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1. Introduction

Assessment of antioxidant, antibacterial and anti-
proliferative (lung cancer cell line A549) activities
of green synthesized silver nanoparticles from
Derris trifoliata

Neethu Cyril,*® James Baben George,° Laigi Joseph,®@ A. C. Raghavamenon (¢
and Sylas V. P. & *?

In this work, silver nanoparticles (AgNP-DTa) were prepared using an aqueous seed extract of D. trifoliata.
The importance of the present piece of work is viewed specially with respect to ascertaining the potential
of a widely distributed under-utilized mangrove associated plant, Derris trifoliata (DT), as medicine. The
as-prepared AgNP-DTa were well dispersed and stabilised in aqueous solution through biological ligands
extracted from the seeds of DT. The functional groups present in the bio-ligands of DT act as reducing
and stabilising agents in the formation of nanoparticles. Besides, in the present work, sunlight could
induce and catalyse the reduction process of Ag™* to its corresponding silver atoms of nanoscale dimen-
sions. The size of AQNP-DTa decreased with an increase in the duration of sunlight irradiation. Bio-aug-
mented nanoparticles were characterized by UV-vis spectroscopy, XRD, HR-TEM, DLS, AFM and photo-
luminescence measurements. Preliminary phytochemical studies and FTIR analysis confirmed the pres-
ence of secondary metabolites with hydroxyl, amine and carbonyl groups as reducing/capping agents.
AgNP-DTa demonstrated high DPPH scavenging activity with an IC 50 value of 8.25 ug ml™*. Greater anti-
oxidant activity of AQNP-DTa was also confirmed from total antioxidant capacity (TAC) assay where it was
found that the reducing power of 1 g of AgNP-DTa is almost equivalent to that of 1.3 g of Trolox. In
addition, highly stable AgNP-DTa showed antibacterial activities against Gram positive and Gram negative
bacteria. The as-prepared AgNP-DTa were observed to inhibit the growth of Klebsiella pneumonia,
Staphylococcus aureus and Escherichia coli and no clear zone was obtained for Pseudomonas aerugi-
nosa. With reference to the anti-proliferative activities, AQNP-DTa exhibited moderate activity on A549
lung cancer cell lines with a median effective concentration of 86.23 + 0.22 pug m(™™.

reported about the antioxidant,>* antimicrobial,*” anticancer®
and larvicidal activities® of colloidal silver nanoparticles. In

Rapid progress in the field of nanoscience increases its appli-
cations in medical and pharmaceutical sciences. Noble metal
nanoparticles exhibit unique properties due to their size, dis-
tribution and morphology." Among them silver nanoparticles
have been extensively studied and practically applied due to
their exclusive biological properties. Previous studies have
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the Ayurvedic system of medicine, silver particles in their col-
loidal state under the name Rajatha Bhasma have been used in
medicinal formulations in the treatment of various ailments."’
Several household and medicinal products have incorporated
silver for use as an antibacterial agent. Silver nanoparticles
acts as a broad-spectrum antimicrobial agent that controls
infections from yeast, mold, and bacteria. Recently, conven-
tional technologies have been combined with silver nano-
particle based surface-enhanced Raman spectroscopy (SERS)
to develop new nanoparticle probes for cancer detection appli-
cations."* Studies have shown that silver nanoparticles them-
selves could act as potential cytotoxic agents against cancer
cells."?

Synthesis of nanoparticles using biological reducing agents
is economical, can easily be scaled up for large scale synthesis,
is eco-friendly and does not need high pressure, high tempera-
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ture and toxic chemicals. Microorganisms such as fungi'® and
bacteria,'* enzymes,"” plant extracts,'® proteins,’” algae'® and
diatoms™® are being used for the fabrication of nanoparticles.
The secondary metabolites present in these biological sub-
strates act as reducing and stabilising agents for the synthesis
of nanoparticles.>®*' In 2014, Xijian Liu et al. synthesized a
biocompatible photothermal agent based on cysteine-coated
Cus nanoparticles for cancer therapy.”” Amit Kumar Mittal (2015)
synthesized AgNPs using a medicinal plant Potentilla fulgens
Wall. ex Hook with excellent anticancer and antibacterial
activities.>® The blend of photocatalytic and antibacterial pro-
perties of algae based AgNPs synthesized using Chlorella pyre-
noidosa make them useful for waste water treatments.'® An
attractive feature of the biological synthesis is the biocompati-
bility of the synthesized nanoparticle. In 2011, Nripen Chanda
et al. have reported the application of biocompatible gold
nanoparticles synthesized using cinnamon phytochemicals
for phantom CT imaging and photoacoustic detection of can-
cerous cells.”® Since the capping agent of nanoparticles is of
natural origin, it does not produce much toxic response when
exposed to body or bodily fluids. In 2011, Praveen Kumar
evaluated the blood compatibility and stability of green syn-
thesised gold nanoparticles of a Zingiber officinale extract and
found that these nanoparticles were non-platelet activating,
non-complement activating and highly stable on contact with
whole human blood and thus suggested to use them as vectors
for various biomedical applications.”> These biocompatible
green synthesized nanoparticles could find many potential
applications especially in cancer diagnosis and therapy, drug
delivery, and gene delivery or as biosensors.

Derris trifoliata Lour, belonging to the family Leguminosae,
is one of the common liana occurring along mangrove and
coastal regions of Asia and Africa. The seeds are mostly disc-
like and one or two seeded, rounded on the lower side, and
narrowly winged on the upper side. Its brown seeds are com-
pressed, wrinkled and kidney-shaped. Derris trifoliata (DT) is
known to contain a large number of bioactive compounds
such as flavonoids, alkaloids, steroids and fatty acids. Many
unusual flavonoids and related compounds were isolated from
different parts of DT. Rotenone, deguelin, dehydrodeguelin,
dehydrorotenone, 12a-hydroxy rotenone, tephrosin, 12-a,p
hydroxyrot-2’-enonic acid, kaempferol-3-O-a-I-rhamnopyrano-
syl-(1—6)-B-p-glucopyranosyl-(1—3)-f-p-glucopyranoside, spiro-
13-homo-13-oxaelliptone, daidzein, 7a-O-methylelliptonol,
tachioside and lupinifolin®*>° are some among the list of fla-
vonoids isolated from Derris trifoliata. 1t is reported that the
phytoconstituents present in the Derris species are used for
antitumor drug formulations, as antiplasmodial, antibacterial
and larvicidal agents.*’ In this work we report a one-step
method for the synthesis of silver nanoparticles using the
aqueous seed extract of Derris trifoliata (AgNP-DTa). These bio-
augmented nanoparticles and aqueous seed extract of DT were
evaluated for their antioxidant and anti-bacterial activities. In
addition, the anti-proliferative effect of the as-prepared, green
synthesized AgNP-DTa was also investigated on A549 lung
cancer cell lines.
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2. Materials and methods

Seeds of DT were collected from Vembanad-Kol Ramsar site,
Kerala, India. Silver nitrate (AgNO;, ACS reagent, >99.0%,
molecular weight (M.wt): 169.87), 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH, M.wt: 394.32), Folin-Ciocalteu reagent, sodium
carbonate (M.wt: 105.99), potassium acetate (M.wt: 98.14),
aluminum chloride (anhydrous powder, 99.999% trace metals
basis, M.wt: 133.34), sodium dihydrogen phosphate (M.wt:
141.96), ammonium molybdate (99.98% trace metals basis,
M.wt: 196.01), penicillin-streptomycin solution (10 000 units
penicillin and 10 mg ml™" streptomycin in 0.9% NaCl, sterile-
filtered, bio-reagent), amphotericin B solution (M.wt: 924.079)
and methylthiazolyldiphenyl-tetrazolium bromide (MTT, 98%,
M.wt: 414.32) were procured from Merck India Ltd and used
without further purification. All aqueous solutions were pre-
pared using double distilled water. Bacterial cultures were pro-
cured originally from the School of Biosciences, M.G.
University and Kerala, India. Young cultures of Escherichia coli
(MTCC 723), Klebsiella pneumoniae (MTCC 109) and
Pseudomonas aeruginosa (MTCC 424) were used for the study.
Cancer cell line A549 was procured from the National Centre
for Cell Sciences (NCCS), Pune, India.

2.1 Synthesis and characterisation of AgNP-DTa

10 g of seed powder was extracted with 50 ml of distilled water
for 30 minutes and filtered. 1 ml of seed extract was then
added to 20 ml of 1 mM solution of AgNO; and kept under
direct sunlight without stirring. The intensity of incident sun-
light radiation varied between 88 800 and 115000 lux. The
above experiment was repeated at room temperature under the
same experimental conditions in the absence of sunlight. Bio-
functionalized nanoparticles were characterized by various
spectroscopic and microscopic techniques. UV-visible studies
were carried out using a Shimadzu UV-1700 Pharmaspec
spectrophotometer. The IR spectra were recorded using a
Shimadzu IR Prestige-21 FTIR spectrometer. X-ray diffraction
(XRD) analysis was performed using a Mini Flex 600-Rigaku
diffractometer. Photoluminescence studies were carried out
using a Horiba-Fluorolog 3 spectrofluorometer. The size and
morphology of nanoparticles were examined using a JEOL -
Model JEM-2100 high resolution transmission electron micro-
scope (HRTEM). A WITec Atomic Force Microscope (AFM) was
used for imaging nanoparticles at the nanoscale. Dynamic
Light Scattering (DLS) measurements were carried out using a
Litesizer™ 500 Anton Paar GmbH analyser.

2.2 Preliminary phytochemical analysis and determination of
the total phenolic content of DT

The presence of phytochemical constituents in the aqueous
seed extract of DT were analysed by the following standard
phytochemical tests.

2.2.1 Alkaloids. Dragendorff reagent test: The aqueous
extract (1 ml) is mixed with 10% acetic acid in ethanol in a test
tube and drops of Dragendorff reagent are added. A reddish
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orange precipitate indicates the presence of alkaloids in the
extract.*”

2.2.2 Flavonoids. Alkaline reagent test: 1 ml of aqueous
extract is mixed with 10% NaOH solution in a test tube. A deep
yellow colouration which disappears with the addition of
dilute HCI indicates the presence of flavonoids.**

2.2.3 Saponins. Froth test: 1 ml of extract is heated to
boiling with 5 ml distilled water in a test tube. It is then
further diluted with 3 ml distilled water and shaken vigorously.
Frothing, which persists on warming, indicates the presence of
saponins.*

2.2.4 Proteins. Ninhydrin test:- 2 ml of extract is taken in a
test tube, a few drops of 2% ninhydrin reagent are added, and
the solution is mixed thoroughly and heated in a water bath
for 5 minutes. A blue colour indicates the presence of proteins
in the extract.*®

2.2.5 Cardiac glycosides. Keller Killiani test: 2 ml of plant
extract is mixed with 2 ml of glacial acetic acid containing 2
drops of 2% FeCl; solution. Concentrated H,SO, is added
slowly along the sides of the test tube. A brown ring formation
between the layers indicates the presence of cardiac steroidal
glycosides.*®

2.2.6 Tannins. Lead acetate test: To 1 ml of aqueous extract,
a few drops of 10% lead acetate solution are added. Yellow pre-
cipitate formation indicates the presence of tannin.?”

2.2.7 Determination of the total phenolic content of the
aqueous extract. The total phenolic content of the aqueous
extract of DT was estimated by the Folin-Ciocalteu method*®
with gallic acid as the standard solution. Total phenolic assay
was conducted by mixing 500 pl of the extract with 2 ml of
10% Folin reagent and finally neutralized with 4 ml of 7.5%
sodium carbonate solution. The mixture was incubated at
room temperature for 30 minutes with shaking at intervals
and the absorbance was measured at 765 nm. A standard
curve was prepared with gallic acid. Final results were given as
mg per g gallic acid equivalents (GAE) of the dry extract.

2.3. Antioxidant activities of AgNP-DTa

2.3.1 DPPH scavenging activity. DPPH radical scavenging
activity was measured according to the method of Aquino
et al.*®* DPPH in its radical form has an absorption maximum
at 515 nm, which would disappear in the presence of an anti-
oxidant compound. 3 mg of DPPH was dissolved in 25 ml
methanol. Different concentrations of the aliquots of
AgNP-DTa were added to 187 pL of freshly prepared DPPH. The
final volume of the solution was diluted to 1 ml with metha-
nol. The absorbance values for different concentrations of the
extract were measured spectrophotometrically at 515 nm after
an incubation time of 30 minutes. Each concentration was
tested in duplicate. The radical scavenging activity of extracts
was expressed in terms of percentage inhibition.

Absorbance of control — Absorbance of sample

% Inhibition =
¢ Absorbance of control

X 100
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2.3.2 Total antioxidant capacity. This assay is based on the
reduction of Mo(vi) to Mo(v) by the extract resulting in the for-
mation of a green coloured phosphomolybdenum complex at
an acidic pH.*® 50 ml of a reagent solution was prepared by
mixing 0.247 g ammonium molybdate and 0.168 g of sodium
dihydrogen phosphate with 1.6 ml of 0.6 M sulphuric acid.
50 pL of AgNPs was added to 1 ml of the reagent solution and
incubated at 95 °C for 90 minutes. After the mixture was
cooled to room temperature, the absorbance was taken at
695 nm against the blank. Trolox was used as the standard
and the total antioxidant capacity is expressed as mg per g
equivalents of Trolox.

2.4. Antibacterial assay of AgNP-DTa

The antibacterial assay of AgNP-DTa was performed by the
agar well diffusion method.* In the assay, nutrient agar plates
were swabbed with young cultures of Escherichia coli (MTCC
723), Klebsiella pneumoniae (MTCC 109), Pseudomonas aerugi-
nosa (MTCC 424) and Staphylococcus aureus (MTCC 96).
Analysis was done in triplicate. Five wells of 6 mm were made
in the agar plates. A solution of 0.015 mg AgNO;, 0.01 mg
AgNP-DTa, 0.02 mg AgNP-DTa, 0.03 mg AgNP-DTa and
aqueous seed extract was added to the wells 1, 2, 3, 4 and 5,
respectively. The zone of inhibition was measured after
24 hours of incubation.

2.5. In vitro antiproliferative activity of AgNP-DTa

MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide] assay was employed for the evaluation of the anti-
proliferative activity of AgNP-DTa on human lung carcinoma
cell line, A549. The cell line was cultured in a 25 cm? tissue
culture flask with DMEM (Dulbecco’s Modified Eagle’s
Medium) supplemented with 10% FBS, r-glutamine, sodium
bicarbonate and an antibiotic solution containing penicillin
(100 U ml™"), streptomycin (100 ug ml™") and amphotericin B
(2.5 pug ml™). The cultured cell lines were kept at 37 °C in a
humidified 5% CO, incubator (NBS Eppendorf, Germany).
A two days old confluent monolayer of cells were trypsinized
and the cells were suspended in 10% growth medium. 100 pl
cell suspension (5000 cells/well) was seeded in 96 well tissue
culture plates and incubated at 37 °C in a humidified 5% CO,
incubator. 1 mg of AgNP-DTa was added to 1 ml of DMEM and
dissolved completely using a cyclomixer. After that the solu-
tion was filtered through a 0.22 pum Millipore syringe filter to
ensure the sterility.

After attaining sufficient growth of the cells, the growth
medium was removed, freshly prepared samples in 5% DMEM
were five times serially diluted by two-fold microdilution
(100 pg, 50 pg, 25 pg, 12.5 pg, and 6.25 pg in 100 pl of 5%
DMEM) and each concentration of 100 ul was added in triplicate
to the respective wells and incubated at 37 °C in a humidified
5% CO, incubator. 15 mg of MTT was reconstituted in 3 ml PBS
until completely dissolved and sterilized by filter sterilization.

After 24 hours of incubation period, the sample contents in
wells were removed and 30 pl of reconstituted MTT solution

Toxicol. Res., 2019, 8, 297-308 | 299
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was added to all test and cell control wells, the plate was gently
shaken well, and then incubated at 37 °C in a humidified 5%
CO, incubator for 4 hours. After the incubation period, the
supernatant was removed and 100 pl of MTT solubilisation
solution (DMSO) was added and the wells were mixed gently
by pipetting up and down in order to solubilize the formazan
crystals. The absorbance values were measured using a micro-
plate reader at a wavelength of 570 nm.

The percentage cell viability was calculated using the
formula:

Mean OD of Samples x 100
Mean OD of control group

% cell viability =

The experiment was repeated thrice. After an incubation
period of 24 hours, the cytotoxicity was directly observed using
an inverted phase contrast tissue culture microscope (Olympus
CKX41 with Optika Pro5 CCD camera) and the microscopic
observations were recorded as images.

3. Statistical analysis

The results of the biological studies were expressed as mean +
standard deviation.

4. Results and discussion
4.1 Synthesis and characterisation of AgNP-DTa

Upon sunlight irradiation, the colour of AgNO; solution con-
taining the aqueous seed extract changed from colourless to
yellowish brown (Fig. 1). This colour change occurred within
2 minutes after the exposure to sunlight. This colour change
was due to the formation of silver nanoparticles (AgNP-DTa)
bio-augmented with ligand molecules from the aqueous seed
extract of DT. In the absence of sunlight i.e., at room tempera-
ture, the above reaction process was very slow and it took a
minimum of 48 hours for the formation of silver nano-
particles. This confirms the catalytic behaviour of sunlight in
the reduction of silver ions to the nanoscale using the aqueous
seed extract of DT. For the formation of AgNP-DTa, the

View Article Online
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optimum intensity of incident sunlight radiation was found to
be between 88 800 and 115 000 lux. The UV-vis spectra showed
no considerable increase in the intensity of peaks after 2 hours
which indicates the completion of the reaction. After 2 hours,
the synthesized AgNP-DTa show an absorption maximum
centred at 419 nm. From Fig. 2a, it could be seen that the
absorption maximum undergoes a blue shift with an increase
in the duration of sunlight irradiation. This blue shift may be
due to the formation of small sized nanoparticles. The inset of
Fig. 2a shows the gradation in colour with time which might
be due to the formation of more number of nanoparticles.

The XRD data of AgNP-DTa are shown in Fig. 2b.
Diffraction peaks were observed at 38°, 44.86°, 64.70° and
77.4° and matched with standard JCPDS file number 87-0720
and they correspond to (111), (200), (220) and (311) planes of a
face centred cubic (fcc) structure of silver crystals. The peaks
denoted by * in the XRD data were due to the crystallization of
bioorganic phases that occur on the surface of nanoparticles.*?
The average size of these nanoparticles could be estimated
from the Debye-Scherrer equation,

kxA

Particle size (D) = m

where £ is the Scherrer constant (0.9 for spherical crystals), 4 is
the wavelength of X-ray (4 = 0.154 nm), § is the full width at
half maximum (FWHM) and 6 is the diffraction angle. The
average size of AgNP-DTa calculated from XRD measurements
was 16.05 = 5.0 nm. Moreover, the lattice constant (a) in the
fce unit cell structure of AgNP-DTa could be obtained from the
XRD pattern by calculating the interplanar spacing (d)
between adjacent planes on a family (hkl), where A, k and [ are
the Miller indices. From Bragg’s equation, 1 = 2dsin#@, the
interplanar distance (d) between (111) planes, where 20 = 38°,
was found to be 0.2355 nm. Applying the geometric relation-

. a . .
ship, di;1 = ——————, the lattice constant (a) in the fcc
12 412 +12
unit cell structure of AgNP-DTa was calculated to be

0.4078 nm.

The photo-physical properties of the green synthesized
AgNP-DTa were studied using spectrofluorometry. Noble metal
nanoclusters composed of only a few atoms have shown very

Fig. 1 (a) DT seeds (http://www.NatureLoveYou.sg), (b) AgNO3 solution,

300 | Toxicol Res., 2019, 8, 297-308

(c) aqueous seed extract and (d) brownish-yellow AgNP-DTa nanoparticles.

This journal is © The Royal Society of Chemistry 2019


http://dx.doi.org/10.1039/c8tx00323h

Published on 06 February 2019. Downloaded by RSC Internal on 3/22/2019 11:02:23 AM.

Toxicology Research

®
o

120min.— 2min

-
=)

Absorbance
o
o

00{

400 500 600
Wavelength (nm)
50

View Article Online

Paper

1504

100

Intensity (cps)

a
o

2 theta (degrees)

C
40

w
o
n

Intensity (a.u)
3

-
o
L

400 450 500 550 600
Wavelength (nm)

Fig. 2 (a) UV-vis spectra of AQNP-DTa; inset of (a) shows the gradation in colour with the irradiation time. (b) XRD pattern of AQNP-DTa and (c) PL

emission at 360 nm.

strong and size-dependent emission. In 2002, Zheng and
Dickson reported that only the silver clusters formed by photo-
reduction could yield strong fluorescence, while the larger
nanoparticles formed through reduction with NaBH, were
essentially non-fluorescent.”> The synthesized AgNP-DTa
exhibited strong blue fluorescence under UV light. AgNP-DTa
were excited at 360 nm wavelength and the corresponding
double emissions were observed at 396 nm and 505 nm
(Fig. 2¢). In the case of silver nanoparticles the photo-induced
luminescence process includes the excitation of electron-hole
pairs, relaxation of the excited electrons and radiative recombi-
nation of electrons from the sp band above the Fermi level and
holes from the d-band below the Fermi level.** Although water
is known to quench Ag nanocluster fluorescence,” bio-capped
AgNP-DTa are quite stable and fluorescent in aqueous solu-
tion. Therefore, the photochemically produced AgNP-DTa are
shielded inside the biological ligands from DT, thereby pre-
venting the interaction with quenchers in the solution. Thus,
the fluorescence properties of the AgNP-DTa imply the possi-
bility of their use in the field of laser technology.

Fig. 3a and b show the FTIR spectra of aqueous extracts of
DT and AgNP-DTa, respectively. A broad and strong peak at
3333 em ™" in the FTIR spectrum of the aqueous extract could be
attributed to ~OH stretching vibrations of secondary metabolites
such as flavonoids, saponins and other phenolic compounds.*®
The band at 1632 cm™" could be assigned to carbonyl (C=0)
stretching in the carboxyl group (amide I band) of proteins.””

This journal is © The Royal Society of Chemistry 2019
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Fig. 3 (a) FTIR spectrum of the DT extract and (b) FTIR spectrum of
AgNP-DTa.

The peak at 1402 cm™*

group of secondary metabolites in the aqueous seed extract.*®
The band at 1054 ecm™" in the FTIR spectrum of the aqueous
extract corresponds to CN™ stretching in amines.*® The presence
of similar FTIR peaks at 3333 cm™, 1632 cm™", 1402 cm™" and
1054 em™" in the spectrum of AgNP-DTa confirms the capping
of secondary metabolites on the surface of nanoparticles.

corresponds to the geminal methyl
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The morphology of the AgNP-DTa was confirmed by high
resolution TEM analysis (Fig. 4a-c). It is evident from the
images that nanoparticles are almost spherical in shape and
polydispersed. Fig. 3¢ presents a magnified image of a single
AgNP-DTa. The highly crystalline nature of as-prepared silver
nanoparticles can be clearly evident from their well resolved
lattice planes. Selected area electron diffraction (SAED) pat-
terns of the nanoparticles corresponding to Bragg’s reflections
are shown in Fig. 4d. The average particle size of AgNP-DTa
calculated from the SAED patterns is 16.92 + 7 nm. Fig. 4e
shows a typical AFM image of AgNP-DTa. The average particle
size obtained from the AFM measurements was found to be
larger than the size calculated from XRD and TEM patterns.
This may be due to the intrinsic enlarging effect of the micro-
scopic pinpoint to the measured AgNP-DTa nanoparticles,
resulting in the observation of a larger particle size using AFM.
From DLS measurements, bio-capped AgNP-DTa nanoparticles
exhibited a zeta potential value of —21.0 mV and were found to
be stable at room temperature for more than 3 months
without any colour change or aggregation. In the present work,
all the biological properties were evaluated by using freshly
prepared AgNP-DTa synthesized under 2 hour sunlight
irradiation.

4.2 Preliminary phytochemical analysis and determination of
the total phenolic content of DT

Preliminary phytochemical analysis of the aqueous seed
extract of D. trifoliata confirmed the presence of secondary
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metabolites such as alkaloids, flavonoids, proteins, saponins,
glycosides, polyphenols and proteins. Tannins were absent in
the extract. The total polyphenolic content in the extract was
found to be 58 mg GAE per g dry weight. Some of these poly-
phenolic compounds and other secondary metabolites in the
seed extract might act as strong reducing agents and could
reduce Ag* ions in the aqueous solution to the Ag’ state. A
number of studies have been reported on the bioactivity of sec-
ondary metabolites in plants especially of phenolic
compounds.’®®* The lone pair of electrons in the secondary
metabolites could transfer to Ag” ions and reduce them to Ag°.
Sunlight could catalyse the above reaction by increasing the
rate of electron transfer from phenolic oxygen to Ag" ions.

4.3. Antioxidant activities of AgNP-DTa

In vitro antioxidant properties of AgNP-DTa were evaluated
based on DPPH assay and TAC (total antioxidant activity) by
phosphomolybdate assay.

4.3.1 DPPH scavenging activity. The DPPH method was
employed for measuring the free radical capturing ability of
the aqueous extract and the synthesized AgNP-DTa. This
assay is based on the capability of stable free radical 2,2-
diphenyl-1-picrylhydrazyl to react with hydrogen donors.>> A
graph was plotted between % inhibition of DPPH against the
concentration of AgNP-DTa (Fig. 5). From the graph, it was
observed that the DPPH scavenging ability of the aqueous
seed extract of DT and synthesized AgNP-DTa showed IC 50
values of 332.44 pg ml™' and 8.25 pug ml™', respectively.

0.50 -

0.25 -

Relative frequency(%)

0.00

-200 (] 200
Zeta potential (mV)

Fig. 4 (a), (b) and (c) TEM images of AgNP-DTa, (d) SAED pattern of AQNP-DTa, (e) AFM image of AgNP-DTa and (f) zeta potential of AQNP-DTa.
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Fig. 5 Percentage inhibition of DPPH radicals with the concentrations
of AgNP-DTa, seed extract and ascorbic acid.

Ascorbic acid exhibited an IC 50 value of 2.48 pg ml™".
Therefore, AgNP-DTa exhibited strong DPPH scavenging
activity compared to other reported green synthesized silver
nanoparticles.’®>” DT is reported to be a rich source of flavo-
noids.>®*®* However, DPPH does not react with flavonoids,
which contain no ~OH groups in the B-ring,”® which might
be the reason for the reduced DPPH scavenging activity of the
aqueous seed extract of DT.

4.3.2 Total antioxidant capacity (TAC). The total anti-
oxidant capacity (TAC) of the aqueous extract and AgNP-DTa
was also evaluated using the phosphomolybdenum method.
The phosphomolybdenum method is based on the reduction
of Mo(vi) to Mo(v) by the extract/AgNP-DTa resulting in the
formation of a green coloured phosphomolybdenum
complex. Higher reducing power was shown by the syn-
thesized AgNP-DTa (1328.9 + 20.59 mg g~' TE) than the
aqueous seed extract (114.4 + 8.2 mg g~ " TE). Results showed
that the reducing power of 1 g of AgNP-DTa and 1.0 g of
aqueous seed extract is equivalent to 1328.9 mg and
114.4 mg of Trolox, the reference compound, respectively.
Therefore it could be concluded that AgNP-DTa synthesized
from DT have an even greater antioxidant potential than
Trolox.

In the above assays, the synthesized AgNP-DTa exhibited
significantly high antioxidant activity than the aqueous seed
extract of DT. It has been reported in the literature that the
antioxidant properties of green synthesized AgNP-DTa could
be attributed to the functional groups adhered to them which
originated from the plant extract.”® But in our study the anti-
oxidant potential of AgNP-DTa was higher than that of its
extract. A similar observation was obtained for S. Francis
et al. for the DPPH scavenging activity of microwave assisted
green synthesized silver nanoparticles using a leaf extract of
Elephantopus scaber.®® Hence it could be concluded that the

This journal is © The Royal Society of Chemistry 2019
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antioxidant potential of the as-prepared AgNP-DTa might be
not only due to the presence of capped functional groups but
also due to their unique size to volume ratio. Generally, the
smaller the particle size, the larger will be the surface area.
The as-prepared AgNP-DTa with a small size and large
specific surface area could therefore provide a lot of active
sites to scavenge the free radicals and inhibit the oxidation
reactions.®"%?

4.4. Antibacterial assay of AgNP-DTa

In vitro antibacterial activity of the aqueous seed extract of DT
and the green synthesized AgNP-DTa were examined against
four pathogens such as Klebsiella pneumonia, Staphylococcus
aureus, Escherichia coli and Pseudomonas aeruginosa (Fig. 6).
The zone of inhibition was measured and compared between
various concentrations (Table 1). The zone of inhibition
increased with the increase in the concentration of AgNP-DTa.
In order to recognize the effect of the natural stabilizer from
DT, antibacterial tests of the newly synthesized AgNP-DTa and
of the aqueous seed extract of DT were performed. All of these
antibacterial activity assays were performed according to the
above-mentioned method. The obtained results revealed that
the aqueous seed extract of DT, at the tested concentration, did
not show any zone of inhibition indicating less antibacterial
activity. Thus the antibacterial activity of the system was
merely due to AgNP-DTa and not its stabilising agent. The
antibacterial activity of AgNP-DTa can be attributed to the
ability of ligands of DT to stabilize the nanoparticles against

* o«

et
)

Klebsiella pneumoniae

Fig. 6 (a) Photographs of the antimicrobial plates of Klebsiella pneu-
monia, Staphylococcus aureus, Escherichia coli and Pseudomonas aeru-
ginosa; 1, 2, 3, 4 and 5 contain 0.015 mg AgNOs3, 0.01 mg AgNP-DTa,
0.02 mg AgNP-DTa, 0.03 mg AgNP-DTa and aqueous seed extract,
respectively.
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Table 1 Results of antibacterial studies
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Tested pathogens

Zone of inhibition (mm)

Zone-1
AgNO; (0.015 mg)

Zone-2
AgNP-DTa (0.01 mg)

Zone-3
AgNP-DTa (0.02 mg)

Zone-4
AgNP-DTa (0.03 mg)

Klebsiella pneumonia 19.5 +0.71 15.5+£0.71 17.25 £0.35 20 £ 00
Staphylococcus aureus 24.5 £ 0.71 20.5 £ 0.71 22.5 +0.71 36 +1.41
Escherichia coli 19.5+0.71 15.5+0.71 18.2 £ 0.35 19.5+0.71

Pseudomonas aeruginosa No clear zone

The values are expressed as mean + SD.

aggregation. These non-aggregated nanoparticles are separ-
ated from each other by the bio-stabiliser. Therefore, these
non-aggregated AgNP-DTa could interact strongly with the
cell wall of bacteria because of their high surface energy and
mobility; otherwise it would be lowered by the formation of
large aggregates.®® Also, DT stabilised nanoparticles have an
average size of 16.05 = 5.0 nm. Due to their small size they
could easily reach the nuclear content of bacteria and their
large surface areas increase the area of contact with bacteria
than large sized nanoparticles.®* From Fig. 6, it can be clearly
recognized that green synthesized AgNP-DTa using DT were
more active towards Gram positive S. aureus than other Gram
negative bacteria. This might be because AgNP-DTa could
easily bind with the proteins which crosslink peptidoglycans
in the cell wall of Gram positive bacteria. Without the cell
wall, a bacterial cell is vulnerable to osmosis causing the
cell to swell and burst.®> However, as-prepared AgNP-DTa
also inhibit the growth of Gram negative bacteria such as
K. pneumonia and E. coli. This may be because of the presence
of oxidizable molecules on the surface of AgNP-DTa which
can liberate free radicals and can cause cell death.®® However,
Gaillet et al. reported the potential of silver nanoparticles
themselves to generate free radicals.®” Conversely, newly syn-
thesized AgNP-DTa did not inhibit the growth of
P. aeruginosa; no clear zone was observed. The experiment
was repeated with three month old AgNP-DTa and it showed
negligible variations in the activity.

4.5. Invitro antiproliferative activity of AgNP-DTa

The antiproliferative effects of the synthesized nanoparticles
and DT extract were investigated using MTT assay on lung
cancer cell line A549. The newly synthesized AgNP-DTa showed
moderate activity on the A549 cell line Fig. 7. It was observed
that the cytotoxic effect of AgNP-DTa on the cell line increased
with the increase in the concentration of nanoparticles. The
median effective concentration, EC 50 value, for cell mortality
in A549 cell lines after exposure to DT synthesized AgNPs for
24 hours was found to be 86.23 + 0.22 pg ml™".

Moreover, the photographs of the cell cultures in Fig. 8
observed through an inverted phase contrast tissue culture
microscope showed apoptotic changes and nuclear conden-
sation induced on A549 by AgNP-DTa. The anti-proliferative
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Fig. 7 Plot showing the variation of % cell viability with the concen-
tration of AQNP-DTa.

effect of the aqueous seed extract tested on the A549 cell line
shows an EC 50 value higher than 100 ug ml~". The activity of
the as-prepared AgNP-DTa may be due to their relative stabi-
lity which facilitates their penetration and survival in A549
tumour cells. AgNP-DTa may penetrate into cells and thus
interfere with the proper functioning of cellular proteins and
induce consequent changes in cellular chemistry.®® Also,
these non-aggregated, small sized AgNP-DTa are capable of
developing reactive oxygen species (ROS) in the -cells.
Accumulation of ROS can cause oxidative stress, which can
lead to DNA damage and substantial morphological changes
in A549 and finally apoptotic cell death.®®’® The median
effective concentration, EC 50 value, of chemically syn-
thesized silver nanoparticles using polyvinylpyrrolidone
(PVP) for cell mortality in A549 cell lines was found to be
9.96 pug ml~".”" Hence our results confirmed that chemically
synthesized silver nanoparticles led to more serious damage
to cellular membrane compared to bio-capped AgNP-DTa syn-
thesized using the ligands of DT. Thus we conclude that our
newly synthesized AgNP-DTa show moderate anti-proliferative
activity with less cytotoxicity compared to chemically syn-
thesized silver nanoparticles.

This journal is © The Royal Society of Chemistry 2019
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Fig. 8 An inverted phase contrast tissue culture microscopy image of A549 cell lines on treatment with (I) a decoction of seeds of DT and (Il)

AgNP-DTa.

5. Conclusions

The present study focused on the application of the seeds of
DT, a mangrove associated plant for a green-mediated syn-
thesis of highly stable AgNP-DTa. The proposed method is a
rapid, simple, inexpensive and environmentally safe approach.
The synthesized metal nanoparticles were stable for over
3 months at room temperature and were well-dispersed in
aqueous medium. The AgNP-DTa nanoparticles have narrow
size distributions with an average size of 16.05 + 5.0 nm.

This journal is © The Royal Society of Chemistry 2019

Interestingly, the as-prepared AgNP-DTa exhibited good anti-
oxidant activity at low concentrations. The antioxidant capacity
of AgNP-DTa was even relatively higher than that of Trolox, the
reference compound. AgNP-DTa exhibited significant antibac-
terial potential against Gram positive and Gram negative bac-
teria. Hence they could be used as potential antibacterial
agents in the food packing industry and in the medicinal field.
In addition, AgNP-DTa showed moderate anti-proliferative
activity on A549 lung cancer cell lines with a median effective
concentration of 86.23 + 0.22 pg ml~" which is noteworthy.
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