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ABSTRACT

Synthesis of nanomaterial with the desired quality and propertiesis one of the key issuesin current nanotechnol ogy.
Today, the green synthesis of metallic nanoparticles has received increasing attention due to the development of
eco-friendly technologies in materials science. Use of natural plant extracts in the preparation of nanoparticles by
greener route provides advancement over chemical and physical method asit is cost effective, environment friendly.
In the present work, copper nanoparticles have been synthesized with simple and green synthesis method by using
lemon extract as a reducer and curcumin as a stabilizer under certain conditions. The obtained copper
nanoparticles were characterized by UV-Vis, IR, XRD, SEM and TEM techniques. The experimental results showed
that the particle size of copper nanoparticles was appreciable and the antimicrobial activities of synthesized
nanoparticles were significantly higher.
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INTRODUCTION

The application of nanosized materials and strestuvhich by definition should fall in the rangeveeén 1 to 100
nanometers is an emerging area of nanoscience amotathnology. Nanotechnology is mainly concernétt w
synthesis of nanoparticles of variable sizes, shapbemical compositions and controlled disperaitg their
potential use for human benefits [1-2].Synthesisnetal nanoparticles has gained much importancausectheir
physical-chemical properties differ from those bé toulk particles. The behavior of a material clesnetween
these two distinct domains and the nanometer ramgensidered as the threshold for the transitiba material’'s
behavior [3-4]. Due to their special properties afab small dimensions, find important applicationghe fields of
catalysis, optoelectronics, magnetic, thermal, @endine chemical synthesis, solar energy congarand medicine,
etc. Nanomedicine is the latest advancement wihiehworld has been the nanoparticles being the ppart of
therapeutic and diagnostic agents [5-6].

The most common method employed for the syntheimeial nanoparticles is the reduction of metalsiom

solution. Although chemical and physical methody accessfully produce pure, well-defined nanopkagi these
are quite expensive and possibly dangerous to rihigomment [7-8]. Green chemistry has enormous ritkin

steering the responsible development of nanoteolggahrough the design of greener nanoscale migtexial the
discovery of green-nanomanufacturing methods. Gmaarhesis mainly concerns the elimination of hdaas
wastes and the utilization of sustainable processgdementation of environmental friendly chemgadolvents
and renewable materials [9-10]. In the green-narmtelogy, various metal nanoparticle synthesis hbeen
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reported using microorganisms, plant extracts atherobiological natural materials, especially tiias metals
produced well-dispersed and ultrafine metal nanogpes have great interest due to their distinctive
physicochemical thermodynamic properties, whichehanade them proper for use in several applicafibh< 3].

Copper nanoparticles have attracted considerabdatin due to its optical, catalytic, mechanicad &lectrical

properties. Moreover its cheap, high yields andrtsheaction times under normal reaction conditi@me the
advantages in green-nano preparation [14-15]. Gopa@oparticles have wide applications as superngtr
materials, sensors especially antimicrobial matebacause they are very reactive and their higlaserto-volume
ratio helps to interact with other materials effesly [16]. The copper nanoparticles proved itenior

antimicrobial activity against various bacterialdnngal strains from many researches [17-18].

Curcumin is of considerable interest and is welbwn compound because of its antioxidant, anti-mfizatory,

antimicrobial and anti-carcinogenic activities [29}. In addition it is unique among active composibécause it is
extremely safe even at high doses. On the othet had due to the presence of olefinic groups istitscture this
B-diketone of poor aqueous solubility rendering ft relatively low bioavailability [24]. One of theogsible

approaches to increase the bioavailability of conicuis its conjugation on the surface of metal mEarticles [25-

26].

Based upon the above considerations here in ttsepirénvestigation we have reported the synthesgicumin
(Scheme 1) as well as the synthesis of copper m@aticps (Scheme 2) using the naturally availabiemals, i.e.,
lemon extract as a reducing agent and curcumiatsdlfrom turmeric used as a stabilizing agentsTthe surface
functionalization of CNPs with curcumin may givenaw way of using the curcuminoids towards possisley
delivery and therapeutics. The rate of nanoparsgtethesis was very high and the produced nancfestivere
pure and stable. Moreover this study clearly regmbithat CNPs have a significant antibacterial antifumgal
activity.

EXPERIMENTAL SECTION

All the chemicals and solvents used were of ar@tieagent grade and procured from Merck (Indd &nd all
samples were prepared by using fresh double-@idtilater throughout the experiment. Curcumin walsiied from
turmeric (BSR-01) which was purchased from Agrigrdt College and Research Institute, Madurai.

Collection of extracts

Lemon fruits were collected from the local markdisey were washed in double distilled water, ctt pieces and
squeezed well to make 5 to 10 ml pure extract. &kteact was then filtered using Whatman’s No. fefilpaper.
The filtrate was collected in a clean and driedtaimer and it was stored for further uses.

I solation of curcumin (CR) from turmeric

Curcumin (CR) was quantitatively extracted frormteric in soxhlet apparatus by using 95% ethandhéB8e 1) as
per our previous work [27]and the curcumin conteas estimated by Manjunath et al. 1991 [28]. BSRt®fneric

variety was used in this method for better curcumigid. The process is described as follows briefly) g of

turmeric dried powder weighed and taken in soxbafgiaratus with 250 ml of ethanol. The extractioocpss was
carried out for 2-3 hour and the final curcuminragt absorbance was measured at 425 nm againsioaloiank

and the curcumin percentage was calculated. Theeabthanol residual extract was evaporated andl dhien

recrystallized by 95% ethanol for further uses.

Char acterization

A pH meter (Metrohm, model 913, Switzerland) wittmbined glass electrode was used for pH measursmént
single pan analytical balance (Mettler Toledo, mdde 104, Switzerland) was employed for weighing ttamples.
The UV-Visible absorption spectra of the samplesrewemeasured on a Shimadzu UV-Vis V-
530Aspectrophotometer in the range of 425nm.Theoperticles were examined for FT-IR spectra analgsid
recorded on a Jasco FT-IR/4100 spectrophotometiér 4gimi* resolution in the range of 4000 to 400 titrray
measurement of the prepared solids was carriedsing a P analytical X'Pert Powder X'Celerator bafftometer
(Netherland) in the range of “Léb 80 20 of 2 min™. Scanning electron microscopy (SEM) images wecerded

by using a JEOL Model JSM - 6390LV scanning elettmicroscope. High resolution transmission electron
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microscopy (HRTEM) was carried out using a 300 K®&OL-3011 instrument with an ultrahigh resolutionlegpo
piece to determine the morphological changes.

Synthesis of copper nanoparticles (CNPs)

Double distilled water has been used throughoutsimhesis process. 1mM aqueous solution of coppleride
was prepared and used for the synthesis of CNRe.filthred stored pure lemon extract (10 ml) wdeetain a
beaker and freshly prepared copper solution (10 weal$ mixed with the extract with constant stirrifay the
reduction of copper ions. The reaction mixture kst in the magnetic hot stirrer at 50%6Cor a particular time to
colour change from pale bluish yellow to pale yellwhich denoted the metal ion reduction. Then firephepared
curcumin extract (ImM) was added with above sofutitxture for stabilizing the nanoparticle and gtiering was
continued for about an hour. The solution colous whanged from yellow to yellowish brown slowly dirtally a
permanent dark brown colour which indicated the plete stabilized CNPs."Rvas maintained between 3-4
throughout the experiment for better result. Thieitgmn was centrifuged with washing several timebtain the
pure CNPs. The supernatant was decanted and kepéinto dryness (Scheme 2).

Biological assay

The antibacterial and antifungal activities of gymthesized CNPs were tested against two gramiymdiacteria
(Staphylococcus aureus and Bacillus subtilis), two gram negative bacteri&scherichia coli and Saphylococcus
bacillus) and four fungusesOandida albicans, Curvularia lunata, Aspergillus niger andTrichophyton simii).

Antibacterial activity test

The disc diffusion method was used to screen thienamobial activity [29]. Stock cultures were m&imed at 4C
on slopes of nutrient agar. Active cultures of ekpent were prepared by transferring a loopful ellscfrom the
stock cultures to test tube of Muller-Hinton br¢MHB) for bacteria that were incubated without atian for 24
hour at 37C and 258C respectively. The cultures were diluted with fréduller-Hinton broth to achieve optical
densities corresponding to 2.0%1blony forming units (CFU/ml) for bacteria. The Néw Hinton Agar (MHA)
plates were prepared by pouring 15 ml of moltenimetdo sterile petri plates. The plates were a##dwo solidify
for 5 minutes and 0.1% inoculum suspension was Bedtuniformly and allowed to dry for 5 minutes. The
concentration of sample at 40 mg/disc was loade@ mm sterile disc. The loaded disc was placederstrface of
medium and the extract was allowed to diffuse foniButes and the plates were kept for incubatio®73€ for 24
hrs. At the end of incubation, inhibition zonesnfi@d around the disc were measured with transpaudert in
millimeter.

Antifungal activity test

The fungal strains were inoculated separately boseaud’s dextrose broth for 6 hour and the suspessvere
checked to provide approximately>OFU/ml. The agar well diffusion method was modifig@®]. Sabouraud’s
dextrose agar (SDA) was used for fungal culturdse Tulture medium was inoculated with the fungahiss
separately suspended in sabouraud’s dextrose Wdttal of 8 mm diameter wells were punched irite agar and
filed with the sample and solvent blanks (hydraoalol, and hexane). Standard antibiotic (Flucorgzol
concentration 1 mg/ml) was used as positive coraral fungal plates were incubated af@7%or 72 h. The
diameters of zone of inhibition observed were messu

RESULTSAND DISCUSSION

Synthesized CNPs are known in the solution by teur changing from pale bluish green to pale yeltiue to
metal ion reduction and from yellow to dark browslaur due to capping of stabilizing agent. The oolohange
can be easily identified by the naked eye. It waarty indicates that the formation of well reduaed stabilized
CNPs.

UV-Visspectra studies

One of the most convenient techniques for chariaetésn of copper nanopatrticles is UV-Vis spectamc The
synthesized turmeric curcumin (CR) was confirmedHgystrong broad absorption peak at around 425ThiBs.can
be due either to am—r* transition or to a combination af»>n* and n—=* transitions which is shown in Figure 1.
The absorption spectra of CNPs exhibit a broad tzratound 585 nm corresponding to the absorptiazopper
nanoparticles. The important another one peak wbdeait 415 nm could be assigned to curcumin meigtigh is
shown in Figure 2.
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Fig.1 UV-Vis spectrum of CR Fig.2 UV-Vis spectrum of CNPs
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Fig. 3 FT-IR spectra of copper nanoparticles

FT-IR spectroscopy was used to investigate therdntimns between different species and changesémical
compositions of the mixtures. Figure 3 shows thdREpectrum of curcumin stabilized copper nandpag. From
the data obtained, phenolic OH showed its weakdtmnd in the range of 3500-3200 tavhich is assigned to
phenolic (OH) group of curcumin moiety. The pealseived at 2913 chwhich can be assigned to the -OH
stretching of water or ethanol present in the systehe C=0 stretching of curcumin at 1625onas shifted to a
higher wave number at 1700 ¢ndue to interaction with copper nanoparticles. €hcharacteristic peaks in the
range of 1520 — 1350 ¢hconforms the aromatic unsaturation (C=C) of sizdil curcumin system. The (C-O)
band presence was assigned by the peaks foun®@1B%0 crit.
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XRD studies
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Fig. 4 XRD pattern of copper nanoparticles

The crystallite size of material, packing and maiplyy tested using XRD spectrometer with Cu soorcéhe basis
of powder diffraction method and the size was dateudl by using Scherrer equation.

0= 1)

where d is the average crystallite size of the phasler investigation, B is the Scherrer constarg@9), A is the
wavelength of X-ray beam usdglis the full-width half maximum (FWHM) of diffraain andd is the Bragg's angle.
X ray diffraction studies of CNPs were investigafiemi the angle of 1%to 8. The intensity plotted against angle
(20 in degrees) showed the average crystallite sihe. average particle size is calculated to be 45gmsing
Scherrer formula. The crystal structures of copyaaroparticles were shown in the Figure 4.

SEM studies

Morphology of synthesized copper nanoparticles ef@sacterized by SEM analysis. The samples weregla an
evacuated chamber and scanned in a controlledrpdityean electron beam. Interaction of the electseam with

the specimen produces a variety of physical phenomehat detected, were used to form images anddzo
information about the specimens. The SEM imagesopper nanoparticles are shown in Figure 5. It lmarview

that the CNPs formed are well dispersed and ewdistyibuted in all direction. SEM images of thosempounds
had shown very clear that most of the particlescalec and rod shaped morphology of material.

Fig. 5 SEM image of copper nanoparticles
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TEM studies

Fig. 6 TEM image of copper nanoparticles

Figure 6 shows the TEM image of the copper nanmpest These images shows that the particles foranedof
nearly spherical morphology. The nanoparticlesnapnelerately dispersed and the average crystallitedfi particles
in the range of 60 to 100 nm and calculated in gagrdement with the crystallite size value from XRD

Antibacterial activity

The antibacterial activities of curcumin and curgurstabilized copper nanoparticles against two gpasitive
(Staphylococcus aureus andBacillus subtilis) and two gram-negative bacterts¢herichia coli andSaphylococcus
bacillus) were evaluated and their activity was compared teell-known commercial antibiotic Chloramphenicol
The results are reported in Table 1.

Table 1: Effect of curcumin and copper nanoparticles on antibacterial activity

Bacterial Species Zone of inhibition diameter (mm sample™)
Standard drug (C) | Curcumin(CR) | Copper nanoparticles (CNPs)
S. aureus 16 13 17
B.subtilis 18 16 21
E. coli 20 17 19
S.bacillus 21 15 18
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Fig. 7Antibacterial activity data of complexes

From these results, copper nanoparticles founcetmbre active against all the bacteria tested amcumin was
moderate active. Curcumin stabilized CNPs havesatgr effect again&aureus, B.subtilis ance.coli than the pure
curcumin. Interestingly, the zone of inhibition ebged for CNPs again§taureus andB.subtilis showed the higher
antibacterial action than the standard drug, Chiptaenicol. Moreover, it showed appreciable actiapainst
E.coli andSbacillus nearly similar to standard drug. Therefore the zoh&hibition exhibited by the CNPs was
significantly very active. The results of antiba@kevaluation are summarized in Figure 7.

Antifungal activity

Curcumin and copper nanoparticles were determiaethgir antifungal activity against four fungatahs Candida
albicans, Curvularia lunata, Aspergillus niger andTrichophyton simii and their activity was compared with standard
antifungal drug fluconazole. The results were showthe Table 2.

Table 2: Effect of Curcumin and copper nanoparticles on antifungal activity

Fungal Species Zone of inhibition diameter (mm sample™)
9 Standard drug (C) | Curcumin(CR) | Copper nanoparticles (CNPs)
21

C.albicans 19 16

C.lunata 17 14 16
A.niger 20 15 19
T.simii 17 16 15

From the results, it can be concluded that theviagtof the CNPs were showed better inhibition cemgal to
curcumin when tested againGtalbicans, C.lunata and A.niger fungal species. However the activity of CNPs
againstC.lunata and A.niger was almost similar to the standard antibiotic,cBhiazole. Particularly, it showed
higher inhibition activity agains€C.albicans than standard drug. Therefore it was indicated that activity of
curcumin stabilized CNPs was more appreciable timenactivity of raw curcumin. The results of antifal
evaluation are summarized in Figure 8.
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Fig. 8Antifungal activity data of complexes
CONCLUSION

We have reported a preparation method of coppeopaticles through a simple and commercially lovstco
effective green chemistry route by using easilyilabée natural lemon extract and turmeric curcuisna reducing
agent and stabilizing agent respectively. The sgifed nanoparticles are stable and smaller iriclearsize.
Moreover, CNPs showed excellent antimicrobial digtithan the standard drug against two bacteri@cigs
Saureus, B.subtilis and a fungiC.albicans and also nearly similar inhibition activity was ebged againsE.cali,
Shbacillus bacterial species an@.lunata, A.niger fungus. From this investigation it can be concludiedt the
synthesized copper nanoparticles are capable waiifisant antibacterial and antifungal activities iolin may
possibly find in various medicinal applications.
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