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Consistent STAT3 (Single transducer and activator of transcription 3) activation is observed in many
tumors and promotes malignant cell transformation. In the present investigation, we evaluated the anti-
cancer effects of Parrotiopsis jacquemontiana methanol fraction (PJM) on STAT3 inhibition in HCCLM3 and
MDA-MB 231 cells. PJM suppressed the activation of upstream kinases i.e. JAK-1/2 (Janus kinase-1/2), and
c-Src (Proto-oncogene tyrosine-protein kinase c-Src), and upregulated the expression levels of PIAS-1/3
(Protein Inhibitor of Activated STATs-1/3), SHP-1/2 (Src-homology region 2 domain-containing
phosphatase-1/2), and PTP-1b (Protein tyrosine phosphatase 1 b) which negatively regulate STAT3 signal-
ing pathway. PJM also decreased the levels of protein products conferring to various oncogenes, which in
turn repressed the proliferation, migration, invasion, and induced apoptosis in cancer cell lines. The
growth inhibitory effects of PJM on cell-cycle and metastasis were correlated with decreased expression
levels of CyclinD1, CyclinE, MMP-2 (Matrix metalloproteinases-2), and MMP-9 (Matrix
metalloproteinases-9). Induction of apoptosis was indicated by the cleavage and subsequent activation
of Caspases (Cysteine-dependent Aspartate-directed Proteases) i.e. caspase-3, 7, 8, 9, and PARP (Poly
(ADP-ribose) polymerase) as well as through the down-regulation of anti-apoptotic proteins. These apop-
totic effects of PJM were preceded by inhibition of STAT3 cell-signaling pathway. STAT3 was needed for
PJM-induced apoptosis, and inhibition of STAT3 via pharmacological inhibitor (Stattic; SC-203282) abol-
ished the apoptotic effects. Conclusively, our results demonstrate the capability of PJM to inhibit cancer
cell-proliferation and induce apoptosis by suppressing STAT3 via upregulation of STAT3 inhibitors and
pro-apoptotic proteins whereas the down-regulation of upstream kinases and anti-apoptotic protein
expression. In future, one-step advance studies of PHM regarding its role in metastatic inhibition,
immune response modulation for reducing tumor, and inducing apoptosis in suitable animal models
would be an interesting and promising research area.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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1. Introduction:

Natural products deliver invaluable opportunities for discovery
of new drugs conferring to the availability of unmatched chemical
diversity. The bulk of world’s population (>80%) rely on folk
medicines to meet their primary healthcare requirements (Zahra
et al., 2021a, Zahra et al., 2021b). Traditional medicine systems
i.e. Kampo, Chinese, Unani, and Ayurveda have been using medic-
inal plants for treating various ailments and this knowledge is fur-
ther explored in modern medicine by novel drug discoveries.
Medicinal plants serve as useful sources of novel anticancer drugs
(Kashyap et al., 2019; Shanmugam et al., 2017). It is to be noted
that many herbal preparations have been used in cancer treatment
for thousands of years owing to their traditional acceptability, less
toxicity, biocompatibility, cost-effectiveness, consistent supply and
relatively fewer side-effects (Batool et al., 2019; Batool et al., 2020,
Trang et al., 2020). So far, different medicinal plants have been
investigated for different phytochemicals (alkaloids, flavonoids,
tannins, saponins etc) and their bioactivities and have shown
promising biological potentials against different kinds of ailments
(Iqbal et al., 2017, Iqbal et al., 2018a,b,c, Abbasi et al., 2019).

Cancer is declared as a disease with high prevalence and mor-
tality rate worldwide (Iqbal et al., 2018a). According to the new
global cancer data, one in every five male while one in every six
female are likely to develop cancer hence leading to one in every
eight male whereas one in every ten female deaths, respectively
(Costa et al., 2020). Among the women, breast cancer is considered
as the most frightful disease globally after lung cancer due to its
easy metastasis and poor prognosis, which makes it even more
deadly (Iqbal et al., 2018b, Abbasi et al., 2018). During the migra-
tion and invasion process, the tightly-packed epithelial cells of
breast cancer become loose and produce pseudopodium trans-
forming into mesenchymal cells. This process is known as
epithelial-mesenchymal transformation (EMT) and follows alter-
ations in a sequence of pathways, detected at molecular level
(Cheng et al., 2019; Lee et al., 2019). Once cancer cells are trans-
formed into mesenchymal cells, penetration to the vascular
endothelium becomes easier and they can move from primary sites
to distal secondary sites, thereby increasing the risk of recrudes-
cence (Xing et al., 2019). Likewise, hepatocellular carcinoma
(HCC) ranks as the fifth solid tumor found commonly around the
globe and third leading cause of mortality with an incidence rate
of approximately 626,000 cases annually (Swamy et al., 2017).
The long-term prognosis of HCC remains unsatisfactory due to
local invasion and intra-hepatic metastasis (Manickam and
Preetha, 2016; Zhang et al., 2017). Although surgery stands as an
option for removing tumors, yet the recurrence rate of tumors is
high after surgery leaving chemotherapy as the only possible
treatment to prevent it but again the specificity is restricted to
dose-limiting toxicity accompanied with severe side-effects. It is
therefore a challenge to unravel natural drug therapy for treating
various cancer types by employing the conservative methods
which combine prohibited technology with target drug delivery
and are proven to be more efficient and less harmful (Wu et al.,
2019; Yang et al., 2013).

In majority of cancers, the activation of STAT3 (signal trans-
ducer and activator of transcription) is oftenly deregulated in can-
cer tissues with an exception to normal tissues when tested in
pathological specimens (Kim et al., 2014; Garg et al., 2020). STAT3
proteins are involved in various biological responses and affect cell
growth, cell survival, and metastasis (Zhang et al., 2016). It is
hyper-activated in several human malignancies, and regulates
the expression of many oncogenic genes promoting tumor progres-
sion (Lee et al., 2017). STAT family protein are generally localized
in cell cytoplasm in inactive state as monomers or unphosphory-
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lated dimers, however are activated by phosphorylation of tyrosine
via Janus kinases (JAKs), growth factor receptors i.e. EGFR, platelet-
derived growth factor receptors (PDGFR), and Src family members.
Once activated, the dimer enters the nucleus by interacting with
importins, after which bind to target genes (Arora et al., 2018).
The constitutive activation of STAT3 promotes cell survival via
increasing the transcription of anti-apoptotic genes (survivin,
Bcl2, and BCL-XL), cell-cycle progression genes (Cyclin D1 and c-
myc), immune evasion (RANTES), and angiogenesis (HIF-1a and
VEGF) (Lee et al., 2017). Conversely, the disturbance of STAT3 acti-
vation in cultured cells have shown to reverse these effects (Siveen
et al., 2014; Dai et al., 2015). Moreover, the abrogation of STAT3
cell signaling exhibit an impairment in tumor growth and apopto-
sis induction in preclinical models (Huang et al., 2011; Du et al.,
2012; Lee et al., 2015) thus indicating pivotal role of STAT3 in
tumorigenesis. Apart from this, other mechanisms which nega-
tively regulate STAT3 cell signaling are suppressor of cytokine sig-
naling (SOCS) family, protein inhibitor of activated STATs (PIAS),
and protein tyrosine phosphatases (PTP) including Src-homology
region-2 domain containing phosphatase 1 and 2 (SHP1 and
SHP2) which dephosphorylate STAT3 and deactivate it (Wong
et al., 2017; Arora et al., 2018).

Previous investigations involving naturally available products
for discovery of new medicines utilized in cancer therapy emerges
as the single-most successful strategy in cancer treatment as more
than two-thirds of currently available drugs are either obtained
directly from natural origin or are developed based on the knowl-
edge of their natural ingredients (Byahatti et al., 2018; Mohan
et al., 2020). Several reports correlate the anticancer activity exhib-
ited by medicinal plants to the presence of diverse metabolites. The
study of discovering new natural products having anticancer
potential is therefore important in synthesizing new chemical
derivatives established on the bioactivity and mechanism of action
(Gómez et al., 2016, Iqbal et al., 2019, Abbasi et al., 2020). One such
naturally occurring plant holding medicinal value is Parrotiopsis
jacquemontiana (Decne) Rehder, (Hamamelidaceae) reported for
alleviating several health disorders viz. liver and skin ailments,
oxidative stress, inflammation, pain (Malik et al., 2011; Ali et al.,
2017), wounds (Mir, 2014), dermatitis (Kumar et al., 2015), and
microbial infections (Ali et al., 2018). In this study, six different
extracts of P. jacquemontiana were screened for cytotoxic potential
against different cancer cell lines and the best fraction to show
maximum cytotoxic potential on the most susceptible cancer cell
lines were chosen for further examining the mode of cell-death,
cell-cycle arrest, migration, and invasion capabilities. Western blot
analysis using specific antibodies for analyzing apoptotic, anti-
apoptotic, cell-cycle arrest, and metastatic mechanisms was also
conducted along with specific inhibition through STAT3 pharmaco-
logical inhibitor (Stattic).

2. Materials and methods

2.1. Plant sampling and processing

The leaves of P. jacquemontiana (Hamamelidaceae) were col-
lected in the month of May and June 2018 from the forests located
in upper Dir (altitude: 4,660 ft), KPK, Pakistan. The plant of interest
was recognized, collected, and confirmed by the help of Dr. Syed
Afzal Shah, a well-known plant taxonomist and botanist in the
department of plant sciences, Quaid-i-Azam University (QAU),
Isb, Pakistan. A voucher specimen #63214 was allocated at Pak-
istan herbarium, QAU, Isb, Pakistan. The plant material (P. jacque-
montiana leaves) was shade-dried at room temperature and
converted to fine- textured powder through Willy mill (80 mesh-
size). The obtained plant powder was three times (1:8; w/v)
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extracted with 95% methanol for complete extraction of bioactive
constituents. The filtrate obtained after evaporation of methanol
using rotary evaporator (+40 �C) was termed as PJM. PJM extract
(50 g) was suspended in water and the subsequent fractions were
attained in order of escalating polarity by solvent-olvent extraction
including n-Hexane (PJH), Chloroform (PJC), Ethyl-acetate (PJE),
Butanol (PJB), and Aqueous (PJA) fractions. Finally, the respective
solvents were completely evaporated from fractions via rotary
evaporator and the resulting plant extracts were stored at +4 �C.
2.2. Chemical reagents used

Tris-glycine, Sodium dodecyl sulphate (SDS), Ammonium per-
sulphate (APS), EDTA, b-mercaptoethanol, Triton X-100, Crystal
violet dye, Dulbecco’s modified eagle’s medium (DMEM), Trypsin
EDTA, MTT reagent, Ribonuclease A (RNase A), Propidium iodide
(PI), and Annexin-V FITC were purchased from Sigma-aldrich (St.
louis, MO: United states). Western blot membrane, TEMED,
Laemmli sample buffer, and Acrylamide (40%) were obtained from
BIO-Ras (Herculus, CA: United States). Likewise, Fetal bovine serum
(FBS) was attained from Hyclone (Loughborough: United King-
dom), PBS from Vivantis technologies (Selangor: Malaysia), chemi-
luminescent substrate for western blot from Advansta (Menlo park,
CA: United states), and Tween-20 from Merck & Co., Inc. Different
antibodies including STAT3, p-STAT3 (Y705), p-STAT3 (Ser727),
JAK1, p-JAK1 (Y1022/1023), JAK2, p-JAK2 (Tyr1007/1008), Src, p-
Src (Y416), cleaved Caspase-3 (Asp175), cleaved-PARP (Asp214),
cleaved Caspase-8 (Asp391), cleaved Caspase-7 (Asp198), Cyclin
D1, XIAP, Survivin, and b-actin belonged to Cell-Signaling Technol-
ogy (Massachusetts: U.S.A) whereas PTP1b, Caspase-9, Caspase-8,
Caspase-3, BCL-XL, BAX, MMP-9, BAK, Cyclin E, MMP-2, C-myc,
goat anti-mouse antibody-HRP, and goat anti-rabbit antibody-
HRP were obtained from Santa-Cruz Biotechnology (Texas: U.S.A).
2.3. Cell lines and culture techniques used

Human hepatocellular carcinoma (HCCLM3) cell line was a gift
from Professor. Zhao-You Tang, working at Liver-Cancer Institute
of Zhongshan Hospital (Shanghai, China). Humanmammary cancer
(MDA-MB 231), normal mammary epithelial (MCF-10a), and nor-
mal liver cell line (LO2) was acquired from ATCC (American type
culture collection). LO2, MDA-MB 231, and HCCLM3 were sub cul-
tured in DMEM (Biowest, Nuaille, France), while MCF-10a cells
were sub cultured in MEGM (mammary epithelial cell-growth
medium; Lonza Corporation). All the culture media’s used were
supplemented with FBS (10%; Biowest, Nuaillè, France) and peni-
cillin/streptomycin (1% of 100X; Thermofisher scientific, U.S.A).
Respective cell lines were placed and maintained in humidified
incubator provided with 5% CO2 at +37 �C.
2.4. Preparation of drug for cell culture

All fractions of P. jacquemontiana (80 mg) were suspended in
1 ml DMSO (dimethyl sulfoxide; sigma–aldrich, U.S.A) to make a
stock solution and stored at + 20 �C. Upon use, the stock solution
was diluted in culture media according to its requirement for dif-
ferent anticancer assays, but retaining the final concentration of
DMSO to be administered as > 0.1% during the study course. Sim-
ilarly, a stock solution (50 mM) of SC-203282 (Santa-Cruz Biotech-
nology, Dallas: USA) was prepared in DMSO and stored at + 4 �C.
The serial dilutions of SC-203282, a pharmacological STAT3 inhibi-
tor were prepared in cell culture medium prior to use in different
anticancer assays following the same procedure as used for plant
drugs.
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2.5. MTT cell proliferative assay

MTT assay was used to determine the cell viability after treating
with respective plant formulations against cancer cell lines. The
cancer cells were seeded (10 � 103 cells per well) in triplicates in
96-well plates overnight and then treated with 25, 50, 100, 200,
and 400 mg/ml of P. jacquemontiana extracts for a time interval of
24, 48, and 72 hrs (hrs). After indicated time points, each well
was provided with 20 ml MTT (5 mg/ml) and incubated for 3 hrs.
The medium of wells was replaced by 100 ml DMSO to dissolve for-
mazan crystals, after which optical density of each well was
recorded at 570 nm using microplate reader (SPARKTM 10 M,
TECAN: Switzerland). Cell viability was deliberated using the
equation;

Cell viability %ð Þ ¼ Abs: ðsampleÞ
Abs: ðcontrolÞ

� �
� 100
2.6. GC/MS (gas chromatography/mass spectroscopy) analysis

The methanol extract of P. jacquemontiana (PJM) was analyzed
via GC/MS for the manifestation of active components employing
‘‘Thermo GC-Trace Ultra Version: 5.0” gas chromatograph fixed
with ‘‘Thermo MS DSQ-II” for determination of mass. The compo-
nents in test sample were separated by ‘‘Agilent DB-5, MS capillary
Non-polar Column” with 60 m length and 0.25 lm film thickness.
The temperature during the experiment was raised from 70 to
260 �C at 06 �C/min frequency. The injection volume of test sample
used was 1 ll and carrier gas was helium (1.5 ml/min flowrate).
The mass spectra and respective retention times were matched
with accurate samples acquired from Wiley Libraries spectra/
NBS/NIST and the chemical constituents were identified (Cha
et al., 2005).
2.7. AV-FITC/PI staining assay

HCCLM3 and MDA-MB 231 cells (0.5–0.6 � 106) were seeded in
culture petri-dishes (60 mm) overnight after which they were trea-
ted with PJM (100, 150, and 200 mg/ml) at 24, 48, and 72 hrs time
interval. The drug treated/untreated cells were harvested through
trypsinization procedure, gently washed with 1X-PBS (Phosphate
Buffered Saline) and finally stained with Annexin V-FITC Kit (Mil-
tenyi Biotech, Bergisch-Gladbach: Germany) for 15–20 min (min)
according to manufacturers’ protocol. The samples to be tested
were filtered and apoptosis cell percentage was analyzed using
LSR-FortessaTM flow cytometer (BD-Biosciences, San Diego: U.S.
A). All the test samples were analyzed within 1 hr of Annexin-V/
PI staining where each trial detected 10,000 events for each
sample.
2.8. Cell-cycle arrest analysis assay

HCCLM3 and MDA-MB 231 cells were seeded (0.5–0.6 � 106)
overnight in culture cell dishes (60 mm) followed by specified drug
(PJM) treatment at 24, 48, and 72 hrs time interval. The treated/un-
treated cells were harvested, fixed via ethanol (70%) for half an hrs
at + 4 �C and stored at �20 �C until required further. The ethanol-
fixed cells were then washed following centrifugation and
resuspended in 0.5 ml 1X PBS containing 1 ll/ml RNase A
(Thermo-Fisher Scientific, Waltham: U.S.A) and 7 ll/sample PI
(Santa-Cruz Biotechnology, Dallas: U.S.A). After placing the test
samples in dark for 15 to 20 min, they were filtered and the cell
distribution was investigated in various phases of cell-cycle
through LSRFortessaTM flow cytometer (BD-Biosciences, San Diego:



Fig. 1. Anti-proliferative effect of P. jacquemontiana fractions against (A) HCCLM3, and (B) MDA-MB 231 cell line at 24, 48, and 72 hrs. The results are communicated as
Mean ± S.D (n = 3) of three independent experiments.
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U.S.A) and Summit-4.3 software (Beckman-Coulter, Inc.). All sam-
ples to be tested were analyzed within 1 hr of PI staining.

2.9. Wound scratch assay

HCCLM3 and MDA-MB 231 cells were seeded (7 � 104

cells/well) in micro dish-culture inserts (Ibidi-GmbH: Germany)
overnight and incubated at + 37 �C till the culture flask was confluent.
The next day, micro dish-culture inserts were removed straight
upward followed by careful washing with 1X-PBS (1 ml) to create
cell-free gap area in the center. The respective cancer cell lines
were treated with PJM (100, 150, and 200 mg/ml) and the pictures
were captured using magnification lens (10X) at zero, 04, 08, and
12 hrs time interval employing Bright-field microscopy (Olympus:
DP-70: Japan). The captured images were analyzed through Fiji
Software (Schindelin et al., 2012), and normalized wound healing
was deliberated using the equation;

Normalized wound healing ð%Þ

¼ Distance of closed gap ðtreated l dishesÞ
Distance of closed gap ðcontrol l dishesÞ

� �
� 100
2.10. Matrigel invasion analysis assay

The Bio-coated Matrigel invasion chambers (Discovery, Lab-
ware Bedford U.S.A) were first hydrated and then equilibrated
according to manufacturers’ guidelines. HCCLM3 and MDA-MB
231 cells were seeded at a density of 7 � 104 cells/well and resus-
pended in DMEM serum-free media after treating with indicated
PJM concentrations (100, and 150 mg/ml) for 12 hrs. 10% FBS added
to media along with human SDF-1a (CXCL-12) (Prospec
Tany-Techno Gene Ltd, NessZiona: Israel) in a concentration of
10 ng/ml to the lower wells were used for creating chemotactic-
gradient and incubated for 24 hrs time period. After indicated
treatments and incubation period, the matrigel-invaded cells were
fixed using 100% chilled-methanol and appropriately stained with
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crystal-violet dye (1%). Pictures were captured using Bright-field
microscopy and analyzed via Fiji-Software.
2.11. Western blot analysis

HCCLM3 and MDA-MB 231 cells were seeded (1.3–1.7 � 106)
overnight in 60 mm culture cell dishes followed by treatment with
specified drug (PJM) concentration at indicated time intervals. The
treated/untreated cells were harvested and lysed in M�PER
(Thermo-Fisher Scientific, Waltham: U.S.A) coupled with addition
of 1% 100X Halt-Protease and Phosphatase Inhibitor cocktail
(Thermo-Fisher Scientific, Waltham: U.S.A) for 25 to 30 min placed
on ice. The lysates were centrifuged at 13,300 rpm for 15 min to
remove any insoluble material if present and the resultant protein
was quantified through Bradford protein assay (Sigma-Aldrich, St.
louis: U.S.A). The respective lysates were diluted by adding 4X-
Laemmli sample buffer (Bio-Rad Laboratories, California: U.S.A)
followed by heating at 95 �C for 5 min for protein denaturation.
The samples processed were stored at �20 �C till further required.
For gel loading, equal quantity of protein (30–60 lg) for each sam-
ple was resolved onto SDS-PAGE gels (8–10 %) and transferred
electrophoretically onto PVDF/nitrocellulose membrane (Bio-Rad
Laboratories, California: U.S.A). After gel transferring, the mem-
brane was blocked with Blocking One (Nasalai-Tesque, Kyoto:
Japan) and finally probed with desired primary antibodies
at + 4 �C overnight. The next day, respective blots were washed
three times, incubated in HRP-conjugated (anti-rabbit/anti-
mouse) secondary antibody for 1 hr and subsequently detected
via Western-Bright Sirius Chemiluminescent-Detection Kit
(Advansta, California: U.S.A). Chemi-Doc touch image system (Bio
Rad Laboratories, California: U.S.A) was used to take chemilumi-
nescent images. The blots were stripped in RestoreTM stripping buf-
fer (Thermo-Fisher Scientific, Waltham: U.S.A) followed by
blocking in Blocking buffer, and reprobed with relevant primary
antibodies where necessary. Fiji Software was used for densitome-
try analysis.



Table 1
GC/MS analysis of P. jacquemontiana crude methanol extract (PJM).

S.No RT (min) Compound name* Chemical Class Molecular formulae M. Weight Area (%)

1 11.04 Cyclohexanol, 5-methyl-2-(1-methyl) Alcohol C10H20O 156 0.14
2 13.92 1.2.4-Triazol-4-amine, 5-methyl Amine C8H12N6 192 0.02
3 14.05 Thymol Terpenoid C10H14O 150 0.94
4 15.21 2-methyladamantane Alkane C11H18 150 0.04
5 15.36 Hydroquinone Phenol C6H6O2 110 0.03
6 15.81 Nonanoic acid, propyl ester Ester C12H24O2 200 0.02
7 16.20 Phenol, 2-(1-methyl propyl) thiol Phenol C10H14OS 182 0.16
8 16.96 1,2,3-Benzenetriol Phenol C6H6O3 126 7.96
9 17.92 1,2,3-Benzenetriol Phenol C6H6O3 126 3.05
10 20.08 Dodecanoic acid Fatty acid C12H24O2 200 0.47
11 23.04 Methyl tetradecanoate Ester C15H30O2 242 0.24
12 23.81 Tetradecanoic acid Fatty acid C14H28O2 228 0.46
13 24.48 4-Hydroxy-3-(methylamino) benzoic Carb. Acid C8H9NO3 167 0.11
14 24.84 Methyl 8-methyldecanoate Ester C12H24O2 200 0.07
15 24.99 Neophytadiene Terpenoid C20H38 278 0.45
16 25.13 2-pentadecanone, 6,10,14-trimethyl Ketone C18H36O 268 0.09
17 25.25 Pyridine, 4, 4́ - (1.2-ethenediyl) bis Pyridine C12H10N2 182 0.06
18 25.42 1-Hexadecyne Alkyne C16H3O 222 0.33
19 25.73 1.4-Eicosadiene Alkene C20H38 278 0.34
20 26.19 Dimethyl (ethenyl) silyoxycyclone Ketone C10H20OS1 184 0.12
21 26.55 Hexadecanoic acid, methyl ester Ester C17H34O2 270 1.68
22 26.89 Tetrahydro-2-furanylmethanol Alcohol C8H18O2S1 174 0.46
23 27.33 n-Hexadecanoic acid Fatty acid C16H32O2 256 2.84
24 28.20 Benzoic acid, 3,4,5-trihydroxy Carb. Acid C8H8O5 184 29.6
25 28.86 Benzoic acid, 3,4,5-trihydroxy Carb. Acid C8H8O5 184 3.47
26 29.25 Methyl 9-cis, 11-trans-octadecadienoate Ester C19H34O2 294 2.08
27 29.36 9,12,15-octadecatrienoic acid Fatty acid C19H32O2 292 5.12
28 29.77 Methyl stearate Ester C19H38O2 298 1.20
29 29.97 9,12-octadecadienoic acid (Z,Z)- Fatty acid C18H32O2 280 1.65
30 30.12 9,12,15-octadecatrien-1-ol, (Z,Z)- Alcohol C18H32O 264 4.15
31 30.41 Octadecanoic acid Fatty acid C18H36O2 284 1.42
32 30.62 Proflavine Acridine C13H11N3 209 1.72
33 31.54 Proflavine Acridine C13H11N3 209 0.93
34 31.87 o-Anisic acid Carb. Acid C17H26O3 278 2.02
35 32.31 2.6.2́ ,6́ -Tetramethyl-biphenyl-4, Amine C16H20N2 240 0.75
36 32.71 1-tert-Butyl-1,1-dimethyl-N-(14-n) Amine C13H22N2O2S1 266 0.95
37 33.12 1,1-Dimethyl-2,3-di (p-tolyl) isourea Ureas C17H20N2O 268 1.23
38 33.35 Benzhydrazide, 2-benzoyl-N2-(4-m) Hydrazide C22H18N2O3 358 0.24
39 33.51 3-(N-Methylamino)-9-methylcarbazole Benzenoid C14H14N2 210 1.07
40 33.75 Proflavine Acridine C13H11 N3 209 0.22
41 33.97 Benzhydrazide, 2-benzoyl-N2-(3-m) Hydrazide C22H18N2O3 358 1.22
43 34.31 Quinoline, 2-(1-methyl-1H-imidazol Benzenoid C13H11N3 209 0.01
44 34.79 Benzeneethanamine, 3-methoxy-N- Amine C19H20 F5NO2S1 417 1.24
45 35.20 Quinoline, 2-(1-methyl-1H-imidazol Benzenoid C13H11N3 209 0.29
46 35.43 Docosanoic acid, methyl ester Ester C23H46O2 354 0.52
47 35.54 3-(N-Methylamino)-9-methylcarbazole Benzenoid C14H14N2 210 0.28
48 35.69 Methyl salicylate, TMS derivative Ester C11H16O3S1 224 0.54
49 36.01 Methyl salicylate, TMS derivative Ester C11H16O3S1 224 0.76
50 36.72 .beta.-Sitosterol Terpenoid C29H50O 414 1.77
51 37.61 .beta.-Amyrin Terpenoid C30H50O 426 2.06
52 38.10 (S)-5-Allyl-1,3-dimethoxy-2-(1-) Benzenoid C23H30O6 402 0.27
53 38.64 Isobenzofuran-1(3H)-one, 3-(3-) Benzo-furan C20H14BrNO2 379 1.21
54 39.42 Ethanol, 2-[(7-nitro-2H-1,4-benzo) Alcohol C10H11N3O3S 253 0.27
55 39.95 .alpha.-Tocospiro B Tocopherol C29H50O4 462 0.77
56 40.35 .alpha.-Tocospiro B Tocopherol C29H50O4 462 0.77
57 40.99 Isophthalic acid, isopropyl pentyl Carb. acid C26H42O4 418 0.59
58 41.32 2,5-Bis(5-phenyl-2-oxazolyl) pyridine Azole C23H15N3O2 365 0.26

Total 90.7

* Compounds listed in the order of elution from column.

S. Ali, Muhammad Rashid Khan, J. Iqbal et al. Saudi Journal of Biological Sciences 28 (2021) 4969–4986
2.12. Statistical analysis

Average, S.D, IC50, and Graphical analyses among different
treatment groups at significance level of p � 0.001, p � 0.01, and
p � 0.05 was calculated by GraphPad prism-5 Software. Fiji
(ImageJ) Software was functioned for analyzing Matrigel invasion
analysis assay, wound-scratch assay, and performing densitometry
analysis of western blot proteins. Apoptosis assay, cell-cycle arrest
assay, migration, and invasion data were analyzed by one-way
ANOVA trailed by Dunnett’s multiple comparison tests, where *,
**, *** indicated significance at p < 0.05, p < 0.01, and p < 0.001
relative to untreated.
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3. Results

3.1. PJM inhibits proliferation of cancer cell lines

MTT assay screening of P. jacquemontiana fractions alongside
cancer cell lines revealed significant anti-proliferative effects based
upon dose and exposure time. The least IC50 value indicated more
potent anti-proliferative activity while higher IC50 represented
weak anti-proliferative activity. Among different P. jacquemontiana
extracts, PJM and PJC exhibited least IC50 values alongside HCCLM3
corresponding to 188.2 ± 0.62, 118.7 ± 0.7, 170.9 ± 1.04 and 281.
4 ± 5.58, 117.5 ± 5.33, 206.9 ± 4.15 lg/ml at 24, 48, and 72 hrs



Fig. 2. PJM induces apoptosis in (A,B) HCCLM3 and MDA-MB 231 cells, (C,D) Graphical representation of PJM-induced apoptosis in HCCLM3 and MDA-MB 231 cells at 24, 48,
and 72 hrs. The results are communicated as Mean ± S.D (n = 3) and the data was processed by one-way ANOVA followed by Dunnett’s multiple-comparison test.
*** (significance level at p < 0.001) was noted for PJM concentrations compared to control.

S. Ali, Muhammad Rashid Khan, J. Iqbal et al. Saudi Journal of Biological Sciences 28 (2021) 4969–4986
(Fig. 1A), respectively. However, the best anti-proliferative activity
against MDA-MB 231 was displayed by PJM and PJE followed by
PJC, PJH, PJB, and PJA (Fig. 1B). Likewise PJM dominated in all
derived P. jacquemontiana fractions against HEPG2 and MCF-7
revealing an IC50 of > 1000, 804.7 ± 3.29, 650.8 ± 5.96 and 258.4
± 2.83, 219.2 ± 2.77, 172.9 ± 4.33 lg/ml at 24, 48, and 72 hrs
respectively. None of the extracts proved cytotoxic to normal liver
and mammary cell line (LO2 and MCF-10A) (Supplementary
Table 1, 2, and 3).
3.2. GC/MS analysis of PJM

A total of 51 compounds were identified via GC/MS analysis in
the crude methanol fraction of P. jacquemontiana (PJM) corre-
sponding to 93.9% of total detected compounds (Table 1). The chro-
matogram (Supplementary Fig. 1) displayed noticeable peaks in
the specified retention time ranging from 11.0 to 41.3 min. The
detected compounds in PJM belonged to 19 major classes including
5 carboxylic acids (35.7%), 7 fatty acids (11.9%), 4 phenols (11.2%),
8 esters (7.1%), 4 terpenoids (5.2%), 4 alcohols (5.0%), 4 amines
(2.9%), 1 acridine (2.6%), 4 benzenoids (1.9%), 2 tocopherols
4974
(1.4%), 1 hydarazide (1.4%), 1 Ureas (1.2%), 1 benzo-furan (1.2%),
1 alkene (0.3%), 1 alkyne (0.3%), 1 azole (0.2%), 2 ketones (0.2%),
1 pyridine (0.06%), and 1 alkane (0.04%). respectively.
3.3. PJM induces apoptosis in HCCLM3 and MDA-MB 231 cells

The ability of PJM to initiate apoptosis was studied via flow-
cytometry after treating HCCLM3 and MDA-MB231 with PI and
Annexin V-FITC (Fig. 2). The cell population was distributed into
four quadrants (Q1 to Q4) of which Q1 corresponded to necrotic
cells, Q2 to late apoptotic cells, Q3 to live cells, and Q4 to early
apoptotic cells. PJM induced apoptosis in cancer cell lines following
a dose and time-dependent pattern. The dosage increase (100, 150,
and 200 lg/ml) raised the percentage of early apoptotic cells as
well as total apoptotic percentage with an increase in exposure
time (24, 48, and 72 hrs). The maximum apoptotic percentage
was noted for PJM (200 lg/ml) alongside MDA-MB231 conferring
to 33.6 ± 2.0, 49.3 ± 4.0, and 73.6 ± 3.85 at 24, 48, and 72 hrs
whereas 13.13 ± 1.95, 34.13 ± 3.95, and 72.36 ± 3.30 values were
recorded besides HCCLM3 at similar time interval.



Fig. 3. Cell-cycle arrest analysis of PJM treatment against (A) HCCLM3, (B) MDA-MB 231 cells at 24, 48, and 72 hrs. The results are communicated as Mean ± S.D (n = 3) and
the data was processed one-way ANOVA followed by Dunnett’s multiple-comparison test. *** (significance level at p < 0.001) was noted for PJM concentrations at G0/G1
phases of cell-cycle compared to control.
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3.4. PJM induced G0/G1 arrest in HCCLM3 and MDA-MB 231 cells

To verify whether the anti-proliferative effects of PJM alongside
HCCLM3 and MDA-MB 231 cells were due to arrest of cells in cell-
cycle, the flow-cytometer analysis was performed at 24, 48, and 72
hrs post treatment (Fig. 3). The treatment with PJM revealed a dose
and time-dependent cell-cycle (G0/G1) growth arrest and apopto-
sis in respective cell lines. Though all doses of PJM (100, 150, and
200 lg/ml) induced highly significant alterations in cell cycle rela-
tive to untreated however, PJM (200 lg/ml) exhibited the maxi-
mum cell-growth arrest in subG1 phase conferring to 20, 34.5,
and 71.9% alongside HCCLM3 and 16.5, 41.2, and 62.4% alongside
MDA-MB 231 at specified time intervals, respectively. Treatment
with PJM induced apoptosis at all concentrations, which was
apparent from a reduced cell distribution in G1 and S phases of
cell-cycle whereas an increased cell-accumulation in subG1 at 48
and 72 hrs interval.
3.5. PJM suppresses the migration of HCCLM3 and MDA-MB 231 cells

In vitro wound scratch assay was performed to determine anti-
metastatic potential of PJM alongside HCCLM3 and MDA-MB 231
cell lines. Fig. 4 shows the treated cells with PJM (100, 150, and
200 lg/ml) to dramatically decrease (p > 0.001) wound-closure
rates dose-dependently compared to control. All PJM
concentrations were effective against HCCLM3, particularly PJM
(200 lg/ml) showed 0.36, 2.15, and 2.87% wound closure rate com-
pared to untreated exhibiting 13.1, 26.3, and 53.1% wound closure
rates at 04, 08, and 12 hrs, respectively. Likewise, PJM (200 lg/ml)
revealed minimum wound closure rates corresponding to 1.11,
2.23, and 5.57% relative to untreated showing 22.5, 53.9, and
84.8% against MDA-MB231 at similar time interval.
4975
3.6. PJM suppresses the invasion of HCCLM3 and MDA-MB 231 cells

The anti-metastatic aptitude of PJM was evaluated by an in vitro
metastasis model including Matrigel invasion chamber. Stromal
cell derived factor-1 (SDF-1) was used as invasion stimulant for
HCCLM3 and MDA-MB 231 cell lines. As presented in Fig. 5, the
untreated cells spontaneously invaded through basement mem-
brane in the absence of SDF-1 however the invasion through matri-
gel membrane was considerably increased (p > 0.001) in the
presence of SDF-1. Co-treatment of PJM (100 and 150 lg/ml) with
and without SDF-1 significantly reduced the invasive ability com-
pared to untreated cells. HCCLM3 invaded cells after PJM
(150 lg/ml) treatment were quantified as 17.4% and 24.9% to
invade the artificial membrane provided without and with SDF-1
relative to untreated, taken as 100%. Likewise, PJM (150 lg/ml)
provided without and with SDF-1 allowed 15.8% and 32.8% of
MDA-MB 231 cells to invade the matrigel membrane relative to
untreated (100%).

3.7. PJM suppresses JAK/STAT3 signaling pathway in HCCLM3 and
MDA-MB 231 cells

Western blot analysis of whole cell-lysates was done to identify
the potential effect of PJM on JAK/STAT3 signaling pathway as
shown in Figs. 6A and 7A. The protein levels of both the phospho-
rylated forms of STAT3 viz. p-STAT3 (Y705) and p-STAT3 (S727)
were found to decline as early as 02 hrs post PJM treatment in
HCCLM3 and MDA-MB231 cell lines. The levels of p-JAK1 and p-
JAK2, which are the upstream proteins to phosphorylate STAT3,
were also observed to decrease within 02 hrs of PJM treatment in
both cell lines. Besides this, the p-Src level was reduced whereas
STAT3 inhibitor levels (PTP1b, SHP1, SHP2, PIAS1, and PIAS3) were
found to increase in both the cell lines, respectively. The total



Fig. 4. PJM suppressed the migration of (A,B) HCCLM3 and MDA-MB 231 cells, (C,D) Graphical representation showing wound repair (%) of PJM against HCCLM3 and MDA-MB
231 cells at 0, 04, 08, and 12 hrs. The results are communicated as Mean ± S.D (n = 3) and the data was processed by one-way ANOVA followed by Dunnett’s multiple-
comparison test. *** (significance level at p < 0.001) was noted for PJM concentrations compared to control.
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STAT3, Src, JAK1, and JAK2 levels remained constant in both cell
lines even after 08 hrs of treatment suggesting PJM to downregu-
late JAK/STAT3 pathway.
3.8. JAK/STAT3 inhibitor studies of PJM

Owing to the PJM-induced inhibition of p-STAT3 within 2 hrs
post treatment in western blot analysis assay and keeping in
mind the expression of STAT3 in uncontrollable proliferation
and apoptosis evasion, MTT proliferation assay along with G0/
G1 flow-cytometry analysis was executed again but with Stattic
(SC-203282; a pharmacological inhibitor of STAT3). This was per-
formed to confirm whether the cytotoxic and apoptotic effects of
PJM were mediated by STAT3 suppression. The effectiveness of
Stattic (SC-203282) was established as an initial step through
western blot analysis in HCCLM3 and MDA-MB231 cells. As pre-
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sented in Figs. 6C and 7C, the p-STAT3 level of PJM in combina-
tion with Stattic is significantly higher than PJM only treated
cells but similar with untreated cells. The results put forward
the effectiveness of 10 lM of Stattic (SC-203282) in activating
PJM-induced suppression of STAT3 in HCCLM3 and MDA-
MB231 cell lines.

In MTT assay, treatment of PJM (200 lg/ml) in combination
with Stattic (SC-203282) significantly reduced the anti-
proliferative action against HCCLM3 cells at 24 and 48 hrs whereas
PJM (100 and 150 lg/ml) did not exhibit any difference in cytotoxic
effects compared to PJM alone (Fig. 6D). In case of MDA-MB231 cell
line, PJM (200 lg/ml) in combination with Stattic (SC-203282)
markedly reduced the anti-proliferative effects at 24, 48, and 72
hrs whereas PJM (100 and 150 lg/ml) only demonstrated notice-
able cytotoxicity at 24th hr relative to PJM alone treatment as evi-
dent in Fig. 7D. Similar results were displayed by flow cytometry



Fig. 5. PJM suppressed the invasion of (A,B) HCCLM3 and MDA-MB 231 cells, (C,D) Graphical representation of invaded cells (%) following PJM treatment against HCCLM3 and
MDA-MB 231 cells at 24 hrs. The results are communicated as Mean ± S.D (n = 3) and the data was processed by one-way ANOVA followed by Dunnett’s multiple-comparison
test. *** (significance level at p < 0.001) was noted for PJM concentrations compared to control.
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analysis which revealed a significant decline in subG1 population
of HCCLM3 cells after collective treatment of PJM (150 and
200 lg/ml) and Stattic (SC-203282) compared to PJM alone treat-
ment at 48th hr. While all the selected PJM (100, 150, and
200 lg/ml) concentrations in combination with Stattic (SC-
203282) clearly decreased the distribution of MDA-MB231 cells
in subG1 compared to PJM alone treatment at same time interval
(Figs. 6E and 7E). The results obtained suggest the reduced anti-
proliferative and apoptotic effects with PJM-induced suppression
of STAT3 which provide some evidence that anti-cancer effect of
PJM is partially mediated by STAT3 inhibition.
3.9. PJM regulates anti-metastatic and cell-cycle proteins

The level of those proteins heavily connected with tumor
metastasis and invasion i.e. MMP9 and MMP2 proteins was quan-
tified alongside HCCLM3 and MDA-MB231 cell lines after treating
with PJM (100, 150, and 200 lg/ml) as shown in Figs. 8A and 9A.
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Both MMP9 and MMP2 expression levels were distinctly reduced
in a dose-dependent style, suggesting PJM drug to have an anti-
migration and anti-invasive role in both cancer cell lines. Besides
this, the expression levels of cyclinD1 and cyclinE were also quan-
tified based upon the key role they play in regulating the transition
of cells in cell-cycle from G1 to S phase. PJM clearly decreased the
protein expression of cyclinD1 and cyclinE dose-dependently (100,
150, and 200 lg/ml) against selected cancer cell lines (Figs. 8A and
9A) suggesting its potential inhibitory effects on cell-cycle
progression.
3.10. PJM regulates pro-apoptotic and anti-apoptotic proteins

The pro-apoptotic pathway of PJM was further illustrated in
HCCLM3 and MDA-MB 231 cell lines through western blotting
analysis of those proteins associated with apoptosis in addition
to flow cytometric analysis assays. Accordingly, the expression
levels of main pro-apoptotic proteins including BAK, BAX,



Fig. 6. Western blot analysis showing the effect of PJM on (A) JAK/STAT pathway proteins, (B) graphical representation of PJM treatment against STAT3 signaling proteins at 0,
2, 4, 6, and 8 hrs. (C,D,E) Western blot, MTT, and cell-cycle arrest analysis assays using 10 lM of STAT3 pharmacological inhibitor (Stattic) against HCCLM3 cells at indicated
time intervals. The results are communicated as Mean ± S.D (n = 2) derived from two independent experiments and the data was processed by one-way ANOVA followed by
Dunnett’s multiple-comparison test. *, **, and *** (significance level at p < 0.05, p < 0.01, p > 0.001) was noted for PJM concentrations compared to control.
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cleaved-PARP, cleaved caspase 9, and cleaved caspase 3 were mon-
itored dose-dependently (100, 150, and 200 lg/ml of PJM) as pre-
sented in Figs. 8B and 9B. The main anti-apoptotic proteins i.e.
XIAP, survivin, and BCL-XL, known to play fundamental roles in cell
survival and cell proliferation was also detected. In addition to this,
cleaved caspase-7 and 8, well-recognized to play significant roles
in apoptotic pathway was also investigated. The attained results
revealed the expression levels of pro--apoptotic proteins to
increase substantially whereas the anti-apoptotic protein levels
to decrease noticeably in a concentration-dependent pattern of
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PJM treatment. Expression levels of cleaved caspase-7 and 8 were
also markedly elevated in a dose-dependent style. Given alto-
gether, these results coincide with the former observed pro-
apoptotic effects of PJM analyzed via flow cytometry, respectively.
4. Discussion

Since ancient times, medicinal aromatic plants have been used
traditionally in every part of the world and nowadays an upsurge
of interest is found by using these plant and their derived products



Fig. 6 (continued)
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virtually in all sectors and industries (Gezici et al., 2017; Tewari
et al., 2015). In addition to using medicinal plants for traditional
medical purposes, the plants are viewed by researchers as major
sources of interest for the isolation and identification of bio-
active compounds leading to the development/production of novel
drugs with efficacy and safety (Tavakoli et al., 2017; Lee et al.,
2014). The secondary metabolites found in medicinal plants in
the form of crude extracts are well-recognized for their biological
activities including chemo-preventive agents against cancer. Many
researches have shown the historical medicinal background of
Asian countries to utilize medicinal plants and their products in
cancer treatment (Sajid et al., 2018).

The present study reports the molecular mechanistic studies of
the anticancer aptitude of P. jacquemontiana most effective extract
via MTT, Annexin-V/PI, G0/G1 cell-cycle arrest, anti-metastatic,
and western blot analysis assays alongside selected cancer cell
lines (HCCLM3 and MDA-MB 231). Here the term ‘‘most effective
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extract” means the fraction having maximum toxicity against can-
cer cell lines and the one providing least IC50 value contributing to
50% of cell death. MTT cell-viability assay depicted the methanol
extract of P. jacquemontiana (PJM) to exhibit greater cytotoxicity
relative to other plant extracts, conferring to least IC50 value shown
against all tested cancer cell lines (HCCLM3, MDA-MB 231, MCF-7,
and HEPG2) at 24, 48, and 72 hrs. At the same time, the toxic effect
of PJM against normal cell lines (LO2 and MCF-10A) appeared less
due to a great difference between the IC50 values calculated for
cancer and normal cells. The co-treatment of PJM along with con-
ventional chemo-therapeutic drugs may be useful in lessening the
potential dosage of the chemo-therapeutic drugs and eliminating
the adverse side-effects; however further studies regarding this
perspective would be required.

The chemical composition analysis of PJM (P. jacquemontiana
methanol fraction) was determined via GC/MS. A total of 53 com-
pounds were detected in PJM of which Octadecanoic-acid and



Fig. 7. Western blot analysis showing the effect of PJM on (A) JAK/STAT3 pathway proteins, (B) Graphical representation of PJM treatment against STAT3 signaling proteins at
0, 2, 4, 6, and 8 hrs. (C,D,E) Western blot, MTT, and cell-cycle arrest analysis assays using 10 lM of STAT3 pharmacological inhibitor (Stattic) against MDA-MB 231 cells at
indicated time intervals. The results are communicated as Mean ± S.D (n = 2) derived from two independent experiments and the data was processed by one-way ANOVA
followed by Dunnett’s multiple-comparison test. *, **, and *** (significance level at p < 0.05, p < 0.01, p > 0.001) was noted for PJM concentrations compared to control.
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Octadecanoic acid methyl-ester are reported as antifungal, antibac-
terial, and anti-tumor agents (Abou-Elela et al., 2009; Hsouna et al.,
2011). a-linolenic acid methyl-ester possesses antimicrobial,
antioxidant, hyperchloesteralemic, and anticancer activity
(Kumar et al., 2010). It is also reported previously to inhibit prolif-
eration of ER-negative and ER-positive breast cancer cells and is a
well-documented potent antiangiogenic agent in colorectal cancer
and HUVEC cells (Oyugi et al., 2011). However, the most abundant
compound identified in PJM was Gallic acid (29.6%), which has
numerous industrial applications especially its role in pharmaceu-
tical industry as a standard for the determination of phenolic con-
stituents in analytes. Gallic acid and its derivatives have
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combatting potential against oxidative stress, microbial infesta-
tions, and cancer manifestations. Moreover, gallic acid is reported
as a well-known antioxidant, hepatoprotective, antiviral, antimi-
crobial, anti-inflammatory, and anticancer agent (Nayeem et al.,
2016).

An emerging strategy for cancer treatment nowadays is the
capability of inducing cellular apoptosis in cancer cells and
involves various signaling pathways (Lou et al., 2019). The cells
undergoing apoptosis shows the externalization of phosphatidyl-
serine (PS) towards the outer side from inner layer and is consid-
ered the bio-chemical feature of cellular apoptosis. For determina-
tion of apoptosis, Annexin-V (a lipoprotein specifically binding to
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PS) was tagged with FITC (Komonrit and Banjerdpongchai, 2018).
In our study, PJM-treated HCCLM3 and MDA-MB 231 cells for 24,
48, and 72 hrs were stained with Annexin-V-FITC/PI and analyzed
via flow cytometry. Dot-blot analysis of PJM-treated HCCLM3 and
MDA-MB 231 cells showed regulated cell death by an increase in
both late (Q2) and early apoptotic (Q4) stained cells following a
dose-dependent pattern but without a significant effect on cell-
necrosis quadrant (Q1). This hypothesizes that cell death was most
probably regulated via cellular apoptosis mechanism and not by
necrosis.
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The increase in apoptotic cells was further confirmed by G0/G1
cell-cycle arrest analysis assay, which indicated a considerable
accumulation of SubG1 arrested cells post PJM treatment at 24,
48, and 72 hrs whereas a consequent decrease in G1 phase cells.
Cell-cycle progression is a main biological event, which has con-
trolled regulation in normal cells but becomes almost universally
deregulated or aberrant in neoplastic and transformed cells
(Birjandian et al., 2018). Regarding this, the potential prognostic
roles played by cell-cycle regulators and natural products in cancer
therapy are under focus. Cell-cycle arrest caused by PJM treatment



Fig. 8. Western blot analysis showing the effect of PJM on (A) Metastatic and cell-cycle proteins (B) pro-apoptotic and anti-apoptotic proteins against HCCLM3 cell line.
HCCLM3 cells were treated with 100, 150, and 200 mg/ml for 24 hrs. Proteins were equally loaded onto the wells, also confirmed by b-actin loading control. Fold change was
calculated using Fiji ImageJ software.
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in HCCLM3 and MDA--MB 231 cancer cells was evident from
decreased protein expression levels of CyclinD1 and CyclinE. Both
of these proteins are required essentially by cell-cycle for pushing
the cells from G1 to S phase (Kannaiyan et al., 2011), whereby their
inhibition blocks the entry of cells to further progress into other
phases of cell-cycle and hence causes the greater accumulation of
cells in SubG1 phase. This regulation of cell-cycle is an important
method for controlling propagation of tumors (Xavier et al., 2009).

Besides this, in the cells undergoing apoptotic cell death, cas-
pases are stimulated leading to activation of further reactions.
Among caspases, caspase-3 functions to proteolyze the structural
cytoskeleton proteins (laminin, actin, and fodrin) and leads to
apoptosis accompanied with typical morphology (Komonrit and
Banjerdpongchai, 2018). On the other hand, caspase-8 and 9 play
key roles in initiating the cascade of extrinsic apoptotic (death
receptor) and intrinsic apoptotic (mitochondrial) pathway, respec-
tively (Fulda and Debatin, 2006). Our study showed the PJM-
treated HCCLM3 and MDA-MB 231 cells to demonstrate markedly
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enhanced levels of all three afore-mentioned caspases in addition
to suppressing tumor promoting and survival proteins (Bcl-xl, sur-
vivin, and XIAP), and activating pro-apoptotic proteins (BAX, and
BAK), hence strengthening the hypothesis that PJM induces
HCCLM3 and MDA-MB 231 cells to regulate cell death by undergo-
ing apoptosis.

Furthermore, the anti-metastatic effects of PJM were evaluated
via wound-scratch and matrigel invasion chamber assays. Metasta-
sis process involves many signaling pathways and is considered a
multi-step process promoting the migration of cancer cells to dis-
tant organ sites. Matrix metalloproteinases (MMPs) are a family of
structurally and functionally related Zinc-dependent enzymes,
which play vital roles in promotion of metastasis and tumor
growth. Amongst the MMPs, MMP2 and MMP9 are extensively
involved in the facilitation of cancer metastasis (Luo et al., 2019).
The inhibitory effect of PJM on MMP2 and MMP9 was validated
via western blotting, which revealed the expression of both MMPs
to decrease considerably after PJM treatment at 24 hrs dose-



Fig. 9. Western blot analysis showing the effect of PJM on (A) Metastatic and cell-cycle proteins (B) pro-apoptotic and anti-apoptotic proteins against MDA-MB 231 cell line.
MDA-MB 231 cells were treated with 100, 150, and 200 mg/ml for 24 hrs. Proteins were equally loaded onto the wells, also confirmed by b-actin loading control. Fold change
was calculated using Fiji ImageJ software.
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dependently. Moreover, the protein expression level of pSrc was
down-regulated in PJM-treated HCCLM3 and MDA-MB 231 cells,
as reported elsewhere that the signal transducers (i.e. FAK and
Src) contribute in the secretion of above MMPs and their expres-
sion levels are relatively found higher in cancer cells. This specifies
the anti-metastatic effect of PJM to be mediated through inhibition
of Src (Sigstedt et al., 2008).

Several hallmarks of cancer including uncontrollable cellular
proliferation, metastasis/invasion, and apoptotic resistance are
linked with dysregulated STAT3 signaling. STAT3 has been recon-
ciled and validated as a drug target and is considered an important
cell-signaling pathway in cancer therapeutics. Constitutively
expressed STAT3 has been documented to trigger deregulated tran-
scription of genes leading to gene products that consequently pro-
mote tumor progressions. STAT3 along with its downstream
targets not only facilitate proliferation, survival, angiogenesis,
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and metastasis, but also suppress antitumor immune responses
(Arora et al., 2018). Our study showed the suppression of JAK/
STAT3 signaling pathway in HCCLM3 and MDA-MB 231 cells after
treatment with PJM. Activation of STAT3 may be deteriorated in
these cancer cells via interrupting with upstream kinases i.e. c-
Src, JAK1, and JAK2. Their inhibition prompts apoptosis, increases
cell-aggregation in subG1 phase of cell-cycle, and activates caspase
3 resulting in cell death (Kannaiyan et al., 2011). Our results also
present the downregulation of p-Src, p-JAK1, and p-JAK2 following
PJM treatment, which may further support Src and JAK-mediated
inhibition of STAT3. The inhibitory effects displayed by PJM on
STAT3 expression may be ascribed to its antioxidant nature (Ali
et al., 2017) keeping in view the induction of STAT3 activation by
ROS (reactive oxygen species) through Src, JAK, and NF-jB signal-
ing and its reversal by antioxidant reagents (Song et al., 2017). Pre-
vious studies have also associated the abrogation of JAK/STAT3



Fig. 10. Proposed anticancer mechanism of PJM. indicates activation, indicates inhibition, indicates phosphorylation, PJM is effective
extract/compound against HCCLM3 and MDA-MB 231 cell lines.
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signaling pathway to induce cell-cycle arrest and apoptosis in vitro
(Mackenzie et al., 2008), inhibit growth of tumors, and attain
tumor elimination accompanied with improved survival rate in
human HL murine models (Ju et al., 2016).

It is well-documented previously that inhibition of STAT3 acti-
vation requires the activity of PTP, SOCS, SHP-1/2, and PIAS, all of
which negatively regulate STAT3 cell-signaling cascade and can
effectively prevent the progression of cancer (Lee et al., 2017;
Wu et al., 2019). Our study shows the up-regulation of PIAS1/3,
SHP-1/2, and PTP-1b proteins in HCCLM3 and MDA-MB 231 cells
after PJM treatment. PIAS protein(s) may regulate transcription
via several mechanisms i.e. blocking DNA-binding activity of tran-
scriptional factors, recruitment of transcription repressors, and
promotion of protein SUMOylation. PIAS-1/3 binds to STAT-1/3
and can therefore inhibit their transcriptional activity. Several
studies have shown the upregulation of PIAS-3 expression to inhi-
bit cell-proliferation and enhance drug chemo-sensitivity in vari-
ous tumors (Wu et al., 2019). For example, the inhibition of
constitutively expressed STAT3 via curcumin attenuated tumor
growth by over-expressing PIAS-3 in endometrial and ovarian can-
cer (Saydmohammed et al., 2010), the over-expression of PIAS-3 in
prostate cancer induced cellular apoptosis in in vitro and in vivo
assays (Wible et al., 2002), and the over-expression of PIAS-3 con-
tributed to suppression of lung cancer and restored drug chemo-
sensitivity. The above findings indicate that PIAS-3 may serve as
an attractive candidate for JAK/STAT3 pathway targeting and
restore the sensitivity to chemo-therapeutic drugs in cancer ther-
apy (Wu et al., 2019). Apart from this, the tumor-suppressor activ-
ity of SHP-1 is mediated via negative regulation of STAT and JAK.
Tai et al., (2012) reported dovitinib; a receptor-kinase inhibitor
in sorafenib-resistant HCC to overcome sorafenib-resistance and
induce apoptosis via SHP-1 mediated STAT3 signaling inhibition.
Another study included plumbagin (Vitamin K3 analogue) to
induce SHP-1 over-expression in human myeloma cells leading
to prevention of STAT3 phosphorylation through the inactivation
of c-Src, JAK-1, and JAK-2 (Sandur et al., 2010). In light of the above
findings which suggest STAT3 activity to be vital to tumorigenesis
and drug-resistance, the activating of SHP-1 by PJM may be a valu-
able applicant in cancer therapy.
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Finally, we hereby report the STAT3 inhibition following PJM
treatment as well as the suppression of STAT3 inhibition by using
a specific inhibitor of STAT3 (Stattic; SC-203282), which blocked
PJM-induced apoptosis. The inhibitory effect of PJM and SC-
203282 was visualized through MTT, cell-cycle arrest analysis,
and western blot analysis which suggested the sole treatment of
PJM and SC-203282 to inhibit STAT3 activation whereas their com-
bined treatment cancelled the inhibitory action of each other lead-
ing to the same phenotype as that of untreated. These observations
clearly suggest that PJM most likely regulates cell death through
the suppression of JAK/STAT3 pathway.

5. Conclusion

Overall our results direct PJM to inhibit the growth of wide-
variety of cancer cells and induce apoptosis by down-regulating
anti-apoptotic gene products, modulating cell-cycle proteins, acti-
vating caspases, and suppressing JAK/STAT3 cell-signaling path-
way (Fig. 10). Owing to the significant medicinal value shown by
PJM, the plant extract should further be explored for its anti-
cancer aptitude at advanced level regarding its role in metastatic
inhibition, immune response modulation for reducing tumor, and
inducing apoptosis in suitable animal models.
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