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Biologically synthesized nanoparticles have been widely using in the field of
medicine.
Research in nanotechnology highlights the possibility of green
chemistry pathways to produce technologically important nanomaterials. Present
study focuses on the Biological synthesis of Zinc oxide nanoparticles (ZnO-NPs) by
Zinc acetate and sodium hydroxide utilizing the biocomponents of leaves of
Catharanthus roseus. The samples were characterized by x-ray diffraction (XRD),
Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDAX) and
FT-Raman Spectroscopy. The synthesized ZnO-NPs were found to be spherical in
shape with an average size of 23 to 57 nm. These ZnO-NPs were evaluated for
antibacterial activity. The maximum diameter of inhibition zones around the ZnONPs disk used for Bacillus thuringiensis indicates the resistance to ZnO NPs followed
by Escherichia coli. Among the four bacterial species tested, the Pseudomonas
aeuroginosa is more susceptible when compared with other three species. It is
concluded that the biological synthesis of ZnO NPs is very fast, easy, cost effective
and eco-friendly and without any side effects and ZnO Nps may be used for the
preparation of antibacterial formulations against Pseudomonas aeuroginosa.
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INTRODUCTION

and

environmentally

nontoxic

method

of

Nanotechnology is an important branch in the

there is no need to use high pressure, energy,

major fields of biology, chemistry, physics and

temperature and toxic chemicals [2, 3].

material sciences. Nanoparticles possess a wide

ZnO-NPs have found fabulous applications in

array of application in the different fields’ viz.,

biomolecular, diagnostics and microelectronics [4].

medicine, electronics, and therapeutics and as

ZnO-NPs have been used to remove arsenic and

diagnostic agents. The nanomaterials can be

sulphur from water even through bulk zinc oxide

synthesized

cannot

nanoparticle synthesis. Moreover in this method

by

different

methods

including

absorb

arsenic.

It

is

because

chemical, physical, irradiation and biological

nanoparticles have much larger surface areas

methods. The development of new chemical or

than bulk particles

physical methods has resulted in environmental

centre of attention due to their fascinating

contaminations, since the chemical procedures

properties and extensive applications. Bio-inspired

involved

synthesis of ZnO-NPs has been achieved using

in

the

synthesis

of

amount

nanomaterials
of

hazardous

[5].

ZnO-NPs are always in the

generate

a

large

byproducts

[1].

Thus, there is a need of “green

systems. Several studies have been investigated

synthesis” that includes a clean, safe, eco-friendly

the use of natural materials for ZnO-NP synthesis

environmentally

and

eco-friendly

accepted
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N. Savithramma

such as DNA [6], albumen

[7],

orange juice

[8],

Pea

starch [9] and peptide structures [10] etc.
oxide

nanomaterials

are

the synthesized ZnO-NPs were evaluated for the

used

in

the

antibacterial activity against Bacillus thuringiensis,

preparation of substances processing medicinally

Escherichia

coli,

Staphylococcus

as well as cosmetically useful properties. Due to its

Pseudomonas aeuroginosa.

aureus

and

antibacterial properties, zinc oxide is applied on
the skin, in the form of powders, antiseptic creams,
surgical tapes and shampoos, to relieve skin

MATERIAL AND METHODS

irritation, diaper rash, dry skin and blisters. Zinc

Zinc acetate dehydrate (99% purity) and sodium

oxide is used along with iron oxide to prepare

hydroxide

calamine lotion and with eugenol to prepare zinc

introductory materials supplied by Sigma-Aldrich

oxide

chemicals. Fresh and healthy leaves of C. roseus

eugenol

which

is

used

for

dental

(Pellet

99%)

was

used

as

the

applications [11, 12].

were collected from S.V.U. Botanical Garden;

Catharanthus roseus is an important medicinal

Taxonomic identification of the plant was carried

plant belongs to the family Apocynaceae, the

out with the help of Gamble

other

compared

common

names

are

periwinkle,

Madagascar periwinkle, sadabhar.

Traditionally

Department

with
of

the

[22]

herbarium

Botany,

Sri

and also

present

in

Venkateswara

Catharanthus roseus has been used in folk

University, Tirupati, and Andhra Pradesh, India.

medication to take care of diabetes, high blood

Primarily the leaves were washed with distilled

pressure and diarrhoea

water, cleaned and pressed with blotted paper.

[13,

14,

15].

Though, in
and

Then the leaves were shade dried and ground to

chemotherapeutic agents from C. roseus known

make a fine powder and used for experimental

for pain relieving property in cancer treatment.

studies.

The plant is recognized to control major disease

Biological synthesis of ZnO nanoparticles

such as leukemia and diabetes

It is

The aqueous leaf extract of C. roseus was added

cultivated mainly for its alkaloids, which are

to 0.025 M aqueous Zinc acetate and adjusted

having anticancer activities [19]. To the best of our

the pH 12. The resulted solution was pale white in

knowledge, biological approach of using leaf

color. After stirring, the precipitate was washed

extract of C. roseus is the first time as a reducing

against with distilled water followed by ethanol to

material as well as surface stabilizing agent for the

get free of impurities. The solution was vaccum

synthesis of ZnO-NPs. Biosynthesis of ZnO-NPs by

dried and used for characterization of ZnO NPs.

using

SEM analysis of ZnO-NPs

modern

medicine

number

of

plants

alkaloids

such

[16, 17, 18].

as

Calotropis
Lot of work

Scanning electron microscope (SEM) analysis was

had been carried out on C. roseus for isolation of

carried out by using HitachiS-4500 SEM machine.

secondary

of

Thin film of the sample was prepared on a carbon

nanoparticles particularly ZnO-NPs are scanty.

coated copper grid by just dropping a very small

Hence in the present study, we have explored the

amount of the sample on the grid, extra solution

biological synthesis of ZnO-NPs by using the leaves

was removed using a blotting paper and then the

of C. roseus and characterized these NPs with

film on the SEM grid was allowed to dry.

gigantean

[20],

Aleo barbadensis

metabolites

but

[21].

synthesis
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Zinc

SEM, EDAX, XRD and Raman FT-IR. Furthermore,

100 µL of the each extracts were

EDAX measurements

glass L-rod.

In order to carry out the EDAX analysis, the drop of

applied to each filter paper disc Whatmann No.1

leaf extract with reduced ZnO nanoparticles was

(5 mm dia) and allowed to dry before being

dried on coated with carbon film and performed

placed on the agar. Each extract was tested to

on Hitachi-S-3400 N SEM instrument equipped with

triplicate and the plates were inoculated at 370C

thermo EDAX attachments.

for 24 hours after incubation.

X-Ray Diffraction (XRD) analysis

inhibition zones was measured and tabulated.

The diameter of

The particle size and nature of the ZnO-NPs were
determined using XRD. This was carried out with
α

RESULTS AND DISCUSSION

radians at 2θ angle. X-ray powder diffraction is

Biological synthesis of ZnO-NPs by using C. roseus

rapid analytical technique primarily used for

revealed that the pale white precipitate was

phase identification of a crystalline material and

appeared (Fig-1). C. roseus leaf has been used

can provide information on unit cell dimensions.

for the reducing material as well as surface

The size of the ZnO-NPs was determined by Debye

stabilizing agent for the synthesis of spherical

Sherrer’s equation.

shaped ZnO-NPs. SEM image showed that the
individual ZnO-NPs as well as the number of

D = 0.94λ/β cos θ
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FT-Raman Spectroscopy analysis

aggregates

FT-Raman Spectra were obtained on a Bruker RFS-

nanoparticles formed with diameter range 23 to

100 Instrument. It is equipped with an ND: YAG

57 nm. Aggregate molecules where formed in the

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

range of 20 nm, show in Fig-2.

controlled using the OPUS software. The main

(Table 1 & Fig-3) revealed that the other elements

Instrument is connected to a microscope using

along with Zn are identified.

which small areas of samples can be analyzed. In

XRD spectra showed strong diffraction peaks at

the analysis of ZnO-NPs, the powder is placed

20, 32, 35 and 40 degrees of 2θ which corresponds

under the microscope the energy of the laser

to 111, 200, 220 and 311 crystal planes, which

photons being shifted up or down. The shift energy

were significant agreement with the JCPDS file

gives information about the vibration modes in the

36145 (a = b = 3.249A0, C = 5.206 A0) and indexed

system.

as the hexagonal wurtezite structure of ZnO (Fig-

Antibacterial assay

4).

The following bacterial strains were used in this

ZnO-NPs confirmed the sturdy and clear peak. For

study viz., Bacillus thuringiensis (ATCC 10792),

other impurities no characteristic peaks were

Escherichia coli (ATCC 25922), Staphylococcus

accessible.

aureus

Pseudomonas

In order to find out the possible functional groups

aeuroginosa (ATCC 15442). Disc diffusion method

of capping agents associated in the stabilization

was carried out by using standard protocol[23] and

of ZnO-NPs, Raman spectrum of the nanoparticles

overnight bacterial cultures (100 µL) was spread

was

over Muller Hinton Agar (Hi Media Laboratories

enhancement of Raman bands of the organic

Private Limited, Mumbai, India) plates with a sterile

capping agents bound to the nanoparticles. The

(ATCC

6538)

and

relatively

spherical

shape

EDAX spectrum

High purity and crystallinity of the prepared

recorded.

Fig-5

gives

the

selective

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., January - March 2014, 6 (1): 208-214
© 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.

Full Length Original Research Paper

Shimadzu XRD-6000/6100 model with CuK

spectrum shows a strong and sharp band at 1340

against the microbial strains which are developing

cm-1 which can be attributed to the stretching

resistance to traditional antibiotics.

vibration of Zn-N and Zn-O bonds.

Acknowledgement

the

formation

of

chemical

bond

between zinc and amino nitrogen and, zinc and

The first Author is highly grateful to DST for

carboxylate

sanctioning of Inspire Fellowship.

groups

of

Catharanthus

roseus

molecules. It confirms that the organic molecules
of

C. roseus is bound to the Zn either through

amino (or) carboxylate group (or) both the broad

Table 1: EDAX of synthesized elements during the
formation of ZnO-NPs through the leaves of C.
roseus

ones at 1351 and 1523 cm-1 correspond to
Element

Weight

Atomic (%)

OK

07.62

25.21

vibrations of carboxylate group respectively. FT-

ZnK

92.38

74.79

Raman spectroscopic study confirmed that the

Matrix

Correction

ZAF

symmetric and asymmetric C = 0 stretching

carboxyl group of amino acid residues of C.roseus
has a strong binding ability with Zinc Suggesting

Table 2: In vitro antibacterial activity of ZnO-NPs of
leaf extract of C. roseus

the formation of ZnO-NPs.
Biosynthesized ZnO-NPs were analyzed for their

S.
No.

Name of the
tested bacteria

antibacterial activity against two gram negative

Zone of inhibition (mm)
Ciprofloxacin

1.

Pseudomonas

27 ± 0.7

aeuroginosa – ATCC 15442) bacteria and two

2.

Staphylococcus

12 ± 0.22

gram positive bacteria (Staphylococcus aureus –

3.

E. coli

19 ± 0.1

ATCC 6538, Bacillus thuringiensis – ATCC 10792) by

4.

Bacillus

24 ± 0.4

(Escherichia coli – ATCC 25922, Pseudomonas

disk diffusion method.
activity

was

The highest antimicrobial

observed

against

Zinc
plant ZnOacetate extract NPs
13 ±
13 ± 0.2 5 ± 0.0
0.4
12 ±
12 ±
5 ± 0.0
0.15
0.1
10 ±
18 ± 0.1 5 ± 0.0
0.1
12 ±
9 ± 0.4
5 ± 0.0
0.02

± indicate the S.E average of triplicates

Pseudomonas

aeuroginosa followed by Staphylococcus aureus
(Table 2 &Fig.6). The results were compared with
the ciprofloxacin as a positive control, Zn acetate
as a negative control and plant extract as a
control.

CONCLUSION
The Biosynthesized ZnO-NPs were great interest
due to their eco-friendliness, economic prospects,
and feasibility and Short time for synthesis may be
wide range of applications in nanomedicine,

(a)

(b)

Fig 1: Synthesis of ZnO-NPs (Colour change) by
using leaf extract of C. roseus
(a) Leaf extract, (b) Treated with Zinc acetate

catalysis medicine mainly for the pharmaceutical
industry for development of new formulations
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indicates

This peak

2800
2600

Intensity [a.u]

2400
2200
2000
1800
1600
1400
1200
1000
800

Fig 2: SEM images of ZnO-NPs synthesized by using
leaf extract of C. roseus

500

1000

1500

-1 2000

Ramanshift (cm )

2500

Fig 5: FT-IR spectra of ZnO-NPs synthesized by using
the leaf extract of C.roseus

Page 212
Fig 3: EDAX images of ZnO-NPs synthesized by
using leaf extract of C. roseus

Intensity

200

Intensity

150

Fig 6: Antibacterial activity of leaf extract of C.
roseus
a) Staphylococcus and b) Pseudomonas d)
Bacillus, c) E. coli
1) Plant extract, 2) Zinc acetate, 3) ZnO-NPs, 4)
Ciprofloxacin
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