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Abstract:
In this study, we have synthesised and analysed the potential efficiency of the green synthesized silver nanoparticles
(AgNPs) using Calotropis gigantea (Linn) R. Br leaves and stems extract as a reducing and stabilizing agent under
surfactant-free conditions. The formation of AgNPs is monitored by recording the UV–vis absorption spectra. The
green synthesized AgNPs were characterized by UV–visible, FT-IR, XRD, EDAX, and SEM techniques. The green
synthesized AgNPs of C. gigantea (Linn) R. Br leaves and stems were significantly showed more effective free
radical scavenging activity. Synthesised silver nanoparticles shows potent antibacterial, antifungal, antibiofilm,
antiangiogenic, mosquitocidal activity. Also the green synthesized silver nanoparticles exhibit cytotoxicity against
Hep2 and AGS cell lines, further it may use effectively in treatment of carcinomas. The results observed in the
present study showed the promising potential of C. gigantea (Linn.) R.Br- synthesised AgNPs for the development of
novel antimicrobials, antibiofilm, and antiangiogenesis, mosquitocidal, anticancer and for various purposes.
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INTRODUCTION:
Nanoscience is the study of phenomena and
manipulation of materials at atomic molecular and
macromolecular scales. Now this field of science and
technology, living organisms show huge potentiality
for various applications. Nanotechnology deals with
the design, production, characterization & application
of nanoscale, devices and systems by controlling
shape and size at the nano scale. It involves the
production, manipulation and use of materials
ranging in size from less than a micron to that of
individual atoms from not only chemical approaches
but also biological materials. Silver nanoparticles
synthesized which are quite stable and no visible
changes are observed even after a month or so, if the
nanoparticle solutions are kept in light proof
condition. As nanoparticles have great application in
medical world like gene therapy, cancer therapy, drug
delivery etc. So medical world also easily accept the
plant world for nanoparticle synthesis and welcome
the angiosperms for their potentiality of synthesis of
non-polluted, environmentally acceptable, safety for
human health nanoparticles (1).
Nanotechnology is an emerging field with large
range of applications in areas such as cosmetics,
health care, environmental health, optics, mechanics,
biomedical sciences, chemical industries, space
industries, electronics, drug-gene delivery etc., Green
synthesis methods make use of to some extent
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pollutant-free
chemicals
for
prepare
of
nanostructures. It embraces the use of ecofriendly &
secure solvents such as water, natural extracts. So
biological approaches using microorganisms & plants
or plant extracts for prepare of metal nanoparticles
have been recommended as safe options to chemical
methods. The ‘green’ environment friendly processes
in chemistry and chemical technologies are becoming
increasingly popular and are much needed as a result
of
worldwide
problems
associated
with
environmental concerns (2-5). Silver is the one of the
most commercialized nanomaterial for a wider range
of application. In the present work, we have
synthesized silver nanoparticles phytosynthesis and
ecofriendly method and the resulting sample were
characterized by FTIR, UV, XRD, EDX and SEM
and then analyzed for the various applications.
Study area:
Azhagar hills of Eastern Ghats is lying approximately
between 77o30 and 78o20 longitude and 10o05’ –
10o09’ latitude. The elevation of the area of
investigation ranges from 650 to 3000 feet above sea
level. Variations in the altitude and rainfall have a
bearing on the vegetation in general. The floristic
divisions of the area of investigation consist of
deciduous thorny scrub forest, dry deciduous forest,
and evergreen moist mixed deciduous forest and
savannah grasslands.

Plate 1 Calotropis gigantea (Linn) R. Br Plant, Taxonomic classification and photograph of Calotropis gigantea
(Linn) R. Br (white flowers).
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Distribution: Throughout
Island, and S. China. (6)

India,

Ceylon-Malay

Botanical Description:
A tall shrub reaching 2.4-3m high; yellowish white,
furrowed; branches stout, terete, more or less covered
(especially the younger ones) with fine appressed
cottony pubescence. Leaves 1-20 by 3.8-10 cm,
sessile or nearly so, elliptic-oblong or abovateoblong, acute, thick, glaucous-green, clothed beneath
and more or less above with fine cottony tomenum;
base narrow, cordate. Flowers in odourous, purplish
or white. Calyx divided to the base; sepals 6 by 4
mm, ovate, acute, cottony. Corolla 2cm long or more;
lobes 1.3-1.6cm long, deltoid-ovate, subacute,
revolute and twisted in age; lobes of the
corona1.3cm. Long by 5mm. pubescent on the
slightly thickened margin, the apex rounded with 2
obtuse auricles just below it. Follicles 9-10 cm. Long,
broad, thick, fleshy, ventricose, green. Seeds
numerous, 6 by 5 mm. broadly ovate, flattened
narrowly margined, minutely tomentose, brown coma
2.5-3.2 cm long.
MATERIALS AND METHODOLOGY:
CHEMICALS
Silver nitrate (AgNo3) analytical grade was purchased
from sigma Aldrich chemical Pvt. Ltd, distilled
water, trypan blue dye.All the chemicals and solvents
used were of the highest purity and analytical grade.
Collection of plant material:
Calotropis gigantea (white flower) plant parts were
collected from different locations of Azhagar Hill
(Eastern Ghats), Madurai, Tamilnadu, South India
during the year 2015–2016. Plant specimens were
photographed and collected on the spot (Azhagar Hill
area), pressed, dried (in herbarium sheet)
authenticated by Dr. S. John Britto S.R in Rapinat
Herbarium as “MVS OO14 Calotropis gigantea
(Linn) R. Br”.
Preliminary phytochemical screening
Preliminary phytochemical analysis was performed
for establishing the phyto-constituents (alkaloids,
tannins, glycosides, steroids and terpenoids) present
in the leaf and stem extracts. Chemical tests for the
screening and identification of bioactive chemical
constituents in the medicinal plants under study were
carried out in extracts using the standard procedures
as described by Sofowara (1993), Trease and Evans
(1989), (2002) and Harborne (1973). Identification
tests for the various chemicals were carried out to test
the presence of various chemical constituents.
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Phytochemical analysis:
Methods of Qualitative phytochemical analysis
The leaf and stem extracts were tested for the
presence of bioactive compounds by using following
standard methods (7-9).
Preparation of Calotropis gigantea (Linn) R. Br
leaves and stems extracts (Garima Singha et al.,
2011).
The leaves and stems were separately washed thrice
with distilled water to avoid fine dust particles on its
surface. Following thorough washing, the leaves and
stems were completely air dried for about 15 minutes
to remove residual moisture. About 20 grams of
finely chopped leaves were boiled with 100 ml of
distilled water for 30 minutes at 60○C. After cooling,
the leaf and stem extract is obtained as a clear filtrate
using Whatmann No: 1 filter paper individually and it
was used for further analysis.
Optimization of silver nanoparticle synthesis
(Veerasamy et al., 2011).
Optimized silver nanoparticles synthesis was
obtained by variation and fixation of different
parameters such as temperature, time, ratio of plant
extract to silver nitrate solution, concentration of
silver nitrate solution and pH in order to achieve
maximum yield.
Temperature
About 5 ml of C. gigantea (Linn) R. Br leaves and
stems extracts were added to 45 mL of 1 mM AgNO 3
solution was used for optimization of temperature,
where the reaction temperature was maintained at 30,
60, 90 and 120 C0 respectively, using water bath. The
absorbance of the resulting solutions was measured
spectrophotometrically.
Time
About 5 ml of C. gigantea (Linn) R. Br leaves and
stems extracts were added to 45 mL of 1 mM AgNO 3
solution was used to optimize the time required for
the completion of reaction, where the reaction was
monitored from the start of the reaction to 6, 12, 18,
24hours time period. The reaction mixture was also
monitored after 24 hours incubation time. The
absorbance of the resulting solutions was measured
spectrophotometrically.
Ratio
Various 1:5, 1:6, 1:7, 1:8, 1:9 ratios of C. gigantea
(Linn) R. Br leaves and stems extracts: silver nitrate
solution were added individually to optimize the ratio
of leaves extracts and stems extracts separately to
silver nitrate solution. The absorbance of the resulting
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solutions was measured spectrophotometrically.
Concentration
About 5 ml of C. gigantea (Linn) R. Br leaves and
stems extracts were added to 45 mL of 0.5 mM, 1
mM, 1.5 mM, 2 mM AgNO3 solution was used to
optimize the concentration of silver nitrate solution.
The absorbance of the resulting solutions was
measured spectrophotometrically.
pH
About 5 ml of C. gigantea (Linn) R. Br leaves and
stems extracts were added to 45 mL of 1 mM AgNO 3
solution was used for optimization of pH where the
reaction pH was maintained at 5, 7, 8 and 9
respectively. The pH was adjusted by using 0.1 N
HCl and 0.1N NaOH. The absorbance of the resulting
solutions was measured spectrophotometrically.
Characterization of silver nanoparticles
The Calotropis gigantea (Linn.) R.Br leaves and
stems extract silver synthesized nanoparticles were
characterized by using various spectral analysis.
UV-visible absorbance spectroscopy (Shankar et
al., 2004)
UV-Visible spectroscopy analysis was carried out on
a Systronic UV-Visible absorption spectrophotometer
117 with a resolution of ±1nm between 200-1000nm
processing a scanning speed of 200nm/min. Equal
amounts of the suspension (0.5ml) was taken and
analyzed at room temperature. The progress of the
reaction between metal ions and the leaf extract were
monitored by UV-Visible spectra of silver
nanoparticles in aqueous solution with different
wavelength in nanometers from 340 to 600nm. The
reduction of silver ions and formation of silver
nanoparticles occurred within an hour of reaction
.Control was maintained by using AgNO3.
Fourier transform infrared spectroscopy (FTIR)
(Manopriya et al., 2011)
For FTIR measurements, Perkin Elimer-spectrum
RXI model was used. The synthesized silver
nanoparticles solution was centrifuged at 10000 rpm
for 30 minutes. The pellet was washed thrice with 5
ml of deionized water to get rid of the free proteins or
enzymes that are not capping the silver nanoparticles.
The pellet was dried by using vacuum drier. Fourier
transformed infrared spectra is generated by the
absorption of electromagnetic radiation within the
frequency range 400 to 4000 cm-1.
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Scanning
electron
microscopy
(SEM)
(Savithramma et al., 2011)
The pellet was subjected for SEM analysis. Thin
films of the sample were prepared on a carbon coated
copper grid by just dropping a very small amount of
the sample on the grid, extra solution was removed
using a blotting paper and then the film on the SEM
grid were allowed to dry for analysis.
X-ray diffraction (XRD) (Prema et al, 2010)
A thin film of the silver nanoparticle was made by
dipping a glass plate in a solution and carried out for
X-ray diffraction studies. The crystalline silver
nanoparticle was calculated from the width of the
XRD peaks and the average size of the nanoparticles
can be estimated using the Debye–Scherrer equation
(Rau, 1962): D= kλ / βcosθ
Where D = Thickness of the nanocrystal, k =
Constant, λ = Wavelength of X-rays, β = Width at
half maxima of (111) reflection at Bragg’s angle 2θ, θ
= Bragg angle. The size of the silver nanoparticle was
made from the line broadening of the (111) reflection
using the Debye-Scherrer formula. According to the
formula, Constant (K) = 0.94, Wave length (λ) =
1.5406 x 10-10
Energy dispersive X-ray analysis (Mahendran
Vanaja et al., 2013)
Energy dispersive analysis X-ray (EDX) analysis
takes advantage of the photon nature of the light. In
the X-ray range the energy of a single photon is just
sufficient to produce a measurable pulse X-ray. A
semiconductor material is used to detect the X-ray
along with processing electronics to analysis the
spectrum.
In vitro antioxidant assays
Estimation of total antioxidant using DPPH
photometric assay
An exact amount (0.5ml) of the methanolic solution
of DPPH was added with 10, 20, 30, 40, 50µl of
different concentration nanoparticles and 0.48ml of
methanol, and allowed to stand at room temperature
for 30 minutes. Methanol served as the blank. After
30 minutes, the absorbance was measured at 518nm
and converted into percentage radical scavenging
activity as follows:
A518 [sample] – A518 [blank]

Scavenging activity (%) =

x 100
A518 [blank]

Inhibition of in vitro generation of radical
scavenging activity
In the present study, the efficiency of the leaves and
stems extracts of C. gigantea (L.) R.Br in inhibiting
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the in vitro generation of superoxide, nitric oxide (18)
and hydroxyl radical scavenging activity were studied
Antimicrobial activity:
Culture and Maintenance of Bacteria
Gram-positive (B. subtilis and S. aureus) and Gramnegative (P. aeruginosa and E. coli) bacteria were
used from our laboratory culture collection. The
cultured bacteria was transferred into test tubes with
nutrient broth (NB) followed by incubation without
agitation for 24 h at 37oC. Maintained cultures were
used for further assays.
Antibacterial activity- Well Diffusion assay:
Agar well diffusion method (19) was used to study
the antibacterial activity of Cg-AgNPs against Grampositive (B. subtilis and S. aureus) and Gramnegative bacteria (P. aeruginosa and E. coli). We
maintained bacterial cultures were inoculated
uniformly on MHA plates that were prepared by
sterile Muller Hinton Agar (MHA) medium. For
loading the Cg-AgNPs of leaves and stem at
concentration (50µg/ml) the well (6 mm diameter)
was constructed on MHA plate with the help of
sterile corkborer. Incubation lasted 24 h at 37oC after
loading the well. The inhibition zone (mm) was
measured around the well. The experiments were
repeated in triplicate, including controls.
Minimum inhibitory concentration (MIC) and
Minimum bactericidal concentration (MBC)
assays (20)
MIC and MBC were determined by a microdilution
method, using Luria broth (Hi-media, India) and
inoculums of 2.5X 105 CFU/ml. In brief, (2.5 X 105
CFU/ml) of each bacterial strain was added
individually to 1 ml of nutrient broth (NB). Different
concentrations of test particles (pure suspension of
particles was formed by sonication and it acts as a
dissolved solution which accurately reflects the
amount of silver available in solution to act on the
microorganisms) were added to the test tubes
containing the test strains. After 24 h of incubation,
the MIC values were obtained by checking the
turbidity of the bacterial growth. The MIC value
corresponded to the concentration that inhibited 99%
of bacterial growth (Dash et al., 2012). The minimum
bactericidal concentration (MBC) values of the
particles were determined according to the standard
method (Dash et al., 2012). The MBC values were
determined by sub culturing the MIC dilutions onto
the sterile Muller Hinton agar plates incubated at 37
C for 24 h. The lowest concentration of the
nanoparticles which completely killed the tested
bacteria was observed and tabulated as MBC level.
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The MBC value corresponded to the concentration
where 100% of the bacterial growth was arrested,
compared to the positive control (no treatment). All
assays were performed in the Biosafety cabinet.
Bacterial Killing kinetic assay
Killing kinetic assay (20) of Gram-positive (B.
subtilis and S. aureus) and Gram-negative bacteria
(P. aeruginosa and E. coli).strains was studied
against Ag NPs by the method of Guggenbichler et
al., (1985). Bacterial growth after treatment (at their
respective MBC values) was measured by
quantifying cell viability at 0, 2, 4, 8, 12, 18 and 24 h
after incubation with Ag NPs. The growth inhibition
percentage was obtained with respect to the positive
control. Bacterial cell viability was measured
spectrophotometrically using Shimadzu UV/vis 1800
spectrophotometer
BGI % = (BC − BT) x 100 / BC

Where BGI = Bacterial Growth Inhibition; BC =
Number of Bacterial Colonies.
Antifungal Activity -Well Diffusion Assays:
The sensitivity of C. albicans and A. niger were
evaluated by the well diffusion method on a MuellerHinton medium supplemented with 2% glucose and
0.05% methylene blue. In mediums containing
Candida sp, wells were made and filled with 80 µg of
AgNPs. Discs of amphotericin B 10 µg were used as
control. The plates were incubated at 35 °C for 24h,
and after this period fungal growth inhibition halos
were measured (mm). Each test was conducted three
times, according to the protocol of CLSI M44-A2
(22, 23, 24).
Antibiofilm activity
Pseudomonas aeruginosa MTCC 2543 and
Staphylococcus aureus were collected from MTCC
Pune. The microtitre plate technique was followed to
analyse the biofilm (30) inhibition of Gram positive
(S. aureus) and Gram-negative bacteria (P.
aeruginosa).
Antiangiogenic assay- Chorioallantoic Membrane
Assay (CAM)
Fertilized eggs were randomly divided into two
groups; the control group and experimental group
(treated with concentration of 200 μg mL–1 AgNPs)
and then incubated at 37°C and 55-65% humidity in
the incubation system (Ribatti, 2010). On day eighth
of incubation, shells were opened in laminar hood
and filter discs (6 mm) were dipped in the extract,
dried and placed on the chorioallantoic membrane
and incubated at 37°C. On the 12th day of incubation,
all the cases were photographed using a research
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photo stereomicroscope (Ziess, India).
No .of vessels in untreated - No. of vessels in treated
% inhibition =
X 100
No .of vessels in untreated

Ovicidal and Larvicidal assay:
Collection of eggs and maintenance of larvae:
Mosquito eggs were provided by Indian Council of
Medical Research (ICMR) Madurai (Tamil Nadu,
India). According to Dinesh et al. (26), the collected
eggs were placed in 18 x13 x 4-cm steriled plastic
containers filled with 500 mL of water. The eggs
hatched and the larvae were fed with a mixture of
crushed dog biscuits and yeast at 3:1 ratio. These
larvae were used for further studies.
Mosquito ovicidal assay:
Effect of the extracts of silver nanoparticles
synthesized using the leaves and stems of Calotropis
gigantea (Linn.) R.Br on the hatchability of
Anopheles stephensi, Aedes aegypti, and Culex
quinquefasciatus eggs were determined and hatching
rate was calculated on the basis of non-hatchability of
eggs. Five replications were conducted at each
extracts concentration (%). Egg hatching rate was
monitored for 24h. The assays were developed at
25°C. Of continuous exposure and this was expressed
as percent mortality.
Mosquito larvicidal Activity:
Following the standard larvicidal assay by WHO
(27), five sets (n = 6 larvae each) of third instar larvae
were separated in 50 ml water. Extractof leaves and
stems of Calotropis gigantea (Linn.) R.Br (50 mg/l),
AgNO3 (50 mg/l) and AgNPs of leaves and stem
extracts (10 mg/l) were added into the above set up to
find out the larvicidal activity. No food as given to
the larvae during the assays. The experiments were
carried out in three replicates, the control was
maintained the distilled water. The larval mortality
was evaluated over different time exposure (24
h).The assay was performed by exposing twenty (I,
II, III and IV instar) larvae of Anopheles stephensi,
Aedes aegypti, and Culex quinquefasciatus. The
water temperature maintained at 25 ± 1oC. For each
test three beakers containing distilled water and test
larvae but without sample were used as controls.
Observation on mortality and deformities of the
larvae was recorded after every 24 hrs. Larvicidal rate
was monitored for 24h. The assays were developed at
25°C. Of continuous exposure and this was expressed
as percent mortality, the lethal concentration
considered at which 50% of the test larvae were
killed. The control was set up by mixing 1 ml of
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acetone with 249 ml of dechlorinated water. The ova
and larvae were exposed to dechlorinated water
without acetone served as control. The control
mortalities were corrected by using Abbott’s (1925)
formula (28).
(Observed mortality in treatment –
Observed mortality in control)
Mortality =

x 100
100 - Control mortality
Number of dead ova/ larvae

% mortality=

x 100
Number of ova/ larvae introduced

In vitro cell viability studies-Cytotoxicity assay MTT assay:
Cells were seeded in a 96 well plate. Cells were
exposed to the nanoparticles of leaves and stems of
Calotropis gigantea (Linn.) R.Br. The resulting
intracellular purple formazan solubilized the MTT
crystals
by
adding
and
quantified
by
spectrophotometric mean and then the supernatants
were removed. For solubilization of MTT crystals,
100 μl DMSO was added to the wells. The plates
were placed on a shaker for 15 mints for complete
solubilization of crystals and then the optical density
of each well was determined. The quantity of
formazan product was measured by the amount of
545 nm.
Cell proliferation inhibition (%) = (1- OD Sample / OD Control) x
100
Viable cells% = (OD of drug-treated sample/ OD of untreated
sample) x 100

Statistical analyses
All the experiments were done in three replicates and
the results were expressed as Mean ± Standard
Deviation (SD).
RESULTS AND DISCUSSION:
Plants are rich sources of natural products used for
centuries old to cure various diseases. A retrospection
of the healing power of plants and our return to
natural remedies is an essential need for all. In the
present study, Leaves and stems of Calotropis
gigantea (Linn.) R.Br were collected in and around
Azhagar hills, Madurai district and were
authenticated by Dr. S. John Britto S.R in Rapinat
Herbarium as “MVS OO14 Calotropis gigantea
(Linn) R. Br” Trichy, Tamil Nadu, India. The present
study was focused to elucidate the influence of C.
gigantea (L.) R. Br leaves extract-synthesized silver
nanoparticles in the cellular and physiological
systems. Screened their phytochemicals present in
leaves and stems extracts of C. gigantea (Linn) R. Br
and the silver nanoparticles were successfully
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synthesized from AgNO3 through a simple green and
natural route using the leaves and stems of C.
gigantea (Linn) R. Br.
Phytosynthesis of silver nanoparticles
The reduction property of the C. gigantea (Linn.)
R.Br using silver nitrate solution was studied, by
which silver nanoparticles are derived from the plant
leaves and stems extract individually. This is due to
the phytochemical components present in the leaves
and stems extracts, which helps in the reduction of
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silver ions. The aqueous silver nitrate solution was
turned to brown color within 30 min, with the
addition of leaves and stems extract. Intensity of
brown color increased in direct proportion to the
incubation time. It may be due to the excitation of
surface Plasmon resonance (SPR) effect and
reduction of AgNO3.Figure 1 shows the reduction of
silver nitrate solution by the plant leaf extract and the
formation of silver nanoparticles. Figure 2 shows the
complete reaction mixture after 24 hours incubation
in a dark room.

Figure 1 shows the phytosynthesis of silver nanoparticles (A) C. gigantea (Linn.) R.Brplant extract (B) silver
nitrate and (C) after addition, Figure 2 shows the Silver nanoparticles post 1 hour (A) and 24 hours (B)
incubation period.

Figure 3 shows the optimization of C.gigantea leaf extract-Effect of A) temperature, B) pH C) time of
incubation on the formation of silver nanoparticles.
Figure 4 shows the optimization of C.gigantea stem extract- Effect of A) temperature, B) pH C) time of
incubation on the formation of silver nanoparticles.
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Optimization of different parameters
The silver nanoparticles synthesized by using C.
gigantea (L.) R.Br leaf and stem (Figure 3 for leaf
and Figure 4 for stem) extract were optimized by
various parameters such as different concentrations of
silver nitrate, temperature, pH, time of incubation and
ratio of plant extract to silver nitrate solution. It is
evident from the different concentration in that 1 mM
conc. maximally favors the formation of silver
nanoparticles. The size is reduced initially due to the
reduction in aggregation of the growing
nanoparticles. Figure 3 for leaf and Figure 4 for
stem shows that a slightly alkaline condition
enhances and accelerates the formation of silver
nanoparticles but the acidic condition deteriorates the
formation of silver nanoparticles. Large nanoparticles
were formed at lower pH (pH 5), whereas small and
highly dispersed nanoparticles were formed at high
pH (pH 8). At slightly alkaline pH, the normal size of
the nanoparticles was formed in Figure 3B and
Figure 4Bshows that duration of reaction increases,
more silver nanoparticles are formed. Due to the
instability of the silver nanoparticles formed, an
optimum duration is required, as silver nanoparticles
agglomeration after the optimum duration resulting in
larger particle sizes. The optimum time (Figure
3Cand Figure 4C) required for the completion of
reaction from our study was 30 min. As the
temperature increased, the rate (Figure 3Aand
Figure 4A) of silver nanoparticles formation also
increased but it started decreasing as the temperature
exceedind beyond the 700C.Ratio of silver nitrate
solution (1 mM) and the leaves Aextract was altered
to investigate the optimum composition to maximize
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the yield of silver nanoparticles. Enough leaf extract
must be added to reduce the silver nitrate present in
solution. It was found that the optimum ratio for the
reaction is 1:9 based on the number of trials and the
optimum yield.
The overall optomized reaction condtion was:
temperature-600C, time- 24 hours, concentration of
silver nitrate- 1 mM, pH- 8.0 (slightly alkaline) and
the ratio of silver nitrate solution and C. gigantea (L.)
R.Br leaf / stem extract was 1:9.
Characterization
of
synthesized
silver
nanoparticles
UV-Visible spectrophotometer
An immediate reduction of silver ions within 10
minutes may be because of the presence of water
soluble phytochemicals likes alkaloids, phenolic,
flavonoids, sugars and saponins in C. gigantea (L.)
R.Br leaf and stem extract. It was observed the
reduction of silver ions occur rapidly and more than
90% reduction of silver ions is complete within 8
hours and 20 hours respectively, after adding the
aqueous plant extract to the metal ions solution.
Figure5shows the characteristic absorption peak at
418 nm in UV-visible spectrum confirmed forming
silver nanoparticles. The nanoparticles showed an
absorption peak around 420 nm after 8 h of reaction,
which is a characteristic surface plasmon band of
silver nano particles possibly because of exciting
longitudinal plasmon vibrations in silver nano
particles in the solution.

Figure 5 shows the UV Spectra of silver nanoparticles synthesised using C.gigantea A) leaf and B) stem
extracts, Figure 6 shows the FT-IR Spectra of silver nanoparticles synthesised using C.giganteaA) leaf and B)
stem extract.
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Figure 7 shows the XRD analysis of C.gigantea A) leaf and B) stem extract.
Fourier Transform – Infra Red spectral analysis
FTIR measurement was carried out to identify the
potential biomolecules and functional groups in the
C. gigantea (L.) R. Br aqueous plant extract
responsible for reducing the silver ions. Different
functional groups and structural features in the
molecule absorb at characteristics frequencies. The
frequency and intensity of absorption are the
indication of the band structures and structural
geometry of the molecule.Figure 6 shows the FT-IR
spectrum of C. gigantea (L.) R. Br. A strong sharp
peak was obtained. FTIR measurements carried out to
identify the possible biomolecules responsible for the
capping and efficient stabilization of the silver
nanoparticles synthesized by the plant extracts.
(Figure 6 a and b) show the leaf extract of C.gigantea
and stem extract of C.gigantea respectively
Absorbance bands AgNps of
leaf extract of
C.gigantea were observed at 3317.34 Cm-1 assigned
to O-H (s) stretch, 3317.34 Cm-1 assigned to O-H (s)
stretch, 1614.31 Cm-1 assigned to C=C aromatic
stretch, 1394.44 Cm-1 assigned to C-H alkenes
stretch, 1191.93Cm-1 assigned to C-N amines
stretch, 752.19 Cm-1 and 655.75 Cm-1 assigned to
C-H alkenes stretch. In figure 6 b shows the
absorbance bands of AgNps of stem extract of
C.gigantea were observed at 3317.34 Cm-1 assigned
to O-H (s) stretch, 2933.88 Cm-1 assigned to C-H (s)
stretch, 1606.59 Cm-1 assigned to C=C aromatic
stretch, 1394.44 Cm-1 assigned to C-H alkenes
stretch, 1191.93 Cm-1 assigned to C-N amines
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stretch,1122.49 Cm-1 assigned to C-N amines stretch
752.19 Cm-1 and 655.75 Cm-1 assigned to C-H
alkenes stretch. Thus, many of the potential
biomolecules present in the leaf extract and metal
ions present in the silver nitrate solution has been
reduced to form silver nanoparticles.
XRD analysis of green silver nanoparticles
The X- ray structural diffraction pattern of the green
synthesized silver nanoparticles produced using the
leaf extract were further proved and confirmed by the
characteristic peaks observed in the XRD image of
silver (Figure 7). The average grain size of the silver
nanoparticles formed in the bio reduction were
determined using scherr’s formula, d= (0.9 λ×1800) /
βcosθπ and estimated as 38.5 nm.
Scanning Electron Microscopic analysis of
synthesized silver nanoparticles
The SEM analyses of bio reduced silver nano
particles confirmed the morphology and size of the
metal particles is in the nano-range and are roughly
square in shape. The size of silver nano particles are
in the range of 40 and 70 nm after 24 h and the
representative SEM images are shown in Figure 8 a
and b. The characterization of silver nanoparticles
was done by using Scanning Electron Microscope
(SEM). SEM image of the silver nanoparticle
synthesized in which indicates well dispersed
particles that are more or less spherical.
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Figure 8 shows the SEM micrograph of Silver nanoparticles synthesized by using the A) leaf extract of C.
gigantea and B) stem extract of C. gigantea.
Figure 9 shows the EDX analysis of C.gigantea A) leaf and B) stem extract.
Energy-Dispersive X-ray analysis of silver
nanoparticles
The analysis through energy dispersive X-ray
spectrophotometers confirmed the presence of
elemental silver signal of the silver nanoparticles as
shown in Figure 9a and b. The vertical axis displays
the number of x-ray counts while the horizontal axis
displays energy in KeV. The identification lines for
the major emission energies for silver are displayed
and corresponding with peaks in the spectrum, thus
indicating that silver is main elemental component
present in the synthesized metal nanoparticles.
Silver nanoparticles (AgNPs) are a new kind of
material with several applications, such as sensors,
catalysts, anticancer agents and antimicrobial agents.
AgNPs have exhibited activity against bacteria, fungi
and viruses (29). However, synthesis of AgNPs
produces toxic waste, such as ammonia (30), which
can affect human health and the environment (31).
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The green synthesis of AgNPs has used various
routes: plants, microorganisms and non-toxic
substances (32, 33, 34).
In vitro Antioxidant Assay
The results showed that the radical-scavenging ability
of green synthesized silver nanoparticles of
Calotropis gigantea (Linn.) R.Br was estimated by
comparing the percentage inhibition of formation of
DPPH, SO, OH and NO radicals with that of ascorbic
acid. The DPPH scavenging activity (Figure 12),
super oxide scavenging assay (Figure 13), hydroxyl
radical scavenging activity (Figure 14), and nitric
oxide radical scavenging activity (Figure 15) of
silver nanoparticles increased with increasing in
concentration. In this present study, DPPH, SO, OH
and NOradical scavenging effect of silver
nanoparticles shows activity in dose dependent
manner. The obtained results are compared with
standard ascorbic acid.
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Antibacterial activity of Ag NPs
The antimicrobial activity of synthesized Ag
nanoparticles against four different bacterial
pathogens such as E.coli, P.aerogenosa, (gram
negative bacteria) and B.subtilis, S.aureus (gram
positive bacteria). Bacterial membrane proteins and
DNA makes preferential sites for silver nanoparticles
interaction as they possess sulphur and phosphorus
compounds and silver have higher affinity to react
with these compounds. A clear zone of inhibition was
seen around the disc containing the synthesized silver
nanoparticle (50 µg/ml) and Standard antibiotic disc
(50μg/ml) Amphicillin. These results are shown in
Figure 10.
In the present study, the antibacterial activity of
Calotropis gigantea (Linn.) R.Br leaf and stem CgAgNPs was tested againstgram-negative (E. coli,
P.aerogenosa) and gram-positive (B.subtilis, S.
aureus) bacteria. TheCalotropis gigantea (Linn.)
R.Br leaves and stem extract showed zone of
inhibition against E. coli, P. aeruginosa, B.subtilis
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and S. aureus when tested at 50 µg/ml, the growth
inhibition efficacy was dose-dependent (P\0.01).
Testing 50 µg/ml of AgNO3, the zone of inhibition
against E. coli, P.aerogenosa, B.subtilis and
S.aureuswere 31, 27, 29 and 26mm for leaves and 39,
24, 23 and 23 mm for stems respectively. This result
shows that it is well known that Gram-negative
bacteria do not have an outer membrane, thus
antibacterial substances can easily penetrate the inner
membrane.
Minimum inhibitory concentration (MIC) and
Minimum bactericidal concentration (MBC)
assays
Antimicrobial activity of biosynthesized AgNPs
against both gram-negative E. coli, P.aerogenosa
aand
gram-positive
B.subtilis,
S.
aureus
microorganisms at different concentrations showed
that they revealed a strong dose-dependent
antimicrobial activity against both of the test
microorganisms (Table 2). The antimicrobial activity
(MIC and MBC) of plant extract was absent until
100µg/ ml against both of the bacterial strains. It was
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found that, as the concentration of biosynthesized
nanoparticles was increased, microbial growth
decreases in both the cases. Biosynthesized Ag NPs

ISSN 2349-7750

were observed to exhibit more antimicrobial activity
on gram-negative microorganism than gram positive
ones.

Table 3a & 3b shows the bactericidal effects of leaf Ag NPs on the different bacteria.

Table 4a & 4b shows the bactericidal effects of stem Ag NPs on the different bacteria.

www.iajps.com
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Bacterial killing kinetics
The killing kinetic assay was used to analyze posttreatment bacterial viability and to define the
minimum time necessary to reach an inhibitory or
bactericidal effect, since no significant difference was
found between the bactericidal effects of AgNPs on
the different bacteria. The time–kill curve of Ag NPs
against E. coli, P. aeruginosa aand gram-positive
B.subtilis, S. aureus strains is presented in Table 3a
& 3b for leaf and Table 4a & 4b for stem.
Bactericidal activity was gradually increased to 8 h
exposure of the bacteria against Ag NPs at their
respective MBC concentrations for both the strains
and entire bacteria were killed within this period. Ag
NPs showed a time-dependent and rapid bactericidal
activity against the test E. coli, P. aeruginosa
B.subtilis and S. aureus strains, and leads bacteria to
early stationary phase, as shown in time–kill curves.
In our study, silver nanoparticles were effective in

inhibiting bacterial growth in a dose and time
dependent manner.

Anti-Biofilm Activity
The increased usage of antibiotics accumulates in the
infected animals could also be dangerous to
consumers. Here the biofilm inhibitory effects of
Calotropis gigantea (Linn.) R.Br leaves and stems
synthesized Cg-AgNPs against P.aerogenosa, (gram
negative bacteria) and S.aureus (gram positive
bacteria) were studied by colorimetric method with
crystal violet staining. A perceptible inhibition in the
biofilm formation of Gram-positive and Gramnegative bacteria was observed post treatment with

Cg-AgNPs at 50 μg/ml under the light microscopic
study (Figure 16).
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The growth curves of bacteria exposed to AgNPs
indicated that it could inhibit the growth and
reproduction of both the bacteria. In the present
study, after 8 h of nanoparticles treatment, the
bacterial cells were killed successfully.
Antifungal activity of Ag NPs
In the present study, showed that high activity against
C. albicans and A. niger, a similar activity observed
by the antifungal amphotericin B, and may represent
an alternative for treating fungal infections. The
AgNPs exhibited high antimicrobial activity, and this
property can be very useful, especially against
microorganisms
resistant
to
conventional
antimicrobials (35).

Antiangiogenesis activity
Angiogenesis, which is required for physiological
events, plays a crucial role in several pathological
conditions, such as tumor growth and metastasis.
Angiogenesis, which is the formation of new blood
vessels from pre-existing ones, is regulated by the
balance of many stimulating and inhibiting factors
(Otrock et al., 2011). The chorioallantoic membrane
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(CAM) assay has been proved as a reliable in vivo
model to study angiogenesis and many inhibitors and
stimulators of angiogenesis have been examined by
this common method (Ribatti, 2010).
The AgNPs of C. gigantea (L.) R.Br leaves and stems
extract
showed
(Figure18).
Significant
antiangiogenic effect in CAM assay. The mechanism

of action of AgNPs in preventing the angiogenesis is
not known. The AgNPs may hamper the blood vessel
formation either by up regulating the inhibitors or
down regulation of the stimulators. Further studies of
AgNPs at molecular level may help in finding out the
mechanism by which the AgNPs act on angiogenesis
process.

Mosquitocidal activity
Recent years green synthesized silver nanoparticles
gained much attention due to its high larvicidal
potency and less toxic to the environment. Patil et al
(37) reported that, the LC50 values for second and
fourth larval instars of A. aegypti after 24 h exposure
of synthesized AgNPs using Plumeriarubra latex
were 1.49, 1.82 ppm, respectively. The potent
larvicidal activity noticed in DdAgNPs against
dengue vector A. aegypti suggested that it could be
used as a possible bio-insecticide in mosquito control
programs (38).

showed ovicidal and larvicidal activity against
Anopheles stephensi (Figure17a), Aedes aegypti
(Figure17a)
and
Culex
quinquefasciatus
(Figure17b). C. gigantea (Linn.) R.Br showed 100%
mortality of ova and larval I- IV stages of An.
Stephensi, A. aegypti and C. quinquefasciatus at 50
mg/l after 48 h. C. gigantea (L.) R.Br leaves and
stems, AgNO3, Cg-AgNPs showed potent ovicidal
and larvicidal activity against An. Stephensi, A.
aegypti and C. quinquefasciatus. C. gigantea (Linn.)
R.Br leaves and stems showed significant lethal
concentration against An. Stephensi, A. aegypti and
C. quinquefasciatus and the LC50 and LC90values
were recorded (Table 5a & 5b).

Several green approaches have been employed to
obtain a reliable and eco-friendly biosynthesis of
nanoparticles, which is advantageous over chemical
and physical methods. In the present study, C.
gigantea (L.) R.Br leaves and stems Cg-AgNPs
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In vitro cell viability MTT assay
The activity of silver nanoparticles against Hep2 cells
and AGS cells shows in Figure 19aand Figure 19b
which is considered as positive control of Hep2 cells
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and AGS cells are shown in purple colour. After we
added different concentration of silver nanoparticle in
inhibits the Hep2 cells and AGS cells proliferations
that are indicated in the Graphical representation. At
concentrations higher than 8000ng /ml, they became
necrotic and detached from the culture dishes. The
dramatic changes induced by silver nanoparticles at
concentrations of 100 ng/ml and above.
MTT assay was performed to determine the cytotoxic
property of synthesized silver nanoparticles against
Hep2 and AGS cell lines. The exposure time of silver
nanoparticles in the experiment was 24 hours. The
silver nanoparticles were reduced viability of the
Hep2 and AGS cells in a dose dependent manner as
shown in Figure 19a & 19b. The result obtained
shown the IC50 at 47.5µg/ml.
Very recently green silver nanoparticles have been
synthesized using various natural products like green
tea Camellia sinensis (39), Neem Azadirachta indica
(40), leaf broth natural rubber (41), starch (42), Aloe
vera plant extract (43), lemon grass leaves extract
(44, 12), leguminous shrub (Sesbania drummondii)
(45) etc. Further research is needed to understand the
fate of nanoparticles in the aquatic environment.
Generally, Ag Inhibits the flow of sodium ions (Na?),
by blocking the action of enzymes, Na, K and
ATPase, causing a disturbance in ion regulation of
aquatic organisms, therefore the toxicity of Ag
released by nano-Ag in water should be also
considered.
CONCLUSION:
A green synthesis of stable silver nanoparticles using
Calotropis gigantea (Linn.) R.Br leaves and stems
extracts were reported in this study. Synthesis was
found to be resourceful in terms of reaction time as
well as stability of the prepared nanoparticles which
prohibit external stabilizers. It confirms to be an ecogreen method for the synthesis providing a cost
efficient and a proficient way for the synthesis of
silver nanoparticles. In conclusion, AgNPs were
easily prepared by green synthesis. The present study
suggest that the silver nanoparticles have free radical
scavenging activity explored for its applications in
the prevention of free radical related diseases and
also potential of C. gigantea (Linn.) R. Brsynthesised AgNPs for the development of novel
antimicrobials, antibiofilm, and antiangiogenesis,
mosquitocidal, anticancer and for various purposes.
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