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ABSTRACT: The present study instantiates the phyto-fabrication of silver
nanoparticles by utilizing Petrea volubilis L. leaf broth which were
instantaneously synthesised, eco-friendly, and cost-effective. The influence
of physico-chemical parameters viz. contact time, leaf broth quantity, pH,
temperature, and silver nitrate concentration were investigated and optimised
to engineer infinitesimal nanoparticles. The SPR bands obtained from UV-
vis spectroscopy confirmed the synthesis of silver nanoparticles. The active
phytochemicals in Petrea volubilis L. leaf broth namely carboxylic acids,
phenolic compounds and aldehydes were found to be responsible for the bio
reduction and capping of silver ions according to FT-IR spectroscopy. The
capping molecules of NPs were negatively charged and were passably stable
as revealed by zeta potential measurements and the XRD patterns illustrated
their crystallinity. HRTEM microphotographs enumerate spherical shaped
nanoparticles. The EDS analysis at 20 confirms the synthesis of elemental
silver. The nanoparticles were evaluated for their antimicrobial activity. The
highest anti-bacterial activity was observed against S. aureus as compared to
the bacteria S. typhi and A. flavus a fungus. The leaf extract did not show any
anti-microbial activity. Our findings disclose the synthesis of various sizes of
silver nanoparticles by varying the physico-chemical parameters. These
diminutive nanoparticles are promising antimicrobial agents and evince a
great potential in medical applications.

INTRODUCTION:

Nanotechnology is a

Green synthesis scores better than chemical and

propitious sector of research in modern materials
science. Most of the physical and chemical
methods of nanoparticle synthesis can control the
size and shape of nanoparticles. But these
techniques use toxic chemicals in the synthesis thus
causing contamination, employ toxic solvents, and
generate hazardous by-products.
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physical method as it is cost effective, eco-friendly,
easily scaled up for large-scale synthesis and it is
not necessary to employ high energy, temperature,
pressure, and toxic chemicals. Employing plants for
nanoparticle synthesis is preferable over other
biological processes as they are easily available,
safe to handle, it eliminates the elaborate process of
maintaining cell cultures, and possess a broad
variability of metabolites that act as reducing
agents.

Silver manifests a powerful inhibitory and a broad
spectrum of antimicrobial activity, which was
handed down from the past to check and nurse
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diverse infections and diseases . The discovery of
antibiotics, lead to the decline in the utilization of
silver. Recurrent and blind use of antibiotics posed
a consequential and a grave problem of resistance
emergence in disease provoking microorganisms to
varied antibiotics. Resistance to antibiotics is a
deep cause of concern in the medical discipline. To
eliminate this problem of resistance, research has
set its eyes on the use of silver, by transforming the
bulk silver from silver salts like AgNO3; and AgCl
into nanoform, i.e. silver nanoparticles.

Metal nanoparticles possess characteristic physical,
electronic, electrical, chemical, magnetic, mecha-
nical, dielectric, thermal, optical and biological
properties since they harbour exorbitant surface-to-
volume ratio, surface energy, spatial confinement
and minimized imperfections, in contrast to bulk
materials # 3. These multidisciplinary properties of
nanoparticles have unearthed substantial appli-
cations in optoelectronics *, information storage °,
sensor technology ®, water treatment ’, cosmetologg/
8 textile industry ® °, food packaging industry °,
anti-inflammatory °, anti-platelet activities ™,
antifungal *?, biological labelling °, drug delivery
3 implantable biomaterial **, molecular imaging
> wound healing !’ and as excellent catalysts *.
Amidst the other counter-parts, silver nanoparticles
are prospective nano-material due to their
distinctive physicochemical and antimicrobial
properties 2.

The potential of plant extracts in the reduction of
metal ions in the early 1900’s was familiar, but the
inherent attribute of reducing agents employed was
not well understood. The utility of live plants or
whole plant extract and plant tissue for reducing
metal salts to nanoparticles has captured the
attention of researchers within the past 30-years *°.
A thorough literature survey reveals that various
plants such as Nelumbo nucifera (seed) 2°, Bamboo
(leaves) %!, Nitraria schoberi (fruits) %, Loquat
(leaf) 2, Carob (leaf) 2*, Silybum marianum (seed)
> Malus domestica (fruit) °, Myristica fragrans
(seed) ¥, Vitis vinifera (leaves and seeds) %,
Orange peel %°, Azadirachta indica (leaf) *° etc.
were used in the fabrication of nanoparticles.

For the present study we used Petrea volubilis L.
leaf broth to fabricate eco-friendly silver nano-
particles. Various sizes of silver nanoparticles were
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synthesized by employing physico-chemical
parameters such as contact time, leaf broth
quantity, pH, temperature, and silver nitrate
concentration. No hazardous chemicals were used
in the reduction of silver ions. Thus synthesized
AgNPs were subjected to characterization. a) The
visual observation i.e. change in the colour of the
reaction mixture from pale yellow to dark brown
colour stipulated the formation of AgNPs and this
observation was confirmed by the SPR bands
developed by UV-vis spectroscopy. b) FTIR
spectroscopy analysis was executed to ascertain the
phytochemicals present in the Petrea volubilis L.
leaf broth that were accountable for the reduction
and capping of silver ions. ¢) Zeta potential
measurements and XRD patterns illustrated that the
capping molecules were negatively charged and the
NPs were passably stable and crystalline. d)
Energy-Dispersive X-ray Spectroscopy (EDS)
sensed the presence of elemental silver in the
reaction mixture. e) The morphology and sizes of
the synthesized nanoparticles were analysed by
HRTEM analysis. f) Thus synthesized AgNPs were
evaluated for antimicrobial activity which exhibited
appealing results.

MATERIALS AND METHODS:

Materials: Silver nitrate (AgNO3) was purchased
from Sigma-Aldrich chemicals and was used as
received. The glass wares were washed with dilute
nitric acid and milli-Q water and then dried in hot
air oven. Silver nanoparticles were synthesized
using Petrea volubilis leaf broth. Healthy leaves of
Petrea volubilis were collected from the Karnatak
University campus, Dharwad, Karnataka, India
(2015). The leaves were thoroughly washed with
milli-Q water to eliminate any surface contami-
nation. About 5gm of the clean leaves were incised.

They were boiled in 100ml milli-Q water for 10
minutes on water bath at 50 °C. The resulting
extract was cooled to room temperature and filtered
with whatman no.1 filter paper to obtain the filtrate.
The filtrate was collected in a 250ml Erlenmeyer
flask and stored in the refrigerator at 4 °C to be
used within a week. This filtrate was later used for
the preparation of silver nanoparticles. 1mM
AgNO; solution was prepared by dissolving 0.1699
grams silver nitrate (AR grade) in lliter milli-Q
water.
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Typical reaction mixture contained 5mL of the leaf
broth in 95mL of 1x10® m aqueous AgNOs;
solution. The different physico—chemical para-
meters used in this work were contact time (1, 2, 4,
6, 24, 48, 72 hrs), the leaf extract quantity (5.0, 6.0,
7.0 and 8.0ml), the pH (pH 5, 6 and 7), the
temperature (20 °C, 30 °C, 40 °C and 50 °C and the
silver salt concentrations (1.0, 1.50 and 2.0 mM).
The reduction process in the reaction mixture
resulted in change in colour of the solution from
pale yellow to dark brown depending on different
physico-chemical parameters under investigation.

Characterization: UV-vis spectral analysis was
performed on Jasco V-670 UV-vis NIR spectro-
photometer operated at a resolution of 1nm at room
temperature. The FTIR spectra of silver nano-
particles samples were recorded at room
temperature with U-3010 spectrophotometer in the
region of 500-4000cm* at a resolution of 4 cm™.
A small quantity of the synthesized silver nano-
particles sample (0.5-3mg) was dried and mixed
with 25mg of KBr to form a pellet, which was used
for FTIR measurements. XRD analyses were
performed. Silver nanoparticles were dispersed in
10ml of milli-Q water and freeze dried. The dried
mixture of silver nanoparticles was analysed by an
X’Pert Pro X-ray diffractometer operated at a
voltage of 40 kV and a current of 30mA with Cu
Ko radiation in 20 configurations.

Zeta potential of colloidal solution of nanoparticle
was subjected to data acquisition using Zetasizer
(Nano ZS) Instrument (Malvern instrument).The
purity of the AgNPs were analyzed in a range 2-4
keV by Energy-dispersive X-ray spectroscopy (FEI
Quanta FEG 200). The surface morphology, size
and diffraction of the AgNPs were measured at
different magnification at 100 keV using JEOL
3010 HRTEM.

Anti-microbial Assay:

Anti-bacterial Activity: Peptone - 10g, NaCl - 10g
and Yeast extract 59, Agar 20g in 1000ml of
distilled water. At first stock cultures of bacteria
Staphylococcus aureus MTCC3160 (gram positive
bacteria), Salmonella typhi MTCC3216 (gram
negative bacteria), was inoculated to the broth
media and grown at 37 °C for 18 hrs. Later wells
were made in the agar plates. Then 18hr old
cultures (100ul, 10-4 cfu) were inoculated and

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

spread evenly on the plate. Well diffusion method
was used in the experiments. After 20 min the
samples (20, 40, 60, 80, 100ul) were filled in the
wells. All the plates were incubated at 37 °C for 24
hr. The diameter of inhibition zone were measured
in mm. Standard agar well diffusion method was
carried out against the test bacterial species.

Anti-fungal  Activity:  Czapek-Dox  Agar:
Composition (g/l) Sucrose-30.0; Sodium nitrate-
2.0; K;HPOs-1.0, MgSO4. 7H,0-0.5; KCI-0.5;
FeSO,4-0.01; Agar-20; Initially, the stock culture of
the fungi Aspergillus flavus MTCC1883 was
inoculated in the broth media and allowed to grow
at 27 °C for 48 hrs. The 48 hr old cultures (100ul
104 CFU) were inoculated in each plate and spread
evenly. Well diffusion method was used in the
experiments.

The wells were made in the agar plates. After 20
min the test compound (20, 40, 60, 80, 100ul) were
filled in the wells at different concentrations. All
the plates were incubated at 27 °C for 96 hr and the
diameter of inhibition zone was measured in mm.
Standard agar well diffusion method was carried
out against the test fungi.

RESULTS AND DISCUSSION:

Effect of Contact Time on the Phyto-synthesis of
AgNPs: The effect of contact time (1, 2, 4, 6, 24,
48 and 72 hrs) was investigated on the biogenically
synthesised of silver nanoparticles (Fig. 1a). The
other reaction conditions include leaf extract
quantity 5ml, pH 7, temperature 35 °C and silver
nitrate concentration of 1mM. Nanoparticle
formation was initiated within 15 min. This was
confirmed with increase in colour intensity of the
reaction mixture, i.e. from pale yellow to dark
brown as the time duration increased.
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This change in colour of the reaction mixture is
attributed to the excitation of surface plasmon
vibrations in Ag nanoparticles. The data shows a
red shift in the peak wave length at 456nm at 1 hr
which increases steadily in intensity and reaches
stabilization at 415nm at 72 hrs in the blue shift
region (Fig. 1a). The absorption peak reflects the
size and shape of the nanoparticles. The broadening
of absorption spectra at lower contact time duration
was due to the formation of large sized nano-
particles. As the incubation time accelerates
further, intense peaks were observed indicating the

(E)

FIG. 1: A) UV-VIS ABSORPTION SPECTRA OF AgNPs AT DIFFERENT CONTACT TIME. [a- 1 hr, b-2 hrs, c-4hrs,
d-6 hrs, e-24 hrs, f-48 hrs AND g-72 hrs]. HRTEM IMAGES OF AgNPs AT DIFFERENT CONTACT TIME B) AND C)
1 hrs AND 24 hrs - 50nm AND 20 nm D) 48 hrs -10 nm AND E) 72 hrs -5nm

synthesis of small sized nanoparticles *. This was
confirmed by HRTEM microphotographs, where
the sizes of nanoparticles range between 50 to
20nm at 1, 2, 4, 6 and 24 hrs (Fig. 1b and c), 20-
10nm at 48 hrs (Fig. 1d) and 10-5nm at 72 hrs
(Fig. 1e) respectively. Zeta potential values show-
19.7,-19.9, -20.6, -21.5, -22.7, -23.1 and -23.2 at 1,
2,4, 6,24, 48 and 72 hrs of contact time. The zeta
potential data suggests that the capping molecules
are negatively charged and the synthesized
nanoparticles are moderately stable.

Effect of Leaf Broth Quantity on the Phyto-Synthesis of AgNPs:

o
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FIG. 2: A) UV-VIS ABSORPTION SPECTRA OF AgNPs AT DIFFERENT LEAF BROTH QUANTITY. [a- 5ml, b-
6ml, c-7ml AND d-8ml]. HRTEM IMAGES OF AgNPs AT DIFFERENT LEAF sBROTH QUANTITY. B) 5ml, 6ml

AND 7ml -50nm C) 8ml — 20nm
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Different leaf broth quantity was used (5, 6, 7, and
8 ml). The other reaction conditions include contact
time 24 hrs, pH 7, temperature 35 °C and silver
nitrate concentration of 1ImM. There was change in
the colour of the reaction mixture with increase in
the quantity of the leaf broth. The colour of the
reaction mixture gradually turned deep brown with
increase in leaf broth quantity. The UV-vis data
shows 450, 442, 440 and 418 nm at 5, 6, 7, and 8ml
of the leaf broth quantity (Fig. 2a). This decrease in
absorbance indicates a reduction in the mean
diameter of the nanoparticles. Based on the UV-vis
spectra the sharpness of the absorption peak relies
on the quantity of leaf broth, thus being more
intense with a higher quantity of leaf broth. The
above results are in accordance with the results of
the experiments conducted with bark extract of
Cinnamomum zeylanicum and with the leaves of

Effect of pH on the Phyto-synthesis of AgNPs:

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Cinnamomum camphora > **. According to

HRTEM microphotographs the size of nano-
particles range between 50-30nm at 5, 6 and 7ml
(Fig. 2b) and 20nm at 8ml (Fig. 2c) of leaf extract
quantity. It was also observed that the nanoparticles
formed were spherical in shape. The Zeta potential
analysis shows -20.0, -20.6, -21.0 and -21.2, at 5, 6,
7 and 8ml of leaf broth quantity. The negative
values indicate that the capping molecules on
AgNPs were negatively charged and the
nanoparticles were moderately stable. With
increase in leaf broth quantity there was decrease in
the particle size due to the availability of more
reducing bio-molecules for the reduction and
capping of silver ions and protecting them from
aggregation. A similar effect was observed with
increase in Magnolia kobus leaf extract **.

a 1 I 1
a2 L] (s
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FIG. 3: A) UV-VIS ABSORPTION SPECTRA OF AgNPs AT DIFFERENT pH [a-pH 5, b-pH 6 AND c-pH 7]. HRTEM
IMAGES OF AgNPs AT DIFFERENT pH B) pH 5 AND pH 6 — 50nm C) pH 7- 20nm

Experiments were performed by varying the pH
(pH 5, 6 and 7) of the reaction mixture to study the
effect of pH on the synthesis of silver nanoparticles
(Fig. 3a). The other reaction conditions include
contact time 24 hrs, leaf extract quantity 5ml,
temperature 35 °C and silver nitrate concentration
of ImM. It was observed that with the gradual
change in pH, the color of the reaction mixture
changed from light yellow to dark brown due to
excitation of surface plasmon resonance (SPR) of
the AgNPs, which confirms the synthesis of silver
nanoparticles. The outcomes of UV-vis spectra
revealed 451nm, 448nm and 442nm at pH 5, 6 and
7 (Fig. 3a). With the rise in pH the absorption
peaks became more intense and shift to shorter
wavelength due to decrease in the size of the
biogenically synthesized silver nanoparticles *.
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HRTEM microphotograph revealed the size of the
nanoparticles in the range 50-20nm at pH 5 and 6
(Fig. 3b) and 20nm at pH 7 (Fig. 3c). It was
observed that the particle size is larger in acidic
medium and smaller in basic medium. The zeta
potential data shows -20.6, -21.4 and -22.0 at pH 5,
6 and 7 indicating that the capping molecules are
negatively charged and are stable. It is observed
that acidic condition suppresses while the basic
condition accelerates the formation of silver
nanoparticles. This is because extremely acidic
conditions render the biomolecules present in the
plant extract to be inactive *. The aggregation of
silver nanoparticles to form large nanoparticles at
low pH (pH 5), is favoured over the nucleation.
Since a large number of functional groups are
available for silver binding at elevated pH, large
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number of nanoparticles with smaller diameters are
synthesised. Moreover at elevated pH more
spherical shaped nanoparticles were formed rather
than ellipsoidal nanoparticles. The investigation
reveals that the pH played an important role in
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controlling the size of the silver nanoparticles. A
similar pH effect was reported at elevated pH in
addition to the complete and rapid reduction of the
silver nanoparticles *.

Effect of Temperature on the Phyto-synthesis of AgNPs:
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FIG. 4: A) UV-VIS ABSORPTION SPECTRA OF AgNPs AT DIFFERENT INCUBATION TEMPERATURE. [a-20 °C,
b-30 °C, c-40 °C AND d-50 °C]. HRTEM IMAGES OF AgNPs AT DIFFERENT INCUBATION TEMPERATURE. B)

20 °C-50nm C) 50 °C - 5nm

The temperature of the reaction mixture was varied
(20, 30, 40 and 50 °C). The other reaction
conditions include contact time 24 hrs, leaf extract
quantity 5ml, pH 7, and silver nitrate concentration
of ImM. The UV-vis absorption peaks occurred at
452, 445, 444 and 440nm at 20, 30, 40 and 50 °C
(Fig. 4a). As the reaction temperature increased
from 20 °C to 50 °C, the SPR bands became
sharper and shifted to shorter wavelengths. This
shift indicated the decrease in the particle size.
HRTEM analysis showed that the nanoparticles
range in size between 50-5nm at 20, 30, 40 and 50
°C (Fig. 4b and 4c). As shown in the HRTEM
microphotograph, all the particles were almost
spherical nanoparticles. Zeta potential values show
-20.6, -21.4, -23.6, and -24.9 from 20 °C to 50 °C
of temperature. This indicates that the capping
molecules are negatively charged and the nano-
particles are stable. The nanoparticle synthesis is
affected by the temperature in various ways. For
instance, when the fungus Trichoderma viride was
used in the synthesis of biogenic silver
nanoparticles, the size of nanoparticles decreased
with an increase in temperature “°. This results due
to the reactants in the reaction mixture being
consumed rapidly with the rise in temperature and
eventually leading to the formation of smaller sized
nanoparticles.
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At higher temperatures the silver ions could be
consumed mainly on the formation of nuclei, while
the secondary reduction process is hindered which
takes place on the surface of the preformed nuclei.
Therefore with increase in temperature the
nanoparticle size decreases %,

Effect of Silver Nitrate Concentration on the
Phyto-synthesis of AgNPs: A variation in the
biological material and metal salt concentration
influences nanoparticle synthesis **. The reaction
conditions include contact time 24 hrs, leaf extract
quantity 5ml, pH 7, and temperature 35 °C. The
silver nitrate concentration was varied (1.0, 1.50
and 2.0 mM). The absorption spectra shows peak
at 442, 449 and 454 nm (Fig. 5a). Peak absorbance
increases and shifts to higher wavelengths at higher
silver nitrate concentration. At lower silver nitrate
concentration (1mM) the absorption peak decreases
in band width and increases in band intensity which
indicates the formation of smaller and spherical
shaped particles. HRTEM microphotographs show
different sizes that range from 5-50 nm at 1.0, 1.50
and 2.0mM of silver salt concentration (Fig. 5b and
5¢). The zeta potential values show -23.5, -22.9 and
-22.8 at 1.0, 1.50 and 2.0mM of silver salt
concentration. This shows that the capping
molecules are negatively charged, and the
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nanoparticles are moderately stable. Increase in the
concentration of the metal ion, results in increase in
nanoparticle size which was confirmed from
HRTEM images. This could be due to the
secondary reduction process that takes place due to
the absorption of too many silver ions on the
surface of preformed nuclei, leading to formation

E-ISSN: 0975-8232; P-ISSN: 2320-5148
of larger nanoparticles *®. In case of silver
nanoparticles, the absorbance peak broadens with
increase in metal ion concentration indicating
synthesis of large sized nanoparticles. Similar
results are obtained using the seed extract of
Jatropha curcas with different concentrations of
silver nitrate *.
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[a-1.0mm, b-50mm AND c-2.0MM]. HRTEM
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FIG. 5: A) UV-VIS ABSORPTION SPECTRA OF AgNPs AT DIFFERENT SILVER NITRATE CONCENTRATION.

IMAGES OF AgNPs AT DIFFERENT SILVER NITRATE

CONCENTRATION. B) 1.0mm - 5 nm, AND C) 1.50 AND 2.0mm - 50nm

Fourier Transform Infrared Spectroscopy
(FTIR): FT-IR spectroscopy analysis was carried
out to investigate the possible biomolecules that
brought about the reduction, capping and stabi-
lization of the Ag nanoparticles. The band
intensities of infrared spectra of silver nanoparticles
synthesized using P. volubilis leaf are depicted in
(Fig. 6 and Table 1). The spectra showed shift in
the strong absorption peaks at 3422.30cm™ -
3376.10cm™, 2923.76cm™ - 2916.76cm™, 2854.13
cm™ - 2852.00cm™, 1748.16cm™- 1739.33cm™,
1639.37cm™ - 1616.09cm™, 1109.40cm™ - 1076.49
cm™ (Fig. 6 and Table 1). A large shift in the
absorbance peak with low band intensity was
observed from 3422.30cm™ to 3376.10cm™ and
1109.40cm™ - 1076.49cm™, corresponds to O-H
stretching due to carboxylic acids and C—-N

stretching of aliphatic amines or C—O stretching
vibrations of phenolic compounds implying the
binding of silver ions. The peak at 2923.76cm™ -
2916.76cm™ and 2854.13cm™- 2852.00cm™, is
attributed to the aldehydic CH stretching and
asymmetric stretching of the CH3 group. The shift
in absorption peak at 1748.16cm™- 1739.33cm™ is
due to C=0O stretching mode of the carbonyl
functional groups which brings about reduction of
silver ions to silver nanoparticles. (C=0O)NH, group
present in the secondary metabolites of the leaf
broth brings about shift in the absorption band
(1639.37 cm™ - 1616.09cm™). The shifting of the
weak band 1109.40cm™ - 1076.49cm™ is due to the
presence of C—N stretching of aliphatic amines or
C—O stretching vibrations of phenolic compounds.

FIG. 6: FTIR SPECTRA OF PETREA VOLUBILIS LEAF BROTH AND SILVER NANOPARTICLES SOLN
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TABLE 1:
NANOPARTICLES SYNTHESIZED

E-ISSN: 0975-8232; P-ISSN: 2320-5148

FTIR MEASUREMENTS OF THE PETREA VOLUBILIS LEAF BROTH AND SILVER

Sl. no Absorption peak cm™or leaf  Absorption peak cm™ of Silver Functional groups
broth nanoparticles
1 3422.30 3376.10 O-H stretching
2 2923.76 2916.76 Aldehydic CH streching
3 2854.13 2852.00 Asymmetric stretching of the CH; group
4 1748.16 1739.33 C=0 stretching
5 1639.37 1616.09 (C=0)NH, group
6 1109.40 1076.49 C-N or C-O stretching vibration

The reports indicate that carboxylic acids and
aldehydic CH stretching, CH3 group, carbonyl
functional groups, C—N stretching of aliphatic
amines or C—O stretching vibrations of phenolic
compounds were responsible for the reduction of
silver ions to silver nanoparticles.

Energy Dispersive X-ray Analysis (EDS): The
energy in keV is on the horizontal axis while the X-
ray counts are shown in the vertical axis. EDS
analysis shows the presence of elemental silver,
which is depicted in the graph (Fig. 7a).

In P. volubilis leaf the energy peaks of 2-4 keV are
reported for silver atoms. The other biomolecules
capping the nanoparticles are tantalum, ruthenium,
chloride and oxygen. The C signal seen in the
graph may be due to X-ray emission from the bio-
molecules present in the P. volubilis leaf broth
(Fig. 7a). The major emission energy at 3keV
depicts that the silver is accurately identified. In a
previous study formation of silver nanoparticles in
EI;e range 2.5-4keV by using Alfalfa was reported

x 0001 cpsfev -
700

a00-

sop T8
Ru

Ll
400 Ru
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23875
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FIG. 7: A) EDX OF BIOGENIC SILVER NANOPARTICLES. B) XRD PATTERN OF THE BIOSYNTHESIZED

SILVER NANOPARTICLES

X-ray Diffraction (XRD): XRD analysis of the
biosynthesized silver nanoparticles (Fig. 7b) was
performed. XRD report obtained for synthesized
silver nanoparticles shows a characteristic high
intensity peak at 20 = 76.88° (Fig. 7b). This
corresponds to pure silver showing Braggs
reflections of (311) set of lattice plane, which is
well  co-ordinated with the existing Joint
Committee on Powder Diffraction Standards
(JCPDS File No. 04-0783). The peaks at 20 values
of 32.38, 38.23, 46.33, 54.88, 57.63, 64.53 and
76.88 can be indexed as (111), (111), (200), (200),
(200), (220), (311) planes of fcc silver (Fig. 7b).

International Journal of Pharmaceutical Sciences and Research

An XRD spectrum compared with the standard
confirmed that the silver nanoparticles are
crystalline in nature. The average nanocrystalline
size was calculated by using Debye—-Scherrer
formula,

D=kM}p cosb

Where D is particle diameter size, A is wavelength
of X-ray source (0.1541 nm), k is a constant equals
1, B is the full width at half maximum (FWHM)
and 0 is the diffraction angle. The average size of
the crystallite according to Debye-Scherrer
equation is found to be 21nm. The XRD patterns
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obtained in the study confirms with the earlier
reports *2 3,

Antimicrobial Efficacy: The metal nanoparticles
show effective anti-microbial activity **. High anti-
microbial activity of AgNPs is due to their small
size * and their large surface area. The outcomes of
the anti-bacterial and anti-fungal activity are shown
in (Fig. 8). The highest anti-bacterial activity was
observed against S. aureus whose ZOI diameter
was 15mm at 100ul (Fig. 8D). S. typhi showed a
ZOl diameter of 14mm at 100ul (Fig. 8E). The
highest antifungal activity by P. volubilis leaf was
observed against A. flavus whose ZOI diameter is
8&mm at 100ul (Fig. 8F). The fabricated
nanoparticles shows good bactericidal activity
compared to the test fungi. The P. volubilis leaf
broth did not show any zone of inhibition. (Fig. 8a,
b and c). These results are in accordance with the
work carried out previously *°*%,

The precise mechanism of the microbicidal effect
of silver nanoparticles is not very well understood.
However three types of antibacterial mechanisms
were observed *°, i.e. (i) Plasmolysis, the separation

E-ISSN: 0975-8232; P-ISSN: 2320-5148

of the cytoplasm of the bacterial cell from bacterial
cell wall, were observed in Gram +ve bacteria and
Gram -ve bacteria, (ii) inhibition of the cell wall
synthesis and (iii)induces metabolic disturbances in
the pathogenic bacteria. Reports on the mechanism
of anti-fungal action of silver ions on fungi have
shown that, DNA loses its potential to replicate
resulting in the inactivation of ribosomal subunit
proteins % °*,

Certain other cellular proteins and enzymes
essential for ATP production also become inactive.
It has also been stated that the functioning of
membrane-bound enzymes, such as those in the
respiratory chain have primarily been affected by
the silver ions. In SEM study with C. albicans and
Saccharomyces cerevisiae cells, the interaction
between silver nanoparticles and their membrane
structure show the formation of “‘pits’” on their
surfaces, which results in the formation of pores.
This causes the leakage of ions and other materials,
dissipating the electrical potential of the membrane
and finally resulting in the death of the cell.

(D)
FIG.8: A)B) & C) S. AUREUS, S. TYPHI & A.FLAVUS WITH LEAF EXTRACT - NO ZONE OF INHIBITION, D) S.
AUREUS WITH ZOI - 40pl-9mm, 60pl-12mm, 80pl-13mm, 100pl-15mm. E) S. TYPHI WITH ZOI - 80ul-7mm, 100ul-
14mm. F) A.FLAVUS WITH ZOI - 80pl-5mm and 100ul-8mm
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CONCLUSION: Phytosynthesis of silver nano-
particles and their anti-microbial activity using leaf
broth of P.volubilis were studied. The physico-
chemical parameters were observed to play a
crucial role in the fabrication of nanoparticles of
various sizes. According to UV-vis spectroscopy
analysis the narrowing of the absorption peaks was
observed and HRTEM observations showed
decrease in the nanoparticle size with increase in
contact time, quantity of leaf broth, pH and
temperature. But broad absorption peak was seen in
UV-vis data and HRTEM results which showed
increase in the nanoparticle size with increase in
silver nitrate concentration. Zeta potential data
showed that the capping molecules were negatively
charged and the nanoparticles were stable.

FTIR analysis shows that the carboxylic acids and
aldehyde CH stretching, CH3z group, carbonyl
functional groups, C—N stretching of aliphatic
amines or C—O stretching vibrations of phenolic
compounds were responsible for the bio reduction
and capping of silver ions. EDS and XRD results
confirms the presence of the elemental silver in the
reaction mixture, as depicted in the graph and also
indicates the crystalline nature of the nanoparticles.

The highest anti-bacterial activity was observed
against the gram +ve bacteria, S. aureus whose ZOlI
was 15mm at 100pl compared to S. typhi a gram -
ve bacteria whose ZOl was 14mm at 100ul. The
antifungal activity was observed against A. flavus
whose ZOI showed 8mm at 100pl.

The present investigation demonstrates a rapid,
eco-friendly, cost efficient and a simple method for
the fabrication of silver nanoparticles of different
sizes and inhibitory activity against the microbes.
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