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SYNTHESIS OF SILVER NANOPARTICLES USING SWERTIPUNICOSIDE AND
ACTIVITY ON HUMAN BREAST CANCER CELL LINE (MCF-7)
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ABSTRACT: In the current study, synthesis of silver nanoparticles (AgNPs)
using swertipunicoside was tested against human breast cancer cell line (MCF-
7). The swertipunicoside was tested against the normal cell line such as vero
cells to find out the toxicity of the compound. The synthesized AgNPs were
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characterized using UV-visible spectroscopy, X-ray powder diffraction (XRD),
fourier-transform infrared spectroscopy (FTIR) and field-emission Scanning
Electron Microscope (FESESM) with energy dispersive spectroscopy (EDAX).
The synthesized silver nanoparticles were checked with the colour variation and
it was confirmed by UV-vis spectral analysis. The morphology of the
synthesized nanoparticles were analysed using FESEM along with EDAX. The
XRD was done to find out the crystalline structure of the compound. FTIR
measurements are carried out to identify the possible biomolecules responsible
for capping and efficient stabilization of the silver NPs synthesized using
swertipunicoside. The synthesized AgNPs and swertipunicoside was tested
against the MCF-7 cell line to find out the cell viability. Our results showed that
the compound and synthesized silver nanoparticles inhibited the proliferation of
human breast cancer cell line with an ICsy value of 60 mg/ml and ICs, of 40
pg/ml at 24 h incubation. From this study, concluded that swertipunicoside and
synthesized AgNPs have potential anticancer activity.
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INTRODUCTION: Breast cancer is the second
most common cause of cancer death in women "2,
Many cancers initially respond to chemotherapy,
and later they develop resistance > * °. Breast
cancer originates from the breast tissue, especially
from the inner lining of milk ducts or lobules. It
results from a multistep process, which involves
initiation, promotion and progression . The deve-
lopment of breast cancer involves several proteins
and genes, namely; CDK 2 (Cyclin dependent
kinase), VEGF (Vascular endothelial growth
factor), HIF 1 (Hypoxia-inducible factors), AP 1
(Activator protein), p53, p57, cyclin A and B .
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Environmental and internal factors; for example
smoking and oestrogen have been claimed to be the
risk factors for breast cancer °. Due to drug
resistance and poor prognosis, low success rates
have been observed in the management of breast
cancer that necessitated the use of complementary
and alternative medicine (CAM) and natural health
products like dietary polyphenols °.

Currently  available  chemopreventives  and
chemotherapeutic agents cause undesirable side
effects '* 1, therefore developing a biocompatible
and cost effective method of treatment for cancer is
indispensable. The development of nanotechnology
has been a boon to mankind as its significance
paved the way for several applications in
therapeutics 2, catalysis 3, microelectronics,
biosensing devices ', air and water purifiers, paints
15 and so forth. Recently, silver nanoparticles have
gained much interest among the emerging nano-
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products in the field of nanomedicine due to their
unique properties and obvious therapeutic potential
in treating a variety of diseases. The nanoparticles
can be synthesized by physical, chemical, and
biological methods. In the medical aspects,
applications of nanoparticles increased tremen-
dously only when the biological approach for
nanoparticle synthesis came into focus. Currently, a
variety of cytotoxic agents have been used in the
treatment of breast cancer, such as doxorubicin,
cisplatin, and bleomycin ** . Although usage of
doxorubicin, cisplatin, and bleomycin provides
beneficial effect, but the efficacy and demerits are
uncertain *°.

Swertia punicea tastes extremely bitter, possesses
the ability to reduce fever and detoxify, and is used
in the South-Western part of China for the
treatment of  hepatogenous jaundice and
cholecystitis. No chemical studies have previously
been reported for S. punicea. Investigation of the
whole plant of S. punicea has led to the isolation,
from the n-BuOH fraction of the EtOH extract, of
the first member of a new series of natural
products, a bisxanthone C-glucoside, swertipuni-
coside '®. So, it is necessary to find novel
therapeutic agents against cancer, which are
biocompatible and cost effective. Therefore, this
study was designed to synthesize AgNPs using
swertipunicoside and to evaluate potential toxicity
and the general mechanism of synthesized AgNPs
in human breast cancer cells (MCF-7 cells).

MATERIALS AND METHODS:

Synthesis of Silver Nanoparticles: Swerti-
punicoside was gifted from Niscell stem cell lab,
Malaysia. Silver nitrate GR was purchased (Merck,
India) 100 mL. Aqueous solution of silver nitrate
(AgNos3) (sigma-aldrich) were prepared with 1 mM
solution of silver nitrate was prepared with double
distilled water. A known volume of 1, 2, 3, 4 and 5
mL of swertipunicoside was added separately to
aqueous solution. The effect of dark room
temperature on the synthesis of silver nanoparticles
was carried out *°.

Characterization of Silver Nanoparticles: UV-
vis spectroscopic analysis of silver colloidal
dispersion showed peak at 420 nm confirmimg the
synthesis of AgNPs. The reason for formation of
AgNPs was attributed to the presence of flavonoids
and polyphenols in swertipunicoside.
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The structure and size of synthesized silver
nanoparticles were analysed using the FESEM
along with EDAX operating at an accelerating
voltage of 15.0 kV with a point resolution and Cs
of 9.8 mm and 12.0k SE. To confirm the purity of
silver nanoparticles, an EDAX (FEIl, USA)
spectrum of silver colloidal dispersion was
recorded by initially spotting the sample in electron
microscope followed by estimation of its elemental
composition. EDAX spectrum displays clear
identification peaks of major energies of silver
confirming the presence of silver in AgNPs. Signal
of aluminium is due to the background from
supporting aluminium grid used as the sample cell.

This validates that the phytochemicals of
swertipunicoside play a key role in capping and
stabilization of AgNPs . Fourier transform
infrared (FTIR) spectral measurements were
carried out to identify the potential biomolecules in
swertipunicoside which is responsible for reducing
and capping the bioreduced silver nanoparticles.
FTIR was performed on Thermo scientific™
Nicolet iS™5(0 FTIR spectrometer to detect the
possible functional groups in biomolecules present
in the compound. The X-ray diffraction (XRD)
measurement was performed on X-ray diffracto-
meter (Panalytical Xpert-PRO 3050/60) operated at
30 kV and 100 mA and spectrum was recorded by
CuKa radiation with wavelength of 1.5406 A in the
20 range of 20°- 80°.

Cell Culture: Human breast cancer cells (MCF-7)
was obtained from NCCS, Pune. The cells were
maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1% antibiotic-antimycotic
solution was purchased from Hi-media. Cells were
grown to confluence at 37°C with 5% CO,
atmosphere. All experiments were performed in 96-
well plates. Cells were seeded onto the plates at a
density of 1 x 10° cells per well and incubated for
24 h prior to the experiments. 1 mg of compound
and 1 mg of synthesized silver nanoparticles were
first dissolved in 10 ml of double distilled water
experiment was performed using varying concen-
trations of swertipunicoside (20, 40, 60, 80 and
100 mg/mL) and compared with synthesized
AgNPs (20, 40, 60, 80 and 100 pg/ml) in varying
concentrations and control.
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At the end of 24 h the medium in each well was
discarded and 10uL of MTT (3- (4, 5-
dimethylthiazol- 2- yl)- 2, 5-diphenyltetrazolium
bromide) solution (5 mg/mL in phosphate buffer
saline) was added to each well and the plate was
incubated at 37 °C. On completion of 4 h, DMSO
(100 pL) was added to each well to dissolve formed
formazan crystals and absorbance was recorded at
597 nm filter using ELISA plate reader (Lisa plus,
India) to calculate percent cell viability.

OD value of experimental sample
OD value of experimental controls

Percentage of viability =

The cytotoxicity assay was followed by the method
of 2%, The cells were seeded at 1x10° cells / well
into a six well chamber plate and incubated
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overnight. Later, the medium was replaced with
maintenance medium DMEM without FBS
containing 60 and 40 mg/ml swertipunicoside at
24h in vero cell line. The cytomorphology was
examined under Nikon inverted microscope. This
endorses that phytochemicals present in swertipuni-
coside not only effectively reduced silver nitrate to
AgNPs but also provide non-toxic surface coating
for its biomedical applications.

RESULTS:

Characterization of Synthesized Silver Nano-
particles: Initially the swertipunicoside was yellow
and upon providing the silver salt it turned from
light brown colour to dark brown colour Fig. 1.

Swertipunicoside

UV-Vis Spectral Analysis: The increased
absorbance was observed at various time intervals
(1 h difference upto 9 h) and the peak at 420 nm
correspond to the surface plasmon resonance of
silver nanoparticles. It is reported earlier that
absorbance at around 430 nm for silver is a
characteristic of these noble metal particles. The
absorption spectra of silver nanoparticles with
different diameters.

Silver Nitrate

Synthesized Silver Nano-Particles
FIG. 1: COLOUR INTENSITY OF SYNTHESIZED AgNPs AT VARIOUS TIME INTERVALS

The maximum absorption peaks (imax) are located
at 420, 422, 424, 428 and 430 nm, respectively.
The absorption peaks shift red with the increase of
diameters of silver nanoparticles showed in Fig. 2.
The presence of nanoparticles was confirmed by
obtaining a spectrum in UV-Vis range from 200 -
800 nm. The peak at 430 nm confirmed the
synthesis of silver nanoparticles %.
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FIG. 2: UV SPECTRAL PEAK OF AgNPs
SYNTHESIZED AT DIFFERENT HOURS
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FIG. 3: XRD PATTERN OF AgNPs EXHIBITING
THE FACETS OF CRYSTALLINE SILVER
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XRD Analysis: The XRD patterns of vaccum to
confirm the crystalline nature of the particles, and
the XRD pattern showed the number of Bragg’s
reflections that may be indexed on the basis of the
face centered cubic structure of silver. In order to
verify the results of UV-Vis spectral analysis, the
sample of silver ions exposed to swertipunicoside
were examined by XRD. The silver nanoparticles
synthesized were calculated by the particle size
ranges of the silver at 32 nm and 38 nm
corresponding to swertipunicoside shows the XRD
spectrum corresponding to Ag. The strongest peak
IS observed at 32° which corresponds to the
predominant growth in the direction of (111)
plane. The two characterization peaks for Ag
metallic system reveal that they are crystallized in
FCC structure. All reflections in the XRD pattern
resemble to that of monometallic counterparts
showed in Fig. 3.

FTIR Analysis: FTIR band intensities in different
regions at the spectrum for the synthesized silver
nanoparticles. The IR absorption bands at
3439cm™’', 1062 cm™' and 782 cm' in the
spectrum correspond to the OH stretching vibration
of phenolic hydroxyls stretching vibrations of NH**
and NH* in protein/peptide bonds,carbonyl
stretching in proteins and COH vibrations and
proteins present in swertipunicoside. The relative
decrease in the intensity of phenolic hydroxyl
stretching band in the spectrum of swertipunicoside
functionalized BMNPs indicate the partial role of
phenolic hydroxyls in the reduction mechanism by
donating electrons and forming quinones. The
appearance of band at 3439cm™’ in the
functionalized spectrum of Ag correspond to the
CO stretching modes derived from swertipunicoside.
The dual role of the swertipunicoside as a reducing

35 0KV 74
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and capping agent and presence of some functional
groups was confirmed by FTIR analysis of silver
nanoparticle. A broad band between 3439 cm™ is
due to the N—H stretching vibration of group NH;
and OH the overlapping of the stretching vibration
of attributed for water and swertipunicoside
molecules.

The band at 1636 cm™' corresponds to amide C=0
stretching and a peak at 2953 cm ™' can be assigned
to alkyne group present in swertipunicoside. The
observed peaks at 1183cm™' denote —C-OC-
linkages, or —C—-O- bonds showed in Fig. 4. From
FT—IR results, it can be concluded that some of the
compounds from swertipunicoside formed a strong
coating/capping on the nanoparticles.

FIG. 4: FTIR BAND PEAKS SHOWING THE
OXIDIZED BIOMOLECULES IN AgNPs SYNTHESIS

FESEM Analysis: The FESEM micrograph shows
the synthesized AgNPs were uniformly aggregated
Fig. 5. The EDAX attachment with the FESEM
was known to provide information on the chemical
analysis of the fields that are being investigated to
specific locations. This represents well dispersed
AgNPs, and the size range of 50 to 400 nm was
observed in the FESEM images of the synthesized
AgNPs. The presence of elemental silver can be
observed in the graph obtained from EDX analysis.

FG. 5: TOPOGAPHICAL RESULTS OF SWERTIPUNIC

UNIFORM AND AGGREGATES FORMED DURING FESEM ANALYSIS
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In EDAX spectrum, the peak positions at 0.261,
0.250, 0.245, 2.629 keV represents the binding
energies of the swertipunicoside and representing
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the dispersed nanoparticles of irregular shape with
average size of 50 - 200 nm showed in Fig. 6.

Fl Sose S0 Carsr 000 -

FIG. 6: ENERGY DISPERSIVE X-RAY SPECTRUM OF SW

Cytotoxicity: Microscopic observations were
monitored using Nikon light inverted microscope
wherein treated cells showed distinct cellular
morphological changes indicating unhealthy cells,
whereas the control appeared normal cell line. The
normal cell line such as African monkey kidney
cell line (vero cell line) was treated with various
concentration of swertipunicoside to find out the
toxicity showed in the Graph 1. The result shows
90% of cell survival. The synthesized silver
nanoparticles were found to be non toxic at 500
mg/ml concentration. Control cells were irregular
confluent aggregates with rounded and polygonal
cells.

Morphological Observation: Swertipunicoside
analogs Q-ClI and Q-OCHj; also show some
activity against the breast cancer cell line MCF-7

FIG. 7: MORPHOLOGICAL OBSERVATION OF CONTROL AND CELLS

ERTIPUNICOSIDE (A) AND SILVER NANOPARTICLES (B)'

with 70% and 60% cell survival in 24 h,
respectively. A major mechanism reported for the
activity of swertipunicoside against estrogen
dependent breast cancer is inhibition of Type Il
estrogen binding sites (ER 1I).
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GRAPH 1: EFFECT OF DIFFERENT CONCENTRATION OF
SWERTIPUNICOSIDE ON VERO CELLS AFTER 24 h

INCUBATION

. | v " O S
(MCF-7) TREATED WITH SWERTIPUNICOSIDE

AND AgNPs AT 24 h (40 x MAGNIFICATION) (A) CONTROL (MCF-7); (B) ICs, CONCENTRATION SWERTIPUNICOSIDE 60
mg/ml (C) MAXIMUM CONCENTRATION SWERTIPUNICOSIDE 100 mg/ml (D) ICsy CONCENTRATION AgNPs 40 pg/ml (E)
MAXIMUM CONCENTRATION AgNPs 100 pg/ml
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Estradiol possesses the growth stimulatory effect in
the estrogen-dependent breast cancer. Swerti-
punicoside is reported to bind to ER Il. Although
details of binding of swertipunicoside have not
been reported. Absence of such hydroxyl groups is
probably responsible for the reduced activity of two
analogues Q—CIl and Q—OCHjs. The reduced activity
of the analogues may play a role in the breast
cancer. Exploring the structural modifications of
swertipunicoside further so as to include a
combination of one of the two hydroxyl groups
among 5 and 7 and one from 3’ or 4’ position may
be helpful in throwing light on this aspect. Control
cells were irregular confluent aggregates with
rounded and polygonal cells.

The 1Cs value of swertipunicoside was obtained at
the concentration of 60 mg/ml and 100 mg/ml was
used as a maximum concentration at 24 h. The
swerti-punicoside treated cells are shrink, spherical
and aggregated when compare to control. The 1Cs
value of synthesized AgNps was obtained at the
concentration of 40 pug/ml and 100 pg/ml was used
as a maximum concentration at 24 h incubation.
Synthesized AgNPs treated cells appeared to shrink
more, became spherical in shape, cell spreading
patterns were restricted and cells are detached
when compared to control Fig. 7.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Cell Viability: The MCF-7 cells were treated with
swertipunicoside and synthesized AgNPs, the cells
appeared to shrink became spherical in shape and
cell spreading patterns were restricted when
compared to control. The concentration of the
compound was gradually increased from 20 to 100
mg/ml. For MCF-7 cells Graph 2 viability
decreased from 60 mg/mL swertipunicoside. The
ICso value of the compound is 60 mg/ml. The toxic
effect of swertipunicoside here was more
pronounced, though obviously less than that of
silver for all the concentrations. The incubation
time for the both compound and AgNps is 24 and
48 h. After 24 h incubation, an obvious decrease in
cell viability compared to control was registered for
AgNPs at 40 pg/mL, respectively. From 20 pg/mL
up to 100 pg/mL, the AgNPs demonstrated high
degree of toxicity. It is worth noting that at both
incubation times such as 24 and 48 h, cell viability
was gradually decreased when the concentration
was increased.

There was a change in the percentage of cell
viability in control and AgNPs treated MCF-7 cells.
Hence, the inhibitory concentration at 50% (ICsp)
was observed at 40 pg/ml Graph 3 of AgNPs for
MCF-7 cells.
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By contrast, the same concentration (ICsp) of
AgNPs treated for Vero (normal) cell line at the
inhibitory level 72.8%. The activity of AgNPs on
vero cell line was constantly less at experimented
dilutions as compared with cancer cell line. From
this study, this may be connected with the
swertipunicoside aggregation and sedimentation in
the cell medium leading to the decrease in
concentration of biologically active particles. From
this cell viability assay, the silver nanoparticles
have more capacity to kill MCF-7 cells when
compare to swertipunicoside. There is no drastic
change in swertipunicoside treated cells when the
time is increased, whereas the synthesized AgNPs
treated cells causes variation in cell viability when
the time is increased at 40 and 20 pg/ml Graph 2
and 3.

DISCUSSION: In the present study, the human
breast cancer cell line (MCF-7) activity of
swertipunicoside and cell viability variations of
synthesized AgNPs were noted. The silver
nanoparticle was synthesized using swertipuni-
coside. The colour was changed from yellow to
brown colour. This clearly shows the synthesis of
silver nanoparticles. The synthesis was confirmed
by UV-vis spectrophotometer. It have been
reported the silver nanoparticles starting from light
yellow to dark brown. The absorption spectra of
silver nanoparticles twisted in the reaction media
have absorbance peak at 420 nm. The development
of silver nanoparticles using swertipunicoside was
viewed by the colour change 2°. It has been
reported that the XRD patterns of vaccum dried
AgNPs synthesized using fluoresced peaks at 2
values of 21.64°, 29.48°, 38.84°, 43.28° and 53.48°
assigned to the (200), (101), (144), (202) and (311)
planes of a faced center cubic lattice of silver.

Therefore XRD results also suggest that
crystallization of the bioorganic phase occurs on
the plane of the AgNPs . The FTIR analysis was
carried out to find the presence of biomolecules
present in the synthesized silver nanoparticles. The
complete disappearance of the NH®* and NH**
stretching vibrations in the FTIR spectrum of
BMNPs can be attributed to the breaking of amino
acid residues of proteins during the reaction.
Similar mechanism involving the role of phenolic
hydroxyls and proteins in the reduction and
stabilization of individual metal NPs have been
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reported previously >* 2> %27 On the other hand,
the extract sample prepared shows a wide and
strong peak with maximum intensity at 529 cm™".
The results are in good agreement with those found
in literature . FESEM was to find out the
morphology of the compound and synthesized
silver nanoparticles.

It is reported earlier that FESEM images for the
biosynthesized silver nanoparticles cluster in shape
with an average size ranging from 20 to 100 nm.
The image confirms the formation of nanoparticles
capped with its biomoites. Metallic AgNPs
generally  show  typical absorption  peak
approximately at 3 keV due to surface plasmon
resonance “°. The elemental composition was
revealed by energy dispersive X-ray spectroscopy
(EDAS) attachment with the FESEM instrument .
The swertipunicoside and synthesized silver
nanoparticles was tested for cytotoxicity, cell
viability and also morphological observation. The
sensitivity of human cancer cell line for cytotoxic
drugs is higher than that of vero cell line for the
cytotoxic agents " . It probably takes place via
optimally placed hydroxyl groups as in case of
diethylstilbestrol **. The HCT 15 cancer cell line
showed distinct cellular morphological observation
indicates the unhealthy cells whereas the control
appeared normal. The control cells are irregular
with rounded shape 3* *. The cytotoxicity on HeLa
cell lines were increased with increased
concentration of AgNPs. There was a change in the
percentage of cell viability in control and AgNPs
(0, 5, 10, 20, 30, 40, and 50 g/ml) treated HelLa
cells 3%,

CONCLUSION: 1t is evident from the present
study that the synthesis of silver nanoparticles is
eco friendly, simple and efficient than the
conventional method. The synthesis of silver
nanoparticles was observed by colour variation and
it was confirmed by UV-vis spectrophotometer.
The characterisation of silver nanoparticle was
done with FESEM along with EDAX, FTIR and
XRD. The present studies suggest that the AgNPs
are synthesized as well as stabilized by
swertipunicoside. These synthesized nanoparticles
highly inhibit the growth of cancer cells (MCF-7)
have great importance as a therapeutic agent in
preventing or lowering oxidative stress related to
degenerative diseases, such as cancer.
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