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Abstract

Folk medicine has been considered one of the novel remedies for treating cancers. Women's cancers are increasing worldwide, and disease recurrence has been a 
major threat all over the world. Our current study focused on the formation of silver nanoparticles (AgNPs) by organic methods and their chemo-preventive capacity against 
the breast (MCF-7) and ovarian cancer (PA-1) cell lines from humans by employing MTT, Flow cytometry, and migration assays. Plant extracts in organic nanoparticle 
production have become more common in recent years due to their benefi ts, including affordability, effectiveness, simplicity and briefness. Melia azedarach leaf and fruit 
methanolic extracts were used to successfully create silver nanoparticles simultaneously to evaluate the potency and effi  cacy of the extracts. Characterization studies 
were performed using synthesized M. azedarach silver nanoparticles (MA-AgNPs). A typical SPR peak was discovered ranging from 400 nm (leaf) and 427 nm (fruit) using 
absorption spectroscopy, with an average particle size of 92.5 nm (leaf) and 124.1 (fruit) nm. The zeta potential for Melia leaves and fruits was found to be -20.9 and -31.2 
mV for the extracts. The relevant functional groups for the capping agent found in the extracts and silver nanoparticles formed as a result of the reduction of silver nitrate 
were identifi ed using Fourier transform infrared spectroscopy (FTIR). Antimicrobial activity against Escherichia coli, Bacillus aureus, Staphylococcus aureus, and Klebsiella 
pneumonia would be useful in new antimicrobial medications being developed. MCF-7 and PA-1 cell lines were found to be more susceptible to the cytotoxic action of the 
biosynthesized nanoparticles. The silver nanoparticles that were synthesized exhibited extremely positive anti-cancer activity. 
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Introduction

The mortality and morbidity of cancer are a burden on 
the entire world. It is becoming more common and has a 
higher incidence globally. In all countries, it has emerged 
as a signifi cant cause of death in the prime of life [1]. Breast 
and ovarian cancers are considered the highest diagnosed 
ones in women accounting for 15.5 % and 4.7 % of all cancer 
deaths in the world [2]. Genetics, viruses and lifestyle factors 
are the major factors among others resulting in uncontrolled 
proliferation of cancer cells [3]. 

Natural products that contain bioactive compounds are 
active resources for the treatment of cancer [4]. They may be 

derived from plants that have medicinal properties and a range 
of therapeutic effects; they also aim for numerous functioning 
proteins. Current anticancer medicines utilize natural products 
for about 75% of their chemical components [5]. As a result, 
testing the anticancer potential of various natural chemicals 
may be a useful method for creating new cancer-treating 
medications.

Since ancient times, the herb Melia azedarach L. has been 
employed as an herbal medicine [6]. M. azedarach is a kind of 
deciduous tree that is frequently grown in southern Korea [7]. 
Traditional medicine uses the leaves, fruits, bark, seed, and 
root and research has revealed that these parts of the plant 
have a variety of pharmacological effects, including those 
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that are antiviral, anti-fertility, anthelmintic, antibacterial, 
hepatoprotective, antioxidant and cytotoxic in nature [8-13]. 
Terpenoids and limonoids (tetranortriterpenoid), which were 
discovered using GC-MS analysis, have the highest secondary 
metabolite concentrations in the plant components, followed 
by steroids and fl avonoids [14,15]. Triterpenoids and steroids, 
as well as alkaloids and condensed tannins, were found in the 
MA ethanol extracts after phytochemistry analysis, which was 
conducted on both the seeds and the leaves [16,17]. Sadaf, et 
al. [18] confi rmed the antitumor and cytotoxic effects of M. 
azedarach fruit extracts on MCF-7 cell lines. Ethyl acetate-
derived M. azedarach wild-type leaves have shown a substantial 
antioxidant and bio-selective anti-cancer potential in T47D 
cell lines Ervina, et al. [19].

Naive M. azedarach leaf extract had previously been shown 
to have signifi cant antibacterial and antioxidant activities 
in various cell lines [20]. M. azedarach-derived compounds 
have, at this point, been shown to have anticancer properties 
in numerous trials [21]. In in vivo models, Nerome, et al. [6] 
demonstrated that M. azedarach leaf extracts inhibited the 
tumor formation capacity and reduce the proliferative potential 
of several cancers. Using a breast cancer cell line as a test 
subject, M. azedarach methanolic extract was found to be highly 
cytotoxic [22].

Currently, the detection and treatment of new diseases 
heavily rely on the rapid growth of nanobiotechnology [23]. For 
their potential use in biomedical and bioengineering processes, 
biosynthesized AgNPs, a category of eco-friendly, economically 
viable, and biocompatible substances, have gained interest 
[24,25]. AgNPs, which exhibit broad spectrum and potent 
antibacterial characteristics, have been the focus over the past 
few years to combat antibiotic resistance in bacteria [26,27]. 
AgNPs have also been extensively explored as parts of cutting-
edge anticancer drugs to better control cancer in the clinic, 
just like many other nanoparticles, such as gold, iron and Zinc 
[28,29]. In many cases, AgNPs are produced when reducing 
agents interact with silver ions. The fi eld of nanotechnology 
has recently become interested in biological precursor-based 
synthesis, notably plant-based green synthesis. 

In view of the above context, this research aims to 
elucidate the development of potential traditional herb-based 
antibacterial, antioxidant, and antiproliferative properties of 
silver nanoparticles (AgNPs) derived from a methanolic leaf 
and fruit extracts of Melia azedarach (MA-AgNPs) against MCF-
7 and PA-1 cell lines. There are several reports supporting the 
anticancer properties of MA leaf, bark, fruit, and root extracts 
in the treatment of breast, colon, lung, hepatoma, liver, and 
prostate cancers [7,17,30-33]. A recent study by Shreshta, et 
al. [34] revealed that MA leaf extracts have a considerable 
amount of cytotoxic activity against human ovarian cancer cell 
lines. Melia azedarach L. extracts have not yet been thoroughly 
explored for their potential anticancer properties when used to 
treat ovarian cancer, as far as we are aware. Nonetheless, we 
can assume that this species' extract will exert a signifi cant 
therapeutic potential due to synergistic effects to act as an 
anticancer agent. By demonstrating the impact of various 
biological activities of the aforementioned extracts, our 

research demonstrates the uniqueness of our work. The results 
of our research might offer more information on M. azedarach's 
possible health benefi ts in treating ovarian cancer.

Materials and methods

Plant material collection and preparation

The plant material of Melia azedarach (MA) including leaves 
and fruits was collected from Salur, Vizianagaram district, 
Andhra Pradesh. The collected material was rinsed twice with 
running tap water followed by distilled water. Leaves from 
M.Azedarach were air dried for a week, Powder and the fruit 
pulp were collected from the respective leaves and fruits After 
preparation of fruit powder, 3 g of fruit powder was taken and 
mixed with 100 ml of distilled H2O in a water bath at 70°C for 30 
minutes of incubation, later the sample was fi ltered by using 
Whatman no-1 fi lter paper. After the completion of fi ltering, 
the crude extract was collected and the sample was converted 
to green synthesis by using AgNO3. Using the powdered leaf 
extract, methanolic extraction was performed as mentioned in 
our previous studies [35]. The pure solution was kept in the 
rotary fl ash evaporator to evaporate methanol to obtain a crude 
extract of MA (Figure 1A-B).

Synthesis of silver nanoparticles

M. Azaderach leaf and fruit silver nanoparticles were 
synthesized as mentioned in our previous studies [36]. 
Reduction was confi rmed by color change (Figure 1C and1D). 

Characterization of biosynthesized leaf and fruit MA-
AgNPs

The biosynthesized AgNPs of both leaf and fruit extracts 
were characterized with a 200 – 600 nm UV–visible 
spectrophotometer (NanoDrop 8,000 Spectrophotometer). 

Figure 1: Shows the extraction of MA leaf and fruit extracts using (A-B) Soxhlet 
and Rotary fl ash evaporator (C-D) Synthesis of MA-AgNPs using both leaf and fruit 
extracts.
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X-ray Diffraction (XRD) measurements of AgNPs' crystalline 
structure were determined utilizing the XRD6000 (Shimadzu 
IR). Functional groups in MA-AgNPs were studied using FTIR 
(Fourier transform-infrared spectrum) Spectrophotometer 
with KBr pellets on a Shimadzu IR 8400 (Shimadzu IR). Using 
particle size and a zeta potential analyzer, the average particle 
size distribution, diameter, and stability were calculated 
(Horiba Nanopartica SZ-100 Nanoparticle analyzer). After 
the samples were fi ltered using 0.2 mm syringe fi lters, the 
clear nanoparticles solution was used for this study and 
measurements were taken at the proper range.

Antioxidant activity using DPPH 

The stock solution was prepared by using 1mM of DPPH 
(2,2-diphenyl-1-picrylhydrazyl) solution in methanol [37]. 
1 ml of stock solution was taken and 9 ml of methanol was 
added. 100 - 500 μg/ml of nano-synthesized sample was taken 
and methanol was added to bring the fi nal volume to 1 ml. 
DPPH solution was added to each tube and kept for incubation 
for 30 min. O.D. values were taken at 517 nm, and the graph 
was plotted.

Anti-bacterial study 

Plant extracts tend to exhibit antimicrobial activity by 
hindering the growth of pathogens surrounding them. Using 
the AgNP extracts by disc diffusion method microorganisms E. 
coli, B. subtilis, S. aureus, and K. pneumonia growth was measured 
on the nutrient agar gel. Melia azedarach fruit and leaf AgNP 
samples were treated on the microbial plates around the disk. 
After overnight incubation at 37 °C, the diameter at each treated 
concentration was used to calculate the zone of inhibition using 
a ruler from the bottom of the plate.

Cell viability analysis using MTT assay

MCF-7 and PA-1 cell lines were grown in 10% FBS-
RPMI-1640 and Pen strep in a 60 mm dish. When cells are 
80% confl uent, 0.25% Trypsin-EDTA solution was used to 
dissociate the cells from the dish by incubating them in a 
CO2 chamber for 3 - 5 minutes. 10 ml of cultured media was 
added and under the microscope, the Neubauer chamber was 
used to count cells. A 96-well plate with 0.1 million seeded 
cells was treated with cells overnight. The next day, different 
concentrations of AgNP-derived methanolic plant extracts of 
both leaf and fruit were used for the treatment for 24 hours. As 
previously indicated, an MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) experiment was conducted 
[38]. Readings were taken at 570nm using a spectrophotometer 
and the graph was plotted to calculate the respective inhibitory 
dose concentrations.

Apoptosis study using fl ow cytometer

1x 105 cells (PA1 and MCF-7) were cultured in a 6-well 
plate and incubated in a CO2 incubator overnight at 37 °C. A 
day later, cells were treated with both leaf and fruit MA-AgNPs 
for 24 hours. PBS was used to wash the cells and trypsinized 
and fi xed them using chilled 70% ethanol and incubated for 
30 minutes at 4 °C. Propidium Iodide (PI) staining was applied 

to suspended cells for 30 minutes at room temperature in the 
dark. The staining solution contained 0.05 ml RNase A and 0.45 
ml PI. To assess cell cycle progression, Fluorescence-Activated 
Cell Sorting (FACS) Calibur fl ow cytometer was employed 
(Becton Dickinson, United States). 

Cell migration analysis using wound healing assay

A migration experiment based on wound healing activity 
was carried out to assess the migration characteristics of MCF-
7 cells. 6-well plates with a 1 * 106 density of cells were used. 
After 24 hours, the medium was changed once, and the process 
was performed once the cells had developed a confl uent 
monolayer. A linear scratch was formed in every well using 
a 200 μl pipette tip. Culture media and leaf extracts of MA-
AgNPs at various concentrations (10, 20 and 30 μg/ml) were 
added to wells after they had been washed with PBS. In the 
control cell sample, the scratch on the plate's bottom was 
examined at 200 x magnifi cation at time points 0 and 24 hours 
after it had healed. The experiment was conducted with three 
biological replicates.

Statistical analysis 

All the observations were carried out in triplets expressed 
as mean ± SEM. Analysis of variance (ANOVA) using Duncan’s 
multiple tests was applied to analyze the data using SPSS 
version 17.0 signifi cant at P values less than 0.05. 

Results and discussion

UV-Vis spectrophotometer

UV-Vis characterization has confi rmed silver ion reduction 
to produce AgNPs and is observed by a color change (light 
yellow to dark brown). This reduction might happen due 
to the existence of a high number of small molecules in the 
colorless fruit extracts. After 10 minutes, the SPR spectra of 
biosynthesized leaf AgNPs were discovered at 427 nm (Figure 
2A). Similar results were obtained using T. Stans leaf extracts 
[35]. Methanolic extracts of MA-AgNP fruit extracts have a 
wavelength of 427 nm (Figure 2B).

Particle size analyzer

The poly-dispersed mixed solution's intensity and laser 
diffraction both contributed to the determination of the 
average particle size of the AgNPs. Methanolic leaf extracts 
have a size of 92.5 nm (Figure 3A), which is corresponded to 
the Macrotyloma seed AgNP extracts as reported by Lavudi, 
et al. [38]. However, the average diameter of the methanolic 
fruit AgNPs was observed to be 13.0 nm, with size distribution 
ranging in between 8-60nm. (Figure 3B) .

Zeta potential

The stability of the synthesized AgNPs is considered a prime 
factor which is highly possible by forming negatively charged 
AgNPs which exhibit repulsion via electrostatic repulsive 
forces. The zeta potential for Melia leaf extracts was found to be 
-20.9 and -31.2 mV for the fruit extracts (Figure 4A-B). These 
negatively charged particles provide long-term stability and 
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prevent agglomeration within the medium. Studies performed 
by Sandhya, et al. [36] have demonstrated a similar negative 
charge, proving that AgNP formed.

XRD

X-ray diffraction technique (XRD, D/Max 2005, Rigaku) 
was used to determine the crystal phase structure of 
synthesized MA leaf AgNPs. The (111), (200), (220), and (311) 
planes of the face-centered cubic (FCC) structure of metallic 

silver (JCPDS 04-0783) with Fm3m planetary group symmetry 
were assigned as the four signifi cant and diversifi ed peaks 
at 2 = 38.13, 44.36, 64.48, and 77.40 (Figure 5). Our results 
are quite signifi cant with the work done by Chinnaswamy, et 
al. (2019). A small peak is also observed at 2θ = 57.46 (103) 
as FCC of metallic silver (JCPDS 41-1402) with P63/mmc group 
symmetry. Similarly, two distinct peaks of Ag2O are detected at 
2θ = 32.7 and 54.9 corresponding to the silver oxide FCC planes 
(111) and (220) (JCPDS 43-0997) with Pn3m. Two peaks at 2θ 

Figure 2: UV-Visible Spectrophotometer analysis has shown the (A) reading at 400 nm wavelength for MA-AgNPs leaf and 427 nm for MA-AgNPs fruit extracts (B).

Figure 3: Particle size analyzer study has shown the average size of MA-AgNPs leaf as 92.5 nm (A) and 13 nm for MA-AgNPs fruit extracts (B). 

Figure 4: Zeta potential study has shown the negative charge of the leaf as -20.9 mV (A) and -31.2 mV for MA fruit extracts (B).
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= 27.80 and 46.19 has been marked with a star (*) that may 
correspond to silver or silver oxide. The size is determined to 
be between 22 and 35 nm for AgNPs when the Mean Crystallite 
Diameter (MCD) of as-synthesized nanomaterials is calculated 
using Scherrer's equation.

FTIR study 

The leaves of MA-AgNPs FTIR spectra displayed notable 
peaks at 1031, 1370, 1614, 2923, and 3386 cm-1, which correlate 
to the existence of the C-C, C-O, C=N, C-H, O-H, and N-H 
stretches, respectively. The extract exhibited substantial peaks 
at 762.01, 821.37, 1030.80, 1204.84, 1336, 1447, 1534, 1611, 
1701, 2920, 2851, 3353, and 3854 cm-1, which are indicative 
of the existence of C-O, C-N, C-C, OH and NH stretches with 
alcohols, alkanes and aromatic groups (Figure 6A-B). The FTIR 
spectrum of the silver nanoparticles made from fruit extracts is 
depicted in Figure 6C-D; it shows that the reduction of Ag+ to 
Ag occurs via interactions between the hydroxyl group and the 
stretch of the alkane H (O-H, 3332.25; C-H, 2896.91, 2834.33); 

and the carbonyl group and stretch of the alkenes groups 
(C=C, 2096.66; C=O, 1637.26 cm-1). It is possible to draw the 
conclusion that water-soluble essential oils are in charge of 
capping and effective stability. 

Anti-microbial activity

Inhibitory zones against the bacterial pathogens were 
observed after overnight incubation. the MA-Leaf AgNPs 
have exhibited bacterial resistance only against Staphylococcus 
aureus (Figure 7A). However, Melia fruit extracts have shown 
a signifi cant amount of anti-bacterial activity against the 4 
pathogens (Figure 7B). The antibacterial activity shown by 
the fruit extracts is probably due to the presence of limonoids 
which are present in fruit extracts [12,39].

Antioxidant activity

Green synthesis of leaf extract and fruit extract of this MA 
plant showed more antioxidant potential in comparison to the 
ascorbic acid standard using assay by the absorbance at 517 
nm by UV-visible spectrophotometer. The average activity of 
green synthesized MA leaf and fruit extracts were 53.61 and 57 
(Figure 8A-B).

MTT assay

AgNP methanolic leaf and fruit extracts of MA were treated 
against both breast and ovarian cancer cell lines to study 
the cytotoxic effects. Samples were subjected to 24 hours of 
treatment with concentrations ranging from 0-250 μg/ml 
for 24 hours and MTT was performed and HEK293 was used 
as a control. Results depicted that methanolic MA-AgNP leaf 
extracts showed their effi cacy and IC50 value was determined 
at 100 μg/ml concentrations (Figure 9A). Whereas using 
Methanolic AgNP fruit extracts on PA-1 IC50 was determined 
at 188.92 μg/ml (Figure 9B-C). Studies performed by Ashika, Figure 5: Shows the XRD peak of MA-Leaf extracts. 

Figure 6: Shows the FTIR spectra of MA-AgNPs Leaf (A-B) and Fruit (C-D) extracts.
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et al. [12] have shown that methanolic fruit extracts have 
shown anti-cancer activity against Breast, lung, stomach and 
leukemia cell line models. 

Flow cytometry

Utilizing this IC50 value as a benchmark, a fl ow cytometry 
investigation was carried out with both methanolic leaf and 

stem extracts in Breast and ovarian cancers. FACS analysis 
showed that on treating with Melia leaf extracts in MCF-7 cell 
lines, cell cycle arrest occurred in both G0/G1 and G1/s Phases. 
However, standard drug (Camptothecin, 5 μM) usage has 
shown the arrest at G0/G1 alone. However, fruit extracts when 
treated in the PA-1 ovarian cancer cell line, have shown an 
arrest at G2/M phases when treated with the Melia fruit AgNP 

Figure 7: Anti-bacterial activity of MA-AgNPs of different concentrations in A) leaf and B) fruit extracts.

Figure 8: Anti-oxidant activity of DPPH in MA crude and AgNPs of A) leaf and B) fruit extracts.

Figure 9: MTT assay against both A) HEK293 control B) breast and C) ovarian cancer cells in MA-AgNP leaf and fruit extracts.
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extracts (Figure 10) . Our results are consistent with Wang, et 
al. [40] against leukemia cancer cell lines. Based on the cell 
cycle analysis, both leaf and fruit AgNP extracts have the ability 
to inhibit cell cycle progression and trigger apoptosis.

Migration assay

Migration capacity has been determined based on the 
analysis of wound healing. Migration capability decreased 
tremendously at 20 μg/ml when MCF-7 cells were treated with 
leaf methanolic AgNP extracts. Figure 11 shows the pictorial 
representation of the cells which have undergone migration 
and the comparisons were clear that methanolic MA-AgNP leaf 
extracts have the capacity to inhibit the rate of migration in 
breast cancer cell line MCF-7.

Conclusion

Our work demonstrated the anti-proliferative activity 

of a biosynthesized leaf and fruit extract of MA-AgNPs 
against breast and ovarian cancer cells in vitro. The evidence 
points to these extracts as promising anticancer agents that 
can be employed either alone or in combination with other 
chemotherapy medications to treat cancer. Future research 
should focus on a variety of issues by validating in vivo and 
in vitro to comprehend the molecular pathways involved in 
enhanced anti-cancer activity.
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Figure 11: Shows the Migration assay of MCF-7 cells using MA-AgNPs derived from the leaf.
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