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ABSTRACT

The green synthesis of nanoparticles from plant extract has been increasingly gaining
popularity due to its eco-friendly nature and cost-effectiveness. In this study, Silver
nanoparticles were synthesized using the fruit peel extract of Citrus maxima. The synthesized
AgNPs characteristics were confirmed by using several studies includes UV-Vis
spectroscopy, SEM, XRD and FTIR. The results obtained from the UV—visible spectroscopic
analysis showed that the intense surface plasmon resonance band at 425 nm which indicates
the formation of AgNPs. The morphology of AgNPs was observed under scanning electron
microscopy displayed that the synthesized AgNPs have a spherical shape with an average
size ranges from 38-65 nm in diameter. The XRD study showed that the particles were
crystalline in nature, with FCC structure. FTIR indicated that the AgNPs capped with active
ingredients of the fruit peel extract. The performance of fruit peel extract of Citrus maxima
AgNPs in terms of inhibition of bacteria growth was studied by disc diffusion. Synthesized
fruit peel extract of Citrus maxima AgNPs were found to possess enhanced antibacterial
properties. The nanoparticles were assessed for their cytotoxic activity on HeLa (cervical

cancer) cell line. MTT assay is colorimetric assay used for measure the cytotoxicity, the
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silver nanoparticles to inhibit the cancer cell line. The HeLa cells treated with AgNPs induce

the apoptosis through DNA damage was confirmed in DNA fragmentation assay.

Keywords: Citrus maxima, fruit peel, characterization, cytotoxicity, MTT, HeLA

INTRODUCTION

Nanotechnology is the particle synthesis
with minimum of one dimension in the
range between 1-100 nm, which results in
high surface to volume ratios. If the particle
size decreases, the ratio of surface area to
volume increase and also the physical,
chemical, and biological properties of the
particles differ when compared to their bulk
counterparts [1-3]. Metal nanoparticles
exhibit physicochemical [4] magnetic and
biochemical characteristics. They are used
mainly in industrial and pharmaceutical
applications [S5]. The nanoparticles play a
vital role in the field of health care, medical
screening, drug delivery system, antisense,
tissue biotechnology, cosmetics,
applications of gene engineering, and so on
[6-8].

Green synthesis is defined as the use of
environmentally ~ compatible  material
(materials like bacterium, fungi and plants)
within the nanoparticles synthesis. The
green synthesis of nanoparticles is eco-
friendly, non-toxic, affordable and safe.
Also, the Nanoparticle coatings are
hazardous free material on their surface [9-
12]. The nanoparticles synthesis from
biologically derived extracts offers easy
production with a high yield. Therefore,

synthesis of nanoparticle from plant

extracts was a good platform for large scale
production commercially [13-15].

Silver nanoparticles exhibits excellent
medical and non- medical applications
when compared with other metal
nanoparticles. Plants have been used for
centuries for their medicinal properties. The
biosynthesis of AgNPs with plant extracts
has been exploited. This approach is
preferred due to the minimizing of
processing time which is more economical
and it can be done in large scale basis too
[16-20]. Nanostructured systems enhance
the action of plant extract which improve
the activity, reducing the required dose and
probably reducing adverse side effects [21].
During nanoparticles synthesis, plant
extract plays a vital role which is non- toxic
and act as a reducing or capping agents
[22].

Major applications of nanotechnology
based medical science, mainly in the field
of cancer; it forms the core
of analysis activities within

the worldwide. Nanoscience has been
silver

shown that particles

have therapeutic and diagnostic
applications [23, 24]. As a result, its
analysis is taken into account tool of the

field like polyose, tolensis, irradiation
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and biological activity were reasonable
measure of approaches for the synthesis
of green nanoparticles [25].

In addition the silver nanoparticles have an
antimicrobial property. The antimicrobial
agent has an inhibitory effect against the
The antimicrobial

pathogens. agents;

effects of silver nanoparticles
toxicity are mediated by each of silver
nanoparticles and also the silver ions that
released throughout contact with water or
fluid. Each of these silver
ions will penetrate into the living
substance. The inactivation method of
enzyme-membranes  like  phosphor-
mannose enzyme caused denaturation of
the microorganism cell [26-29].

Cancer is a neurotic condition described
by unnecessary cell development and
getting from loss of authority over the
cell cycle and diminished apoptosis [30].
Cervical cancer is one of the most well-
known kinds of diseases around the
world. While chemotherapy is one of the
most broadly utilized helpful systems
against cervical cancer, it likewise has a
few constraints, for example, normal cell
toxicity  and

steadily ~ expanding

opposition in disease cells. The
revelation of new medications for use in
alternative strategies in cancer treatment
is profoundly attractive. Plants are
viewed as promising from this viewpoint,

since they represent to considerable

wellsprings of substances with various
therapeutic  uses.  Most  cytotoxic
medications are today produced from
plants [31].

Citrus maxima is an edible fruit acts as a
appetizer, internal organ stimulant and
abdomen tonic. It is also responsible in
boosting our immune system, Also it acts
as an anti-aging agent. Each part of the
Citrus  maxima  exhibits  medicinal
properties. The seed plays a role in curing
the coughs and dyspepsia. The fruit act as
cardio-tonic, prevents constipation,
improve digestion and peristalsis [32-34].
In this study we developed an optimised
method for synthesis of silver nanoparticle
and cytotoxic study on HelLa cancer cell
line from fruit peel extract of Citrus
maxima.

MATERIALS AND METHODS
PREPARATION  OF Citrus

PEEL EXTRACT

maxima

The fruit Citrus maxima was collected from
wayanad, Kerala. Mature undamaged fruits
were selected, washed thoroughly with
distilled water to remove dirt and air-dried.
The fruits were peeled and the peels
separated from the pulp. The Fruit peel was
air dried material and cut to small piece and
powdered in an electric grinder.
Biosynthesis and characterization of
silver nanoparticles

The sample was prepared by taking 10 g of

powder in a 300 mL Erlenmeyer flask
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along with 100 mL of sterilized double
distilled water and then boiling the mixture
for 5 min before. The extract was filtered
through Whatman filter paper no 1 and
stored at -15 °C and could be used within 1
week. The filtrate was treated with three
different concentrations (1 mM, 2 mM and
3 mM ) and incubated it at room
temperature.

CHARACTERIZATION OF SILVER
NANOPARTICLES

UV Spectroscopy

Synthesis of silver nanoparticles solution
with fruit peel extract may be -easily
observed by ultraviolet-visible (UV-Vis)
spectroscopy. The bio-reduction of the
Ag'ions in solutions was monitored by
periodic sampling of aliquots (1 mL) of the
aqueous component and measuring the UV-
Vis spectra of the solution. UV-Vis spectra
of these aliquots were monitored as a
function of time of reaction on a Vasco
1301 spectrophotometer in 400—600 nm
range operated at a resolution of 1 nm.
Scanning Electron Microscope (SEM)
The pellet was subjected for SEM analysis.
Thin films of the sample were prepared on
a carbon coated copper grid by just
dropping a very small amount of the
sample on the grid; extra solution was
removed using a blotting paper and then the
film on the SEM grid was allowed to dry

for analysis.

X-ray diffraction (XRD) analysis

The particle size and nature of the silver
nanoparticle were determined using XRD.
This was carried out using Shimadzu XRD-
6000/6100 model with 30 kv, 30 mA at 20
angle. X-ray powder diffraction is a rapid
analytical technique primarily used for
phase identification of a crystalline material
and can provide information on unit cell
dimensions. The analyzed material is finely

ground, and average bulk composition is

determined.
Fourier- Transform Infrared
spectroscopy (FTIR)

The fruit peel extract were subjected to FT-
IR spectroscopy in the range of 450—4000
cm—1 at a resolution of 4 cm—1.
Anti-Bacterial activity

The antibacterial assays were done in gram-
positive bacteria (Staphylococcus aureus)
and gram-negative bacteria (Escherichia
coli) by standard disc diffusion method. To
investigate the antibacterial effect of disk
diffusion method, LB broth medium was
used to cultivate bacteria. Bacteria were
cultured separately on agar nutrient. On the
surface of each plate disc were placed
containing various concentrations (5, 10,
15, 20 pg ) of AgNOs, negative controls
and positive controls (antibiotics). The
plates were incubated in the oven at 37 °C.
And after 24 h the inhibition zones around

the discs were measured.
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CYTOTOXICITY STUDY OF SILVER
NANOPARTICLES ON HUMAN
CERVICAL CANCER CELL LINE
(HeLA cell)

MTT Cell viability assay

Cell lines and culture condition

The present work was carried out in HeLa
(cervical cancer) cell line was obtained
from National Centre for Cell Science
(NCCS), Pune, India. HeLa cell line was
cultured in DMEM (Dulbecco's modified of
Eagle medium with L-glutamine & 1000
mg/L glucose) supplemented with 10%
fetal bovine serum, sodium bicarbonate
(3.7g/ml) and glucose (4.5g) and in a
humidified atmosphere consisting of 5%
COat37°C

Cytotoxicity of biosynthesized AgNPs
The anticancer activities of the Ag-NPs
against HeLa cell lines by using MTT assay
was carried out. MTT assay method is
widely used method for the detection of
cell survival and growth. It is a colorimetric
assay that measures the reduction of yellow
3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium  bromide (MTT ) by
mitochondrial succinate dehydrogenase.
HeLa cells were seeded at a density of 4 x
10* cells/ml in a volume of 0.1 ml in 96-
well plates, respectively. After 24 hours,
the silver nanoparticle (50-250 mg/ml)
which was dissolved in a medium was

added to each well and incubated for 48
hours at 37°C in a CO; incubator. After the

incubation, wash the cells with DMSO and
trypsin. MTT solution (100 pl/well, 1
mg/ml) was added to each well and
incubated again for 24 hrs. Absorbance at
570 nm was detected by micro plate ELISA
reader. The inhibition ratio of the cancer
cells proliferation was determined as
follows

Calculation Inhibition rate (%) = (1- Abs
sample / Abs control) x 100

DNA fragmentation assay

This assay was done by using agarose gel
electrophoresis. Weigh out the appropriate
mass of agarose into an Erlenmeyer flask.
Agarose gel were prepared using a w/v
percentage solution. The concentration of
agarose in a gel will depend on the sizes of
the DNA fragments to be separated, with
most gels ranging between 0.5%-2%. The
volume of the buffer should not be greater
than 1/3 of the capacity of the flask. Add
running buffer to the agarose-containing
flask. Swirl to mix. The most common gel
running buffers are TAE (40 mM Tris-
acetate, | mM EDTA) and TBE (45 mM
Tris- borate, 1 mM EDTA). Melt the
agarose/buffer mixture. At 30 s intervals,
remove the flask and swirl the contents to
mix well. Repeat until the agarose has
completely dissolved. Add Ethidium
bromide (EtBr) to a concentration of 0.5
pug/ml. Alternatively, the gel may also be
stained after electrophoresis in running

buffer containing 0.5 pug/ml EtBr for 15-30
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min, followed by destaining in running
buffer for an equal length of time. Allow
the Agarose to cool either on the bench top
or by incubation in a 65 °C water bath.
Place the gel tray into the casting apparatus.
Place an appropriate comb into the gel
mold to create the wells. Pour the molten
Agarose into the gel mold. Allow the
Agarose to set at room temperature.
Remove the comb and place the gel in the
gel box. When electrophoresis has
completed, take the gel from the gel tray
and expose the gel to uv light. This is most
commonly used gel documentation system.
DNA bands should show up as orange
fluorescent bands.

RESULT

Synthesis of silver nanoparticles

Silver nanoparticles were prepared from an
increase  AgNOs solution of 1mM, 2mM
and 3mM concentration of fruit peel extract
of Citrus maxima.

As a result, a brown-yellow solution was
formed, indicating the formation of silver
nanoparticles was shown in Figure 1. The
formation and  stability of silver
nanoparticles formed from the plant extract
was confirmed by this technique.
Furthermore, the mixture was stored in the
refrigerator for further studies.
Characterization of silver nanoparticles
UV-spectrum

The change in color was observed due to

the absorption of light by the AgNPs

solution in the UV range of 400-500 nm.
The UV-visual absorption spectrums of
fruit peel extract of Citrus maxima and
biosynthesized AgNPs are shown in Figure

2. The absorption of UV light by the silver

nanoparticles solution is due to a
phenomenon called surface plasmon
resonance.

The change in colour may be due to the
excitation of surface Plasmon resonance
and thus indicates that the occurrence of
Ag’ reduction to AgNPs. The free electrons
of AgNPs give rise to a surface Plasmon
resonance absorbance due to the combined
vibration of electrons of the metal NPs in
resonance with the light waves. The good
Plasmon peak result was found in 2mM
solution showed the sharp peak at 425 nm.
For further study the 2mM concentration
was used.

Scanning Electron Microscopy

SEM technique was employed to visualize
the size and shape of silver nanoparticles.
The SEM images of the AgNPs are shown
in Figure 3. The formations of silver
nanoparticles, as  well as  their
morphological dimensions were
demonstrated in the SEM study. From the
result it was shown that the average size
was 38-68 nm with inter-particle distance.
The shape was relatively spherical and
uniform silver nanoparticles were formed
and being used as reducing and capping

agents.
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X-ray diffraction (XRD) analysis
The spherical structure and phase purity of
the synthesized fruit peel extract of Citrus
maxima nanomaterials were identified
through XRD pattern as shown in Figure 4.
The diffractometer was operating at 30kv
and 30 mA, with a step size of 0.02° (20).
The scanning was done in the region of 20
to 80° for 20. In our results, the XRD
patterns showed intense diffraction peaks
corresponding to 111, 200 and 311 Bragg’s
reflection based on the fcc structure of
AgNPs.
The 20 value of the synthesized silver
nanoparticles shows peaks at 37.81, 44.01
and 64.36 corresponding to the
Bragg reflection 111, 200 and 311
respectively.
Fourier Transform Infrared (FTIR)
Spectroscopy
The results of FTIR analysis of this study
show different stretches of bonds shown at
different peaks (Figure 5, Table 1). In the
fruit peel extract of Citrus maxima, the
strong absorption bands at 3674.5cm ' and
3333.4cm 'are corresponds to the O-H to
the presence of water, alcohols and phenols
(polyphenols).The
2925.20cm ' showed the

absorption band at
presence of

carboxylic acid group. The observed peaks

at  2713.8, 23632 and 23424
cm ' correspond to the stretching and
bending vibration of C-H alkane
group. The band at 1651.2

cm ' corresponds to amide group. The band
at 1597.2 cm ' could be attributed to C=C
aromatic stretching vibrations. The band at
1651.2 cm ' shows the presence of C-O
groups from polyols which act as both
reducing and capping agent for the stability
of the bioreduced silver nanoparticles. The
band at 131522 cm 'ad 1203.40
cm ' confirmed the presence of alkyl
halides.

Antibacterial Assay

The present study revealed that the fruit
peel extract of Citrus maxima showed
potent antibacterial activity against gram-
positive bacteria (Staphylococcus aureus)
and a gram-negative bacteria (Escherichia
coli).

Green synthesis of silver nanoparticles of
fruit peel extract of Citrus maxima showed
very strong inhibitory actions against S.
aureus and followed by E. coli. The
diameter of inhibition zones formed for
each concentration of the AgNO; precursor
added to the fruit peel extract of Citrus
maxima in synthesizing Ag nanoparticles is
presented in Table 2.

CYTOTOXICITY STUDY OF SILVER
NANOPARTICLES ON HUMAN
CERVICAL CANCER CELL LINE
(HeLa CELL LINE)

MTT ASSAY

The cytotoxic studies of fruit peel extract of
citrus maxima mediated synthesized silver

nanoparticles against HeLa cancer cell line.
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The invitro cytotoxicity of biologically
synthesized AgNPs was investigated by
using MTT assay against HeLa cancer cell
line with different concentrations like Sug
ml, 10ug ml, 15ug ml and 20 ug ml’,
respectively.  Biologically  synthesized
silver nanoparticles showed cytotoxicity on
the HeLa cell line with increased
concentration.

The inhibitory concentration value of
biosynthesized silver nanoparticles against
HeLa cells was observed at different
concentrations for 24 hour. From Table 3,
at a high concentration level (20 ug ml™")
showed 36.45% of inhibition, this results
shows that the cancer cells were treated
with  high  concentration of silver
nanoparticles, it exhibits high percentage of

inhibition. Biologically synthesized silver

nanoparticles showed high inhibitory effect
against cancer cell lines.

DNA FRAGMENTATION

The HeLa cells treated with AgNPs induce
the apoptosis through DNA damage was
confirmed in DNA fragmentation assay.
The induction of DNA single strand break
is used to predict the damage of cancer
cells. In the present study, the AgNPs
treated cancer cells showed apoptotic
fragmentation DNA. From the Figure 6,
the first lane treated with control cells
shows minimum fragmentation. The second
lane treated with 20 ug ml™' concentration
exhibits apoptotic fragmentation. The third
lane which treated with 15 ug ml ' showed
moderate fragmentation, whereas the fourth
lane which treated 5ug ml" exhibit
apoptotic

minimum fragmentation.

P T

Figure 1: Synthesis of silver nanoparticles from fruit peel extract of citrus maxima
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Figure 4: X- ray diffraction profile from dried silver nanoparticles biosynthesized by peel extract of Citrus maxima
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Figure 5: FTIR spectra of biosynthesized Ag NPs by peel extract of Citrus maxima

Table 1: FTIR with functional group and frequency of AgNPs synthesized from fruit peel extract of

citrus maxima

S. No Functional group Frequency (Cm™)
1 Alcohol[OH] 3674.59
2 Alcohol|OH] 3333.40
3 Carboxylic[|C=0] 2925.20
4 Alkane|-C-H-] 2905.98
5 Alkane[-C-H-| 2855.21
6 Aldehyde[C-H-] 2713.89
7 Aldehyde[C-H-] 2363.23
8 Aldehyde[C-H-] 2342.48
9 Ester[C=0] 1747.04
10 Amide| C=0] 1651.27
11 Aromatic[C=C] 1597.21
12 Alkyl halide| C-F] 1315.22
13 Alkyl halide| C-F] 1203.40
14 Alkyl halide| C-F] 1160.27
15 Alkyl halide| C-F] 1106.23
16 Alkyl halide| C-F] 1053.01
17 Alkyl halide| C-F] 1032.22
18 Sulfur oxide[S=0] 999.21
19 Alkyl halide[|C-Cl] 650.88

Table 2: Effect of Antibacterial activity of AgNPs synthesized from fruit peel extract of citrus maxima

Diameter of zone of inhibition (mm)
Concentration of AgNPs(ug) S.aureus E.coli
5 0 1.0
10 2.0 3.0
15 4.0 4.0
20 10.0 4.0
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Table 3: Effect of Ag NPs synthesized from fruit peel extract of citrus maxima on viability of HeLLA cell lines was

determined by MTT assay
Concentration (pg/ml) % Cell viability % Cell inhibition
5 88.57 11.04
10 80.18 19.82
15 68.88 31.12
20 64.83 36.45
Control 100 0

Figure 6: Ag NPs synthesized from peel extract of Citrus maxima induced DNA fragmentation
Lane 1: control cell DNA, Lane 2: 20 ug ml™', Lane 3: 15 ug mI"', lane 4: 5 ug mI™' treated cell DNA

DISCUSSION

The colour change indicates the reduction
of silver ion into silver particles throughout
exposure to the extract [35]. Silver
nanoparticles show dark yellowish-brown
color is due to the surface plasmon
resonance phenomenon [36]. Biosynthesis
of nanoparticles by plant extracts is

currently  below  exploitation. =~ The

biological development inspired
experimental processes for the synthesis of
nanoparticle is evolved into an important
branch of nanotechnology.

The  nanoparticles

characterised by UV-Vis

were  primarily
spectroscopy.
During the reaction, reduction of Ag" ions
in the aqueous solution of silver complex

present in the fruit peel extracts detected by
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the UV-Vis spectroscopy. It revealed that
the silver nanoparticles in the solution may
be correlated with the UV-Vis spectra. As
the fruit peel extracts were mixed with the
aqueous solution of the silver ion complex,
the colour changed into dark yellowish-
brown due to excitation of surface plasmon
vibrations. Thus the colour change
indicates that the formation of silver
nanoparticles [37-39]. The silver
nanoparticles colloid has been recorded as a
function of time with silver nitrate as the
reference [40].

The spectra peak indicated that the silver
nanoparticles are poly dispersed. The
Surface plasmon resonance (SPR) in the
silver nanoparticles solution showed sharp
peak at 425 nm throughout the reaction
period indicating that the particles are
dispersed in the solution [41]. The SPR
band in UV—vis spectrum is due to electron
oscillation around the surface of
nanoparticles. The nanoparticles solution
was stable for six months in the dark at
room temperature although their slow
degradation cannot be prevented [42].

The nanoparticles were spherical in shape
with an average particle size of 38-68 nm
with inter-particle distance determined by
SEM analyser. This result indicated that the
fruit peel extract of Citrus maxima worked
effectively as a reductant and capping agent

to synthesize and disperse the AgNPs. The

SEM image of silver nanoparticles was due

to interactions of hydrogen bond and
electrostatic interactions between the bio-
organic capping molecules bound to the
AgNPs. The nanoparticles were not in
direct contact even within the aggregates,
indicating stabilization of the nanoparticles
by a capping agent [43].

XRD is commonly used for determining the
chemical composition and crystal structure
of a material; therefore, detecting the
presence of silver nanoparticles can be
achieved by using XRD to examine the
diffraction peaks of the extract. In our
experiment the X-ray pattern of synthesized
silver nanoparticles matches the FCC
structure of the bulk silver with the broad
peaks at 37.81,44.01 and 64.36. These are
corresponding to 111, 200, 311 planes,
respectively [44]. In addition to the Bragg
peak representative of FCC  silver
nanocrystals, additional and yet unassigned
peaks were also observed suggesting that
the crystallization of bio-organic phase
occurs on the surface of the silver
nanoparticles [45]. The line broadening of
the peaks is primarily due to small particle
size. The XRD results of the fruit peel
extract of Citrus maxima confirm that the
silver nanoparticles formed by the
reduction of Ag ions and are crystalline in
nature [46].
FTIR analysis confirmed that the
of Ag ions to silver

bioreduction

nanoparticles is due to the reduction by
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capping material of peel extract. Various
study reported that the silver nanoparticles
which make bind with the proteins present
in the peel extract. The protein bind either
in the free or carboxyl group [47]. Also, the
polysaccharides, amides and fatty acids
were responsible for the bio reduction,
capping and stabilizing agents [48].

The antibacterial activity of synthesized
silver nanoparticles was shown using fruit
peel extract of Citrus maxima against gram-
positive bacteria (Staphylococcus aureus)
and gram-negative bacteria (Escherichia
coli). It has been reported that the AgNP’s
have the capacity to disturb the membrane
and penetrate into the cell membrane,
produce structural changes in the cell, and
causes intracellular ATP  leakage.
Nanoparticles synthesized using fruit peel
extract of Citrus maxima active against
clinically isolated human pathogens [49].
The MTT assay is one of the important
methods for analysis of cytotoxicity. It
reveals the toxic materials from the cellular
response and explains on apoptosis and the
metabolic activities. The results showed
that the high concentration exhibits the low
cell viability on HeLa cell line. Thus the
synthesized nanoparticles from the fruit
peel extract of citrus maxima has a reduced
cell viability and also increase in cell
inhibition activity in HeLa cancer cell line.
Fragmented DNA is one of the reasons for

induction of apoptosis in HeLa cell line.

ROS plays a crucial role in triggering many
cellular pathways which may cause cellular
death, including cytokine activation and
caspase activation. By changing the
chemical structure of the nucleotide bases
and the deoxyribosyl backbone also cause
DNA damage [50].

CONCLUSION

The present work demonstrated an eco-
friendly and convenient method used for
synthesis of silver nanoparticles using fruit
peel extract of Citrus maxima. It reduces
silver ions into silver nanoparticles and has
the potential to stabilize them. The Green
synthesized nanoparticles were
characterized by different techniques such
as UV-visible spectroscopy, Fourier
transform infrared spectroscopy, scanning
electron microscopy, and X-ray diffraction
and exhibited antibacterial activity. Our
data suggest that silver nanoparticles
synthesized from fruit peel extract of Citrus
maxima can induce cytotoxic effects on
HeLa cells, control the disease progression
without affecting the normal cells and also
inhibits the tumor cells. This green
chemistry approach towards the synthesis
of nanoparticles has many advantages such
as Pharmaceutical, medical, and
biotechnological applications. The silver
nanoparticles synthesized from peel extract
of Citrus maxima could be used for drug

delivery and further this can be used as a
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therapeutic agent for cancer after the study

of its molecular mechanism.
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