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ABSTRACT

Background: Oral cancer remains one of the most dreadful diseases in developing nations.
Currently, there has been a rise in the prevalence of tongue squamous cell carcinoma (SCC), with
a poor prognosis. The use of standard treatment approaches against oral cancer patients brings
about several side effects. In recent years, nanomedicine has provided a versatile platform for
developing new targeted therapeutic modalities. However, safety remains a concern in the synthesis of
nanoparticles (NPs).Therefore, the present study aims to synthesize safer phytoconstituent-mediated
gold NPs (AuNPs) utilizing leaf extracts of Annona muricata, where the biochemical components
of the plant leaf act as the reducing and capping agents in the synthesis of NPs, and to evaluate its
anti-cancer activity against SCC.

Materials and Methods: In this in vitro experimental study, AuNPs were synthesized through an
effective, simple, and ecologically sound green synthesis method. After characterization of these
synthesized AuNPs, in vitro assays such as 3-(4, 5-dimethylthiazole2-yl)-2, 5-biphenyl tetrazolium
bromide, wound healing, and clonogenic assays were carried out to investigate the anti-cancer
potential of green synthesized AuNPs in the human tongue SCC cell line (SCC-15),and the possible
mechanism of action was evaluated through gene and protein expression analysis of Bax, Bcl-2,and
p53 genes.The results were expressed as mean * standard deviation using Statistical Package for
Social Sciences (SPSS) 20.0 software and Student’s t-test was performed for experimental data.
P <0.05 were considered statistically significant.

Results: The in vitro assays demonstrated that the synthesized AuNPs are exhibiting anti-cancer
activity by apoptosis of SCC-15 cells in a dose-dependent manner. Further, it also revealed a highly
significant decrease in anti-apoptotic Bcl-2 gene expression, whereas pro-apoptotic genes p53
and Bax revealed a highly significant increase, which is statistically significant compared to the
control (P < 0.05).

Conclusion: Our findings demonstrated that the AuNPs synthesized from A. muricata leaf extract
could act as a novel anticancer agent, particularly against SCC, after further scrutiny.
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INTRODUCTION

According to GLOBOCAN 2020 estimates, there
were 19.3 million new cases of cancer and about
10 million deaths due to cancer. It is also estimated
that the total number of cancer cases worldwide
is predicted to reach 28.4 million in 2040, an
increase of 47% from 2020. This spike will be
significantly greater in developing (64%—-95%) than in
developed (32%—56%) countries because of changing
demographics, an expanding economy, and new risk
concerns brought forth by globalization.[!

Among various cancers, recent reports indicate that
tongue squamous cell carcinoma (SCC) in young
people is on the rise, especially in females. Despite
the various treatment modalities available, the survival
rate of patients has remained unchanged over the past
30 years.** Hence, there is a need for a novel, safe,
and potent targeted anticancer therapy against oral
SCC.

Nanotechnology is concerned with the synthesis and
creation of materials at the nanoscale that display
novel behaviors that are different from those of
molecules or bulk materials. Researchers from every
branch of science have paid intense attention to this
peculiar feature.!*!

Among the inorganic nanoparticles (NPs), gold
NPs (AuNPs) are the most widely used due to their
versatile, inert, biocompatible, and stable properties.
Due to their well-defined surface chemistry, AuNPs
can be easily conjugated with different molecules
and are not hazardous to humans in low doses. These
attributes make them a great option for a variety of
medicinal applications, particularly cancer treatment.”!

The synthesis of NPs can be done through different
physical and chemical approaches. However, these
methods are expensive and unsafe for human health
due to the use of toxic components and the generation
of byproducts, either during the synthesis or during
the capping/stabilization process of NPs.[!

Recently, AuNPs synthesized utilizing plant extract
have been found to be more effective and beneficial.
In addition, it produces a significant amount of
NPs and lessens the environmental contamination.
They may serve as stabilizing and reducing agents
in the creation of NPs. Hence, the advantages of
plant extract-mediated AuNPs production over
alternative approaches are its ease of use, safety, and
compatibility with the environment.[”!

Annona muricata L., otherwise commonly called
soursop, is one of the 2300 species in the Annonaceae
family, which has roughly 130 genera. Originally, it
belonged to the hottest tropical regions of South and
North America and is now found around the world.®!
Previous studies demonstrated significant cytotoxicity
for A. muricata leaves through induction of apoptosis
against various cancer cell lines including MCF7
breast cancer cells, A, lung cancer cells, HL-60
leukemia cells, and HepG2 liver cancer cells.P!!

Apoptosis is the process of programmed cell death.
The resistance to cell death constitutes one of the
important hallmarks of cancer.'”? By altering the
expression of anti- or pro-apoptotic genes, cancer
cells may be able to evade apoptosis. Apoptosis is
controlled by proteins from the Bcl-2 family. Cell
death inducers and inhibitors are members of this
family of interfering partners. Together, they govern
and mediate the intrinsic apoptosis pathway, which
is the mechanism through which mitochondria cause
cell death. The normal development of the embryo
as well as the prevention of cancer mainly depends
on this pathway. The Bcl-2 gene is one of the most
notable anti-apoptotic proteins expressed in oral SCC
that promotes cell survival, while the Bax gene acts
as a pro-apoptotic gene. Mutant p53-gene cells have a
greater possibility of escaping apoptosis.['

According to the results of some research, AuNPs
were synthesized from A. muricata leaf extract
and tested for both antibacterial and anticancer
properties.l'*!3) However, the anti-cancer activities of
A. muricata leaf extract mediated (ALEM) AuNP on
oral cancer have not been evaluated so far.

Hence, the present study aims to investigate the
anti-cancer potential of the ALEM-AuNP in oral
cancer cells, particularly SCC-15, and to elucidate
its potential pro-apoptotic properties that may have
contributed to this effect through gene and protein
expression analysis of Bax, Bcl-2, and p53 genes
through in vitro assays.

MATERIALS AND METHODS

The study was approved by the Institutional Ethical
Committee of Sree Mookambika Institute of Medical
Sciences, Kulasekharam, Tamil Nadu, dated March
25, 2021.

Study design
This was in vitro experimental study.
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Collection and conservation of plant material
The mature leaves of A. muricata L. were
collected (8°21°32.7”N and 77°15°56.7”E) during the
flowering stage. The plant has been authenticated by
Scientist-E and Head of Office, Botanical Survey of
India, as A. muricata Linn. (Family: Annonaceae).
The voucher specimen is maintained in our institution
for further reference (BSI/SRC/5/23/2021/Tech/301).

Preparation of aqueous leaf extract of Annona
muricata L.

The leaves of 4. muricata were carefully washed with
water and allowed to dry in the shade. The withered
leaves were pulverized in a blender to form a granular
powder. The 10 g of powdered plant material sample
was extracted with 170 mL of distilled water at
80°C-100°C, depending on the evaporation point
of the solvent by Soxhlet extraction. The process of
extraction continues for 24 h or until the solvent in
the syphon tube of an extractor becomes colorless.
After that, the extract was taken in a beaker and kept
in a water bath at 30°C —40°C till all the solvent
evaporated, finally we got the extract in a semisolid
state. The extract was stored in the refrigerator at 4°C
for further use.

Green synthesis method for gold nanoparticles

The AuNP were synthesized using the technique
described by Folorunso et al.l'™! The green synthesis
of AuNP was achieved by adding 20 mL of a 1
mM solution of gold chloride to 100 mL of freshly
prepared aqueous A. muricata leaf extract and well
agitated at room temperature till the color changed to
deep purple, confirming the synthesis of AuNPs. The
combination was incubated for about 24 h, to achieve
complete bioreduction. Finally, the green synthesized
ALEM-AuNPs were subjected to characterization.

Characterization of the synthesized gold
nanoparticles

Here, field emission scanning electron
microscopy (SEM) (JSM-7100F, field emission
scanning electron microscope [FESEM] JEOL,
USA) was used to evaluate the morphology and
energy-dispersive X-ray (EDX) analysis was used for
measuring the elemental composition.

Cell line and cell culture

The human tongue SCC cell line, SCC-15
was obtained from the American type culture
collection (CRL-1623). Cells were cultured in
Dulbecco’s modified eagles medium and supplemented
with 10% fetal bovine serum, 1% L-Glutamine,

0.1 mM nonessential amino acid, 100 U/mL of
penicillin, and 100 pug/mL of streptomycin. Cultures
were incubated in a humidified incubator at 37°C
with 5% CO.,.

Cytotoxicity assay

The 3-(4, 5-dimethylthiazole2-yl)-2, 5-biphenyl
tetrazolium bromide (MTT) assay was used to
determine the percentage of cell inhibition. Cells at
70%—-80% confluence were trypsinized and plated
into a 96-well plate. After overnight incubation, cells
were treated with various concentrations of AuNPs at
concentrations 10, 20, 100, 200, 500, and 1000 pug/mL
for 24 h. After that, the medium was aspirated and
the cells were washed with phosphate-buffered
saline (PBS). Each well received 0.5 mg/mL of MTT
solution. After 4 h of dark incubation at 37°C, 200 pL
of dimethyl sulfoxide was replaced in the place of
MTT solution. An enzyme-linked immunosorbent
assay reader measured the absorbance at 570 nm after
agitation at 150 rpm for 5 min.

Colony I'ormation/clonogenic assay

The effect of ALEM-AuNPson colony formation
was determined in parallel with the control.
SCC-15 cells (300 cells/well) were seeded in 12-well
plates and treated with ALEM-AuNPs. The cells
were maintained in a humidified incubator at 37°C
and 5% CO,. After 14 days of culture, the medium
was discarded, and cells were washed with PBS.
The cells were fixed with 4% paraformaldehyde at
room temperature for 30 min and stained with 0.1%
crystal violet for 30 min. Then, the crystal violet was
removed and, the plates were air-dried. The plates
were placed under a microscope to count clones with
more than 50 cells. The experiment was repeated
three times.

Wound healing/cell migration assay

Confluent monolayers of cells were grown in 6-well
plates at 1-100 cells per well, and after overnight
starvation in serum-free media, the cells were
harvested. Two hundred microliter pipette tips were
used to create straight wounds. Then, control and
ALEM-AuNPs-treated SCC-15 cells were maintained
in a humidified incubator at 37°C and 5% CO, for
24 h. The wound gaps were imaged at both 0 and
24 h. Using image analysis software, we compared
the wound closure rates between the control and
treated groups and calculated the percentage of wound
closure relative to the initial wound size. Results were
obtained after three separate experiments.
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Apoptosis gene expression profiling using a
polymerase chain reaction array

Real-time polymerase chain reaction (RT-PCR) was
used to assess the levels of Bel-2, Bax, and p53 mRNA
expression. Total RNA from treated and untreated cells
was extracted using the Trizol reagent (Invitrogen,
Waltham, MA, USA). With the help of the Prime Script
I** Strand cDNA synthesis kit from Takara (Japan),
the total extracted RNA (1 g) was reverse transcribed.
Using the 1Q SYBR Green PCR master mix Kkit,
real-time PCR was performed in the Bio-Rad CFX96
Real-Time PCR Machine. RT-PCR was carried out
as follows: 40 cycles of 94°C for 30 s and 55°C for
30 s were performed following 95°C for 5 min. The
244¢t technique was used to calculate the fold changes
in gene expression between the control and treatment
samples. GAPDH was used as an internal control, and

each reaction was carried out in triplicate.

Western blot analysis

After treatment of SCC-15 cells with ALEM-AuNPs,
the cells were collected and lysed with
radioimmunoprecipitation  assay  buffer.  Protein
concentration was measured using a bicinchoninic
acid protein assay kit (Thermo Fisher Scientific,
USA) with standard protein concentrations of bovine
serum albumin (BSA). A 10% sodium dodecyl sulfate
polyacrylamide gel was prepared and loaded with
an equal amount of protein samples along with a
protein molecular weight marker. Electrophoresis was
performed at a constant voltage until the dye front
reached the bottom of the gel. The proteins from the gel
were carefully transferred to a polyvinylidene fluoride
membrane using a semi-dry system (Bio-Rad). The
membrane was blocked with a blocking buffer (5%
BSA) for 1 h at room temperature. In addition, the
membrane was treated with appropriate primary
monoclonal antibodies specific to target proteins (P53,
Bcl-2, Bax, and GAPDH; Santa Cruz, USA) overnight
at 4°C. Then, the membrane was gently washed with
the appropriate washing buffer (Tris-buffered saline
with Tween-20) to remove unbound antibodies.
The membrane was incubated with a suitable
secondary antibody conjugated with a horseradish
peroxidase enzyme for 2 h at room temperature.
Finally, the membrane was washed properly with
tris-buffered saline with tween buffer to remove
unbound secondary antibodies. A chemiluminescent
substrate was used (ECL, Bio-Rad), and the protein
bands were visualized using a ChemiDoc imaging
system (Bio-Rad). Finally, the protein bands were

analyzed and the protein expression levels were
quantified using image lab software (Bio-Rad).

Statistical analysis

1. The results were expressed as mean =+ standard
deviation (SD) using IBM SPSS (Statistical Package
for Social Sciences), Version 20.0.Armonk, NY:
IBM Corp.

All graphs present the mean and standard variations
of at least three independent experiments and a
Student’s #-test has been performed for experimental
data. P <0.05 were considered statistically significant.

RESULTS

Macroscopic analysis

The synthesis of metal NPs is indicated by the color
change of the solution. As depicted in Figure 1, the
ALEM, after the addition of gold chloride, gradually
changes its color from brownish yellow to deep purple
after 24 h. The color change is due to the excitation
of free electrons in the NPs. After 24 h, no further
color change was observed due to the stabilization of
synthesized NPs.

Energy dispersive X-ray spectrum analysis

The elemental spectrum technique of EDX analysis is
used to confirm the presence of gold in a zero-valent
form. The EDX spectrum revealed that Au possesses a
high peak confirming the synthesized AuNPs. The weight
percent composition of Au was 22.9%, respectively.

In this work, the EDX analysis indicated the
phytoreduction of gold chloroaurate into AuNPs

Figure 1: Photograph showing color change in the Annona
muricata leaf extract mediatedgold nanoparticles. (a) Gold
chloride (b) Gold chloride added with A.muricata leaf extract
showing brownish yellow color (c) Gold chloride added with
A.muricata leaf extract showing deep purple color after 24 h.
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through strong signals of elemental gold atoms
that were detected at several energy levels mainly
at 1.5 KeV and also at 2.2, 8.5, 9.8, 11.5, and
13.5 KeV. Moreover, signals for other elements
such as carbon and oxygen were observed which
are suggested to be of plant origin. Furthermore,
signals for copper were detected that could
originate from the carbon-coated copper grid used
for this analysis [Figure 2].

Morphological characteristics of Annona
muricataleaf extract mediated-gold nanoparticles
using scanning electron microscopy analysis
Figure 3 illustrates the analysis of the surface
morphology of ALEM-AuNPs. Figure 3a-d, which is
FESEM images, demonstrated well-defined nano-cubes
of varying sizes. Overall, the ALEM-AuNPs
synthesized using the green synthesis method had a

particle size ranging from 100 to 500 nm.

In vitro cytotoxic effects of Annona muricata
leaf extract mediated-gold nanoparticles on
squamous cell carcinoma-15 cells

In the current research, the cytotoxic effect of
ALEM-AuNPs was evaluated preliminarily by MTT
assay. The percentage of inhibition was calculated
using the following formula.['?)

Percentage of inhibition = (Control OD—Sample OD)
x100/Control OD

A linear regression curve is used for the determination
of the half-maximal inhibitory concentration value,
which was found to be 416.23 ug/mL. It was
observed that ALEM-AuNPs showed significant
cytotoxic effects (P < 0.05) on SCC-15 cell lines that
were represented as mean + SD in triplicate [Figure
4 and Table 1]. The results also showed a significant
cytotoxic effect when the concentration was
increased. After 24 h, at a concentration of 10 ug/mL
the treated cells showed 10.9% inhibition whereas at
1000 pg/mL, 86.95% inhibition of the treated SCC-15
cell line was observed [Figure 5].

Annona muricata leaf extract mediated-gold
nanoparticles inhibit the clonogenic potential
of squamous cell carcinoma-15 cells

The ability of a single cell to multiply into a colony
is the foundation of the clonogenic assay, also known
as the colony formation assay. At least 50 cells must
be present for the colony to be considered. Every
cell in the population is essentially examined as part
of the experiment to determine whether it has the
capacity for unlimited division.'” Here, a colony
formation assay was performed to evaluate the
effect of green synthesized AuNPs on the ability of
cancer cells to form colonies. The findings showed
that ALEM-AuNPs treatment significantly reduced
the number of colonies formed in SCC-15 cell
lines [Figure 6] compared to their control (P < 0.05).
These findings confirmed that treatment with green
synthesized AuNPs inhibits the clonogenic potential
of oral cancer cells.

Annona muricata leaf extract mediated-gold
nanoparticles inhibit the migration of squamous
cell carcinoma-15 cells

To determine the functional impact of green
synthesized AuNP treatment on cancer cell migration,

Table 1: Evaluation of cytotoxic effect of aqueous
leaf extract of Annona muricata mediated gold
nanoparticles by 3-(4, 5-dimethylthiazole2-yl)-2,
5-biphenyl tetrazolium bromide assay

Extract used ALEM OD at Percentage
concentrations 540 nm of inhibition
(ng/mL) (SCC - 15 cells)
ALEM-AuNPs Control 0.525 0.00
10 0.472 10.09
20 0.440 16.19
100 0.322 38.66
200 0.292 44.38
500 0.215 59.04
1000 0.069 86.95

ALEM: Aqueous leaf extract of Annona muricata mediated;
ALEM-AuNPs: ALEM gold nanopatrticles; OD: Optical density;
SCC: Squamous cell carcinoma

Figure 2: Graph showing the presence of Au in the elemental spectrum technique of Energy Dispersive X-ray analysis.
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a wound healing assay was performed. Our results
showed that ALEM-AuNPs treatment -effectively
inhibited the migration of SCC-15 cells when
compared with their respective control groups after
24 h [Figure 7].

Effect of Annona muricata leaf extract
mcdiatcd-gold nanoparticles on the expression

of apoptosis-related genes and proteins

After preliminary in vitro assays, gene and protein
expression analysis was performed. Compared with
the negative control, ALEM-AuNPs increased the

Figure 3: (a-d) 3D-Photomicrographs showing the surface
morphology of Annona muricata leaf extract mediated-AuNPs
in Scanning electron microscopy analysis.

mRNA expression of the pro-apoptotic gene Bax, and
p53 and decreased the expression of anti-apoptotic
gene Bcl-2 in SCC-15 cells particularly at the
treatment dose [Figures 8 and 9]. The results were
statistically significant with a P < 0.05 as compared
with the control. All these findings suggest that the
anti-cancer activity executed by ALEM-AuNPs in oral
cancer cells, particularly SCC-15 is mediated through
apoptotic pathways.

DISCUSSION

The current conventional treatment options for
early-stage oral SCC include surgery, radiotherapy, or
combination therapy with chemotherapy in advanced
cases.!'¥ Apart from these treatment modalities, it was
found that the overall median 5-year survival rate is
54.1%. Moreover, <50.0% in lesions involving the
base of the tongue and oropharynx.'” In addition,
they produce certain adverse reactions and affect
healthy cells.?” Despite improving the patient’s
quality of life, they result in morbidity and mortality
of the patient.l*!!

This led to the notion of chemopreventive agents,
particularly targeting cancer cells; one among them
is herbal nanomedicines. They are safer, have higher
bioavailability, and have enhanced therapeutic value
than conventional herbal and synthetic agents.*?
Hence, in the present study, we employed the green
synthesis approach of nanoparticle synthesis and this

IC 50 value using MTT assay
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Linear regression curve for determination of
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Figure 4: Graph showing the linear regression curve at 50% inhibition of squamous cell carcinoma-15 cells in 3-(4,
5-dimethylthiazole2-yl)-2, 5-biphenyl tetrazolium bromide assay using the straight-line equation. SCC: Squamous cell carcinoma,
MTT: 3-(4, 5-dimethylthiazole2-yl)-2, 5-biphenyl tetrazolium bromide, IC_: Half-maximal inhibitory concentration, ALEM: Aqueous
leaf extract of Annona muricata mediated, AuNPs: Gold nanoparticles.
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could be a safer method of choice due to the nontoxic
nature of the reactions used in this technique.?

Dose response curve
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% Inhibition (response) Log. (% Inhibition (response))

Figure 5: Graph showing the dose response curve for 3-(4,
5-dimethylthiazole2-yl)-2, 5-biphenyl tetrazolium bromide
assay. SCC: Squamous cell carcinoma.

In the current research work, AuNPs were synthesized
using an aqueous leaf extract of A. muricata that has
shown promising results as an anti-cancer agent.[*"]
This was the first study to evaluate the anticancer
effects of ALEM-AuNPs on oral cancer cells. In this
study, the reduction of gold chloride to AuNPs is
initially confirmed by the visual observation method
indicated by color change.

The term “nanotechnology” refers to the designing
and use of elements that are produced at the nanoscale
of 1 nm or up to 1000 nm in size. In biomedical
applications, the characteristics and performance
of AuNPs are heavily influenced by the size of the
nanoparticles. Particles <2 nm are highly toxic and
at sizes more than 5 nm, they are considered to be
chemically inert.>

Previous studies on other plant extracts mostly
showed spherical-shaped nanoparticles with the least
size of 2—-1000 nm.?%?"! In a study conducted by Wang

Control A. Muricata AuNPs

Control A. muricata-AuNPs

Wound Healing Assay

Figure 6: (a) Photograph showing reduced number of colonies formed in Annona muricata- gold nanoparticles (AuNPs) treated
squamous cell carcinoma-15 cell lines. (b) Bar graph of squamous cell carcinoma-15 cell colonies at 14 days after treated with

control and Annona muricata-AuNPs. AuNPs: Gold nanoparticles.

Fold change of Bax mRNA

0.5

0

E Control

A. muricata- AuNPs

Fold change of P53 mRNA

0.5

0

m Control

A. muricata- AuNPs

Figure 7: (a and b) Wound healing assay in squamous cell carcinoma-15 cells. Photomicrograph and bar chart show that treatment
with Annona muricata-Gold nanoparticles dramatically reduced the migration of squamous cell carcinoma-15 cells at 0 and 24 h

compared to their control cells. AuNPs: Gold nanoparticles.
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Figure 8: (a-c) Representative graphs comparing the fold changes in the mRNA expression of Bax, P53, and Bcl-2 in squamous
cell carcinoma-15 cells treated with Annona muricata- Gold nanoparticles to the control. AuNPs: Gold nanopatrticles.

3 = Control
1 2 25 * m A. muricata-AgNPs
2
| S | Bax
| - W Bc2 1.5
0.5 *
1-Control, 2-A. muricata-AgNPs
0
a b pS53 Bax Bcl2

Figure 9: (a) Protein expression of p53, Bax, and Bcl2 in squamous cell carcinoma (SCC)-15 cells treated with control and
Annona muricata-gold nanoparticles (AuNPs) in the Western blots analysis. (b) Bar graph of p53, Bax, and Bcl2 expression in
SCC-15 cells treated with control and Annona muricata-AuNPs. AuNPs: Gold nanopatrticles.

et al., images from the TEM study revealed that the
green synthesized AuNPs from an aqueous extract of
Scutellaria barbata had a spherical form, and their

usual sizes ranged from 400 nm to 1000 nm."!

In the present study, to determine the morphology
and size of the green synthesized AuNPs, they are
characterized using SEM and ERD analysis. According
to our study’s FESEM images, the ALEM-AuNPs
showed anisotropic morphologies with notable
square-shaped nanocubes that ranged in size from 100
to 500 nm. The size range of the nanoparticles in our

investigation was in accordance with that of the study
by Wang et al.*"! In addition, triangular and tetragonal
NPs were also observed. They were distributed
uniformly and well dispersed without aggregation.
This indicated that the phytochemicals present in the
leaf extract possess a good capping effect and prevent
clumping of the particles.

In the present study, the elemental composition was
determined through EDX analysis, a typical method
used to determine the total quantity of the synthesized
AuNPs using biological components as a source,
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especially plants.”®! The results of the present study
showed that Au possesses a high peak with a weight
percentage of 22.9% [Figure 2].

In the current study, we preliminarily evaluated the
cytotoxic effects of ALEM-AuNPs on SCC-15 cell lines
through MTT assay, and the results showed promising
cytotoxic effects. Then, we further investigated
the potential long-term and functional impact of
ALEM-AuNPs on SCC-15 cells using clonogenic
and wound healing in vitro assays. The results were
confounding and positive, showing that ALEM-AuNPs
exhibit potent anti-proliferative and anti-metastatic
activity. No previous studies were reported using
ALEM-AuNPs on SCC-15 cells. However, studies
on other plant extract-mediated AuNPs have shown
potential cytotoxic effects on various cancer cells
including head and neck cancer.[®*-31]

The findings of the clonogenic assay in our study
were in accordance with previous studies. In a
study conducted by Chamcheu ef al. on the Human
NonMelanoma Skin Cancer cell line, the Graviola
leaf and stem extract (GLSE) showed dose-dependent
inhibition of colony formation at concentrations of
GLSE (0-160 pug/mL) on UW-BCC1 and A431 cells
after an incubation period of 14—16 days. They also
observed a significant reduction in the number of
colonies formed relative to untreated controls.l**

Another research work by Kim et al. found that
the triple-negative breast cancer (TNBC) cell
line, MDA-MB-231 showed a good reduction in
clonogenicity when compared to the non-TNBC cell
line MCF-7 cell line. They also stated that the total
progression of the clonogenicity was observed in 24 h
to the 100 ug/mL concentrations.**!

Similar findings were observed when the MCF-7
breast cancer cell line, and the BPH-1 prostate cancer
cell line, were treated with an aqueous leaf extract of
A. muricata in the studies conducted by Hadisaputri
et al”! and Asare et al.’¥

In another in vivo study conducted by
Syed Najmuddin et al., A. muricata leaves crude
aqueous extract (AMCE) showed a decrease in
the number of colonies formed in the lung of
6—8-week-old female BALB/c mice in the AMCE
treatment group (15 £ 0.82) compared to the control
group (67 + 2.05).1%

The invasion and migration of tumor cells have long
been recognized as serious obstacles to effective

treatment. To determine the functional impact of
ALEM on the metastatic potential of the SCC-15 cell
line, a wound healing assay was performed in the
present research work as the progression of a tumor
is not only reliant on the pace at which it proliferates.
The research findings demonstrated that ALEM
and ALEM-AuNPs demonstrated their potential
to stop the migration of cancer cells in the wound
healing experiment by delaying the growth of treated
SCC-15 cells towards the center of the wound area
when compared to the control.

Evidently, the anti-metastatic potential of ALEM
is in accord with the previous findings from other
studies by Syed Najmuddin et al.,”3 Kim et al.3!
however on different cancer cell lines. Another study
conducted by Torres ef al. on pancreatic cancer (PC)
cells found that A. muricata inhibited the migratory
capacity of metastatic PC cell lines FG/COLO357
and CDI8/HPAF both in vitro and in vivo thereby
substantiating its anti-metastatic potential.[’%)

Apoptosis is a complex process that involves two
main pathways (extrinsic and intrinsic), each of
which is controlled at various levels. The extrinsic
pathway depends on the cell surface receptors, its
inhibitory competitors, and associated cytoplasmic
proteins whereas the intrinsic pathway focuses
on the mitochondria and its prime apoptogenic
elements.’”? The key regulators of the intrinsic
pathway are the pro- and anti-apoptotic members of
the Bcl-2 family.’®*! The key regulators in both the
extrinsic and intrinsic pathways can be modulated by
the apoptotic process regulator p53.14]

Previous studies have shown that AuNPs synthesized
from various plant extracts cause apoptosis by
inhibiting the expression of apoptotic proteins in
multiple cell lines.[?”#!1 In this study, the pro-apoptotic
properties of ALEM-AuNPs were confirmed by
the gene and protein expression analysis of the
pro-apoptotic and anti-apoptotic proteins, Bax, Bcl2,
and p53. The results revealed that ALEM-AuNPs
treatment on SCC-15 cell lines exhibited upregulation
of Bax, P53, and downregulation of Bcl-2 at the gene
and protein expression levels. These findings imply
that ALEM-AuNPs effectively induce apoptosis by
regulating the intrinsic apoptotic pathway [Figure 10].

Limitations and future perspectives

This study was carried out on crude leaf extract
and further investigation is needed, nevertheless, to
ascertain which component of 4. muricata leaves is
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Figure 10: Schematic representation of the effect of Annona muricata leaf extract mediated-AuNPs on squamous cell
carcinoma-15 cells by apoptosis. SCC: Squamous cell carcinoma, ALEM: Aqueous leaf extract of Annona muricata mediated,
AuNPs: Gold nanoparticles, EDX: Energy-dispersive X-ray, FESEM: Field emission scanning electron microscope.

actually active and thereby acts as a pro-apoptotic
agent. Moreover, the majority of the long-promised
benefits have been supported by in vitro assays;
however, they still need to be confirmed by preclinical
in vivo research, as well as human clinical trials.
Furthermore, the effects on normal oral epithelial
cells, possible drug interactions, mechanism of action,
and appropriate dosage are yet to be evaluated to
employ the green synthesized leaf extract of A.
muricata-mediated AuNPs as a viable therapeutic
agent to treat oral cancer. Analysing AuNPs’ safety
and biocompatibility is essential before using them in
long-term applications. Further, for greater reliability,
the toxicological profile must be recorded. To establish
and validate the model, in vitro data generation is
usually combined with in silico methods.**

CONCLUSION

The study of the anticancer effect of ALEM-AuNPs is
very limited so far and to the best of our knowledge
from the literature search, this was the first study to
evaluate the anticancer effect of ALEM-AuNPs on oral
cancer cell lines, particularly oral SCC. Interestingly,
our study has proven that ALEM-AuNPs show potent
anti-cancer efficacy, which is exhibited through their
pro-apoptotic properties. Further, the green synthesis
approach of AuNPs is found to be safe, cost-effective,

eco-friendly, and less time-consuming. Hence,
our study demonstrates that ALEM-AuNPs could
be developed as a novel anti-cancer drug for the
treatment of oral SCC after further clinical trials.
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