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Abstract: Pomegranate or Punica granatum is a fruit that is known for its various pharmacological activities such as antioxidant
and cytotoxic activities. Commercial Punica granatum in Malaysia are mostly imported but there are pomegranates that are grown
locally. Many studies and research have been done on imported Punica granatum but very little is done on locally grown Punica
granatum. This study aims to evaluate and compare the antioxidant and cytotoxic activities of methanolic pulp and peel extract of
both local and imported Punica granatum through in vitro studies. The antioxidant study was done by evaluating the Total Phenolic
Content (TPC) and 2, 2- diphenyl-1-picrylhydrazyl (DPPH) assay. TPC was done using Folin-Ciocalteu assay and DPPH assay
was done using 2, 2- diphenyl-1-picrylhydrazyl. The standards used in these assays were gallic acid, quercetin and ascorbic acid
respectively. Cytotoxic study was conducted through MTT (3 (4, 5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay
against MCF-7 and MDA-MB 231 breast cancer cell lines, head and neck tumour HTB-143 cell line and 3T3 normal cell line. This
study revealed that peel extracts have a higher content of phenol and the anticancer analysis shows that the peel extract of local
Punica granatum has cytotoxic activity against all cell lines including 3T3 normal cell line.
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Antioxidants may accept or donate electrons to the unpaired
electron of the free radical as to relieve it of its free radical status
(Ld et al., 2009).

Cancer is a disease caused by abnormally rapid proliferation of
cells without control. There are three types of genes that help in

Malaysia. the inhibition of cancerous cell growth which are the tumour
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Agency, Bangi, Malaysia. Schneider (2001). The several causes for carcinogenesis stated
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Agency, Bangi, Malaysia. Punica granatum has been mentioned in the Holy Quran, it was
stated that the pomegranate grew in gardens of paradise and it
was an example of God’s good creation (Rahimi et al., 2012).
The pomegranate is originally found in the Himalayas in
Northern India to Iran. However, since ancient times, it has
been cultivated in the Mediterranean region (Jurenka, 2008).
Many plant-derived medicines are used in traditional healthcare
system (Sadik, & Asker, 2014). The pomegranate was
considered as “a pharmacy unto itself” in Ayurvedic medicine.
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INTRODUCTION

Oxidation occurs when there is a transfer of electrons from one
atom to another and it is a crucial part that represents aerobic
life and the body’s metabolism(Pietta, 2000). This redox
reaction produces free radicals as a by-product. The production
of free radical is considered normal when the levels of pro-
oxidants and antioxidants are balanced. However, oxidative
stress can occur when there is an imbalance between the
antioxidants and pro-oxidants level. Various studies have
shown that increases of oxidative stress contributes to the
progression of various diseases such as cancer, diabetes,
cardiovascular and pulmonary diseases (Bekir et al., 2013).
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This is because it was believed that the bark and root have
antihelminthic and vermifuge properties, and the peel of the
fruit is a powerful astringent and antidiarrhoea cure
(Chaturvedula et al., 2011).

METHODS

Preparation of Extract

5 local and imported Punica granatum (PG) weighing of a
range between 90g to 300g were washed, cut into small pieces
and separated into pulp and peel. Then, pulp and peel are
weighed separately. The drying process is conducted using
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liquid nitrogen and was later grinded using mortar and pestle.
Methanol solution is added to sample with a ratio of 1:1 to
obtain the extract. Next, mixture is placed in an incubator
shaker of 100rph for an hour. The extracts were then filtered
using a vacuum pump and using rotary evaporator, the filtrate
was evaporated for 8 hours at a temperature of 41°C. The
supernatant collected was stored in a vacuum oven at a pressure
of 50mmHg (Atikah M., 2013).

Phytochemical Screening: The individual extracts were
subjected to various qualitative phytochemical screening test
for the presence of phytochemical constituents. Tests were
performed for terpenoid, flavonoid, phenol, saponin, tannins,
alkaloid, glycoside, stero, lipid, reducing sugar, coumarin, and
anthocyanin.

Terpenoid: 0.5 g of the PG extract was mixed with 2ml of
chloroform before 95% sulphuric acid was carefully added to
form a layer. The presence of terpenoid is indicated by a
reddish-brown colouration of the interface (Tiwari et al., 2011).
Flavonoid: PG extract was heated with 10ml of ethyl acetate
for 3 minutes. The mixture was then filtered and the filtrate was
shaken with 1ml of dilute ammonia solution. The presence of
flavonoid was indicated with a yellow colouration (Kujur et al.,
2010).

Phenols: 2ml of PG extract was added to 5% ferric chloride
solution. Then, few drops of ferric chloride-potassium
ferricyanide was added to the mixture. Presence of dark green
precipitate indicate the presence of phenol in the extract (Kujur
et al. 2010).

Saponin: 0.5 g of PG extract was shaken with 2ml of water.
The presence of saponins is indicated when the foam produced
persists for 10 min (Tiwari et al. 2011).

Tannin: 0.5 g of PG extract was added to 0.1% ferric chloride.
A blue black colouration indicated the presence of gallic tannin
whereas the turning colour to brownish or green black
colouration indicate the presence of cathecholic tannin (Ayoola
et al. 2008).

Alkaloid: One drop of extract was placed on a filter paper and
was left to dry. Then, Dragendorff’s reagent was placed near
the crude extract and was left to move towards the extract. The
changing of clolour from yellow to orange indicates the
presence of alkaloid (Tiwari et al. 2011).

Glycoside: Glacial acetic acid was added to the extract. Then,
a few drops of 5% ferric chloride and concentrated sulphuric
acid were added. The formation of a reddish brown colouration
at the junction of two layers and a bluish green colour in the
upper layer indicates the presence of glycosides (Ahirrao 2013).
Sterol: 2ml of sulphuric acid was added to PG extract. The
formation of purple ring at the upper surface indicate the
presence of sterols (Igbinosa et al. 2009).

Lipid: 2 drops of extract were placed on a filter paper. The
present of lipid is indicated by the presence of oil (Mamta &
Jyoti 2012).

Reducing Sugar: Extract was dissolved in 5ml of distilled
water and was filtered. The filtrate was boiled with 6-9 drops of
Fehling’s solution A and B for a few minutes. The presence of
reducing sugars is indicate by a presence of orange red or brick
red precipitation form (Tiwari et al. (2011).

Coumarin: 3ml of 10% sodium Hydroxide was added to 2ml
of extract. The presence of coumarins is indicated when the
formation of yellow colour extract (Linga Rao & Savithramma
(2011).
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Anthocyanin: 2ml of extract was added to 2ml of 2N
hydrochloric caid and ammonia. The appearance of pink-red
which turns to blue-violet indicates the presence of
anthocyanins (Sawant & Godghate (2013).

Total Phenolic Content (TPC): 0.1 ml of 1mg/ml sample of
each extract diluted with ethanol were diluted with 4.5ml of
distilled water. Then, 0.1ml of 2N Folin-Ciocalteu reagent was
added to the solution and shaken for 3 minutes. Next, 0.2ml of
2% sodium carbonate solution was added to the solution and
was incubated for 3 hours at room temperature. After
incubation, 0.2ml of each sample was transferred into a 96-
wells plate. The well plate was read at absorbance of 760nm
against blank. Gallic acid was used as a standard and the
phenolic content was expressed as pg gallic acid equivalence
(GAE)/mg extract (Yang et al., 2011).

DPPH Assay: 0.1ml of each extract diluted in DMSO:Ethanol
(5:95) with a strength of 1mg/ml (0-1mg/ml) was added to
0.1ml of 0.2mM DPPH dissolved in ethanol. Then, the solution
was incubated at room temperature in the dark for 15 minutes.
After incubation, the solution was read at 517nm absorbance.
The standards used were ascorbic acid (0-0.1mg/ml) and
quercetin (0 — 0.5mg/ml). The results obtained were read as
IC50 values. This method is adapted from Bekir et al. (2013).
MTT Assay: This method is adapted from Sineh Sepehr et al.
(2012). In MTT colorimetric assay, 1 x 10*cells were seeded in
96 well plates and incubated for 48 hours. The cells are then
treated with Punica granatum extracts of different
concentrations for another 48 hours. MTT 50uG/mL is added
to each well and cells are incubated for 4 hours. The supernatant
in each well is removed and 100ul of DMSO (dimethyl
sulfoxide) is added. Next, using an ELISA plate reader, the
amount of formazan crystal is determined at an absorbance of
595nm. Lastly, cell death and cell viability will be calculated
using the formula below:

Cell death (%) = ((control OD —sample OD)) | (cotrol OD) x 100
Cell viability (%) =100 — (% cell death)

RESULTS

Phytochemical Screening
Table 1: Phytochemical screening of local and imported Punica
granatum pulp and peel methanol extracts.

Terpenoid +++ +++ +++ +++
Flavonoid +++ T+
Phenol +++ +++ +++ +++
Saponin +++ +++ +++ +++
Tannin +++ + +++
Alkaloid
Glycoside
Steroid
Lipid --- +++ +++ +++
Reducing sugar +++ +++ +++
Coumarin === +++ - +++
Anthocyanin

* Three replicate are maintained for each test.

- = absent

+ = present
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From the results obtained, IPGPe has the highest TPC which
was 125.67 mg of GAE/g of extract followed by LPGPe which
was 62.3mg of GAE/g of extract. Both LPGPu and IPGPu show
no significant total phenolic content when compared to LPGPe
and IPGPe.

DPPH Assay

Table 2. The results for DPPH assay done show that LPGPe,
LPGPu, IPGPe and IPGPu has very little radical scavenging
activity.

LPGPe | ~0.01303
LPGPu | ~1.729 e+ 007
IPGPe | 4268

IPGPu | 4294

Table 3. IC50 of methanolic extract of local and imported Punica granatum pulp and peel extracts against various cancer cell

lines.

LPGPe 29.46 pg/mibede | 131,88 ug/mi°ede | >500 pg/mic 71.74 pg/m|bde
LPGPu >500 pg/mlacde | >500 pg/mlace >500 pg/mlce >500 pg/miacde
IPGPe 36.12 ug/mi®%e | 307.06 ug/mie% | 356.67 ug/mide | 70.20 pg/mibde
IPGPu >500 pg/ml®® | >500 pg/mi® | >500 pg/mic® 277.0 pg/mi®
Tamoxifen* | 32.29 pug/ml®cd | 42.08 ug/mlacd | 28.23 pug/mldd | 41,56 pg/mided

*Tamoxifen is used as the positive control; m: data are mean of triple replication

DISCUSSION

Phytochemical Screening: his study revealed that there is a
presence of terpenoid, flavonoid, phenol, saponin, tannin and
reducing sugar in the methanolic peel extracts of both local and
imported Punica granatum. This study also shows that both
methanolic pulp extracts of local and imported Punica
granatum shows an absence of flavonoid, sterol, alkaloid and
anthocyanin. A review done by Chaturvedula et al. (2011) on
bioactive chemical constituent of Pomegranate peel, seed and
juice reported that there is a presence of tannins, flavonoid,
phenols in pomegranate peel.

There is a possible reason behind the differences of some of the
results from this study compared to the previous studies. A
study done by Wang et al. ( 2009) on the influence of light and
maturity on flavonoid content and fruit quality of red
raspberries reported that maturity stage plays an important role
in phytonutrient level. It reported that immature berries have
lower content of sugar and acids than ripe berries, and harvested
berries at 100% maturity had higher anthocyanin content and
stronger antioxidant activities. In the case of local Punica
granatum, it was harvested before it was ripe. Another study by
Wysocki ( 2012) on factors affecting the strawberry fruits’
chemical composition reported that the cultivation condition
such as irrigation, fertilization as well as health condition of the
plant has an effect on the chemical constituents of strawberries.

Total Phenolic Content (TPC)

In this study, the peel extracts of both local and imported
pomegranate have higher phenolic content compared to the
pulp extracts. The results obtained from this study are similar to
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those done by other researchers although the phenolic content
obtained is far lesser than those done in other studies. The
phenolic content of imported pomegranate peel extract is far
more than that of the local pomegranate peel extract. Results
also show that both pulp extracts of local and imported Punica
granatum have no phenolic content since the values obtained
are of negative values.

Based on the study by Li et al. (2006) which assessed the
antioxidant properties of pomegranate pulp extract and
pomegranate peel extract, it reveals that pomegranate peel
extract has a phenolic content possess higher than that of the
pulp extract at 10-fold. Physical properties of a fruit or plant can
affect its antioxidant properties. It was reported that the darker
the colour of the honey, the higher its total phenolic
content(Liza A-Rahaman et al., 2013). This can support this
research’ findings since the imported Punica granatum peel has
a darker and redder colour whereas the local peel of Punica
granatum was a greenish yellow colour.

There have been several studies that explain the reason behind
peel extract of fruits having a higher phenolic content than the
flesh or the pulp extract. The phenolic substances generally
accumulate in the peel of peaches due to their protective
function in against ultraviolet radiation by the sun (Manzoor et
al., 2012). These findings correlate with the results obtained by
this study.

DPPH Assay

In this study, it was revealed that all extracts used in this study
has very minute radical scavenging activity against DPPH
radical. Eventhough, the IC50 value is minute; it shows that the
peel extracts do have to a certain degree, radical scavenging
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activity. A study done by Abdel Motaal (2011) reported that
the peel extract of Punica granatum has a more pronounced
antioxidant activity compared to the whole pulp and fruit
extracts.

A study done by Garcia-Salas et al. (2010) reported that there
is a significant correlation between its DPPH radical
scavenging activity with its total flavonoid and total phenolic
content. The different type of solvent used and possible
interferences from non-antioxidant compounds can affect the
results of antioxidant assays. According to Pérez-Jiménez et al.
(2008) it was reported that sample preparation in terms of
drying of sample and extraction of sample can affect the result
of antioxidant assay. The losses of antioxidant compound can
be reduced through freeze-drying and if freeze drying is not
available, the second option is by drying under vacuum
provided that the temperature does not exceed 50-60°C.

MTT Assay

Based on the results obtained, the peel extract of both local and
imported Punica granatum are most effective against MCF-7
breast cancer cell line and to a lesser extent to oestrogen
negative MDA-MB 231. This is supported by findings from Toi
et al. (2003) which states that peel extract of Punica granatum
is most effective against MCF-7, less pronounced in MDA-MB
231. From the results gained, there is a slight anti-proliferative
activity on HTB head and neck tumour cell line when IPGPe
was used against it. However, to this date, there have been no
studies done regarding anticancer activities of Punica granatum
against HTB cancer cell line.

Cytotoxic activity of the extract or plant can be caused by the
phytochemical constituent present in the plant (Akter et al.,
2014). According to Jurenka (2008) phenol compound found in
pomegranate exerts potent chemopreventative properties. It was
also reported that ellagic acid exhibits powerful
anticarcinogenic and antioxidant properties. The presence of
flavones (flavanoids) and phenolic contents, contribute as
natural antioxidants which in turn reveals the anticancerous
activity of fruit peel extract against Liver and Breast cancer cell
lines (Rather et al., 2010).

From this study too, it was revealed that peel extract of local
pomegranate exert cytotoxic activity against normal cell line
3T3. This finding is supported by a study done by Okonogi et
al. (2007) in the comparison of antioxidant capacities and
cytotoxicities of certain fruit peels. It was reported that the peel
extract of mangosteen and pomegranate exhibit cytotoxic effect
against normal cell line and if it were to be used for treatment,
it should be used with caution.

CONCLUSION

In conclusion, this study has revealed that the total phenolic
content is higher in peel extract than in the pulp extract and in
comparison between the local and imported Punica granatum,
the imported Punica granatum has a higher phenolic content
than the local Punica granatum. However, this study has shown
that the Punica granatum samples used in this study shows very
little DPPH radical scavenging activity.

This study has also shown that the peel extracts particularly
LPGPe exert a more pronounce anticancer activity against
MCF-7 and MDA-MB 231 breast cancer cell lines than the pulp
extracts, and does not exhibit any selective cytotoxicity activity.
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