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ARTICLE INFO ABSTRACT

Received: Background: Syzygium aromaticum, also known as clove, and its essential oil
gg/?g’equﬁ has already been proved to have antioxidant, anti-inflammatory and anticancer
26 June 2023 properties. Clove is used in various foods owing to its potent antimicrobial and
Accepted: antioxidant properties. Essential oil extracted from clove has been used in traditional
28 June 2023 medicine for treating various ailments.

Methods: In silico analyses of phytocompounds of Syzygium aromaticum
namely eugenol, B-caryophyllene, gallic acid, crategolic acid, kaempferol,
quercetin, cinnamaldehyde, and oleanolic acid were docked with three apoptotic
proteins involved in breast cancer, namely BCL-2, BAX and APAF-1 using
AUTODOCK. In addition, flower bud extract of Syzygium aromaticum was used for
the synthesis of AgNPs (silver nanoparticles). The synthesized clove-silver
nanoparticles were then characterized using various techniques such as Ultraviolet-
visible spectrophotometry, FTIR, FESEM-EDX, DLS and zeta potential to
determine the particle size, shape, crystalline structure, and stability of CL-AgNPs
and tested for its anticancer potential in MCF-7 cell lines.

Results: In silico analysis predicted that phytochemicals of clove have good
interactions with the apoptosis related proteins of breast cancer. In vitro assay
confirmed the cytotoxic effect of the synthesized CL-AgNPs on breast cancer cells
using the MCF-7 cell line with the IC50 value of 58.64 pg/ml.

Conclusion: In vitro analysis of the anticancer activity of CL-AgNPs in MCF-7
cell line supports the in silico study by proving active interactions between the
phytochemicals of clove and target proteins of the breast cancer and hence Syzygium

Keywords:
Syzygium, Metallic
nanoparticle, Breast

cancer, Molecular aromaticum has been proved to possess potential anticancer property. Further
docking, Antioxidant, research is needed to consider clove-silver nanoparticles as a novel drug for treating
Anticancer agent breast cancer.

Copyright © 2023. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits
copy and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes.
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nanoparticles from various plant extracts were proven
to have lethal effects on breast cancer cells.?*

The modern world is now accepting the fact that
ancient medicinal plants are one of the effective ways
to prevent, control and treat diseases including
cancer.>® Around 80% of the world population use
traditional medicine extracted from medicinal plants
as their primary health care. Pharmaceutical studies of
these traditional drugs derived from plants are the
basis of many early drugs such as aspirin, digoxin,
morphine, quinine, pilocarpine, etc.’

Syzygium aromaticum, also commonly known as
Clove, is a dried flower bud belonging to Myrtaceae
family and is widely grown in different regions of the
world. Clove is widely used as preservatives in
various foods including meat because of its
antimicrobial and antioxidant properties.’® Clove
essential oil (CEO) was widely used in Indian and
Chinese medicine for treating external skin injuries
and also acted as a great pain reliever in tooth ache.
The constituents of CEO were already proven to have
antimicrobial, anticancer, antioxidant and anti-
inflammatory activities.

Insilico investigations are used to virtually screen
a large number of components or chemical structures
in a short span of time, increasing the likelihood of
finding the best therapeutic drug candidates.!?
Molecular docking was performed with the selected
eight potential phytocompounds of clove as ligands,
namely, eugenol, b-caryophyllene, gallic acid,
kaempferol, crategolic acid, quercetin,
cinnamaldehyde and oleanolic acid and three
biomarker apoptotic target proteins of breast cancer
as target macro-molecules namely BCL-2, BAX and
APAF-1.13

Size, shape, structure and stability of the CL-
AgNPs were studied by the characterization analysis
like FTIR, UV-Vis spectrophotometry, DLS, XRD,
FESEM-EDX, HRTEM, etc.!* Aqueous extract of
clove was used for the preparation of CL-AgNPs and
used for in vitro investigations. In vitro analyses like
antioxidant assay using 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method,
cytotoxicity analysis against breast cancer cells
(MCF-7) using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay and
toxicity studies with Artemia nauplii were performed
to establish the antioxidant, anticancer and toxicity
properties of CL-AgNPs.

METHODS

In silico analysis

3D structures of selected apoptotic target proteins
of breast cancer namely BCL-2 (PDB - 4AQ3), BAX
(PDB - 4BDU) and APAF-1 (PDB - 1CY5) were
acquired from Protein data bank

(http://www.rcsb.org/). 3D structures of selected
phytochemicals of clove namely eugenol, b-
caryophyllene, gallic acid, kaempferol, crategolic
acid, quercetin, cinnamaldehyde and oleanolic acid
were downloaded from PubChem
(http://pubchem.ncbi.nlm.nih.gov/) and ChemSpider
databases (http://chemspider.com).

Molecular docking was performed using
AUTODOCK v4.6.2 software. Visualization of
docked molecules was carried out using the
Discovery studio visualizer application. Polar
hydrogen was exposed for each target molecule and
the torsion regions were determined for each ligand.
The docking was executed using the Lamarckian
Genetic Algorithm with default parameters and 10
Genetic Algorithm runs were executed. The grid box
spacing for X-, Y- and Z- axis was set between 60 A
to 90 A so that the major part of the molecule was
embedded facilitating blind molecular docking.!>1®
The drug likeness and pharmacokinetic properties of
the selected phytochemicals of clove were obtained
from SWISSADME (http://www.swissadme.ch/).Y’
The phytocompounds were screened for drug likeness
by Lipinski’s rule of five.'8

In vitro analysis

Preparation of plant extract

Dried flowers of Clove (Syzygium aromaticum)
were cleaned to remove unwanted impurities and
dried further. Fully dried clove was finely powdered.
Then, 15¢g of powdered clove was weighed and added
to 250 ml of water at 70-80°C for about 15minutes.
Boiled solution was then allowed to cool and
centrifuged at 5000 rpm for 15mins. It was then
filtered thrice using Whatman filter paper. The clear
filtrate obtained was the aqueous plant extract of the
clove (Clove-extract). The Clove-extract was then
stored at 4 °C until further use.

Synthesis of clove-silver nanoparticles (CL-
AgNPs)

First, 200ml of Clove-extract was added to 1litre
of 1mM silver nitrate (AgNOs) solution in the ratio of
1:5. The reduction of silver ions by the metabolites of
clove extract was confirmed by the immediate color
change observed upon addition of AgNO;!2t The
content was placed under dark condition at room
temperature for 24 hours and then centrifuged thrice
at 10000 rpm for 10 mins to obtain Clove-silver
nanoparticles (CL-AgNPs). CL-AgNPs found in the
pellet was then washed using ethanol and transferred
to eppendorf tubes. The tubes were then centrifuged
at 13000rpm for 15mins using a mini-centrifuge
machine. The supernatant was discarded and then the
eppendorf tubes containing the pellet were dried using
a thermostat at 100°C for 45mins. Dried CL-AgNPs
were scraped and stored for further use.
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Characterization of synthesized CL-AgNPs

The first characterization study of synthesized
NPs was the color change of solution mixture that was
observed visually.2°2!  Conventionally, various
characterization techniques such as UV-Visible
spectrophotometry, FTIR (Fourier transform infrared
spectroscopy), FESEM (Field emission scanning
electron  microscopy), DLS (Dynamic light
scattering), zeta potential and XRD (X-ray
diffraction) were used to study the size, shape,
surface, stability and dispersion of the nanoparticles.™

Toxicity study

Initially, Artemia nauplii cysts were incubated for
48 hrs in saline water with vigorous aeration. This
experiment was performed in 24 well microtiter plate
added with five healthy 48hr old Artemia nauplii in
each well and treating them with various
concentrations of CL-AgNPs (1ppm, 5ppm and
10ppm) in triplicates. Then, incubation was done at
room temperature under dark conditions and the
number of dead and alive shrimps were counted at 24
hrs and 48 hrs.??

Antioxidant assay (DPPH method)

DPPH assay was used to study the radical
scavenging activity of synthesized CL-AgNPs. DPPH
was prepared using methanol solution at 0.2mM
concentration. Different concentrations of CL-AgNPs
were added as triplicates in the microtiter plate along
with  0.2mM methanolic DPPH solution and
incubated under dark condition for 30mins. The
absorbance was taken at 517nm, using a Multimode
plate reader. Ascorbic acid was used as the Standard
and 0.2mM methanolic DPPH remained as the
Control.? The percentage of free radical scavenging
activity was determined using the formula,

[(Absorbance of Control-Absorbance of CL-
AgNPs)/Absorbance of Control]*100

MTT assay

The cytotoxicity of the CL-AgNPs against breast
cancer cells (MCF-7) was analyzed using MTT assay.
MCEF-7 cells were seeded at a density of 0.1x10° cells
into each of the wells in a 96 well plate as triplicates
and incubated for 24 hrs in a humidified 5% CO.
incubator at 37°C. After 24 hrs, the old media was
discarded and fresh media was added. The cells were
then treated with different concentrations of CL-
AgNPs (10, 20, 40, 60, 80 and 100ug/ml) dissolved
in DMSO and further incubated for 24hrs in a
humidified 5% CO; incubator at 37°C. Cells that were
left untreated were used as negative control. Media
was aspirated from the wells and then treated with
100ul of 0.5mg/ml of MTT, followed by incubation
for 3hrs in a humidified 5% CO; incubator at 37°C.
MTT solvent was then completely removed from the
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wells and then 100pl of DMSO was added to each of
the wells to dissolve the purple formazan crystals. The
plate was then incubated for 15-30mins under dark
conditions after which the absorbance was measured
at 570nm (test wavelength) and 620nm (reference
wavelength).? The percentage of cell viability was
determined by,

[Absorbance of CL-AgNPs/Absorbance of
Control]*100

Statistical Data Analysis

The values obtained from the experimental data
were expressed in terms of Standard Deviation.
Statistical significance was determined using Student
T-test and probability values *P<0.05 were
considered to be statistically significant and
***%P<0.001 were considered to be of high statistical
significance.

RESULTS AND DISCUSSION

In silico analysis

Molecular docking was performed using
AUTODOCK v4.6.2 software with the eight selected
phytochemicals of Syzygium aromaticum (clove)
namely, eugenol, b-caryophellene, gallic acid,
kaempferol, crategolic acid, guercetin,
cinnamaldehyde and oleanolic acid'* with three
apoptotic biomarker proteins of breast cancer such as
BCL-2 (PDB ID-4AQ3), BAX (PDB ID-4BDU) and
APAF-1 (PDB ID- 1CY5). Visualization of docked
molecules was carried out using Discovery studio
visualizer webtool. Based on ADME analysis of the
selected phytochemicals, all the ligands can be
considered for docking except oleanolic acid since it
violates one rule of Lipinski’s rule of five.

Table 1. Interaction of phytocompounds from S.
Aromaticum with the apoptotic target proteins of breast
cancer.

Binding energy

Target Proteins

(kcal/mol)

Ligands BCL-2  BAX APAF-1
Eugenol -6.2 -5.2 -4.7
B-caryophyllene  -5.8 -6.2 -4.6
Gallic acid -5.6 -6.4 -5
Crategolic acid -8.2 -1.7 -6.2
Kaempferol -7.3 -7.3 -5.6
Quercetin -8.7 -7.4 -5.6
Cinnamaladehyde -6.5 -4.9 -3.9
Oleanolicacid -8.2 -7.8 -5.8

All the selected ligands were interacted well with
all the three apoptotic biomarkers of breast cancer by
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exhibiting low binding energy values as mentioned in
Table 1.

Specifically, the interactions between BCL-2
with crategolic acid and quercetin as shown in Figure
la have low binding energy values of -8.2kcal/mol
and -8.7kcal/mol, respectively, suggesting that these
phytochemicals have greater capability to interact
with BCL-2 (anti-apoptotic protein) and thus reduce
the chances of tumor cell proliferation. Interactions of
crategolic acid, quercetin and kaempferol with BAX
as shown in Figure 1b have binding energy value of -

7.7kcal/mol,  -7.4kcal/mol and  -7.3kcal/mol,
respectively, indicating lesser possibility of
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upregulation process and hence may induce
apoptosis. APAF-1 is an apoptosis-inducing protein
like BAX and its interaction with crategolic acid,
kaempferol and quercetin show that they can also
induce apoptosis as they exhibit binding energy
values of -6.2kcal/mol, -5.6kcal/mol and -
5.6kcal/mol, respectively, as shown in Figure 1c.
These significant interactions of three of the
phytocompounds of clove with the important
apoptosis-oriented proteins like BCL-2, BAX, APAF-
1 exhibit a promising outcome to formulate a drug
using these phytochemicals to treat breast cancer.
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Figure 1. a. Interaction of target protein BCL-2 with crategolic acid and quercetin. b. Interaction of target protein BAX with
crategolic acid, quercetin and kaempferol. c. Interaction of target protein APAF-1 with crategolic acid, kaempferol and

quercetin

Therapeutic potential of
phytocompounds present in Clove

Studies have reported that Crategolic acid, also
referred to as Maslinic acid was found to cause
caspase independent programmed cell death by
altering the ROS (reactive oxygen species) levels and
electrochemical potential across mitochondrial
membrane. Immunoblotting analyses also revealed
the involvement of MAPK signalling pathway
responsible for the variance in cell cycle progression.
Cyclin D1, Cyclin B1, CDK2 and CDK4 expression
were found to be significantly downregulated in
MDA-MB-231 and MCF-7 cells after treatment with
Crategolic acid and hence facilitating apoptosis of
breast cancer cells. 2 Kaempferol was found to
exhibit antagonistic activity in ER (Estrogen

significant
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Receptor) signalling pathway by downregulating the
expression of pMEK1/2, pAkt, pIRS-1 induced by E2
(17-B-Estradiol), hence proving its potential as an
effective anti-cancer drug.”® It was also found to
downregulate CDK1 and hence arrests cell cycle at
G2/M stage inhibiting the proliferation of breast
cancer cells.?® Quercetin, another significant
phytocompound of clove was reported to inhibit
breast cancer cell proliferation by apoptosis through
induction of cytochrome C production from
mitochondria. It was also found to reverse Epithelial-
Mesenchymal transition (EMT) and hence inhibit
metastasis by downregulating the expression of
TGFB1, MMPs  and mTOR/c-Myc.  The
antiproliferative activity of Quercetin was also
confirmed by reduction in PI3K, P38MAPK and
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through stabilization of telomeric DNA structure.?’
Thus, we could infer the therapeutic potential of
phytocompounds of Syzygium aromaticum in treating
breast cancer.

UV-Vis spectrophotometry

UV-Vis spectrophotometry was wused to
characterize the synthesized CL-AgNPs and it was
performed between 200-800nm wavelength range.
The formation of CL-AgNPs can be confirmed by
UV-Visible spectrophotometry, as it exhibits surface
plasmon resonance (SPR), i.e., strong absorbance
band in the range between 400nm and 500nm. The
formation of SPR is due to the interaction between the
light and the mobile surface electrons of AgNPs.*
Generally, surface plasmon resonance (SPR) peak for
silver nanoparticles occurs in the range between
400nm and 500nm. The SPR peak for the synthesized
CL-AgNPs dissolved in DMSO was found to occur
between 400-450nm. From Figure 23, it was observed
that the exact peak occurred at 425nm confirming
both the quality and quantity of CL-AgNPs
synthesized by the reduction of AgNOs to metallic
clove nanoparticles.?®

SNP synthesized from Syzygium aromaticum @

FTIR

FTIR analysis was carried out for the
identification of functional groups present in the
synthesized CL-AgNPs. The dried CL-AgNPs were
analysed by FTIR spectrometer, using transmittance
mode at 4cm! resolution. The resulting spectrum was
recorded between 400-4000cm™. ?° The presence of
different functional groups of the synthesized CL-
AgNPs was determined using FTIR analysis. Figure
2b represents the FTIR result of clove-extract with
major peaks observed at 3353.6cm?, 2926.45¢cm?,
1727.91cm?,  1609.31cm?,  1200.47cm® and
1030.77cm™* which denotes the presence of alcohol
(O-H), alkane (C-H), aldehyde (C-H-0O), unsaturated
compound(C=C), alkyl amine(C-N), alkoxide (C-O)
groups respectively.*® Comparative analysis of the
FTIR result of clove-extract with that of synthesized
CL-AgNPs as shown in Figure 2c, revealed a shift in
peaks at 3224.4cm™ and 1316.18cm™* which denotes
the shift in the above-mentioned bonds to (=C-H)
stretch and (C-O) stretch respectively. The peak at
1609.31cm™® remains undisturbed and hence
considered to be a strong peak. These shifts in the
FTIR analysis of CL-AgNPs confirms the reduction
process of the phytochemicals of clove.
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Figure 2. a. UV-Vis spectrophotometry analysis of CL-NPs. b. FTIR analysis of Clove extract. c. FTIR analysis of CL-

AgNPs

FESEM — EDX

Surface morphology of synthesized CL-AgNPs
was determined using FESEM and EDX (Energy
dispersive X-ray). Analysis was also performed to
obtain information about the elemental composition

of CL-AgNPs.®! FESEM results proved that the
synthesized CL-AgNPs have significant surface
morphology and size as shown in Figure 3a. The
results displayed a good overall outlook of the
synthesized CL-AgNPs. The surface composition of
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elements of the synthesized CL-AgNPs was analysed
using EDX. From the peak as shown in Figure 3b, we
could evaluate the composition of synthesized CL-
AgNPs as 16.5% of Ag, 49.7% of O and 33.6% of C,
confirming the presence of higher quantity of silver
ions on the surface of the synthesized CL-AgNPs.

DLS and zeta potential

CL-AgNPs dissolved in DMSO solution was used
for DLS analysis to determine the average size
distribution of CL-AgNPs in the sub-micron range.*
The stability of CL-AgNPs and its surface charge
were characterized by zeta potential analysis. For this
purpose, the nanoparticles were mixed with distilled

EHT = 15,00 kW Date *4 Jun 2022

WD = 43mm

Signal A = InLens
Mag = 100.00 K X

Total Counts

T T T T T T
10 12 14 16 18 20
keV

? T
6 8

water and then inserted into zeta potential cell for
measurement at parameters, 20V/cm field strength
and 25°C temperature.

Average particle size of the CL-AgNPs that were
synthesized was analysed using Dynamic light
scattering (DLS) analysis.®®* The result of DLS
showed the major peak was at 508.2nm diameter as
shown in Figure 3c. The zeta potential value of
synthesized CL-AgNPs was found to be -19.9mV as
observed in Figure 3d. The higher negative zeta
potential value of CL-AgNPs revealed that they
possessed a great repulsive force towards the charged
particles and hence have enhanced stability by
reducing the aggregation potential >
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Figure 3. a. FESEM analysis of CL-AgNPs. b. EDX analysis of CL-AgNPs. ¢. DLS analysis of CL-AgNPs. d. EDX analysis

of CL-AgNPs

XRD

XRD analysis was done to obtain information
regarding the crystalline structure of CL-AgNPs, such
as nature of phase, lattice parameter and crystalline
grain structure®, XRD pattern of CL-AgNPs which
were analysed in the 26 range between 10° to 80°
using powder diffractometer.®® From Figure 4a, it was
observed that the XRD pattern showed a major peak
between 20 range of 25° to 30°. From this, we could
predict that the synthesized CL-AgNPs possess good
crystalline structure.

Toxicity study

To study the toxicity level of the synthesized CL-
AgNPs on Artemia nauplii, different concentrations
of CL-AgNPs (1 ppm, 5 ppm and 10 ppm) were used.
Based on the number of Artemia nauplii dead count,
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the mortality percentage was calculated after
incubation periods of 24 hrs and 48 hrs. From Figure
4b, it was concluded the toxicity level of CL-AgNPs
against Artemia nauplii showed that the mortality
percentage  increased  significantly as the
concentration of CL-AgNPs increased in a dose-
dependent manner, proving the fact that the
synthesized CL-AgNPs were quite toxic to the
Artemia nauplii body system when treated with
higher concentrations of CL-AgNPs.*

Antioxidant activity of CL-AgNPs
method)

The presence of free radicals in the body interacts
with and damages the tissues. Tumor cells often
release different types of free radicals which causes
tissue damage. It is essential for an anticancer drug to

(DPPH
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possess the antioxidant property to scavenge the free
radicals released by the tumour cells. In this respect,
the antioxidant property of the synthesized CL-
AgNPs was analysed using DPPH radical scavenging
method. The percentage of DPPH radical scavenging
property of different concentrations of CL-AgNPs
was found to increase in a dose-dependent manner as
shown in Figure 5a. The highest percentage of DPPH
radical scavenging activity, 78.2% was observed at

Intensity (counts)

[
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100 pg/ml and the lowest activity, 16.8% was
observed at 6.25ug/ml concentration of CL-AgNPs,
concluding that synthesized CL-AgNPs have good
radical scavenging property. This study also
demonstrated that the greater ability of CL-AgNPs to
scavenge free radicals was due to the presence of
silver ion bound to the phytochemicals of clove as the
phytochemicals of clove were already proved to have
good antioxidant property by Han & Parker, 2017.1
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Figure 4. a. XRD analysis of CL-AgNP. b. Toxicity effect of CL-AgNPs on Artemia nauplii after 24 hrs and 48 hrs
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Figure 5. a. Antioxidant assay of CL-AgNPs. b. Cytotoxicity of CL-AgNPs against MCF-7 Breast Cancer cells

Anticancer activity of CL-AgNPs (MTT assay)

In silico analysis predicted that phytochemicals of
clove have good interactions with the apoptosis
related proteins of breast cancer, thereby increasing
the possibility of inducing apoptosis in the breast
cancer cells. In vitro MTT assay was performed in 96
well microtiter plates to observe the cytotoxic effect

of the synthesized CL-AgNPs on breast cancer cells
using the MCF-7 cell line. It was indicated that CL-
AgNPs were lethal against the breast cancer cells.
From the concentration-viability graph (Figure 5b),
the 50% growth inhibitory concentration (ICso) value
of CL-AgNPs was calculated to be 1C50=58.64pug/ml.
In vitro analysis of the anticancer activity of CL-
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AgNPs using MCF-7 cell line supports the in silico
study of active interactions between the
phytochemicals of clove and target proteins of the
breast cancer and hence Syzygium aromaticum has
been proved to possess potential anticancer property.

CONCLUSION

Characterization results of UV-Vis, FTIR,
FESEM-EDX, DLS and zeta potential and XRD
analyses of Syzygium aromaticum suggested that CL-
AgNPs had been synthesized successfully and also
proved to have good size, shape, crystalline structure
and stability. Toxicity study suggested that CL-
AgNPs have good toxic effect in Artemia nauplii
system if treated with higher concentrations for a
longer duration. The antioxidant assay showed that
the synthesized CL-AgNPs possess free radical
scavenging activity. MTT assay and in silico analyses
proved that the synthesized CL-AgNPs have a
specific anticancer property especially against breast
cancer cells. In addition, this is the first study in which
molecular docking of phytocompounds of Syzygium
aromaticum with apoptotic proteins identified three
potential phytocompounds with anti-cancer activity.
Further research is needed to consider the silver

REFERENCES

1. SunYS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, et
al. Risk Factors and Preventions of Breast Cancer.
International Journal of Biological Sciences
2017;13(11):1387-1397. doi:10.7150/ijbs.21635.

2. Buttacavoli M, Albanese N, Cara G, Alduina R, Faleri
C, Gallo M, et al. Anticancer activity of biogenerated
silver nanoparticles: an integrated proteomic
investigation. Oncotarget. 2017;9(11):9685-9705. doi:
10.18632/oncotarget.23859.

3. Alvandi N, Rajabnejad M, Taghvaei Z, Esfandiari N.
New generation of viral nanoparticles for targeted drug
delivery in cancer therapy. Journal of Drug Targeting.
2022;30(2):151-165. doi:
10.1080/1061186X.2021.1949600.

4. Esfandiari N, Arzanani MK, Koohi-Habibi M. The
study of toxicity and pathogenicity risk of Potato Virus
X/Herceptin nanoparticles as agents for cancer
therapy. Cancer Nanotechnology. 2018; 9:1. doi:
10.1186/s12645-018-0036-6.

5. Madhumitha H, Ranjani S, Hemalatha S. Clitoria
ternatea floral mediated Synthesis, characterization,
antioxidant and cytotoxicity evaluation of silver
nanoparticles. Archives of Breast Cancer. 2023;10(3):
In-Press.

6. Esfandiari N. Targeting Breast Cancer With Bio-
inspired Virus Nanoparticles. Archives of Breast
Cancer. 2018; 5(2):90-5. doi:
10.19187/abc.20185290-95.

7. Taherian A, Esfandiari N. Nanomedicine, A New
Therapeutic Strategy in Breast Cancer treatment.

nanoparticles synthesized from clove extract as an
effective drug for treating various types of cancers
including breast cancer.

FUNDING
None.

ACKNOWLEDGMENTS

Authors are thankful to B.S. Abdur Rahman
Institute of Science and Technology, Chennai for
providing research facilities in the school of life
sciences. The authors also gratefully acknowledge the
Ministry of Science and Technology, Department of
Science and Technology (KIRAN Division) (Gol),
New Delhi. (Ref No. DST/WOS-B/2018/1583-HFN

(G)).

CONFLICTS OF INTEREST
The authors declare that there is no conflict of
interest.

DATA AVAILABILITY
Data will be available upon request.

Archives of Breast Cancer. 2019;6(2):67-78. doi:
10.32768/abc.20196267-78.

8. Jamshidi-Kia F, Lorigooini Z, Amini-Khoei H.
Medicinal plants: past history and future perspective.
Journal of Herbmed Pharmacology. 2018;7(1):1-7.
doi: 10.15171/jhp.2018.01.

9. Batiha GE, Alkazmi LM, Wasef LG, Beshbishy AM,
Nadwa EH, Rashwan EK. Syzygium aromaticum L.
(Myrtaceae): Traditional Uses, Bioactive Chemical
Constituents, Pharmacological and Toxicological
Activities. Biomolecules. 2020; 10(2):202. doi:
10.3390/biom10020202.

10. Han X, Parker TL. Anti-inflammatory activity of clove
(Eugenia caryophyllata) essential oil in human dermal
fibroblasts. Pharmaceutical biology.
2017;55(1):1619-1622. doi:
10.1080/13880209.2017.1314513.

11. Pinzi L, Rastelli G. Molecular Docking: Shifting
Paradigms in Drug Discovery. International Journal
of Molecular Sciences. 2019;20(18):4331. doi:
10.3390/ijms20184331.

12. Radha G, Raghavan SC. BCL2: A promising cancer
therapeutic target. Biochimica et Biophysica Acta -
Reviews on Cancer. 2017;1868(1):309-314. doi:
10.1016/j.bbcan.2017.06.004.

13. Ahmed RH, Mustafa DE. Green synthesis of silver
nanoparticles mediated by traditionally used medicinal
plants in Sudan. International Nano Letters.
2020;10(1):1-14. doi: 10.1007/s40089-019-00291-9.

14. Jalalvand A, Khatouni S, Najafi Z, Fatahinia F,
Ismailzadeh N, Farahmand B. Computational drug

298 Vishal et al. Arch Breast Cancer 2023; Vol. 10, No. 3: 291-300


https://doi.org/10.32768/abc.20196267-78
https://doi.org/10.15171/jhp.2018.01

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

repurposing study of antiviral drugs against main
protease, RNA polymerase, and spike proteins of
SARS-CoV-2 using molecular docking method.
Journal of Basic and Clinical Physiology and
Pharmacology. 2021;33(1):85-95. doi: 10.1515/jbcpp-
2020-0369

Rangsinth P, Sillapachaiyaporn C, Nilkhet S,
Tencomnao T, Ung AT, Chuchawankul S. Mushroom-
derived bioactive compounds potentially serve as the
inhibitors of SARS-CoV-2 main protease: An in silico
approach. Journal of Traditional and Complementary
Medicine. 2021;11(2):158-172. doi:
10.1016/j.jtcme.2020.12.002.

Daina A, Michielin O, Zoete V. SwissADME: a free
web tool to evaluate pharmacokinetics, drug-likeness
and medicinal chemistry friendliness of small
molecules. Scientific Reports. 2017;7:42717. doi:
10.1038/srep42717.

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ.
Experimental and computational approaches to
estimate solubility and permeability in drug discovery
and development settings. Advanced Drug Delivery
Reviews. 2001;46(1-3):3-26. doi: 10.1016/s0169-
409x(00)00129-0.

Archna A, Halima R. A review on green synthesis of
silver nanoparticle, characterization and optimization
parameters. International Journal of Research in
Engineering and Technology. 2016; 5(15);49-53. doi:
10.15623/ijret.2016.0527010.

Kumar AS, Madhu G, John E, Kuttinarayanan SV,
Nair SK. Optical and antimicraobial properties of silver
nanoparticles synthesized via green route using
honey. Green Processing and Synthesis.
2020;9(1):268-274. doi: 10.1515/gps-2020-0029.

Sai Nivetha S, Ranjani S, Hemalatha S. Synthesis and
application of silver nanoparticles using Cissus
quadrangularis.  Inorganic and Nano Metal
Chemistry. 2020. doi:
10.1080/24701556.2020.1862219.

Lawrence AA, Prakash JTJ. Biogenic synthesis of
silver nanoparticles using manilkarahexandra (roxb.)
dubard stem bark extract and it’s physical, chemical
characterization and pharmaceutical evaluation.
International Journal of Applied Pharmaceutics.
2019;11(3):79-88. doi:
10.22159/ijap.2019v11i3.31403.

Arulvasu C, Jennifer SM, Prabhu D, Chandhirasekar
D. Toxicity Effect of Silver Nanoparticles in Brine
Shrimp Artemia., The Scientific World Journal.
2014:256919. doi: 10.1155/2014/256919.
Ravindranath KJ, Christian SD, Srinivasan H.
Screening of Anti-carcinogenic  Properties of
Phytocompounds from Allium ascalonicum for
Treating Breast Cancer Through In Silico and In Vitro
Approaches. Applied Biochemistry and
Biotechnology. 2023;195(2):1136-1157. doi:
10.1007/s12010-022-04202-1.

Jain R, Grover A. Maslinic acid differentially exploits
the MAPK pathway in estrogen-positive and triple-
negative breast cancer to induce mitochondrion-
mediated, caspase-independent apoptosis. Apoptosis.

SNP synthesized from Syzygium aromaticum @

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Vishal et al. Arch Breast Cancer 2023; Vol. 10, No. 3: 291-300

2020;25(11-12):817-834. doi: 10.1007/s10495-020-
01636-y.

Kim SH, Hwang KA, Choi KC. Treatment with
kaempferol suppresses breast cancer cell growth
caused by estrogen and triclosan in cellular and
xenograft breast cancer models. The Journal of
Nutrional ~ Biochemistry.  2016;28:70-82.  doi:
10.1016/j.jnutbio.2015.09.027.

Wang X, Yang Y, An Y, Fang G. The mechanism of
anticancer action and potential clinical use of
kaempferol in the treatment of breast cancer.
Biomedicine Pharmacotherapy. 2019;117:109086.
doi: 10.1016/j.biopha.2019.109086.

Ezzati M, Yousefi B, Velaei K, Safa A. A review on
anti-cancer properties of Quercetin in breast cancer.
Life Science. 2020;248:117463. doi:
10.1016/j.1fs.2020.117463.

Javan Bakht Dalir S, Djahaniani, H, Nabati F, Hekmati
M. Characterization and the evaluation of
antimicrobial activities of silver nanoparticles
biosynthesized from Carya illinoinensis flower
extract. Heliyon. 2020;6(3):E03624. doi:
10.1016/j.heliyon.2020.e03624.

Deepashree CL, Kumar KKJ, Prasad AGD, Zarei M,
Gopal S. FTIR spectroscopic studies on cleome
gynandra — comparative analysis of functional group
before and after extraction. Romanian Journal of
Biophysics. 2013;22(3-4):137-143. Available from:
https://www.rjb.ro/articles/353/art01Shree.pdf
Ramola B, Joshi NC. Green Synthesis,
Characterisations and Antimicrobial Activities of CaO
Nanoparticles. Oriental Journal of Chemistry.
2019;35(3):1154-1157. doi: 10.13005/0jc/350333.
Roy P, Das B, Mohanty A, Mohapatra S. Green
synthesis of silver nanoparticles using Azadirachta
indica leaf extract and its antimicrobial study. Applied
Nanoscience. 2017;7:843-850. doi: 10.1007/s13204-
017-0621-8.

Lakshya M, Ranjani S, Sharig Ahmed M, Jeya Shree
T, Akther T, Poompavai S et al. Turmeric-silver-
nanoparticles for effective treatment of breast cancer
and to break CTX-M-15 mediated antibiotic resistance
in Escherichia coli. Inorganic and Nano Metal
Chemistry. 2021;51(6). doi:
10.1080/24701556.2020.1812644.

Li Z, Ye L, Liu J, Lian D, Li X. Sorafenib-Loaded
Nanoparticles Based on Biodegradable Dendritic
Polymers for Enhanced Therapy of Hepatocellular
Carcinoma. Int J Nanomedicine. 2020;15:1469-1480.
doi: 10.2147/1JN.S237335.

Mourdikoudis S, Pallares RM, Thanh NTK.
Characterization  techniques for  nanoparticles:
comparison and complementarity upon studying
nanoparticle properties. Nanoscale. 2018;10:12871-
12934, doi: 10.1039/C8NR02278J

Jayappa MD, Ramaiah CK, Kumar MAP, Suresh D,
Prabhu A, Devasya RP et al. Green synthesis of zinc
oxide nanoparticles from the leaf, stem and in vitro
grown callus of Mussaendafrondosa L.:

characterization and their applications. Applied
Nanoscience. 2020;10:3057-3074. doi:
10.1007/s13204-020-01382-2

299


http://dx.doi.org/10.15623/ijret.2016.0527010
http://dx.doi.org/10.1515/gps-2020-0029
https://doi.org/10.22159/ijap.2019v11i3.31403
https://doi.org/10.22159/ijap.2019v11i3.31403
https://doi.org/10.1016/j.heliyon.2020.e03624
https://www.rjb.ro/articles/353/art01Shree.pdf
http://dx.doi.org/10.13005/ojc/350333
https://doi.org/10.1007/s13204-017-0621-8
https://doi.org/10.1007/s13204-017-0621-8
https://doi.org/10.2147/IJN.S237335
https://doi.org/10.1039/C8NR02278J
https://doi.org/10.1007/s13204-020-01382-2

@ SNP synthesized from Syzygium aromaticum

36. Yazhiniprabha M, Vaseeharan B. In vitro and in vivo Materials ~ Science  and Engineering: C.
toxicity assessment of selenium nanoparticles with 2019;103:109763. doi: 10.1016/j.msec.2019.109763.
significant larvicidal and bacteriostatic properties.

How to Cite This Article

Vishal J, Ranjani S, Karunya Jenin R, Hemalatha S. Synthesis, Characterization and Evaluation of
Antioxidant, Anticancer and Toxicity Properties of Silver Nanoparticles Synthesized From Syzygium
Aromaticum. Arch Breast Cancer. 2023; 10(3):291-300.

Available from: https://www.archbreastcancer.com/index.php/abc/article/view/717
e /

300 Vishal et al. Arch Breast Cancer 2023; Vol. 10, No. 3: 291-300


https://doi.org/10.1016/j.msec.2019.109763
https://www.archbreastcancer.com/index.php/abc/article/view/717

	METHODS
	In silico analysis
	In vitro analysis
	Preparation of plant extract
	Synthesis of clove-silver nanoparticles (CL-AgNPs)
	Characterization of synthesized CL-AgNPs
	Toxicity study

	Antioxidant assay (DPPH method)
	MTT assay

	RESULTS AND DISCUSSION
	In silico analysis
	UV-Vis spectrophotometry
	FTIR
	FESEM – EDX
	DLS and zeta potential
	XRD
	Toxicity study
	Antioxidant activity of CL-AgNPs (DPPH method)
	Anticancer activity of CL-AgNPs (MTT assay)

	CONCLUSION
	REFERENCES


