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Abstract

In the present investigation, we report simple, robust and eco-friendly synthesis of silver nanoparticles (AgNPs) using leaf
extract of Flemingia wightiana. The leaf extract of F. wightiana acts as reducing agent which reduces the silver ions into
FW-AgNPs, as well as stabilizing agent by capping around them. Biosynthesized FW-AgNPs were characterized by different
spectroscopic techniques. UV-Vis spectrum showed the characteristic SPR peak between 380 and 460 nm. EDX analysis
revealed the presence of metallic silver at 3 keV. XRD analysis clearly revealed that FW-AgNPs are crystalline in nature
with FCC structure. TEM analysis depicted the spherical morphology with 20-40 nm in size. DLS analysis showed that
average hydrodynamic size and PDI value of FW-AgNPs were found to be 47.6 nm and 4.5 respectively. Biosynthesized
FW-AgNPs showed high negative zeta potential value of —25.3 mV. FTIR analysis revealed the participation of polyphenols
and proteins in the bioreduction and stabilization of FW-AgNPs. FW-AgNPs showed strong DPPH and H,0, scavenging
activity with 1C50 values of 71.96 and 80.59 pg/mL respectively. Further FW-AgNPs also showed effective cytotoxicity
against cancer cells including SKOV3 and COLO205 with maximum inhibition of 83.2% and 75.9% respectively.
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1 Introduction

Metallic nanoparticles possess unique physico-chemical
properties such as optical, electronic, thermal and catalytic
properties due to their small size, large surface area-vol-
ume ratio, and spatial confinement [1]. Due to their unique
physico-chemical properties, metallic nanoparticles par-
ticularly silver nanoparticles (AgNPs) have attracted more
attention in the field of nanomedicine. AQNPs have been
widely employed in the theranostics, particularly drug
delivery and bioimaging [2]. AgNPs have been employed

in the treatment of cardiovascular diseases, neurodegen-
erative diseases, brain inflammation, neurotoxicity and
diabetes etc. [3-5]. AgNPs have been widely used as anti-
filarial, antiinsecticidal, antilarvicidal, antiprotozoal and
anticandidal agents [6-9]. Due to their characteristic sur-
face plasmon resonance (SPR) phenomenon, AgNPs have
been used particularly in the preparation of fluorescent
sensors. These sensors could be used for the detection of
pathogenic bacteria, fungi and virus of animal and crop
diseases [10-12]. AgNPs have been widely employed
as optical probes for SERS and MEF. (Surface-enhanced

Netala Vasudeva Reddy and Bethu Murali Satyanarayana have contributed equally to this work.

D4 Netala Vasudeva Reddy, vasubioteck07@gmail.com; DX Tartte Vijaya, tvijayasvu@yahoo.com | 'Department of Biotechnology,

Sri Venkateswara University, Tirupati, Andhra Pradesh, India. 2Biology and Toxicology Division, CSIR-IICT, Hyderabad, Telangana,

India. 3Department of Chemistry, Yogivemana University, Kadapa, Andhra Pradesh, India. *DST-PURSE Center, Sri Venkateswara University,
Tirupati, Andhra Pradesh, India. >Department of Botany, Sri Venkateswara University, Tirupati, Andhra Pradesh, India.

® SN Applied Sciences (2020) 2:884 | https://doi.org/10.1007/s42452-020-2702-7

Check for
updates

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-020-2702-7&domain=pdf

Research Article

SN Applied Sciences (2020) 2:884 | https://doi.org/10.1007/s42452-020-2702-7

Raman scattering and metal-enhanced fluorescence).
AgNPs shows more advantages such as sharp extinction
bands, high extinction coefficients and field enhance-
ments for probes [13, 14]. AgNPs have been successfully
employed for the catalytic degradation of dyes and pollut-
ants [15, 16]. AgNPs successfully employed as green and
robust catalysts in different chemical reactions involving
catalysis and organic transformations [17, 18]. AgNPs have
been widely employed in textile industries due to their
antimicrobial efficacies which impart powerful anti-odor
abilities to the clothes [19]. Due to their antistatic abili-
ties AgNPs have been especially added in the preparation
of synthetic fabrics such as polyesters [20]. Due to their
innate antimicrobial nature, AgNPs have been used suc-
cessfully in the coatings and paintings of construction
industry, mostly hospital walls, woods, glass, and coun-
tertops to reduce the growth of fungi and bacteria on the
building walls especially in winter and rainy seasons [21].
AgNPs have been widely used for in vitro engineered tis-
sue vascular grafts. The innate antimicrobial properties of
AgNPs enabled them for infusion into grafting materials
including hydroxyapatite, polycaprolactone, poly(l-lac-
tide-co-capro lactone), alginate and collagen [22]. Owing
to their antimicrobial nature, AgNPs have been used par-
ticularly in the preparation of food packaging materials,
wound dressings, and medical equipments. The market
of AgNPs have been increased year to year due to their
vast usage in the industries related to food packaging,
wound dressings, diagnostic kits and other medical equip-
ments [23-25]. Different chemical and physical methods
including thermal decomposition [26], laser ablation [27],
electrochemical [28], photochemical [29], sonochemical
[30], gamma-irradiated [31], ultrasound assisted [32], poly-
aniline [33], chemical reduction [34], and lithography [35]
methods have been successfully reported for the prepa-
ration of AgNPs. But these methods employ radiations
and toxic chemicals. In these methods capping of AgNPs
need further processes and chemicals. Toxic radiations and
chemicals limit the application of AgNPs in biomedicine,
clinical and pharmaceutical fields. Further their biocom-
patibility is also remains in question sometimes. Hence
the preparation of AgNPs using biological methods grabs
the attention of researchers around the world. Prepara-
tion of AgNPs using biological methods has advantages
over chemical and physical methods. Biological synthesis
methods are simple, rapid and easy methods. Biological
synthesis methods produced non toxic and biocompat-
ible AgNPs. Biological methods involve simple bioreduc-
tion methods and need not separate capping processes
and separate capping agents. AgNPs have been prepared
using different plant extracts including Gymnema sylves-
tre [36], Centella asiatica [37], Melia dubia [38], Rhynchosia
suaveolens [39], Shorea roxburghii [40], Morus alba [41],
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Priva cordifolia [42], Catharanthus roseus [43], Andrographis
paniculata [44], Cordia dichotoma [45], Cassia angustifolia
[46], Amaranthus cruentus [47], Cola nitida [48], Arnebia
hispidissima [49], Petiveria alliacea [50], Persea Americana
[51], Buchanania axillaris [52], and Jatropha curcas [53] etc.

The plant Flemingia wightiana Wight&Arn is belongs
to the legume family. The plant is classified as Kingdom:
Plantae, Phylum: Tracheophyta, Class: Magnoliopsida,
Order: Fabales, Family: Fabaceae, subfamily: Faboideae,
Genus: Flemingia, Species: wightiana. The plant is widely
distributed in the Asian countries including India, China,
Pakistan, Burma, Bhutan, Indonesia and Sri Lanka [54] The
Whole plant extracts of F. wightiana possess antimicrobial,
antioxidant, antidiabetic, and antiinflammatory activities
[55]. In the present study we have investigated the bio-
synthesis of AgNPs using leaf extract of F. wightiana. The
synthesized FW-AgNPs were characterized using different
spectroscopic techniques including ultraviolet-visible
(UV-Vis), Fourier transform infrared (FTIR), Energy dis-
persive X-ray spectroscopy (EDX), X-ray diffraction (XRD),
transmission electron microscope (TEM) and dynamic light
scattering (DLS). Further the biosynthesized FW-AgNPs
were evaluated for antioxidant activity by DPPH and H,0,
free radical scavenging assays. FW-AgNPs were evaluated
for cytotoxicity against human ovarian carcinoma (SKOV3)
and human colon carcinoma (COLO205) cell lines.

2 Materials and methods
2.1 Chemicals

Silver nitrate (AgNO;) was purchased from Molychem,
India. All the materials and chemicals required for antioxi-
dant and cytotoxicity studies were purchased from Hime-
dia and Sigma-Aldrich, India.

2.2 Collection of plant material

The plant material of F. wightiana was collected from Tala-
kona region, Seshachalam hills, Eastern Ghats, Andhra
Pradesh, India. The plant material was authenticated by
Taxonomist, Department of Botany, Sri Venkateswara Uni-
versity, and Andhra Pradesh, India.

2.3 Biosynthesis of FW-AgNPs

The fresh and healthy leaves of F. wightiana were washed
using distilled water (DW). Then the leaves were shade
dried. After drying, the leaves were made into fine powder.
Biosynthesis was carried out according to previous reports
[36-40]. Ten gram of fine leaf powder was dissolved in
100 mL of DW and boiled for 30 min at temperature of



SN Applied Sciences (2020) 2:884 | https://doi.org/10.1007/s42452-020-2702-7

Research Article

50 °C and then cooled to room temperature. Then the
extract was filtrated using whatman filter paper and used
for the biosynthesis of FW-AgNPs. 10 mL of leaf extract
was added to T mM of AgNO; solution. The reaction mix-
ture was vigorously shaken and incubated in the dark at
room temperature for 4 h. After 4 h, observed the reaction
mixture for color change from light yellow to dark brown.

2.4 Characterization of FW-AgNPs

UV-Vis analysis of the FW-AgNPs was carried out between
200 and 800 nm using UV-Vis double beam spectrome-
ter. After the confirmation of synthesis, colloidal solution
of FW-AgNPs was centrifuged at 15,000 rpm for 15 min.
Supernatant was discarded and the pellet obtained was
dissolved in water and centrifugation was done again at
15,000 rpm for 15 min. The process was repeated three
times and the final pellet obtained was dried and used
for further characterization. FTIR analysis was carried
out using bruker, alpha interferometer. FTIR spectrum
was recorded between 500 and 4000 cm™' to know the
phytochemicals involved in synthesis (bioreduction) and
capping (stabilization) of FW-AgNPs. EDX analysis of FW-
AgNPs was performed to reveal the presence of metallic
silver (Oxford instruments, The business of Science). XRD
analysis was carried out to know the crystal structure of
FW-AgNPs (Rigaku, Tokyo, Japan) TEM analysis was done
to know the size and shape of biosynthesized FW-AgNPs.
Further selected area electron diffraction (SAED) pattern
was also recorded using TEM. Average hydrodynamic size,
Polydispersity index (PDI) and zeta potential value were
determined by using DLS technique (Horiba Nanopartica).

2.5 Antioxidant activity

Antioxidant activity of the FW-AgNPs was evaluated by
free radical scavenging assays including 1,1-Diphenyl-
2-picryl-hydrazyl (DPPH) and hydrogen peroxide (H,0,)
assays [40]. In DPPH assay, 1 mM DPPH stock solution was
prepared by adding 4 mg of DPPH in 100 mL of metha-
nol. 2 mL of DPPH stock solution was added to 1 mL of
methanolic solution of FW-AgNPs containing different
concentrations of FW-AgNPs (20, 40, 60, 80 and 100 ug).
Incubated this reaction mixture for 45 min at 518 nmin the
dark at room temperature. After incubation the absorb-
ance values were recorded at 518 nm. In H,0, assay, differ-
ent concentrations of FW-AgNPs (20, 40, 60, 80 and 100 ug)
were added to 2 mL of H,0, solution (40 mM) prepared
in phosphate buffer saline (pH 7.4). Incubated this reac-
tion mixture for 10 min and then absorbance values were
recorded at 230 nm. DPPH and H,0, scavenging activity
of the FW-AgNPs was calculated by formula % Inhibi-
tion=[(Absorbance of control — Absorbance of sample)/

absorbance of control] x 100. The concentration of inhi-
bition of 50% free radicals (ICs,) was calculated by linear
regression coefficient (R?=0.9).

2.6 Anticancer activity of FW-AgNPs

Anticancer activity of the FW-AgNPs was checked by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay [56]. The cancer cell lines human ovarian
carcinoma (SKOV3) and colon carcinoma (COLO205) were
obtained from National centre for cellular sciences, Pune,
India. Cells were cultured in Dulbecco’s Modified Eagle’s
medium supplemented with 10% FBS, penicillin and
streptomycin. Cells (5% 1 0%) were seeded in 96-well plates
and incubated for 12 h in the CO, (5%) incubator. After
12 h, different concentrations of FW-AgNPs were added to
each well and incubated for 24 h. After 24 h, 10 pL of MTT
(5 mg/mL in PBS) was added to each well and incubated
further for 4 h. After 4 h, media and MTT were removed
and formazan crystals were dissolved in 100 pL of dime-
thyl sulfoxide and the absorption values were recorded at
570 nm using ELISA reader. The percentage inhibitions of
cell viability were determined.

3 Results and discussion

In the present study, we report the biosynthesis of FW-
AgNPs using leaf extract of F. wightiana. The leaf extract
acts as reducing agent which reduces the silver ions into
nanosilver (AgNPs). After 4 h of incubation, the reaction
mixture containing 1 mM of AgNO; and leaf extract was
turned to dark brown color from light yellow (Fig. 1). The
dark brown color indicated the biosynthesis of FW-AgNPs.
The color change is the initial indication for the AgNPs’

After4 h

Fig. 1 Color change of reaction mixture from light yellow to dark
brown indicated the biosynthesis of FW-AgNPs
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Fig.2 UV-Vis analysis showed the characteristic SPR peak of FW-
AgNPs

synthesis [36-38]. Further the synthesis was confirmed by
UV-Vis analysis of colloidal solution.

3.1 UV-Vis analysis

After visual detection of synthesis of FW-AgNPs, UV-Vis
analysis of colloidal solution of FW-AgNPs showed absorp-
tion peak between 380 and 460 nm with maximum
absorption at 428 nm (Fig. 2). UV-Vis absorption peak
between 380 and 460 nm is the characteristic peak of FW-
AgNPs and it is due to surface plasmon resonance (SPR)
and the peak is also called as SPR peak. SPR, a unique
interaction of light where the free electrons of the metal-
lic nanoparticles undergo oscillations with respect to the
metal lattice in the presence of the oscillating electromag-
netic field of the light. The broad applications of AgNPs are
due to optical properties related with localized SPR phe-
nomenon, surface bioconjugation with molecular probes,
chemical surrounding, and adsorbed species in the surface
as well as dielectric constant [57-59].

3.2 FTIR analysis of FW-AgNPs

FTIR analysis of FW-AgNPs showed the peaks at 3300.23,
2926.1, 1603.2, 1329.29, and 1036.84 cm™' (Fig. 3). The
peak at 3300.23 cm™! related to hydroxyl group of the
phenolic compounds and/or flavonoids and a short peak
at 2926.1 cm™' is related to the C-H stretching vibrations
of methylene group [36]. The peak at 1603.2 is related to
the secondary amide of proteins, peak at 1329.29 is related
to the aromatic group of polyphenolic compounds and
flavonoids and the peak at 1036.84 is related to the car-
boxylic group of proteins and polypeptides [36-38]. FTIR
spectrum clearly revealed that flavonoids and polyphe-
nolic compounds involved in the bioreduction of silver to
AgNPs (Ag*»AgP). While proteins involved in the stabiliza-
tion of FW-AgNPs by capping them.

SN Applied Sciences

A SPRINGERNATURE journal

0.8

o
o

o
'y

% (Transmittance)

3300.23 1603.20 |
02 1329.29 |
1036.84
00
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Fig.3 FTIR spectrum of FW-AgNPs revealed the functional groups

3.3 EDX analysis of FW-AgNPs

EDX analysis (Fig. 4) was done to reveal the presence of
metallic silver. EDX spectrum revealed the presence of
metallic silver at 3 keV. The content (Weight percent) of
elements were determined. The content of silver was
found to be 41.0%, Carbon (43.5%), Oxygen (13.7%),
Potassium (0.6%), Chlorine (0.5%), Calcium (0.4%), Silicon
(0.3%) and Copper with negligible amounts. EDX results
are supported by previous reports. AgNPs synthesized
using Bridelia retusa leaf extract and Ipomoea digitata
flower extract showed the strong signal of metallic silver
at 3 keV [60, 61].

3.4 XRD analysis of FW-AgNPs

XRD analysis of FW-AgNPs was carried out to determine
the crystalline nature. XRD pattern (Fig. 5) showed diffrac-
tion peaks at 260=38.4, 43.8, 63.8, and 76.1 correspond-
ing to (111) (200) (220) and (311) planes respectively. The
peaks revealed that the synthesized FW-AgNPs are crystals
with face centered cubic (FCC) shape. Further crystallite
size (nm) was calculated using the Scherrer equation.
D =KMN/B,5c0s0. Where d indicates crystallite size (nm), K
indicates Scherrer constant (0.94), A wavelength (1.54 /f\),
By 5 indicates full width at half maximum length (0.611°)
and 0 indicates Bragg’s angle in the radian. According to
this equation the crystallite size in the present study was
calculated as 17.34 nm. XRD results in the present study
are in line with previous reports. Vinayagam et al. [60]
reported that B. retusa leaf synthesized AgNPs are crystal-
line in nature with FCC structure and crystalline size was
calculated as 16.21 nm. Similar type of results was also
observed for the AgNPs synthesized using fruit extract of
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Fig.4 EDX analysis of FW-
AgNPs shows sharp metallic
silver peak at 3 keV
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B. retusa. Bridelia retusa fruit synthesized AgNPs were FCC
crystals with 22.48 nm size [62].

3.5 TEM analysis of FW-AgNPs

TEM analysis revealed that the biosynthesized FW-AgNPs
are spherical in shape with sizes ranging between 20 and
40 nm (Fig. 6a). TEM analysis showed that FW-AgNPs are
not aggregated and polydispersed. Further TEM was also
used to reveal the SAED pattern. SAED pattern (Fig. 6b)
revealed four diffraction peaks belonged to (111) (200)
(220) and (311) planes. XRD and SAED results are in agree-
ment with each other and showed that biosynthesized
FW-AgNPs are FCC crystals. TEM results are in consistence
with previous reports. AgNPs synthesized using Gymnema
sylvestre, Centella asiatica and Melia dubia are spherical in
shape with sizes ranging below 50 nm with FCC structure
[36-41].
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3.6 DLS analysis of FW-AgNPs

In the present study the hydrodynamic size of FW-AgNPs
was found to be 47.6 nm and the PDI of AgNPs was found
to be 4.5 (Fig. 7). The DLS results revealed the polydis-
persed nature without any agglomeration of AgNPs. DLS
studies also revealed zeta potential value of the FW-AgNPs
was found to be —25.3 mV (Fig. 8). This high negative
surface charge indicates the stability of synthesized FW-
AgNPs without any agglomeration. The non-agglomera-
tion is due to the fact that the synthesized FW-AgNPs are
capped by proteins of the leaf extract. The capped proteins
further give negative charge on the surface of nanoparti-
cles. Thus the DLS studies in this investigation report the
formation of small sized, polydispersed, non-agglomer-
ated and stabilized AgNPs. The results are consistent with
previous reports. Average hydrodynamic size, PDI and
zeta potential value of Ipomoea digitata flower extract
synthesized AgNPs were found to be 111 nm, 0.197 and
—25.1 mV respectively [61]. Average hydrodynamic size,

Fig.7 DLS studies show aver-
age hydrodynamic size and PDI

PDI and zeta potential value of AgNPs synthesized using
leaf extract of Spondias dulcis were found to be 59.66 nm,
0.187 and — 15.7 mV respectively [63].

3.7 Antioxidant activity of FW-AgNPs

Antioxidant activity of FW-AgNPs was evaluated by DPPH
and H,0, free radical scavenging assays. FW-AgNPs
showed concentration dependant scavenging activity
against both DPPH and H,O0, free radicals. Increase in
the concentration of FW-AgNPs from 25 to 100 pg/mL
increased the DPPH scavenging activity from 22.52 to
65.35% (Fig. 9). Similarly, increase in concentration from
25 to 100 pg/mL of FW-AgNPs showed increased inhibition
of H,0, radicals from 21.20 to 58.4%. IC;, values of the FW-
AgNPs against DPPH and H,0, radicals were respectively
found to be 71.96 and 80.59 ug/mL. The inhibition per-
centages and IC;, values indicated that FW-AgNPs effec-
tively showed antioxidant activity. The antioxidant activity
of AgNPs was due to flavonoids, polyphenols and proteins

Calculation Results
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Fig. 8 DLS studies show zeta
potential value of FW-AgNPs

Calculation Results
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Fig.9 Free radical scavenging activity of FW-AgNPs against DPPH
and H,0, radicals

involved in the bioreduction of stabilization of FW-AgNPs
[64]. The imbalance between antioxidants and oxidative
system results in the production of oxidative stress. Oxi-
dative stress is associated with different disorders includ-
ing aging, cancer, diabetes, hypertension, atherosclerosis,

MAOMATA | AT SiystAma | Pcess & | nimomantal | Mardieal | Bamicenaiicrar |

cardiovascular and neurodegenerative disorders [65].
Hence it is necessary to remediate oxidative stress with
antioxidants. Due to side effects of synthetic antioxidants,
scientists focus on natural antioxidants. The phytochemi-
cals such as polyphenols and flavonoids were proved to
be effective antioxidants [66]. In this study, FTIR analysis
revealed the participation of polyphenols and flavonoids
in the bioreduction and stabilization of FW-AgNPs. The
DPPH and H,0, radical scavenging activity of FW-AgNPs in
the present study provides the evidence for the AgNPs as
antioxidants. The results are supported by previous reports
for the antioxidant activity of biosynthesized AgNPs
using different plants. AQNPs synthesized using seed hull
extract of Vigna mungo exhibited effective DPPH radical
scavenging activity with 75.53% of maximum inhibition
[67]. Bauhinia variegata flower extract synthesized AgNPs
showed DPPH radical scavenging activity with ICs, value
of 4.64 ug/mL [68]. AgNPs synthesized using Chaenome-
les sinensis fruit extract mediated AgNPs showed effective
DPPH scavenging activity [69]. Antioxidant activity is the
important property for AgNPs as they will be used for
different biological, neutraceutical and pharmaceutical
purposes.
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Fig. 10 Anticancer activity of FW-AgNPs against SKOV3 and
COLO205 cells

3.8 Anticancer activity of FW-AgNPs

Anticancer activity of the FW-AgNPs was checked against
SKOV3 and COLO205. FW-AgNPs showed dosage depend-
ant anticancer activity against both SKOV3 and COLO205
cells (Fig. 10). Increase in the dosage of FW-AgNPs
decreased the percentage of cell viability of both SKOV3
and COLO205 cells. The increase in the concentration of
FW-AgNPs from 25 to 100 ug/mL decreases the cell viabil-
ity significantly, but further increase in the concentration
could not show effective cytotoxicity. In this study, FW-
AgNPs exhibited maximum inhibition of 83.2 and 75.9%
respectively against SKOV3 and COLO205 at the highest
concentration of 200 ug/mL of FW-AgNPs. IC;, values were
determined as 63.2 and 68.1 ug/mL respectively against
SKOV3 and COLO205. The results revealed that SKOV3 cells
are more susceptible to FW-AgNPs compared to COLO205.
The anticancer activity could due to two important prop-
erties; smaller size facilitated them to permeate the cancer
cells and tumor matrix very effectively [39, 52], and the
flavonoids, and polyphenols involved in their synthesis
might impart cytotoxicity for nanoparticles against differ-
ent cancer cell lines [39].

4 Conclusions

The present study report the successful synthesis of FW-
AgNPs using the aqueous leaf extract of F. wightiana.
Leaf extract acts as both reducing and capping agent.
Biosynthesized FW-AgNPs are FCC crystals, 20-40 nm in
size, spherical shaped, polydispersed, non-agglomerated
and stable with high negative surface charge. FTIR stud-
ies indicated that polyphenols and flavonoids involved in
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the biosynthesis of FW-AgNPs, while proteins involved in
the stabilization of FW-AgNPs by capping around them.
FW-AgNPs function as 2-in-1 system which exhibited both
antioxidant and anticancer activities.
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