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1 | INTRODUCTION

Hong Wang®

| Jie Zhang® | Xiaolei Fang®*

Abstract

Lung cancer is a noxious disease with substandard overall survival. Despite this,
there are several treatment strategies for lung cancer include chemotherapy,
radiotherapy, surgery; however, the overall survival remains poor. Punicalagin
has been documented as a potential phytomedicine to selectively inhibit the
progression and expansion of numerous cancers. In the present study, we
evaluated the antiproliferative ability of punicalagin against lung cancer A549
cells by inducing apoptosis by inhibiting STAT-3 activation. Punicalagin induces
toxic effects of A549 cells in a dose-associated manner after 24 h treatment.
And we also observed that punicalagin (10, 20, and 30 uM) induced reactive
oxygen species generation, alters the mitochondrion membrane potential and
apoptotic morphological changes in A549 cells. The STAT-3 overexpression
regulates apoptosis, proliferation, and angiogenesis. Here, the punicalagin
inhibited STAT-3 translocation and thereby induces apoptosis by inhibiting
expression Bcl-2 and enhanced expression of Bax, cytochrome-c, caspase-9, and
caspase-3 in A549 cells. Hence, we stated that the punicalagin is a possible
therapy for non-small cell lung, malignancies. Altogether, the punicalagin is a
promising phytomedicine in malignancy treatment and further endeavors are
needed to unveil the complete potential.
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lung malignant growth.”™! For the past couple of decades, numerous FDA-

approved inhibitors for epidermal growth factor receptor (EGFR)-

Lung malignant growth is the chief reason for disease-related mortality
and it is responsible for 1/5 of all malignant mortality.“] More than
1.8 million new patients have been diagnosed and 1.6 million deadly
cases have been recorded so far each year. Around 85%-90% of all lung
cancer patients have non-small cell lung disease.?! At the present time,
the most commonly available treatments are surgical removal, radio-
therapy, and chemotherapy. Despite this, the recuperating effect is not
adequate and the 5-year survival rate for lung malignancy is 15%
only. Thus, it is important to search for a novel and better therapy for

directed tyrosine kinase inhibitors (TKIs) have been established such as
afatinib, erlotinib, and gefitinib for non-small cell lung cancer (NSCLC)
treatment.!*) However, the essential productivity and the expansion of
subordinate drug resistance has become the chief limitation for these
drugs.

Cisplatin, doxorubicin, paclitaxel, and so forth, are high potential
anticancer drugs that are extensively used to manage different human
malignancies such as bladder, breast, and multiple myeloma.[5] However,
these types of drugs are extremely toxicity producing and have unusual
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side effects. Hence, it is important to find new strategies to improve
chemotherapeutics by using photochemical-based treatment strategies
against NSCLC. As malignant cells contain elevated amounts of reactive
oxygen species (ROS) when compared with ordinary cells, this results in
cell survival and multiplication.[f’] The extreme production of ROS creates
cellular homeostatis that leads to cell injury. At a lesser level of ROS, cells
involve in several biological processes like survival of cancer cells, dif-
ferentiation, and gene expansion or proliferation. As in higher levels, it
exerts oxidation-mediated stress, which leads to cell death via various
molecular signaling pathways.[7'8] The modern research revealed that the
predominant genotype-based targeted therapies for NSCLC are tran-
scription factor inhibition-based approaches. The unusual expression of
signal transducer and activator of transcription-3 (STAT-3) cause tumor
development, metastasis and drug resistance in different human cancers,
including NSCLC!”! This means that the STAT3 gets resistant toward
existing therapy of NSCLC. STATS3 signaling has been considered as a
major intrinsic pathway involved in the induction of cancer and in-
flammation. Moreover, it can regulate several genes such as cell pro-
liferative and apoptotic markers!'® Phosphorylation of STAT-3 is
translocated into the nucleus and it activates cell proliferation and di-
minishes the apoptotic pathway via upregulation of Bcl-2 proteins.[“]
Therefore, inhibition of STAT-3 molecules has been considered a novel
target for inducing apoptosis.

Recently, an enormous number of natural molecules have been
recognized as having an efficient antitumor activity.m] Increasing
evidence postulated that the Pomegranate (Punica granatum), a no-
table ancient natural product possess potential chemopreventive
molecules that prevents several kinds of cancer.[1®14 Punicalagin is
the chief bioactive component in the pomegranate peel, and has anti-
inflammatory, antioxidant, antiproliferation, antiviral, and anticancer
properties.[*>*¢ Also, in different tumor cell lines, previous reports
found that the punicalagin upregulates the articulation levels of Bax,
Bcl-2, and cytochrome c; induction of caspase-3 and caspase-9 ex-
pression thereby modulates proliferation and apoptosis.[m Janus
kinase-1 (JAK-1) is of concern as a member of tyrosine kinases,
which is bound with the cytoplasmic areas of cytokine receptors
especially nterleukin-6 (IL-6). The multimerization of IL-6 receptors
can initiate or activate the JAK transphosphorylation that subse-
quently activates the STAT-3 translocation through the phosphor-
ylation process.[lgl Therefore, in this study, we have evaluated
inhibiting punicalagin-induced lung cancer A549 cell proliferation by
JAK-1-mediated STAT-3 translocation.

2 | MATERIALS AND METHODS

2.1 | Reagents and antibodies

(298% HPLC), 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyltetrazolium bromide (MTT), orange, 2
7 dichlorofluorescin diacetate (DCFH-DA), Rhodamine-123, Hochest
were obtained from the chemical supplier, Sigma-Aldrich. The cell

Punicalagin

acridine

culture, chemicals which are EDTA, Dulbecco's modified Eagle's
medium (DMEM) medium, penicillin-streptomycin, fetal bovine ser-
um (heat-inactivated FBS), phosphate-buffered saline (PBS), and
glutamine were acquired from Cell Signaling Technology. The anti-
bodies (BAX, STAT-3, caspase-3, cytochrome-c, caspase-9, IL-6, Bcl-2,
JAK-1) were supplied from Santa Cruz Biotechnology.

2.2 | Cell culture and treatments

The lung cancer cell A549 and normal human dermal fibroblast
(HDF) cells were procured from the American Type Culture (ATC).
Both A549 and HDF cells were cultured with the addition of DMEM
along with 1% penicillin/streptomycin and 10% FBS. Moreover, cells
were placed incubated with a distribution of 5% CO, gas, which
maintains the humidity and 37°C temperature. The growth of the
cells was monitored by an inverted microscope. After reaching the
appropriate confluency of A549, the cells were treated with puni-
calagin in three different concentrations (10, 20, and 30 uM) for 24 h
incubation. Then, the cells were scraped to allow for experiments.
The purity of punicalagin was shown as 298% HPLC grade and it was
dissolved in molecular grade double-distilled water.

2.3 | MTT assay

The cellular toxic nature of punicalagin was assessed by MTT-based
calorimetric test.!"” The A549 and HDF cells were equally dis-
tributed (5000 cells/well) in 96-well plates and then incubated for 24 h
at 37°C in CO, nature. Next, various concentrations of punicalagin
were exposed to the cells to examine toxicity. Then, the cells were
incubated for 24 h. Then, yellow MTT reagent was exposed to the
treated and control cells; following that they were kept incubated
around 4-6h at 37°C. Then, the medium along with MTT solution
was removed and 100 ul of dimethyl sulfoxide was mixed into the well,
breaking down the crystal purple formazan and the absorbance was

calculated at 570 nm by using a microplate reader.

24 | ROS determination

Punicalagin treatment associated ROS generation could be analyzed
by A549 cells stained with a DCFH-DA probe followed by spectro-
fluorimetric estimation.”® Lung carcinoma A549 cells were dis-
tributed uniformly on the six numbered well plates; after 24 h,
punicalagin was exposed to the medium and treated to cells fol-
lowing incubation on CO, for 24 h. Thereafter, the A549 cells could
be allowed to stain by a DCFH-DA fluorescent probe for 30 min
incubation. Finally, the intensity of the fluorescence was estimated
by excitation (485 + 10) and emission (530 + 12.5 nm) channels, re-
spectively. In addition, levels of punicalagin-induced quantification of

ROS were determined by flow cytometry (BD Biosciences).
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FIGURE 1 Punicalagin produces toxicity (A)
against A549 cells and is nontoxic against HDF
cells. (A) The toxic role of punicalagin against
A549 cells calculated by MTT assay. (B) The
nontoxic concentration of punicalagin against
HDF cells was evaluated by MTT assay. Values
from the statistical data are articulated as
mean + SD for three separate experiments.
Values not allocated a marking (*, #, $) vary
significantly at p < 0.05 versus control (DMRT).
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g

DMRT, Duncan's multiple range test; HDF, 20
human dermal fibroblasts; MTT, 3-(4,5-
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2.5 | Rhodamine 123 staining

The potential alteration of the mitochondrial membrane was as-
sessed by the method of Rhodamine-123 fluorescent probe

staining.l?"!

TABLE 1
A549 cells

Shows the punicalagin-mediated % cell viability in

Punicalagin (uM) Average Mean % Cell viability SD

0 5.187 100 0.10374
5 4.743667 91.45299 0.094873
10 4.089667 86.2132 0.081793
15 3.245333 79.35447 0.064907
20 2111 65.04725 0.04222
25 1.056 50.02369 0.02112
30 0.353333 33.4596 0.007067
85 0.061 17.26415 0.00122
40 0.006333 10.38251 0.000127
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2.6 | Acridine orange and ethidium bromide

(AO/EB) staining

Fluorescence microscopic examination of apoptotic cell death
was assessed by the AO/EB twofold staining method; studying

the apoptotic detection via morphological examination.??

2.7 | Hoechst staining

The nuclear fragments were detected by Hoechst staining with
microscopic examination. Approximately, A456 cells (1x 10°)
were uniformly distributed in six numbered well plates and ex-
posed to punicalagin (24 h). Next, the cells could be probed with
Hoechst for 30 min. The bright stained fragmented cells were
examined by a fluorescent microscope with a blue filter

channel.[?®!

2.8 | Western blot analysis

The different concentrations of punicalagin (10, 20, and 30 uM)
were treated with A549 cells and incubated for 24 h. Then, the
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cells were rinsed properly by using phosphate buffered saline
(PBS)
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extracts were collected in a radio-
buffer including 1% -

mercaptoethanol and protease inhibitor cocktail and then al-

and whole

assay lysis

lowed to centrifuge highly (13,000g for 15 min). Moreover, the
cytosolic and nuclear fractions were collected by using a suitable
buffer. Briefly, the cell pellets were suspended in cytosolic buffer
solution (1.5mM MgCl,, 10 mM HEPES, 10 mM KCI, pH 7.9,
0.1mM EDTA, 1mM 2’-7dichlorofluorescin diacetate (DTT),

(A)

0.1 mM EGTA, aprotinin, 0.5 mM phenylmethylsulfonyl fluoride
(PMSF), leupeptin, 1 mM NagVO,, 1-mmol-L™! NaF) for 15 min at
ice tray. Then, the A549 cells were fully lysed with 10% nonidet
P-40. Then, allowed again high centrifugation (13,0009 for 5 min),
the collected supernatant was used as a cytosolic extract. Simi-
larly, for nuclear extract preparation after treatment, A549 cells
were suspended in nuclear buffer (400 mM NaCl, 20 mM HEPES,
1mM EDTA, pH 7.9, 1mM DTT, 1 mM EGTA, 1 mM PMSF, leu-

peptin and aprotinin) on ice tray for 15min. Then finally
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FIGURE 2

Punicalagin produces ROS in A549 cells. (A) Microscopic examination of ROS was tested by DCFH-DA staining and a x20

microscopic image has been utilized. (B) Bar illustrates the DCFH intensity of A549 cells and was quantified by a fluorometer. All the tests were
done in triplicate and all the values were delivered as mean = SD. The range of significance was calculated by a one-way ANOVA in the DMRT
package. (C) Flow cytometric analysis of punicalagin-induced ROS detection in A549 cells. ANOVA, analysis of variance; DCFH-DA,
2’-7dichlorofluorescin diacetate; DMRT, Duncan's multiple range test; ROS, reactive oxygen species
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FIGURE 3 Punicalagin alters A%, in A549 cells. (A) Microscopic examination of A¥,, was tested by Rhodamine-123 staining and a x20

microscopic image has been utilized. (B) Bar illustrates the Rh-123 intensity of A549 cells and was quantified by a fluorometer. All the tests
were done in triplicate and all the values were delivered as mean + SD. The range of significance was calculated by a one-way ANOVA in the
DMRT package. ANOVA, analysis of variance; DMRT, Duncan's multiple range test

allowed high centrifugation (13,0008 for 15 min) and the col-
lected samples are considered as a nuclear extract.!”®! The exact
protein sample concentration of different groups was estimated
by the standard Bradford method. The protein sample was mixed
properly with sample buffer and it was separated by the sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
method, following which the protein was shifted into the ni-
trocellulose membrane from SDS gel, which was blocked via 5%
bovine serum albumin and placed in overnight incubation with
specific monoclonal antibodies (STAT-3, IL-6, Bcl-2, JAK-1, Bax
caspase-3 cytochrome-c, and caspase-9) at 4°C. The dilution of
1:1500. The ni-
trocellulose membrane were incubated with secondary anti-
bodies with a dilution of 1:5000 for 1 h at 37°C and washed three
times by Tris-buffered saline with Tween 20 (TBST) and detected

with a chemiluminescence detecting system.

the primary monoclonal antibodies was

2.9 | Statistical analysis

In this study, SPSS 17 version of the statistical program was used and

the data were represented as mean+SD. At least three and

maximum of six experiments were done. The data were considered

statistically significant at p < 0.05.

3 | RESULTS
3.1 | Punicalagin produces toxicity against A549
cells and is nontoxic against HDF cells

Figure 1 showed the punicalagin significantly diminished the cell
viability in a concentration-dependent manner. The half maximal
inhibitory concentration (ICso) of punicalagin concentration was
observed to be 20.5 uM in A549 cells. Hence, we chose 10, 20, and
30 uM of punicalagin for further experiment. These findings sug-
gested that punicalagin effectively induced the toxicity associated
cell death in A549 cell lines. Table 1 shows the punicalagin-mediated
% cell viability in A549 cells. In addition, we demonstrated the
HDF cells
(Figure 1B). In this study, we found that punicalagin up to 80 uM did

punicalagin-mediated cytotoxicity against normal
not cause any toxicity in HDF cells. Moreover, the 90 uM above
concentration of punicalagin significantly exhibits cytotoxicity on

HDF cells.
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Punicalagin-mediated apoptosis signs in A549 cells. (A) AO/EtBr-stained microscopic image illustrated that treated cells show an

increased amount of apoptotic cells. (B) Bar diagram represents % apoptosis and data are expressed as mean = SD from three independent
experiments. p < 0.05 is significantly different from the untreated cells. (C) Microscopic image delivered of punicalagin-associated nuclear
fragmentation assayed by Hochest staining. AO/EtBr, acridine orange and ethidium bromide

3.2 | Punicalagin produces ROS in A549 cells

The spectrofluorimetric analysis of ROS production in punicalagin trea-
ted cells is seen in Figure 2. A549 cells were added with different con-
centrations of punicalagin (10, 20, and 30 uM), which showed a high
degree of ROS production, which directly corresponds to the enhance-
ment of fluorescence intensity (Figure 2A,B). The A549 cells treated with
punicalagin (30 uM) demonstrated higher ROS generation than the pu-
nicalagin (10 and 20 uM) treatment. In addition, flow cytometric analysis
also confirmed the increased DCF levels observed in A549 cells treated
with different concentrations of punicalagin (Figure 2C). These results

clearly showed that punicalagin induces ROS in lung cancer cells.

3.3 | Punicalagin alters mitochondrion membrane
potential (A¥,,) in A549 cells

Premature apoptotic activation occurred through the alteration of AY,,
and it was evaluated by lipophilic cationic dye Rhodamine-123 staining.
As compared with the punicalagin treated cells, the control cells

produced an elevated intensity of green fluorescence that represents a
polarized mitochondrial membrane, and it was concluded that there was
no alteration of A¥,, (Figure 3). Conversely, punicalagin treatment de-
monstrated a significant alteration of A¥,, and showed reduced green

fluorescence in A549 cancer cells.

3.4 | Punicalagin-mediated apoptosis signs in
A549 cells

The microscopic analysis exhibited the features of the apoptotic hall-
marks on punicalagin-reated A549 cells, which were stained with EtBr/
AO (Figure 4). The EtBr red colored fluorescence dye penetrated into the
condensed nuclei of the apoptotic cells, whereas the AO (green)
was uptaken in live cells alone. Hence, our findings illustrated the control
cells showed a vast green fluorescence nucleus that represented live cells
(Figure 4). Punicalagin (30 pM)-treated cells demonstrated an orange
color, indicating the initial form of apoptosis, and also the red colored
fragmented nuclei represented late apoptosis. For further confirmation,
we performed a Hoechst staining assay to analyze the initiation of
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FIGURE 5 Punicalagin inhibits the
translocation of STAT-3 in A549 cells. (A) Effect
of punicalagin on STAT-3, IL-6, and JAK-1
protein expression by Western blot analysis in
A549 cells. The above mentioned protein bands
was enumerated by densitometry analysis and an
exact protein loading was confirmed by -actin.
(B) The representative graph exhibits the protein
expression pattern (STAT-3, IL-6, JAK-1) of fold
changes normalized by B-actin. Values from the
statistical data are articulated as mean = SD for
three separate experiments. Values not
allocated a marking (*, #, $) vary significantly at
p < 0.05 versus control (DMRT). DMRT, Duncan's
multiple range test
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apoptosis by punicalagin in A549 cancer cells. There, we noticed that
30 uM of punicalagin treatment effectively causes DNA damage in A549
cells rather than 10 and 20 uM treatment.

3.5 | Punicalagin inhibits the translocation of
STAT-3 in A549 cells

Generally, interleukin-6 and JAK-1 induce the translocation of STAT-3
from the cytosol to the nucleus in the cells. Here, we determined puni-
calagin inhibits STAT-3 translocation in A549 cells. As Figure 5 exhibits,
nontreated A549 cells showed increased upregulation of IL-6 and JAK-1
expressions. The A549 cells were treated with various concentrations of
punicalagin (10, 20, and 30 uM) inhibiting over upregulation of IL-6 and
JAK-1 expressions. Moreover, we observed that punicalagin inhibits
STAT-3 translocation in A549 cells by observing that punicalagin induces
overexpression of cytosolic fraction of STAT-3 and decreased the ex-
pression of the nuclear fraction of STAT-3. Here, we found that puni-
calagin (30uM) has more significant activity than punicalagin (10
and 20 uM).

3.6 | Punicalagin induces apoptotic signaling in
A549 cells

We further determined the immunoblotting analysis of punicalagin
treatment-induced level of apoptotic gene expression. The different

concentrations of punicalagin treatment (10, 20, and 30 uM) regu-
lated apoptotic factors in A549 cancer cells (Figure 6). From this
investigation, we found that the punicalagin treatment showed
more efficient stimulation of proapoptotic proteins such as Bax,
cytochrome-c, caspase-9, and caspase-3 in A549 cells. Furthermore,
punicalagin treatment-mediated antiapoptotic protein Bcl-2 protein
expression was gradually downregulated in A549 cells on a con-

centration basis.

4 | DISCUSSION

Punicalagin is a polyphenol exhibited in numerous natural products;
vegetables and also found in tea and wine.””) In this experiment, we
focused that the antiproliferative and apoptotic role of punicalagin
against lung cancer cells. The antiproliferative and apoptotic impacts
of pomegranates have been documented; the source of punicalagin is
pomegranate and it has the highest concentrations.””) Harmful
gliomas are impervious to different expert apoptotic treatments, for
example, radiotherapy and regular chemotherapy.[%] In this present
investigation, we analyzed the cytotoxic effect of punicalagin in hu-
man A549 cells, by modulating STAT3 flagging and instigating
apoptotic cell death. Also, we have observed punicalagin viably up-
grades cell death in A549 malignant growth cells. Many earlier an-
ticancer studies have pointed out punicalagin's role in various
cell lines. Apoptosis has a crucial function in several biological
processes including cell growth, replication, embryonic development,
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cytochrome-c, and caspase-3 by Western blot analysis in A549 cells.
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Punicalagin induces apoptotic signaling in A549 cells. (A) Effect of punicalagin on apoptotic protein Bax, Bcl-2, caspase-9,

The above mentioned protein bands was enumerated by densitometry

analysis and an exact protein loading was confirmed by g-actin. (B-C) The representative graph exhibits the protein expression pattern (Bax,
Bcl-2, caspase-9, cytochrome-c, and caspase-3) of fold changes was normalized by f-actin. Values from the statistical data are articulated as
mean * SD for three separate experiments. Values not allocated a marking (*, #, $) vary significantly at p < 0.05 versus control (DMRT). DMRT,

Duncan's multiple range test

alterations in cell morphology, and chemical-mediated cell death.[?”!
It is triggered through various stimuli and enhances ROS level, DNA
damage, activation of caspases family, cell contraction, chromatin
contraction, and nucleosomal degradation.l”®! Many pieces of evi-
dence have documented that the initiation of apoptosis occurred by
the means of reduction of endogenous anti-oxidants depletion or
enhanced production of ROS.*?)

The cells remain alive with lesser ROS levels, but the relative
ROS development drives cell cycle arrest or apoptosis. Presently,
ROS altering drugs are a radical phenomenon for inventing new
treatment strategies to preclude malignant cells.*® In this study,
punicalagin significantly activated ROS creation in A549 cells; also
created mitochondrial brokenness and membrane potential loss,
which induced the release of proapoptotic elements. This entered
into the cytochrome-c and to the cytosol that finally leads to activate
commencement of pro-caspase cascades.*!

The excessive generation and accumulation of ROS impair mi-
tochondrial membranes, resulting in a major loss of A¥,,. This en-
ormous production of ROS and loss of MMP triggers the formation
of proapoptotic factors in the cytosolic areas.*?! In this current

study, we noticed that the punicalagin-induced membrane potential
loss and morphological alteration in A549 cells. Also, our findings
exposed that the apoptotic cells were found with cell blebbing,
shrinkage, and fragmentation of the nucleus, which was onfirmed by
combinational treatment with the AO/EtBr assay. It has been vali-
dated the cell disintegration by showing alive cells were consistent
with green fluorescence; early apoptotic cells death was demon-
strated in greenish-yellow shaded or green-yellow parts, then the
late apoptotic cell death was demonstrated in orange-hued sections.
Hence, it was noted that the apoptosis was invigorated either by
endogenous cell reinforcements, exhaustion, or expanded production
of ROS.?¥! Similarly, we discovered punicalagin incites damage in
DNA and thereby a DNA section was seen in A549 cells. Subse-
quently, our results recommend that punicalagin adequately in-
stigates cell demise in lung malignancy cells. Apoptosis in malignant
cells, is the foremost considerable and direct method for controlling
the advance of tumor cells.

STAT-3 has a cytoplasmic idle transcriptional factor, which is
involved to malignant progression and its inhibition have con-

sidered as tumor therapeutic target. Activation of STAT-3 requires
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interleukin-mediated phosphorylation of JAK-1 thereby STAT-3
translocate to nuclease and promote carcinogenic signaling.!**
Hence, the identification of STAT-3-specific inhibitors may be con-
sidered as a potential treatment for various cancers, and also many
STAT-3 inhibitors are under clinical trials*>%*! We also observed
punicalagin inhibits IL-6, JAK-1, and STAT-3 activation and thereby
induces apoptosis in A549 cells. The translocation ability of STAT-3
was observed by the cytosolic and nuclear fraction of STAT-3 in A549
cells. These results clearly indicated that punicalagin inhibits translo-
cation in a concentration-dependent manner. Previously, caffeic acid
has been reported that inhibits translocation of STAT-3 thereby
prevents proliferation and angiogenesis in mice models.*”}

Apoptosis was initiated by several cellular factors that stimulated
the modulation of the Bax-Bcl-2 ratio and subsequently induces the
expression level of caspases.m] The mitochondria-subordinate pathway
is the natural pathway that could intermediate between the key apop-
totic proteins, including the Bcl-2 family proteins such as, caspase-3 and
poly (ADP-ribose) polymerase (PARP).*”! The Bcl-2 family plays a sig-
nificant role in the apoptotic process of malignant cells, where it has
antiapoptotic protein Terrible and hostile to apoptotic protein of Bcl-2.4%!
Caspase-3 is an important protease in the response and it has been
perceived as an objective for malignant growth therapeutics.[‘”]
This study was done to confirm whether punicalagin-induced apoptosis is
mediated by the opening of the mitochondria-dependent pathway or not.
By proving this, the results showed that the punicalagin reduced the
Bcl-2 protein expression levels and subsequently increased the caspase-3
in a dose-associated manner. In addition, the punicalagin could induce the
caspase-3-dependent apoptosis via upregulating Bax and downregulating
Bcl-2. Therefore, our study depicted that the punicalagin induces apop-
tosis in A549 cells via controlling apoptotic pathways. Overall, our in-
ROS-mediated

apoptosis in A549 cells. Moreover, punicalagin clearly demonstrated the

vestigation explained that punicalagin scavenges

generation of ROS directly impacted the punicalagin-induced proa-
poptotic proteins. Punicalagin inhibits IL.-6 and JAK-1 and thereby
downregulates STAT-3 and its translocation that leads to inactivating
Bcl-2 and inducing apoptosis in lung cancer cells.

5 | CONCLUSION

This study found that the punicalagin incites A549 cell apoptosis
by an enhanced generation of intracellular ROS production and
subsequent altering of the mitochondrion membrane potential to
induce proapoptotic markers such as Bax and caspases. More-
over, punicalagin inhibits JAK-1-mediated STAT-3 translocation;
thereby inhibiting the antiapoptotic marker of Bcl-2 expression
in A549 cells. Thus, punicalagin could be considered as a poten-
tial natural drug to promote apoptosis by controlling the
JAK-STATS flagging pathways.
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