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ABSTRACT

Nano-biotechnology gives emphasis for the synthesis of nanoparticles using living organisms such as
microorganisms, plant extracts or plant biomass in an eco-friendly way. Among the various agents used for
nanoparticle synthesis, plants and the extracts from various parts of the plant have found to possess important
applications. The biomolecules found in plants induce the reduction of Ag™ ions from silver nitrate to silver
nanoparticles (AgNPs). The Caesalpinia bonduc stem bark extract was used as reducing and stabilizing agent for
the synthesis of silver nanoparticles. Synthesized nanoparticle is confirmed by the change of color from transparent
yellow to dark brown indicates the formation of silver nanoparticles. UV-Vis absorption spectroscopy was used to
monitor the quantitative formation of silver nanoparticles. The maximum Peak was observed at 490 nm and also
characterized by SEM, TEM and the average particle size was found to be in between 5-50nm respectively. The
antibacterial assay was done on Gram positive bacteria like Staphylococcus aureus, Basillus subtilis and Gram
negative bacteria like Escherichia coli. The plant based route could be considered to be an environmental friendly,
safe and economic biological method for the silver nanoparticles production.
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INTRODUCTION

Nanotechnology is a rapidly growing science of pidg and utilizing nano-sized particlescén be defined as the
science and engineering involved in the designthegis, characterization and application of malead devices
whose smallest functional organization in at least dimension is on the nanometer scale [1]. Overpast few
years, synthesis of metal nanoparticles has be@meportant research topic in modern materialrsgedue to
their distinctive potential applications in thelief electronics, magnetics, optoelectronics, iinfation storage and
drug delivery [2—6]. The synthesis of metallic npadicles is an active area of academic researcherfield of
nanotechnology. A variety of chemical and physigabcedures could be used for synthesis of metallic
nanoparticles.

However, these methods are fraught with many problancluding use of toxic solvents, generation afdrdous
byproducts, and high energy consumption. Accordinghere is an essential need to develop envirotatign
benign methods for synthesis of metallic nanoplagicA promising approach to achieve this objeciivio exploit
the array of biological resources in nature. Indaemekr the past several years, plants, algae, furagiteria, and
viruses have been used for the production of lost,@nergy efficient, and nontoxic metallic nandiges [7].
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Among the different living organisms used for nasigles synthesis, plants are of particular irdeia metal
nanoparticles synthesis because of its advantage other environmentally benign biological process it
eliminates the elaborate process of maintainingadtures [8 — 10]. Plant mediated synthesis afaparticles is
gaining importance due to its simplicity and ecarfidliness Silver has long been recognized as hawimgitory
effect on microbes present in medical and indusptacess [11, 12]. The most important applicatainsilver
nanoparticles in medical industry is topical oinhtgeto prevent infection against burn and open weli3]. The
reduction of Ag+ ions by combinations of bio mollesufound in the extracts such as vitamins, enzipnet®ins,
organic acids such as citrates, amino acids, ahgsgucharides [13]. Currently, the investigationtlif fact has
regained importance due to the increased bactesaltance to antibiotics, caused by their ovegeisa

Caesalpinia bonduc (L.) Roxb. is found throughout the hotter partdrafia, Common in West Bengal, South India
and Maharashtra. It is often grown as hedge pkamtarmed liana, up to 15 m in height, found wildatighout the
plains of India and up to an altitude of 1,000 nthe Himalayas; it is also found in deltaic regiafswestern,
eastern and southern India. Branchlets glossy,kbéamed with recurved prickles at the base of penaad
elsewhere [14].Seeds contain bonducin, saponitittexr Bubstance phytosterinin, a thick yellow fatil (20-24%)
having a disagreeable odour of the following fadiyid composition: palmitic,[14,15]; stearic,[7.5]leic,29.0;
linoleic, 59.0%, and lignoceric in traces. The def kernels containo-,p-,y-,6- and e-caesalpins[15],
furanoditerpenoidcaesalpinF[16], homoisoflavonehmiltin[17], Cassanefurano diterpenoid (Bonducelli, F
and G) [18] and an amorphous glycoside, Bonducin.

All parts of Caesalpinia bonduc (bark, leaves, roots, seed) are used in traditigygiem of medicines. The roasted
seed powder is used as an anti leprotic. The sedsseful as antidiabetic, antiperiodic, antiggrg9] . Fixed oil
expressed from the seeds is a remedy in dischénmgesthe ear; is used as an embrocation in rhegmatand to
remove freckles from the face as a cosmetic [2@F ©bjective of the present study was the synthafswlver
nanoparticles, reducing the silver ions preserthensolution of silver nitrate by the aqueous ettf medicinal
plants and evaluation of antibacterial activitysghthesized silver nanopatrticles.

MATERIAL AND METHODS

2.1 Medicinal Plant Extract Preparation: The fresh and healthy stem bark (20g¥Caésal pinia bonduc sample was
collected from Tank of Rampet Village, Warangaltb¢$, Telangana state, India, Collected materiakwashed,
cleaned, finely chopped and soaked in 100ml miliv&er. Further the material was boiled in conftagk for 15-
20 min. Obtained stem bark extract was filteraduhgh Whatmann's filter paper no.1 and stored frigerator at
4°C for further experiment.

2.2 Synthesis of silver nanoparticles: 1 mM AgNG; solution was prepared and stored in amber colottteband
used in future experiment work and Silver nitrgigNOs) was obtained from Sigma Aldrich. 10 ml plant nizie
broth was added to 90ml 1 mM aqueous silver nitwitd constant stirring and allowed to react at a&anb
conditions for reduction into Agions. The observed color change of reaction mixfuom transparent yellow to
dark brown indicates the formation of silver namtipkes from the stem bark extract 6&esalpinia bonduc. The
content was centrifuged at 20,000 rpm for 20 miswfhe supernatant obtained was used for the asdiks
antibacterial activity.

2.3 Characterization of Caesalpinia bonduc silver nanoparticles (CbAgNPs):

An ELICO SL-159 UV-Vis spectrophotometer was used fhe spectrometric analysis to confirm silver
nanoparticles formation. The stem bark extract wsesl as reference blank. The purified suspensienowen dried
and the powder was subjected to FTIR spectroscamlysis (Brukero- spectrophotometer) in the diffuse
reflectance mode at a resolution of 4&rim KBr pellets. Further the morphology of syntlzesi AgNPs was
determined by using SEM in Zeiss 700 Scanning edeamnicroscope. In addition to SEM, Transmissioectbn
microscope (TEM) was used for characterizing sizé shape of green synthesized silver nanoparticl€&hilips
model CM 200 instrument operated at an acceleratiftgge at 200 kV.

2.4 Antibacterial activity using Disc Diffuson method: The antibacterial activity of synthesized silver
nanoparticles was determined using disc diffusissag method. Luria Bertani media was prepared andep into
sterilized Petri plates and then plates were sgeadth Saphylococcus aureus, Basillus subtilis and Escherichia
coli, separately. Then sterile discs were kept and thmkes were added in different concentrations todike and
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plates were incubated at’87for 24 hours. Then zone of inhibition was meagure
RESULTSAND DISCUSSION

The synthesis of silver nanoparticles is an adwérieehnique in modern nanotechnology and is evghés an
important branch of nanotechnology. This study sle@dth the synthesis and characterization of sihemoparticles
using stem bark extract @faesalpinia bonduc. Synthesized silver nanoparticles were reddishvbrim color. The
color of the extract was changed from light yellshwto reddish brown after addition of Aghl@nd on incubation
for 15min at 68C. The coloration was due to the excitation of theface Plasmon vibration in the silver
nanoparticles [21]. The reduction rate and fornmatad nanoparticles can be increased further bye@me in
temperature [22].The bactericidal effect [23-25[fAgNPs was measured by disc diffusion method.

3.1 UV-Vis spectrophotometer: The UV-Vis spectroscopy was the preliminary techeidor the characterization
of the silver nanoparticles. The UV-Vis absorptigas analyzed after centrifuging and redispensiegptrticles in

deionized water, the maximum broad absorption peak observed at 470nm was confirmed that polydésoe
nanoparticles were formed.

3.2FTIR analysis of silver nanoparticles: The FTIR analysis is the technique used for thatifieation of change
in functional groups. The reduced sample was deged and powdered to stable form. FTIR study shibpesaks at
3415cm*,3018cm', 2880cnt, aliphatic amine (C-H), 2372¢h 1616¢cmt carboxylic acid, 1436 crh) aromatic
amine (C-N), 1373cth 1218cmt, 1069cnT, 603cnt. FTIR spectrum showed the aliphatic amine, anghalic
alkenes of alkaloids and terpenoids bound on thiase of CbAgNPs.

3.3 TEM analysis: Transmission Electron Microscopy gave a detailexstdptive image of the silver nanoparticles
synthesized with their structural details and ts&ie. The synthesized silver nanoparticles wesersed using TEM
from which we conclude that the average mean dizdver nanoparticles was in between 5-60 nm (EigR). The
silver particles are crystalline, as can be seemfthe selected area diffraction pattern recordech fone of the
nanoparticles in the aggregates as shown in Fig. 3.

3.4 SEM analysis. The silver nanoparticles synthesized by using GejaDajan leaf extract were scanned using
Scanning Electron Microscope. The images showeatively spherical shaped nanoparticles were obdeavea
magnification of x4.06 K (Fig. 3). The high densigystalline powdered silver nanoparticles synthexdiby the
stem bark extract was found to be 5-60 nm (Fig Tis confirms the silver nanoparticles were formad
Caesalpinia bonduc stem bark extract.

3.5 Antibacterial activity by disc diffusion technique: Antibacterial activity of green synthesized silver
nanoparticles against Gram positi8&phylococcus aureu, Basillus subtilis and Gram negativeEscherichia coli
[26] bacteria at different concentrations showeat tiney revealed a strong dose dependent antitsctetivity
against the test microorganisms. It was seen #wthe concentration of green synthesized nanofestivere
increased, bacterial growth decreases in bothdeesc The zone of inhibition of silver nanopartcdgainst Gram
positive bacterie&aphylococcus aureus, Bacillus subtilis and Gram negative bacterizscherichia coli shown in
and (Table 1). The results indicated that silvaraparticles synthesized fro@aesal pinia bonduc stem bark extract
showed effective antibacterial activity in Gram iige than in Gram negative bacteria respectively.
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Fig 4: SEM image of silver nanoparticles synthesized from Caesalpinia bonducstem bark extract at magnification of x4.06 K

Table-1: Antimicrobial activity of stem bark extract of Caesalpinia bonduc

Inhibition zone (mm)
S. No. Bacterial species Control . . -
(Plant extracts), CbAgNPs | silver nitratg  Ampicilling
1. Escherichia coli(Gram negative) 7 15 9 20
2. Saphylococcus aureus(Gram positive) 9 16 11 28
3. Bacillus subtilis(Gram positive) 10 18 10 28
CONCLUSION

In this study, silver nanoparticles which were &gsized fromCaesalpinia bonduc stem bark extract showed
antibacterial activity against Gram positive anda@rnegative bacterial strains. Further, Zone ofbitibn was
performed against Ampicillin and leaf extract whishs used as a control respectively. Thus it isgmdrom this
study that the silver nanoparticles synthesizethftaesalpinia bonduc stem bark extract seems to be promising
and effective antibacterial agent against bacteti@ins. This green chemistry approach towardssyimhesis of
silver nanoparticles is highly essential effortrigeiaddressed in nanomedicine because of its vadedntages.
Plant extract being very ecofriendly and cost éffec can be used for the large scale synthesisileérs
nanoparticles in nanotechnology processing indesstri
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