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Anti-cancerous and anti-bacterial potential of silver nanoparticles synthesized
using leaf extract of fern- Dryopteris barbigera
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Green synthesized nanoparticles are easily bio-available and eco-friendly in nature. Leaves
of Dryopteris barbigera have medicinal properties. In this study, biogenic synthesis of
silver nanoparticles (AgNPs) using D. barbigera leaf extract and their characterizations
have been carried out. Surface plasmon spectra for AgNPs displayed absorbance peak with
dark brown color at 418 nm. The synthesized AgNPs, were spherical with size ranging
between 10.7-27.6 nm, lattice constant of 0.408 nm and crystallite size of 11.9 £ 2.9 nm.
These AgNPs were biocompatible towards MCF-7 and A549 cancer cell lines and showed
bactericidal effect against Staphylococcus aureus and Escherichia coli.
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1. Introduction

Nanoparticles exhibit a distinctive property of large surface area-to-volume ratio due to
physical, chemical and biological properties, making them better as compared to their mass metals
[1-4]. Unlike other metal NPs, silver nanoparticles (AgNPs) are unique as they can be incorporated
into biosensor materials, composite fibres, cryogenic superconducting materials, cosmetic products
and electronic components [5]. They have antibacterial [6, 7], antioxidant [8, 9], anti-viral [10,11],
antiparasitic [12, 13], larvicidal [14, 15] and catalytic properties [16,17]besides being successfully
used in the cancer diagnosis and treatment as well [18-20].Existing physical and chemical methods
have effectively delivered well characterized AgNPs, but these procedures are costly and include
the utilization of toxic chemicals which further increase the toxicity issue due to the binding of
hazardous chemicals on the surfaces of NPs [21-23]. Similarly, NPs synthesized using aqua-
chemical methods show aggregation on storage [24] biomass has attracted the attention of
researchers for nanoparticle production.

Synthesis of NPs using biological material is simple, cost effective and ecofriendly
alternative as compared to physical and chemical methods as it do not involve use of toxic
chemicals [25, 26]. The synthesis of NPs using plant extract of various plant parts is advantageous
over use of microorganisms. It does not require costly media and intricate procedure of
maintaining cell cultures [27]. Also, the reduction of silver ions to AgNPs is much faster using
plant extract as compared to microbial culture filtrate [28]. Biological approaches of green
synthesis of NPs have been accounted by utilizing different plant extracts [29-33].

The genus Dryopteris belongs to family Dryopteridaceae and its species can be found
worldwide in temperate and mountain tropical regions, with a primary center of diversity in
eastern Asia, and secondary centers in eastern North America, Mexico, South Africa, and Western
Europe [34].Modern pharmacological research shows that the plants in Dryopteris genus have not
only anti-helminthic activities as the traditional use, but also antiviral, antitumor, antimicrobial,
anti- inflammatory, and antioxidative activities [35].Dryopteris barbigera (Moore) is a
characteristic alpine fern, rich in chemical constituents like Filicene [36]; Oleoresin (7-9%) [37],
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and Filicin (2.2 %) [38].The root contains about 2.1% ‘filicin’ [39], a substance that paralyses
tapeworms and other internal parasites and has been used as a worm expellent [40]. It is one of the
most effective treatments known for tapeworms.

Over the past decade, there are onlytwo reports on the synthesis of NPs using genus
Dryopterisi.e.,Dryopteris crassirhizomaand Dryopteris cochleata [6,36].As part of our
contributions to the growing interest of bio-mediated synthesis of AgNPs, we report for the first
time an inexpensive one-pot synthesis of AgNPs by green route atroom temperature, stabilized in
situ using leaf extract of Dryopteris barbigera and evaluated it’s anticancerous and antibacterial
activities.

2. Experimental

2.1. Sample Collection

Leaves ofDryopteris barbigera were collected from tribal area of Srinagar city, Jammu
and Kashmir, India in the month of May 2016. The plant species was identified by Dr. Akhtar,
Associate Professor, Centre for Biodiversity and Taxonomy, University of Kashmir, Jammu and
Kashmir. The fresh young leaves were brought to the research laboratory in aseptic conditions in
sterile polythene bags within 24 hrs.

2.2. Preparation of leaf extract

D. barbigera aqueous leaf extract was used to prepare AgNPs. Leaves were thoroughly
washed in running tap water to remove the surface contaminants. This was followed by rinsing
with double distilled water. The leaves were air dried at room temperature. Twenty grams of finely
cut leaves were boiled in 200 ml of de-ionized water for 20 min. The extract was cooled to room
temperature, filtered through Whatman filter paper No.1 and stored at 4° C for further use [41].

2.3. Green synthesis of AgNPs

For synthesis of AgNPs 20 ml of leaf extract was mixed with 180 ml of 1 mM aqueous
silver nitrate with constant stirring in 500 ml flask. The mixed solution was kept in dark to avoid
photo-activation of silver nitrate at room temperature for 24 hrs. Change in color from colorless to
brown indicated formation of AgNPs[42].

The biosynthesized AgNPs solution was centrifuged at 10000 rpm for 20 min. The
supernatant was discarded and the pellet obtained was again dispersed in de-ionized water for
repeated centrifugation to separate free entities from AgNPs [43]. The resulting pellet was
collected and used for further characterization. The experiment was run in triplicates.

2.4. Optimization of different parameters

(a) Effect of quantity of leaf extract on AgNPssynthesis

Effect of leaf extract concentration on synthesis of NPs was studied by taking 1- 5 ml of
leaf extract. To each concentration 9 ml of 1 mM AgNO; solution was added separately. UV-
visible absorbance spectra of the resulting solutions were monitored. Stable NPs were obtained
when 1 ml of leaf extract was added to 1 mM AgNO; solution and therefore was chosen for further
studies.

(b) Effect of concentration of AgNO; on synthesis of AgNPs

Effect of silver nitrate concentration on NPs synthesis was studied by using different
concentration of silver nitrate 1- 5 mM. UV-visible absorbance spectra of the resulting solutions
were monitored. Stable NPs were obtained at concentrationl mM and therefore were chosen for
further studies.

(c) Effect of temperature on synthesis of AgNPs

Effect of temperature on nanopaticles synthesis was studied at various temperatures 37°C,
50°C, 60°C, 80°C and 100°C using water bath. UV-visible absorbance spectra of the resulting
solutions were monitored. Stable NPs were obtained at temperature 37 °C. Further studies were
therefore, carried out at room temperature.
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2.5. Characterization of synthesized AgNPs

UV-Vis absorbance of synthesized AgNPs was measured with dual beam spectroscope
(Lambda 25, Perkin Elmer) in the wavelength range of 300- 700 nm. FTIR spectra of the samples
were collected on FTIRTwo-Spectrum (PerkinElmer) in 4100-400 cm™' range. Structural
characterization of synthesized nanoparticles was carried out using PANanalytical, (X'PertPRO)
X-ray diffractometer with Cu-Ko monochromatic radiation (A = 0.154 nm).The X-ray source was
set at 45 kV and 40 mA. A scan rate of 2°/min was used in 20 - 70° (20) range. Morphology of
AgNPs was visualized with Nova Nano FE- SEM 450 (FEI) and the elemental composition was
determined using Energy Dispersive X-ray Analysis (EDX).The size of AgNPs was further
confirmed using transmission electron microscope [Tecnai G? 20 (FEI) S-Twin TEM] operating at
a voltage of 200 kV.The selected area electron diffraction (SAED) patterns were collected to
analyze the phase and crystalline nature of biosynthesized AgNPs.

2.6. Cell viability by MTT assay

The cell viability assay of green synthesized AgNPs was carried out in cancer cell lines
(MCF-7 and A549) with the conventional MTT reduction assay as per the method given by Lovitt
et al. [44] with slight modifications.

2.7. MTT Assay

A549, MCF-7 cells and test compounds were prepared in 96-well plates containing a final
volume of 100 pl/well. It was incubated for desired period of exposure. Ten pul MTT solution was
added per well to achieve a final concentration of 0.45 mg/ml. It was then incubated at 37 °C for 4
hrs and 100 pl solubilization solution was added to each well to dissolve formazan crystals and
ensure complete solubilization. Viable cells were determined by the absorbance at 540 nm. The
effect of the samples on the proliferation of A549 and MCF-7 cells was expressed as the % cell
viability, using the following formula:

% Cell viability = OD value of sample/OD value of controlx10
2.8. Antimicrobial studies of silver AgNPs

The synthesized AgNPs were analysed for antibacterial activity as per Threlfall et al. [45]
and Walker [46] against Gram positive bacterial strain Staphylococcus aureus and Gram negative
bacterial strain Escherichia coli by agar well diffusion method. Initially, the stock cultures of
bacteria were revived by inoculating in broth media and grown at 37°C for 18 hrs. The nutrient
agar plates were prepared and wells of 6 mm were made in the plates. Each plate was inoculated
with 18 hrs old cultures (100 pl, 10* cfu/ml) and spread evenly on the plate. After 20 min, the
wells were filled with sample (10 mg/ml of solvent) and antibiotic ciprofloxacin (10 mg/ml) at
different concentrations 25, 50, 100, 250, 500 and 1000 pg. The plates thus prepared were left at
room temperature for 10 min for allowing the diffusion of the sample and antibiotic into the agar
bacterial lawn. The inhibition zones were observed after incubating all the plates at 37°C for 24
hrs.

3. Results and discussion

3.1. Visual observation

Addition of aqueous leaf extract of D.barbigerato AgNO; solution resulted in colour
change from colourless to brown (Fig. 1). The color change was due to reduction of silver ion
demonstrating the synthesis of AgNPs. It is well known that AgNPs display yellowish brown color
in aqueous solution because of excitation of Surface Plasmon Resonance (SPR) in AgNPs[47,48].
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Fig. 1. (a) Leaf extract of Dryopteris barbigera(b) Change in colour after reaction of leaf extract with
AgNO; solution.

3.2. UV- Visible studies

The synthesis of AgNPsin aqueous suspensions was examined by using UV-Vis
spectroscopy [49]. AgNPs generally exhibit surface plasma resonance (SPR) band at 400-480 nm
[48,50]. In our study an absorbance peak at 418 nm was observed (Fig. 2). The broadened peak
indicates polydispersed nature of nanoparticles [51].

Absorbance

300 400 500 800 700
Wavelength (nm)

Fig. 2.Absorption spectra of AgNPs synthesized using D. barbigera leaf extract.

3.3. Optimization of different parameters
Various parameters including reaction time, concentration of leaf extract, concentration of

AgNO; and temperature were optimized for synthesis of AgNPs.

3.4. Effect of leaf extract on synthesis of AgNPs

The different concentrations of Dryopteris barbigera leaf extract 1 ml, 2 ml, 3 ml, 4 ml
and 5 ml were added separately to 9 ml of 1 mM AgNO; solution for synthesis of AgNPs. The
color intensity changed with increase in leaf extract concentration from light to deep brown at 418
nm. The surface plasmon resonance band got shifted to higher absorbance and wavelength with
the increase in the leaf extract concentration (Fig. 3) This signifies increase in size of AgNPs [52].
At 2 ml, 3 ml, 4 ml and 5 ml of leaf extract concentration agglomeration of AgNPs was noticed
after 3 days of incubation. Stable AgNPswere obtained at 1 ml of leaf extract as no agglomeration
was found at this concentration. One ml of leaf extract was therefore, used for further studies.
Same concentration of leaf extract has been used earlier for synthesis of stable nanoparticles [53].
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Fig. 3.UV-Vis spectrum of AgNPs showing effect of concentration of leaf extract.

3.5. Effect of AgNOsconcentration on synthesis of AgNPs

The effect of silver nitrate concentration was investigated with varying concentration from
1 mM to 5 mM. The ratio used was 1:9 for leaf extract and AgNOs. Synthesis of AgNPs was
indicated by change in color from golden to dark brown at 1 mM concentration at 418 nm.
Increase in color intensity and shift in surface plasmon resonance band towards higher absorbance
and wavelength at 2 mM, 3 mM, 4 mM and 5 mM was noticed as AgNO; concentration was
increased (Fig. 4). The shift in peak may be due to increase in size of AgNPs[52]. There was
agglomeration of AgNPs after three days of incubation with 2 mM, 3mM, 4mM and 5 mM
concentration of AgNO; whereas, no agglomeration was found with 1 mM concentration of
AgNO;. One mM of AgNO; concentration was, therefore, used for the synthesis of AgNPs[51,

53].
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Fig. 4.UV-Vis spectrum of AgNPs showing effect of concentration of AgNOs.

3.6. Effect of temperature on synthesis of AgNPs

The reaction mixture was incubated with 1 mM AgNOsat 37° C, 50° C, 60° C, 80° C and
100° C to determine the effect of temperature on the synthesis of AgNPs. There was a change in
color from golden brown to dark brown at 418 nm at 37° C (Fig. 5). The surface plasmon
resonance band got shifted to higher absorbance and wavelength at temperature above 60° C,
which may be due to increase in particle size of AgNPs[52]. High temperatures lead to
biomolecules destruction resulting in formation of large sized nanoparticles.
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There was agglomeration of AgNPs after 3 days of incubation at temperature 50° C and
60° C with no agglomeration at temperature 37° C, therefore, selected for further studies for the
synthesis of NPs [53, 54].
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Fig. 5.UV-Vis spectrum of synthesized AgNPs at different temperatures.

3.7. FT-IR spectroscopy

The biomolecules involved in the reduction and stabilization of AgNPs were identified
using FTIR spectroscopy. Four absorption peaks at wavenumber 3443 cm™*, 1615 cm™, 1384 cm ™
and 1077 cm* were observed (Fig. 6). The peak at 3443 cm ™' is attributed to O-H stretching of
hydrogen bonded phenolic group [55].The peak at 1615 cm ™ can be assigned to C=C stretch in
aromatic ring confirming the presence of aromatic group [56].Peak at 1384 cm'is assigned to C-H
bending vibration while the band at 1077 cm* canbe attributed to C-N stretching of amines group
[57].
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Fig.6. FT-IR spectrum of biosynthesized AgNPs.

FT-IR study thus revealed that phenols and amines could have interacted with the surface
of AgNPs and might be responsible for reduction of Ag* to Ag® and stabilization of AgNPs.

3.8. XRD studies

The structural parameters (phase, crystallite size and lattice parameter) of biosynthesized
AgNPs using D. barbigera aqueous leaf extractwere investigated with XRD (Fig.7).The presence
of intense peaks in the XRD spectrum indicates the crystalline nature of synthesized nanoparticles.
Four obvious diffraction peaks appearing at 38.3°, 44.4°, 64.6° and 76.8°values of 20 confirm the
formation of face-centered cubic AgNPs(JCPDS card number: 04-0783). These peaks can be
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assigned to (111), (200), (220) and (311) crystallographic planes of AgNPs, which is further
supported by SAED pattern obtained in the TEM study. Presence of some additional peaks
(marked with stars) at 27.9°, 32.3°, 46.3° and 57.6° was also shown by XRD. Similar crystalline
peaks at 32.2°, 46.2°, 54.8°, and 67.4° were reported due to presence of phytochemicals [56,58,
59].
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Fig.7. X-ray diffraction pattern of synthesized AgNPs.

Further, lattice parameter of the synthesized AgNPs was calculated using the following
relation for the cubic crystal system

a

Here, ‘@’ is the lattice parameter and‘d’ is the interplanar spacing for the set of parallel
planes represented by miller indices (hkl). The calculated lattice parameter was 0.408 nm which is
in close agreement with reported lattice parameter of the silver [60].The broadening of diffraction
peaks in the XRD spectrum indicates the formation of nanoparticles. From the broadening of
peaks, average crystallite size of the nanoparticles was estimated using theDebye—Scherrer’s
equation

D = (KA)/(Pcosb)

Here, K is a dimensionless constant which is generally assigned a value of 0.94[61], A is
the wavelength of X-ray radiation used, and B is the full width at half maximum (FWHM) of a
diffraction intensity peak. Average crystallite size estimated using Debye-Scherrer’s equation was
found to be 11.9 £ 2.9 nm, which is slightly less than that obtained from SEM, but close to TEM
measurements.

3.9. FESEM and TEM analysis

FESEM micrograph of AgNPs shows that synthesized nanoparticles are spherical in shape
(Fig. 8a). The agglomeration of few particles has also been observed in the SEM. The synthesized
nanoparticles are smaller than 50 nm and having different sizes ranging from ~18 nm to ~42 nm.
Similar results have been reported by Lee et al. [6].
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Fig.8a. SEM image of synthesized AgNPs.

A representative TEM image collected for the AgNPs is shown in Fig. 8b.1t confirms that
most of the particles are spherical in shape as visualized with FESEM. The size of synthesized
AgNPs varies from ~11-28 nm.The estimated average size was 17.7 nm, which is close to that
calculated by XRD. Similar results have been reported using plant extract of Adiantum lunulatum
with size range of 10 nm—60 nm [7].

Fig. 8b. TEM image of synthesized AgNPs.

3.10. Selected Area Electron Diffraction (SAED) studies

SAED pattern is very useful to reveal the structure and distinguish between crystalline and
amorphous nature of the material [62].The SAED pattern (Fig. 9) obtained in the present study
confirms the polycrystalline nature of synthesized AgNPs[63].The brighter spots in the obtained
SAED were grouped in concentric circles based on their distances from the centers. The d spacing
calculated corresponding to the radii of these circles were found to be 0.238, 0.203, 0.143 and
0.121nm which correspond to (111), (200), (220) and (311) crystallographic planes of face-
centered cubic AgNPs.

Fig. 9. SAED pattern of biosynthesized AgNPs.
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3.11. EDX study

In the present study a strong signal peak at 3 keVV was observed by EDAX spectroscopy
suggesting the presence of silver as constituent element. Similar peak at 3 keV has also been
reported by various researchers [49, 58]. The elemental studies of the AgNPs showed presence of
Ag followed by C, Cu, Cl, Co, Fe, S, Si, Mg, P and O (Fig. 10). These peaks are due to
biomolecules which are bound on the surface of AgNPs. The presence of copper (Cu) is due to
copper grid which was used for TEM imaging and EDX investigation [64].
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Fig.10. EDAX analysis of biosynthesized AgNPs.

3.12. Anticancer activity of AgNPs

Efficacy of synthesized AgNPs against cancer cell lines, MCF-7 and A549 was examined
(Table 1 and Fig. 11, 12 and 13) and morphological changes were found in the cell leading to cell
death at all the concentrations tested (25, 50, 100, 250 and 500 ug/ml). The 1C50 value for AgNPs
was not achieved even up to 500 ug/ml concentration suggesting that synthesized NPs might not
be cytotoxic to A549 and MCF-7 cancer cell lines. The results were as per Patra et al.[32], and
Zahoor et al.[65], who reported biocompatibility of AgNPs with B16F10, MCF-7, HNGC2, A549
and Hep G2 cancer cell lines.

However, there are reports on cytotoxicity of AgNPs towards cancer cell lines. In-vitro
cytotoxic effect of Cibotium barometz leaf extract mediated AgNPson RAW264.7 murine
macrophage and MCF-7 breast cancer cell lines was studied by Wang et al.[20]. The 1C50 value
was found to be >10pug/ml for RAW264.7 cells and it was more than 10 pg/ml for MCF-7 cell
line. Jhonson et al.[66] treated Cyathea nilgirensis mediated AgNPs with hatched shrimps
(Artemia salina) and inhibited the viability. The cytotoxic potential of the aqueous extract and
AgNPs of C. nilgirensis showed varied percentage mortality with the LC50 value 1533.28 ul/10
ml and 869.4 ul/10 ml, respectively. The AgNPs altered the cellular and molecular level functions
of Artemia salina leading to mortality.

Table 1. Cell viability of A549 and MCF-7 cell lines when treated with different concentrations of AgNPs.

Tested OD at 570nm %Cell Viability OD at 570 nm %Cell Viability
concentration(ug/ml) (A549) (A549) (MCEF-7) (MCEF-7)
25 0.265 99.2 0.217 86.6
50 0.252 94.6 0.20 82.6
100 0.210 78.7 0.203 80.7
250 0.185 69.3 0.183 73.0
500 0.178 66.8 0.18 71.7
Control 0.266 100 0.250 100
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Fig. 11. Cell viability of (A) A549, (B) MCF-7 after treatment with AgNPs.
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Fig.12. Cell viability of A431 after treatment with AgNPs.
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Control 25pg/ml

Fig. 13. Cell viability of MCF-7 after treatment with AgNPs

3.13. Antibacterial studies

In our study the AgNPs (DB-4) were analysed for antibacterial activity against one Gram
positive bacterial strain Staphylococcus aureus and one Gram negative bacterial strain Escherichia
coli by agar diffusion method. The synthesized AgNPs showed activity against both test
organisms. Antibacterial activity of NPs for S. aureus and E. coli was observed at 50 pg/ml and
100 pg/ml concentration, respectively. Increased zone of inhibition was observed with increase in
AgNPs concentrations. Ciprofloxacin was taken as a positive control. Also, antibacterial activity of
plant extract (DB-1), AgNPs in aqueous solution just after the color change (DB-2) and
agglomerated AgNPs which were incubated for three days (DB-3) were analyzed against the same
bacterial strains (Table 2).
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Table 2. Antibacterial activities of plant extract (DB1), AgNPs in aqueous solution (DB2), agglomerated
AgNPs (DB3), synthesized AgNPs (DB4) and Ciprofloxin as positive control.

S.aureus
Samples 25 ug 50 pg 100 pg 250 ug 500 ug 1000 ug | MIC pg
D.B1 0 0 0 5 10 12 250
D.B2 0 0 5 9 12 14 100
D.B3 0 0 0 0 0 6 1000
D.B4 0 5 9 12 13 16 50
Ciprofloxacin 13 18 21 25 27 * 25
E.coli
Samples 25 ug 50 ug 100 ug 250 pg 500 pg 1000 pg | MIC ug
D.B1 0 0 0 0 0 5 1000
D.B2 0 0 5 10 13 15 100
D.B3 0 0 0 0 0 NF
D.B4 0 0 7 9 10 13 100
Ciprofloxacin 18 20 23 26 28 * 25

Note: In above tables, NF is MIC not found in the concentrations screened
*zones could not be measured due to merging
Zones >3 mm considered for MIC

These studies were supported by the results of Santoshkumar and Nagarajan [67] and
Wang et al.[20]. Because of variations in size and shape of AgNPs, bacterial load, exposure time
and nutrient media, there may be variation in antibacterial activities from species to species [55].
Antibacterial activity reports on AgNPs against Gram positive and Gram negative bacteria are
contrary. Some reports showed AgNPs to be more sensitive to Gram negative bacteria when
compared to Gram positive bacteria [68, 69] whereas reverse results were revealed by other reports
[20, 55, 67].

4. Conclusions

A rapid, environmentally benign and inexpensive method of fabricating AgNPs using leaf
extract of Dryopteris barbigera was developed in this study. UV-Vis spectroscopy, FTIR,
XRD,SAED, EDX, TEM and FESEM characterization were used for determining absorbance
peak,reduction mechanism, crystallinity, elemental composition and morphology of prepared
AgNPs. The NPs were potent against both tested bacterial strains Staphylococcus aureus and
Escherichia coli. In the present study synthesized AgNPs were found to bebiocompatible towards
MCF-7 and A549 cell lines, thereby forwarding our understanding towards use of AgNPs as drug
delivery vectors.
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