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INTRODUCTION

ABSTRACT

Silver nanoparticles were green synthesized using the aqueous extract of Citrus pennivesiculata (Lush.)
Tanaka, J. fruit peel. The metallic silver was reduced to silver nanoparticles by the action of secondary
metabolites in the fruit peel. The characterization of silver nanoparticles was done by UV-visible
spectrophotometry, transmission electron microscopy (TEM), fourier transform infrared spectroscopy
(FTIR), and X-ray diffraction (XRD). UV-vis spectrophotometry of the silver nanoparticles showed an
absorption peak at 435 nm. The TEM analysis showed that the spherical diameter of the particle ranged
between 2 to 34 nm. The XRD analysis proved the crystalline nature of the synthesized silver nanoparticles.
The FTIR analysis of the synthesized nanoparticles showed the presence of alcohols, phenols, aromatic
esters, monosubstituted alkynes, disubstituted alkenes, sulfoxide, amino, and other functional groups.
Cytotoxicity and anticancer activity of the green synthesized silver nanoparticles were determined using
the mouse fibroblast cell line (L929) and human breast cancer cell line (MCF-7), respectively. The lethal
concentration (LCs,) of silver nanoparticles on the L929 cell line was found to be 48.521 pg/mL, and that
of the MCF-7 cell line was 21.625816 pg/mL. The synthesized silver nanoparticles revealed cytotoxic
activity in a dose-dependent manner. The conclusions drawn from this research could be beneficial for
nanotechnology-based biomedical applications.

potentially dangerous side effects. As a result, the use of
specific green chemistry-based methods for the synthesis

Nanotechnology is an innovative multidisciplinary area of
science that offers nanoscale materials with applications
in the medical, electrical, mechanical, molecular, and
structural material fields.!* The study and application of
nanotechnology have been expanding day by day.?! The
application of nanotechnology and novel techniques for
creating and utilizing nanomaterials have seen significant
developments in the fields of food and agriculture,®!
cancer therapy and imaging,[*> and biocompatible
nanomaterials have also been utilized as drug, vaccine, and
gene vehicles for therapy.l®! However, the contemporary

of nanoparticles is essential because they are non-toxicand
environment-friendly.l”) In contrast to chemical processes,
biosynthesized nanoparticles are environmentally safe,
less expensive, long-lasting, and capable of producing a
wide range of shapes (spheres, prisms, or plates) with
sizes ranging from 1 to 100 nm.[®! Metallic nanoparticles
have drawn much interest from the biomedical industry."!
Plant-based metallic nanoparticles have also exhibited
excellent non-cytotoxic potential against normal human
cells, antioxidant activity against free radicals like DPPH,
antibacterial activities against gram-positive and gram-

methods for chemically synthesizing nanoparticles have

- ) ) ) negative bacteria, and antifungal activities against Candida
raised concerns about environmental pollution and its

species.[1%]
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Much attention has been paid to the creation of bio-
nanoparticles, particularly silver nanoparticles, because
of their potential utility in medical diagnostics,[*!?]
therapeutics, antioxidants,[*3! anti-bacterial®™! and
cytotoxic applications.!*>! Drug resistance is unlikely to
occur in silver nanoparticles, which implies that the use
of silver nanoparticles may be a potential remedy for the
issue of drug resistance.[*®! Silver nanoparticles in textiles,
coatings, food packaging, catheters, oral care, therapeutics,
and diagnostics are becoming more prevalent.'”! Reports
also suggest that silver and silver-based products are the
most widely used and efficient antimicrobial agents to
eradicate pathogenic microorganisms.™! Additionally, the
silver nanoparticles also exhibit anti-cancer properties
against various cancer cell lines such as MCF-7 breast
cancer cells,*8 HCT116 colon cancer cells,!*! prostate
cancer cells,2% HeLa cells?!! and lung carcinoma A549
cells.?2] The green synthesized silver nanoparticles
from leaf extracts of Vitex negundo L. are of proven
efficacy as an anticancer agent against human colon
cancer cell line HCT15.1?%] The ethanolic extract of Puncia
granatum L. var. spinosa also inhibits human prostate
cell proliferation in-vitro.[?*I To synthesize AgNPs, a wide
range of organisms, including bacteria, algae, fungi, and
plants, have been investigated.[?*! The laborious procedure
of maintaining cell culture becomes unnecessary when
plants are used to synthesize nanoparticles. A simple mix
of an aqueous plant extract and an aqueous silver nitrate
solution is enough for the process. The plant extract also
acts as a reducing and stabilising agent for synthesising
nanoparticles in solution. 2%

Different plant extracts were used in studies on green-
synthesized silver nanoparticles (AgNPs), which have
revealed the photocatalytic, anti-cancer, anti-bacterial,
anti-oxidant and other biological activities of the green
synthesized AgNPs.!?”] Citrus fruits of the Rutaceae
family are one of the main tree crops grown worldwide.
There are several species in this genus. Citrus limon peels,
particularly its flavonoid compounds, have been found
to contain valuable agents in cancer treatment.[?8] The
varied applications of citrus fruits in the food industry
are related to their exclusive chemical compositions.
The phytochemicals derived from citrus fruits have
several health benefits, including anti-oxidant,!?°! anti-
inflammatory,3% anti-cancer,®" and anti-microbial(®?!
properties. They also have beneficial effects on the heart,
brain, and liver and in the management of obesity.!3%!
The secondary metabolites of citrus fruits are linked to
a reduced risk of cancer, including gastric cancer, breast
cancer, lung tumorigenesis, hematopoietic malignancies,
etc.3 The Citrus flavonoids are also linked to an arrest
in the advancement of hyperglycaemia by being bound to
starch and decreased hepatic gluconeogenesis. !

Silver nanoparticles were synthesized from various Citrus
species. The AgNPs synthesized from Citrus limon fruit peel
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have shown antibacterial activity against many human
pathogenic bacteria.l?®! The AgNPs from Citrus sinensis
fruit peel demonstrated good antibacterial activity against
gram-positive and Gram-negative bacteria.l3] AgNPs
containing Citrus limon leaves have also been effective
medications for treating human cutaneous wounds.[®’]
Considerable cytotoxicity was demonstrated by AgNPs
synthesized from citrus flavonoids hesperidin, naringin,
and diosmin.[®*® The green-synthesized AgNPs from citrus
juice can be used efficiently against cancer cell lines in
combination with other anti-cancer medications.[3?]
Citrus peels and their specific secondary metabolites have
been identified as anti-cancer agents. These secondary
metabolites or phytochemicals have been shown to reduce
silver atoms to silver nanoparticles. Each Citrus species has
a unique phytochemical composition, which implies that
their ability to synthesize AgNPs varies from species to
species.*”) This work attempts to evaluate the anti-cancer
potential of the peels of Citrus pennivesiculata (Lush.)
Tanaka. C. pennivesiculata (Lush.) Tanaka is a medium-
sized tree that is commonly found in tropical Asia. An
in-depth literature study revealed that only a few research
oranalytical investigations were done on C. pennivesiculata
(Lush.) Tanaka. The current research is focused on the
green synthesis of silver nanoparticles using the aqueous
fruit peel extract of C. pennivesiculata (Lush.) Tanaka.
The green synthesised nanoparticles have been studied
for structural and morphological characteristics and as
an anticancer agent. This study can help evaluate the
anti-cancer and cytotoxic properties of the plant and its
potential therapeutic applications in cancer treatment in
the future.

MATERIALS AND METHODS

Collection of C. pennivesiculata (Lush.) Tanaka
Fruit Peel and Preparation of Extract

The fruits of C. pennivesiculata (Lush.) Tanaka was
collected from Chalakkudy, Thrissur, Kerala, India and the
plant was authenticated through Kerala Forest Research
Institute, Thrissur, Kerala. The specimens were accessed to
the KFRI herbarium (KFRI Herbarium Accession Number
18375). The fruit peels were thoroughly cleaned, sliced
into tiny pieces, and dried for a week in the shade. Then,
the dried samples were coarsely powdered and preserved
in a container for further use. Eight grams of the powdered
peels were mixed with 80 mL distilled water and left to
boil for five minutes in a boiling water bath. The extract
obtained was filtered through Whatman No. 1 filter paper
and then stored at 4°C for further use./*!

Green Synthesis of Silver Nanoparticles

The fruit peel extract of C. pennivesiculata (Lush.) Tanaka
was used for the green synthesis of silver nanoparticles.
In 100 mL of I-mM of the aqueous solution of silver nitrate
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(AgNO;) was prepared in a 250 mL Erlenmeyer flask, and
40 mL of the fruit peel extract was added into the flask for
the bio-reduction of the AgNO; into silver (Ag") ions. The
mixture was incubated for 24 hours at 37°C.1*?I The gradual
change in color of the reaction mixture from pale yellow to
dark brown was observed after 24 hours of incubation. The
reaction mixture of biosynthesized AgNPs was centrifuged
at 6000 rpm for about 15 minutes. The resulting AgNPs
were washed with double distilled water, followed by
washing with distilled ethanol, dried and ground at room
temperature for further use.[*?]

Characterization of Silver Nanoparticles

UV-visible spectroscopy analysis

The AgNPs were characterized using a UV-visible
spectrophotometer (Thermo Scientific Evolution 201/220,
USA) to confirm the reduction of AgNO; to Ag*. The UV-vis
spectrum was recorded in the 200 to 900 nm range with a
UV-vis spectrophotometer. The typical optical spectrum
of AgNPs ranges between 350 to 550 nm).**

Transmission electron microscopy analysis

The morphology of the green synthesized AgNPs was
examined using transmission electron microscopy (TEM).
A drop of AgNPs solution was loaded on a carbon-coated
copper grid, and the solvent evaporated.!?®! The high-
resolution images were captured using a TEM (Jeol/Jem
2100 Japan).

Fourier transform infrared spectroscopy analysis

The synthesized AgNPs were subjected to Fourier
transform infrared spectroscopy (FTIR) (Thermo Nicolet
IS50, USA). The analysis was carried out with KBr pellets,
and all the measurements were recorded at a wave range
of 400 to 4000 cm™.

X-ray diffraction analysis

The green synthesized silver nanoparticles were coated on
a glass substrate and read under an X-ray diffractometer
(XRD) (Bruker D8, Germany). The scanning was carried
out in the 26 region from 0 to 90°. The typical crystallite
size (L) was calculated using the Scherer equation.

K
" Bcosf

Where A used is the wavelength (1.5418 A) of X-rays,
0 represents the Bragg’s angle,  is the full-width half
maximum (FWHM) of the diffraction profile at 20 scale,
and k is constant, which is equal to unity and related to
both to the crystal shape and to how 6 is defined.*!

Cytotoxicity assay

Cytotoxic assays were performed using a mouse fibroblast
cellline (L929) and human breast cancer cell line (MCF-7)
procured from the National Centre for Cell Sciences
(NCCS), Pune, India and maintained in Dulbecco’s modified

Eagle’s medium, DMEM (Sigma-Aldrich, USA). The cell
line was cultured in a 25 cm? tissue culture flask with
DMEM supplemented with 10% fetal bovine serum (FBS),
L-glutamine, sodium bicarbonate (Merck, Germany), and
an antibiotic solution containing penicillin (100 IU/mL),
Streptomycin (100 pg/mL), and amphotericin B
(2.5 pg/mL). Cultured cell lines were kept at 37°C in a
humidified 5% CO, incubator (NBS Eppendorf, Germany).
The MTT assay method was used to determine the viability
of cells after directinspection of the cells using an inverted
phase contrast microscope.246]

The percentage of growth inhibition was calculated using
the formula;

Mean OD of Sample X 100
Mean OD of Control

% of viability =

Cytotoxicity assays were carried outin triplicates, and the
results were represented as mean * standard deviation.

RESULTS

Characterization of Biosynthesized AgNPs

In this study, an aqueous fruit peel extract of
C. pennivesiculata (Lush.) Tanaka was used for the
biosynthesis of AgNPs (Fig. 1). Following the addition of
silver nitrate to the aqueous fruit peel extract, a change in
color from pale yellow (Fig. 2a) to dark brown was observed
(Fig. 2b). This change in color indicated the excitation of
surface plasmon resonance by AgNPs.!*”] After 24 hours
of incubation, the reduction of AgNPs in the reaction
mixture was confirmed by UV-vis spectrophotometry.
The absorption spectrum of the nanoparticles showed a

maximum peak at 435 nm (Fig. 2c).

Microscopic attributes of the AgNPs, including morphology
and particle size, were determined through TEM analysis.
Fig. 3 shows the TEM images of AgNPs synthesized by the

‘Water extract

Cytotoxicity analysis Characterization

Fig. 1: Flowchart of green synthesis of AgNPs from C. pennivesiculata
(Lush.) Tanaka fruit peel extract (CP) and its cytotoxicity analysis
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Fig. 2: Synthesis of silver nanoparticles from C. pennivesiculata extract
(CP extract) (a-Initial reaction mixture of CP b-Reaction mixture after
24 hours, c-UV- visible spectrum of green synthesised AgNPs)

fruit peel extract of C. pennivesiculata. As demonstrated by
the TEM image, the particles were mainly spherical, with
a diameter ranging from 2 to 34 nm.

The XRD pattern of the AgNPs synthesized by C.
pennivesiculata fruit peels is shown in Fig. 4. The
characteristic diffraction peaksat 26 values 38.115,44.207,
64.477 and 77.443 represent the 111, 200, 220 and 311 sets
of lattice planes, respectively. This agrees with metallic
silver’s face-centered cubic (FCC) structure (JCPDS File
No: 00-004-0783). The average size of synthesized AgNPs
calculated from the Scherrer equation was 3 nm.

The FTIR spectroscopy analysis (Fig. 5) was carried out
to propose the possible biomolecules responsible for the
synthesis of AgNPs. The spectrum showed significant
absorption bands corresponding to different chemical
groups in the extract containing the synthesized AgNPs.
The green synthesized AgNPs from C. pennivesiculata fruit
peel were studied for their cytotoxic activity against the
L929 cell line (Fig. 6) and MCF-7 cell line (Fig. 7) in-vitro
by MTT assay at different concentrations. As shown in
Tables 1 and 2, the cell viability decreased by increasing
the concentration of the AgNPs.

DISCUSSION

Synthesis of silver nanoparticles from aqueous fruit peel
extract of C. pennivesiculata (Lush.) Tanaka was done in
a cost-effective and eco-friendly manner. The presence of
AgNPs in the reaction mixture was confirmed by the change
in color of the solution from pale yellow to dark brown.[*84°]
The UV-visible spectroscopy analysis further verified the
formation of AgNPs, which showed an absorption peak at
435 nm. The absorption spectrum of AgNPs typically ranges
between 350 to 550 nm.[>") The TEM analysis revealed that
the nanoparticles were spherical in shape with the diameter
varying from 2 to 34 nm. The varied size of the nanoparticles
was due to the presence of different phytochemicals in the
plant extract.>! The shape of the nanoparticles was found
to be hexagonal, spherical or triangular, depending upon
the phytochemical composition and concentration of the
plant extract from which they were generated.>?

The crystalline characteristics of AgNPs were
demonstrated by XRD analysis. The XRD pattern clearly
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Fig. 3: TEM micrographs of green synthesized AgNPs from C.
pennivesiculata (Lush.) Tanaka fruit peel

Table 1: Cytotoxic effects of AgNPs synthesized from C.
pennivesiculata fruit peel on L929 cell line

Sample concentration  Viability % i 0
(ug/mL) (mean + SD) Inhibitory %
0 (Control) 100+ 0.00 0
6.25 85.49 +0.19 14.51
12.5 75.21+0.39 24.79
25 68.19 + 0.32 31.81
50 48.81 £ 0.44 51.19
100 40.25+0.26 59.75
1000 — é
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Fig. 4: XRD pattern of green synthesized AgNPs from C.
pennivesiculata (Lush.) Tanaka fruit peel

showed the prominent peaks at 26 values 38.115, 44.207,
64.477 and 77.443 related to the reflections from the 111,
200,220, and 311 lattice planes. These specific XRD peaks
are due to the presence of a face-centered cubic (FCC)
structure of the crystalline AgNPs.>3 Plane 111 was more
prominent compared to that of the other planes, which
could be attributed to the overriding orientation of the 111
plane.! The average crystallite size of AgNPs calculated
using the Scherrer equation was 3 nm, which aligned with
the particle size obtained from the TEM image.
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Fig. 5: FTIR spectrum of green synthesized AgNPs from C.
pennivesiculata (Lush.) Tanaka fruit peel

--

Fig. 6: Cytotoxic effect of AgNPs on mouse fibroblast cell line (L929)
at different concentrations. (a) 6.25 pg/mL (b) 12.5 pg/mL
(c) 25 pg/mL (d) 50 pg/mLe. 100 pg/mL

FTIR helped to identify the functional groups involved
in AgNP synthesis. The broad band at 3357.461 cm™
was due to the O-H stretching of alcohol or phenol
groups,I®* whereas the sharp band at 1280.502 cm™
corresponded to the C-O stretching of an aromatic ester.
The 2102.993 and 2102.993 cm! peaks represented
the C=C stretching of monosubstituted alkyne and C=C
stretching of disubstituted alkene, respectively. The band
at 1142.617 cm™ indicated the C-N stretching vibrations
of amino groups, which are commonly present in proteins
and act as ligands for AgNPs and increase the stability
of AgNPs.I>l The bands at 1037.033 and 546.7203 cm™

.
.-

Fig. 7: Cytotoxic effect of AgNPs on human breast cancer cell line
(MCF-7) at different concentrations (a) 6.25 pg/mL (b) 12.5 pg/mL
(c) 25 pg/mL (d) 50 pg/mL (e) 100 pg/mL

Table 2: Cytotoxic effects of AgNPs synthesized from C.
pennivesiculata fruit peel on MCF-7 cell line

Sample concentration

(ug/mL) Viability % (mean + SD) Inhibitory %
0 (Control) 100 +0.00 0

6.25 72.76 £0.66 27.24

12.5 66.98 + 0.64 33.02

25 44.65 +0.88 55.35

50 38.16 £ 0.25 61.84

100 25.74 +0.59 74.26

are attributed to the S=0 stretching of sulfoxide and C-Br
stretching of the halo compound, respectively. The bands
at 880.8273 and 808.0276 represented the C-H bending.
The peaks at 726.9434 cm™! and 612.625 revealed the out-
of-plane bending vibrations of the O-H and C-H groups,
respectively.[°®!

The cytotoxicity of AgNPs on normal cells (L929:
mouse fibroblast cells) and cancer cells (MCF-7: human
breast cancer cells) were analyzed using the MTT assay
method. The lethal concentration (LCg,) of AgNPs on
1929 was found to be 48.521 pg/mL, and that of MCF-7
was 21.625816 pg/mL. The cytotoxic effect of AgNPs
was due to their ability to stimulate reactive oxygen
species in the cellular components.[>’! Cancerous cells
uptake more AgNPs than normal cells which makes them
more susceptible to damage.[°®! The silver nanoparticles
synthesized from C. pennivesiculata (Lush.) Tanaka showed
promising anticancer activity against human breast cancer
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cells (MCF-7) in a dose-dependent manner. It was found
that the concentration at which AgNPs affect normal cells
was more than twice as high as the concentration at which
it affect cancerous cells.

The biosynthesis of AgNPs from C. pennivesiculata (Lush.)
Tanaka was found to be a suitable method for synthesizing
nanoparticles in a large scale. The synthesised AgNPs
showed good cytotoxic activity against Human breast
cancer cell lines which may suggest its potential use as an
anticancer agent. Additional in-vivo studies can elucidate
their mechanism of action at the molecular level in the
human body. If these medical applications of AgNPs are
further substantiated by future studies, this may pave the
way for their routine use in the treatment of the general
population.
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