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Punica granatum, specifically the fruit, has a long ethno medical history and is a phytochemical
reservoir of great medicinal value. The phytochemistry and pharmacological actions of all P.
granatum components suggest a wide range of clinical applications. The aim of the present study is
to investigate the anticancer potential of aqueous extract of P. granatum (AEPG) in experimental
models. The chemical composition of the AEPG was assessed by HPLC-DAD. In vivo antitumor
activity was assessed in sarcoma 180 bearing mice. To evaluate the toxicological aspects related to
the AEPG treatment, hematological, biochemical, histopathological and morphological analyses of
treated animals were performed. Gallic acid, punicalagin a, punicalagin B, and ellagic acid were
identified as the major phytochemical compounds of the extract. AEPG and 5-fluorouracil (5-FU)
induced significant inhibition of tumor growth when compared with saline (p < 0.05). The percentage
of apoptotic cells was significantly increased in 5-FU (p < 0.01) and AEPG treated groups (p < 0.01).
No significant difference was observed between 5-FU and the three doses of AEPG. 5-FU induced
toxic effects, such as decrease of body weight, splenic atrophy, and leukopenia, but these effects
were not found in AEPG treated groups. The results provide evidence that AEPG exhibits comparable
antitumor effects as 5-FU in a murine model, likely the result of increased apoptotic rate, but with no
remarkable side effects presented by 5-FU.
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INTRODUCTION

Cancer is a disease characterized by uncontrolled (Mubeen et al., 2012). An exceptionally difficult problem
multiplication of subtly modified normal human cells in cancer treatment is multidrug resistance, when cancer
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cells lose their sensitivity to multiple structurally different
chemotherapeutics, leading to the search for alternative
treatments, such a  medicinal plants (Amaral et al.,
2015). Plants have a long history of use in the treatment
of cancer and the interest in nature as a source of
potential chemotherapeutic agents continues. The
present day research and development tailored towards
the discovery of new antiproliferative agents from natural
products have been buoyed by improvement in the
science and technology of anticancer drug discovery
(Akindele et al., 2015).

Punica granatum is a deciduous tree belonging to the
family Punicaceae and contains hydrolysable tannins as
major active chemical constituents, that is, punicalagin,
punicalin, gallic acid, ellagic acid, and ellagic acid
derivative (Akhtar et al., 2015; Sing et al., 2018). There is
extensive literature about bioactive compounds from its
fruit (pomegranate), showing important biologic activities,
such as healing (Zekavat et al.,, 2016), antimicrobial
(Mohammad et al., 2016), chemopreventive (Bishayee et
al., 2011) and antitumor effects (Panth et al., 2017).

Several studies have demonstrated that natural
compounds such as tannins have a wide variety of
biologic functions that are mainly related to modulation of
carcinogenesis and antiproliferative effects, such as
antioxidant and proapoptotic activities (Dilkkmen et al.,
2011). Furthermore, these compounds are generally
safe, with low toxicity, and receive general acceptance
(Fresco et al., 2006).

Apoptosis plays an important role in elimination of
tumor cells by chemotherapeutic agents (Hassan et al.,
2014). According to Dai and Mumper (2010) apoptosis-
inducing compounds are expected to be ideal anticancer
drugs due to their ability to promote DNA damage in
tumor cells, which are then rapidly recognized by
macrophages and removed without inducing an
inflammatory response.

In vitro studies have already described the positive
results of treatment with P. granatum extract, with
apoptosis in many cell lines, such as colon cells-SW620,
HT-29, and HCT-116 (Joseph et al., 2013), prostate cells-
DU145, PC3, mouse prostate cancer cell TRAMP-C1
(Deng et al., 2017; Deng et al., 2018), lung cells-A549,
H1299 (Li et al., 2016), and breast cells-MCF-7 (Shirode
et al., 2014; Chen et al., 2015). However, in these
models, the systemic effect of these compounds could
not be assessed.

The aim of this study was to evaluate the antitumor
activity of the aqueous extract of P. granatum (AEPG) in
mice transplanted with sarcoma 180. Hematological,
biochemical, histopathological and morphological
analyses of the tumor and the organs, including liver,
spleen and kidney, were performed to evaluate the

toxicological aspects of the treatment.

MATERIALS AND METHODS
Plant

Fruits of P. granatum were collected in Petrolina, PE, Brazil
(09°23'34”S, 40°30°28"W) in September 2011. Samples were
identified and a voucher specimen (ASE 20881) has been
deposited in the herbarium of the Department of Biology, Federal
University of Sergipe, Sao Cristévao, Sergipe, Brazil.

Extraction procedure and sample preparation

The fruits were washed with tap water and pulp samples were
obtained. The peel was dried at 55°C and uniformly powdered. The
extraction was carried out by dynamic maceration using boiling
water 1:100 (w/v) as a solvent for 2 h. The suspension was filtered
and the solvent was removed in a circulating air stove at 50 + 5°C
for 48 to 72 h. The percentage of extraction yield was 63.4%,
calculated in terms of dry weight.

For HPLC analysis, the crude extract of P. granatum (AEPG) was
solubilized in a mixture of water: methanol (1:1 v/v) (1 mg/mL),
filtered through a 0.45 um membrane (Millipore, Merck-Billerica,
MA, USA) and an aliquot of 10 pL was injected into the
chromatographic system.

Apparatus and chromatographic conditions

The HPLC analyses were performed on a Shimadzu liquid
chromatograph (Tokyo, Japan), equipped with a LC-6AD pump, an
SPD-M20A diode array detector (DAD), and operated with the LC
Solution data station software (Shimadzu, Tokyo, Japan). The
water used in experiments was obtained with the Millipore (Séo
Paulo, Brazil) Milli-Q purification system. Analysis was carried out
on the analytical C18 Luna column (250 x 4.6 mm, 5 um,
Phenomenex, Torrance, CA, USA) with the following conditions:
flow rate 1 mL/min and mobile phase consisting of 0.1% aqueous
phosphoric acid (v/v, A) and acetonitrile (B). The gradient program
was: 1to 5% B at 0 to 5 min, 5 to 8% B at 5 to 10 min, 8% B at 10
to 16 min, 8 to 25% B at 16 to 22 min, 25 to 90% B at 22 to 27 min,
90 to 1% B at 27 to 33 min. The chromatogram was monitored at
260 nm. Quantification was achieved using the linear calibration
curves of gallic acid (1 to 10 pg/mL) and ellagic acid (1 to 5 pg/mL)
standards.

In vivo antitumoural assay
Animals

Sixty Swiss mice (male, 20 + 2 g) were obtained from the central
biotery of the Tiradents University (Aracaju, Brazil). The animals
were housed in cages with free access to food and water. All
animals were maintained under controlled temperature (25 £ 2°C)
and relative humidity (50 = 5%), with a 12h:12 h light-dark cycle
(lights on at 6:00 a.m.). The experiments were conducted after
approval of the protocols by the Institutional Ethics Committee
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Table 1. Distribution of the animals into the experimental groups according
to treatment after transplantation of 2 x 10° sarcoma 180 cells/0.5 mL.

Group Treatment (0.2 mL i.p. administration)
Saline Saline

5-FU 25 mg/kg of 5-fluorouracil

PG10 10 mg/kg of AEPG

PG25 25 mg/kg of AEPG

PG50 50 mg/kg of AEPG

i.p.: Intraperitoneal administration; AEPG: aqueous extract of P. granatum at 10

mg/mL.

(021113) of the Tiradents University (Aracaju, Brazil) and were
carried out in accordance with the current guidelines for the care of
laboratory animals.

Determination of the effect of the AEPG on the growth of solid
tumors in mice

The in vivo antitumor effect was evaluated using sarcoma 180
ascites tumor cells according to the method described by Bezerra et
al. (2006). Ten-day-old sarcoma 180 ascites tumor cells (2 x 106
cells per 500 pL) were implanted subcutaneously into the left hind
groin of the experimental mice. One day after inoculation, the
AEPG was suspended in saline (vehicle) at final concentration of 10
mg/mL and administered intraperitoneally (10, 25 and 50 mg/kg)
once a day for seven consecutive days. The negative control was
injected with saline solution and the positive control was injected
with 5-fluorouracil (5-FU, purity > 99%; Sigma Chemical Co., 25
mg/kg). At the beginning of the experiment, the mice were divided
into five groups (n = 12 animals/group) shown in Table 1. Body
weight and food and water intakes were measured daily over the
time course of the experiment. On the 8th day, peripheral blood
samples were collected from the orbital plexus of the mice while
under light ether anesthesia and submitted to further hematological
and biochemical analyses. The animals were then sacrificed in a
CO2 chamber. The tumors, livers, spleens, and kidneys were
excised, weighed, and examined for morphology. Then, they were
fixed in 10% formaldehyde for histological analysis. The inhibition
ratio (%) was calculated by the following formula: inhibition ratio (%)
= ((A —B) / A) x 100, where A is the average tumor weight of the
vehicle group and B is the average tumor weight of the treated
group.

Systemic toxicology analysis

Determination of the effect of the AEPG on body and organ weight:
Body weights were determined at the start and on the last day of
treatment, and the animals were observed for signs of abnormalities
throughout the study.

Tumor, livers, kidneys and spleens were dissected, weighed and
observed for any signs of gross lesions or color changes and
hemorrhages.

Determination of the effect of the APEG on biochemical
parameters: After fasting for 6 to 8 h, the animals were submitted to
blood collection from the orbital plexus for biochemical analysis
(urea and creatinine to investigate any renal function alterations;
AST and ALT as liver parameter). The analysis was carried out in
semi-automatic equipment (Bioplus 200®), using enzymatic
colourimetric kits (Labtest®).

Determination of the effect of the APEG on hematological
parameters: After fasting for 6 to 8 h, the animals were submitted to
blood collection from the orbital plexus for hematological analyses.
To determine hematological parameter, an automated blood cell
counter was used (Sysmex America, Inc., USA). The total count as
well as differential counts of leukocytes, including eosinophils,
lymphocytes, neutrophils and monocytes was performed using
optical light microscopy after staining with Pappenheim's method.

Histopathology and morphological observations

The tumors, spleens, liver and kidneys were fixed in 10%
formaldehyde (pH 7.4), dehydrated in alcohol, and diaphanized in
xylene and paraffin-embedded.

Subsequently, 7 um thick histological sections were obtained and
stained with hematoxylin and eosin. Histological analyses were
performed under light microscopy.

Terminal deoxyuridine nick-end labeling (TUNEL) staining

The number of apoptotic cells was assessed by the TUNEL
technique described by Woodside et al. (2003). Histological
sections (7 pm thick, n = 3) were obtained from the paraffin-
embedded tissue and incubated using an in situ cell death detection
kit, POD (Roche Diagnostics, Indianapolis, IN, USA). At first, the
sections were deparaffinized in xylene (three changes at 3 min
intervals with air-drying in between each change for better section
adherence), rehydrated in graded alcohol (99, 95 and 70%) for 3
min each, and washed with deionized water. Then, the samples
were treated with proteinase K (20 pl/ml in PBS) to digest the
proteins, and endogenous peroxidase activity was quenched with
2% H202 in PBS for 10 min at room temperature. Thereafter,
sections were washed with 50 yl PBS buffer, diluted TdT enzyme
solution was applied, and the sections were incubated at 37°C in a
humidified chamber for 1 h. After incubation, the sections were
washed again with PBS buffer. Subsequently, 50 pl of
antidigoxygenin peroxidase was added, and the sections were
incubated in a humidified chamber for 30 min at room temperature.
Once more, the sections were washed with PBS, and
diaminobenzidine (DAB)-hydrogen peroxide was used for color
development. For negative controls, the TdT enzyme was replaced
with PBS on one section on each slide and was processed in
parallel. Counterstaining of nuclei was performed with 2% Meyer’s
hematoxylin and mounted for examination. Apoptotic cells were
identified as cells with brown-stained nuclei or as apoptotic bodies
(fragments of apoptotic cells engulfed by neighboring cells). The
number of TUNEL-positive cells was determined in 1000 counted
cells, and the apoptosis ratio (AR) was calculated according to the
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Figure 1. Chromatography of the aqueous extract of P. granatum. The peaks represent gallic acid [1], punicalagin a [2],

punicalagin B [3], and ellagic acid [4] at 260 nm.

following equation: AR (%) = (TnP/1000) x 100, where AR is the
apoptosis ratio and TnP is the number of TUNEL-positive cells.

Statistical analysis

Results are expressed as mean + standard error of the mean
(SEM) or as a percentage of the saline group. Subsequently, data
were assessed by one-way analysis of variance (ANOVA) followed
by post hoc Tukey-Kramer multiple comparison test. The values at
p < 0.05 were considered to be statistically significant.

RESULTS

HPLC-DAD analysis

The HPLC-DAD analysis of the AEPG revealed the
presence of four major peaks (Figure 1) which were
identified according to retention times, UV and
comparison with authentic samples as gallic acid [1],
punicalagin a [2], punicalagin B [3], and ellagic acid [4].
The ellagic and gallic acids were quantified using external
standard method, which presented concentrations of
gallic acid and ellagic acid in the sample were 32.24 and
41.67 mg/g, respectively.

In vivo anti-tumor activity of the AEPG

The effects of the AEPG on mice transplanted with
sarcoma 180 tumors cells are as shown in Figure 2. As
shown in Figure 2A and B, the tumor weight and volume
of 5-FU-treated animals were significantly lower than
those of the saline group (p < 0.001). Similarly,
intraperitoneal administration of AEPG (10, 25, and 50
mg/kg) also reduced significantly the average weight and
volume of the tumors (p < 0.001). The reductions of
tumor weight and volume obtained with the treatment
with AEPG at 10 and 50 mg/kg were statistically similar to
that obtained with 5-FU (p > 0.05). Moreover, there was
no significant difference in the average tumor weight and

volume between the AEPG-treated groups (p > 0.05). No
significant difference in the tumor growth IR was
observed between 5-FU and treatment with 10 and 50
mg/kg AEPG (p > 0.05) (Figure 2C). However, the IR for
25 mg/kg AEPG was significantly lower than that for 5-FU
(p < 0.05). Assessment of the average tumor weight and
tumor growth IR indicated that the response of sarcoma
180 growth to treatment with AEPG was not dose-
dependent.

Post-mortem analysis of the tumors revealed similar
histopathologic features in all groups (Figure 3). The
tumors were characterized by neoplastic sheets of small
polygonal and ovoid cells compactly arranged in some
areas but loosely disposed in others. Tumor cells often
invaded and dissociated lobules of adipose tissue and
striated skeletal muscle bundles. Most of the tumor cells
exhibited strongly eosinophilic cytoplasm and round-
shaped hyperchromatic and moderately pleomorphic
nuclei, but sometimes the nuclear chromatin was
disperse and presented prominent nucleoli. Typical and
atypical mitotic figures were often found (2 to 3
mitoses/histologic field at 400x magnification) among the
neoplastic parenchyma. In addition, extensive areas of
coagulative necrosis and a mild to moderate
inflammatory response composed of Ilymphocytes
andneutrophils were also observed. Vascular and
perineural invasion were rare histologic findings in all
groups, regardless of the treatment applied to the
animals.

Apoptotic cell death was also detected using TUNEL
assay. Positive labeling was identified by brownish color
of the nucleus, regardless of the intensity of the staining
(Figure 4). TUNEL-positive cell count varied considerably
in all groups (Figure 5), but the average percentage was
significantly increased in the groups treated with 5-FU (p
< 0.01) and AEPG at the doses of 10 mg/kg (p < 0.01),
25 mg/kg (p < 0.05), and 50 mg/kg (p < 0.001). No
significant difference was observed either between 5-FU
and the three doses of AEPG or between the groups
treated with AEPG.
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Figure 2. Assessment of the (A) average tumor weight and (B) tumor volume of the different test groups.
(C) Assessment of the average tumor growth inhibition ratio of the different test groups (in relation to tumor
weight of the saline-treated group). Data are expressed as mean + standard error of the mean (SEM). ***
Statistically significant difference (p < 0.001) in comparison with the saline-treated group; # statistically
significant difference (p < 0.05) in comparison with the 5-fluorouracil-treated group; * statistically significant
difference (p < 0.05) in comparison with the 5- fluorouracil-treated group (ANOVA and Tukey test).

Systemic toxicological evaluation

No behavioral changes were observed in the animals
treated either with AEPG or 5-FU, and no remarkable
changes in the intake of food and water were observed,
regardless of treatment. Figure 6A shows the body
weight of the animals at the beginning and end of the
experiment. No significant differences in body weight
between the groups were observed at the beginning of
the experiment (p > 0.05), but at the eighth day, the body
weight of the mice treated with 5-FU was significantly
lower than that of the other groups (p < 0.05).
Furthermore, as shown in Figure 6B, the average
percentage of weight loss (in relation to the initial body
weight) was significantly greater in the group treated with
5-FU than in the others (p < 0.05).

Table 2 shows the results of the biochemical
parameters. Serum levels of aspartate aminotransferase
(ALT) significantly increased in the group treated with 50
mg/kg AEPG in comparison with the saline-treated group
(p < 0.001). Creatinine levels were significantly
decreased in the groups treated with 25 mg/kg AEPG (p
< 0.001) and 50 mg/kg AEPG (p < 0.01), as well as in the
5-FU-treated group (p < 0.05), again in comparison with

the group treated with saline. Despite the significant
differences found in these data, the values were within
the normal interval established by the experimental
research support database of the Biotery of the
Tiradentes University.

Analysis of the hematologic parameters revealed no
significant changes in the erythrogram data (Table 3, p >
0.05). However, as shown in Table 4, treatment with 5-
FU induced a significant decrease in the total leukocyte
count (p < 0.01) and relative neutrophil count (p < 0.001).

In addition, a relative increase in the differential count of
eosinophils was observed (p < 0.001). In contrast, the
administration of AEPG induced an increased neutrophil
count at the three doses of 10 mg/kg (p < 0.05), 25 mg/kg
(p < 0.001), and 50 mg/kg (p < 0.05), without causing
expressive leukocytosis.

Pathological examination of the organs removed on a
gross basis revealed that livers and spleens of the 5-FU-
treated group showed an opaque surface tissue that was
not present in the other groups, but no gross difference
was detected between the experimental groups regarding
the shape and consistency. Furthermore, a significant
reduction of the average weight of the spleen in relation
to that of the saline group was observed in the 5-FU-
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Figure 3. Photomicrographs of sarcoma 180 histologic sections stained with HE. (A) Tumor cells of
sarcoma-180 (cs180) proliferating below the epidermis (ep, dashed double-headed arrow), deeply invading
the underlying dermis (drm, solid double-headed arrow). (B) Tumor cells invading and dissociating bundles
of skeletal muscle fibers (msc). (C) ¢s180 invading the hypodermic adipose tissue (ad), and causing foci of
parenchymal coagulative necrosis (ne). (D) Extensive areas of coagulative necrosis (ne) limited by viable
tumor cells (*). (E) Detail of tumor parenchymal component showing intense cell pleomorphism and
hyperchromatic nuclei. (F1 and F2) typical and (F3 and F4) atypical mitotic figures (HE, A-D, 100x
magnification, E-F, 800x magnification).

treated animals (p < 0.05), but not in the AEPG groups (p 8).
> 0.05) (Table 5).
Histologic analysis revealed that the architectural and
cellular appearances of the organ tissues were DISCUSSION
comparatively unremarkable in all groups (Figure 7),
except for the spleen samples from the 5-FU-treated Natural products play a relevant role in cancer therapy,
group, which displayed atrophy of the white pulp (Figure with a substantial number of natural anticancer agents
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Figure 4. In situ apoptotic cell labeling by the terminal desoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method of paraffin-
embedded histologic sections of sarcoma 180 tumors treated with saline, 5-fluorouracil (5-FU), and 10, 25, and 50 mg/kg aqueous extract
of P. granatum (AEPG10, AEPG25, and AEPG50, respectively). TUNEL-positive apoptotic tumor cells show brown-stained nuclei. Note
the scarce labeling in the saline-treated group and intense staining in the 5-FU and AEPG-treated groups (original magnification 800x).
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Figure 5. Assessment of the average percentage of TUNEL-positive
cells. Data are expressed as mean + standard error of the mean (SEM).
Statistically significant differences between the values are expressed as
*(p < 0.05), **(p < 0.01), and ***(p < 0.001), in comparison with the
saline-treated group (ANOVA and Tukey test).

(Rayan et al., 2017; Blowman et al., 2018; Cui et al., become more aggressive during the last 20 years, the
2018). Furthermore, because cancer treatments have need for new methods to manage adverse and/or side
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Table 2. Effect of an aqueous extract of P. granatum (AEPG) and 5-fluorouracil (5-FU) on the biochemical parameters of mice
subjected to sarcoma 180 cell transplantation.

Dru Dose ALT AST Urea Creatinine
g (mg/kg/day) un un (mg/dL) (mg/dL)
Saline - 37.2+2.1 217.4+13.4 46.5+ 3.0 0.41 £0.03
10 42.8+2.2 228.5+10.3 54.4+44 0.36 £ 0.05
AEPG 25 43.7+4.3 219.7+11.8 37.9+34 0.12 £ 0.02%***
50 56.8 £ 6.4*** 276.2 £ 31.7 43.0+ 3.3 0.23 £ 0.07**
5-FU 25 30.5+5.3 201.0+£9.3 34.3+4.2 0.32 £ 0.01*
Reference Values” - 17.0-77.0 54.0 - 298.0 42.0-61.0 0.10-0.90

Data are expressed as mean + standard error of the mean (SEM). Statistically significant differences between the values are
expressed as * (p<0.05), ** (p<0.01), and *** (p<0.001), in comparison with the saline-treated group (ANOVA and Tukey test). # Values
obtained from the experimental research support database of the Tiradentes University Biotherium.

Table 3. Effect of an aqueous extract of P. granatum (AEPG) and 5-fluorouracil (5-FU) on erythrocyte parameters in peripheral
blood of mice subjected to sarcoma-180 cell transplantation.

Bru Dose Red blood cell Hemoglobin Hematocrit
g (mg/kg/day) (x10%) (g/dL) (%)
Saline - 9.08 +£0.18 12.99 £0.32 40.58 + 0.68

10 9.78 £+ 0.15 14.24 + 0.23 44.03 £0.63
AEPG 25 8.57 + 0.66 12.74 £ 0.95 39.46 £ 2.91
50 9.25+0.25 12.94 £ 0.41 40.42 +1.09
5-FU 25 8.30 + 0.56 11.19+0.81 34.80 +2.55
Reference Values” - 6.36 —9.82 10.20 - 16.60 39.00 - 49.00

Data are expressed as mean + standard error of the mean (SEM). No statistically significant difference between the groups was
observed (ANOVA and Tukey test). # Values obtained from the experimental research support database of the Tiradentes University

Biotherium.

effects of such therapy has become apparent (Redd et
al., 2001).

In this study, treatment with an aqueous extract of P.
granatum at doses of 10, 25, and 50 mg/kg significantly
inhibited the growth of sarcoma 180 tumors in mice, but
not in a dose-dependent manner. These data suggest
antitumor activity of the extract, which is similar to the
effects of 5-FU, a chemotherapeutic agent widely used in
experimental models (Mousinho et al., 2011). Therefore,
this study provides data indicating the promise of AEPG
in anticancer therapy, which is consistent with previous in
vitro research (Jayakumar and Haridass, 2012; Joseph et
al.,, 2013). It is possible that such antitumor effects are
related to the chemical compounds present in the extract.
It has been demonstrated that phytochemical
constituents found in P. granatum present cytotoxic
effects on tumor cell lines, particularly tannic compounds
such as ellagic acid (Zhao et al., 2013; Zahin et al., 2014;
Zhang et al.,, 2014), gallic acid (Liang et al., 2012;
Locatelli et al., 2013) and punicalagin (Zahin et al., 2014).

As reported by Qu et al. (2012), high contents of these
tannic compounds were found in the AEPG using the
HPLC-MS method, suggesting that ellagic and gallic
acids may play an important role in the inhibition of
murine sarcoma 180 growth. The reason why the
antitumor activity was not dose-dependent is not fully
understood, but it is possible that all receptors activated
by the chemical compounds present in the EAPG are
already saturated at 25 mg/kg, and therefore increasing it
provided no additional biological effect. However, further
investigations are necessary to clarify the precise
biochemical mechanisms underlying these biological
effects. In addition, as the effect is not dose-dependent,
and therefore does not require dose adjustments to body
weight.

Since tissue homeostasis is the result of the balance
between proliferation and cell death, the apoptotic rate
plays a key role in tumor formation and progression
(Evan and Vousden, 2001; Fulda, 2009).

Apoptosis is the process of highly controlled



Bastos et al. 423

Table 4. Effect of an aqueous extract of P. granatum (AEPG) and 5-fluorouracil (5-FU) on the total leukocytes in peripheral
blood of mice subjected to sarcoma-180 cell transplantation.

Dru Dose Total leukocytes Differential count of leukocytes (%)
g (mg/kg) (103 cells/mL) Neutrophil Lymphocyte Monocyte Eosinophil
Saline - 7.8+0.6 25720 63.2+4.8 23+04 3.3x0.7
10 9.6 0.9 37.9+3.1* 56.1+3.2 26+04 3.3£0.8
AEPG 25 99+1.0 38.2 + 5.8*** 55.8 + 3.6 4.3+0.8* 28+0.4
50 8.1+0.7 324 £2.4* 59.1+3.3 28+04 58+14
5-FU 25 2.1+£0.3* 8.8 £ 1.4*** 70.4+48 24+05 9.9 £ 1.6%**
Reference Values” 6.0 - 15.0 10.0 - 40.0 55.0 - 95.0 1.0-4.0 0.0-4.0

Data are expressed as mean * standard error of the mean (SEM). Statistically significant difference between the values are
expressed as * (p<0.05), ** (p<0.01), and *** (p<0.001) in comparison with the saline-treated group (ANOVA and Tukey test). #
Values obtained from the experimental research support database of the Tiradentes University Biotherium.
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Figure 6. (A) Assessment of the body weight and (B) body weight loss ratio of the animals of the different
groups at the first and eighth days of experiment. Data are expressed as mean + standard error of the mean
(SEM). *Statistically significant difference (p<0.05) in comparison with the saline-treated group (ANOVA and
Tukey test).

Table 5. Effect of an aqueous extract of P. granatum (AEPG) and 5-fluorouracil (5-FU) on the average weight of
the organs removed from mice subjected to sarcoma 180 cell transplantation.

Dru Dose Organs (g/100 g body weight)
g (mg/kQg) Liver Kidney Spleen
Saline - 4.86 £0.18 1.22+0.04 0.43 £0.05
10 4.25+0.18 1.22+£0.03 0.39 £ 0.06
AEPG 25 5.01+£0.28 1.39+0.08 0.49 £ 0.08
50 4.62+0.42 1.38+0.04 0.43 +0.03
5-FU 25 4.45 + 0.55 1.36 £ 0.04 0.30 + 0.04**

Data are expressed as mean + standard error of the mean (SEM). Statistically significant difference between the values
are expressed as ** (p < 0.01), in comparison with the saline-treated group (ANOVA and Tukey test).

programmed cell death triggered by intrinsic biochemical
The mechanisms of apoptosis
involve an energy-dependent cascade of molecular

signaling pathways.

cell cycle

interfaces,

stress

responses,

events that includes activation of cysteine proteases such
as interleukin-1B3-converting enzyme (ICE), Fas signaling,
the B-cell
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Figure 7. Photomicrographs of (A) liver and (B) kidney samples showing comparatively
unremarkable architectural and cellular appearance of the organ tissues in all groups (HE, 400x
magnification).

Figure 8. Photomicrographs of spleen samples. The white pulp (wp) presented signs of atrophy in 5-
FU-treated group, but presented the usual architecture and morphologic appearance in the other
groups. The red pulp (rp) was unremarkable and similar in all groups (HE, 100x magnification).

lymphoma 2 family, and the tumor suppressor gene p53. and nuclear proteins, cross-linking of proteins, formation
This process leads to the cleavage of caspase-3 and of apoptotic bodies, expression of ligands for phagocytic
results in DNA fragmentation, degradation of cytoskeletal cell receptors, and finally uptake by phagocytic cells, with



no secondary inflammation (Elmore, 2007).

Thus, to explore the antitumor effect of AEPG on
sarcoma 180 tumor in the present study, apoptosis was
detected by in situ TUNEL staining. It was found that
treatment with AEPG significantly increased the number
of TUNEL-positive cells in comparison with saline control.
The increased number of TUNEL-positive cells observed
in AEPG-treated groups was statistically comparable to
that resulting from 5-FU treatment. Thus, the results
strongly suggest that the antitumor effects of the extract
are related to increased apoptosis-mediated tumor cell
death. It is possible that the major tannic compounds
present in the extract, such as ellagic and gallic acids,
are involved in the proapoptotic effects of AEPG. It has
been demonstrated that ellagic acid is able to stimulate
apoptosis in poorly differentiated MIAPaCa-2 and
moderately differentiated PANC-1 human pancreatic
carcinoma cell lines, as a response of inhibition of the
transcription factor NF-kB. The decrease in NF-kB leads
to activation of the mitochondrial proapoptotic pathway,
resulting in cytochrome C release and caspase activation
(Edder Kaoui et al., 2008).

In addition, gallic acid has been shown to induce
apoptosis of HL-60 human promyelocytic leukemia cells
(Yeah et al., 2011) and A375.S2 human melanoma cells
(Lo et al, 2010) through caspase-dependent and -
independent pathways. However, further investigations
are necessary in order to clarify the precise mechanisms
underlying the proapoptotic effect of AEPG on tumor
cells.

One of the most important challenges regarding
chemotherapy against cancer are the minimization of the
adverse/side effects of the drugs. As previously
demonstrated by Gonzaga et al. (2009), treatment with 5-
FU promotes a variety of undesirable adverse effects,
such as body weight loss, severe myelosuppression, and
spleen atrophy.

Herein, no remarkable changes were observed in the
total leukocyte count of the AEPG-treated groups,
indicating no suppressive effects on peripheral blood
white cells. In fact, AEPG induced the increase of
neutrophils, suggesting that the extract might exert a
possible stimulatory effect on the bone marrow. In
addition, although significant differences were observed
in biochemical parameters of liver and renal function in
the AEPG-treated groups, all the serum values remained
within the physiologic reference range, suggesting that
those changes might be considered irrelevant. The fact
that the weight, gross appearance, and histologic
features of the organs in the AEPG treated groups were
unremarkable and comparable to those of the saline
group seems to support the hypothesis that the
biochemical changes were not severe enough to cause
real functional damage. Thus, as these hematologic,
biochemical, and gross/histologic parameters have been
used to assess the toxicity of P. granatum fruit extracts
(Vidal et al., 2003), the present data seem to point to the
safety of AEPG at the studied doses.
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Conclusion

This study demonstrated that intraperitoneal admini-
stration of AEPG inhibited the growth of transplanted
sarcoma 180 cells in a murine model, and that the
antitumor effects were likely related to increased
apoptosis rates. In addition, the use of the extract was
proven to be safe, with none of the adverse/side effects
associated with the use of chemotherapeutics.
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