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Abstract

Lung cancer is the most common type of cancer which the mortality rate increases year by year. Therapeutic drugs could not control the
progression of cancer and it contributes to the side effects in normal cells. Thus, an alternative strategy using natural product becomes a
focus today. Punica granatum, known as pomegranate has demonstrated the anti-proliferative effect in A549 cells. To further confirm its
efficacy, this study aimed to investigate the type of cell death and its pathway in A549 cells. Propium lodide staining was applied to de-
termine the cell cycle profile changes induced by this juice. The determination of type of cell death was done using Annex in-V staining
and later will be analyzed using flow cytometer. The pathway to apoptosis was investigated by determining the caspase- 3, 8 and 9 activi-
ties. The findings were supported by mitochondrial membrane permeability assay and cytochrome c release detection which were later
analyzed using flow cytometer. This study revealed that pomegranate juice induced cell cycle arrest at Go/G; phase and apoptosis
through intrinsic pathway following 24 h treatment. Pomegranate juice caused loss of mitochondrial membrane permeability after 48 h
(p<0.05) exposure and a release of cytochrome c in cytosol after 24 h (p<0.05) and 48 h (p<0.01) exposure in treated A549 cells. In
caspases analysis, it was showed that there was activation of caspase-3 following 72 h (p<0.01) treatment and caspase-9 after 48 (p<0.01)
and 72 h (p<0.05) exposure in treated A549 cells. It can be concluded that pomegranate juice able to cause A549 cell growth inhibition
by inducing cell cycle arrest and apoptosis through mitochondrial pathway.
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Natural compounds in fruits and vegetables have a potential to be

H cancer preventive agents as diets high in fruits and vegetables

1. Introduction (>400 g/d) may prevent at least 20% of all cancers (Gullet et al.,
2010). Punica granatum or pomegranate which is categorized
under prophetic foods and medicine had been known to contribute
in cancer prevention. It was known as a “healing food” because of
the phyto-nutrients derived from it offer the best protection against
various diseases (Teixeira da Silva et al., 2013). Pomegranate also
possesses beneficial properties including antitumor, anti-
inflammatory, antioxidant and antidiabetic properties (Viuda-
Martos et al., 2010). The pomegranate fruits are widely consumed

Cancer has become a major public issue that leads to increased
mortality rate worldwide. Lung cancer was known to be the most
common form of cancers related death (Siegal &Jemal, 2013).
There are several existing conventional therapies including chem-
otherapy, radiotherapy and surgical approaches which are aimed
to treat cancer. However, the survival rate for cancer is still not
showing a good improvement since last decades especially lung

cancer which is 5% in the world (Siegal & Jemal, 2013). Due 10 roqh ang recently in beverage form as juice. The use of juice, peel
high cancer prevalence and poor survival rate, other alternativesto 54 oil of pomegranate has been shown to possess anticancer ac-
reduce the risk of getting cancer as well as to prevent the recur- tivity (Lansky & Newman, 2007).

rence of cancer must be investigated. It is about 40% of cancer According to Saunders & Wallace (2010), the natural cancer pre-
cases could be prevented because most of the cancer cases are  \entive agents are found as a complex mixture, not in isolation.

relat_ed to _major lifestyle. Due to thi_s, cancer t_reatment and pre- Therefore, the action of the agents is likely to be the result of dif-
vention using natural product has gained attention and developed  forent pioactive compounds which affect multiple pathways to
as a major field of scientific investigation. Cancer prevention is an produce a cumulative effect. With regard pomegranate juice, we

option in reducing the risk of getting cancer as well as preventing  yocentjy showed that pomegranate juice possesses remarkable
cancer recurrence by using either synthetic or natural compounds antiproliferative effect in A549 cells at 2% (v/v) concentration

that may prevent_the development of invasive cancer (Gullet et al., (Ghani et al., 2015). In this study, the effect of pomegranate juice
2010). Thus, as it can prevent the growth of cancer cells, cancer  j, A549 cells thus seemed promising due to its capability to sup-
prevention could be a possible alternative to chemotherapy (Saun- press A549 cell growth which has been measured using Trypan
ders & Wallace, 2010). blue exclusion assay and MTT assay. This is in line with previous

studies which has proven that pomegranate is able to possesses
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inhibitory effects on other cancer cells such as breast cancer cells,
MCF-7 (Adams et al., 2010), human prostate carcinoma cells, PC3
(Malik et al., 2005), colon (Jaganathan et al., 2014) and pancreatic
cancer (Nair et al., 2011).

To further confirm its efficacy, it is highly crucial to determine the
type of cell death induced in cancer cells. This is reflecting the
ultimate goal of cancer treatment or prevention which is to pro-
mote the death of cancer cells without causing damage to normal
cells (Gerl & Vaux, 2005). In cancer treatment, using anticancer
agents that induce apoptosis are highly recommended due its pos-
sibility to less harmful to healthy cells. Besides, cell cycle arrest
also becomes the target in cancer treatment. Generally, cancer
occurs as a result of dysregulation of cell cycle which serves to
protect from DNA damage. Whenever DNA damage occurs, cell
cycle arrest provides tumor cells to undergo repairs mechanism.
However, failure to repair the DNA damage will cause activation
of apoptotic cascade which leads to cell death. Therefore, this
study aimed to investigate the effect of pomegranate on cell cycle
distribution as well as cell death mechanism in human lung adeno-
carcinoma cells, A549.

2. Literature Review

2.1. Punica granatum (Pomegranate)

Phytochemicals had been known to play an important role in in-
hibiting cancer development by targeting one or more signaling
intermediates leading to induction of apoptosis (Khan et al., 2007).
One of the natural products that contribute to cancer prevention is
Punica granatum L. or pomegranate. The pomegranate fruit has
been used for centuries in ancient cultures for its medicinal pur-
poses. Pomegranate had been chosen in this study because of its
medicinal properties including anti-tumor property. It is believed
that phyto-nutrients derived from pomegranate offer the best pro-
tection against many diseases (Teixeira da Silva et al., 2013)
where it has been regarded as a “healing food” with numerous
beneficial effects in several diseases including antitumor, anti-
inflammatory, antioxidant (Malik et al., 2005) and antidiabetic
properties (Viurda-Martos et al., 2010).

Pomegranate belongs to the family Punicaceae. It is categorized
under medicinal fruits recommended by Prophet Muhammad
(pbuh). According to Al-Qur’an, pomegranate grows in the gar-
dens of paradise and it is mentioned three times in the Al-Qur’an
as an example of God’s good creation. It is widely cultivated
throughout Iran, India, Mediterranean countries, the drier parts of
Southeast Asia, Malaysia, the East Indies, and tropical Africa and
to some extent, in the United States, China, Japan and Russia (Vi-
urda-Martos et al., 2010). The use of juice, peel and oil of pome-
granate has also been shown to possess anticancer activities, in-
cluding interference with tumor cell proliferation, cell cycle, inva-
sion and angiogenesis (Lansky & Newman, 2007). Previous study
conducted by Khan and friends (2007) discovered that pomegran-
ate fruit extract (PFE) possesses remarkable antitumor-promoting
effects on mouse skin and anti-proliferative and pro-apoptotic
effects in prostate cancer. Recently, they reported that PFE inhib-
its pro-survival signaling pathways in human lung carcinoma
A549 cells and inhibit tumor growth in athymic nude mice.
Treatment of 50 — 150 pg/ml of PFE for 72 hours on A549 cells
caused a significant decrease in cells viability and dose-dependent
arrest of cells in GO/G1 phase of the cell cycle (Turrini et al.,
2015).

2.2. Cell Cycle Distribution

The cell cycle is known as a recurring process which important for
cell replication and division. Cell cycle comprises of four phases
which are G1, the first gap or growth phase, S, the DNA synthetic
phase, G2, the second gap or growth phase, and M, the mitotic
phase. In G1 phase, the cell will grow larger and prepare for DNA

replication during S phase. When the cell reached an appropriate
size, cells will exit G1 phase and enter the next phase which is S
phase. This phase is crucial for cells as DNA replication as well
as proteins and enzymes synthesis occurs. Once the DNA replica-
tion is completed, cells will then enter the next phase which is G2
phase. During this phase, cells will grow more and prepare for
mitosis. In mitosis, cell division occurs where the cells divide the
DNA and cytoplasm to form two new cells. In cell cycle, there are
two checkpoints which control the cell cycle from any damage.
The first checkpoint is known as G1 checkpoint. It is responsible
to sense any DNA damage before cells enters the S phase. If there
is any aberrant of DNA, the action of cyclin dependent kinase
(cdk2) will be inhibited which stops the progression of the cell
cycle until the damage can be repaired. The second checkpoint is
known as G2 checkpoint. Similar to G1 checkpoint, it is also
function to sense any DNA damage but G2 checkpoint will check
for any DNA damage before cells enter the M phase. If there is
any aberrant of DNA, the action of cyclin dependent kinase (cdk1)
will be inhibited which prevent the mitosis from occurring. These
checkpoints are important to ensure the progression of cell cycle
occur without any interruption.

2.3. Cell Death Pathways

There are two types of programmed cell death which decide the
fate of cells of malignant neoplasms which are apoptosis and ne-
crosis. They are distinguished by their morphological differences.
Apoptosis, an active, gene-regulated form of cell death, is the
major type of cell death which is characterized by specific mor-
phological and biochemical changes of dying cells. The morpho-
logical changes include cell shrinkage, nuclear condensation and
fragmentation (Wong, 2011), membrane blebbing (Mcllwain et al.,
2013) and loss of adhesion to neighbours or to extracellular matrix
while biochemical changes include chromosomal DNA cleavage
into inter nucleosomal fragments (Pignatti et al., 2004), phospha-
tidylserine externalization and a number of intracellular substrate
cleavages by specific proteolysis (Ouyang et al., 2012). On the
other hand, necrosis is considered as accidental cell death, a ran-
dom, uncontrolled process which caused profound effects on ma-
lignant cells. According to Ouyang et al. (2012), necrosis usually
involves cell swelling, organelle dysfunction and cell lysis. Ne-
crosis also disrupts the integrity of the cells membrane which
caused the release of intracellular materials, leading to inflamma-
tory response by immune cells.

Apoptosis, a preferential way of elimination of damaged cells is
regulated and controlled by a group of endoproteases known as
caspases. Caspases play an important role in maintaining homeo-
stasis through regulating cell death and inflammation. Caspases
have been broadly categorized by their known functions in apop-
tosis (caspase-3, -6, -7, -8 and -9 in mammals) and in inflamma-
tion (caspase-1, -4, -5 and -12 in humans) (Mcllwain et al., 2013).
Initially, caspases are produced as inactive monomeric procaspa-
ses which require dimerization and cleavage for activation. There
are two types of caspases which are initiator (caspases-8 and -9)
and executioner caspases (caspases-3, -6 and -7). In apoptosis,
executioner caspases are activated by initiator caspases. Various
apoptotic pathways exist and most apoptotic programs fall into
either extrinsic (death receptor mediated) or intrinsic (mitochon-
drial mediated) pathway. The extrinsic apoptotic pathway is acti-
vated at the cell surface. It involves stimulation of transmembrane
death receptors such as tumor necrosis factor (TNF) receptor,
CD95 (Mcllwain et al., 2013), and TNF-related apoptosis-
inducing signal (TRAIL) receptor (Khan et al., 2007). The bind-
ing of pro-apoptotic ligands to the respective plasma membrane-
localized receptors causes the monomeric procaspase-8 to be re-
cruited to the death-inducing signaling complex (DISC) (Seiler &
Raul, 2005) which then results in dimerization and activation.
Mcllwain and colleagues (2013) reviewed that there are two out-
comes resulted from the death receptor mediated activation of
caspase-8 which are actually depends on the cell types. In type |
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cells, apoptosis is initiated directly by cleaving and activating the
executioner caspases (caspase-3) whereas in type Il cells, caspase-
8 must first activate the intrinsic apoptotic pathway in order to
induce cell death.

3. Methodology/Materials

3.1. Preparation of Pomegranate Juice

A concentrated pomegranate juice which manufactured by Gulsan
Gida Co. was used in this study. It is 100% natural juice and con-
tains no added sugar or sweeteners. The sample had been sent for
sample analysis in order to identify the content of pomegranate
juice and it is found that the preservative is below detection limit
(ULUKM/1285/16). For experiment, the sample was diluted to the
concentration required by diluting the pure 100% pomegranate
juice as the stock solution to working concentration. The working
sample was prepared freshly in all experiments. The pomegranate
juice was stored and kept refrigerated at 4 °C.

3.2. Cell Culture Maintenance

The A549 cells, a human lung adenocarcinoma cell line, were
grown in Dulbecco’s Modified Eagle Medium (DMEM) with high
glucose and L-glutamine supplemented with 10% (v/v) fetal bo-
vine serum (FBS) and 1% (v/v) Penicillin-Streptomycin. The cells
were grown at 37 °C in a CO, incubator until the cells reached 70
— 80% cellular confluence. The cells were seeded in 5 cm? diame-
ter cell culture plates at 1.0 x 10* and grown for 48 h prior treat-
ment.

3.3. Analysis of Cell Cycle Profile

A549 cells treated with pomegranate juice (2% (v/v)) at several
time exposures (072 h) were harvested and collected into 15 mL
falcon tubes. The cells were washed with ice-cold PBS and re-
suspended in 300 pL of PBS. The cells were fixed and permea-
bilized with 700 pL of 70% cold ethanol at -20 °C overnight. On
the next day, cells were washed and followed by centrifugation at
850 g. The supernatant was discarded and the cell pellet was re-
suspended with 250 pL of PBS. Then, the cells were treated with
5 L of 10 mg/mL ribonuclease A (RNase A) at 37 °C for 1 hour
and followed by the staining with 10 pL of 1 mg/mL propidium
iodide (PI) at 4 °C in the dark for 30 minutes. After staining, the
cell cycle distribution was analyzed by using flow cytometer.

3.4. Quantification of Apoptosis by Annexing V Label-
ing

A549 cells treated with pomegranate juice (2% (v/v)) at several
time exposures (0—72 h) were harvested and collected into 15 mL
falcon tubes. The cells were re-suspended in complete growth
medium to approximately 2.0x105 to 1.0x106 cells/mL followed
by the addition of Guava Nexin reagent for the detection of apop-
tosis following the manufacturer’s (Guava Nexin) protocols. The
samples were immediately analyzed using flow cytometer.

3.5. Caspase-3, -8 and -9 Analyses

A549 cells treated with pomegranate juice (2% (v/v)) at several
time exposures (072 h) were harvested and collected into 15 mL
falcon tubes. The cells were re-suspended in complete growth
medium followed by the addition of caspase reagents following
the manufacturer’s (Guava® Caspase-3/7 FAM, Guava® Caspase-
8 FAM & Abcam Caspase-9 FITC) protocols. The samples were
kept on ice and immediately analyzed using flow cytometer.

3.6. Mitochondrial Membrane Potential (MMP) Anal-
yses

A549 cells treated with pomegranate juice (2% (v/v)) at several
time exposures (072 h) were harvested and collected into 15 mL
falcon tubes. The cells were re-suspended in warm medium, PBS
to approximately 1.0x108 cells/mL followed by the addition of JC-
1 dye following the manufacturer’s (MitoProbe™ JC-1 assay kit
for flow cytometer) instructions. A mitochondrial membrane po-
tential disrupter, CCCP was used for the positive control. The
samples were kept on ice and immediately analyzed using flow
cytometer.

3.7. Cytochrome ¢ Release

Briefly, A549 cells were seeded on 6 well plates and were allowed
to grow for 48 hours. After 48 hours, the cells were treated with
2% pomegranate juice or left untreated and incubated for various
exposure times between 0 - 72 hours. At the end of the exposure
period, the cells were harvested and were spun down at 300 g for 5
to 7 minutes. Then, the supernatant was discarded and 200 pL of
1X PBS was added to each tubes. After that, the supernatant was
aspirated off and 100 pL of permeabilization buffer working solu-
tion was added to each tube and incubated on ice for 10 minutes
followed by 100 pL of fixation buffer working solution which
incubated at room temperature for 20 minutes. Following incuba-
tion, the samples were spun down at 300 g for 5 to 7 minutes.
About 150 pL of 1X blocking buffer was added to each sample
and were mixed thoroughly and incubated at room temperature for
30 minutes. Following incubation, 10 pL of either the Anti-1gG1-
FITC Isotype Control or Anti-Cytochrome c-FITC Antibody was
added to each sample and 100 pL of 1X blocking buffer was add-
ed before the samples were spun down at 300 g for 5 to 7 minutes.
The supernatant was aspirated off and 200 pL of 1X blocking
buffer was added to each sample before being analyzed using flow
cytometer.

3.8. Statistical Analyses

All statistical analysis were carried out with Prism (Graph Pad,
San Diego). Results were expressed as means (S.E.M) of the
number of experiments. Two-way ANOVA with Bonferroni post-
test was used to analyze between untreated and treated groups
with different time exposures. P values < 0.05 were considered
significant.

4. Results and Findings

4.1. Pomegranate Induce Cell Cycle Arrest

To validate the pomegranate as a good anticancer agent, its ability
to arrest the cell cycle and induce apoptosis were aimed to be as-
sessed. Most of the anticancer drugs have been found to induce
cell cycle arrest and it is also becomes a target in cancer preven-
tion. For instance, etoposide halted the G2/M checkpoint in hu-
man cervical cancer cells, HeLa (Sakaue-Sawano et al., 2011).
Previous studies also reported that natural dietary cancer preven-
tive compounds including (-)-epigallocatechin gallate (EGCG) in
green tea, resveratrol in grapes, curcumin in turmeric, lycopene in
tomatoes, and quercetin in cranberry induced cell cycle arrest in
several cell lines (Saunders & Wallace, 2010). According to this
study, with regard to cell cycle distribution analysis, 2% (v/v)
pomegranate juice caused an accumulation of cells at GO/G1
phase in treated A549 cells after 24 hours (p<0.001) and 72 hours
(p<0.05) exposure (Figure 1). Thus, pomegranate juice caused
cell cycle arrest at GO/G1 phase. This is different from a previous
study done in colon cancer and breast cancer cells where pome-
granate juice arrested cell cycle and G2/M and G1, respectively
(Kim et al, 2002). The difference might cause by different types of



290

International Journal of Engineering & Technology

cancer cell and the concentration of the pomegranate juice used. In
study done by Kim et al, 25% (v/v) of juice extract was dosed
against colon cancer cells compared to 10% (v/v) used in this
A549 cells.
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Fig. 1: Effect of 2% pomegranate on A549 cell cycle profile. The cell
cycle profile changes in A549 cells were determined using propidium
iodide staning. The results were expressed as mean + S.E.M (n=3). Statis-
tical analysis was done using two-way ANOVA with Bonferroni post-test
(* where p<0.05, ** p<0.01 and *** p<0.001 when compared between
untreated and treated samples of each cell cycle phase).

4.2. Pomegranate Induces Apoptosis in A549 Cells

There are several types of cell death including apoptosis and ne-
crosis. To discriminate between apoptosis and necrosis, Annexin-
V staining was used. Following 24 hours of treatment, Annexin-V
staining was detected (Table 1), indicating that these cells were
undergoing apoptosis. The time-course Annexin V-PE assay be-
tween 0 - 72 hours exposures discovered that pomegranate juice
induced apoptosis with the presence of apoptotic cells following
24 hours treatment of pomegranate juice. The apoptosis of A549
cells induced by pomegranate juice is important because it is a
physiological process that is crucial mechanism of cells homeosta-
sis and is considered as the preferred way to eliminate unwanted
cells (Khan, 2007). The finding was supported with the previous
study which showed increasing concentrations of pomegranate
fruit peel extract (PPE) significantly increased the apoptotic cell
number after 48 and 72 hours exposures in MCF-7 cells (Dikmen
et al., 2011).

Table 1: Detection of apoptosis in A549 cells using Annexin-V staining

Time (hour)/ | Q1 - Via- Q2 - Early Q3 - Late Q4 -
Percentage ble cells Apoptotic Apoptotic or | Dead
of cells in (%) cells (%) necrotic cells | cells
each quad- (%) (%)
rant (%)
0
Untreated 98.8 (0.15) 0.5 (0.00) 0.3 (0.09) 0.4
Treated 98.9 (0.12) 0.4 (0.06) 0.4 (0.00) (0.06)
0.4
(0.07)
24
Untreated 98.7 (0.20) 0.4 (0.00) 0.2 (0.06) 0.7
Treated 95.0 (0.35) 3.8 1.1 (0.13) (0.26)
* (0.55)**= 0.1
(0.07)
48
Untreated 98.4 (0.03) 0.7 (0.06) 0.5 (0.06) 0.4
Treated 93.3 4.0 2.0 (0.35)* (0.15)
(0.67)*=*= (0.07)*== 0.8
(0.30)
72
Untreated 97.0 (0.45) 1.5(0.34) 0.9 (0.24) 0.7
Treated 88.3 9.0 1.9(0.72) (0.19)
(1.86)**= (0.79)*== 0.8
(0.38)

A549 cells were seeded at 1 x 104 cells/ml in 5 cm2 culture dishes
for 48 h. After this time, the cells were treated with 2% pomegran-
ate juice or left untreated for 0, 24, 48 and 72 h. After each time of
exposure, plates were harvested and cells were stained with An-
nexin V-PE and analyzed by flow cytometry (section 3.7). Four

quadrants (Q) represent viable cells (Q1), early apoptosis (Q2),
late apoptosis (Q3) and dead cells (Q4). Data is the mean + S.E.M
(n=3). Results were analyzed statistically using two-way ANOVA
with Bonferroni’s post-test (* where p<0.05 and *** where
p<0.001) compared to untreated control on each Q.

4.4. Pomegranate Causes Cell Death through Intrinsic
Apoptotic Pathway in A549 Cells

In most cell lines, apoptosis occurs either via death receptor path-
way (extrinsic pathway) or via mitochondrial pathway (intrinsic
pathway). In this study, the possible mechanisms involved in the
apoptotic pathway were determined by investigating the effect of
pomegranate juice on the caspase activation and mitochondrial
membrane permeability. The result of the study showed that
caspase-3 was activated (Figure 2), suggesting pomegranate juice
induced apoptosis through caspase-dependent pathway. The re-
sults also showed that caspase-9 was activated which indicates
pomegranate juice induced apoptosis through mitochondrial (in-
trinsic) pathway. No activation of caspase-8 was observed in the
study.

R p— B . Coesied 8 Treated

Fig. 2: Induction of caspase-mediated apoptosis by pomegranate in A549
cells. Flow cytometry analysis of (A) caspase-3, (B) caspase-9 and (C)
caspase-8 activation in A549 cells treated with 2% (v/v) pomegranate juice
for 0 — 72 h. Data represent the mean + S.E.M. of at least 3 independent
experiments. Two-way ANOVA test was performed to determine the
significance (*p<0.05, **p<0.01 and ***p<0.001).

4.4. Pomegranate Disrupt the Mitochondrial Membrane
Potential (MMP) In A549 Cells

In relation to section 4.3, this finding is supported by the mito-
chondrial membrane permeability (MMP) loss in the cells treated
with pomegranate juice. A membrane-permeable cationic fluoro-
chrome, JC-1, was used to evaluate the mitochondrial membrane
permeability in A549 cells. JC-1 aggregates dissipate into mono-
mers when the mitochondrial membrane permeability collapses
(Bonora & Pinton, 2014) and this change will result a shift in fluo-
rescence detected using flow cytometer. Loss of mitochondrial
membrane potential is one of the early events in apoptosis through
mitochondrial pathway. In order to investigate the role of mito-
chondria in pomegranate induced apoptosis, the ability of pome-
granate juice to induce alterations in mitochondrial potential was
determined. The result showed that pomegranate juice caused the
loss of mitochondrial membrane potential (Figure 3) which could
be linked with the induction of apoptosis in A549 cells. Previous
studies also showed pomegranate juice triggered apoptosis with
significant increases in loss of MMP in several cell lines such as
U266 multiple myeloma cells (Kiraz et al., 2015), human colon
cancer cells (Turrini et al., 2015) and prostate cancer cell (Ismail
etal., 2015).
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Fig. 3: Pomegranate causes loss of mitochondrial membrane potential.
Mitochondrial membrane potential (MMP) was assessed using flow cy-
tometer using JC-1 dye staining as described in section 2.4. Data represent
the mean + S.E.M. of at least 3 independent experiments. Two-way
ANOVA test was performed to determine the significance (*p<0.05,
**p<0.01 and ***p<0.001).

4.5. Detection of Cytochrome C

Mitochondria play a crucial role in the generation of energy for
the cell and the events associated with apoptosis. Loss of mito-
chondrial membrane permeability causes the release of soluble
intermembrane proteins such as cytochrome c. The release of
cytochrome ¢ from mitochondria to cytosol is an important hall-
mark in the apoptosis pathway. To confirm the result, cytochrome
c release from mitochondria to cytosol was detected and quanti-
fied by flow cytometer. Based on the result, pomegranate juice
treated A549 cells did release the cytochrome ¢ from mitochondria
into cytosol after 24 h (p<0.05) and 48 h (p<0.01) exposure times
(Figure 4.15).
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Fig. 4: The effect of pomegranate juice on cytochrome c release in A549
cells. A549 cells were seeded at 1 x 104 cells/ml in 5 cm2 plates and
grown for 48 h. After 48 h of growth, cells were treated with 2% pome-
granate juice or left untreated. After each time of exposure, cells were
harvested, permeabilized, fixed and stained with Anti-Cytochrome c-FITC
before being analyzed by flow cytometer. The results were expressed as
mean + S.E.M (n=2). Results were analyzed statistically using two-way
ANOVA with Bonferroni post-test, show significant differences of cyto-
chrome c release between untreated and treated A549 cells (* where
p<0.05 and ** where p<0.01).

5. Conclusion

In response to poor survival rate of lung cancer, other option in
cancer treatment should be investigated despite of only relying
onto the existing conventional therapies. Cancer prevention using
natural products has been shown to be a potential alternative to
reduce the risk of getting cancer as well as to prevent the recur-
rence of cancer. In this study, it was shown that pomegranate juice
could be a potential agent in cancer intervention as it has the abil-
ity to suppress the growth of A549 cells and induced apoptosis.
Further studies on toxicology profiles of pomegranate juice in
vivo are warranted so it can be extended positively to hinder the
lung cancer progression.
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