an abundant class of phytochemicals in pomegranate
(Nair et al. 2011).

The common properties of cancer chemotherapeutic
agents are myelo suppression and anemia (Hogland 1982)
and these are the general factors that have been recurrently
observed in ascites carcinoma (Maseki et al. 1981). Ane-
mia encountered in ascites carcinoma mainly due to iron
insufficiency, either by hemolytic or myelopathic condi-
tions which finally lead to condensed RBC number (Gupta
et al. 2004). Pal et al. (1993) have documented that the
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Fig.3 Effect of PGET on histopathological changes in control and
experimental mice. a Liver showing normal histological architec-
ture in normal control mice. b Liver showing congestion, ¢ disrupted
cords and anisokaryosis in hepatocytes in EAC control. c—e Liver

growth of EAC in mice was accompanied by a diminution
in hemoglobin and RBC levels. In EAC bearing tumor
control animals, lofty total WBC count and reduced hemo-
globin content was observed. Moreover, PGET showed a
defensive effect on hematopoietic system by reversal of
total WBC cells and hemoglobin content in EAC bear-
ing mice towards the value of normal group animals. This
demonstrates that PGET have power over protective action
on the hematopoietic system.

Flavonoids and phenolics exhibit a wide range of phar-
macological and biological properties and usually scavenge
the free radicals and play a vital role in deterrence and treat-
ment of cancer. It is well recognized that Pomegranates is
one of the rich resource of these phenolics and flavonoids
which have antioxidant nature. It is well known that the
redox state of the cell control its growth behavior (Pahl
and Baeuerle 1994). The association between the growth
of malignant cells and endogenous antioxidant systems is
an aspect observed in several studies. A turn downed level
of endogenous antioxidant system was observed in cancer
patients (Casado et al. 1995) and in experimental carcinoma
cell lines (Yellin et al. 1994). Numerous reports suggest that
EAC induces oxidative stress in mice (Gupta et al. 2004;
Haldar et al. 2010). Over production of reactive oxygen
species (ROS) is endorsed to oxidative stress resulting in

@ Springer

showing moderate damage to hepatocytes with severe sinusoidal
Congestion indicating the reversal effect of PGET (400 mg/kg). f
Liver showing minimal cellular damage and moderate sinusoidal con-
gestion indicating the reversal effect of 5-FU. H&E x 100

lipid peroxidation (LPO) and consequently increased malon-
dialdehyde (MDA) and other TBARS levels (Brahmanaidu
et al. 2016; Uddandrao et al. 2018a, b). Neilson et al. (1997)
reported that TBARS, the end product of LPO increased
in carcinomatous tissue than in non-diseased organs. Our
results are in line with the previous finding. In the present
study, the TBARS levels in the EAC control liver tissues
were higher than normal liver tissues. An increased level of
TBARS in EAC control mice indicated enhanced LPO lead-
ing to tissue damage and failure of the endogenous antioxi-
dant defense mechanisms to avoid over production of ROS.
Treatment with PGET improved hepatic LPO as discovered
by increase of the MDA level. This disguised induction of
ROS generation by pomegranate in tumor bearing mice,
revealing its pro-oxidant effect.

GSH is a key endogenous non-enzymatic antioxidant which
counterbalance free radical mediated damage. It is an effective
inhibitor of the neoplastic process. It is well recognized that
GSH is concerned in the fortification of normal cell function
and structure by maintaining the redox homeostasis, extin-
guishing of free radicals and participating in detoxification
reactions (Brahmanaidu et al. 2017). Depleted glutathione
content was reported in human cancer cell lines (Yellin et al.
1994) and also in tumor bearing animals (Haldar et al. 2010).
The reduced GSH may be due to diminution in its synthesis or
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to its dilapidation by oxidative stress in tumor bearing animals
(Sharma et al. 1993). PGET treatment notably lowered the
reduced hepatic glutathione content in tumor bearing mice.
The results exhibited that the tumor proliferating activity of
PGET was accompanied with improved cellular nonenzymatic
antioxidant defense system.

The lowered level of cellular oxidative damage is con-
nected with multiple non-enzymatic and enzymatic antioxi-
dant defense systems present in cells. Enzymatic antioxidants
such as CAT, GPx and SOD synergistically scavenge ROS
and prevent LPO (Uddandrao et al. 2016). SOD, the natural
cellular antioxidant enzyme, plays a crucial role in oxygen
defense metabolism by intercepting and reducing superoxide
to hydrogen peroxide (H,0,) (Brahmanaidu et al. 2017). CAT,
a haem containing enzyme, is acknowledged to be implicated
in detoxification of high H,0, concentrations and protects the
tissues from highly reactive hydroxyl radicals. GPx, selenium
containing tetrameric glycoprotein, present in noteworthy con-
centrations, detoxifies H,0O, into water and molecular oxygen
through the oxidation of reduced glutathione (Ewis and Abdel-
Rahman 1995; Uddandrao et al. 2018a, b). SOD and CAT
are involved in the clearance of superoxide and H,O, radicals
respectively. GPx has been exposed to be an imperative adap-
tive response to condition of increased peroxidative stress.
During carcinogenesis, enzymatic antioxidants level was found
to be inhibited. SOD, CAT and GPx activities were reported
to be lower as a result of tumor growth (Casado et al. 1995).
In the present study, decreased hepatic SOD, CAT and GPx
activities were found in tumor bearing mice. This is in line
with Haldar et al. (2010) who reported the turn downed level
of antioxidant enzymes in tumor bearing mice. Administration
of PGET enhanced the SOD, CAT and GPx activities exten-
sively in tumor bearing mice. This indicates the prospective of
PGET as an inhibitor of tumor provoked intracellular oxidative
stress. The antioxidant principles found in edible plant foods
showed cytotoxicity towards tumor cells and antitumor activity
in experimental animals (Ruby et al. 1995).

In the current study, the histopathological examinations
of the liver of EAC mice showed vascular congestion and
mononuclear cellular infiltration of the hepatocytes, as well
as areas of intertubular haemorrhage and mononuclear cellu-
lar infiltration. Interestingly, treatment with PGET and 5-FU
reduced most of the pathological alterations induced by EAC
cells in mice since it contained antioxidant compounds
which were considered to be cytotoxic towards tumor cells
(Ruby et al. 1995).

Conclusion

In conclusion, from the present examination the PGET
showed an astonishing anti cancer effect on Swiss albino
mice bearing EAC. The anticancer properties of P. granatum

is most likely because of high content and synergistic activ-
ity of specific constituents present in the extract such as
gallocatechins, delphinidin, cyanidin, gallic acid, ellagic
acid, pelargonidin and sitosterol in it. However, the exact
molecular mechanism by which PGET mediates its antitu-
mor activity is not known. Further we will be investigated
to identify the active component responsible for anti tumor
activity and to unveil the molecular mechanism behind its
therapeutic action.
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