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Abstract ZnO NPs were efficiently synthesized from the

leaves extract of Ipomoea pes-caprae. The work focuses on

phytochemical studies, phytomediated synthesis and char-

acterization of ZnO NPs and its biological applications.

Phytochemicals present in the extract may be responsible

for reducing the metal salts into their respective nanosize

particles. The UV–Vis spectrum infers the formation of

NPs, with absorbed peak at 322 nm. The XRD pattern

depicted significant peaks at 2h positions which confirmed

the hexagonal wurtzite structure. FTIR spectrum (ZnO

NPs) was recorded to identify the functional group of

biomolecules involved in synthesis. ZnO NPs was

measured in the range of 2–20 nm by FE-SEM and particle

analyses. ZnO NPs in various concentrations revealed

potential antioxidant (IC50-21.09) and antibacterial activi-

ties. Cytotoxicity activity by Vero cell line (MTT assay)

was found to be significant. ZnO NPs exhibited concen-

tration-dependent cytotoxic reactivity to Vero cells after

24-h contact. ZnO NPs exhibited efficient dye degradation

of methylene blue in the presence of sunlight. Due to the

versatile properties and applications of ZnO NPs, these

were widely studied by user-friendly approaches being

green, simple and economy.
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Introduction

The nature has provided the warehouse of medicine to cure

numerous ailments of human beings. Medicinal plants

contain active constituents that are used in the treatment of

multiple human diseases [1, 2]. Nowadays, the growth of

nanotechnology has opened up a world of new possibilities

for fabricating nanomaterials with wide range of applica-

tions [3]. Nanomaterials are used in intracellular delivery

of RNA, DNA, proteins, peptides and drugs for inducing

cancer cell death and as contrast agents for cancer imaging

[4]. Cancer is one of the leading causes of death worldwide

and characterized by proliferation of abnormal cells.

Nanoparticles (NPs) can offer unique interactions with

biomolecules and may be useful in cancer diagnosis and

treatment [5]. The fight against cancer is difficult particu-

larly in the development of therapies for severely multi-

plying tumors. So, conventional methods require the

combination of controlled released technology and targeted

drug delivery which is more effective and less harmful.

Nanomaterials are expected hopefully to revolutionize

cancer diagnosis and therapy [6]. The zinc ions might

explain ZnO-induced cytotoxic and apoptotic activity. Zinc

ions released from ZnO materials induce oxidative stress-

mediated cell death [7–9], and the strong correlation

between ZnO NPs-induced cytotoxicity and free zinc ion

concentration also suggests a requirement for ZnO disso-

lution for effective cytotoxicity [10]. A number of studies

have reported the toxicity of ZnO materials, and their

potential to induce cell death has been explored in cancer

biology [7, 11].

Syntheses of nanoparticles were one of current biome-

dicine production process from the medicinal plants [12].

The plant extracts act as a capping agent for nanoparticles

synthesis and are now valuable over other biological pro-

cesses [13]. Biological process for nanoparticle synthesis

using bacteria, fungi, enzymes, plants, algae, collagen,

macromolecules and amino acid sequences has been pro-

posed as eco-friendly alternatives to chemical and physical

methods [14–16]. Green synthesis was acquiring high

interest based on the rich content of active metabolites in

plant [17]. The metal oxides have a higher portion of atoms

and liable for their potential properties such as magnetic,

electronic and antimicrobial activity [18]. Many environ-

mental pollutants are organic in nature, and many proposed

methods of environmental decontamination involve oxi-

dation of the organic pollutants [19]. However, using

semiconductor photocatalysts to oxidize and remove such

pollutants from the local environment has many advantages

over alternative methods [20]. Nanoparticles have a high

surface area per volume, which increases the number of

available surface states to serve as reaction sites. However,

increased crystallinity associated with larger particle sizes

typically results in greater optical efficiency and therefore
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higher electron–hole pair production efficiency [21, 22].

ZnO was an important photocatalyst due to its unique

advantages and using semiconductors photocatalysts for

the removal of organic pollutants in wastewater [23]. The

photocatalytic effects of ZnO are being exploited for use

within self-cleaning paints, in environmental remediation

applications and prophylactics with nanoparticle and col-

loidal suspensions demonstrating high photodegradation

efficiency for organic compounds [24]. In photocatalytic

reactions, the semiconducting materials can use sunlight

energy to degrade organic pollutants into nontoxic com-

pounds in aqueous solution, viewing considerable poten-

tials for purifying dye-contaminated water as a green

system [25]. Besides, the recent findings showed that metal

nanoparticles were successfully used in the degradation of

color dyes. Thus, plant extract-mediated synthesis of metal

nanoparticles can be economy and simple when compared

with chemical and physical method [26, 27]. ZnO NPs are

widely used due to their unique antibacterial, antifungal,

high catalytic and photochemical activities [28, 29].

Ipomoea pes-caprae Linn. (F: Convolvulaceae) is

commonly called as ‘‘Beach Morning Glory or Goat’s

Foot.’’ It occurs along with the beaches, strands and trop-

ical islands of tropical North and South America, India,

Asia and Australia [30]. Ipomoea pes-caprae (I. pes-

caprae) has been reported to scavenge free radicals and can

be an essential source of antioxidants [31]. The leaves

extract has astringent, diuretic and laxative properties, and

it possesses biological activity like anticancer, antioxidant,

anti-inflammatory, antispasmodic, antinociceptive and

hypoglycemic properties [32]. I. pes-caprae is highly

reputed in folk and tribal medicines. Hence, the current

study was intended to use I. pes-caprae as a bioreductant

and capping agent for the synthesis of ZnO nanoparticles as

a hopeful carrier and to evaluate its biological applications

and photocatalytic activity.

Materials and methods

Plant collection and materials

Healthy I. pes-caprae leaves were collected from Sara-

banga River, Omalur, Salem district, Tamil Nadu, India.

The plant materials were identified and confirmed by

Botanical Survey of India (BSI), Coimbatore, Tamil Nadu,

India. The voucher specimen number is BSI/SRC/5/23/

2014-15/Tech.1458.

Zinc acetate dihydrate [Zn (CH3COO)2�2H2O], sodium

hydroxide and all chemicals used were analytical grade,

purchased from Merck and used without further purifica-

tion. Distilled and sterile deionized water was used in all

experimental work.

Preparation of plant leaves extract

I. pes-caprae leaves were washed several times with sterile

distilled water to remove dust particles and then shade

dried. I. pes-caprae leaves extract was prepared by placing

10 g of dried fine cut in 500-mL glass beaker along with

500 mL of sterile distilled water. The mixture was then

boiled for 15 min until the color of aqueous solution

changed from aqueous to yellow. Then, the mixture was

cooled to room temperature and filtered with Whatman

No.1 filter paper before centrifuging at 1200 rpm for 2 min

to remove biomaterials. The extract was stored at room

temperature in order to be used for further experiments.

Phytochemical analysis

Qualitative phytochemical analysis

Phytochemical screening The preliminary phytochemical

screening analysis was carried out according to method of

Onwukeame et al. [33].

Quantitative phytochemical analysis

Determination of total phenol content The total phenol

content in the aqueous extract of I. pes-caprae was esti-

mated by spectrophotometric assay [34]. The results were

expressed as lg of gallic acid equivalents/mg of extract

(GAEs).

Determination of total flavonoid content Flavonoid con-

tent in the aqueous extract I. pes-caprae was determined by

spectrophotometric method [34]. The results were expressed

as lg of (±)-catechin equivalents (CEs) per mg of extract.

Estimation of total flavonol content Total flavonols were

determined by using rutin as a reference compound. This

method is based on the formation of complex with maxi-

mum absorption at 440 nm [35]. The results were expres-

sed as lg of rutin equivalents per mg of extract.

Estimation of tannin content Tannin content of the

aqueous extract I. pes-caprae was measured by Folin–

Denis method [36]. The results were expressed as lg of

tannic acid equivalents per mg of extract.

Synthesis of zinc oxide nanoparticles

Ten mL of the aqueous yellow leaf extract of I. pes-caprae

was added to 500 mL of 50 mM of aqueous zinc acetate

dihydrate solution and stirred at room temperature for

20 min to achieve a pale yellow solution. The suspended

particles were purified by dispersing in sterile distilled
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water and centrifuged thrice. The pale white particles

obtained were washed with ethanol to remove the impuri-

ties from the final product. Then, a white powder was

obtained after drying at 60 �C in vacuum oven for 6 h [37].

Characterization techniques

UV–visible spectroscopy

ZnO was characterized in a Perkin-Elmer UV–Vis spec-

trophotometer Lambda-19 to know the kinetic behavior of

ZnO NPs. The scanning range of the samples was

200–800 nm at a scan speed of 480 nm/min. The spec-

trophotometer was equipped with ‘‘UV Winlab’’ software

to record and analyze data. The UV–Vis absorption spec-

trum of the samples was recorded, and numerical data were

plotted in the ‘‘Origin 8.’’

Fourier transforms infrared spectroscopy (FTIR)

Two mg of the extract or NPs was encapsulated in 100 mg of

KBr pellet, in order to prepare translucent sample disks. The

pelleted sample specimens were treated for FTIR spec-

troscopy (Brucker IR Affinity, Japan) in the range of wave-

length 400–4000 cm-1 with a resolution of 1 cm-1. The FTIR

spectrum was recorded in Perkin-Elmer spectrophotometer.

X-ray diffraction (XRD)

The crystalline size and purity were characterized by X-ray

diffractometer (Philips PAN analytical) using Cu-Ka
radiation of wavelength k = 1.541 Å of synthesized ZnO

NPs. The particle size of the prepared samples was deter-

mined by using the Scherrer’s equation as follows:

D & 0.9/cosh, where D is the crystal size, k is the wave-

length of X-ray, h is the Braggs angle in radians and B is

the full width at half maximum of the peak in radians.

Particle size analysis

The particle size of the ZnO NPs was determined by a laser

diffraction apparatus (NANOPHOX). NANOPHOX is an

innovative photon cross-correlation sensor allowing for

simultaneous measurement of particle size and stability of

opaque emulsions and suspensions in the nanometer

regime. The sizes of the ZnO NPs were analyzed using

light scattering at room temperature (25 ± 2 �C).

Field emission scanning electron microscope (FE-

SEM) and EDX

The morphology of the synthesized ZnO NPs was observed

by field emission scanning electron microscopy (FE-SEM),

and the elemental analysis of composition was recorded by

the instrument of ZEISS EVO-MA 10, Oberkochen,

Germany.

Biological applications

Antioxidant activity

DPPH radical scavenging activity The DPPH radical

scavenging activity was carried out according to the

method of Patra et al. [17]. The IC50 values of the ZnO

NPs, i.e., concentration of ZnO NPs necessary to decrease

the initial concentration of DPPH by 50%, were calculated.

Antibacterial activity The antibacterial ability of synthe-

sized ZnO NPs was evaluated using agar well diffusion

method, as per the modified protocol of Srinivasan et al.

[38].

Cytotoxicity studies

The Vero cell line was obtained from National Centre for

Cell Sciences Repository, University of Pune, India. Vero

cells were maintained in a humidified atmosphere con-

taining 5% CO2 at 37 �C in Dulbecco’s modified Eagle’s

medium (DMEM) supplemented with 100 units of peni-

cillin, 100 lgm/L of streptomycin and 10% fetal bovine

serum (FBS). Briefly, Vero cell was precultured in 96-well

microtiter plates for 48 h under 5% CO2.

The cytotoxicity activity of synthesized ZnO NPs was

determined by the MTT (3-[4,5-methylthiazol-2-yl]-2,5-

diphenyl-tetrazolium bromide) assay using Vero cells

[39].

Apoptotic assay by acridine orange/ethidium

bromide (AO/EB) staining method

Apoptotic studies were performed with a staining method

utilizing AO and EB. The cells were seeded at a density of

1 9 106 cells/well. After attachment, the Vero cells were

treated with ZnO NPs (50 lM) and incubated for 24 h at

37 �C in CO2 incubator. After the treatment period, the

cells were washed with ice-cold phosphate-buffered saline

(PBS). Both AO/EB was added at a concentration of 1 mg/

mL. The Vero cells were mounted on a slide, and the

images were observed under a fluorescent microscope

[40–42].

Sunlight-induced photocatalytic activity

The photocatalytic activity of plant-mediated synthesized

ZnO NPs was determined by degradation of methylene

blue (MB) under sunlight irradiation [43].
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Statistical analysis

Statistical analyses were done using the SPPS software

(16.0 version). Analysis of variance (ANOVA) in a com-

pletely randomized design and Tukey’s multiple range tests

was used to compare the significant differences between

samples. Values were expressed as mean ± standard

deviation. All determinations were done at least in tripli-

cate, and all were averaged. The confident limits used in

this study were based on 95% (p\ 0.05).

Results and discussion

Qualitative phytochemical analysis

Phytochemical screening

The aqueous leaves extract of I. pes-caprae possess a

variety of bioactive constituents such as alkaloids, flavo-

noids, flavonols, glycosides and tannins (Table 1). They

were screened by qualitative phytochemical screening, and

the bioactive constituents present may be responsible for

reducing the metal salts into their respective nanosize

particles [44].

Quantitative phytochemical analysis

The plant secondary metabolites like total phenolic, fla-

vonoids, flavonol, tannins, content of I. pes-caprae aqueous

leaves extract are depicted in Table 2. The phenolic com-

pounds present in the I. pes-caprae leaves aqueous extract

are estimated by using gallic acid as standard. The total

phenolic content of aqueous leaves extract is in the range of

13.59 ± 0.78 lg/mL. The flavonoid content of I. pes-

caprae aqueous leaves extract was observed by using cat-

echin equivalent. The aqueous leaves extract recorded the

amount of flavonoid content to be 117.00 ± 2.81 lg/mL.

The flavonoid content rich in the extract is encouraging

stabilization of the metal nanoparticles due to their elec-

tron-donating capability and capping property of the fla-

vonoid compound. The total flavonol content in I. pes-

caprae aqueous leaves extract was found to be

8.44 ± 0.32 lg/mL. The phytoextract-mediated synthesis

of metal nanoparticle may infer its antioxidant potential

due to deposition of bioactive compounds on their surface.

Leaves extract has measurable quantities of tannin content

in the range of 13.00 ± 3.33 lg/mL. The tannin content

may be supportive to enhance the stabilization of the metal

nanoparticles. Secondary metabolites in plant source of

therapeutic importance compared to bacteria and fungi

thereby provide greater scope for the fabrication of bio-

compatible nanoparticles [45]. From the above results, the

leaves aqueous extract of I. pes-caprae possesses enormous

phytoconstituents to synthesize the ZnO NPs from the

reduction in zinc acetate salt by green route.

Synthesis of zinc oxide nanoparticles

I. pes-caprae aqueous leaves extract was added to aqueous

zinc acetate dihydrate solution and stirred for 1 h and

dried. The pale white color of the ZnO NPs arises due to

capping action of biomolecules of I. pes-caprae leaves

extract on the surface of the nanoparticles. The suspended

particles were purified by dispersing in sterile distilled

Table 1 Phytochemical screening of I. pes-caprae aqueous leaves

extract

S. no Phytochemical constituents Aqueous extract

1. Flavonoids ??

2. Flavonal ???

3. Phenolics ???

4. Tannin ???

5. Amino acids ??

6. Steroids ?

7. Proteins ???

8. Carbohydrates ??

9. Saponins -

10. Terpenoids ?

???, copiously present; ??, moderately present; ?, slightly pre-

sent; -, absent

Table 2 Total phenolic,

flavonoids, flavonol, tannins,

content of I. pes-caprae aqueous

leaves extract

S. no Phytochemical constituents I. pes-caprae leaves aqueous extract

Absorbance (nm) Content (lg/mg)

1. Total phenolic 0.245 ± 0.010 13.59 ± 0.78b

2. Total flavonoid 0.475 ± 0.012 117.00 ± 2.81a

3. Total flavonol 0.122 ± 0.003 08.44 ± 0.32d

4. Total tannins 0.013 ± 0.001 13.00 ± 3.33b,c

Data represent the mean ± SD (n = 3). Mean values of each row followed by different superscript letters

(a–c) significantly differ when subject to Tukey’s multiple comparison test (p\ 0.05)
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water and centrifuged thrice. The pale white particles

obtained were washed with ethanol to remove the impuri-

ties from the final product. Then, a white powder was

obtained after drying at 60 �C in vacuum oven for 6 h.

Characterization techniques

UV–Vis spectral analysis

UV–visible spectroscopy used to identify the synthesis of

ZnO NPs Fig. 1a represents the formation of ZnO NPs.

Freshly prepared ZnO suspensions in plant extract exhibit a

strong absorption at 322 nm in the UV region. This surface

plasmon resonance band undergoes a red- or blueshift,

depending on the quantum size effects. The absorbance of

ZnO NPs depends on their shape and size [27]. The plant

extract react with Zn2? ions reduces the precursor solution

and formation of nanoparticles monitored by UV–visible

spectroscopy. This absorption value that corresponds to the

near 3.76 eV band gap is greater than the bulk band gap of

3.2 eV. The bulk ZnO NPs maximum absorption usually

occurs around 385 nm. ZnO NPs have given the band gap

of 3.1 eV in Fig. 1b, and this band gap energy is near to the

bulk band gap energy. This proves that the zinc ion is

efficiently reduced by the I. pes-caprae aqueous extract.

FTIR analysis

In this way, the presence of biomolecules in the aqueous

extract which was responsible for the reduction and stabi-

lization of the synthesized nanoparticles can be identified.

The FTIR spectrum of the I. pes-caprae aqueous leaf

extract-mediated synthesized ZnO NPs is shown in Fig. 2.

In the FTIR spectrum of I. pes-caprae, aqueous leaf

extract synthesized ZnO NPs which showed a broad peak

at 3350 cm-1 is due to stretching vibrations of N–H groups

of hydrogen bond and a sharp peak at 3400–3250 cm-1

leads to N–H stretching for primary and secondary amines.

A small peak appeared at 3754 cm-1 which is closer to

3700 cm-1 wavenumber indicates free O–H group. The

Fig. 1 a The UV–Vis

absorption spectra and b band

gap energy of ZnO

nanoparticles
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Fig. 2 FTIR spectra of ZnO

NPs using I. pes-caprae leaf

aqueous extract
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sharp peak at 1500–1411 cm-1 implies an aromatic ring

shows the C–C stretching in aromatic ring. Little sharp

peak at 2363 cm-1 arises among the wavenumber of

2700–2250 cm-1 indicating the presence of amino acid N–

H stretching. 1022 cm-1 peak by C–O stretching reveals

alcohols, carboxylic acids, esters, ethers. Finally the weak

band at 886 cm-1 is the result of C–H out of plane bend-

ing. The peak 895–875 cm-1 represented the compounds

such as polyphenols, carboxylic acid, polysaccharide,

amino acid and proteins. The IR spectrum revealed the

presence of active compounds in leaf aqueous extract of I.

pes-caprae which may be significant for ZnO NPs stabi-

lization. Earlier report showed that the phenolic groups of

molecules are responsible for the reduction process and the

stability of ZnO NPs is due to the free amino and car-

boxylic groups [46].

XRD analysis

The XRD spectra of I. pes-caprae leaf aqueous extract-

mediated ZnO NPs are shown in Fig. 3. The prominent

peaks corresponding to the diffraction planes (100), (002),

(101), (102), (110), (103), (200), (112), (201) and (202)

agreed well with the JCPDS Card No. 36-1451, confirming

the hexagonal wurtzite structure of the ZnO NPs. The

strong intensity and broadened diffraction peaks clearly

indicate that the ZnO NPs is highly crystalline in nature.

Similar results are obtained by Yu et al. [47]. The average

particle size (D) of synthesized nanoparticles was calcu-

lated using the well-known Scherrer formula D = 0.9 k/b
cos h, where k is the wavelength of X-ray source (Cu-Ka
line—0.1541 nm), b is the full width at half maximum

(FWHM) in radians and h is Bragg’s diffraction angle. The

calculated value of D was 25 nm.

Particle size analysis

The size of the particles was determined by particle size

analyzer (Fig. 4). Sizes of phytoextract-mediated synthesis

of ZnO NPs were ranging from 10 to 100 nm. Size dis-

tribution histogram (Fig. 6) of ZnO NPs confirmed that

particles were well distributed in the solution.

FE-SEM analysis

FE-SEM image (Fig. 5) reveals the particle size and

external morphology of the ZnO NPs. It can be seen from

the image that the ZnO NPs ranges from 2 to 20 nm.

Nanoparticles in profile have been agglomerated into big-

ger ones. Profile confirms the structure of nanodumbbell of

which is in close agreement with green method.

The EDX reveals that the required phase is present. Both

zinc (Zn) and oxygen (O) are present in the sample

(Fig. 7), and peaks of zinc and oxygen elements 65.85%

and 28.33%, respectively, prove ZnO NPs synthesized low

of impurity. The graph also shows that the presence of

carbon (C), chlorine (Cl), phosphorus (P) and calcium (Ca)

Fig. 3 XRD spectra of ZnO NPs using I. pes-caprae leaf aqueous

extract
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Fig. 5 FE-SEM images of ZnO nanoparticles

Fig. 7 EDX spectra of ZnO nanoparticles

Fig. 6 Size distribution curve
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is present in the EDX picture in less amounts. This is

probably due to the presence of substrate over which the

nanoparticle sample was held during SEM microscopy.

Biological applications

Antioxidant activity of ZnO nanoparticles

The antioxidant activities of ZnO NPs are portrayed in

Fig. 8. The DPPH free radical scavenging activity of ZnO

NPs at 20–100 lg/mL ranged from 49.56 to 89.73%,

whereas the scavenging activity of the standard ascorbic

acid ranged from 76.45 to 93.75%. The DPPH assay

demonstrated significant radical scavenging activity of

ZnO NPs having an IC50 value of 21.09 lg/mL, when

compared with the IC50 value of ascorbic acid 13.14 lg/

mL. Phytochemical analysis signifies that I. pes-caprae

leaves possess enormous bioactive constituents and higher

amount of metabolites present. It is well known and also

reported in the previous literature that plant-mediated NPs

synthesis involves sequential reduction followed by cap-

ping with these plant constituents [48]. Previous studies on

ZnO nanopellets exhibited significant activity (IC50 value

11.40 lg/mL) at higher concentration. ZnO NPs synthe-

sized by O. tenuiflorum act as potential antioxidants [49].

Nanoparticles of gold [50], silver [51], selenium [52] and

copper oxide [53] are known to exhibit free radical scav-

enging activity. Thus, the antioxidant activity of ZnO NPs

may be attributed to the functional group adhered.

Antibacterial activity of ZnO NPs

Synthesized ZnO NPs were analyzed by disk diffusion

method using selected organisms such as S. epidremidies,

E. coli, S. typhi and S. aureus. As the concentration of ZnO

NPs increases, the zone of inhibition also increased against

the bacteria strain is shown in (Table 3). The antibacterial

effect of ZnO NPs has been reported against Gram-positive

and Gram-negative bacteria due to the larger surface area

and electrostatic interaction of nanoparticles.

In our present investigation, the antibacterial activities of

ZnO NPs were determinate against Gram-positive bacteria’s

like S. epidremidies and S. aureus and Gram-negative bac-

teria’s like E. coil and S. typhi. The bacteria were maintained

on a nutrient broth (NB) at 37 �C. ZnO NPs exhibited potent

antibacterial activity against listed organisms as shown in

Table 3. When tested by the disk diffusion method, ZnO

NPs exhibited significant activity against S. epidremidies

and S. aureus with zone of inhibition 13 and 11 mm. The

higher zone of inhibition observed in E. coli and S. typhi

14 mm by ZnO NPs may (efficiency of E. coil and S. typhi

pathogens) serve as an antibacterial agent. This proves that

the ZnO NPs synthesized by the simple solution method

may be used for microbial activity study.

Determination of cytotoxic effect of ZnO NPs

MTT assay [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-

tetrazolium bromide] was carried out to determine the

in vitro cytotoxic effect of synthesized ZnO NPs. One plate

of Vero cells was treated with concentrations of

10–1000 lg/mL of synthesized ZnO NPs, and other plate

was untreated. Both were subjected to 48 h of incubation to

the study the inhibitory percentage. The cell viability was

decreased by increasing the concentrations of the ZnO NPs.

Fig. 8 DPPH radical scavenging activity

Table 3 Antibacterial activity of ZnO NPs

S. no Bacteria Organisms Diameter of zone of inhibition (in mm)c

Zinc oxide NPs Positive controla Negative controlb

1 Gram-positive bacteria S. epidremidies 13.00 ± 1.00 35.00 ± 2.16 00.00 ± 0.00

2 S. aureus 11.33 ± 0.57 22.50 ± 1.00 00.00 ± 0.00

3 Gram-negative bacteria E. coil 14.00 ± 0.00 22.00 ± 0.81 00.00 ± 0.00

4 S. typhi 14.00 ± 0.00 31.50 ± 1.00 00.00 ± 0.00

a Ciprofloxacin (1 mg/mL); b DMSO (50 ll/well); c the values are mean of triplicates with (±) standard deviation (mean ± SD; n = 3)
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The IC50 values of the Vero cells are shown in Fig. 10.

Nanoparticles exhibit significant cytotoxicity at their lower

concentrations, and cytotoxicity increases with increased

concentrations at 10–1000 lg/mL. The change in mor-

phology is depicted in Fig. 9.

The most identifiable morphological changes of ZnO

NPs-treated cells observed in this study were cytoplasmic

condensation, cell shrinkage and production of numerous

cell surface swelling in the plasma membrane. The mor-

tality data obtained in this study allowed us to estimate

nanoparticle ability not only the reason as that of cytotoxic

agent, but also in terms of the potential reduction in tumor

growth. The cytotoxic effects of silver and ZnO NPs

resulted due to the active phytochemicals (functional

groups) interaction of metal atoms with intracellular pro-

teins, as well as the nitrogen bases in DNA [54]. Recently,

reports show that the IC50 value of ZnO NPs was 62.5 lg/

mL against Vero cell lines [55, 56]. In contrast, the syn-

thesized ZnO NPs showed higher rates of cytotoxicity

against Vero cells at 50.04 (lg/mL).

Vero cells treated at an increasing concentration of ZnO

NPs for 24 h to check for Fig. 9 clearly illustrate that ZnO

NPs at concentrations of 10, 25, 50, 75, 100 lg/mL did not

show any cytotoxicity to the normal cell line (Vero). MTT

results showed that ZnO NPs significantly decreased the

viability of Vero in a dose-dependent manner. At 75 lg/

mL, cell viability was significantly decreased to 62% for

the Vero cells as shown in Fig. 10.

Generally, two types of cell death are: necrosis (acci-

dental cell death) and apoptosis (programmed cell death)

[57]. Apoptotic cells are transformed into small membrane-

bound vesicles, and no inflammatory response is found

[58]. The AO/EB staining assay can detect the difference in

Fig. 9 Cytotoxicity activity of ZnO nanoparticle by MTT assay

Fig. 10 Cell viability of ZnO nanoparticles
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membrane integrity between necrotic and apoptotic cells.

AO is a vital dye and can stain both live and dead cells. EB

stains only cells that have lost their membrane integrity.

Figure 11 clearly shows that control cells are viable and

uptake the dye acridine orange (cells appear bright green

with normal cell morphology), whereas the cells treated

with ZnO NPs uptake the dye ethidium bromide and appear

red orange with cell shrinkage indication of cell death. So

the ZnO NPs were found to induce the cell death by

necrosis. Hence, the result reveals that the ZnO NPs have

significant anticancer properties against Vero cell lines.

It is interesting to note that the ZnO NPs showed high

level of cytotoxic activity against the tested cancer cell

lines. It may be suggested that the synthesized ZnO NPs

would play a major role in target-based bioactive mole-

cules into specific cancer cells.

Sunlight-induced Photocatalytic activity of synthesized

ZnO NPs

The synthesized ZnO NPs degradation activity against MB

is shown in Fig. 12. The optimum absorbance peak of MB

is 667 nm. The photocatalytic degradation of MB in the

incidence of ZnO NPs was envisaged by a decrease in peak

intensity within 30 min of incubation under sunlight. The

color dye degradation is mainly accredited to the size,

morphology and surface charge property of the synthesized

ZnO NPs. Photon-induced molecular reactions occur at the

surface of the catalyst in a photocatalytic system [59].

The photocatalytic activity of synthesized ZnO

nanoparticles was examined using methylene blue (MB) as

the indicator. Sunlight was used as the light source. The

reaction process is monitored spectrophotometrically by

measuring the degradation of MB, which exhibits an

apparent spectral profile with an absorption maximum at

667 nm. From Fig. 12, it is clear that the concentration of

MB decreases dramatically while catalyzed using synthe-

sized ZnO nanoparticles. The C/C0 curves as a function of

time are plotted in Fig. 13; synthesized ZnO photocatalysts

can effectively remove the MB. Kinetic value is an

important parameter for the photocatalyst. The kinetic

curve shows linear relationships with time and can be fitted

using the kinetic equation ln(C/C0) = -k, demonstrating

that the photodegradation reaction in MB can be consid-

ered as a pseudo-first-order reaction, suggesting that ZnO

Fig. 11 Analysis of cell death

induced by ZnO NPs identified

by AO/EB staining. Vero cells

without treatment (A) and in the

presence of ZnO NPs (B). Vero

cells were treated with ZnO NPs

(50 lM) and incubated for 24 h

at 37 �C. Cells in a, b and c are

living, apoptotic and necrotic

cells, respectively

Fig. 12 Absorbance spectra of MB in the presence of ZnO

nanoparticles

Fig. 13 The C/C0 versus time curves of MB
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nanoparticles have significant photocatalytic effects. The

significant photocatalytic efficiency of ZnO nanoparticles

is schematically illustrated in Fig. 14. Semiconductors

have the similar band gaps 3.2 and 3.3 eV [60]. When the

photocatalysts were irradiated by sunlight with the photon

energy hm that exceeded the band gap energy of ZnO

shown as 3.19 eV in Fig. 1b, electrons could be excited to

the conductions band (CB) from the valence band (VB),

simultaneously leaving the same number of holes behind in

the VB. The holes and electrons would react with H2O and

oxygen dissolved in water which were adsorbed at the

surface of ZnO nanoparticles and generated hydroxyl rad-

icals (8OH) and superoxide anion radicals (O2-). These OH

radicals and superoxide anion radicals are decomposing

MB dye in the aqueous solution.

Pictorial representation of the photocatalytic activity of

ZnO NPs for the degradation of organic dye (MB) is shown

in Fig. 8. Under sunlight irradiation, the absorption of a

photon of energy equal or higher than the ZnO band gap

energy creates an electron and a hole on the surface. Then,

the defects benefit the efficient separation of the generation

of the (e-/h?) pairs, the photogenerated electrons reacted

with O2 or oxygen species to produce superoxide anion

radicals, whereas the photogenerated holes reacted with

water molecules to generate the hydroxyl radicals. Both

radicals are oxidizing species in the photocatalytic oxida-

tion processes [61]. The amount of energy possessed by the

ZnO NPs is not sufficient to excite the electrons from

valence band to conduction band. Catalyst needs certain

amount of additional energy to excite the electrons from

valence band to conduction band. When ZnO NPs are

exposed to light, it absorbs energy. The excitation of

electron takes place only when the amount of energy

absorbed by ZnO NPs is more than the band gap. The

formation of holes and electrons in the valence band and

conduction band plays a major role in the degradation of

dyes.

This activity influenced by various crucial factors like

phase structure, surface area, optical absorption and sepa-

ration efficiency of photogenerated charge carriers [62].

Surface increases defects extensively reduced by direct

recombination of photogenerated electron–hole pair,

development to the photocatalytic activity [63]. Photon-

induced electron hole pairs assist in the redox reactions

against the catalyst surface and produce superoxide ions

and hydroxyl free radicals. These generated radicals act as

powerful oxidize to disintegrate pollutant chemicals (dye)

in wastewater [64]. This infects that the synthesis of ZnO

NPs was effectively dye-degraded under sunlight. In plant-

mediated (Vitex trifolia L.) synthesis of ZnO NPs, maxi-

mum decoloration efficiency occurred by 90 min with

30 mg of ZnO NPs catalyst dose [63], but I. pes-caprae

aqueous leaf extract-mediated ZnO NPs maximum decol-

oration efficiency occurred by 90 min with 30 mg of ZnO

NPs catalyst dose. Therefore, they indicate that the appli-

cation can be extended in water treatment plants and textile

industries.

Conclusion

The phytoconstituents such as flavonoids, phenolics, amino

acids, steroids, proteins, carbohydrate and terpenoid pre-

sent in the extract may act as reducing agents for the

preparation of ZnO NPs and the capping of ZnO NPs by

the phytoconstituents provide stability to ZnO NPs as

Fig. 14 Schematic diagram of

photocatalytic mechanism of

ZnO nanoparticles
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evident from FTIR studies. ZnO NPs have been prepared

by using simple solution method via a green synthesis

route. The synthesized ZnO NPs were found to have a

crystalline structure with hexagonal wurtzite as evidenced

by XRD method. The FE-SEM image studies have shown

that the synthesized ZnO NPs are around 25 nm of nan-

odumbbell. The results proved that the ZnO NPs may serve

as a potential antimicrobial agent. The cytotoxic effect of

ZnO NPs showed high level of cytotoxic activity against

the tested cancer cell lines. Hence, the results together

suggest that the synthesized ZnO NPs would play a major

role in target-based active molecules into specific cancer

cells. The explored eco-friendly high-efficient ZnO NPs

prepared from Ipomoea pes-caprae aqueous leaf extract are

expected to have more extensive application in the medical

field.
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