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Abstract
Anovel and simplewet chemical hydrothermal synthesismethodwas employed in the preparation of
zinc oxide (ZnO) nanoparticles using neem (N), pepper (P) and turmeric (T) extracts as solventmedia.
The structural and optical properties as well as the antibacterial and anticancer properties of all the
samples (ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnO)were characterized and analyzed. Solvent
mediawas found to have an effect on both the size and themorphology of the nanoparticles, which in
turn effected their optical and cytotoxic properties. The colony forming unit (CFU) assays were done
forE. coli, S. aureus and S. typhi inwhich T/ZnO (∼2) and P/ZnO (∼3) showed a remarkable effect on
S. aureus for 100 μgml−1 and nearly zero for 150 μg/ml. The zone of inhibition (ZoI)wasmeasured
for S. agalactiae, S. dysgalactiae and S. pyogenes.The results showed that S. dysgalactiae ismore sensitive
toN/ZnO.Finally, the anticancer properties of these compounds towardsprostate cancer cells was
investigated. Among the active compounds TZnO showed the highest activity with low IC50 value
(37.751 μg/ml) followed by PZnO (45.68 μgml−1).

1. Introduction

Nanotechnology has been playing a vital role in the biomedical and pharmaceutical areas [1–6]. Nanoparticles
(NPs) can be synthesizedwith desired physical and chemical properties [7–11]. In general, there are two types of
nanomaterials: (1) organic and (2) inorganic; inwhich the organic nanomaterials are often less stable at high
temperature and pressure compared to inorganic nanomaterials. In general, the inorganic nanomaterials such as
metals andmetal oxides are preferred as bactericidal and cancer targetingmaterials for the new era of
biomedicine[12]. Among thesemetal oxides, nanoparticlezinc oxide (ZnO) had been playing a leading role in a
lot of bacterial and cancer research due to its high surface-to-volume ratio of nanoparticles which allow for
better interactionwith bacteria and cancer cells [13–15]. ZnO is a bio-safematerial that provides photo-
oxidization and photo catalysis on both chemical and biological species. ZnO-NPs antibacterial and anticancer
activity includes testingmethods, impact ofUV illumination, ZnOparticle properties (size, concentration,
morphology, and defects), particle surfacemodification, andminimum inhibitory concentration[16, 17]. Prior
studies have also clarified themechanisms of these properties which focus on generation of reactive oxygen
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species (ROS) including hydrogen peroxide (H2O2), hydroxyl radicals (OH
−), and peroxide (O2

−2). These have
led tomitochondria weakness, intracellular outflow, and release in gene expression of oxidative stress which
caused eventual cell growth inhibition and cell death [18, 19]. There has been a long tradition to use plant
extracts asmedicine for various illnesses – termed herbal remedies. Such natural products, such as neem
(Azadirachta indica), pepper (Piper nigrum), turmeric (Curcuma longa) are widely used inAsian countries to
increase the immune efficacy andfight against bacterial and fungal infections. Recent studies have demonstrated
antimicrobial and anticancer activities of various nanoparticlematerials, including organic and inorganic
[20, 21]. This study provides the detailed anti-bacterial and anti-cancer behaviour of ZnOnanoparticles
synthesized using extracts as solventmedia fromnatural products: neem (leaves), pepper (black seeds) and
turmeric (fresh rhizome).

2.Materials andmethods

Zinc acetate dihydrate and sodiumhydroxide, were purchased fromMerckwith 98%and 97%purity,
respectively. Neem leaves, turmeric rhizomes and black pepper seedswere obtained and used as natural
products. Double distilled (DD)water (with neem, turmeric and pepper extract)was used for the solvent
extraction in the reaction scheme detailed below.

2.1. Synthesis of ZnOby hydrothermal techniquewith various solvent extracts
2.1.1. Preparation of extract
50 grams of turmeric stemwas cut into small pieces and 500 ml ofDDwater was added to it followed by heating
at 100 °C for 2 h. Then the solutionwas allowed to cool overnight. Finally, the heated solutionwas filtered and
the extract was further used as a solvent in the synthesis of ZnO.

Similarly, 50 g of neem leaves and pepper seeds was used for the preparation of extract. For the combination
of turmeric, neem and black pepper extract 25 ml from each extract is added.

2.1.2. Synthesis procedure
3 gramof zinc acetate dihydrate and2.4 gramof sodiumhydroxide (NaOH)ofwas dissolved in 75mlofDDwater
separately.Then theNaOHsolutionwas addedbydropwise into the zinc acetate dihydrate solutionunder constant
stirring.A colloidal solutionwas obtainedwhichwas set aside under stirring for half anhour. After that, the solution
was transferred to the autoclave andkept in oven for 2 h at 160 °C.Next itwaswashedwithDDwater 5 times using
the centrifuge. The obtainedprecipitatewas dried in a hotplate at 120 °CandZnOnanopowderwere obtained.

The samemethod in used for synthesis the zinc oxidewith the natural products, but theDDwater is replaced
with the different solvents such as neem (N), turmeric (T) and black pepper (P) extract tomake thefive ZnO
nanomaterials studied here: ZnO,N/ZnO, T/ZnO, and P/ZnO.

2.2. Nanomaterial characterization
The structure of ZnO samples was investigated for the crystalline puritywith a Bruker X-ray diffractometer
(XRD) (Model AXSD8Advance usingCuWavelength 1.5406 nm). Scanning electronmicroscopy (SEM) images
were recorded by SEM;VEGATESCAN3. The thickness and diameter of the nanoplates by SEMweremeasured
using ImageJ software (free and open source available fromwebsite http://rsb.info.nih.gov/ij). UV–vis
spectroscopicmeasurements (UV)provides the diffuse reflectance spectrumof ZnOobtainedwith anAgilent
8453UV-Visible spectrophotometer from200 to 800 nm. Photoluminescence spectroscopy(PL)affords the
emission spectrumbyAgilent spectrofluorometer carry eclipse under 325 nm excitationwavelength.

2.3. Preparation of bacterial cultures

(i) The test human pathogenic bacterial cultures such as Escherichia coli, Staphylococcus aureus and Salmonella
typhiwere obtained from theDepartment ofMicrobial Technology, School of Biological Sciences,Madurai
Kamaraj University,Madurai, Tamil Nadu, India. The synthesized compounds ZnO, P/ZnO, T/ZnO,
N/ZnOwere tested for antibacterial activity against the different human pathogens: E. coli, S. aureus, and S.
typhi by spread platemethod onMuller—Hinton agar (MHA)medium. The overnight bacterial culturewas
grown onnutrient broth (NB).Bacterial culturewas serially diluted on anNBmedium and two different
concentrations of nanoparticles (100 and 150 μg ml−1)was used and it was incubated for 4 h at 37°C in a
shaker at 120 rpm. After incubation, 100 μl of the sample was spread onMHAplates [22]. The inoculated
plates were incubated for 24 h at room temperature. After incubation, the results were observed; plates and
colonies were counted. Distilledwater and tetracycline act as negative and positive control, respectively. The
experiments were performed in triplicates.
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(ii) Antibacterial activity of synthesized nanocomposite against human pathogenic bacteria streptococcus was
tested bywell diffusionmethod onMHAmedium amendedwith 5% sheep blood ([g/L]: beef extract-3,
casein acid hydrolysate-17.5, starch- 1.5 and agar-17) [23]. The human pathogenic streptococcus species
were obtained fromApollo hospital, Chennai. The above six human pathogenswere inoculated in a 5 ml of
sterile Todd-Hewitt brothwith 1%yeast extract and incubated at 37 °C for overnight. The cultures were
swabbedwith the help of sterile cotton buds onMHAmedium amendedwith 5% sheep blood. A 9 mmdisc
borer was used tomake thewells and eachwell 200 μl of sonicated nanocomposite (2 mgml−1) and
tetracycline (2 mgml−1) as reference control was added. Inoculated plates were incubated for 24 h at 37 °C.
After 24 h of incubation, different levels of zone of inhibition (ZOI)weremeasured using ameter ruler. The
experiments were performed in triplicates.

2.4. Preparation of cancer cell line and cytotoxicity assay
2.4.1. Cell line andmaintenance
Human prostate cancer cell line (PC3)was obtained fromNational Centre for Cell Sciences (NCCS), Pune. Cells
weremaintained inDMEMmedium supplementedwith 10% (v/v) fetal bovine serum (FBS), and 1%
penicillin/streptomycin antibioticmixture. Cells weremaintained at 37 °C in an atmosphere of 95% air and 5%
CO2.

2.4.2. Cytotoxicity assay
The formulated compounds ZnO,NZnO, PZnO, TZnO andTNPwere dispersed inDMSO.Different
concentrations from1.56 μg ml−1 to 50 μgml−1 was prepared usingDMEMmedium.Cytotoxicity effects of the
above compounds against prostate cancer cell linewas determined as follows. PC3 cells were seeded in 96-well
flat bottommicro plate and then incubated overnight at 37 °C in 5%CO2 for cell attachment. Themediumwas
removed and replacedwith freshmedium containing various concentrations of selected drugs. Cells were
incubated at 37 °C in 5%CO2 for 48 h. Forty-eight hrs later, 15 μl ofMTT (5 mgml−1) solutionwas added to
eachwell and then the plates were further incubated for 4 h. After incubation, 75 μl of lysis buffer was added to
dissolve the formed crystal formazan and incubate at room temperature for overnight. The optical density was
measured using amicroplate reader at a wavelength of 570 nmand the percentage of inhibitionwas calculated.
IC50 values were calculated using graph pad prism, version 5.02 software (Graph Pad Software Inc., CA,USA).

2.4.3.Morphological change analysis
Generalmorphological structure of cells was examined to study the effect of formulated drugs on the PC3 cell
line. Briefly, cells were cultured in 12well plates and incubated overnight at 37 °C. Then themediumwas
removed and replacedwith the drug containingmedium and incubated for 48 h. Simultaneouslymedium alone
serve as a control. After the respective incubation time, cells were washed twice with PBS and visualized under
phase contrastmicroscopy at 40Xmagnification.

3. Results and discussion

3.1. Structural analysis byXRD
Figure 1 depicts the diffraction spectra of ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnO. The peaks at
2θ=31.76, 34.34, 36.18, 47.65, 56.53, 62.93, 67.94, 69.22were assigned to (100), (002), (101), (102), (110),
(103), (200), (112), (201) of ZnONPs, indicating that the samples were polycrystallineWurtzite structure/
hexagonal wurtzite structure. The zinc oxide phasesmatched their JCPDS card numbers 89-0510.

The average crystallite size (d) of ZnONPswas estimated by Scherrer’s formula [24]:

( )l
b q

=D
k

cos
1

where k=0.9 is the shape factor,λ is theX-raywavelength ofCuKα radiation (1.54 Å), θ is the Bragg diffraction
angle, andβ is the full width at halfmaximumof the respective diffraction peak. The average size of prepared
sample is calculated as 21 nm (ZnO), 32 nm (N/ZnO), 24 nm (P/ZnO), 28 nm (T/ZnO) and 44 nm (NPT/
ZnO). All the other samples were red shiftedwith respect to ZnO and also no diffraction peaks of other
impurities were detected, which testify that all the prepared sample is ZnOwith same structure.

3.2.Optical studies
3.2.1. UV visible spectroscopyand diffuse reflectance spectroscopy (DRS)
Figure 2 depicts the room temperature absorption spectra of ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnO,
whichwere recorded using the BaSO4 powder compact as the reference sample. The excitonic absorption peak
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was observed at 355 nm, blue-shifted compared to that of the bulk ZnO (375 nm) due to the quantum
confinement effect [25].However, for theN/ZnO, P/ZnO, T/ZnOandNPT/ZnO samples due the presence of
neem, pepper and turmeric the absorption edge shifts towards the higher wavelength region. These have similar
broad and strong absorption spectrumwith an onset around 396 nm. The peakmaxima of these samples were
around 360–370 nm.Of all the samples theN/ZnOandNPT/ZnO exhibited another absorption peak in the
visible region, whichmay be due to the presence of neem. The absorption spectra of the nanocomposites show a
red shift slightly which is consistent with the XRD result.

The indirect band gap of these nanoparticles (figure 2) is estimated from the graph of hv versus (α nh )1/2 for
the absorption coefficientα [26]. The absorption coefficientα is related to the bandgap, Eg, as

( ) ( )a n n= -h A h E 2g
1 2

where, nh is the incident photon energy andA is a constant. The energy band gap, Eg of the nanoparticles is
determined as 3.4 eV (ZnO), and for other samples it is around 3.13 eV from the above expression. The presence
of neem, pepper and turmeric in the ZnO synthesis provided noticeable prominent change in the band gap
implying that the optical properties of thesematerials are clearly affected by the synthesismedium.

Figure 1.XRDpatterns of ZnO,N/ZnO, P/ZnO,T/ZnOandNPT/ZnO.

Figure 2.DRS spectra of ZnO,N/ZnO, P/ZnO,T/ZnOandNPT/ZnO.
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3.2.2. PL spectroscopy
To study the electron transfermechanism the photoluminescence (PL) characteristics of the ZnO,N/ZnO,
P/ZnO,T/ZnOandNPT/ZnOnanoparticleswere carried out at roomtemperaturewith an excitationwavelength
of 325 nm [27]. A sharp ultraviolet (UV) emission peak centred about 368 nm is observed for pureZnOwith the
absenceof any emission band in the visible region is shown infigure 3. ThisUVemission band is attributed to the
near edgeband emissionofZnO [28]. For all other samples such asN/ZnO,P/ZnO,T/ZnO,NPT/ZnO, the
intensity of near edge band emission is veryweak and a small visible emission at about 400 nmare observedwith
PLmeasurements. The absorption edge inUV/visible spectra suggests right shift towards the visible region
compared to the pure ZnO.All the samples exhibit emission peakswithin theUV region, butwith lower
emission intensity thanZnO,whichmeans theyhave lower recombination rate [29].

3.3.Morphological study by SEM
Figure 4 displays the SEMmicrographs of ZnO,N/ZnO, P/ZnO, T/ZnO andNPT/ZnO. By using the neem,
pepper and turmeric extracts themorphology of the nanomaterial changes. ZnO,N/ZnO andP/ZnO (0.3 to
0.5 μm) shows nanoplate-like structures. However, the T/ZnO showmorphological changes as spherical
particles (2.6 μm). Finally, theNPT/ZnO (0.8 μm) formed into non-uniform cuboidal structures. Not only the
temperature and pressure, but also the inoculation of natural products play a vital role in themorphological
changes of ZnO as can be seen in figure 4.

3.4. Antibacterial behaviour and cancer studies of ZnOnanoparticles
3.4.1. Discussion on colony forming unit (CFU)
ZnOnanoparticles have a broad spectrumof antibacterial activities [30]. Here all the synthesized nanoparticles
ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnOwere tested on three bacteria’sE. coli, S. aureus and S. typhi
(table 1). All the synthesized nanoparticles showed good inhibitory effects on S. aureus compared to other
nanomaterials (numerous colonies to count). This result showed that S. aureuswas extremely sensitive to
P/ZnOandT/ZnO. It is also clear that the nanoparticles function as bactericidal agent and not bacteriostatic by
showing no recovery of the treated cells and rapid killing of S. aureus. The antibacterial activities of Ag-NPsMIC
value at100 and 150 μg ml−1 against S. aureus andE. coliwas inhibit bothGram-positive andGram-negative
bacteria [22].

Figure 5 shows the colony forming inhibition of S. aureus exposed to P/ZnO (100 and 150 μg ml−1) and
T/ZnO (100 and 150 μg ml−1)NPs. TheCFU assay results demonstrate that S. aureus colony formationwere
inhibited under illumination.When the quantity of P/ZnO increased it shows better activity and the colonies

Figure 3.Emission spectra of ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnO.
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Figure 4. SEMmicrographs for ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnO.

Table 1.CFUassay on E. coli, S. aureus and S. typhi by ZnO,N/ZnO, P/ZnO,T/ZnOandNPT/ZnO.

E. coli (μg/ml) S. aureus (μg/ml) S. typhi (μg/ml)

S.No. Compounds 100 150 100 150 100 150

1. ZnO TNTC TNTC TNTC TNTC TNTC TNTC

2. N/ZnO TNTC TNTC 48 23 TNTC TNTC

3. P/ZnO TNTC TNTC 3 — TNTC TNTC

4. T/ZnO TNTC TNTC 2 — TNTC TNTC

5. NPT/ZnO TNTC TNTC 37 18 TNTC TNTC

6. Tetracycline — — — — — —

7. Control NA NA NA NA NA NA

TNTC—TooNumerous ToCount;NA—NoActivity.
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were reduced to 3. Overall, T/ZnO showed remarkable performance, which is due to the presence of turmeric in
the solventmediumof the ZnO synthesis.

3.4.2. Discussion on zone of inhibition
Among thefive nanocomposites tested for antibacterial activity against human pathogens, N/ZnO followed by
P/ZnO showedmore activity. The other three nanocomposites (T/ZnO,NPT/ZnO, ZnO) also haveminimum
inhibition activity (table 2). Among the six Streptococcus isolates tested forfive nanocomposite, S. dysgalactiae is
more sensitive (72%) followed by S. agalactiae (53%), S. pyogenes (45%) as comparedwith tetracycline, which
was used as a reference control (figure 6).

Figure 5.CFU image showing the activity of P/ZnOandT/ZnOagainst S. aureus.

Figure 6.Antibacterial activity of nanocomposites against human pathogen Streptococcus species.
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The human pathogenic bacteria such as E. coli, S. aureus, S. typhi and Streptococs spp have developed
multidrug resistance activity. Several recent studies reported Streptococcus and Staphylococcus species are
becoming resistant to currently available synthetic antibiotic [31], therefore we attempted natural extracts to
check the antimicrobial activity and it showed significant results also in the prostate cancer cell line.Hence, we
selected biosynthesis of zinc oxide nanomaterials with natural extracts of neem, pepper and turmeric effect on
antibacterial activity and cellular toxicity on prostate cancer cells (PC3). Among five different biosynthesized
zinc oxide nanomaterials efficacy against antimicrobial activity the results showed significantly reduced bacterial
growth on turmeric coated zinc oxide (T/ZnO) at 100 μgml−1 followed by pepper (P/ZnO) at 100 μg ml−1.
Among the three different human pathogens tested S. aureus effectively inhibited the bacterial growth by
T/ZnO. The T/ZnO antimicrobial activity is equal to commercial antibiotic tetracycline. Based on the results
T/ZnOwas superior activity against bacterial pathogens and also cytotoxic activity of prostate cancer cell line
with low Ic50 value (37.75, table 3). On the other hand,N/ZnO showed better activity against Streptococcus
species. Hence, the results indicate that the activemolecule T/ZnO could be used as drug or drug delivery
system inmedical applications.

3.4.3. Cellular toxicity studies
Anticancer activity of the selected compounds against prostate cancer was screened based onMTT cytotoxicity
assay (figure 7). This is an appropriatemethod to analyse new compounds within a short period in order tofix
their toxicity effect on cancer cells. Cytotoxicity has been defined as the cell killing property of a chemical
compound independent from themechanismof death. There aremany establishedmethods such as crystal

Table 3. IC50 values of selected compounds against PC3
cells.

S. No Nameof theCompound IC50 (μg/ml)

1 ZnO 165.89

2 N/ZnO 151.38

3 P/ZnO 45.68

4 T/ZnO 37.75

5 NPT/ZnO 115.58

Table 2.Antibacterial activity of humanpathogens against nanocomposite (zone of inhibition inmm).

Bacteria name Pure N/ZnO P/ZnO T/ZnO NPT/ZnO Tetracycline

S. agalactiaeNBMKU42 5 7 6 5 5 11

S. agalactiaeNBMKU46 5 6 6 3 5 18

S. dysgalactiaeNBMKU21 6 14 13 3 11 25

S. dysgalactiaeNBMKU19 5 6 6 4 4 18

S. pyogenesNBMKU15 4 6 6 4 4 29

S. pyogenesNBMKU14 3 6 5 4 3 21

Figure 7.Cytotoxic effect of formulated compounds such as ZnO,N/ZnO, P/ZnO, T/ZnOandNPT/ZnOagainst PC3 cells.
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violetmethod, tritium- labelled thymidine uptakemethod,MTTandWSTmethods are used for counting the
number of live cells. Among these,MTTassay ismainly usedbecause of its high reproducibility, and it canuse for
both cell viability and cytotoxicity tests. This assay is based on themitochondrial dehydrogenase activities in the
living cells. FromourMTTassay result, the results showed that IC50 values ofZnO,N/ZnO,P/ZnO,T/ZnOand
NPTZnOagainst PC3 cells were 165.89 μgml−1, 151.38μgml−1, 45.68μgml−1, 37.751μgml−1, 115.58μgml−1,
respectively. The results suggested that all drugs showed a cytotoxicity effect onPC3 cells exceptZnOandN/ZnO.
Among the active compoundsT/ZnO showed thehighest activitywith low IC50 value (37.751 μgml−1) followed
byP/ZnO (45.68 μg ml−1).

3.4.4.Morphological change assessment
The implementation of cell death is associatedwithmorphological changes of cells. Figure 8 shows the several
morphological changes of cells with respect to the treatment. From the analysis, it was confirmed that the
formulated nanomaterials induce cell toxicity viamorphological changes.When comparedwith ZnO treated
cells, the remaining formulated compound treated cells showedmanymorphological changes. The control cells
remained confluentwith spindle shape throughout the incubation period. Themorphology of ZnO treated cells
was similar to control cells.Whereas, PC3 cells treatedwith other compounds showed remarkable changes
including cell shrinkage,membrane blabbing and damage. Among these compounds, T/ZnO andP/ZnO
showed potential changes. In case of T/ZnO,most of the cells were shrunk and lost their proliferating ability.
Meanwhile P/ZnO treated cells underwentmembrane damage and thus the complete architecture of the cells
was changed.Hence this study proved that the formulated ZnO compoundswith natural extracts weremore
biologically active against prostate cancer.

4. Conclusions

In summary, the ZnOnanoparticles have been prepared using a simple and efficient hydrothermal synthesis
methodwith the neem, pepper and turmeric extract. The structural characterization of synthesized
nanoparticles is crystalline in structure and the hexagonal wurtzite structure of ZnOdoes not changed due to
neem/pepper/turmeric, but a visible red shift is observed. The synthesized ZnOnanoparticles exhibit the
absorption peak at 375 nmand it shifts towards the visible region. The synthesized ZnOnanoparticles exhibit
photoluminescence withinUV region and it is observed that no defect states are created in the visible region. The
present work proves it is simple and low-costmethod for producing ZnOnanoparticles using natural antibiotic
elements such as neem, pepper and turmeric. For these samples S. dysgalactiae ismore sensitive (72%) followed
by S. agalactiae (53%), S. pyogenes (45%) comparedwith tetracycline as a reference control. The results signify
that T/ZnOnanoparticles have remarkable bactericidal efficacy against S.aures and anticancer property against
prostate cancer cells. T/ZnO is grabbing attention as a potentially powerful cancer fighter. In general, the

Figure 8.Morphological evaluation of PC3 cells by phase contrastmicroscopy.
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chemical composition, curcumin helps to counter the inflammation that contributes to the tumour growth.
This work shows investigated the combination of turmeric andZnOas a possible treatment for prostate cancer.
Also other nanoparticles such as P/ZnOandN/ZnOplays a vital role against S.aures and S. dysgalactiae
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