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ABSTRACT

The facile synthesis of ultra stable gold nanomdes (GNPSs) is demonstrated using fruit peel extiaf
Momordica charantia. The best parameters for thettsgsis of gold nanoparticles were pH10, high teraipee
(10’C) and 100 ppm aurochlorate salt. The results weesified using UV-Vis spectroscopy, XRD and
Transmission electron microscopy. The GNPSs weradigperse and found to be 10-100 nm in size. Timlity

of the GNPs synthesised using biological protoedas found to be extremely high than the chemicaihthesised
GNPs when tested using 5M NacCl solution. The Nitratluctase activity was found to be 0.1@8&Yole/min/gram
of plant tissue which got reduced to 0.01afhole/min/gram in the solution after the formatiof gold
nanoparticles. The protein content got depletedrafte formation of GNPSs in the solution from 224mg/ml to
64.42 mg/ml.
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INTRODUCTION

Synthesis of metal nanoparticles using biologigateams as an efficient sink has grabbed exceptimitehtion due
to their anomalous optical [1], chemical [2], phatectrochemical [3], and electronic [4] propertiédlike
chemical protocols which demands expensive instntsnand results in release of inimical chemicaislogical
method is more facile, eco-friendly and resultsriare monodispersed nanoparticles. Gold salt wheosed to
aqueous extracts of plant have resulted in thea-cgtlular as well as extra cellular formation aftal nanoparticles.
The rate of formation for nanoparticles and thaefthe size of the nanoparticles could, to an dxtba
manipulated by controlling parameters such as @rhperature, substrate concentration and exposure tib
substrate [5].The reason for selecting plant farsBnthesis is because they contain reducing agewts as Citric
acid, Ascorbic acids, flavonoids, reductases agttydrogenases and extracellular electron shutthatsmay play
an important role in biosynthesis of metal nandiplas.

In the present work, use of clear aqueous extiddtsiit of Momordica charantids tried. Momordica charantia
commonly known as Karela or bitter gourd is a teapiand subtropical vine of the family Cucurbitaze#t
contains an array of biologically active plant cheafs including triterpenes, proteins and steroidarious
parameters like optimum reaction temperature, pid, tme required for the synthesis of metal nanigas,
concentration of gold salts as well as plant exsragere taken into consideration. Monodispersity atability of
the Metal nanoparticles over a stipulated periotinoé were also one of the important considerations
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MATERIALS AND METHODS

Materials: Momordica charantia commonly known as bitter gourd was procured frtmoal market. Gold
aurochlorate was procured from sigma Aldrich, USAe experiments were performed in double distiieder (18
MQ). The glasswares were washed with aqua regiantove the traces of metal contaminant. In ordeetord the
temperature, thermocouple was used.

Preparation of Plant Extract: To prepare the extract, 10 gram peeMafmordica charantidruit was crushed in
10 ml of distilled water using mortar and pestleeextract obtained was centrifuged at 10,000 gmi% minutes.
The supernatant was used as reducing agent fdnesiatof gold nanoparticles. In order to retamabtivity of the
enzymes and other factors such as glutathione apéhelatins, the extract was made in ice box.

Procedure for Biosynthesis of the Gold Nanoparticles: Clear extracts oMomordica charantiavas used for the
biosynthesis of gold nano particles (GNPs). A stsakition of 50,000 ppm aurochlorate was preparetidiluted
as per the pre-requisite of the experiment. Theired amount of aurochlorate salt was added iniéngcsolution
of reaction vessel containing plant extract. Inesrtb optimise the nanoparticle formation, the iotpaof pH (4,
6,8,10 & inherent) on synthesis of GNPs were stidiglow temperature (80) and high temperature (1. The
parameters obtained from the above two experimeats kept constant to comprehend the impact of éeatpre
and salt concentration on the optical as well apphmogical features of GNPs.

Characterization of the Biosynthesized Gold Nanoparticles

UV- Vis Spectroscopy of the gold nanoparticless The UV-Vis spectra of the GNPS formed were recordsidg
dual beam spectroscopy Lambda 25 Perkin Elmer, U8gh quality quartz cuvett@Perkin Elmer optics, USA)
was used as a vessel to record the spectra.

Transmission electron micrographic AnalysisTo elucidate the morphology of the GNPS biosyndebiusing
Momordica charantigplant extracthigh resolution transmission electron microscop&THM), Carl Zeiss Micro
imaging, GmbH, Germany, was used. Sample was ahieated for 15 minutes and then coated on ultsacle
carbon coated copper grid for analysis. The SAEfepaof the gold nanoparticles indicates presaiazystalline
GNPS as deciphered using the diffraction pattenmguX-rays.

X-Ray diffraction studies (XRD)-To peep into the crystallinity and the lattice pedpes of the GNPs, XRD (P
Analytical, Philips PW 1830, The Netherlands) opiataat 40 kV and a current of 30 mA with Cu liKadiation &
= 1.5404 A) was used. The colloidal suspensionainintg metal nanoparticles was dirtied on a smakgslab.

Nitrate Reductase Assay and Total protein Estimation —was done to assay the possible role of nitratecteda as
Reducing agent, using standard Vega and Cardehaseféod with few variations and the total proteamtent was
estimated using Bradford’s method.

RESULTS AND DISCUSSION

Impact of different pH on formation of GNPs at&td 100C are presented in table -1 which shows that ptat10
100C gives best results and hence the further opttinisaof other parameters was done using same above
parameters.

Visual observations: After addition of the gold salt solution in plagttract, the colour changed from colourless to
wine red indicating the formation of GNPs [7] . $lé due to the fabrication of GNPs with the molacassistance
of biological reducing agents present in the plaxtract. The tenure for the appearance of the colawied
drastically with the temperatures. At @) more than 24 hours were required for the corapleduction; whereas at
100C the colour appeared in less than 5 seconds. [€he alloidal suspension of GNPs were stable forenthan
two months at €.The GNPs fabricated at higher pH values (6, 80% iere exceptionally stable in contrast to
those synthesized at acidic pH. The stability && tBNPs synthesized at pH 10 at Wavas reluctant for
coagulation even after addition of several milidi of 5M NaCl solution (Data not shown).

UV-Vis Spectroscopic analysis: As shown in UV-Visible spectra (fig .1), the SP&lds centered between 500-600
nm confirms the formation of GNPs in the solutidthe appearance of the peak is due to the size daptn
guantum mechanical phenomenon called Surface Plagtesonance (SPR).This effect becomes influentieny
the De-Broglie wavelength of the valence electloesomes equal to or less than the size of thecfm(tess than
50nm) [8].At 30°C, the SPR band of the GNPs synthesized at pH8}, B) and inherent were found to be centered
between 536 to 550 nm. The most influential pH cffeg the synthesis of GNPs was found to be 10.€ais be
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speculated because of a sharp peak centered atrb3B8s per the previous studies, the size of theoparticles
exhibiting a peak at this wavelength is betweedB80ym. There was a minor blue shift in SPR of GE\Aghesized
at inherent pH 5.6 (from 536 nm to 532 nm) and la@opeak appeared in near infra red region (670asrghown
in table 1.The appearance of dual peak at 532 @df may be due to [9].

» Formation of anisotropic nanoparticles
» Agglomeration of the nanoparticles
» The combined effect of both the phenomenon

Table — 1: Impact of pH and Temperature on the Biognthesis of GNPs using 100 ppm Aurochlorate and
Momordica charantia fruit peel extract

Ph Temperature
30C 100C
4 . Change in colour in 24 h . Change in colour in <5 sec
. Peak of moderate intensity at 540 nm . No peak ,flat absorption spectra
. XRD Crystalline structure . XRD Crystalline structure
6 . Change in colour in 24 h . Change in colour in <5 sec
. Peak at 536 nm . Broad curve at 531 nm
. XRD Crystalline structure . XRD Crystalline structure
8 . Change in colour in 24 h . Change in colour in <5 sec
. Peak of moderate intensity at 541 nm . Good peak of moderate intensity at 540 nm
. XRD Crystalline structure . XRD Crystalline structure
10 . Change in colour in 24 h . Change in colour in < 5 sec
. Sharp peak at 536 nm . Sharp intense peak at 551 nm
. XRD Crystalline structure . XRD Crystalline structure
. TEM-spherical polydispersed . TEM-Spherical nanoparticles  with less
nanoparticles monodispersity
pH of plant extract . Change in colour in 24 h . Change in colour in <5 sec
5.6 «  Dual peak at 532nm and 670 nm +  Good peak at 532 nm
. XRD Crystalline structure . XRD Crystalline structure

Table — 2: Impact of different temperatures on theBiosynthesis of GNPs using 100 ppm Aurochlorate and
Momordica charantia fruit peel extract at pH 10.

Temperature Observations
Visual UV-Vis Peak XRD TEM
4°C Sginr?e in colour in Flat absorption spectra  Crystalline -
RT (28 £ 2°C) Sginr?e in colour in Minor peak at 675 nm|  Crystalline  Spherical polypéised nanoparticles.
60 °C Change in colour within 10 mi Broad peak at 54b n Crystalline| Roughly spherical monodispersed nartages
100 °C Sg :;r;%e in colour in Sharp peak at 538 nml  Crystalline  Spherical nanigiestwith less monodispersity

Table- 3: Impact of aurochlorate concentration on gnthesis of GNPs using extract ofMomordica charantia at pH 10

Concentration of Aurochlorate Observation
Visual UV-Vis Peak
50 ppm Change in colour in <5sec Flat absorption spectr
100 ppm* Change in colour in <5sec  Sharp peak at 537 nm
150 ppm Change in colour in<5sec  Sharp peak at 540 nm
200 ppm Change in colour in <5 se Broad peak at 535 nm
250 ppm Change in colour in< 5 sec Medium intensity pea4@ nm

*TEM of the sample exhibited Spherical gold nandipkss of size less than 50 nm.

Due to the combined impact of agglomeration andraation of the nanoparticles in the solution, ¢hems a red
shift observed at pH values 4 and 8 with respe&36 nm observed at pH 10 (table 1).There was adx shift
observed at pH 6.The GNPs formed in the soluticailatline pH were highly stable as predicted byitiatd of 5M

NaCl. However, the GNPs synthesized at pH 10 wecemionally stable. The stability of the nanopdes at pH
10 may be due to the optimal activity of the enzgraad capping proteins. Moreover, the electricalbd layers
(such as Stern and Goy- Chapman) around the nai@amust be more stabilised at this pH.
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Figure- 1: Impact of temperature and pH on synthes on GNPs using extract oM. charantia; as recorded by
the UV-Vis spectroscopy of the sample synthesized @) 30C (b) 100C.

At 100C, the SPR band was centered at 532 nm at pH $0nwae stable for over a week(Fig 1 b). At pH value
and 6 a flat spectrum and a broad hump was obseesukctively. This indicates the formation of largad
polydispersed GNPs in the solution.This may alsbicate the agglomeration of the nanoparticle. Thégy be due
to the destruction of the enzymes and capping ggesent in the plants which catalyse the cappfribeogold and
other metal nanoaprticles in order to make thernlestan the solution. Moreover, the dielectrics loé tmedium at
high temperature and destabilisation of the eletidouble layers may also be additive factor igghgmeration of
the GNPs.

The possible impact of temperature and concentratiche aurochlorate salt in catalysing the foiarabf GNPs in
ageous extract dflomordica charantiawas studied at pre-optimised pH value (pH 10) GQ°C.From the UV-
Visible spectra displayed in fig 2.a, its can beacly comprehended that the most favourable tertyreras
100°C.The finding is in agreement with our previogsults.At 100°C a sharp peak was observed anB8&hich
depicts the formation of 20-30 nm nanoparticle asthe previous studies.At all the other tempeestid, 28+2 &
37° C) flat spectra were observed (Fig.2.a).A fdssexplanation for the above phenomenon may betaluke
activity of capping proteins,enzymes as well astti@modynamic stability of the electrical doubdgdrs around
the GNPs.

The most efficient concentration of aurochloratk was found to be 100 ppm as depicted by a shagk pt 537
nm (Fig 2.b).There was a minor red shift in SPRdsaobserved in GNPs synthesized at other concemisat his
red shift is due to the increase in the particke gis well as decrease in the inter particle distaxi GNPs in the
solution.
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Figure- 2: (a) Impact of temperature on synthesief GNPs using extract oM. charantia at pH 10,100 ppm aurochlorate;
(b) Impact of aurochlorate concentration on syntheis of GNPs using extract oM. charantia at pH 10.
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Stability of Biogenic Vs chemically synthesized Gold nanoparticles

To solve the problem of agglomeration of GNPs itutson, particularly when it is suspended in highlts
concentration for clinical uses such as drug defivihe stability of biological nanoparticles wastied against very
high salt concentration. As shown in the figure $hare was a red shift of 28.02 nm after additbapproximately
5 ml of 5M NaCl. In stark contrast to this, thefsim chemically synthesized nanoparticles usingiesgarameters
was found to be 130.67 nm after addition of merE@ul of 5 M NaCl. This exceptional stability ofolgienic
nanoparticles can be attributed to protection ofPSNy intelligent capping proteins. Under optin@ali¢ strength
of the solution these proteins avoid the columbicaation between the nanoparticles by maintairsugable
surface potentials.

High resolution transmission electron microscopic (HRTEM) studies:
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Figure3: UV-Visible spectra showing the stability 6 (a) Biogenic nanoparticles usindgv. charantia
synthesized at pH 10, 100° C & 100 ppm of aurochlate (b) Chemically synthesized nanopatrticles usin
the same parameters used for biogenic nanoparticles

TEM image of the GNPs synthesised aiC3at pH 10 shows the presence of spherical polgdisul nanoparticles
ranging from 10 to 100 nm (fig 4.a). The resultsravin accordance with the UV-Vis spectroscopy. TiiEM
image of the gold nanoparticles synthesised & @0pH 10 shows (fig. 4.b) nanoparticles whichramodisperse
and roughly spherical ranging from 30-100 nm. Samiguely shaped nanoparticle can also be seereiimthge.
This may be due to growth at unusual facets (any/1df, 200) which results in the formation of anisptc (non-
spherical) nanoparticles [9. At very high tempematsuch as 100 °C, pH 10 was most competent paganies
depicted in HRTEM image (fig 4.c), the nanoparscége spherical with less monodispersity. Agglorti@nan the
nanoparticles can be seen due to the high temperatich results in the destruction of the staimitisprotein. The
SAED pattern shows that the GNPs is crystallineature (Fig 4. d).

X- Ray Diffraction studies (XRD):

To elucidate crystallinity and the lattice propestiof the GNPs, XRD (P Analytical, Philips, Nethads) was
performed. The colloidal suspension containing imed@oparticles was dirtied on a small glass s¥RD spectra
confirm the GNPS formation and also the presenc&ldf facets (Fig. 5)X-ray diffraction (XRD) analysis of a
droplet of the mixture on a glass cube showed s#greaks at (111), (200), (220) and (311). Brafigateons in the

2 0 range 3080 as shown in figure 4; this is in agreement witd fhevious data available on gold nanocrystals
[10].
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Figure- 4: HRTEM of GNPs synthesized using extractef M. charantia at 30C, pH 10 (b) 66C, pH 10 and (c) 10&C, pH
10 and (d) The selective area energy dispersion (ER) pattern showing that the nanoparticles are crywlline.
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Figure- 5: X-ray diffraction pattern of gold nanoparticles biosynthesised usinglomordica Charantia

Nitrate Reductase Assay and Total Protein Estimation: It was found that the fruit peel extract Bfomordica
charantiaexhibited the Nitrate reductase activity as 0.1@6¥le/min/gram of plant tissue, which got reduced to
0.1654pmole/min/gram of plant tissue when it was subje¢ted00 C.(Fig.6 a) After the formation of GNPs, the
nitrate reductase activity was again assayed irrehetant mixture which showed a substantial deer¢@.0132
pmole/min/gram) in the solutions having gold nandipkas as compared to nitrate reductase activityplamt
extracts without gold nanoparticles. This resulidates the possible involvement of reductasebénreduction of
gold ion to GNPs. Total Protein concentratiotMamordica charantigpeel extract) was found to be 214.12 mg/ml
and in gold nanoparticles synthesized frdhomordica charantiapeel was found to be 64.42 mg/ml it means
concentration of protein reduced after gold nantgarsynthesis.(Fig.6 b)
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Figure 6: (a) Nitrate reductase activity ofMomordica charantia peel extract, Boiled plant extract and gold
nanoparticles respectively in pmoles/min/gm (b) Tetl protein concentration in Momordica charantia plant
extract and gold nanoparticles respectively in mg/in

CONCLUSION

The optimum conditions for biosynthesis of crystell GNPs are observed to be at pH 10@0&nd 100 ppm
aurochlorate. The GNPs synthesized usamordica charantiacan be efficiently used for surface orchestrations
using plethora chemical linkers used for drug dlpvowing to its excellent stability in high salhrcentrations.
Moreover, such capped nanoparticles can also b& wihout attachment of any linker for synaphicidely of
active pharmaceuticals ingredients to specific nsgdepletion of the Nitrate reductase activitytliie solution
containing GNPs confirms its molecular role in naaticle biosynthesis.
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