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ABSTRACT

The biological synthesis of nanoparticles materiedi as an eco-friendly and stimulating approachhia field of
nanotechnology. In the present investigation, wpore the extracellular biosynthesis of silver naadjzles
(AgNP’s) using entire plant extracts (Mollugadicaulis) for the reduction of aqueous*Agns and its increased
antimicrobial activity. Stable silver nanoparticlegre formed by treating aqueous solution of Agh@h the plant
extract as reducing agent for reduction of "Agns. The quantitative formation of synthesizedaparticles
examined by Ultraviolet-Visible (UV-Vis) spectroggpFourier Transform Infrared spectroscopy (FTHR) X-ray
diffraction (XRD). After the characterization, genanoparticles are monitored for the antimicrolzativities of
antibiotics (Tetracycline), silver nanoparticlescathe combined effect of both antibiotics and namtgles against
clinically isolated organism. The antibacterial aities of Tetracycline increased in the presenéeAg- NPs
against Vibriocholerae.
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INTRODUCTION

The emerging nanotechnology has turned many ofleeams true by enabling construction of micro/navixes.
Since, the birth of nanotechnology, it has neveenba single field technology. It is more preferakblled
nanotechnologies, as refers to a set of methodsygpibaches in physics and chemistry science, eaedimy fields,
biological and medical areas. The researchersfiardnt fields usually have different understandiog/ards this
technology, which sometimes causes uneven develuptowards nanoscale. For example, while enginaeats
physics scientists race to shrink the size of istois and MEMS components through nanofabricatiocreate the
next generation of high-performance electronic desj biologists and life scientists have just betuemploy
micropatterning and to a more limited extent, nattgrning techniques to build high-throughput diébecsystems
for genomic and proteomic studies [1].

Nanomaterials due to their sheer size show uniaqu c@nsiderably changed physical, chemical, antbgical
properties compared to their macro scale countexpa}. Gold, silver, and copper have been usedtlyjnésr the
synthesis of stable dispersions of nanoparticldschvare useful in areas of photography, catalysislogical
labeling, photonics, optoelectronics, and surfateaeced Raman scattering (SERS) detection [3].oBiodl
methods are considered safe and ecologically sdondthe nanomaterial fabrication as an alternatiee
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conventional physical and chemical methods. Biaabiroutes to the synthesis of these particles Hzeen
proposed by exploiting microorganisms [4] and bgowdar plants [5].

India has great potential for bioprospecting beeagt its rich biodiversity. Advances in biotechmpyohave
increased the value of plant genetic resourcesurb@gpus plants to host cells [6]. The AgNPs are atported to
be nontoxic to human and most effective againsteia: viruses, and other eukaryotic micro-orgasistnvery low
concentration and without any side effects [7].

MATERIALS AND METHODS

Preparation of Mollugo nudicaulis leaf broth

The AR grade silver nitrate (AgNPwas purchased from Sigma-Aldrich chemicals aedHMollugo nudicaulis
plants were collected from surroundings of GovttsA€College, Thiruvannamalai, Tamil Nadu, India. THe
nudicaulisdried plant extract used for the reduction of Agns to Ag°® was prepared by taking 20g of thordugh
washed finely cut leaves in 500 ml Erlenmeyer flagdng with 100 ml of distilled water and then bajl the
mixture for 5 min. before decanting it. Furthere txtract was filtered with Whatman No. 1 filteppaand stored
at 4°C and used for further experiments.

Test organisms

The bacterial strainStaphylococcuaureus Vibrio cholerag MicrococcusluteusandKlebsiellapneumoniaevere
collected from the Microbial Type Culture CollectigMTCC), The Institute of microbial Technology, &tdigarh,
India.

Thirty Six grams of Muller Hindon Media (Hi-Mediajas mixed with distilled water and then sterilized
autoclave at 15Ilb pressure for 15 minutes. Theligent media were poured into petridishes. Thedsidid plates
were bored with 6mm dia cork porer. The plates wiglls were used for the antibacterial studies. amgbacterial
assays were done by well diffusion method [8].

Synthesis of silver nanopatrticles

In a representative experiment, the leaf extra& (@) was added to 10 ml of 1 mM AgN@queous solution. The
bioreduced aqueous component (0.5 ml) was usedemsuning UV-Vis spectra of the solution. The péatic
suspension was diluted 10 times with distilled wabeavoid the errors due to high optical densityhe solution.

UV-Vis spectral analysis

The colour change in reaction mixture (metal iolutson + plant extract) was recorded through visalagervation.
Synthesized silver nanoparticles was confirmedadmying the aqueous component of two hour aftectiea and
the absorption maxima was scanned by UV-Vis spphtitometer at the wavelength of 325 — 825 nm orkBen
Du-50 Spectrophotometer.

X-ray diffraction studies

The formation and quality of compounds were chedigdX-ray diffraction (XRD) spectrum. The mixtureass
centrifuged at 10000 rpm for 10 minutes in a refrided centrifuge, followed by redispersion of pelet in
acetone. The dispersed pellets were dried in aobator at 37°C for 1 week. The size of the purifidd
nanoparticles was analyzed by X-ray powder diffoactcrystallography SEIFERT JSO-DEBYEREX-2002
(Germany) diffractometer with Cu<Kradiation {=1.540nm). A scan rate of 0.0per second and a scan range
between 10 -702 theta in flat plate geometry with Cu radiation.

FTIR analysis of silver nanoparticles

To remove any free biomass residue or compoundighadt the capping ligand of the nanoparticles, isidual
solution of 100 ml after reaction was centrifuged@00 rpm for 10 min. The supernatant was agaitrifeged at
10000 rpm for 60 min and the pellet was obtaindds T followed by redispersion of the pellet of-AgPs into 1 ml
of deionized water. Thereafter, the purified suspenwas freeze dried to obtain dried powder. Bnahe dried
nanoparticles were analyzed by ALPHA FT-IR Specttan(from Bruker, Germany).
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RESULTS AND DISCUSSION

The formation of silver nanoparticles by plant extrwas examined. It is well known that silver naamicles
exhibit yellowish-brown colour in agueous solutidane to excitation of surface Plasmon vibrationssilver
nanoparticles. The appearance of yellowish-brownuwran the reaction vessels suggested the formadfosilver
nanoparticles [9].

The silver nanoparticles were characterized by Wiéible spectrophotomeéter (Figure 1). This techeichas
confirmed to be very useful for the analysis of oparticles. The UV- visible spectra showed a strptagmon
resonance which was centered approximately at 52@nmobserved that the maximum absorbance oaiB20
nm. Since the peak wavelength did not shift duthgreaction, we could quantitatively observe thecentrations
of silver nanoparticles and thus conversion by meag the absorbance at 520 nm. The reductioneftlver ion
to silver nanoparticles during exposure to the tpliearf extracts could be followed by color chanffeéy. As the leaf
extracts were mixed with the aqueous solution efditver ion complex, it was changed into reddistmim color
due to excitation of surface plasmon vibrationsicwlindicated that the formation of Ag nanoparticl&l].

Debye-Scherrer’'s equation
D =KA/B. Co®

Where,

f==n /180 * FWHM

(FWHM= Full Width Half Maximum)
K=0.94

A= 1.540598 A

KA= 0.94 * 1.540598 A

=1.4482

The dry powders of the silver nanoparticles wereduor XRD analysis. The diffracted intensities veecorded
from 10 ° to 70 © at 2 theta angles. To study tlystalline nature of the silver nanoparticlesMigllugo nudicaulis
the XRD analysis was undertaken, Figure 2 revealinly two peaks at degreef210.00 and 17.70 corresponding
to two diffraction facets of silver. The broadenigX-ray peaks observed is primarily due to thebmparticle size.
The spectra were recorded in Seifert -Jso-Debyeftég2 X-ray diffractometer. The mean size of silver
nanoparticles was calculated using the Debye-Setigrmquation. An average size of the AgNPs syiehdsyM.
nudicauliswas 9.3 nm with size ranging from 8.3nm and 1@2(fiable 1). The typical XRD pattern revealed that
the sample contains a mixed structure of silveroparticles. The observed peak broadening and noee
probably related to the effect of nanosized paticland the presence of various crystalline biokdgic
macromolecules in the plant extracts. The obtanesdlts illustrate that silver ions had indeed besztuced to Ag®
by manna of hedysarum plant extract under reactioritions. A number of Bragg reflections corregtiog to the
(111), (200), (220) and (311) sets of lattice ptanee observed which may be indexed based on tieectantered
cubic (fcc) structures of silver, peaks were albseavved suggesting that the crystallization of doiganic phase
occurs on the surface of the silver nanoparticd@$. [

Figure 3 shows the FTIR spectra of the AgNPs switled fromMollugo nudicaulis Representative spectra of
obtained nanoparticles manifests absorption peagatdd at about 3290.32 ¢m2920.32 cnf, 2852.39 cr,
1648.93 crit, 1431.79 cri, 1323.01 crf, 1035.79 critand 615.89 crhin the region of 4000 cihto 500 cnit. The
FTIR spectra revealed the presence of differenttfanal groups like secondary Alcohol (O-H stretahi H-
bonded), Alkane (C-H stretching), Alkene (C=C sthing), Aromatic (C=C stretching), Amine (C-N stigihg),
Ester (C-O stretching) or Ether (C-O stretching) atkyl Halide (C-CI stretching).

Silver is well known as one of the most widespraatimicrobial substances. The individual and corabieffects
of the bioreduced silver nanoparticles with antilsiavere investigated against four bacterial sgaising the well
diffusion method. The diameters of the silver nartiple inhibition zones against different pathagetultures,
antibiotic (Tetracycline) as well as combined effetsilver nanoparticles with antibiotic were obssd (Table 2).
Silver nanoparticles synthesized frolh. nudicaulis exhibited maximum antibacterial activity againsgibrio

choleraeand followed byStaphylococcuaureusand other test bacterial cultures were not shoaibity. Silver
nanoparticles were found to be comparatively lestve Combined with the silver nanoparticles, #mtibacterial
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activity of the antibiotic showed wide variation.héh combined with Tetracycline, the silver nandpkes were
found to be superior againgtbrio cholerag showing 20.5+3.7mm of inhibition zone. Antibacateffect of silver
nanoparticles obeyed a dual action mechanism amambbial activity, (i.e.) the bactericidal effeof Ag+ and
membrane disrupting effect of the polymer subuits.

Table 1: Measurement of the size of AgNPs dfollugo nudicaulis by using Debye-Scherrer’'s equation

S.NO i) FWHM | p==n/180* FWHM | Cos | D =Kk /B.Cod
1 10.0000{ 0.1000 0.001746 0.9962 3
2 17.7000{ 0.0800 0.001397 0.9881 12

Average = 8.3nm+10.2 nm / 2 =3m

Table 2: Inhibition zone of Mollugo nudicaulis against bacterial pathogens

SI. No. | Name of the organism Zone of _inhibition (in mm
T 7 Control | Antibiotic (1140ug/well) | Ag Np (1000ug/we)l | antibiotic + AgNp (2140 pg/well)
1 Staphylococcus aureus - 17.5+0.7 7.0£2.8 20-14.5+0.6
2 Vibrio cholera - 25.0£1.5 10.5+0.6 27.5-20.5+3.7
3 Micrococcus luteus - 18.0+3.7 - 20.5-16.5+0.9
4 Klebsiella pneumoniae - 17.0x2.4 - 18.5-15.0+1.4

Figure 1: UV-Vis Absorption Spectrum of nanoparticle synthesized fronMollugo nudicaulis extract
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Figure 2: XRD pattern of silver nanopatrticles formed after reaction ofMollugo nudicaulis extract
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Figure 3: FTIR spectra of silver nanoparticles synhesized byMollugo nudicaulis plant extract
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