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ABSTRACT

Synthesis and use of nanoparticles is a very expanding and a developing area. The development influenced by
biological resources for nanoparticles synthesis is emerging into an exciting and the most significant bough of
Nanotechnology. Conventionally, chemical reduction is the most frequently applied approach for preparation of
metallic nanoparticles but in most of the synthesis protocols it cannot avoid the use of toxic chemicals. Here we
report an ecofriendly, cost effective and green approach for synthesis of 1mM AgNO; solution using the aqueous
leaf extracts of Bryophyllum pinnatum (Lam.) as the reducing and capping agent as well. As-synthesized
nanoparticles were characterized using UV-VIS spectrophotometer, XRD, FTIR, SEM and TEM. The silver
nanoparticles formed were well capped as observed through TEM and showed promising antibacterial activity
against E. coli and Staphylococcus aureus.
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INTRODUCTION

Nanotechnology provides the ability to engineer pheperties of materials by controlling their sized this has
driven research toward a multitude of potentialsuk® nanomaterials. Because of the unique phys&wmaical
characteristics of metal nanoparticles, includingtalytic activity, optical properties, electroniaoperties,
antibacterial properties, and magnetic propertie8][ they are gaining the interest of scientist floeir novel
methods of synthesis. Silver is well known for msssng an inhibitory effect toward many bactertahias and
microorganisms commonly present in medical and stiéhl processes [4]. In medicines, silver and esilv
nanoparticles have a wide application includinghskintments and creams containing silver to preusettion of
burns and open wounds [5], medical devices andantplprepared with silver-impregnated polymers ligkextile
industry, silver-embedded fabrics are now useghorting equipment [7].

Current research in inorganic nanomaterials hawgogd antimicrobial properties has opened a new iera
pharmaceutical and medical industries. Silver s thetal of choice as they hold the promise to kiltrobes
effectively. Silver nanoparticles have been regekiiown to be a promising antimicrobial agent thetls on a broad
range of target sites both extracellularly as wal intra-celluarly. Silver nanoparticles shows vetyong
bactericidal activity against gram positive as veallgram negative bacteria including multi-resissarains [8], and
also it was found to be in few studies [9].

Among the synthetic methods used for the preparaticilver nanoparticles, some toxic chemicalshsag NaBH,
citrate, or ascorbate are most commonly used &slacing agent [10-12]. Considering that such redyegents
may be associated with environmental toxicity aldygical hazards, the development of a green sgigtapproach
for silver nanopatrticles is desired [13].
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Plant or plant extract have been suggested ashi@ssofriendly alternatives to chemical and phgisimethods.
Using plant for nanoparticles synthesis can be mtdgous over other biological processes by elitimgathe
elaborate process of maintaining cell cultures .[1dkan also be suitably scaled up for large-ss3fethesis of
nanoparticles. Green synthesis of silver nanopastibas been reported using extracts of varioustplsuch as
Nelumbo nucifera [15], Euphorbia hirta [13], Ocimum sanctum [16], etc. In the present study aqueous leaf ektrh
Bryophylum pinnatum (Lam.) have been used to synthesize silver natioles: B. pinnatum is a vegetatively
propagated wild herb found in the tropical courstriecluding India. The plant has been widely ackieolyed for
the treatment of bowel complaint in the traditionadicine. Neither the synthesis of silver nandglag nor its
antibacterial activity was reported using this plearlier.

MATERIALSAND METHODS

Plant Material and synthesis of silver nanoparticles

Bryophyllum pinnatum leaves were collected from the Botanical Garde@artihati University. The leaf extract was
prepared by taking 20 g of thoroughly washed learesfinely chopped into fine pieces. The chopmedés were
mixed with 100 ml distilled water in a 500 ml Erteayer flask and the mixture was stirred at’60for 1h .The
mixture was cooled and then filtered with Whatmaper No.1. The filtrate was collected and was staite4°C for
further analysis. Then 5ml of leaf extract was adtte45mL of 1mM AgNQ solution for bioreduction process at
30°C in dark and observed for change in colour.

UV-VIS spectra analysis

The bioreduction of Ag+ ions in solutions was mored by measuring the UV-VIS spectrum of the rescti
medium. The UV-VIS spectral analysis of the samydes done by using U-3200 Hitachi spectrophotonegtteoom
temperature operated at a resolution of 1 nm bet266 and800 nm ranges.

XRD analysis

X-ray diffraction (XRD) measurements of film of thélogically synthesized silver nanoparticles ol cast onto
glass slides were done on a eMMA diffractometerrafireg at a voltage of 40 kV and current of 20 mahwCu

K(a) radiation of 1.54187 nm wavelength. The scagris done in the region of 2h from’26 80 at 0.03/min and
the time constant was 2 seconds.

FTIR analysis

For FTIR measurements, the Ag nanoparticles solutias centrifuged at 10,000 rpm for 30 min. Thdgpelas
washed three times with 20 ml of de-ionized wategét rid of the free proteins/ enzymes that artecapping the
silver nanoparticles. The samples were dried amidgd with KBr pellets and analyzed on a ShimaddR

Affinityl model in the diffuse reflectance mode ogiing at a resolution of 4 ¢

SEM analysis of silver nanoparticles
Scanning electron microscopic analysis was donsgusiJSM 6360 (JEOL) machine.i250f sample was sputter-
coated on copper stub and then observed the inmdgesoparticles.

TEM analysis of silver nanoparticles

Transmission electron microscopy (TEM) was perfairfar characterizing size and shape of biosyntleelsslver
nanoparticles. The sample was first sonicated @films VS 80) for 15 min. A drop of this solution svlmaded on
carbon-coated copper grids, and solvent was alloveecevaporate under Infrared light for 30 min. TEM
measurements were performed on JEOL model JEM 2&@@ment operated at an accelerating voltag®@utk® .

Antibacterial activity study

The antibacterial effect of silver nanoparticlesiagt E. coli and Saphylococcus aureus was analyzed by their
growth curve. Fresh colonies from agar media weoeulated in 10ml broth (Luria Bertani) media. Thedia was
supplemented with silver nanoparticles for oneo$etxperiment and AgNg£Xor other set of experiment in order to
verify their effect on the growth of these two cméts. The bacterial cultures were then incubate874C with
continuous shaking at 150rpm. The growthEofcoli and Staphylococcus aureus in broth media was indexed by
measuring the optical density ¢at600nm) at regular intervals using UV-VIS spectrogmeter. Whereas control
contained no exposure of silver nanopatrticles ssiled from th&ryophyllum leaf extract.
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RESULTSAND DISCUSSION

The addition oBryophyllum pinnatum leaf extract to the silver nitrate solution reedlin the change in colour and
silver particles exhibit brown colour in the agus@olution because of the excitation of surfacermtan vibrations
with the silver nanoparticles (Fig 1).

a

Figla: Bryophyllum pinnatum (Lam.), b: Colour change of |eaf extracts containing silver before and after synthesis of silver nanoparticles

Silver nanostructure exhibit interesting opticadgerties directly related to surface plasmon rescadSPR), which
is highly dependent on the morphology of the samplde SPR band in nanoparticles solution remaisecto 418
nm, suggesting that the nanoparticles were disgars¢he aqueous solution with no evidence for aggtion in
UV-Vis absorption spectrum (Fig 2).
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Fig 2: UV-VIS absorbtion spectra of silver nanoparticle wn"twhesized from Bryophyllum pinnatum (Lam.) leavesat 1mM silver nitrate

XRD pattern obtained for silver nanoparticles (Bjgshowed number of Braggs reflections that majntdexed on
the basis of the face centered cubic structureileérs The XRD pattern thus clearly showed that diwer
nanoparticles formed by the reduction of Ag+ iogghe Bryophyllum leaf extract are crystalline in nature [17].
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Fig.3: XRD pattern of silver nanoparticles synthesized by Bryophyllum pinnatum leaf extracts

The FTIR spectrum (Fig.4) of silver nanoparticleswed strong IR bands characteristic of hydroxyi3(B15 cm
1), alkanes (2,357.01 2,927.94 and 2,854.60)c@=C of benzene (1,604.71 ¢maromatic amines (1,381.03 ¢jn
and aliphatic amines (1,095.75 ¢unctional groups. The FTIR analysis stronglymogped the capping behaviour
of bioreduced silver nanoparticles synthesize®@typphyllum pinnatum leaf extract which in turn imparted the high
stability of the synthesized silver nanoparticl&he optical properties of the long stored (4 montbidver
nanoparticles were reinvestigated and found satisfi (data not shown).

95
%T

90

109

| (\AJI
&

80

|

% Transmittance

1381.03

160477

70

65

4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 502 )
BF ) lem
Wavenumber

Fig.3: FTIR spectrum of silver nanoparticle synthesized by Bryophyllum pinnatum leaf extracts

The SEM image showed relatively spherical shapeoparnticle formed with diameter range 70-90 nm @)g.
Similar phenomenon was reported by Chandtaah [18].
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Fig.4: SEM image of the silver nanoparticles synthesized by Bryophyllum pinnatum leaf extracts

TEM analysis reveals that the Ag nanoparticlespaeglominantly spherical (Fig.5). The overall moriplgy of the
silver nanoparticles produced by reduction of Aghs with 1mM AgNG is composed of almost unifor
nanoparticlesk-urther, the capping ability Bryophyllum pinnatum leaf extracts was also obsen

Fig.5a: TEM images of silver nanoparticles, b: Nanoparticle showing capping

It was well known that silver nanoparticles extshétrong antibacterial actividue to their we-developed surface
which provides maximum contact with the environmedrere, antibacterial effect of silver nanopartcland
AgNO; solution were studied by using optical intensityfuasction of time for 25 hours. Fig.6 and Fig.7 sled that
in the absence of silver nanoparticles as in #s& ©f control as well as in presence of Agthere was increase in
optical density showing bacterial growth but ingmece of silver nanopatrticles , there was redudtiche growth
of E. coli andS. aureus.
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Fig.6: Effect of slver nanoparticleson E. coli growth rate
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Fig.7: Effect of silver nanoparticleson S. aureus

CONCLUSION

The present investigation has evaluated a well knplant not exploited for silver nanoparticles $yatis earlier.
The method described a novel application of leafaex of Bryophyllum pinnatum (Lam.) and fortifies the screening
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of a new plant as a potential source of reducind) @apping agent for the synthesis of silver nanigles. The
synthesized silver nanoparticles were well capped showed a strong antibacterial activity which aezy
important from the aspects of its bio-medical agatlon.
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