Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Q) yean .
<0 I%,

(v\\

European Journal of Experimental Biology, 2012, 23):468-474

<
Pelagia Research

Library
ISSN: 2248 -9215
CODEN (USA): EJEBAU

Adathoda vasica - an Intelligent Fabricator of Gold Nanoparticles
Sunil Pandey, Goldie Ozd, Golap Kalita?, Madhuri Sharon'*
IN. S. N. Research Centre for Nanotechnology andaBiotechnology, Jambhul Phata,

Ambernath (W), Maharashtra, India
2 Department of Material Engineering, Chubu Universkasugai, Japan

ABSTRACT

Leaf extract of Adathoda vasica a tropical shrubswased as reducing agent to convert gold ions into
monodispersed gold nano patrticles. Parameterspide temperature, concentration of reactants vizldZalt and
leaf extract was standardized to produce gold npadicles of 10 -20 nm size. The best parametetaiogéd were
high temperature (80 and 100°C), pH 6 and 50 ppmawfochlorate. The characterization was based on
observations made using UV-Vis spectroscopy, XRDHRTEM. The reducing agents for synthesis of galdo
particles were speculated to be nitrate reductase glutathione.
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INTRODUCTION

Nature has developed variety of processes for itteybthesis of nano-scaled inorganic materials thie cardinal
additions to the development of relatively new éardely un-charted area of research based on tsyfithesis of
nanomaterials [1]. Bio-synthesis of metal nanopkasi, exploiting biological systems as an efficisitik has
grabbed exceptional attention due to their noveicap[2], chemical [3], photoelectrochemical [4}chelectronic

[5] properties. Plants respond to heavy metal toxin a variety of different ways. Such responseslude
immobilization, exclusion, chelation and compartiaéimation of the metal ions, and the expressiomofe general
stress response mechanisms such as ethylene asb giroteins. These mechanisms have been reviewed
comprehensively [6] for plants exposed to Cd, tkavy metal for which there have been arguably tieatgst
number and most wide-ranging studies over manyd#ecdJnderstanding the molecular and genetic faisthese
mechanisms will be an important aspect of develpgitants as agents for the phytoremediation of araimtated
sites. Marine algae were explored for their potential ynthesis of GNPs by Oza and co-workers. They used
Sargassum wighti{7] for bio-fabrication of GNPs. They also studi¢ide impact of ionic strength of the
surrounding medium on synthesis of gold nanopasgiclPandey and co-workers explored the reducitenpal of
A.racemosu$8], M. charantia[9] for catalyzing the formation of extremely stalijold nanoparticles.The GNPs
were extremely stable than chemically synthesizeld ganoparticles. Such stable GNPs can be useoh édeal
vessel for ferrying therapeutic moieties inside lthimg system. Marine algae were also exploredtfiir potential

for synthesis of GNPs. Oza et al usegrgassum wightii7] for bio-fabrication of GNPs. They also studitu
impact of pH of the surrounding medium on synthedigold nanoparticles. A detailed account of lyigystem
used for synthesis of plethora of metal nanopasichn be understood by referring author’s exhaustiview [10]

Adhatoda vasicaommonly known as Adulsa or Bakash is a small eeengtree. The leaf extract of this plant was
used for biosynthesis of gold nano particles ferghesent work.
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In the present work, the selection of plants spme@edone on the basis of information availableahia literature
about the chemical content and with some initigdezimental observation e.g. the content of idedliceng agents
such as Citric acid, Ascorbic acids and Flavonoidge emphasis is also given on the presence otimglagents
such as reductases and dehydrogenases and extieacelbctron shuttlers. This is the first repoftsynthesis,
parametric optimization and understanding the meishaof synthesis usinggdhatoda vasica.

MATERIALS AND METHODS

Materials: FreshAdathoda vasicdeaves were collected from the wild growing plaimtsAmbernath, as and when
required. Gold aurochlorate and silver nitrateemprocured from Sigma Aldrich, USA. The experinsentere
performed using double distilled water. The glagsewavere washed with aqua regia to remove thedratenetal
contaminant. The pipettes were pre-calibrated leefising for the measurements. In order to recadeimperature,
local made thermocouple was used.

Preparation of aqueous extract of plants: 10 gram of freshly collected leaves&f vasicawas crushed in 50 ml of
distilled water. The extract obtained was centefigat 10,000 rpm for 15 minutes. The supernataist wgad as
reducing agent for synthesis of gold and silveropanticles. In order to retain the activity of #sezymes and other
factors such as glutathione and Phytochelatinsextract was made in ice box.

Biosynthesis of the Gold Nanoparticles: Clear leaf extract was used for the biosynthekgotd nano particles. The
parameters and their variables considered for bibggis were,

(a) pH 3, 4, 6, 8, 10 and inherent pH of plantaott(b)Concentration of the aurochlorateafter few initial trials it
was decided to keep it 50 ppm and (c) 4, 30, 6018GC temperature.

A stock solution of 50,000 ppm aurochlorate wagpared and diluted as per the pre-requisite of #perment.
The concentration of the gold salt in the plantacttwas 50ppm was diluted to make the total voldtenl using
double distilled water. In a boiling solution ofetlplant extract, gold salt was immediately addedntke the
concentration 50ppm. After addition of the gold,sthle solution was agitated till the colour beceméne red.

Characterization of Biosynthesized Gold Nanoparticles: The characterization methods used included:

UV- Vis Spectroscopyof the gold nanoparticles was recorded using dealrb spectroscopy Lambda 25 Perkin
Elmer, USA. High quality quartz cuvette (Perkin Elnoptics, USA) was used as a vessel to recordpbetra.

High Resolution Transmission Electron Micrograpkicalysis-was done to elucidate the morphology of the gold
nanoparticles using Carl Zeiss Microimaging, Gmf#dérmany. Sample was ultrasonicated for 15 minutestlaen
coated on ultraclean carbon coated copper gricfiatysis. The SAED pattern of the gold nanopaciahelicates
presence of crystalline gold nanoparticles as dhecigx using the diffraction pattern using X-rays.

X-Ray diffraction studies (XRD)o peep into the crystallinity and the lattice pedjfes of the gold nanoparticles,
XRD (PAnalytical, Philips PW 1830, The Netherlandgerating at 40 kV and a current of 30 mA with Ku
radiation § = 1.5404 A) was used. The colloidal suspensiortainimg metal nanoparticles was dried on a small
glass slab.

Nitrite Reductasg¢NiR EC 1.6.6.4] Assay - For extractiamf Nitrite Reductase from leaves Af vasica 100 mg
plant material was homogenized with Tris-HCI buffeH 8.0) and then centrifuged d&at 2000 rpm for 15 min.
The supernatant was used as enzyme source.

Nitrite Reductase activity was measured by Vega@adienas method [11] with few variations. The tieas were
conducted in uncapped test tubes to maintain aezaidition. 0.3ml of 0,5M Tris HCI buffer (pH 8,8)0.2 ml of
20 mM NaNQ + 0.2 ml of 5.0 M Ferredoxin + 0.1 ml diluted enzy and 0.3 ml of Sodium dithionite solution
(freshly prepared was taken in a test tube ancbisied in dark for 10 min at 30. During incubation some amount
of NaNQ, gets converted to NHwith catalytic action of nitrite reductase and rédoxin. After incubation the
reaction was stopped by vigorously shaking thettést on cyclomixer until dithionite was completelyidized and
the dye became colorless. Then 1ml of diazo cogpgagent (1% Sulphanilamide in 3 ml HCI and 0.0R29dl -
naphthyl) ethylenediamine hydrochloride) was adtte@ ml reaction mixture and diluted 10 folds tdei¢ the
remaining NQ. After 30 min of incubation in dark at %D for development of color; O.D. was recorded & Bh.
The result was calculated against the standarchgrhpitrite.

FTIR — spectra were taketo assess the involvement of possible capping ipotgGlutathione) using Brucker
Instruments.
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RESULTS AND DISCUSSION

Impact of different pH on formation of gold nanorfieles at 30 and 18C are presented in table -1, which shows
that pH 6 has yielded the best results at bottirted temperatures. Therefore, further trials weéoee using pH 6
and a range of variable temperatures (Table-2)

Table — 1: Impact of pH and Temperature on the Biognthesis of gold nano particles using 50 ppm
Aurochlorate and Adathoda vasica leaf extract

H Temperature
P 30°C 100C

Change in color in 24 h Change in color in <5 sec

2 Very Weak UV-Vis peak at 550nm Good peak at 535 nm
XRD - Crystalline structure XRD Crystalline structure
Change in color in 24 h Change in color in <5 sec

4 Weak UV-Vis peak at 550 Intense Peak at 550 nm
XRD Crystalline structure XRD Crystalline structure
Change in color in 24 h Change in color in <5 sec
Intense Peak at 550 nm Intense Peak at 550 nm

6 XRD Crystalline structure XRD Crystalline structure
TEM Both iso & anisotropic gold nanoparticles abul TEM Both iso & anisotropic gold nanoparticles abu
be seen be seen
Change in color in 24 h Change in color in <5 sec

8 Peak of medium intensity at 550 nm Good peak at 535 nm
XRD Crystalline structure XRD Crystalline structure
Change in color in 24 h Change in color in <5 sec

10 Weakest peak at 550 nm Weak broad peak at 530 nm
XRD Crystalline structure XRD Crystalline structure

Inherent pH of plant extract Change in color in 24 h Change in color in <5 sec

Intense peak at 550 nm Good peak at 535 nm
XRD Crystalline structure XRD Crystalline structure

Table — 2: Impact of different temperatures on theBiosynthesis of gold nano particles using 50 ppm
Aurochlorate and Adathoda vasica leaf extract at pH 6.

Temperature Observations
Visual UV-Vis Peak XRD TEM
4°C Changeincolor in  >24h Broad peak at 545 prerystalline | Both isotropic & anisotropic gold ngmaoticles
RT (28 +2°C) | Changeincolor in <24h Broad peak at 545 nr€rystalline
60 °C Change in color within 10 mi Broad peak at 545 nnCrystalline
80 °C Change in color in <5 sec Intense peak at 545/ nnrystélline
100 °C Change in color in <5 sec Intense peak at 545/nmystélline | Both isotropic & anisotropic gold nandjaes

Visual observation: When experiment was conducted at 4, RT (Room Teatyre) and 30°C Table 1 & 2); at all
the pH it took 24 h to exhibit change in color. Btithigher temperatures of 60, 80 and 100°C reautas very fast
and change in color took place immediately. At @ immediately after the addition of leaf extraot dold
aurochlorate; a change in color from pale yellovbliee, ruby red or pink was observed (see insefigydf&?) The
change in color was due to is a property which ge®rdue to a size dependent phenomenon calleduguant
confinement. This property becomes dominant whies,De-Broglie wavelength of the valence electroesomes
equal to or less than the size of the particle. futhis phenomenon the freely mobile electronscaiged in gold
nanoparticles and exhibit a characteristic col@ctioherent oscillation of plasmon resonance givieg to surface
plasmon resonance (SPR). The consequence of SRRharp peak observed between 500-600nm [12]nltbea
said that A vasicais an excellent sink for bio-fabrication of the gailanoparticles due to its controlled reducing
power as well as presence of capping proteins. iBhépeculated after observing the SPR of gold pari@les at
different reaction conditions. Nanoparticles fornveete extremely stable at physiological temperathiech makes

it an ideal candidate for drug delivery.

UV-Vis Spectroscopic studies: Optimum intensity of UV-Vis spectra peak or SPRdaantered between 500 — 600
nm (Fig 1 & 2) occurred at pH 6 for all the trieghiperatures. The SPR band cantered between 500 nrf
indicate the formation of 30 to 50 nm gold nanoiphas [13]. However, the intensity of peak decrelsatpH above
and below 6.

At 30°C, gold nanoparticles synthesised at pH 6, 8 and értiggH; exhibited an intense peak at 556 and a weak
broad peak at 770nm (fig.1a). Presence of two humglisates the formation of non-spherical gold nzarticles
owing to transverse and longitudinal surface plasmesonance at 556 and 770nm respectively [14peAmnce of

470
Pelagia Research Library



Madhuri Sharon et al Euro. J. Exp. Bio., 2012, 2 (3):468-474

the peak in near infra red spectrum may be eiteeatise of the (i) agglomeration of the nano particht may be
due to time or due to the impact of dielectricstloé medium and/or electrical double layers aroumal dold
nanospheres in the solution [15] or (ii) formatiohnon-spherical gold nanoparticles with increasasgpect ratio
with time. The combination of both the above pheananis also possible

Gold nanoparticles synthesised at pH 2 and 10 &zdilagglomeration as seen in the inset of fig.ullsich can be
seen in the form of broadening of the area und=ptak. As mentioned above the agglomeration raajul to the
dielectric constant of the medium or destabiligatid electrical double layer around the gold nambglas due to
unfavourable ionic strength of the medium.

At 80 and 100°C,The nanoparticles synthesised at all the pH expepfi0 showed sharp peak at 556 nm. The
sharpness of the peak and vivid ruby red colohefgold nanoparticles [15] at pH 6 shows the foimmadf highly
stable and monodisperse gold nanoparticles. pk &and inherent exhibited broadening of th&kpea

The SPR of the gold nanoparticles was centere®2nrd as seen in fig.2b. The pH values other thaxbibited
agglomeration of the gold nanoparticles in the thotu This may be due to absence of the stabilipiageins called
capping proteins or the enzymes involved in theicédn or both. There was no formation of the gudahoparticles
at pH 10, which was in stark contrast with all tker cases studied earlier.
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Figure-1: Impact of temperature and pH on bio-fabrication of gold nanoparticles usingA. vasica, as shown by
UV-Vis Spectroscopy (a) impact of 30°C & differenpH values (b) impact of 100°C & different pH values
The inset shows the change in SPR with respect tdfdrent parameter
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Figure- 2: UV-Vis spectra of gold nano particles lmsynthesized at pH 6 using leaf extract oA. vasica at (a)
different temperatures and (b) different concentratons of aurochlorate

The UV-Vis spectra shown in fig. 2, explains theant of various temperatures (4, 28 + 2, 60 &1002(})H 6 and
50ppm of gold salt on biosynthesis of gold nanagag. A sharp and narrow absorption at 553nm @tidtlicates
the formation of highly stable spherical gold naaigles in the solution. It can also be speculdtedh clear pink
color of the gold nanoparticles is due to SPR, lasme in the inset. At 100°C, however, agglomeratidrthe
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nanoparticles was observed after 2 days. Broadadfithe area under the peak as well as minorhétat 100°C
supports the above observation.

High Resolution Transmission Electron (HRTEM) microscopic studies: A typical HRTEM image is presented in
Fig 3, shows gold nano particles of a maximum oh&0size. Both anisotropic and isotropic nano pkasicould be
seen in the micrograph. However, nano particleshggized at 100°C, were found to considerably sphler
HRTEM clearly shows the lattice fringe of gold naadicles (Fig3b). The microscopic observatiomiagreement

with the UV-Vis spectroscopic studies.
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Figure- 3: HRTEM showing the impact of temperatureand pH on biosynthesis of gold nanoparticles using.
vasica (a) 30°C at pH 6 (b) 100°C at same pH
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Figure- 4: XRD pattern of gold nano particles syntlesized using leaf extract oA. vasica, showing typical
Bragg reflections for gold nanoparticles

Table 3 — An assay of presence of Nitrate Reducta@a leaf extract of A. vasica) in reactants involed in
synthesis of gold nano particles; showing total digppearance of NR activity when aurochlorate was adztl to
the reactant mixture

NR activity in Plant extract | NR activity after boiling the plant extra¢t NR activity after biosynthesis of gold nanopdeti
pmole/min/gram of plant tissue pmole/min/gram of plant tissue pmole/min/gram of plant tissue
0.8293 0.6679 Nil

X-ray diffraction studies: The confirmation of formation of elemental gold oparticles is provided by X-ray
diffraction (XRD) analysis of the thin film prepatdy coating the gold nanoparticle solution on1dil() substrate.
Typical Bragg reflection pattern is shown in fig24. The prominent peaks due to (111), (200), Y22@ (311)

Bragg reflection at @ = 38°, 45°, 67° and 78° respectively, were thiy characteristic observed corresponding to

bulk fcc gold [16].
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As it can be seen in the table — 3, there was stantial decrease in the nitrate reductase activigolutions (plant
extracts) having gold nanoparticles as compareditiate reductase activity in plant extracts withaold
nanoparticles, thus suggesting the involvement®filNsynthesizing gold nanoparticles.
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Fig. 5 - FTIR spectra of (a) Glutathione (b) AuNP-acapped with Glutathione

Fourier Transform Infra-Red Spectroscopy (FTIR): To decipher the molecular role of protecting agewvigch
thermodynamically stabilize the gold nanopartidgteshe solution FTIR was exploited to understang filmctional
groups associated with the surface of gold nanimestin the solution. The plant extract was ufiitered in order

to rule out the presence of cellular debris anceotion specific proteins. According to the compaeafFTIR
spectra of capping proteins and AuNP- capping psteonjugate (Fig 5a and b), the S=O stretching3at cm'
and 665cnt indicates that gold nanoparticles has been tlidlély —SH group of amino acids present in capping
proteins Glutathione. Moreover, both the spectawsN-H bending at 1636 ¢t Further, the bands at 939 and 888
correspond to the bending of -Mléf amino groups of Glutathione. The capping of AsNusing thiol ligands
desirably protects the surface, decreasing themytlue to the partial liberation of the solvatarell and exchange
reactions happening due to the displacement ofosgtic acid with the thiol group. This exchange can is
relatively lucid procedure in which we presume tlitaoroceeds to completion. Owing to the strergfttgold-thiol,

it is being considered that exchange of thiolatgdrids on AuNPs with other thiolated ligands is @emreluctant
reaction, but has been widely exploited biololljcaAs per the previous literatures, the most camnproteins
associated with gold nanoparticles as capping ageate revealed to be glutathione. Our findingsiarpartial
agreement with presence of glutathione as effiaiapping agent. (Fig 5).

The possible mode of interaction between glutathiamd gold nano particle is schematically preseintéid-6.
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Figure 6: Schematic representation of possible intaction between Glutathione and Aurochlorate. The tcle
marked in blue and red are the sites where thesetigractions are studied.

CONCLUSION

Adathoda vasicdeaf extract has shown the capability of biosysthieag gold nano particles from gold salt solution.
The optimum conditions for stable gold nanoparsdd@synthesis usingdathoda vasicéeaf extract, was observed
when inherent pH (8.2), 180 and 100 ppm Aurochlorate was used for synthesis.

Presence of Glutathione in leaf extractAafathoda vasicaupport the view that they are involved in redgdihe
gold ions to gold nano patrticles. It presents drafiable method of tuning the synthesis of dessize and shape of
gold nanoparticle. It can be concluded that plansefficient chiselers for biosynthesis of goldioparticles.
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