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Screening of zinc oxide nanoparticles for cell proliferation synthesized
through Adhatoda vasica nees
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Abstrqci:

Nano science is the basic Study of systems and materials at the nanoscale. The
objective of the present study focuses on the Phytoconstituent mediated
biological synthesis of ZnO-NPs by Zinc acetafte and sodium hydroxide by ufilizing
the biocomponents of leaves of Adhatoda vasica .The samples are characterized
by UV-Vis Spectroscopy, Scanning Electron Microscopy (SEM), Energy Dispersive X-
ray (EDAX), X-ray diffraction (XRD) and FT-Raman Spectroscopy. The Synthesized
ZnO-NPs were found to be discoid in Shape with an average size of 19 - 60 nm .The
diffraction pattern also confirmed that the higher percentage of ZnO with fine
particle size. Phytochemicals present in the plant were responsible for the quick
reduction of Zn* ion to metallic Zinc Oxide nanoparticles. The synthesized ZnO-NPs
had the potential to mitigate the bacterial cell proliferation particularly
Escherichia coli, Bacillus thuringiensis, Pseudomonas aeurogonisa and
Staphylococcus aureus. Adhafoda vasica is a good source for rapid reduction of
metallic Zinc oxide in to nanoparticles with antibacterial activity. These green
synthesized ZnO-NPs are possess therapeutic values.
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I are rewardingly treated as a bridge between bulk
NTRODUCTION

material and atomic and molecular structures.

Nanotechnology is the creation and utilization of Zinc oxide (ZnO) belongs to a group of metal

materials through the control of the properties oxides with photo-oxidizing and photo catalytic

and structure of matter at the nanometric scale. ability against chemical and biological species 3.

Nanoparticles fall in the transition zone between ZnO-NPs have found fabulous application in

individual molecules and the corresponding bulk biomolecular detection, diagnostic and micro
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materials, which generate both positive and
negative biochemical effects in living cell 1. Any
material which enters into a plant system should
prove three fundamental aspects that they are
biologically active degradable and safe. Hence,
there is need to explore different chemical and
biological methods for this purpose. Nanoparticles
due to their smaller size and large surface to
volume ratio exhibit remarkable novel properties
and methodical applications in the field of
biotechnology, sensors, medical, catalysis, opftical

devices, DNA labeling, drug delivery 2 and they

electronics 4. ZnO-NPs have been used to remove
arsenic and sulphur from water even when bulk
Zinc oxide cannot absorb arsenic. It is because;
nanoparticles have much larger surface areas
than bulk particles 5. Several studies have been
investigated the use of natural materials for ZnO-
NPs synthesis such as DNA¢, albumen 7, orange
juice &, pea starch ? and peptide structures 10 efc.
ZnO-NPs

substances

are used in the preparation of
processing medically as well as
cosmetically. Due to its antibacterial properties,

ZnQ is applied on the skin irritation, diaper rash, dry
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skin and bilisters. ZnO is used along with iron oxide
to prepare calamine lotion and with eugenol to
prepare ZnO eugenol which is used for dental
applications 1. ZnO-NPs can also be used for
selective destruction of tumor cells and has a
great potential in drug delivery applications 12,
ZnO-NPs have also been shown to exhibit strong
protein adsorption properties, which can be used
to modulate cytotoxicity, metabolism or other
cellular responses 3. Apart from these many
applications, ZnO, due to its low toxicity is listed as
“Generally Recognized as Safe” (GRAS) by the US
Food and Drug Administration (21, CFR 182,
8991).Green Synthesis that includes a clean, safe,
nontoxic

and this

eco-friendly and  environmentally

method of nanoparticles synthesis
method there is no need to use high pressure,
energy, temperature and toxic chemicals 4. The
qualitative and quanftitative analysis is very
essential for identifying and quantification of
active principles present in the medicinal plants
which is important for medicinal action and drug
preparation. The phytochemicals responsible for
the synthesis of nanoparticles are terpenoids,
flavonoids, phenols,

carbohydrates, saponins,

alkaloids and proteins!s. The ferm phenolic
compound embraces a wide range of plant
substances that bear in common an aromatic ring
with one or more hydroxyl substituents. The
antioxidant activity of phenolic compounds is
mainly due to their redox properties, which can
play an important role in absorbing and
neutralizing free radicals, quenching singlet and
triplet  oxygen, or decomposing peroxides.
Adhatoda vasica is an important medicinal plant
belongs to the family Acanthaceae. Adhatoda
vasica has been used in Ayurvedic medication to
take care many skin diseases, malarial fever,

infrinsic hemorrhage, cough, leprosy and piles '°.

L ______________________________________________________________________________________________________________________________________|]
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In modern medicine it is reported to be an
expectorant Vabortifacient 18, antimicrobial 19,
antitussive 20 and anticancer 21, Important
chemical constituents in A.vasica are adhatonine,
vasicinone, pyrrloquinozoline, alkaloids, vasicine,
vasicol, vasicinolone. Biological synthesis of ZnO-
NPs was carried out by using plants such as
Calotropis gigantean 22 and Aloe barbadensis 23,
Lot of work had been carried out on A. vasica for
isolation of secondary metabolites but synthesis of
nanoparticles particularly ZnO-NPs are scanty.
Hence, in the present study, we have explored the
green synthesis of ZNnO-NPs by using the leaves of
A. vasica and characterized these NPs with SEM,
EDAX, XRD and

Furthermore, the

FT  Raman spectroscopy.
synthesized ZnO-NPs

evaluated for the bacterial cell proliferation

were

against  Bacillus  thuringiensis, Escherichia coli,

Staphylococcus aureus and  Pseudomonas

aeuroginosa

MATERIALS AND METHODS

Zinc acetate dehydrate (99% purity) and sodium
hydroxide (Pellet 99%) were used as introductory
materials supplied by Sigma-Aldrich chemicals
India). A
collected from S.V.U. Botanical Garden, Tirupati,
Andhra Pradesh, India.

Plant extract and qualitative analysis

(Bangalore, vasica leaves were

Plant leaf extract was prepared by mixing 10g of
dried leaf powder with 100 mL deionized water in
500 mL of Erlenmeyer flask and boiled for 20 min at
1000C.

separate conical flask by Standard filtration

Then the leaf extract was collected in

method. This extract was used for further studies.
Identification of active phytoconstituents (Table-1)
of A.vasica was done by following the methods of

Gibbs 24 and Herbone 25,
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Biological synthesis of ZnO-NPs

The aqueous leaf extract of A. vasica was added
to 0.025 M aqueous zinc acetate and adjusted
the pH 12. The resulted solution was pale white in
color. After stirring, the precipitate was washed
against with distilled water followed by ethanol to
get free of impurities. The solution was vacuum

dried and used for characterization of ZnO-NPs.

UV-Vis Spectra analysis

The reduction of pure Zinc Oxideions was
monitored by measuring the UV-Vis spectrum of
the reaction medium at 5 h after diluting a small
aliquot analysis was done by using UV-Vis
spectrophotometer UV-2450 (Shimadzu).

SEM analysis of ZnO-NPs

Scanning Electron Microscope (SEM) analysis was
carried out by using Hitachi $-4500 SEM Machine.
Thin film of the sample was prepared on a carbon
coated copper grid by just dropping a very small
amount of the sample on the grid, extra solution
was removed using a blotting paper and then the
film on the SEM grid was allowed to dry.

EDAX measurements

In order to carry out the EDAX analysis, the drop of
leaf extract with reduced ZnO nanoparticles was
dried on coated carbon film and performed on
Hitachi S-3400 N SEM instrument equipped with
thermo EDAX aftachments.

X-Ray diffraction (XRD) analysis

The particle size and nature of the ZnO-NPs were
determined using XRD. This was carried out with
Shimadzu XRD-6000/6100 model with CuK «a
radians at 20 angle. X-ray powder diffraction is
rapid analytical technique primarily used for
phase identification of a crystalline material and
can provide information on unit cell dimensions.
The size of the ZnO-NPs was determined by Debye
Sherrer’s equation.
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D =0.94 A/B cosB

FT-Raman Spectroscopy analysis

FT-Raman spectra were obtained on a Bruker RFS-
It is equipped with an ND: YAG

laser (1064 nm line) and the laser power can be

100 instrument.
controlled using the OPUS software. The main
instrument is connected to a microscope using
which small areas of samples can be analyzed. In
the analysis of ZnO-NPs, the powder is placed
under the microscope, the energy of the laser
photons being shifted up or down. The shift energy
gives information about the vibration modes in the
system.

Antibacterial assay

The following bacterial strains were used in this
study viz., Bacillus thuringiensis (ATCC 10792),
Escherichia coli (ATCC 285922), Staphylococcus
(ATCC  6538)
aeuroginosa (ATCC 15442). Disc diffusion method

was carried out by using standard protocol 26,

aureus and Pseudomonas

Overnight bacterial cultures (100 pL) were spread
over Muller Hintfon Agar (Hi Media Laboratories
Private Limited, Mumbai, India) plates with a sterile
gloss L-rod. 100 pL of the each extracts were
applied to each filter paper disc Whatmann No.
(6 mm diao) and allowed to dry before being
placed on the agar. Each extract was tested to
triplicate and the plates were inoculated at 370C
for 24 hours after incubation. The diameter of

inhibition zones were measured and tabulated.

REesuLt AND DIscussion

The phytochemical analysis of A. vasica leaf
extract Table-1 revealed that this plant contains
biomolecules, including alkaloids, proteins,
tannins, glycosides, steroids, phenols, reducing
sugars, carbohydrates, proteins and lignins. These

phytochemicals are responsible for the immediate
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reduction of ions and formation of AgNPs 27,
particularly phenols and alkaloids which could be
used as reductant to react with silver ions and
therefore used as Scaffolds to direct the formation
of ZnO-NPs

reactions which proceed in the agqueous extract

in the solufion 28The chemical
may be as follows.

Green synthesis of ZnO-NPs by using A. vasica
revealed that the pale white precipitate was
appeared (Fig-1). ZnO-NPs typically have neutral
hydroxyl groups attached to their surface, which
plays a key role in their surface change behavior
29, In aqueous medium and at basic pH, the
chemisorbed protons (H+) move out from the
particle surface leaving a negatively charged
surface with partially bonded oxygen atoms
ZnO»).

environment are likely transferred to the particle

At acidic pH, protons from the
surface, leading to a positive charge from surface
ZnOH+*2 groups. The iso-electronic point indicates
that ZnO-NPs will have strong positive surface
charge under physiological conditions. A. vasica
has been used as the reducing material as well as
surface stabilizing agent for the synthesis of ZnO-

NPs.
Zn (CH3CO0O2)2H,0+ 2NaOH—® Zn(OH2)+2CH3COONa+ 2H,O
Zn(OH)2 +Biomolecules of metabolites ——» ZnO+H0O

UV-Visible absorption Spectroscopy is widely being
used technique to examine the optical properties
of nano sized particles. The band was observed
around 340-400nm Shown in Fig-2 due to the
Plasmon resonance phenomenon which is the
collection of Oscillation of electrons. Here the
direct electro chemical process is involved that
means the reduction or Oxidation in ZNO-NPs, the
electrodes

provide or accept the electron

directly. In case of reduction, the Protons are

. _______________________________________________________________________________________________________________________________________________|
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supplied by the aqueous environment (i.e. Phenols
which are presented in aqueous medium.

In SEM analysis a fim beam of electron (10-40
KeV) is caused to scan the Sample in a Series of
Parallel tracks. These electrons inferact with
electron in the sample, producing various Signals
that caon be detected and that Contain
information about the samples. SEM analysis was
used to determine the structure of the reaction
products that were formed. SEM image has
showed individual ZnO-NPs formed with diameter
range 23.6 to §7.6 nm showed in Fig-3.

The elemental composition of green synthesized
ZnO-NPs was analyzed through EDAX from Fig-4.
EDAX Spectrum confims the formation of
elemental Zinc peak at 2.0 - 4 KeV., which is in
congruence with the major emission peaks
specified for metallic Zinc along with small peaks
of Oxygen arisen due to the Capping of ZnO-NPs
by biomolecule of A. precaftorius leaf extract.

XRD analysis is used to determine the Phase
distribution,
synthesized nanoparticles XRD spectra showed
strong diffraction peaks at 300, 38.280, 440 and
64.349 degrees of 28 which corresponds to 111,

Crystallinity and Purity of the

200, 220 and 311 crystal planes, which were
significant agreement with the JCPDS file 36145 (a
= b = 3, 249A°, C = 5.206A°) and indexed as the
hexagonal wurtezite structure of ZnO (Fig-5). The
average particle size of ZnO-Nps synthesized by
the present biological method can be calculated
using the Debye-Scherrer euation D= KA/ Cos6 .
It was found that the average size from XRD data
and using the Debye-Scherrer equation was
approximately 32nm. High purity and crystallinity
of the prepared ZnO-NPs confirms the study and
clear peak. For other impurities no characteristic

peak was accessible.
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In order to find out the possible functional groups
of capping agents associated in the stabilization
of ZnO-NPs, FT-Raman spectrum of the NPs was
recorded. Fig-6 gives the selective enhancement
of Raman bands of the organic capping agents
bound to the NPs.
and sharp band at 500 cm,

The spectrum shows a strong
The following
absorption bands at 3350 cm-! stretching of N-H
(or) OH (COOH), 2970-2500 cm! stretching of CHs,
1720-1700 cm-! stretching vibrations of C-C, 1420-
1330 cm? s CHs
deformation and the band between 500-400 cm-!
correlated to ZnO-NPs.

Green synthesized ZnO-NPs were analyzed against

stretching vibration of

bacterial cell proliferation by using two gram
ATCC 25922,
ATCC 15442)

two gram positive  bacteria

negative (Escherichia coli -

Pseudomonas aqaeuroginosa -
bacteria and
(Staphylococcus aureus — ATCC 6538, Bacillus
10792) by disk diffusion

method. Anti bacterial activity of A.Precatorius

thuringiensis — ATCC

Fig.7 revealed that the highest potential was
observed against Staphylococcus aureus followed
by Pseudomonas aeuroginosa. The results were
compared with the Ciprofloxacin as a positive
control, zinc acetate as a negative control and
plant extract as control.

ZnO-NPs

proliferation

can reduce the Dbacterial cell

than traditional antibiotic
ciproflaxacin. It has shown that, nano ZnO which
has the average size between 20 nm and 45 nm
can enhance the antibacterial activity of
ciprofloxacin against S. aureus and E. coli in vitro.
The enhancing effect of these nanomaterials is
concentration dependent against all test strains.
This effect may be due to two reasons first, Zinc
oxide NPs interfere with Nor A protein. Nor A is a
protein  which is developed for conferring
resistance in bacteria and has pumping activity

Covered in Scopus & Embase, Elsevier

that

fluroquinolone from a cell.

mediate the effluxing of hydrophilic
Second ZnO-NPs can
inferfere with Omf which is a membrane protein
that s

quinolones into the cell 30,

responsible for the permeation of

ConclLusion

A. vasica is a good medicinal plant for synthesis of
ZnO-NPs by rapid reduction of Zn ions. ZnO-NPs
showed strong potential against bacterial cell
proliferation and can be used in the preparation
of apoptotic agent and also in the synthesis of
strains are

novel antibiotics as the bacterial

resistant to conventional antibiotics. Green
methods are a good component for the chemical
procedure, which are environment friendly, fast,

cost effective and convenient.

Table 1: Qualitative phytochemical analysis of A.

vasica
|S. No. | Phytoconstituents | Aqueous extract of A. vasical
1. |Flavonoids -
2. | Tannins +
3. |Glycosides ++
4., | Steroids +
5. | Saponins
6. |Phenols ++
7. |Terpenoids -
8. |Reducing sugars ++
9. | Anthocyanins
10. | Carbohydrates +
11. |Proteins +
12. | Alkaloids ++
13. |Fatty acids -
14. | Lignins ++
15. | Anthroquinones -
Note: "+’ indicates presen’r, -’ indicates absence

() (o))

Int. J. Drug Dev. & Res., April - June 2014, 6 (2): 97-104

© 2014 G. Bhumi et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted noncommercial

use, provided the original work is properly cited.

-
=
—

=l
=
Q

Q.
S
QD
g
o
=
Y,
Q

S
@




G. Bhumi et al; Screening of zinc oxide nanoparticles for cell proliferation synthesized through Adhatoda vasica nees

Fig 1: Synthesis of ZnO NPs (Colour change) by
using leaf extract of A. vasica
(a) Plant extract, (b) Treated with ZnO
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Fig 2: UV-Vis Spectroscopy analysis of synthesized

ZnO-NPs using leaf extract of A. vasica

Fig 3: SEM images of ZnO nanoparticles
synthesized by using leaf extract of A. vasica
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Fig 4: EDAX images of ZnO nanoparticles
synthesized by using leaf extract of A. vasica
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Fig 5: XRD pattern of ZnO nanoparticles of A.
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Fig 6: FT- Roman spectra of ZnO nanoparticles
synthesized by using leaf extract of A. vasica

Fig 7: Antibacterial activity of leaf extract of A.
vasica

a) Staphylococcus, b) Pseudomonas, ) Bacillus,

d) E. coli

1) Plant extract, 2) Negative control, 3) Treated, 4)

Ciprofloxacin

Int. J. Drug Dev. & Res., April - June 2014, 6 (2): 97-104

© 2014 G. Bhumi et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted noncommercial

use, provided the original work is properly cited.



Table 2: Antibacterial activity of A.vasica leaf

8)

extract
(mm)
Staphylococcus 14 £001 03 £0.3
aureus 10.07

o | Fseudomonas | 5,08 [14+0.1| 24+084
geuroginosa

3 fhgﬁq‘;”i’g;sis 9+02 [12:05| 224 o

4 | Escherichia coli| 7 £0.09 |9 +0.29 20+0.9
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