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Euphorbia heterophylla leaves extract mediated synthesis of multifunctional Zinc oxide nanoparticles (ZnO NPs)
by green chemistry approaches. The prepared product was well characterized using various analytical tools
namely X-ray diffraction (XRD), Ultra Violet-Diffused reflectance spectroscopy (UV-DRS), Fourier transform

anbNPS (a1 activi infrared spectroscopy (FT-IR), Raman spectroscopy, Scanning electron microscopy (SEM), Energy dispersive X-
2;:;;;::; activity ray analysis (EDAX) and Transmission electron microscopy (TEM) etc. The XRD pattern of ZnO NPs showed

hexagonal phase with wurtzite structure. The UV-DR Spectrum reveled that characteristic peak at 370 nm and its
energy band gap was found to be ~3.15eV indicating the formation of ZnO NPs. The FT-IR spectrum results
showed the presence of functional groups. The Raman spectrum showed the presence of phonon modes of
vibrations in ZnO NPs. The morphological analysis of ZnO NPs exhibit hexagonal, conical and pyramidal nature
with mean particle size of ~40 nm which is in close agreement with XRD pattern. ZnO NPs shows significant
antibacterial activity against pathogenic bacterial strains both Gram positive and Gram negative bacteria by agar
well diffusion method. Furthermore, the cytotoxicity of ZnO NPs was evaluated against cancer cell lines such as
lung (A549) and hepatocellular carcinoma (HepG2) cell lines. Therefore, the study reveals that, the E. hetero-
phylla is an effective reducing agent for the formation of ZnO NPs with significant antibacterial and cytotoxicity
properties.

1. Introduction

In recent years, metal oxide nanoparticles have gained significant
attention in scientific research due to their unique properties in phy-
sical, chemical and biological sciences (Mirzaei and Darroudi, 2014).
Among them, ZnO NPs are well known segment of materials due to
their unique properties in different applications (Zhang et al., 2018;
Xiang et al., 2017a, 2017b). Zinc oxide (ZnO) is a wide band gap n-type
semiconducting material which exhibits band gap ~3.37 eV with large
exciting binding energy (Patel et al., 2015). The morphological analysis
of ZnO has been fascinated by numerous superstructures namely bul-
lets, flower, plates, prismatic tip etc. (Madan et al., 2016; Udayabhanu
et al., 2016). Therefore, the design, synthesis and morphological fea-
tures of ZnO NPs exhibiting unique properties is of great interest in the
field of research.

The various methods are design for the synthesis of ZnO nano-
particles such as laser ablation, electrochemical depositions, sol-gel
method, chemical vapor deposition, thermal decomposition,
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ultrasound, co-precipitation, electrophoretic deposition etc. (Zhao
et al., 2011; Manjunath et al., 2014; Streckovaa et al., 2012; Li et al.,
2008). These methods are expensive, have tedious protocols, needs
sophisticated equipment, and runs in rigorous experimental conditions.
However, some of the researchers interested towards green synthesis of
metal oxide nanoparticles with simple, cost-effective, biocompatible
and eco-friendly routes (Bheemanagouda et al., 2016; Vidya et al.,
2013). The biological process involves the green synthesis of nano-
particles using plants materials (Root, stem, leaves, flower, fruit and
seeds) and microorganisms like bacteria, fungi, algae, yeast etc. (Rajiv
et al., 2013; Iravani, 2013; Elumalai et al., 2015; Ramesh et al., 2015;
Pavithra et al., 2017). ZnO NPs prepared with green route, exhibits
various nanostructures which influence the diverse properties (Sangani
et al., 2015; Hameed et al., 2016; Jain et al., 2014; Namvar et al., 2016;
Al-mi et al., 2018).

Euphorbia heterophylla (Linn.) is a branched shrub belongs to the
family Euphorbiaceae, widely distributed in South and Southeast Asian
countries and has become a weed in India and Thailand. Euphorbia
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heterophylla (Linn.) has been used as anti-gonorrhea and also for the
treatment of common ailment in traditional medicine. Furthermore, it
also can be used to treat constipation, bronchitis, asthma, laxative and
as lactogenic agent (Falodun and Agbakwuru, 2004). The plant material
of E. heterophylla was extensively used for pharmacological studies such
as antimicrobial, antioxidant, anti-inflammatory, anticancer, anti-
diabetic and wound healing activity (Uduak et al., 2010; Kesavan et al.,
2014; Falodun et al., 2006; Meenakshi Sundaram et al., 2010; Omale
and Emmanuel, 2010).

Herein, we report the synthesis of ZnO NPs for the first-time using E.
heterophylla as a reducing/capping agent or fuel by combustion method
(Suresh et al., 2015; Nagabhushana et al., 2016). The obtained product
was well characterized using various analytical techniques such as X-
ray diffraction (XRD), Ultra violet-diffuse reflectance spectroscopy (UV-
DRS), Fourier transform infrared spectroscopy (FT-IR), Raman spec-
troscopy, Scanning electron microscopy (SEM), Transmission electron
microscopy (TEM) and Energy dispersive x-ray analysis (EDAX). The
antibacterial activity of green synthesis of E.heterophylla assisted zinc
oxide nanoparticles (E-ZnO NPs) was screened against pathogenic
bacterial strains both Gram positive and Gram negative bacteria by agar
well diffusion method. In addition to this, the cytotoxicity of ZnO NPs
was evaluated against human cancer cell lines such as lung (A549) and
hepatocellular carcinoma (HepG2) cell lines.

2. Materials and methods
2.1. Materials

All the chemicals used were analytical grade. Doubled distilled
water was used for the preparation of all reagent’s solutions. The che-
micals were purchased from Sigma Aldrich, SD-Fine and Himedia la-
boratories Pvt. Ltd, India.

2.2. Collection, identification and preparation of extract from plant

The Euphorbia heterophylla (L.) plant was collected from Tumkur
University campus, Tumakuru, Karnataka, India. The plant was iden-
tified and authenticated by Prof. V. Krishna, Department of
Biotechnology and Bioinformatics, Kuvempu University, Shimoga,
Karnataka, India. Then after, the leaves of E.heterophylla was washed
with running tap water and followed by doubled distilled water to re-
move the dust particles and shaded dried at room temperature. after
dried, the leaves were pulverized with electric blender and then extract
was prepared with doubled distilled water using Soxhlet apparatus
(Raja Naika and Krishna, 2006) by maintaining the temperature at
60-70 °C for 72 h. After extraction process, the extract was dried and
stored at 4 °C until further use.

2.3. Synthesis of zinc oxide nanoparticles (ZnO NPs)

Synthesis of ZnO NPs by ecofriendly green chemistry approaches
(Combustion route) using E.heterophylla leaves extract as a reducing
agent/capping agent/fuel. In a typical synthesis process, ZnO NPs was
prepared in the ratio of 1:9 the E.heterophylla leaves extract and zinc
nitrate hexahydrate (oxidizer) were dissolved in doubled distilled water
in a beaker and stirred for 10 min to get the homogenous solution. The
solution was kept in a pre-heated muffle furnace at 400 + 5°C.
Smoldering type of reaction was observed which is completed in less
than 5min. The product was calcined at 500 °C for 3h to remove the
impurities and formation of ZnO NPs. The main mechanism of the
synthesis of nanoparticles is, the biomolecules present in the leaf ex-
tract form a complex with the oxidizer, which scaffolds the reducing/
capping agent to react with the metal ions. Therefore, leaf extract acts
as scaffolds (direct the formation of nanoparticles), stabilizing agent
(adheres onto the surface of the nanoparticles) and also as a protective
layer which controls the particle size (Vijayakumar et al., 2016).
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2.4. Characterization

The green synthesized nanoparticles were subjected to X-ray dif-
fraction employing Shimadzu X-ray diffractometer (PXRD-7000) with
monochromatized CuKa (1.541 /0\) radiation with nickel filter for de-
termining the phase purity and crystallinity of the sample. The optical
properties of nanoparticles were characterized by using Perkin Elmer
Lambda-35 Spectrophotometer. The Fourier transform infrared spec-
troscopic measurements of nanoparticles were performed using Perkin
Elmer Spectrum BX FT-IR system. Raman studies of nanoparticles were
carried out using HORIBA Lab Ram HR800 spectrometer with recorded
at several different spots in back scattering geometry using 514.5nm
Ar* laser. The surface morphology of nanoparticles was analyzed using
scanning electron microscopy (SEM, Hitachi 3000) and transmission
electron microscopy (TEM) (JEOL TEM 3010) fitted with a Gatan CCD
camera operating at an accelerating Voltage of 300kV. The Energy
dispersive X-ray Analysis (EDAX) used for compositional analysis of the
nanoparticles.

2.5. Antibacterial activity

Antibacterial activity of ZnO NPs were screened against four pa-
thogenic bacterial stains both Gram positive bacteria [Staphylococcus
aureus (NCIM-5022)] and Gram negative bacterial [Escherichia coli
(NCIM-5051), Pseudomonas desmolyticum (NCIM-2028) and Klebsiella
aerogenes (NCIM-2098)] strains (Purchased from NCL Pune, India) by
Agar well diffusion method (Sawai, 2003; Rizwan et al., 2010). Nutrient
agar (NA) media (Hi media laboratories Pvt. Itd, Mumbai, India) was
used for bactericidal activity of E-ZnO NPs in-vitro condition. Nutrient
agar plates were prepared by using 37.0 g of nutrient agar media (NA)
(composition of NA contains peptone 10 g; beef extract 10 g; sodium
chloride 5g; agar 12g; pH adjusted to 7.3 = 0.1) was dissolved in
1000 mL of distilled water, and then subject to the sterilization by au-
toclave at 15 lbs pressure (121 °C) for 15-20 min. After sterilization, NA
medium was poured into sterile petri-dishes and allowed to solidify,
then, 100 ul of 24h mature broth culture of individual pathogenic
bacterial strains in nutrient broth spreaded all over the surface of agar
plates using sterilized L-shaped glass rod. Thereafter, using the sterile
steel cork borer 06 mm, wells were made in each petriplate under
aseptic condition. Various concentrations of ZnO NPs (250, 500, 750,
1000 pg/ul) were used to assess the dose dependent activity of the
product. E-ZnO NPs was dispersed in 10% DMSO solution using ultra-
sonicator and then sterilized micropipettes were used for the addition of
dispersed ZnO NPs into the wells. Similarly, the ciprofloxacin (positive
control) as a standard antibiotic used for bacterial strains. After addi-
tion of sample in NA, plates were incubated at 37 °C for 24 h using
incubator. After incubation, to observe the bactericidal activity of
standard drug containing ciprofloxacin, control and ZnO NPs showing
the inhibition zone of each well and then measured values were noted
using geometrical vernier callipers in mm. The bactericidal activity was
carried out in triplicates with each compound and then the average
values were calculated for determining the bactericidal activity.

2.6. Anticancer activity

The cytotoxicity of E-ZnO NPs was evaluated by using MTT 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay protocol
(Dhaneswar et al., 2013; Kavitha et al., 2016). The cancerous cell lines
such as human lung cancer cells (A549) and human hepatocarcinoma
cell (HepG2) were procured from National Centre for Cell Science,
Pune, India. The cell lines were grown in Dulbecco's Modified Eagle's
Medium (DMEM) with supplemented fetal bovine serum with anti-
biotics and then incubated at 37 °C in the presence of humidified at-
mosphere of 5% CO, and cell lines were grown for 24h before the
experiment. The cancer cell lines were seeded in 96 well plates at a
density 25 x 10> cells/well and incubated for 24 h. After incubation,
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A549 and HepG2 cells were treated with various concentrations of ZnO
NPs (25, 50, 100, 200 and 400 ug/ul). After treatment, the 96-well
plates were incubated for 24 h. Thereafter, the treated cells were in-
cubated with 10% of MTT DMEM for 3h. The culture medium was
extracted, and then added 100 ul DMSO to each well. Cell viability was
determined by measuring the absorbance at 570 nm (Microplate reader-
spectro star nano, BMG Labtech, Germany). All the experiments were
carried out in triplicates and then the values are calculated with re-
spective percentage of viable cells at different test concentrations with
relative untreated cells.
A570 of treated cell

% of cell viability = X 100
A 570 of controlled cell (€H)

Simultaneously the standard antibiotics (Cisplatin used as a positive
control) are tested against A549 and HepG2 cell lines. A different
concentration of ZnO NPs were have resulted in 50% inhibition of cell
growth was calculated as the half maximal inhibitory concentration.

2.7. Statistical analysis

The experimental data was analyzed by mean + SE subjected to
multivariant analysis. Means were separated by Tukey's range tests
using eZ ANOVA software.

3. Result and discussion

Presently, the plant mediated synthesis of Nanoparticles is gaining
importance due to their simplicity, environmentally friendly and it
exhibiting the multifunctional properties of the nanoparticles. Among
them, green synthesis of ZnO NPs from E. heterophylla [L.] is very
simple, inexpensive and ecofriendly nature.

3.1. X-ray diffraction (XRD) analysis

In a Fig. 1. shows the XRD pattern of ZnO NPs from E. heterophylla.
The characteristics patterns are corresponding to the diffraction pat-
terns of hexagonal wurtzite phase, no other peaks appeared in the XRD
pattern. All the diffraction peaks of ZnO NPs are well matched in JCPDS
Card no. 36-1451 with lattice parameters are a = 3.24982A, ¢
= 5.20661 A and the space group is P63mc. The average crystallite size
of ZnO NPs was found to be “30 nm which was calculated from the XRD
pattern using Debye Scherer’s formula (Nagabhushana et al., 2014).
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Fig. 1. PXRD pattern of ZnO NPs from Euphorbia heterophylla (L.).
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Fig. 2. (a) UV-Diffuse reflectance spectrum (DRS) and (b) Energy band gap (Eg)
of ZnO NPs from E.heterophylla (L.).
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Fig. 3. FT-IR spectrum of ZnO NPs from E.heterophylla (L.).
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Fig. 4. Raman spectrum of ZnO NPs from E.heterophylla (L.).
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where ‘D’ crystallite size of the ZnO NPs, ‘k’ shape factor (0.9), ‘A’
wavelength of X-ray (1.54 A) Cu Ka radiation, ‘0’ is the Bragg angle
form 26 value of intensity peak from XRD pattern and ‘B’ is the full
width half maximum of the diffraction from XRD pattern of ZnO NPs.

3.2. Ultra-Violet diffuse reflectance spectroscopic (UV-DRS) analysis

The UV-DR spectrum of E-ZnO NPs was recorded in between 200
and 900 nm as shown in the Fig. 2. In a Fig. 2(a) show the broad intense
reflectance peak at 370 nm. It indicates that, ZnO NPs are transfer of
electrons from the valence band to conduction band. The energy band
gap of ZnO NPs was calculated by Kubelka-Munk equation (Morales
et al., 2007; Kumar et al., 2013) which is based on the transformation of
DRS measurements to estimate the values with good accuracy. The
energy band gap of ZnO NPs was found to be 3.15eV as shown in the
Fig. 2(b). As a result, ZnO NPs show blue shift with respective to its bulk
ZnO which can be attributed to the changes in their surface morphology
and size (Vinod Kumar et al., 2010; Mishra et al., 2012).

ZnONPs

| Elements | Weight% | Atomic% |
P 7200 4109
P 2598 5891

100

Fig. 5. Morphological analysis of ZnO NPs from E.heterophylla (L.) as (a) SEM micrograph (b) TEM image (c) HRTEM (d) SAED pattern (e) EDAX.
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Fig. 6. Antibacterial activity of ZnO NPs from E. heterophylla (L.) against bacterial strains such as (a) S. aureus (b) E. coli (c) P. desmolyticum (d) K. aerogenes
(S=Standard antibiotic; C= Control and different concentration of ZnO NPs 250,500,750 and 1000ug/ul) (e) Graphical representation of antibacterial activity of
NPs.

Table 1
Antibacterial activity of E-ZnO NPs against pathogenic bacterial strains.
Treatment Bacterial strains
Sample Concentration (ug/mL) S. aureus (Mean * SE) E.coli (Mean =+ SE) P.desmolyticum (Mean = SE) K. aerogenes (Mean = SE)
Ciprofloxacin 10 14.08 = 0.22 11.43 = 0.23 11.50 = 0.29 12.02 = 0.13
E-ZnO NPs 250 4.87 = 0.19 2.77 = 0.15 3.53 = 0.09 1.17 * 0.17
500 6.83 = 0.44 4.03 = 0.15 6.00 = 0.29 3.00 = 0.29
750 8.58 = 0.22 5.93 = 0.35 7.27 = 0.15 4.13 = 0.19
1000 10.83 = 0.44 8.43 = 0.23 8.92 = 0.22 6.50 = 0.29

Values are the Mean * SE of inhibition zone in mm.



K. Lingaraju, et al.

A549 -1y

HepG2 (c-2)

100

80

60

40

% of viability

20

Biocatalysis and Agricultural Biotechnology 18 (2019) 100894

m A549 m HepG2

50 100

400

200

Concentartion of samples (ng/nl)

Fig. 7. Cytotoxicity of ZnO NPs from E.heterophylla (L.) against A549 (C-1) and HepG2(C-2) cancer cell lines. Control: Cells untreated, Standard: cells treated with
drug cisplatin (25 uM): Cells treated with different concentration of ZnO NPs (25, 50, 100, 200, 400 pg/pl) from E.heterophylla (L.) and Graphical representation of

cytotoxicity of NPs.

Table 2
Cytotoxicity of green synthesis of E-ZnO NPs against cancer cell lines.
Cancerous cell lines Standard Cisplatin Concentration of ZnO NPs (ug/pl) ICso (ng/pul)
(25 uM) Control 25 50 100 200 400 383.05
A549 49.09 = 0.002 100 93.03 = 0.005 85.64 = 0.002 74.80 = 0.003 70.50 = 0.004 48.66 + 0.005
HepG2 52.23 * 0.005 100 98.58 * 0.003 86.20 = 0.004 78.39 = 0.004 65.31 = 0.001 49.79 = 0.001 329.67

3.3. Fourier transform infrared spectroscopy (FTIR) analysis

The FTIR spectrum of E-ZnO NPs was recorded between 4000 and
400 cm ™! as shown in the Fig. 3. FTIR spectrum shows a broad band at
3417 cm ™! is assigned to O-H stretching mode of water. The peaks
observed at 2931, 1631, 1480, 1378 and 880 cm ™' are due to sym-
metrical and asymmetrical stretching and bending vibrations of car-
boxylic groups. The peak at 461 cm ™! is attributed to stretching fre-
quency of the vibrational modes of Zn-O. The results states that, the
FTIR spectrum confirms that phenolic compounds in flavonoids are
better to bind to the metal ions, indicating that a presence of secondary
metabolites may form metal nanoparticles to prevent agglomeration

and acts as reducing/stabilizing/capping agent. Its effective role in the
presence of biomolecules may perform dual functions such as forming
and stabilizing zinc oxide nanoparticles in an aqueous medium
(Gnanasangeetha and Sarala, 2014; Sangeetha et al., 2011).

3.4. Raman spectroscopic studies

A vibrational property of E-ZnO NPs was analyzed using Raman
spectrum as shown in the Fig. 4. The Raman spectrum exhibits four
peaks at 327, 381, 438 and 573 cm ™! correspond to Exy- Eop, A1(TO),
E,H, A;(LO) fundamental phonon modes of ZnO respectively (Zakhidov
et al,, 2017). Among them, the phonon modes A; and E; are polar
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which are active in infrared and Raman, while another mode E, belongs
to non-polar which is active only in Raman spectrum. The second order
reaction (Eop-Eo1) of vibrational mode at 327 cm ™! Raman is active
and phonons are inactive with lattice symmetry due to disorder active
scattering with attributed in zone boundary phonons. Another phonon
A, (TO) vibration mode at 3821 cm ™! arising due to ZnO polar bond
lattice vibrations. The Eyy phonon mode shows vibration at 438 cm ™!
with good crystallite and wurtzite lattices. The A;(LO) phonon mode
shows vibration at 573 cm ™' due to defect O, vacancy and Zn inter-
stitials in the spectrum of ZnO NPs (Kumar et al., 2009).

3.5. Morphological analysis

Morphological features of E-ZnO NPs is shown in the Fig. 5. The
scanning electron microscopy image of ZnO NPs as shown in the
Fig. 5(a), the particles are conical, pyramid and triangular in shapes in
the presence of plant extract. In a Fig. 5(b), TEM micrograph of ZnO
NPs were almost in hexagonal shapes and hexagonal shapes and their
sizes are found to be ~40 nm. The obtained particles sizes are in good
agreement with the values estimated from XRD analysis. The HR-TEM
(High-resolution transmission electron microscopy) images of ZnO NPs
show the sample is polycrystalline in nature with inter planar spacing is
0.24 nm which corresponds to (101) plane of hexagonal ZnO is shown
in Fig. 5(c). The SAED (Selected area electron diffraction) pattern of
ZnO NPs was shown in Fig. 5(d) with 10.69 1/nm and 6.64 1/nm as a
scale bar. The EDAX results of ZnO NPs shown in Fig. 5(e) which shows
the elemental analysis of zinc, and oxygen atoms with atomic percent
(Zn=41.09. 0=>58.91) and weight percent (Zn=74.02. O=25.98).

3.6. Antibacterial activity

Antibacterial activity of E-ZnO NPs was screened against various
pathogenic bacterial strains (Staphylococcus aureus, Escherichia coli,
Pseudomonas desmolyticum and Klebsiella aerogenes) by agar well diffu-
sion method. Inhibition zone of E-ZnO NPs with different concentra-
tions (250, 500, 750 and 1000 pg/ul) with respect to the positive con-
trol (ciprofloxacin) were shown in the Fig. 6. The antibacterial activity
of E-ZnO NPs has shown significant activity in Staphylococcus aureus
compared to Escherichia coli, Pseudomonas desmolyticum and Klebsiella
aerogenes which is shown in Table 1. In a mechanism of antibacterial
activity by E-ZnO NPs, Reactive oxygen species (ROS) such as OH' can
be generated and recombined to form H,0,, which disrupts the cell
membrane results in leakage of cytoplasmic contents, can damage DNA
which finally leads to cell death. The Zn ions from the ZnO NPs can
penetrate into the cell membrane which inhibits the active transport,
metabolism of sugar, disrupt metal ion homeostasis and enzyme sys-
tems when the concentration reaches a specific level (Lingaraju et al.,
2015; Liu et al., 2017; Li et al., 2018; Xie et al., 2017; Li et al., 2017).

3.7. Anticancer activity

The cytotoxicity effects of E-ZnO NPs was evaluated against A549
and HepG2 cells at different concentrations of ZnO (25, 50, 100, 200,
400 ng/ul) by measuring the cellular reduction of tetrazolium dye [MTT
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide] by its
insoluble formazan crystals in-vitro cytotoxicity study (Rajeshkumar
et al., 2018). The cytotoxicity of metal oxide nanoparticles against
cancer cells has already been reported (Nagajyothi et al., 2014; Fukui
et al.,, 2012). In the present study, E-ZnO NPs with different con-
centrations were used against i) A549 cancer cell line (C-1) and ii)
HepG2-human hepatocarcinoma cell line (C-2), observed a dramatic
decrease in cell viability with respect to positive control. The decrease
in cell viability with an increase of E-ZnO NPs suggests that accumu-
lation of nanoparticles inside the cells which enhances the cell stress,
ultimately leads to cell death. The results clearly showed that there was
an enhanced efficacy of E-ZnO NPs against A549 and HepG2 cancer cell
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lines shows in the Fig. 7. The values in Table 2, shows that highest
cytotoxicity effect of E-ZnO NPs were on A549- and HepG2 with ICsq
value. In a mechanism of cancer cell death, the E-ZnO NPs may induce
reactive oxygen species on A549 and HepG2 which penetrates and
damages the cellular components, leads to cell death (Song et al., 2010;
Wang et al., 2014). The MTT assay yielded concentration-dependent
curves in cell lines, indicating the impact of synthesized material in
inducing increased cytotoxicity at higher concentrations of nano-
particles.

4. Conclusions

The present work was carried out to investigate the synthesis of
multifunctional ZnO NPs by green chemistry route using aqueous leaves
extract of Euphorbia heterophylla (L.) as a reducing/capping agent/sta-
bilizing agent/fuel. It is a single step for the synthesis of nanoparticles
appears to be suitable for large scale production as it is very simple, cost
effective, and eco-friendly manner. The as formed product was char-
acterized by using various analytical tools such as XRD, UV-DRS, FT-IR,
Raman, SEM, EDX and TEM techniques to study the structural, optical
properties and morphological features. Furthermore, the plant derived
ZnO NPs exhibits significant biological properties such as antibacterial
and anticancer properties. The Antibacterial activity of E-ZnO NPs
shows significant inhibitory effect against pathogenic bacterial strains
in S.aureus when compared to the E.coli, P. desmolyticum and K. aero-
genes. In addition to this, E-ZnO NPs shows significant cytotoxic effect
on Human Lung Cancer cells (A549) and Human Hepatocarcinoma Cell
(HePG2). The results suggest that plant mediated synthesis of ZnO NPs
might be of a great value for many biomedical applications.
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