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ABSTRACT

Antioxidant properties elicited by plant species have a full range of perspective applications in human health care. In
recent years, the prevention of cancer and cardiovascular diseases has been associated with the ingestion of fresh fruits,
vegetables or teas rich in natural antioxidants [1]. Extracts from the different part of the pomegranate plant such as
juice, seed and peel have been reported to exhibit a potent antioxidant activity. But the anticarcinogenic activity of ac-
tive principle from the pomegranate peel extract was not studied so far. Hence the present study was planned to explore
the molecular mechanism of the anticarcinogenic activity pomegranate peel on A549 cell line. In this study, GC-MS
analysis was carried out for the methanolic extract of pomegranate peel which revealed gallic acid (GA) as the major
antioxidant compound in the extract. Hence GA was purified further through RP-HPLC and evaluated its anticancer
potential by studying its effect on mitochondrial respiration, cell-membrane integrity, apoptotic body formation and the
DNA fragmentation in cultured A549 cells. We observed increased level of reactive oxygen species in the cells treated
with GA at the concentrations of 10 and 20 pg/ml. Further analysis of caspase activation (Caspase 8 and 9) revealed
activation of Caspases 9 in the cells treated with GA at a concentration of 20 pg/ml. Thus the present study revealed
that the GA isolated from the pomegranate peel extract (Kabul variety) induced apoptosis in A549 cells through intrin-

sic pathway.
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1. Introduction

Cancer is a leading cause of death among various dis-
eases attributed to mortality in humans all over the world
[2]. Cancer prevalence in India is estimated to be around
2.5 million with over 800,000 new cases and 550,000
deaths each year due to this disease. According to the
national cancer registry programme, lung cancer, breast
cancer and cervical cancer are the most common in men
and women respectively. Chemotherapy is an effective
treatment against cancer either singly or in combination
with surgery and/or radiotherapy. In chemotherapy, drugs
like cisplatin, carboplatin, cyclophosphamide, doxorubi-
cin, mephalan, mitomycin C, gemicitabine, etc. have been
used for the treatment of cancer. However therapeutic
efficacies of most of them are limited due to the devel-
opment of various side effects. In an attempt to abate
these side effects and as a better remedy against various
malignancies many plant derivatives have been used with
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varying degrees of success.

Thereby the search of natural products with anti-tumor
properties which could be used for treatment with least
side effects is the hot area of research in the field of bio-
medical science and cancer therapy. In this context we
have chosen pomegranate (Punica granatum L) as an anti-
tumor agent for cancer therapy. The pomegranate fruits
are rich in polyphenolic compounds including punicalagin
isomers, ellagic acid derivatives and anthocyanins (del-
phinidin, cyanidin and pelargonidin 3-glucosides and
3,5-diglucosides) [3-8]. Pomegranate is composed of a
rich variety of flavonoids, which comprise approximately
0.2% to 1.0% of the fruit. Approximately 30% of all an-
thocyanidins found in pomegranate are contained within
the peel [9]. These flavonoid rich pomegranate phenolic
fractions are responsible for anticancer activity. Despite
the high concentration of anthocyanidins in the peel the
literature available regarding anticancer potential of
pomegranate is concentrated mainly on the fruit, pericarp
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or seed and very little data is available on peel of pome-
granate. Kabul variety of pomegranate is having dark red
peel which is the indicative of the presence of excess
anthocyanins and other polyphenolic compounds. Hence
in the present study, we have chosen the peel of this va-
riety to explore its anticarcinogenic activity in human
alveolar epithelial cell line, A549 through various ex-
periments.

2. Materials and Methods
2.1. Plant Material and Extraction

Pomegranates (Punica granatum, Kabul variety) were
obtained from local markets. The peel was manually re-
moved, shade-dried and powdered. Powder was extracted
with a Soxhlet extractor using methanol for 4 h [10]. The
extract was filtered though Whatman No.41 filter paper
for removal of peels particles and concentrated under
vacuum at 40°C. The dried extract powder was further
re-dissolved in methanol and subjected to GC-MS and
HPLC analysis.

2.2. Gas Chromatography-Mass Spectrometry
(GC-MS) Analysis

The GC-MS analysis of the crude methanolic extract was
carried out using a GC 8000 (Shimadzu, Japan) series
instrument equipped with a MD 800 mass selective de-
tector. The sample was injected into the GC-MS on a 30 m
glass capillary column with a film thickness of 0.25 um
(30 m x 0.25 mm) with helium as carrier gas at 1 ml/min
constant flow mode. GC temperature programme was
50°C - 300°C at 10°C/min. The mass spectra were re-
corded in electron ionization mode at 50 eV. The scan
repetition was 10 sec over a mass range of 51 - 697
atomic mass units.

2.3. Reverse Phase—High Performance Liquid
Chromatography (RP-HPLC) Analysis

The HPLC analysis of the methanolic extract was carried
out using Shimadzu-LC-8A reverse phase HPLC equipped
with a Rheodyne 77251 injection valve fitted with a 20 ul
sample port. The C-18 column [length 250 cm, i.d. 4.6
mm and 250 cm, i.d. 21.6 mm] was used having a parti-
cle size of 5 um and 10 um for analytical and preparative
chromatography respectively. Elution of fraction was

carried out using an isocratic solvent comprising of water:

methanol: ethyl acetate (70:25:05). A uniform flow rate
of 1 ml and 21 ml was maintained for analytical and
preparative chromatography respectively.

2.4. Cell Culture
The A549 cells (National Centre for Cell Science, Pune)
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were routinely cultured in Dulbecco’s modified eagles
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 100 U/ml of penicillin and 100 pg/ml of
streptomycin in a humidified atmosphere of 5% CO, at
37°C. The cytotoxicity study was performed when the
cells grew up to 80% - 90% confluency and were seeded
into the 24 well plates at a density of 4 x 10° cells/well
and 96 well plates at a density of 1 x 10 cells/well.

2.5. Treatment Schedule

The treatment schedule was divided into four groups.
Group I: A549 cells without any treatment served as
control; Group II: A549 cells treated with final concen-
tration of 5 ug/ml of GA; Group III: A549 cells treated
with final concentration of 10 pg/ml of GA; Group IV:
A549 cells treated with final concentration of 20 pg/ml
of GA.

2.6. Measurement of Cytotoxicity Activity

MTT reduction assay was carried out according to Moss-
man [11]. In brief, after harvesting the viable cells from
culture flasks 1 x 10* A549 cells were incubated in 96
well plates and were treated with GA for 24 h. Then the
medium was replaced by fresh medium and the cells
were incubated with 20 pl of MTT (5 mg/ml) for 5 h at
37°C. Purple colored crystals were dissolved with 200 pl
of dimethyl sulphoxide (DMSO) and the absorbance was
read at 570 nm using ELISA micro plate reader. The ab-
sorbance of control cells was considered as 100%. The
results were determined by three independent experi-
ments.

2.7. Lactate Dehydrogenase Leakage

The leakage of lactate dehydrogenase (LDH) from the
cells was assayed in the supernatant according to Nieland
[12] with sodium lactate as the substrate.

2.8. Estimation of Reactive Oxygen Species
(ROS)

Intracellular ROS was estimated by spectrofluorimetry
using the oxidation sensitive fluorescent probe 2°7’-di-
chlorofluorescein (DCF) diacetate [13]. The A549 cells
(1 x 10° were incubated with DCF (25 uM) for 30 mins
at 37°C and then washed with phosphate buffered saline
(PBS). Stained cells were treated with the different con-
centrations of GA for 24 h, washed and analyzed using
spectrofluorimeter at the excitation and emission wave-
lengths of 480 nm and 530 nm respectively.

2.9. Determination of Reduced Glutathione
Content

Reduced glutathione (GSH) was determined by the method
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of Moron et al. [14]. After incubation of the cells in the
presence of different concentrations of GA, 0.5 ml of the
cell suspension was homogenized in 1.0 ml of 5% (w/v)
trichloroacetic acid (TCA), centrifuged at 2000g for 20
min. To an aliquot (0.2 ml) of clear supernatant, 2.0 ml
of 5, 5’-dithiobis-(2-nitrobenzoic acid) (DTNB) reagent
and 0.2 M phosphate buffer were added to a final volume
of 4.0 ml. The absorbance was read at 412 nm against a
blank containing TCA instead of sample. The amount of
GSH was expressed as nmoles of GSH/10° cells.

3. DNA Fragmentation Analysis

Gallic acid (GA) treated cells were washed with PBS,
fixed in methanol and suspended in citrate-phosphate

buffer. DNA was extracted according to Oberhammer et al.

[15] and electrophoresed onto 1% agarose gel at 2 v/cm
for 16 h. The gel was stained with 5 pg/ml ethidium
bromide and visualized under UV light.

3.1. Propidium lodide Staining

A549 cells after treatment with GA were washed with
PBS, fixed in 80% ethanol and stained with propidium
iodide reagent (PI) (50 pug/ml of PI in 0.1% sodium cit-
rate containing 0.1% triton-X-100) and analyzed by fluo-
rescent microscope.

3.2. Detection of Caspase 8 and 9 Activities

The enzymatic activity of Caspase 8 and 9 were assayed
spectrofluorometrically in GA-treated cells (10 and 20
pg). Cell lysates (50 pg of protein) were prepared and
analyzed for Caspase 8 and 9 activities using the fluoro-
metric substrate IETD-AMC and LEHD-AMC respec-
tively as described earlier by Anto et al. [16] with excita-

tion and emission wavelengths of 400 and 505 nm, re-
spectively.

3.3. Statistical Analysis

Statistical analysis was performed with SPSS 16 software.
Data were expressed as mean+ standard deviation of the
mean. Differences were considered statistically signify-
cant at p <0.05.

4. Results
4.1. GC-MS Analysis

GC-MS analysis of methanolic extract of pomegranate
gave six different derivatization with different ionization
peaks. The derivatized phytochemicals in the methanolic
extract is presented in Table 1. The phenolic compounds
corresponding to eluting peak were confirmed by their
retention time and with their corresponding standards.

4.2. RP-HPLC Analysis

A typical HPLC chromatogram of methanolic extract of
pomegranate peel is presented in Figure 1 where the
detection wavelengths were set at maximum absorption
wavelength for each phenolic compound in order to ob-
tain higher sensitivity. The maximum absorption was 280
nm for GA and ellagic acid (EA) and 360 nm for quer-
cetin. The most abundant phenolic compound in the se-
lected variety of pomegranate was found to be GA (52.1
pg/mg), EA (29.2 pg/mg) and quercetin (15.7 pg/mg).
The GA fraction separated through RP-HPLC was used
for the further studies to explore its possible anticancer
activity.

Table 1. Detection of major phytochemicals through GC-MS analysis.

Molecular

Retention time

Molecular

Compound formula (min) Weight Major peaks
Punicalagin C34H0, 7.70 880.7 67,79, 91, 93, 105
Punicalin CasHa5030 3.78 1084.718 55,74, 87
Ellagic acid C14HqOs 11.38 302.20 55,57, 69.
Gallic acid C;HqOs 13.17 188.14 67,91
Quercetin CisH1007 18.40 302.24 64,73, 86.
Luteolin CisH1005 32.33 286.24 70, 87, 90

Retention time, molecular weight and major peaks of major phytochemicals detected by GC-MS in pomegranate peel extract.
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4.3. Cytotoxic Effect of Gallic Acid on A549 Cell
Line

Human alveolar epithelial cells (A549) were treated with
different concentrations of GA (5 - 20 pg/ml) for a period
of 24 h. Cell viability and death were determined with
trypan blue dye exclusion and confirmed with MTT as-
say. Among the three concentrations tested, maximum
growth inhibition was observed in the cells treated with
higher concentration of GA (Figure 2), which was cor-
related with the induction of morphological changes
(Figures 3(a) and (b)), formation of apoptotic bodies
(Figure 3(c)), DNA fragmentation and ladder formation
in these cells (Figure 4).

GA at higher concentrations (10 and 20 pg/ml) in-
duced DNA fragmentation in a dose dependent fashion.
Further analysis of LDH release in these cells revealed
elevated level of LDH at a higher concentration (20 pg
/ml, p < 0.01) and there were no significant LDH level
difference between the cells treated with 5 and 10 pg/ml
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Figure 1. HPLC analysis of the crude methanolic extract of
pomegranate peel.

(a) Control cells

(b) Treated cells

of GA (p < 0.05) (Figure 5). Since DNA fragmentation
was observed at 10 and 20 pg/ml concentration of GA,
we have chosen 10 and 20 pg/ml concentration of GA for
the analysis of generation of reactive oxygen species
(ROS), GSH and the activation of caspases. We have
observed significantly increased level of intracellular
ROS (p < 0.05) in the cells treated with 10 and 20 pg/ml
concentrations of GA (Figure 6(a)). When the cells were
pretreated with an antioxidant N-acetyl cystein, ROS
generation was prevented (Figure 6(b)). This result was
correlated with the decreased level of GSH when the
concentration of GA increases (Figure 7) in these cells.
Since higher level ROS generation was observed at the
concentration of 10 and 20 pg/ml, these concentrations
were selected for the analysis of caspase activation. As
shown in the Figure 8, GA at the higher concentration
(20 pg/ml) increased Caspase 9 activation (p < 0.05)
where as Caspase 8 was not activated in both control and
GA treated cells at all the concentrations.
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Figure 2. Cytotoxic activity of different concentration of GA
in A549 cells as determined by MTT reduction assay. Each
bar represents the % viability in A549 cells. Viability is
shown as mean + SD.

(c) Apoptotic bodies

Figure 3. Microscopic examination of morphological changes in A549 cells treated with GA (propidium iodide staining). (a)
Control cells without treatment; (b) Cells treated with GA for 24 h; (c) GA induced morphological changes are seen as apop-

totic bodies (indicated in arrow mark).
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Figure 4. Analysis of DNA fragmentation by agarose gel
electrophoresis and ethidium bromide staining. Lane 1:
Control cells; Lane 2: 5 pg GA treated cells; Lane 3: 10 pg
GA treated cells and Lane 4: 20 pg GA treated cells.

70 7
60 i

A

50 1
40 - =

30 -

% LDH release
H
]
H

20
10 A

0 T T ]
5 10 20
Concentration (pug)
*p <0.05; **p < 0.01 significance.
Figure 5. Effect of GA on the levels of LDH in the A549

cells. Each bar represents the % LDH leakage in A549 cells.
The values are expressed as mean + SD.
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Figure 6. (a) ROS activity was calculated as fold increase in
fluorescence compared with untreated cells. ROS levels in
the control group were arbitrarily assigned a fluorescence
value of 1. Analysis of ROS production in A549 cells. Cells
were treated with varying doses of GA (10 & 20 ug), and
DCF fluorescence intensities were determined as described
under plots show relative fluorescence intensity over non
treated control at the peak response time of 1 h after treat-
ment; (b) In antioxidant treatment experiments, cells were
pretreated for 1 h with NAC (100 uM), and then treated
with GA (20 pg) for another hour. Values: control: 1; GA
treated (20 pg); antioxidant pretreated followed by GA
treatment (20 pg). Values are mean = SD (n > 3). * p < 0.05
versus treated control.
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Figure 7. Effect of GA on the levels of GSH in the A549 cells.

Each bar represents the ng of GSH in A549 cells. The val-
ues are expressed as mean + SD.
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Figure 8. Effect of GA (10 and 20 pg) on the activity of
Caspase 8 and 9. Each bar represents the mean + SD.
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5. Discussion

We investigated the anticarcinogenic activity of GA pu-
rified from pomegranate peel extract (Kabul variety) on
human alveolar epithelial cell line, A549. This investiga-
tion could provide preliminary information for the study
of cytotoxicity and will explore the importance of the use
of waste part of fruits. Generally, peels of various fruits
have not received much attention with a view to being
used or recycled rather than discharged. This might be
due to their lack of commercial application [17]. Inter-
estingly, the peel and seed fractions of some fruits have
higher antioxidant activity than the pulp fractions [18]. Li
et al. [19] compared the antioxidant level between the
peel and pulp part of pomegranate and reported higher
antioxidant activity in the peel of pomegranate. Although,
there have been some reports on the in vitro cytotoxic
activities of pomegranates peel extract [20], the anticar-
cinogenic activity of the purified polyphenols present in
peel extract is not yet elucidated. Hence the present study
was aimed to explore the anticarcinogenic activity of the
active principle from the methanolic extract of pome-
granate peel (Kabul variety).

GC-MS analysis of the methanolic extract of the
pomegranate peel showed a total of six compounds. Since
all these compounds are already known to be the com-
ponent of the pomegranate peel [21], we have further
done RP-HPLC to separate the compounds. Columns
employed to separate these compounds from methanolic
extract are almost exclusively reversed-phase (C-18 col-
umn). The identification of each compound was based on
a combination of retention time and spectral matching,
since polyphenols absorb in the ultraviolet (UV) region.
Among the six compounds, GA was found to present in
higher quantity which was followed by EA and quercetin.
The identities of these three peaks were confirmed by
determination of relative retention time and by spiking
with corresponding standards.

Since the GA was found to be the major compound in
the selected variety of pomegranate peel, we have used
different concentrations of of GA to analyze its anticar-
cinogenic effect in human alveolar epithelial cells (A549).
While lower concentration of GA did not show signifi-
cant cytotoxic effect, higher concentrations of GA de-
creased cell viability and induced apoptosis in a dose
dependent manner which was correlated with the forma-
tion of DNA fragmentation. The degradation of DNA
down to oligonucleosomal fragments is a late event of
apoptosis [22]. In the present study, DNA ladders ap-
peared in the A549 cells after treating with the 10 and 20
pug/ml concentrations of GA for 24 h whereas the control
A549 cells did not show any DNA fragmentation. Thus,
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the GA induces DNA damage in A549 cells and thereby
causes apoptosis. Recent studies suggest that LDH is a
more reliable and accurate marker of cytotoxicity, be-
cause damaged cells are fragmented completely during
the course of prolonged incubation with substances re-
leasing the membrane bound LDH [23]. As expected, we
have observed dose dependant increase in the LDH re-
lease in the cells treated with different concentration of
GA.

Generally, cancer cells undergo apoptosis either by
depletion of endogenous antioxidants or by generation of
free radicals [24]. In the present study, elevated level of
intracellular ROS was observed in the A549 cells as the
concentration of GA increases. However, pretreatment of
cells with an antioxidant like N-acetyl cystein prevented
the generation of ROS. This clearly indicates that GA
induced cytotoxicity is mediated by ROS. The oxidative
stress mediated apoptosis by GA was reported earlier by
Arimura et al. [25]. A concomitant decrease in the level
of GSH further confirmed the ROS mediated apoptosis in
these cells.

Although these results revealed the apoptosis inducing
ability of GA in the A549 cells, caspase activation is also
required in these cells for the progression of apoptosis
[26]. Caspase 8 and 9 are the key executioners of apop-
tosis responsible for the proteolytoic cleavage of many
key proteins, such as the nuclear repair enzyme PARP
[27]. To determine the molecular mechanism of the
apoptosis induction whether it is mediated by intracellu-
lar (mitochondrial) or extracellular (death receptor) me-
chanisms we evaluated the activity of Caspase 8 and 9 by
spectrofluorimetry. The results revealed activation of
Caspase 9 at 20 pg/ml concentration of GA whereas Cas-
pase 8 activity was not found in both control and GA
treated cells. Thus the present study confirms the apop-
tosis inducing ability of GA on A549 cells is mediated
through intrinsic pathway and these results are consistent
with the earlier report by Salucci et al. [28].

The results of the present study suggested that the an-
ticarcinogenic activity of pomegranate peel extracts may
be correlated to their contents of phenolics and it is pro-
posed here that the presence of high amount of GA may
play an important role in the observed anticarcinogenic
activities. In conclusion, GA was found to be present at a
higher concentration in the Kabul variety of pomegranate
peel which induces apoptosis in A549 cells through the
elevation of reactive oxygen species and by the activa-
tion of Caspase 9.

These results revealed the anticarcinogenic activity of
pomegranate peel extract against A549 cells are due to
the presence of phenolic contents, and it is proposed here
that the presence of high amount of GA may play an im-

JCT



644

Gallic Acid Isolated from Pomegranate Peel Extract Induces Reactive Oxygen Species
Mediated Apoptosis in A549 Cell Line

portant role in the observed anticarcinogenic activities.
This study also indicates the importance of the peel (con-
sidered as a waste part) part of fruit. In conclusion, the
peel of pomegranate may be considered a promising
source of cancer preventing agents because of their high
phenolic content.
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