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Abstract

Chemotherapy is preferred for the treatment and management of cancer; however, its efficacy is hindered by the off-target side

effects of the currently used synthetic drugs. Thus, anticancer drugs with higher safety and efficacy from renewable resources are

needed. Nanostructured particles can enhance the drug specificity for target tissues, thus enhancing their clinical efficacy and safety.

The synthesis of Annona muricata gold nanoparticles is reported for enhancing its anti-cancer potential. Green nanoparticles were

synthesized through reduction of gold with Annona muricata followed by their extensive characterization through atomic force mi-

croscope, UV-spectrophotometer, zetasizer, and FT-R. They were investigated for their anticancer activity against two melanoma and

one breast cancer cell line. The nanoparticles were rounded in shape and were monodispersed with 89.34 + 2.76 nm size and - 22.41

+ 0.27 zeta potential. FT-IR study showed the hydroxyl and carbonyl groups of Annona muricata were involved in the stabilization

of nanoparticles. The extract anticancer activity significantly improved against all cancer cells upon loading on the surfaces of the

synthesized NPs. The findings suggest that Annona muricata gold nanoparticles can lead to promising therapeutic anticancer results,

however, to reveal their anticancer effectiveness at molecular levels, further in vivo studies are required.
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Introduction

Cancer has been a major Kkiller for a long time, which brings a
huge terror to human beings globally [1]. It is the world's second
most prevalent disease with the highest mortality, after cardiac
problems [2-4]. In the United Arab Emirates (UAE), cancer is the

third most common cause of death after cardiac disease and acci-
dents [5]. The UAE Ministry of Health has reported approximately
500 deaths annually, while the world health organization reported
increasing to 2079 in 2018 [6]. Millions of dirhams are currently

being invested in the UAE to cure advanced cases of cancer, but the
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disease still remains at an alarming state. Among the popular can-
cers in the UAE, breast cancer is the main form of malignancy iden-
tified in the population of the UAE [7,8]. Similarly, one of the most
common male malignancies in the UAE is skin cancer, with a 14.5

percent prevalence rate [9,10].

A massive issue restricting the effectiveness of most commonly
used chemotherapeutic drugs is their non-selectivity or non-speci-
ficity to tumor tissues and cells [11]. In healthy tissues and organs,
this has contributed to the major side effects of these medications
[12]. This non-selectivity or non-specificity against tumor tissues
and cells produces toxicity that impedes successful chemotherapy
[13]. Besides, the emergence of cancer cells resistant to the chemo-
therapy agent has posed a new challenge, resulting in unsatisfacto-
ry clinical results [14]. Thus, there is an immediate need to explore
renewable resources for alternative anticancer drugs that demon-

strate enhanced therapeutic efficacy with fewer side effects [15].

Plants provide animals and humans with an ongoing source
of medicine; they have been used in rudimentary forms such as
liniments, decoctions, infusions, ointments, syrups, and powders
since ancient times. In modern times, herbal medicines are used
by both advanced and developing countries to enhance their health
[16,17]. Over the last three decades, natural products have gained
considerable medicinal significance as innovative, secure, efficient,
and affordable therapeutic agents [18-21]. Likewise, in numerous
scientific articles, the potential of plant-derived compounds to in-
hibit different levels of tumor growth and related inflammatory
processes has been documented [22]. These studies demonstrate
the efficacy of natural products in the cure and control of cancer
[23-25]. Although 50 percent of modern pharmaceutical medica-
tions are produced from plants in clinical practice, many of them
have significant anti-cancer effects [26]. Owing to their richness
in diverse phytoconstituents, versatile chemical composition, im-
proved therapeutic efficacy, and safety, medicinal plants need to be
further explored for their chemotherapeutic effects [26-29].

Annona muricata (A. muricata) is a species of the Annonaceae
family that has been extensively studied over the past years be-
cause of its medicinal properties. The plant has been extensively
reported for its anticancer activities. A. muricata leaves have been
shown to possess anti-carcinogenic effects against colonic aberrant

crypt foci induced by azoxymethane in rats [30,31]. An extract of
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ethanol from Muricata leaves has exhibited enhanced antitumor
efficacy in murine models compared to curcumin [32]. In another
research, an aqueous extract of commercial powder capsules com-
prising A. muricata leaf and stem demonstrated anti-tumor and
anti-metastatic function against pancreatic tumors in murine mod-
els [33,34]. Various other studies have also reported the anticancer
effects of the plant or its isolated bioactive compounds and have

documented its different anticancer mechanisms [35].

As an interesting innovation for the production of anticancer
drug nanoparticles, nanotechnology has been introduced. Gold
nanoparticles (AuNPs) have an outstanding controlled size, stabil-
ity, and biocompatibility characteristics as the best drug nanocar-
riers, enabling them effective agents in the diagnosis and cure of
cancer [36-38]. The production of nanoparticles by using a process
of chemical reduction leads to the production of toxic compounds
adsorbed to the surface of the particles, thus prevent their use for
biomedical applications [38,39,41]. Therefore, researchers are cur-
rently employing different biological approaches to concentrate on
the production of biocompatible and eco-friendly nanoparticles.
Green synthesis of nanoparticles using plant extract has been
highly fascinating due to their higher safety, ease of synthesis, and
stability [42-44]. Furthermore, the synthesis of nanoparticles with
extracts of medicinal plants enhance their pharmacological effica-
cy due to their smaller nano-size, increased interaction biological

systems as well as their accumulation in target sites [45-47].

Purpose of the Study
The purpose of this research study is the synthesis of A. muri-
cata leaves ethanolic extract stabilized AuNPs and their evaluation

for anticancer activity against melanoma and breast cancer.

Experimental Methodology
Collection of plant material and identification

Fresh leaves of A. muricata were purchased from the Abu Dubai
market, UAE, during August 2021. The plant was identified by Dr.
Ibrahim Futuh. The voucher of the specimen was deposited in the
herbarium of the Department of Pharmaceutical Chemistry and
Natural Products, Pharmacy, University of science and technology
of Al Fujairah, Al Fujairah, UAE.

Ethanolic extract preparation

After collection, the leaves of the plant were thoroughly rinsed

and dried for 10 days at room temperature. The shade dried sam-
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ples were then ground into a coarse powder with an electric mixer
and placed in a polythene bag at room temperature. The content
was then immersed in ethanol (80 percent) for 15 days. Then the
extract was filtered using Whatman's No; 1 filter paper. The extract
was concentrated to dryness under lower power at temperature

(45°C) using a rotary evaporator.

Synthesis of gold nanoparticles (AM-AuNPs)
The synthesis of the ethanol extract A. muricata AuNPs (AM-

AuNPs) was initially configured by combining various concentra-
tions (0.5 - 2.5 mg/mL) of ethanol extract A. muricata with gold
solution 1 mm) at 1: 1 v/v ratio. At the ambient temperature, the
mixture was stirred at 100 rpm for 6 h. Initially, the color alters
to deep purple from light yellow, suggesting the synthesis of AM-
AuNPs. The NPs were further characterized by the UV-visible
spectrophotometer (UV-240, Shimadzu, Kyoto, Japan) for their dis-
tinctive surface plasmon resonance (RSP) peak. For the effects of
different concentrations (0.2 - 1 mM) of the gold solution, the NPs

were further investigated.

Characterization surface morphology, size, zeta potential, and
PDI

An atomic force microscope (AFM, Agilent 5500) was employed
to examine the surface morphology of the synthesized NPs. AM-
AuNPs were placed in a dust-free compartment at room temper-
ature on a mica slide and air dried. The slide was positioned on
the microscope, viewed in non-contact mode, and the images were
captured. Zetasizer (ZS-90 Malvern instruments, the UK) was used
to evaluate the scale, PDI, and zeta potential. Appropriately diluted
samples were collected in a disposable plastic cuvette for size and
PDI determination, and measurements were taken at 25°C. Diluted
samples were steadily injected into capillary cells for zeta potential
evaluation and observed at 25°C. Measurements with water as a

dispersant were taken in triplicate.

FT-IR analysis

For the purpose to examine the participation of the functional
groups of ethanolic extract of A. muricata in the reduction/ stabi-
lization of AM-AuNPs, FT-IR analysis was carried out. KBr powder
was combined with dried samples of ethanolic extract and AM-
AuNPs and pressed for self-supporting disks. The IR spectra were
obtained by an IR spectrometer (Shimadzu, Kyoto, Japan) in the
rage os 900 to 4000 cm™.
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Anticancer activity

MCF-7, breast cancer cells, was gifted from Prof Maiweh Hamed
(University of Sharjah, UAE). Metastatic melanoma [MM-138] and
primary melanoma FM-55, melanoma cells were purchased from
Sigma Aldrich, UK from ECACC cell lines collection. In DMEM, the
MCF-7 cells were cultured, whereas the melanoma cell lines were
preserved in RPMI-1640 medium with glutamine and HEPES
supplementation. The media contained antibiotics (50 units/mL
streptomycin and 50 units/mL penicillin) and FBS (10%). The cells
were incubated in a humified aseptic containing 5 percent CO, at
37°C environment. MTT assays were used to examine the cytotox-
icity of ethanolic extract of A. muricata, and AM-AuNPs at varying
concentrations (62.5, 125, 250, and 500 pg/mL) and negative con-
trol against these cells. The cells culturing was carried out in 96-
well plates at a concentration of 8.0 x 103 cells/well in a culture
medium (200 pL). The initial medium was replaced after incuba-
tion for 24 hours and a new medium (200 pL) containing different
concentrations (62.5 - 500 pg/mL) of test samples was introduced.
Without the test sample, cells were seeded with negative regula-
tion media. Cell cultivation was then maintained for 24h. MTT (20
uL; 5 mg/mL) solution in PBS was applied to each well. The me-
dium containing the unreacted dye was extracted after incubat-
ing the cells for 4h. The purple formazan crystals collected were
immersed in 200 pL per well of dimethyl sulphoxide (DMSO) and
the absorption was assessed at 570 nm wavelength in microplate
readers (ELx808, BioTek, USA). The toxicity of the cells in the test

samples was measured adequately.

Statistical analysis

The data were represented as mean + SEM. All performed tests
were conducted at triplicate. To draw the graphs, the GraphPad
Prism was employed. For comparison, the two-way ANOVA accom-
panied by the Bonferroni test was used. P values <0.05 were con-
sidered to be statistically significant. P values less than or equal to

0.05 were assumed to be statistically significant.

Results and Discussion

The AuNP synthesis is commonly achieved via the reduction of
the gold atoms from a charged state to a normal state. In this re-
search, the ethanol extract of A. muricata has been used both as a
reducing and as a stabilizing agent. Plant-based extracts have been

used for AuNP green synthesis. Such products reduce the use of
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dangerous and harmful synthetic reducing agents such as sodium
dimethylformamide, hydrazine hydrate, and borohydride [25]. The
characteristic absorption of the extract solution is shown in figure
1A. Maximum absorbance was detected for 2.5 mg/mL of the ex-
tract solution when various concentrations (0.5 - 2.5 mg/mL) of
A. muricata ethanol extract were blended with 1 mM gold solution
in a 1:1 v/v ratio. It showed a peak of Surface Plasmon Resonance
(SPR) at 538 nm with 1.45 absorbance, indicating the peak syn-
thesis of AM-AuNPs as depicted in figure 1B. The intensity of the
characteristic SPR peak dropped with a concurrent reduction of
the concentration of A. muricata extract. 12 As the concentration of
A. muricata ethanolic extract reduced, the intensity of the charac-
teristic SPR peak dropped significantly. This indicates that for ad-
equate reduction and stabilization of NPs, lower concentrations of
A. muricata ethanolic extract are not enough. Likewise, keeping the
A. muricata ethanolic extract concentration at 2.5 mg/mlL, the ef-
fects of gold concentration were also examined. The results indicat-
ed maximum absorbance for the highest gold concentration used,
i.e. 1 mM. A distinctive SPR peak with maximum absorbance was
displayed, confirming the peak synthesis of NPs as seen in figure
1c. The reducing concentration of gold triggered the intensity of
the characteristic SPR to decrease. Therefore, the ideal parameters
for the synthesis of AM-AuNPs with the enhanced intensity of the
characteristic SPR peak were estimated to be 2.5 mg/mL of A. muri-

cata ethanolic extract and 1 mM of gold mixed in a ratio of 1: 1 v/v.

Figure 1: (A) UV-visible spectrum A. muricata ethanolic
extract, (B) and (C) UV-visible spectra showing effects of the
concentrations of A. muricata ethanolic extract and gold on the
synthesis of AM-AuNPs.
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Characterization of AM-AuNPs

Surface morphology, size, PDI, and zeta potential

Surface morphology, zeta potential, PDI, and size of AM-AuNPs
were explored by zetasizer and AFM respectively. AM-AuNPs
showed smooth spherical surface morphologies as indicated in fig-
ure 2. As shown in figure 3A. AM-AuNPs had a mean surface charge
of -22.41 £+ 0.27. AM-AuNPs indicated a mean particle size of 89.34
+ 2.76 nm as shown in figure 3B. The relatively greater size of AM-
AuNPs may be due to A. Muricata ethanol extract that induces their
reduction/stabilization. The NPs showed a PDI value 0of 0.19 + 0.01,
indicating that they are highly monodispersed as indicated in fig-
ure 3B. The size of NPs on the nano range scale influences the drug
delivery systems' in-vivo performance as well as physical stability.
When analyzed by zetasizer, AuNPs were observed to be good in na-
no-size. In addition, this size analysis validates spectrophotometric
screening where NPs have been identified with a narrow and sharp
SPR peak. In addition, nano-range particles show reduced toxicity
in vivo relative to their larger counterparts [48-50]. Nano range
size was shown by the synthesized NPs, predicting their better in-
vivo efficiency and physical stability. Another significant aspect of
a nano-based drug delivery system is the Zeta potential, as it maxi-
mizes the physical stability of the formulations by avoiding particle
aggregation and fusion. The greater zeta potential also guarantees
interactions of biological membranes with drug delivery systems
and, therefore, leads to the greater therapeutic effectiveness of the
loaded drugs [51,52].

The A. muricata ethanolic extract IR spectrum displays charac-

teristic peaks of absorption for-OH groups at 3365 cm™ and NH-

Figure 2: Surface morphological analysis of the synthesized
AM-auNPs.
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Figure 3: 10 (A) zeta potential and (B) the average size of the
synthesized AM-AuNPs.

C=0 functional groups at 1793 cm™. Likewise, it shows character-
istic peaks for C= 0O, C= C (aromatic), and C-O-C functional groups
at 1640, 1529, and 1040 cm as shown in figure 4, respectively.
At 3341 cm? for-OH groups, 1715 cm-1 for NH-C=0 functional
groups, and 1608 cm™! for C=0 functional groups, the IR spectra of
AM-AuNPs reveal their characteristic peaks. Similarly, for function-
al groups C=C (aromatic) and C-0-C, it also displays characteristic
absorption peaks at 1528 and 1020 cm™ respectively. The transi-
tion in absorption peaks from 3365.2 cm™ to 3379 cm™ and from
1040 cm-1 to 1020 cm™ indicates that A. muricata ethanolic extract
functional groups-OH and C-O-C are actively engaged in the AM-

AuNP degradation and stabilization.

Anticancer activity The MTT cytotoxicity assay is widely used
in vitro to determine the viability of cancer cell lines. The in vitro
cytotoxicity of anticancer drugs is normally assessed by this tech-
nique [28]. In the current research, the synthesized AM-AuNPs and
plant ethanolic extract were screened for their anticancer activity
against two melanoma (Metastatic melanoma [MM-138] and pri-
mary melanoma [FM-55]) and one breast cancer cell lines using
MTT assay. When tested against melanoma cells MM-138, the syn-
thesized AM-AuNPs revealed improved anticancer activity as com-
pared to the simple ethanolic extract. At the highest concentration
of 500 pg/mL, AM-AuNPs showed 78.98 + 2.52% cytotoxicity as
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Figure 4: FT-IR analysis of plant ethanolic extract and its
stabilized NPs.

compared to 61.07 + 2.87% cytotoxicity shown by the simple ex-
tract of the plant (Figure 5A). Similarly, the synthesized AM-AuNPs
showed higher cytotoxicity against the melanoma FM-55 cells as
compared to the simple extract of the plant. At the highest concen-
tration of 500 pg/mL, AM-AuNPs showed 81.33 + 4.81% cytotoxic-
ity as compared to 60.00 * 2.44% cytotoxicity shown by the simple
extract of the plant (Figure 5B). In MCF-7 breast cancer cells, the
AM-AuNPs exhibited improved anticancer activity compared to the
simple extract. 13 In the case of MCF-7 breast cancer cells, the AM-
AuNPs demonstrated improved anticancer activity as compared to
the simple extract. At the highest concentration of 500 pg/mL, AM-
AuNPs showed 87.19 * 3.63% cytotoxicity as compared to 71.45
1.87% cytotoxicity shown by the simple extract of the plant (Figure
6).

In this research, the synthesized AM-gold nanoparticles dis-
played substantial cytotoxicity activity towards two cancer cells of
melanoma and one breast cancer cell in a dose-dependent manner.
As the concentration of synthesized gold nanoparticles enhanced,
the cancer cell lines' viability proportion decreased drastically. It
clearly indicates the possible cytotoxic activity of the synthesized
AM-gold nanoparticles against the three cancer cell lines. The func-
tion of anticancer activity of AuNPs may be recognized by the ad-
sorbed active molecules present in A. muricata ethanolic extract as

reported by previous researches documenting plant AuNPs for an-
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ticancer activity [53-55]. Another possible reason for the improve-
ment in the anticancer activity of the A. muricata ethanolic extract
upon its loading on AuNPs can be the greater interaction of the syn-
thesized NPs towards the membrane of the biological systems (the
three cell lines in our case) [56-58]. Similarly, the smaller nano-size
of the synthesized NPs can also increase the biological activity of

the therapeutic substances adsorbed on their surfaces [59-61].

Figure 5: Anticancer activity of the synthesized NPs and the
ethanolic extract against (A) MM-138 and (B) FM-55 melanoma
cells.

Figure 6: Anticancer activity of the synthesized NPs and the
ethanolic extract against MCF-7 breast cancer cells.

Conclusion

In conclusion, we successfully synthesized gold nanoparticle

from the A. muricata leaves extract and screened them for anti-
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cancer activity against melanoma and breast cancer cells. The syn-
thesized NPs were highly monodispersed in the nanosized range
and were spherical. Multi-functional groups of the extract were in-
volved in the stabilization of the synthesized NPs. The extract anti-
cancer activity significantly improved against all cancer cells upon
loading on the surfaces of the synthesized NPs. However, further
studies of the A. muricata gold nanoparticles may contribute to fu-

ture anticancer therapies for breast and skin cancers.
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