Environmental Science and Pollution Research (2020) 27:2155-2164
https://doi.org/10.1007/511356-019-06479-y

RESEARCH ARTICLE

®

Check for
updates

Rhynchosia rufescens AgNPs enhance cytotoxicity by ROS-mediated
apoptosis in MCF-7 cell lines

Syed Zameer Ahmed Khader' - Sidhra Syed Zameer Ahmed' - Gayathri Menon Ganesan ' - Mohamed Rafi Mahboob? -
Manimaran Vetrivel' - Manavalan Sankarappan’ - Paulpandi Manickam?

Received: 11 February 2019 / Accepted: 9 September 2019 /Published online: 26 November 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

The present study deals with the synthesis of silver nanoparticles (AgNPs) from Rhynchosia rufescens and to evaluate its
cytotoxic effect mediated through induced apoptosis. The reduction and capping of phytoconstituents was confirmed using
FTIR demonstrating O—H and C-H stretching at different peaks. The size and the shape of the particle were determined using
scanning electron microscopy (SEM) illustrating 1 pm to 100 nm in size and the composition of compounds in the AgNPs were
revealed using XRD and EDX. The results of the antioxidant assays revealed that the synthesized AgNPs had significant radical
scavenging potential in dose-dependent inhibition with 22—-64% for DPPH and 25-41% for ferric reducing antioxidant power
assay at the concentrations of 20-100 pg/ml. Further, the synthesized AgNPs demonstrated potent cytotoxic activity against
human breast cancer (MCF-7) cell line with an ICso value 0of 26 + 1.0 pg/ml by the MTT assay. Cytotoxicity was confirmed using
AO/EtBr and DAPI staining method where nuclear condensation and fragmentation of cancer cells was observed after treatment
with nanoparticle. The results were further confirmed by flow cytometry analysis which revealed the occurrence of apoptosis
during the S phase in cell cycle exposing the potential of the AgNPs against MCF-7 cancer cell. From the results, we conclude
that the synthesized AgNPs from Rhynchosia rufescens exhibited multifunctional properties.
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Introduction

The eco-friendly green synthesis of nanoparticles is a
promising field in nanotechnology due to major environ-
mental alarms (Syed Zameer Ahmed et al. 2018a, b). The
synthesized nanoparticles offer certain benefits of compat-
ibility for pharmaceutical and other biomedical applica-
tions. Nonusage of any toxic chemicals for the synthesis
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process is more beneficial than physical and chemical
methods. These nanomaterials are environment-friendly,
cost-effective, and easily scaled up for large-scale synthe-
sis, and in this method, there is no need to use high pres-
sure, energy, temperature, and toxic chemicals (Forough
and Farhadi 2010). “Greener synthesis” of nanoparticles
has proven to be a better method due to slower kinetics
(Elumalai et al. 2010) and has vast and tremendous appli-
cations in the field of diagnostics, therapeutics, and anti-
microbial catalysis.

There is an urgent need for the development of new
medicines with lesser or no side effects and due to the
resistance produced by the organisms against the available
treatments (Syed Zameer Ahmed et al. 2017, 2019;
Poongothai et al. 2011; Sidhra et al. 2019). Nearly 50%
of the drugs currently used for medical purposes are from
natural sources and almost 63% of anticancer drugs comes
from natural resources. Cancer is a leading public health
issue with a high mortality around the globe and the most
frequently diagnosed cancer in women is breast cancer
(Mallath et al. 2014; Jemal et al. 2011). Though there is
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a considerable advancement in cancer treatment, require-
ment for more efficient therapeutics is needed. The devel-
opment of nanomedicine has evoked researchers to search
for a possible therapy using nanomaterials as target drug
therapy, which can identify the tumor cells, providing an
environment where the healthy cells are not effected by
the release of cytotoxic drug (Khan et al. 2012).

Silver is commonly used as the most commercially pro-
duced nanoparticles and has vast application in the field of
biosensors, medicines, as a detection tool and has been proved
to be a potent radical scavenger, antiinflammatory and
antiangiogenesis activities (EI-Chaghaby and Ahmad 2011),
larvicidal activity (Syed Zameer Ahmed et al. 2018a, b), med-
ical device coatings, drug delivery, and personal healthcare
products (Mohamed Rafi etal. 2015a, b). Research has proved
that silver is extensively used as a potent therapeutic antican-
cer agent damaging the cell membrane through induced apo-
ptosis and oxidative stress (El-Naggar et al. 2017) with bio-
compatible and nontoxic nature (Rajan et al. 2015). Many
folklore plants with anticancer properties is used for synthesis
of silver nanoparticles (AgNPs) as a nanomedicine improving
the medicinal efficacy (Gajendran et al. 2014; Kalaiarasi et al.
2015) and research has proved that plant-based AgNPs are
effective in treating cancer cells through induce apoptosis,
leading the cell to oxidative stress and DNA damage (Vivek
etal. 2012). Adverse toxic effects has been observed from the
NPs synthesized through physical and chemical methods and
to avoid these adverse effects researchers are in search for
green synthesis using plant extracts (MeenaKumari et al.
2015).

Rhynchosia rufescens (Rr) is one of the tribal pulses
widely used in unani, siddha and mostly by tribal commu-
nity for various ailments. The plant belongs to the family
Fabaceae and distributed widely in India, Sri Lanka,
Bangladesh, Indonesia, Cambodia, and Malaysia. The
plant is acknowledged to have high-protein content and it
has been used as a folklore medicine (Kalidass and Mohan
2012). Due to lack in the scientific knowledge about the
plant and its properties, the present work discusses and
validates the anticancerous property of Rhynchosia
rufescens seed extract and the synthesized AgNPs against
MCF-7 breast cancer cell line.

Material and methods

Chemicals and solvents

All the chemicals and solvents were of analytical grade and
obtained from Fischer Inorganic and Aromatic Limited,

Chennai, India, pre-coated TLC plate with 0.2 mm thick pro-
cured from E. Merck, Germany.
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Extraction and preparation of AgNPs
Collection and preparation of plant material

The seeds of Rr were collected from the hills of
Tiruvannamalai, Tamil Nadu, India, shade dried at room tem-
perature, further identified, and authenticated. The dried seeds
were coarsely powdered and stored for further use (Ahmed
et al. 2016).

Synthesis and characterization of silver nanoparticle

AgNPs were synthesized from the seed powder of Rr fol-
lowing the method explained by Syed Zameer Ahmed
et al. (2018a, b) with slight modification as follows,
10 ml of the methanol seed extract of Rr was added to
90 ml of 2 mM AgNOs; solution and incubated for 24 h.
The color of the solution turns to brown color indicating
the formation of silver nanoparticles. Further, the synthe-
sized particles were further centrifuged and the pellet was
washed with ddH,O, then with methanol to remove im-
purities. The resultant pellet was lyophilized under re-
duced pressure and stored for further usage. The Rr-me-
diated synthesized AgNPs were characterized by FTIR-
8400 (Fourier Transform-Infrared Spectroscopy), FE-
SEM (Field Emission Scanning Electron Microscopy)
with Energy-Dispersive X-Ray Spectroscopy Analyser
(EDXA: Oxford Link ISIS-300) and XRD-AXS D8
(Advance X-ray Diffractometer).

In vitro free radical scavenging activity on synthesized
AgNPs

DPPH radical scavenging assay

The free radical scavenging ability of any biological ma-
terial can be assessed using DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay. Shimada et al. (1992) method with
minor modifications was used to screen the free radical
scavenging activity of synthesized AgNPs. The reaction
mixture comprises 1.0 mL of AgNPs at varying concen-
trations (20—100 pug/mL) mixed with 1.0 mL of 0.8 mM/L
DPPH solution. The test mixture was incubated under
shaking condition for 30 min and then absorbance was
noted at 517 nm against gallic acid as control. The inhi-
bition percentage for scavenging of DPPH radical was
calculated by the following equation.

D ation = | 1= pe e ol
90 Decolourization [ (ABS Control

ABS Sample)] 100



Environ Sci Pollut Res (2020) 27:2155-2164

2157

Ferric ions (Fe3+) reducing antioxidant power assay

Oyaizu (1986)’s method was followed to carry out ferric ion
reducing power of AgNPs with minor modification. 20100
pug/mL of AgNPs was mixed in 2.5 mL of phosphate buffer
(0.2 M, pH 6.6) along with 2.5 mL of potassium ferricyanide
1% (K3Fe(CN)e) and incubated at 50 °C for 20 min. To the
mixture, 10% trichloroacetic acid (2.5 mL) was added and
centrifuge at 3000 rpm for 10 min. Finally, to 2.5 mL of
supernatant, 2.5 mL of deionized water and 0.5 mL of 0.1%
FeCl; were added. The absorbance at 700 nm was measured
against ascorbic acid as positive control.

In vitro anticancer activity for synthesized AgNPs
Cell lines and culturing

The human breast cancer cells (MCF-7) were procured from
the National Center for Cell Sciences (NCCS), Pune, India.
The cancer cells were maintained in Dulbecco’s modified ea-
gles medium (DMEM) added with 2 mM L-glutamine and
balanced salt solution (BSS) adjusted to contain 1.5 g/L
Na,COs, 0.1 mM nonessential amino acids, 1 mM sodium
pyruvate, 2 mM L-glutamine, 1.5 g/L glucose, 10 mM (4-(2-
hydroxyethyl)-1-piperazineethane sulfonic acid) (HEPES),
and 10% fetal bovine serum (GIBCO, USA). Penicillin and
streptomycin (100 IU/100 pg) were adjusted to 1 mL/L. The
cells were maintained at 37 °C with 5% CO, in a humidified
CO;, incubator.

Evaluation of cytotoxicity

Cell viability of the AgNPs was determined by MTT assay
described earlier with slight modification (Rashidi et al. 2016)
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Fig. 1 FTIR spectrum of synthesized AgNPs using extract of Rhynchosia
rufescens

and the inhibitory concentration (ICsq) value was evaluated.
MCF-7 were grown separately (1 x 10* cells/well) in a 96-
well plate for 48 h in to 75% confluence. The medium was
replaced with fresh medium containing serially diluted AgNPs
at varying concentrations of 5-80 pg/mL, and the cells were
further incubated for 48 h. The culture medium was removed,
and 100 pL of the MTT (3-(4,5-dimethylthiozol-2-yl)-3,5-
diphenyl tetrazolium bromide) (Hi-Media) solution was added
to each well and incubated at 37 °C for 4 h. After removal of
the supernatant, 50 uL of DMSO was added to each of the
wells and incubated for 10 min to solubilize the formazan
crystals. The optical density was measured at 620 nm in an
ELISA multiwell plate reader (Thermo Multiskan EX, USA).
The OD value was used to calculate the percentage of viability
using the following formula.

D )
% of viability — KO of experimental sample)} 100

OD of experimental control

Morphological observation

The morphological changes in control and AgNP-treated cells
were observed using bright field microscopy. The cells were
treated with variant concentrations of AgNPs (20, 40, 80 png/
mL) and were allowed to grow on a coverslip for 24 h, fixed
with methanol and acetic acid solution and mounted on a glass
slide to observe the morphological changes under bright field
inverted microscope.

Fluorescence microscopic analysis of nuclear fragmentation
and apoptotic cell death

One microliter of dye mixture consist of acridine orange (AO)
and ethidium bromide (EtBr) 100 mg/mL each in distilled
water was mixed with 90 pL of cell suspension (1 x 10°
cells/mL) on clean microscope cover slips. The cancer cells
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Fig. 2 XRD pattern of synthesized AgNPs using extract of Rhynchosia
rufescens
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Fig. 3 a-b SEM micrograph, a 1 um, b 100 nm showing the AgNPs
using extracts of Rhynchosia rufescens

were collected, washed with phosphate buffered saline (PBS)
(pH 7.2), and stained with 10 uL of AO/EtBr along with
AgNPs at different concentrations (20, 40, 80 ng/mL). After
incubation for 2 min, the cells were washed twice with PBS
(5 min each) and visualized under a fluorescence microscope
(Nikon Eclipse, Inc, Japan) at x 400 magnification with an
excitation filter at 480 nm (Liu et al. 2017).

Similarly, the cells were seeded on glass coverslip in a 24-
well plate and treated with different concentrations of AgNPs
(20, 40, 80 pg/mL) for 24 h. The fixed cells were perme-
abilized with 0.2% triton X-100 (50 ul) for 10 min at room
temperature and incubated for 3 min with 10 pl of DAPI by
placing a coverslip over the cells to enable uniform spreading
of the stain. The cells were observed under (Nikon Eclipse,
Inc, Japan) fluorescent microscope (Chou et al. 2010).

Cell cycle analysis

MCE-7 cells (1 x 10%) were seeded in a 96-well plate and
incubated for 24-h incubation at 37 °C (5% CO,), the medium
was changed with fresh, supplemented or not (control) with
the AgNPs (20-80 pg/mL). After 24-h incubation, cells were
harvested with trypsin, washed by PBS, fixed in 70% ethanol,
and stored at — 20 °C for 1 h. The cellular nuclear DNA was
stained by propidium iodide (PI) followed by removing the

Fig. 4 EDX spectrum of AgNPs
synthesized using extract of 1
Rhynchosia rufescens

ethanol, washed with PBS, the cells were suspended in 0.5 ml
PBS containing 50 pg/ml PI and 100 pg/ml RNase and incu-
bated at 37 °C for 30 min. Flow cytometry was performed in
duplicate with a BD FACS flow cytometer. From each sample,
10,000 events were collected and fluorescent signal intensity
was recorded and analyzed by CellQuest and Modfit.

Statistical analysis

All the in vitro experiments were carried out as triplicate and
the statistical datas were calucalted using software SPSS ver-
sion 17.0 and the Graphpad Prism 5 software.

Result and discussion

Green synthesis and characterization of silver
nanoparticles

Methanol seed extracts of Rhynchosia rufescens were used in
the reduction of AgNO; into Ag’, and the reduction was ini-
tially confirmed by the color change from colorless to yellow-
ish brown. The change in color was observed in UV—Visible
spectroscopy which might be due to reduction of silver nitrate
by Rhynchosia rufescens extract. The sharp peak at 320 nm is
assigned to be absorption band of SPR (surface plasmon res-
onance), due to the combined vibration of electrons of metal
nanoparticles in resonance with light wave (Mohamed Rafi
et al. 2015a, b). The FTIR spectrum of biosynthesized
AgNPs with Rhynchosia rufescens is shown in Fig. 1 recorded
from 400 to 4000 cm ', The broad and strong absorbance
peak at 3440 cm™ ' corresponded to O-H stretching followed
by a sharp peak at 2946 cm™ ' which is assigned as C—H stretch
respectively (Syed Zameer Ahmed et al. 2018a, b). The sig-
nificant peaks observed at 1671, 1462, and 1153 cm ! were
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Fig. 5 Effect of synthesized AgNPs on DPPH (2,2-diphenyl-1-
picrylhydrazyl) at 20-100 pg/ml concentration

% Inhibition

assigned as aldehydes, nitrogen (N—O), and aromatic com-
pounds (C—H), respectively.

The X-ray diffraction pattern of biosynthesized AgNPs is
shown in Fig. 2. The highest 20 peaks observed at 37.6°,
46.5°, 64.3°, and 83.3° correspond to (111), (200), (220),
and (222) planes, respectively. The peaks were well matched
with JCPDS No. 4-0783. The extra diffraction peaks in the
XRD pattern may be due to the crystallization of bio-organic
phase in the plant extract (Singh and Jialal 2012). The SEM
image in Fig. 3 showed the morphology of biosynthesized
AgNPs is nearly spherical shape in the range of 1 um to 100
nm. Figure 4 shows the EDX spectrum representing the sig-
nals as Ag (3 keV), O (0.5 keV), and sodium (1 keV). The
spectrum at 3 keV indicates that the Ag has been correctly
identified. Generally, Ag nanoparticles show typical optical
peak at 3 keV (Syed Zameer Ahmed et al. 2018a, b). The
absorption peak of O in EDX spectrum might be due to the
involvement of phytocompounds in capping and stabilizing of
Ag nanoparticles through O-related groups (Mohamed Rafi
et al. 2015a, b).
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Fig. 6 Effect of synthesized AgNPs on ferric ions (Fe3+) reducing
antioxidant power assay (FRAP) at 20-100 pg/ml concentration

In vitro radical scavenging activity of silver
nanoparticles

It is evident that free radicals have a major role in pathological
conditions in human causing oxidative damage by ROS and
RNS released by neutrophil and activated macrophages caus-
ing various diseases like cancer, cataracts, diabetes,
Parkinson’s disease, autism, arthritis, heart disease,
Alzheimer’s dementia, and even aging (Singh and Jialal
2012; Rege et al. 2012). The effect of these radicals is
protected by antioxidant defense mechanism or radical scav-
enging ability (Das and Roychoudhury 2014). Research has
proved that many plant- and microorganism-based products
are used as an effective therapeutic agent (Syed Zameer
Ahmed et al. 2018a, b). DPPH a nitrogen-centered free radical
widely used to test the ability of compounds to act as free
radical scavenger (Syed Zameer Ahmed et al. 2018a, b;
Sidhra et al. 2017). There was a dose-dependent radical scav-
enging activity observed with 22.68% at 20 pg/ml concentra-
tion; as the concentration increases, scavenging activity im-
proves and maximum activity was observed at 100 pg/ml with
63.68% (Fig. 5). The possible mechanism might be that DPPH
accepts the electrons from the AgNPs which is observed with
the change in color from violet to yellow (Syed Zameer
Ahmed et al. 2018a, b).

Ferric reducing antioxidant power (FRAP) assay is one
of the easy and rapid way to evaluate antioxidant activity
of any supplements (Preethi et al. 2010). The reducing
ability of the synthesized AgNPs from Rhynchosia
rufescens is represented in Fig. 6 and the results reveal
that the activity of synthesized AgNPs were lesser than
that of standard, but the increases in concentration reduc-
ing ability improve by 25.7 to 40.96% at 20-100 pg/ml
concentration (Fig. 6). The reducing ability of the synthe-
sized AgNPs suggests the presence of reductones which
donate hydrogen atom and destruct free radical chain for-
mation which could help the body defense mechanism to
combat various diseases (Syed Zameer Ahmed et al.
2018a, b).

Cytotoxicity analysis

The changes in the cell morphology of MCF-7 cancer cells
after treatment with AgNPs are represented in Fig. 7. The
morphological change in the cell plays a predominant role
expressing the proliferation inhibition of AgNPs against the
cancer cell providing preliminary evidence about the mecha-
nism of cytotoxicity. Healthy cytoskeleton structure was ob-
served in the untreated cells exhibiting the proliferation of
cells (Fig. 7a). Moreover, the AgNP-treated cells at different
doses showed morphological changes like cell shrinkage, ir-
regular shape, clustering of cells, and blebbing representing
cell death in dose-dependent manner (Fig. 7b—d). Similar
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Fig. 7 Images of morphological
analysis on human breast cancer
(MCE-7) cell line. a Control un-
treated cells, b—d AgNP-treated

cell at the concentrations of 20,

40, and 80 pg/ml

effects were observed by previous researchers where irregular
assembly of microtubule with disruption in cytoskeletal func-
tion was observed after treatment (Asharani et al. 2009).

The cytotoxicity effect of AgNPs against MCF-7 cell line
was evaluated using MTT assay where growth inhibition was
assessed comparing with the standard drug doxorubicin (Fig.
8). Dose-dependent inhibition of cell growth and cell death
was observed in MCF-7 cells after treatment with AgNPs. The
experimental results demonstrated dose-dependent inhibition
of cell proliferation and the ICs, value was found to be 26 +
1.0 (Fig. 8). The study is in agreement with the previous study
reporting the activity of AgNPs (Oves et al. 2018; Shaikh et al.
2014).
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Fig. 8 Effect of synthesized AgNPs on cell viability (MCF-7)
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In order to elucidate the apoptotic activity of synthesized
AgNPs, apoptotic staining fluorescence microscopic analysis
using AO/EtBr staining was performed MCF-7 cell line. In
normal cell, the AO dye emits green fluorescence after enter-
ing the membrane, whereas, EtBr emits red fluorescence with
nonviable cells due to loss of their membrane integrity.
Research has proved that apoptosis is defined as programed
cell death and degrades cytoplasmic contents in cell organelles
(Shaikh et al. 2014). The control cells illustrated green fluo-
rescence (Fig. 9a) but the AgNPs (Fig. 9b—d) cells demonstrat-
ed yellow green representing the initial stages of apoptosis and
finally illustrating orange/red color representing late-stage
process due to the formation of necrosis caused by induced
apoptosis and the nuclear condensation effect on the cells due
to the addition of AgNPs (Fig. 9). The results are in line with
the previous report with the studies carried out with Phoenix
dactylifera and Adenium obesum representing dose-
depending apoptosis with fluorescent color change (Shaikh
et al. 2014; Liu et al. 2017; Farah et al. 2016).

In order to confirm further, the nuclear condensation and
fragmentation of extract and AgNPs with different concentra-
tions (20—-80 pg/ml) on selected cancer cells was evaluated
using DAPI staining method. DAPI is a blue fluorescent
DNA stain illuminates on binding with dsDNA (Chazotte
2011). Fluorescence microscopy images of breast cancer cells
after 24 h stained with DAPI in the presence and absence of
AgNPs are represented in Fig. 10. It is found that Fig. 10(b—d)
AgNP-treated cells shows higher level of nuclear
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Fig. 9 Images of fluorescent
microscopic analysis of AgNPs
induced apoptosis in MCF-7 cell
with AO/EtBr. a Control untreat-
ed cells shown in green color, b—d
AgNP-treated cells at the concen-
trations of 20, 40, and 80 pg/ml;
showing apoptotic cells, necrotic
cells with orange/red color

fragmentation with bright fetches which indicates the con-
densed chromatins and nuclear fragmentations in the cancer
cells which is not observed in the untreated cells. The nuclear
condensation effect was found to be in dose-dependent

Fig. 10 Effect of AgNPs on
nuclear fragmentation in MCF-7

manner and previous reports stated that human breast cancer
cells treated with the extracts of Astrodaucus persicus showed
potential decrease in the cell proliferation by staining with
DAPI (Abdol mohammadi et al. 2008). The anticancer

cells by DAPI staining. a Control
cells, b-d AgNP-treated cells at
the concentrations of 20, 40, and
80 pg/ml; indicates apoptotic
cells
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potential of AgNPs may be due to the production of reactive
oxygen species (ROS) from mitochondria inducing the pro-
cess of apoptosis causing cell death.

The evaluation of anticancer effect induced by AgNPs in
MCEF-7 cells on cell cycle distribution was carried out by flow
cytometric analysis. The proliferation inhibition may stalk
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Cell Number %
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Fig. 12 Cell viability of breast cancer cells (MCF-7) on cell cycle anal-
ysis after treatment with AgNPs
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from disturbing the cell cycle, to test the hypothesis, cell cycle
analyses were conducted after 24-h exposure of the synthe-
sized AgNPs below the ICs, near the ICsq, and above the ICs,
values on MCF-7 cells. As shown in Fig. 11, AgNPs were able
to inhibit the cell cycle at various phases. In untreated control,
there was an accumulation of cells in GO-G1 phase, whereas,
the percentage of cells at the S phase significantly decreased
after treatment with AgNPs (Fig. 12). Moreover, the DNA
duplication was arrested in respect to the treatment with which
is comparable to that of untreated control. From the present
results of cytotoxicity and fluorescence analysis, it can be
concluded that decrease in the viability of cells in S phase
may be due to DNA damage caused by AgNPs leading to
death of the cells (Kavithaa et al. 2016).

The result indicated that the antiproliferative effect of the
AgNPs could be predominantly derived from inducing cell cycle
arrest mainly in synthetic phase (Loutfy et al. 2015). Thus, from
the results from MTT assay and fluorescence microscopy analy-
sis (AO/EtBr and DAPYI), it could be confidently reported that the
synthesized AgNPs from Rhynchosia rufescens help in inhibiting
cancer growth; moreover, further research on animal model is
required to understand the mechanism.
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Conclusion

The present work exemplifies the fast, eco-friendly, and con-
venient method for synthesizing silver nanoparticle from
Rhynchosia rufescens. Synthesized AgNPs demonstrated sig-
nificant antioxidant activity and also exhibited significant cy-
totoxic affect against human breast cancer cell line (MCF-7)
with induced apoptosis and nuclear fragmentation with cell
cycle arrest at S phase assessed using flow cytometry. Thus,
the findings of our study suggest that the Rhynchosia
rufescens AgNPs inhibit the growth of cancer cells in in vitro
model and be developed as an alterative drug for cancer only
after further investigations and research on animal model.
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