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Biogenic silver nanoparticles (Ag NPs) have supple platforms designed for biomedical

and therapeutic intervention. Utilization of Ag NPs are preferred in the field of

biomedicines and material science research because of their antioxidant, antimicrobial,

and anticancerous activity along with their eco-friendly, biocompatible, and cost-effective

nature. Here we present a novel fungus Piriformospora indica as an excellent source

for obtaining facile and reliable Ag NPs with a high degree of consistent morphology.

We demonstrated their cytotoxic property, coupled with their intrinsic characteristic

that make these biogenic nanoparticles suitable for the anticancerous activity. In vitro

cytotoxicity of biologically synthesized Ag NPs (BSNPs) and chemically synthesized

Ag NPs (SNPs) was screened on various cancer cell lines, such as Human breast

adenocarcinoma (MCF-7), Human cervical carcinoma (HeLa), Human liver hepatocellular

carcinoma (HepG2) cell lines and embryonic kidney cell line (HEK-293) as normal

cell lines. The antiproliferative outcome revealed that the BSNPs exhibited significant

cytotoxic activity against MCF-7 followed by HeLa and HepG2 cell lines as compared

to SNPs. The blend of cytotoxic properties, together with green and cost-effective

characteristics make up these biogenic nanoparticles for their potential applications

in cancer nanomedicine and fabrication coating of ambulatory and non-ambulatory

medical devices.

Keywords: silver nanoparticles, Piriformospora indica, cancer cell lines (MCF-7, HeLa, HepG2), HEK-293, cytotoxic

activity, antioxidant activity

INTRODUCTION

Cancers are among the foremost reason for mortality as per WHO (World Health Organisation)
report 2018. About 1.7 million new cases are expected to be diagonised in 2018 and around 609,640
cancer deaths were estimated in United State by 2018 (American Cancer Society, 2018). Cancer
death rates are the best measures to detect progress rate against cancer as they are less affected by
detection practices than incidence and survival. Cancer usually develops with older age group; In
the United State 87% of all cancers are detected in the age group of 50 years or more (American
Cancer Society, 2018). Cancer causing behaviors such as smoking, eating an unhealthy diet, and
not being physically active also increases risk of getting cancer (Ahmedin et al., 2011; Ferlay et al.,
2012; Siegel et al., 2016; Zeng et al., 2018). In United State alone 40 out of 100men and 38 out of 100
women develop cancer during their lifetime (American Cancer Society, 2018). The primary cause
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of cancer is an abnormal growth of cells caused by variations in
the gene expression leading to an uncontrolled cell proliferation,
which invades and infects the distant tissues (Balakumaran et al.,
2015). Many techniques such as chemotherapy, immunotherapy,
and radiotherapy have been used for the treatment of cancer
(Kedar et al., 2010; Chen and Kuo, 2017). Conventional
chemotherapy interfere with DNA synthesis along with mitosis,
causing death of active cancer cells, but these techniques are
unable to minimize the harmful effects on the healthy tissues
causing adverse side effects, e.g., loss of appetite and nausea,
leading to death of the cancer patients (Lee et al., 2007; Senapati
et al., 2018). Additionally, the bio-accessibility of these drugs to
tumor tissues is fairly poor, and require higher doses, leading
to high toxicity in normal cells and also leeds to multiple drug
resistance (Kato et al., 1995; Lupu et al., 1996; Johnston, 1997;
Brown, 2002). Therefore, it is desirable to develop biocompatible
and profitable methods that can either passively or actively
target cancerous cells, thereby reducing adverse side effects while
improving therapeutic efficacy. Biosynthesized nanoparticles
have paved the way and attracted researchers across the world due
to their specific properties and wide applications in biomedical
sciences (Shin et al., 2009; Zhou et al., 2011; Aziz et al., 2015,
2016; Rajpal et al., 2016a; Khan et al., 2017). Silver nanoparticles
(Ag NPs) have potential to treat a variety of diseases, such
as retinal neovascularisation (Ong et al., 2013) and have been
investigated among the emerging nanoproducts and novel cancer
therapeutics.

To meet the extensive range of nanoparticles, a number of
methods have been exploited such as physical, chemical, and

FIGURE 1 | Optical Properties. (A) Colony morphology, (B) Optical images of biosynthesized Ag NP show a range of vibrant colors from colorless (start of

biosynthesis) to light brown and, finally, yellowish brown after 72 h. (C) UV-vis spectra of P. indica derived Ag NPs at various reaction times; (D) Reaction saturation

curve indicating the evolution of the Plasmon band as a function of time.

biological methods (Prasad et al., 2016). Out of these, physical
methods suffer a setback of low yield of nanoparticles (Malik
et al., 2002), while the chemical methods require toxic chemicals
for reduction of metallic ions to nanoparticles, which further lead
to generation of hazardous by-products (Prasad, 2014). On the
other hand biological synthesis of Ag NPs through bottom up
approach using various resources (e.g., plants and its products,
fungi, algae, and bacteria, etc.) are cost effective, eco-friendly,
least toxicity, less tedious, high yield, and most importantly their
biocompatibility with high reduction potential (Thakkar et al.,
2010; Lemire et al., 2013; Aziz et al., 2014; Prasad et al., 2016).
Size and shape of these Ag NPs can be easily modified using
some parameters such as pH and temperature (Bhattacharya and
Mukherjee, 2008; Ngo et al., 2011; Aziz et al., 2015) and do not
require any additional stabilizer in order to prevent aggregation,
as the cellular proteins themselves serve as stabilizer (Aziz et al.,
2015). The global intensification of antibiotic resistance and the
lack of discovery of new antibiotics in the market have led to the
research on nanostructuredmaterial-based antimicrobial therapy
that has now moved toward clinical studies (Arvizo et al., 2012;
Aziz et al., 2016).

According to the previous studies, Ag NPs causes cytotoxicity
of the cancer cells (Yoon et al., 2007) by altering the morphology,
reducing the viability along with oxidative stress in glioblastoma
and fibroblast cells (Asharani et al., 2009), human and rat
liver cells (Hussain et al., 2005; Kim et al., 2010), HeLa
cells (Sonoda et al., 1998), and THP-1 monocytes (Hsin
et al., 2008; Foldbjerg et al., 2009). Ag NPs shown positive
results as anticancer agents (Singh and Ramarao, 2012) which
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opens new entries toward the field of nanomedicines. Ag
NPs were also found to play an effective role in tumor
control via their cytotoxic effects (Sukirtha et al., 2012).
Currently, an array of cytotoxic agents have been employed
to treat cancers, but their efficacy and demerits are uncertain
(Franco-Franco-Molina et al., 2010). Thus, there is a need to
develop a novel, profitable and biocompatible therapeutic agents
against cancer.

In view of problems discussed above, the current study deals
with the biosynthesis of smartly tailored Ag NPs using biogenic
approaches and their potential to evaluate toxicity against cancer.
We have established the cytotoxic efficiency of BSNPs derived
from fungal chassis P. indica order Sebacinales. This is the first
report employing the endophytic root colonizing fungus for
Ag NPs synthesis and it exhibit high efficiency in growth with
less cultivation time. Importantly, we study that these Ag NPs
and compared with chemically synthesized silver nanoparticles
(SNPs), demonstrated competitive anticancerous activity when
incubated with different concentrations of silver nanoparticles.
Our result offers an alternate platform for the utilization of Ag
NPs as anticancerous agent which lay concrete on the way for the
animal model studies.

MATERIALS AND METHODS

Reagents
All the reagents taken were of analytical grade from
Sigma-Aldrich, USA, Merck and Hi-Media, India.

Double distilled water was used throughout the
experiments.

Microbial Culture and Extract Preparation
Piriformospora indica was procured from Amity University,
Noida, India and culture inMYPmedium containing 7.0 g/Lmalt
extract, 0.5 g/L yeast extract and 1.0 g/L peptone at pH 6.1 ± 0.2
and incubated at 180 rpm and 28± 2◦C for 7 days.

The fungal biomass was separated out through filtration using
cheese cloth, washed thrice with double distilled water (ddH2O).
Ten gram of wet fungal biomass and were suspended in 100mL
of ddH2O for 72 h at 180 rpm and 28 ± 2◦C. The mycelia were
separated by filtration using Whatman filter paper No. 1 and
filtrate was used as aqueous extract.

Nanoparticles Characterization
Thirty milli liter of the extract mixed with 70mL of ddH2O,
along with the addition of 1mM silver nitrate (AgNO3) in
250mL conical flask at 180 rpm and 28 ± 2◦C in dark. A

TABLE 1 | EDAX analysis of biogenic silver nanoparticles.

Element Weight % Atomic %

C 7.45 31.11

O 9.46 29.66

Cu 1.87 1.48

Ag 81.22 39.23

FIGURE 2 | Morphological characterization of P. indica- derived Ag NP. (A) SEM image of biogenic Ag NPs (scale bar indicates 4µm); (B) EDX spectrum of biogenic

Ag NPs; (C) TEM image of the biogenic Ag NPs (scale bar indicates 20 nm); (D) Histogram of the size distribution of biogenic Ag NPs.
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control without AgNO3 was also taken having similar condition.
As the solution turned reddish brown due to the reduction of
AgNO3 to Ag NPs the color intensity was measured using UV-
Vis Spectrophotometer. The bio reduction of AgNO3 to Ag NPs
was examined using double beam UV-vis spectrophotometer
(UV-1800, Shimadzu, Japan) periodically to access change in the
optical property up to 96 h. After completion of the reaction
the sample were centrifuge at 15,000 rpm for 20min. Before
further characterization the Ag NPs were purified by separating
the unwanted biological molecules (Premasudha et al., 2015).
Pellet was redispersed into 1mL of deionized water and sonicate
for 5min to ensure proper dispersion for washing (Kayalvizhi
et al., 2014). Centrifugation, re-dispersion and sonication were
repeatedly carried out followed by lyophilisation to obtain
powdered nanoparticles.

Scanning electron microscopy (SEM) (Zeiss Evo HD, Jena,
Germany) was done along with the energy dispersive X-
ray (EDAX) (EDX, 10 mm2 SDD Detector-X-act, Oxford
Instruments, Oxfordshire, United Kingdom) with an acquisition
time ranging from 60 to 100 s and the accelerating voltage of 20
KV and TEM (Philips, EM-410LS, JEOL, Japan) for the surface
morphology and the presence of elemental silver present inside
the biologically synthesized nanoparticles (BSNPs). Sample for
electron microscopy was prepared by taking 1mg of BSNPs in
1mL of ethanol and sonicate it for 15min. Sample (10 µL)
was spread on the grid and dried it at room temperature.
Further sample was analyzed after coating it with gold. FTIR
analysis (Varian 7000 FTIR, California) was done by making
KBr pellet with BSNPs for vibrational structural characterization.
Measurements were performed in 650–4,000 cm−1 range at a
resolution of 4 cm−1. XRD (Rigaku, Ultima IV, Japan) of the
powdered BSNPs, SNPs as well as cell extract was performed and
the data were recorded in the 2θ range of 20◦–80◦ having K-beta
filter with X-Ray 1.54056 Å at 40 kV and 30mA.

Cell Recovery
HEK-293, MCF7, HeLa, and HepG2 cell lines were obtained
from NCCS, Pune, India. Cultured in T-25 tissue culture flasks
with DMEM (Dulbecco’s Modified Eagle’s Media) with 10% fetal
bovine serum, and antibiotics (100 U/mL), and incubated at 37◦C
with 5% CO2.

Antioxidant Activity
Antioxidant activity of BSNPs was determined through 1,1-
diphenylpicrylhydrazyl (DPPH) method. BSNPs at a stock
concentration of 50µg/mL was taken, different dilution (5, 10,
15, and 20µg/mL) was made in methanol. Methanolic DPPH
solution (1mL) at a concentration of 0.3mMwas added to 3.0mL
samples of various concentrations. Incubate the reaction mixture
at room temperature for 30min absorbance was taken at 517 nm.

FIGURE 4 | The scavenging potential data of biogenic silver nanoparticles

(BSNPs) and chemically synthesized silver nanoparticles (SNPs). The values

demonstrate the mean ± standard error mean (SEM) % scavenging activity of

the compounds using L-ascorbic acid (Standard). Experiments were

performed in triplicates, the error bar represents statistically significant

(p < 0.05).

TABLE 2 | Scavenging potential data of biogenic silver nanoparticles (BSNPs) and

chemically silver nanoparticles (SNPs).

Compounds 5 µg/mL 10 µg/mL 15 µg/mL 20 µg/mL

Biogenic silver

nanoparticles (BSNPs)

19.6 ± 1.2 27.2 ± 1.3 31.4 ± 1.5 36.1 ± 1.4

Chemically silver

nanoparticles (SNPs)

18.3 ± 1.48 23.1 ± 1.3 29.4 ± 1.4 35.3 ± 1.4

L-ascorbic acid 32.3 ± 1.3 38.6 ± 0.91 57.5 ± 1.4 77.3 ± 1.3

Result were expressed as mean ± standard error mean % scavenging activity of the

compounds using L-ascorbic acid (Standard).

FIGURE 3 | Structural and biochemical characterization. (A) XRD spectrum showing the face centered cubic (FCC) nature of the SNPs, BSNPs and cell extract. (B)

FTIR spectra of (a) BSNPs and (b) cell extract.
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The scavenging potential of samples was calculated by using
following formula:

% of inhibition =
Acontrol− ASample

A control
× 100 (1)

Acontrol (L-ascorbic acid) as standard and Asample as absorbance
of samples taken. Themethanolic DPPH solution (1mL, 0.3mM)
was used as a control.

Cell Viability Assay
Cell viability assay was performed using the technique described
by Al-Fatlawi and Ahmad (2014). It is a colorimetric assay
to measure growth of the cells which reduces the tetrazolium
yellow dye, called MTT, to insoluble purple color formazan
using mitochondrial dehydrogenase enzyme of living cells. The
absorbance was measured at 570 nm wavelength. Cytotoxic
potential of the Ag NPs was determined by dose dependent
manner. RPMI-1640 culture medium with 10% heat-inactivated
fetal calf serum along with antibiotic antimycotic solution was
used to culture cancer (MCF7, HeLa and HepG2) as well as
normal cell lines (HEK-293). Cells were plated in 96-well plate

having a density of 5 × 103 cells per well and cultured for
24 h at 37◦C. BSNPs and SNPs stock solution were prepared
in a 1:1 mixture of DMSO (Dimethyl Sulfoxide) and THF
(Tetrahydrofuran) and cells were incubated for 48 h and cell
proliferation was calculated by adding 20 µL of MTT dye
(5µg/mL in phosphate-buffered saline) per well. Further the
plates were placed for 4 h at 37◦C in a humidified chamber
containing 5% CO2. Due to reduction of the tetrazolium dye,
crystals of formazan formed by viable cells in each well were
dissolved in 150 µL dimethyl sulfoxide and absorbance was
measured at 570 nm. The absorption values were expressed
as cell viability (%), according to the control group as 100%.
Doxorubicin (Doxo) and 5-Fluorouracil (5-Fu) were used as
standard drugs. The assays were carried out in triplicate on three
independent experiments. The concentration required for 50%
inhibition of cell viability (IC50) was calculated using the software
“Prism 3.0.”

Statistical Analysis
Graph Pad Prism was used for data analysis. The mean and
standard deviation were used for descriptive statistical measures
to summarize the data. To evaluate the influence of independent

FIGURE 5 | Experimental observation of the cytotoxic property of P.indica -derived Ag NPs, (A,B) cytotoxic activity of chemically Ag NPs and biogenic synthesized Ag

NPs at different concentration against cancer cell lines. Experiments were performed in triplicates; the error bar represents statistically significant differences

(p < 0.05). (C) Cytotoxic activity (IC50) of biogenic silver nanoparticles (BAgNPs) and chemically silver nanoparticles (SNPs) against human carcinoma cell lines and

normal cells (HEK-293). Doxorubicin (Dox) and 5-Fluorouracil (5-Fu) are used as reference drugs.
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variables as well as possible interactions between them in the
cytotoxicity efficacy study, two-way analysis of variance (two-way
ANOVA) was used. Tukey’s procedure was determined, whether
the data showed evidence of the difference between the various
cytotoxic agents.

RESULTS

Fungal Derived Ag NPs Synthesis and
Characterization
The growth characteristics of the fungus show that mycelia
grown in MYP agar media were white, flat and submerged

(Figure 1A). To test our hypothesis, we incubated the cell extracts
with 1mM AgNO3 solution and observed a steady color change
from colorless to reddish-brown up to 96 h (Figure 1B). UV-
vis absorption of the BSNPs feature at 440 nm (Figure 1C) and
the color intensity persisted even after 72 h, which signifies that
particles were well-dispersed and stable in the solution. As seen
in Figure 1D, the intensity of the peak increases with time before
reaching a saturation point. Figures 2A,B illustrates SEM image
along with EDAX of the BSNPs. The elemental silver was found
more than 80% of the weight (Table 1) and the percentage of
carbon, oxygen and copper are in less amount. The particles
size distribution was determined with TEM (Figures 2C,D), and

FIGURE 6 | Cytotoxic activity of biogenic synthesized silver nanoparticles at IC50 against different cancer cell line Mc (MCF 7), He (HeLa), Hp (HepG2), HEK

(HEK-293), C (control), BSNPs (Biogenic Silver nanoparticles) and SNPs (Chemically synthesized silver nanoparticles).
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observed to be fairly consistent in the range of 6–15 nm with
only small fraction of the particles having dimensions 16–30 nm.
The XRD pattern of the BSNPs and SNPs along with the cell
extract are illustrated in Figure 3A. Four peaks of BSNPs at 2θ
values of 38.0, 46.4, 67.8 and 77.2 degrees corresponding to (111),
(200), (220), and (311) planes of silver were observed which are
consistent when compared with the standard powder diffraction
card of the Joint Committee on Powder Diffraction Standards,
silver file No. 04–0783 (Yang et al., 2011). The XRD observations
consequently verified that the obtained BSNPs and SNPs were
face centered cubic (FCC), thus confirming that BSNPs and SNPs
were crystalline in nature. The average size (D) was estimated
using the Debye-Scherrer formula:

D =
0.9λ�βcosθ (2)

Where “λ” represent X-Ray wavelength (0.1541 nm), “β” is the
line broadening at, half the maximum intensity (FWHM) and “θ”
is the Bragg’s angle. Based on the different 2θ values, we calculated
a range of average crystalline size (D) between 5 and 20 nm with
an average of ca. 13 nm consistent with the previous TEM as
stated in Figure 2D. Where as for SNPs the average crystalline
size between 10 and 25 nm.

Figure 3B shows the FTIR spectra of the possible
biomolecules present in the cell extract and the BSNPs.
The spectrum of the extract with peak pick at 3,279, 1,613, and
1,028 cm−1 which are attributed to the OH stretching vibration
of the aromatic compounds (e.g., Phenols), NH2 stretching of the
primary amines, respectively and lastly 1,028 cm−1 correspond
to C-O of the ether group and C-N stretching of the amine
group. The bands at 2,928, 1,378, and 816 cm−1 indicated CH
stretching and bending of the alkanes and C–H bending of
the alkenes, respectively providing evidence of the presence
of hydrocarbons. Furthermore, the bands at 1,557, 1,259,
and 1,155 cm−1 represented C=C stretching of the aromatic
compounds, P=O stretching of the phosphorous containing
groups, and the last one represented the phosphate, respectively.
Whereas, the FTIR spectrum of the BSNPs was less intense
and broadened. The peak at 2,928 cm−1 corresponding to C–H
stretching of the alkanes associated with hydrocarbons was
absent. The C=O and CH vibration of amide and amine groups
are shifted. Reduction in the intensity of 1,028 cm−1 peak after
biosynthesis of BSNPs suggested that the protiens were involved
in synthesizing and capping of nanoparticles. The additional
peaks at 1,643, 1,211, 1,337, and 1,792 cm−1 corresponded to
stretching band of alkenes and N-H bending, C-O stretching
vibration for ether group, C-N stretching of aromatic amines and
lastly for stretching vibration of C=O of conjugated acid halide,
respectively.

In vitro Antioxidant and Cytotoxic Activity
The antioxidant activity of the BSNPs at different concentrations
(5, 10, 15, and 20µg/mL) was shown in Figure 4 andTable 2. The
results revealed that the BSNPs are almost similar antioxidants
in comparison to the chemically synthesized Ag NPs (SNPs).
The effect of BSNPs in different dose on cell viability of diverse

TABLE 3 | Cytotoxic activity (IC50 ± SD values) µg/mL of biogenic silver

nanoparticles and chemically synthesized silver nanoparticles against human

carcinoma cell lines and normal cells (HEK-293).

Compounds MCF7 HeLa HepG2 HEK-293

Biogenic silver

nanoparticles (BSNPs)

1.07 ± 0.19 1.87 ± 1.31 2.45 ± 0.62 13.94 ± 1.31

Chemically silver

nanoparticles (SNPs)

1.67 ± 0.10 3.55 ± 0.94 2.09 ± 1.21 10.33 ± 0.77

Doxo 1.28 ± 0.20 1.46 ± 0.24 1.87 ± 0.20 7.98 ± 1.21

5-Fu 2.95 ± 0.10 1.70 ± 0.72 2.26 ± 0.91 9.12 ± 1.32

Reference drugs are used as Doxorubic (Dox) and 5-Fluorouracil (5-Fu).

cancer cell lines MCF7, HeLa, and HepG2 along with HEK-
293 as normal cell lines showed an increment in cytotoxicity
with an increase in the concentration of Ag NPs (Figure 5). The
cytotoxicity potential of the BSNPs and SNPs against cancer cell
lines was IC50 < 3.60µg/mL (Figure 6 and Table 3) whereas for
normal cell cytotoxicity potential was IC50 > 50µg/mL.

The experimental IC50 data revealed that the concentration of
BSNPs were relatively more cytotoxic than SNPs with significant
IC50 values of 1.07 ± 0.19µg/mL (MCF7), 1.87 ± 1.31µg/mL
(HeLa) and 2.45 ± 0.62µg/mL (HepG2) in all cancer cell lines.
Whereas, SNPs exhibited maximum inhibitory effect against
MCF7 (1.67 ± 0.10) µg/mL then HepG2 (2.09 ± 1.21) µg/mL
lastly in HeLa (3.55± 0.94)µg/mL at IC50 values. Comparatively,
the IC50 values were much higher in normal cell (HEK-293)
which indicate that normal cells were almost unaffected by
BSNPs. So, among the all tested cancer cell lines themost effective
cytotoxicity was found against MCF7 followed by HeLa and
HepG2 cell lines against BSNPs.

DISCUSSION

P. indica, is a root entophytic fungus and a member of
order Sebacinales. It colonizes in most of the members
(bryophytes, pteridophytes, gymnosperms, and angiosperms)
through mycorrizal interactions. Root colonization results into
significant increase in the plant growth, early flowering, higher
seed yield, alteration in the secondary metabolites (Varma et al.,
1999). P indica also shows enormous bio-protective potential
against plant pathogens and insect pests of agricultural and
horticultural crops (Varma et al., 2012). It is well-known
for producing various types of enzymes like urease, enolase,
glutamate dehydrogenase and valuable source for phosphate
solubilizing plant growth promoting factors and α- NADPH
dependent nitrate reductase (Prasad et al., 2013; Gill et al., 2016;
Siddhanta et al., 2017). As expected, the silver nanoparticles
were produced when the extract seized the Ag+ ions present
inside the solution containing AgNO3 into their elemental
form (Ag◦) by utilizing cellular extract for example NADPH-
dependent nitrate reductase as illustrated in the Figure 7 (Prasad
et al., 2016). The enzymes and the other reducing agents
present inside the cell extract are beneficial for large-scale
nanoparticle synthesis and its isolation (Ray et al., 2011). The
visual observations were substantiated by longitudinal excitation
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FIGURE 7 | Representation of the reduction and formation of stabilized Ag NPs.

FIGURE 8 | Mechanism involved during cytotoxicity.

of surface Plasmon in BSNPs (Pandey et al., 2012). Earlier studies
showed that NADPH-dependent nitrate reductase and shuttle
quinine of Fusarium oxysporum are responsible for synthesis of
nanoparticles (Prabhu and Poulose, 2012). The morphological
characterizations through SEM with EDX showed that, the
percentage of BSNPs synthesized were high, which signified
the purity of the compound. The percentage of Copper and
Carbon might be due to carbon coated copper grid used during
sample preparation. Carbon and oxygen are sign of microbial
biomolecules present on the surface of Ag NPs through EDAX.
Carbon and oxygen in the samples confirm the presence of
stabilizers composed of alkyl chains (Kaushik and Joshi, 2015;
Aziz et al., 2016). Further TEM and XRD studies shown that
BSNPs were spherical shape with polydispersed in nature and
confirmed the crystallinity of the particles, similar results were
shown by Aziz et al. (2015).

The enzymes and proteins secreted by the microorganisms
impart better stability to Ag NPs which reduce the requirement
of downstream processing of the synthesized nanoparticles (Rai

et al., 2009). FTIR study was performed to check the existence of
such stabilizing agents, and the measurement was done to classify
the possible biomolecules present which are responsible for the
reduction of the Ag+ ions. The nanoparticles formed were not in
direct contact not even in aggregate, indicating the stabilization
of the nanoparticles by a capping agent as peptide on the surface
of nanoparticles. This study was also supported by Ahmad et al.
(2003); Chowdhury et al. (2014).

In vitro Antioxidant and Cytotoxic Activities
It was well-known that SNPs revealed substantial amounts
of antioxidant activity which manifested them as potentially
drugs (Durán et al., 2010). On the basis of considerable results
(Figure 4) of antioxidant activity, it was considered that BSNPs
could be effectively used against MCF7, HeLa and HepG2 cancer
cell lines. The treated cells have disrupted morphology and have
low cell density or number as compared to the control. Toxicity
of BSNPs depends upon the shape, size, and the concentration
of the nanoparticles. The hypothetical mechanism has been
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described in Figure 8. These findings suggested that the cell
death had occurred which may be due to necrosis or apoptosis.
The cytotoxic effects probably occurred due to the interference
of Ag NPs with the proper functioning of the protein leading
to the change in the cellular chemistry also suggested by Rogers
et al. (2008) and Rajpal et al. (2016a,b). Several researchers
have suggested that once the Ag NPs penetrates inside the cells,
they may cause partial unfolding and cause aggregation of the
proteins and also interact with thiol rich enzymes (Morones
et al., 2005; Zolghadri et al., 2009). Asharani et al. (2009) and
Franco-Molina et al. (2010) reported that chemically synthesized
Ag NPs inhibit proliferation of human glioblastoma cells and
human breast cancer cells. Sanpui et al. (2011) demonstrated
that the chitosan mediated Ag NPs, disrupt the normal cellular
function, and also affect its membrane integrity by inducing
apoptotic signaling genes of mammalian cells that causes death.
According to the recent research Ag NPs have been proven to
induce cytotoxic effect due to accumulation in the liver which
cause oxidative cell damage (Kim et al., 2009). They also lead
to generation of reactive oxygen species producing apoptosis
(Carlson et al., 2008; Foldbjerg et al., 2009).

These results are potentially promising and suggest that, we
can design a convenient, eco-friendly and cheap method for
the synthesis BSNPs with good anticancerous activity. This can
open the door for the preparation of suitable pharmaceutical
formulation by using these nanoparticles. Taking into account
the mobility of Ag NPs into cells as well as outcome in
a bioprocess, the risk aspects of the application in large
scales and in the environment as well as studies on different
biological activities in different fields could be strengthened in
future studies.

CONCLUSION AND FUTURE PROSPECTS

In order to seek for advanced therapeutic concepts for cancer
treatment nanosilver formulation has surfaced as a striking
option. Our characterization marks the crystalline nature of the
particles as well as presence of intrinsic capping and stabilizing
protein on the surface of P. indica-derived nanoparticles,
which further preclude the necessity of further downstream
processing, enabling its direct use for anticancerous therapy.
The synthesized biogenic Ag NPs displayed impressive cytotoxic
potential against three cancer cell lines. The inherent protein
cap in these nanoparticles made their entry easier into the
cells in comparison to chemically synthesized nanoparticles
due to their inherent porosity and therefore larger surface
area. The facile synthesis and salient features of this fungus-
derived Ag NPs will facilitate their potential applications
to the scientific foundation for translational studies in
animal.
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