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Abstract

Background: Punicagranatumvar. pleniflora (PGP) has been used for thousands of years as an effective
agentto treat various types of diseases. However, there are a few new evidences addressing its therapeutic
effects and related mechanisms. Therefore, the aim of this study was to investigate the cytotoxic,
antioxidant, antibacterial, and anti-inflammatory effects of ethanolic (ET), dichloromethane (DM), and
ethyl acetate (EA) extracts of PGP.

Methods: ET, DM, and EA extracts of PGP were first prepared using maceration method. Total phenolic
content (TPC) of PGP was then assessed by the Folin-Ciocalteu assay, and its antioxidant capacity was
determined by DPPH and FRAP methods. Furthermore, in-vitro antibacterial activity of the PGP extracts
was performed. The effect of PGP on the viability of J774A.1, HUVECs, HT29, and MCF-7 cell lines
was evaluated by the MTT assay. The anti-inflammatory effect of PGP was assessed in the
lipopolysaccharide (LPS)-stimulated J774A.1 cell line using gRT-PCR method.

Results: EA extract contained the highest phenolic content (383.3 + 9.1 mg gallic acid/g extract) and
showed the highest antioxidant activity (ICso = 36.5 + 2.3 pg/mL). PGP at concentration of 15 pg/mL
significantly decreased the expression of COX-2 (ET) and iINOS (ET and EA) in J774A.1 cell. Also, EA
showed the highestantibacterial activity. Furthermore, the PGP extracts decreased the viability of all tested
cell lines in a concentration-dependent manner. As indicated by ICso, EA demonstrated the lowest ICso
for all tested cell lines.

Conclusion: According to the results, antioxidant, anti-inflammatory, antibacterial, and cytotoxic effects
of PGP might be driven by its phenolic compounds highly presented in the EA extract.
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Introduction

For centuries, medicinal plants have been used as safe, cost-
effective, and easy-to-access therapeutic agents for a variety of
diseases so that recently the trend has been turned back to the
use of herbal remedies instead of synthetic drugs (1). It has been
shown that the adverse effects of herbal drugs are relatively less
than alternative synthetic ones when they are used properly (2).
Furthermore, the rates of death or hospitalization due to herbs
are fewer than those related to synthetic drugs (1). Herbs and
their derived natural compounds affect different cellular
protective mechanisms, as well as anti-inflammatory,
antibacterial, antioxidant, and anticancer effects (3-5). Hence,
herbal compounds are considered as an interesting source for
developing new remedies.

Punica granatumvar. pleniflora (PGP) belongs to
Punicaceae family and its therapeutic effects are attributed to its
flowers, known as “Golnar-e-farsi” in traditional Persian
medicine (TPM) (6). Traditionally, PGP has been used as an
astringent, hemostatic, antibacterial, antifungal, antiviral, and as
a remedy for different diseases (6,7). However, there are a few
scientific evidences approving these traditional documents. For
example, it has been used for the treatment of minor recurrent
aphthous stomatitis (MiRAS) (8). In another study, the
antibacterial activity of PGP was attributed to its phenolic and
flavonoid contents (9). Moreover, PGP is considered as a safe
and effective mouthwash in the treatment of gingivitis of
patients with diabetes in comparison with chlorhexidine
mouthwash (7).

In contrast to PGP, there are several evidences evaluating
the therapeutic effects of Punica granatum var. sativa (PGS) or
pomegranate in different in vitro and in vivo studies (10,11),

indicating that PGS has antimicrobial, antioxidant, anticancer,
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and anti-inflammatory effects (10). A recent study by Prakash
etal. (2011) has reported the existence of some unique phenolic
compounds like punicalagin and punicalin in pericarp, leaf, and
flower of PGS (12).

However, it seems that the mechanisms behind the
therapeutic effect of PGP have been less investigated, therefore,
the present study was conducted to investigate the cytotoxic,
antibacterial, anti-inflammatory, and antioxidant effects of

different fractions of PGP in in vitro experiments.

Materials and Methods
Plant material collection, extraction, and phytochemical
analysis

The study protocols were approved by the Ethics
Committee of Kerman University of Medical Sciences (Ethical
code: IR.KMU.REC.1398.042). The flowers of PGP were
collected from Kerman, Iran, in May/July 2017. The samples
were authenticated by a professional herbalist using a voucher
specimen (KF1634-1) deposited in the herbarium of the
Department of Pharmacognosy, Faculty of Pharmacy, Kerman
University of Medical Sciences. Air-dried flowers were
grounded by an electronic grinder and extracted with 80%
ethanol using maceration method (13). The extract was dried in
an oven, and then, a certain amount of dried extracts was
suspended in ethanol (ET). The suspended extract was exposed
to dichloromethane (DM) or ethyl acetate (EA) in order to
fractionate compounds according to their polarity. Afterward,
the extracts were dried separately in an oven at 45°C and stored
at -20°C for further analysis.

Phytochemical screening of the PGP extracts was done to

confirm the existence of alkaloids, tannins, flavonoids,
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saponins, anthraquinones, cardiac glycosides, steroids, and

terpenoids (14).

Determination of total phenolic content (TPC) of PGP
extracts

In Folin-Ciocalteu (F-C) assay, the reagent reacts with
antioxidants to produce a blue complex that can be measured at
765 nm. The TPC of each extract was determined using F-C
method as previously reported (15). Briefly, 100 puL of the
extract or a standard solution of gallic acid was mixed with 500
pL of diluted F-C reagent (1:10 v/v). Afterwards, 400 uL of an
aqueous solution of sodium carbonate (Na2CO3) (7.5% wiv)
was added and the obtained mixture was incubated for 30 min
in darkness at 25 £ 2°C. Then, 4000 uL of distilled water was
added and the absorbance was measured at 765 nm using a
multi-mode microplate reader (BioTek®, USA) against
solvents as blank. The TPC of the fractions (mg gallic acid/g
extract) was determined using the regression equation obtained

from the standard calibration curve of gallic acid (150-500

pg/mL).

Evaluation of the antioxidant effect of the PGP extracts
a0, a-diphenyl-g-picrylhydrazyl (DPPH) assay

DPPH assay can be used to evaluate antioxidant capacity.
For example, when this free radical solution is reduced by an
antioxidant, its color will change from violet to colorless. The
free radical-scavenging activity of the fractions of PGP was
assessed using DPPH assay. Different concentrations of the
PGP extracts or DPPH as positive control (50 pl) were added
to 0.004% wiv methanol solution of DPPH (150 pl). A blank
was also performed using the same procedure to the solution

without material. Then, the absorbance of color of samples and
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blank was measured at 517 nm using a multi-mode microplate
reader (BioTek®, USA) (5). Antioxidant activity of extracts
was presented as 1Csp, which is defined as the concentration of
extracts cause a 50% reduction in the initial DPPH

concentration. All measurements were performed three times.

Ferric reducing antioxidant power (FRAP) assay

In the FRAP assay, the colorless oxidized form of iron
(Fe*)is converted to a blue-colored Fe? tri-pyridyl
triazine (TPTZ). The assay measures the changes in the
absorbance at a wavelength of 593nm. As previously
described, 5 pL of the sample was added to 295 L of fresh
FRAP reagent constituted with mixing of TPTZ, HCI, and
FeCls and warmed to 37°C prior to the use. The absorbance of
the reaction mixture was then recorded at 593 nm after 10 min.
The standard curve was constructed using FeSO4 solution (100-
1000 pmol/L). The results were expressed as pumol Fe(I)/g dry

weight of extract and the assay was carried out in triplicate (16).

Evaluation of the antimicrobial activity
Bacteria

In the present study, Staphylococcus aureus (PTCC
25923), Enterococcus faecalis (PTCC 29212), Streptococcus
pyogenes (PTCC 1447), and Bacillus subtilis (PTCC 1365)
were used as gram-positive bacteria while Escherichia coli
(PTCC 25922) and Serratia marcescens (PTCC 1053) were
used as gram-negative bacteria.
Determination of minimum inhibitory concentration
(MIC)

Two-fold dilutions of PGP fractions (0.2-8 mg/mL) were

prepared to determine the MICs using broth microdilution
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method  (17). 2-(p-iodophenyl)-3-(p-nitrophenyl)-5phenyl
tetrazolium chloride (INT) (Merck, Darmstadt, Germany)
solution (10 pL of 0.6 mg/mL concentration) was used for the
characterization of the microbial growth. Finally, the lowest
concentration of the extracts that prevented bacterial growth

was recorded as the MIC value.

Evaluation of the cytotoxicity effect of the PGP extracts
All materials for cell culture were obtained from
Invitrogen (Carlsbad, CA, USA). The J774A.1 murine
macrophage cell line, human umbilical vein endothelial
cells (HUVECSs), MCF-7 breast tumor cell line, and HT-
29 human colorectal adenocarcinoma cell line were
purchased from Iranian Biological Resource Center
(Tehran, Iran). All cell lines were cultured in DMEM
high glucose supplemented with 10% FBS and 1% (v/v)
Penicillin/Streptomycin. They were maintained in a
humidified chamber with a 5% CO2 atmosphere at 37°C.
Cells were seeded into the 96-well culture plates at a
density of 10,000 cells per well for J774A.1, MCF-7, and
HT-29, and 5,000 cells per well for HUVECs. Cells were
treated with or without PGP extracts with different
concentrations (7-500 pg/mL) for 24 hours (h).
Afterward, MTT solution (Sigma, St Louis, MO, USA)
was added and cells were incubated in darkness for 4 h.

After adding dimethyl sulfoxide (DMSO), the

absorbance was measured at 570 nm using a microplate
reader (Bio Tek ELX800, USA) (18).
Evaluation of the anti-inflammatory activity of PGP

In order to evaluate the anti-inflammatory effect of the PGP
extracts, J774A.1 cells were exposed to bacterial
lipopolysaccharide (LPS) at a concentration of 5 pg/mL
(5,19,20), and then, treated with different non-toxic
concentrations of PGPs (ET and DM: 31 pg/ml and EA: 15
pg/ml). At the next step, non-treated and treated J774A.1 cell
lines were used for the total RNA extraction using

Rnx-plus solution (CinnaGen, Tehran, Iran) according to
the manufacturer's instructions. RNA concentration was
determined using a NanoDrop 2000 spectrophotometer
(Thermo  Scientific, Wilmington, Delaware, USA).
Complementary DNA was synthesized by TAKARA Kkits
according to the manufacturer's recommendation. Quantitative
reverse transcription-polymerase chain reaction (QRT-PCR)
was carried out using an ABI system with a mixture of 6 pL
Maxima SYBR Green/ROX gPCR Master Mix (Fermentas,
UK), cDNA template, and 1 pL specific primers (Table 1). The
threshold cycle (Ct) was determined for 18s and the target
genes (COX-2 and iNOS) of each sample. Subsequently, ACt
was calculated and relative quantitation of each mRNA
expression was normalized to the expression of the

housekeeping gene 18s (21,22).

Table 1. Primer sequences for real-time quantitative PCR

Gene Sense Primer(5'— 3')

Anti-sense(5'— 3')

COX2 5 AACCGCATTGCCTCTGAAT 3
iNOS 5 CGAAACGCTTCACTTCCAAZ
18S 5' GTAACCCGTTGAACCCCATT 3

5 CATGTTCCAGGAGGATGGAG 3'
5 TGAGCCTATATTGCTGTGGCT 3'
5'CCATCCAATCGGTAGTAGCG 3'

iNOS: Inducible nitric oxide synthase
COX-2: Cyclooxygenase-2
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Statistical analysis

Statistical analysis was done by GraphPad Prism version
8.0.0 (Graph Pad Software, San Diego, CA, USA). One-way
ANOVA test was used for comparison of differences among
multiple groups followed by Tukey's post-hoc test for
exploring significantly different groups. Data were analyzed by

unpaired student's t-test for comparison of differences between

Results
Phytochemical analysis

Phytochemical constituent of PGP is shown in Table 2.
Tannin, flavonoid, and cardiac glycoside were observed in ET
extract. Furthermore, EA fraction also contained tannin and

flavonoid components.

two groups.
Table 2. Phytochemical constituent of the PGP extracts
Phytochemical Constituent Test Applied ET EA DM
Alkaloid Dragendroffs and Mayer reagent - - -
Tannin Ferric chloride test solution + + -
Flavonoid Lead acetate and dilute ammonia test + + -
Saponin Froth assay - - -
Anthraquinone Bomtragers assay - - -
Cardiac glycoside Keller-killianis assay + - -
Steroid Liebermann-Burchard assay - - -
Terpenoid Salkowski's assay - - -
+: Presence, -: Absence
TPC of PGP

The TPC of PGPsis shown in Table 3. The TPC of EA was
about 383.3 £ 9.1 mg gallic acid/g extract, which is obviously

higher than that of other extracts as shown in Table 3.
Table 3. Total phenolic content (TPC) of the PGP extracts

Extract Type Gallic Acid (mg)/Extract (g)
Ethanolic 2369+6.7
Dichloromethane 1306+4.1
Ethyl acetate 3833+9.1

Antioxidant activity of PGP
Free radical-scavenging ability by the DPPH assay

As shown in Table 4, the highest scavenging activity
belonged to EA fraction with 1Csp value of 36.5 £ 2.3 pg/mL,
while Butylated hydroxytoluene (BHT) exhibited the [1Cso
value of 53.8 + 3.2 pg/mL.

Table 4. DPPH scavenging activity and IC50 values for different fractions of PGP

Extract Type ET

EA BHT

ICso (/ML) 65°1+2.03*

101.1 £ 8.4%***

36.51 £2.31** 538+32

ET: Ethanolic extract of PGP
DM: Dichloromethane extract of PGP
EA: Ethyl acetate extract of PGP

BHT: Butylated hydroxytoluene (served as positive control)
Al data are represented as mean = SEM of three independent experiments.
(n=3; *P<0.05, ** P<0.01, **** P<0.0001 vs. BHT group)
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FRAP assay
As shown in Table 5 EA fraction at all tested

concentrations demonstrated significantly (P<0.01) higher

level of antioxidant activity than Vitamin C. ET extract showed

a similar pattern of antioxidant activity for Vitamin C.

Table 5. Comparative evaluation of antioxidant activity via FRAP assay

Samples
ET DM EA Vitamin C
1000 42+04 17 £04%* 58+0.4** 42+04
500 35+£03 12+0.1%* 47+03** 33+06
Concentrations (ug/mL) 250 24+01 0.7 £0.1%** 32+£0.1%* 22+03
125 15+0.1 05+01** 20£0.2%** 12+02
62 09+00 0.31+£0.0** 12+0.1** 08+0.2

ET: Ethanolic extract of PGP
DM: Dichloromethane extract of PGP
EA: Ethyl acetate extract of PGP

All data are represented as mean + SEM of three independent experiments
(n=3; *P<0.05, ** P<0.01, **** P<0.0001 vs. Vitamin C group as a positive control)

Antibacterial activity of PGP

especially E. faecalis, while DM had the highest MIC, except

As shown in Table 6, among all tested extracts, EA had the for B. subtilis.
lowest MIC for all types of  bacteria,
Table 6. Minimum inhibitory concentration (mg/mL) of PGP fractions
Microorganism
S.aureus B. subtilis E. coli E. feacalis S. marcescens S. pyogenes
Extract Type
ET 8 4 8 8 >8 8
DM 8 4 >8 >8 >8 8
EA 2 2 2 1 2 2
ET: Ethanolic extract of PGP
DM: Dichloromethane extract of PGP
EA: Ethyl acetate extract of PGP
Cytotoxic effect of PGP HT-29, HUVECs, and J774A.1 in a concentration-dependent

The cytotoxic effect of different concentrations of PGP
extracts (7-500 pg/ml) on normal and cancerous cells was
evaluated using MTT assay. As shown in Figure 1, PGP

extracts reduced the viability of all cell lines including MCF-7,
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manner. As indicated by the 1Cso values (Table 7), it seems that
the ET and EA extracts had a much higher effect on cancerous
cell lines including MCF-7 and HT-29. Moreover, EA

demonstrated the lowest ICs; for all cell lines.
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Table 7. ICx, values for PGP extracts

1Cs (ug/ml) £ SEM
Cell line
ET EA DM
MCF-7 3489+28.1 199.0+24.6 4205+109
HT-29 43831188 3275+61.1 500 pg/ml>
HUVECs 500 pg/ml> 500 pg/ml> 500 pg/ml>
J774A1 500 pg/ml> 4448+ 456 500 pg/ml>
ET: Ethanolic extract of PGP
DM: Dichloromethane extract of PGP
EA: Ethyl acetate extract of PGP
A
150
3 500ug/ml
> 100 . = 250 pg/ml
S — — —_— =1 125 pg/ml
g = s B 62ug/ml
B 31ug/ml
n ”ﬂ B 15ug/ml
0 Wl 7ug/ml
Control ET EA DM
B
150
> 100 . -
3 M _
- ” H ”
AL I
Control ET EA =}
C 1504
> 1004 e
> 50 H
o<
Control ET EA DM
D 1504
» 1004 L o
0

Control ET

Figure 1. Evaluation of the effects of PGP total extracts and its fractions on the viability of (A) MCF-7, (B) HT-29, (C) HUVECS, and (D) J774A.1 cell

lines by MTT assay. The viability percentage of all cell lines was shown after treatment with different concentrations of PGP total extract and its fractions.

The results are presented as mean + SEM (n=6; *P<0.05 (a), *P<0.01 (b), **P<0.001 (c) vs. control).
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Anti-inflammatory activity of PGP

As shown in Figure 2, the LPS-treated cell had a
remarkable higher expression of both COX-2 (P<0.01) and
iINOS (P<0.001) genes compared to the control group. The
expression of COX-2 (P<0.05) and iNOS (P<0.01) was

A

15

10

significantly decreased by ET extract at concentration of 31
pg/ml. EA fraction had a tendency to decrease the expression
of COX-2, but this decrease was not significant. However, it
significantly reduced the expression of iNOS at concentration

of 15 pg/ml (P<0.05).

Control
LPS
ET

EA

DM

(NN

Relative expression of COX-2

60+

401

20+

0-

Relative expression of iNOS

Figure 2. The effect of PGP total extract and its fractions on the expression levels of COX2 (A) and iNOS (B) genes in the LPS-treated J774A.1 cell

line. LPS significantly increased the expression level of both inflammatory genes. PGP total extract and EA fraction reduced the expression of

inflammatory genes. All data are represented as mean + SEM of three independent experiments (n=3; *P<0.05 (a), *P<0.01 (b), **P<0.001 (c) vs.

control and #P<0.05 (a), ##P<0.01 (b), ##P<0.001 (c) vs. LPS group).

Discussion

Nowadays, herbal remedies are widely preferred by many
people all around the world (23) due to their lower side effects,
availability, and affordability (24). Furthermore, herbs as a
source of many effective metabolites can be a good substitute
for synthetic drugs (25). The results of the present study
revealed that different extracts of PGP had radical-scavenging

activity at a wide range of concentrations from 62 ug/mL to
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1000 pg/mL. The EA extract with ICs of 36.5 £ 2.3 pg/mL
showed the highest scavenging activity. To the best of our
knowledge, only a study by Gavaniji et al. (2014) has assessed
the antioxidant activity of total hydro-alcoholic extract of PGP
by DPPH assay (8). Their results showed 1Cs, of 87.4 + 2.8 for
hydro-alcoholic extract, which is comparable to the results of

this study indicated ICso of 65.1 + 2.8 for ET extract.
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Regarding Folin-Ciocalteu, the results also demonstrated
that ET, EA, and DM extracts of PGP contained 236.9 + 6.7,
383.3 £ 9.1, and 130.6 = 4.1 mg gallic acid/g of extract,
respectively. A previous study showed that the total hydro-
alcoholic extract of PGP contained 258.1 + 9.1 mg/mL gallic
acid/g of extract (8), which is consistent with the result of this
study. Another study demonstrated that the TPC of PGP ranged
from 3.8 to 18.1 mg gallic acid/g of dry powder. Also, the
chloroformand methanolic fractions had the lowest and highest
TPC, respectively. Similar to the results of the present study,
they proved the existence of more flavonoid compounds in both
ET and EA extracts (9).

In the present study, PGP and its fractions also showed an
inhibitory effect against both gram-positive and gram-negative
bacteria. MIC ranged from 1 mg/mL to more than 8 mg/mL for
different fractions. B. subtilis, a gram-positive bacterium
showed the highest sensitivity to the extracts and
S. marcescens, a gram-negative bacterium, showed the highest
resistance against different extracts. The EA fraction had the
highest antibacterial effect compared to other extracts with
MIC of 2 mg/mL for all tested bacteria except for E. fecalis
(MIC: 1 mg/mL). Although there is no report on the
antibacterial effect of the PGP extracts, the difference between
antibacterial activity of fractions of other herbs was supported
by the previous reports (26-27). Njeru et al. (2015) have
reported that EA and DM fractions of Premna resinosa had
better anti-bacterial activity than petro ether and methanol
fractions (26). In the present study, DM extract had the lowest
antibacterial activity among all extracts, which is consistent
with the results of a study by Bazzaz et al. (2011) on Scutellaria
litwinowii (27). They showed that EA and methanolic extracts

had greater anti-bacterial activity compared to DM extract at
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concentration of 6.5 to 100 mg/mL. In contrast, DM fraction of
Barringtonia asiatica has been reported to have an antibacterial
activity (28). This discrepancy may be related to the type of
bacterial spices used or plants. According to the results of
phytochemical analysis of PGP in this study, there was high
levels of tannin and flavonoid in EA fraction. These
components might be responsible for its antibacterial activity.

The results of this study showed that PGP extracts
decreased the viability of all four cell lines in a
concentration-dependent manner. However, the 1Csp of
PGP reported in the present study, is higher than the I1Csg
of pomegranate, as one of the most studied members in
this family (29). For example, Bekir et al. (2013) showed
that the cytotoxicity effect of pomegranate leaves extract
on MCF-7 was dependent on the type of solvent, so that
among five derived extracts, methanolic, ET, and EA
extracts, exhibited promising results with the 1Csq values
less than 50 mg/L. In contrast, DM and hexane extracts
had low ICsg value (> 100 mg/L) (30). The present study
revealed that EA extract had the best cytotoxic effect
compared to the ET and DM extracts. The previous study
suggested that the higher TPCs of pomegranate presented
in polar extracts predominantly contributed to their
higher cytotoxic activity (30). In another study, the MTT
test was applied to evaluate the cytotoxic effect of ET
extract of pomegranate HepG2 and Caco cell lines. All
tested extracts reduced cell viability in a dose-dependent
manner with 1Cso values less than 50 mg/L (31).

The present study also investigated the effect of PGP
extracts on the expression of COX-2 and iNOS as two
important inflammatory mediators (32), in the LPS-treated

J774A.1 cell line. The expression of these genes was evaluated
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using qRT-PCR and the results showed that ET extract at
concentration of 31 pg/mL remarkably reduced the expression
of COX-2 and iNOS in the

LPS-treated J774A.1. Moreover, ET at concentration of 31
pg/mL significantly reduced the expression of iNOS in the
LPS-treated J774A.1 cell line. It was shown that anti-
inflammatory effects may be related to the content of flavonoid
compounds (33,34). Hamalainen et al. (2007) investigated the
anti-inflammatory effect of 36 natural flavonoids on the LPS-
treated macrophages. They showed that these compounds
inhibited the production of INOS, nitric oxide, and NFxB factor
(35). Likewise, in a previous study by Jung et al. (2006),
pomegranate reduced the expression of TNF-o in the LPS-
stimulated microglial cells (36). Although EA extract had a
higher flavonoid contents and better antioxidant activity
compared to ET, its anti-inflammatory activity was lower. The
reason for this discrepancy is that in the TPC and antioxidant
power measurements, an equal amount of the PGP extracts was

chosen. However, for inflammatory test, the first
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