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Abstract

Bioactive materials obtained from plant bio-resources offer immense attention for development and production of nanotech-
nology enabled products for biomedical applications. In the present study, Ficus hispida leaf extract (FHLE) was used as a
stabilising agent for the environmentally benign synthesis of zinc oxide nanoparticles (ZnO-NPs) which were investigated
for prospective versatile applications (anticancer and photocatalytic activities). The formation of ZnO-NPs was confirmed
by UV-visible spectra. Wurtzite (hexagonal) form of the herb-assisted synthesised ZnO-NPs with particle size ranging from
20 to 200 nm was confirmed by transmission electron microscopy (TEM) analysis. In vitro analysis was carried out against
Dalton’s lymphoma ascites (DLA) cell lines by trypan blue assay, the results revealed 96% inhibition at concentration of
200 ug ml~!, and the photodegradation experiments carried out for degradation of Congo red revealed complete degradation

of the dye after 70 min of exposure to UV light.
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1 Introduction

Nanoparticle synthesis has attracted much attention in
recent years. Nanoparticles possess atom-like properties
due to the large surface area, high surface energy, a high
fraction of surface atoms, and increased energy gap in
their atomic size [1-3]. The interesting properties of the
nanoparticles pave way for research on novel methods for
synthesis. Among various metal oxide nanoparticles, ZnO-
NPs attract tremendous attention because of its unique
property of high excitation binding energy of 60 meV
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and band gap of 3.3 eV [4-6]. Nanomaterials can be syn-
thesised through various physical and chemical methods
which include pulsed layer deposition [7], thermal deposi-
tion [8], chemical microemulsion [9], wet chemical [10],
spray pyrolysis, electro-deposition, etc. Nowadays, metal
oxide nanoparticles are synthesised by physical and chemi-
cal methods which include expensive usage of hazardous
reagent, toxic organic solvents, and high pressure. The
environmental and biological risk associated with tradi-
tional physical and chemical methods limits the usage
of medical applications. Therefore, there is a challenge
for the development of simple, eco-friendly, rapid, and
energy efficient process for the synthesis of nanoparticles
with catalytic behaviour. Hence, in spite of physical and
chemical protocols, environmentally safe synthesis of nan-
oparticles has received considerable attention in recent
years and various available plant bio-resources have been
efficiently studied for the synthesis of nanoparticles as
reported in the literature [11-17]. The green method, using
plant bio-resource, is a simple and alternative to physical
and chemical methods without the use of any toxic and
expensive chemicals. Ficus hispida, a traditional medicinal
plant belonging to the family of Moraceae, was found to
possess bioactive groups required for the formation and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40195-020-01116-x&domain=pdf
http://link.springer.com/journal/40195

K. Kanagamani et al.

stabilisation of nanoparticles. In spite of these bioactive
groups in Ficus hispida leaf extract, it is used as a reduc-
ing agent for the biosynthesis of Ag-NPs [18]. Various
applications of nanoparticles have been explored in the
reported literature, such as antioxidant [19], antidiabetic
[20], antifungal [21], antibacterial [19, 22], anticancer [23,
241, and photocatalytic performance. [25-29].

Due to the remarkable characteristics of zinc oxide nano-
particles, they are extensively engaged in several practical
applications. Compared to other super capacitor materials,
i.e. TiO, SiO, and SnO, which have wide band gap energy,
ZnO shows enhanced photocatalytic properties. ZnO doped
with various metal ions has been reported for the photo-
catalytic degradation of dyes such as Acid Black 210 [30],
Acid Black 234 [31, 32], and organic compounds [33]. Metal
oxide nanoparticles doped with d-block elements like Mn,
Fe, Sn, Co are used as anticancer [34], antioxidant [36, 37],
antibacterial [38], optical [39], and also as photocatalyst
[35].

Environmental problems associated with the discharge
of dye effluents into water lead to active research in the field
of environmental management. Dye removal from waste
water is one of the important tasks to be faced. Among the
various dye contaminants, Congo red is an important azo
dye, which is also used as a staining agent in textile indus-
try. These dyes are hazardous to human health and aquatic
life when discharged into water. Conventional dye removal
process from waste water includes chemical coagulation/
flocculation, oxidation [40], biodegradation, adsorption,
etc. [41, 42], with several disadvantages associated with the
various reported processes. There is a need to develop novel
methods using cost-effective semiconductor nanoparticles as
catalyst. Among the semiconductor nanoparticles, ZnO-NPs
are reported to possess photodegradation properties against
various pollutants like phenol [43] and methyl orange [44,
45]. In this work, ZnO-NPs were synthesised and charac-
terised using Ficus hispida leaf extract as bio-reductant for
the first time, and synthesised ZnO-NPs were found to have
anticancer activity and also photocatalytic activity for deg-
radation of Congo red dye.

2 Experimental
2.1 Preparation of Ficus hispida leaf extract (FHLE)

Ficus hispida leaves, collected from Karpagam institution
campus in Coimbatore, were washed well with deionised
water to remove grime particles and then were chopped into
small pieces. The 50-g freshly chopped leaves were boiled
with 500 ml deionised water at 90°C for 5 min. The obtained
pale yellow solution was cooled in a well-ventilated area
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(approximately 28 C), filtered through Whatman filter, and
refrigerated for further use.

2.2 Environmentally beneficent synthesis of zinc
oxide nanoparticles

The zinc nitrate used in the synthesis was of analytical
grade (99.9%) and obtained from S.D. Fine chemicals. The
schematic representation of biosynthesis of Ficus-mediated
ZnO-NPs is given in Fig. 1. 20 ml of FHLE was added to
80 ml of zinc nitrate in the reaction vessel and stirred using
a magnetic stirrer at ambient temperature for 4 h. The pale
yellow solution thus obtained was dried at 100 °C in an
oven. The resultant mass was subjected to calcination at
400 °C to obtain fine crystals of ZnO-NPs and stored for
further characterisation.

2.3 Potential Mechanism for the Formation of Zinc
Oxide Nanoparticle

The GC-MS analysis of Ficus hispida leaf extract [18]
showed stigmasterol (peak area 82.38%) as the major com-
ponent. Other remarkable components included neophyta-
diene (1.35%), 5-(hydroxymethyl)-2-furancarbox aldehyde
(0.14%), 2-(benzyloxymethyl)-5-methylfuran (0.06%), pal-
mitic acid (1.16%), sitosterols (2.91%), phytol (1.43%), ethyl
linoleate (0.34%), and 2,3-dihydro-3,5-dihydroxy-6-methyl-
pyran-4-one (0.12%). Figure 2 depicts the mechanism for the
formation of ZnO-NPs. Stigmasterol, a phytosterol with the
molecular formula (C,4H,30), plays a vital role in the forma-
tion of ZnO-NPs. The stigmasterol present in the leaf extract
combined with zinc nitrate to form a weak complex, i.e.
zinc—stigmasterol complex via weak hydrogen bonds. This
complex solution was then dried in a hot air oven for 8 h, and
hydroxide complex was thus obtained. The hydroxide com-
plex undergoes calcination to form ZnO-NPs. Among the
phytocompounds found in Ficus hispida leaf extracts, stig-
masterol easily attracts metals due to its phenolic content.
It was also present as a major constituent. Reported results
showed that it is difficult to interpret the formation mecha-
nism of nanoparticle. In this work, the possible mechanism
that drives the synthesis of ZnO-NPs was reported.

2.4 Characterisation of Ficus-Mediated ZnO-NPs

The optical properties of biosynthesised ZnO-NPs were
evaluated using double-beam UV-1601 Shimadzu spectro-
photometer in the range of 290-450 nm. FT-IR spectra were
recorded for the eco-friendly synthesised ZnO-NPs at room
temperature using BRUKER FTIR-TENSOR-27 spectropho-
tometer instrument in order to analyse and detect functional



Detoxication and Theranostic Aspects of Biosynthesised Zinc Oxide Nanoparticles for Drug...

Fresh Ficus Aqueous Leaf
Extract

Hispida Leaves

Morphology of

AqueousZinc nitrate
solution (0.01M)

Fig. 1 Schematic illustration of synthesis process of zinc oxide nanoparticles

groups. The size and surface morphology of ZnO-NPs were
observed by scanning electron microscopy (SEM) (JEOL
JSM 6390). The element composition of synthesised ZnO-
NPs was analysed by energy-dispersive X-ray spectroscopy
(EDX). The synthesised ZnO-NPs were characterised by
high-resolution transmission electron microscopy (HR-
TEM) (JEOL JEM 2100). The size of ZnO-NPs in HR-TEM
was measured by using the Image J software. The crystalline
nature of ZnO-NPs was analysed by X-ray diffraction analy-
sis (XRD) (SHIMADO-Model XRD 6000). The scanning
was carried out between 20° and 90° at a scanning rate of
0.05° min~!, and the time constant is 2 s.

2.5 In vitro Cytotoxicity Assay

As-prepared ZnO-NPs were tested for anticancer activ-
ity against Dalton’s lymphoma ascites (DLA) cells (The
in vitro cytotoxicity tests were carried out in Amala
Cancer Research Institute, Kerala.) The assay was per-
formed using trypan blue exclusion method. The tumour
cells were obtained from intraperitoneal cavity of tumour
bearing mice using a sterile disposable syringe and were

suspended in phosphate-buffered saline (PBS) or normal
saline. After adjusting the cell density to concentration
(1x10° cells in 0.1 mL), it was suspended with different
concentrations of ZnO-NPs ranging from 10-200 ug mL ™!
and then, the volume of the tubes was adjusted up to 1 mL
using PBS along with the control tumour cell suspension.
The assay mixture was incubated at 37 °C for 3 h. Cell
viability was assessed by adding 0.1 mL of 1% trypan blue
dye solution using haemocytometer, and viable and non-
viable cells were counted. Cytotoxicity can be calculated
according to Eq. (1):

Number of dead cells
Number of live cells + Number of dead cells

% 100%.

ey

Cytotoxicity =

2.6 Photocatalytic Degradation Studies
of Ficus-Mediated ZnO-NPs

The photocatalytic activity of ZnO-NPs was performed
and assessed by evaluating the degradation of Congo red
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Fig.2 Possible formation mechanism for zinc oxide nanoparticle

under UV irradiation. 50 mg of the green catalyst (ZnO- Degradation rate = (I, — I)/I, X 100%, o)
NPs) was added with 75 mL of (10 mg L~!) of anionic

dye (Congo red) solution in 100-ml beaker. The reaction = where [ is the absorption peak intensity of Congo red at
mass was stirred in a magnetic stirrer for about 1 hin dark  various time intervals and I is the absorption intensity of
condition. Then, the reaction vessel was kept under UV the initial Congo red solution.

light irradiation for different time intervals. The progress

of degradation process was analysed using UV-visible

spectrophotometer. The degradation rate of Congo red

solution was estimated using Eq. (2):
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Fig.3 UV-Visible spectra of Ficus hispida leaf extract, mixture of
Ficus hispida leaf extract and zinc nitrate, and zinc oxide nanopar-
ticles

3 Results and Discussion
3.1 Electronic Spectroscopic Analysis

The milestone properties of ZnO nanoparticles were char-
acterised using UV-Vis spectroscopy. UV—Vis spectrum of
the FHLE, Ficus hispida, and zinc nitrate, and biosynthe-
sised ZnO-NPs is given in Fig. 3. The FHLE absorbance
is at 204 nm, and the intermediate Zn (OH), is found to
have absorbed at 301 nm. It was reported that there was
no absorption band for zinc nitrate solution [46]. From the
spectrum (Fig. 3), it is confirmed that there is no absorb-
ance peak of FHLE and zinc hydroxide in the spectrum of
biosynthesised ZnO-NPs and hence reveals the purity of
synthesised nanoparticles. The surface plasmon resonance
(SPR) band at 376 nm confirms the formation of the zinc
oxide nanoparticles. Surface plasmon resonance (SPR) is
the resonant oscillation of conduction electrons at the inter-
face between negative and positive permittivity material
stimulated by incident light, and it is the characteristic of
the obtained nanoparticles which agrees with the reported
studies on the biosynthesis of ZnO-NPs (absorption peak at
374 nm) using different herbal extracts [47, 48], confirming
the presence of ZnO nanoparticles.

3.2 Changes in Functional Groups by FT-IR Analysis

FT-IR spectra of FHLE and ZnO-NPs are given in Fig. 4.
FT-IR spectra of the Ficus hispida having peaks at
3383 cm™! and 2926 cm™! indicate the presence of -OH and
C-H stretching. The absorption peak at around 1625 cm™!
represents C=O stretching. The bands at 1402 cm™' are
associated with C—C stretching of an aromatic ring. The
absorption peak at 1060 cm™! is attributed to C—O—C stretch-
ing. FT-IR spectra of ZnO-NPs reveal a weak absorption at

T v T v T v T
100 -

Ficus Mediated ZnO-NPs

Transmittance (%)

T r T fr -1~ 1T 71T 71"
500 1000 1500 2000 2500 3000 3500 4000

Wave number (cm'1)

Fig.4 FT-IR spectrum of Ficus hispida leaf extract and Ficus-medi-
ated zinc oxide nanoparticles

2852 cm™! and 2922 cm™! which can be assigned to -C-H
stretching of carboxylic acids and aliphatic asymmetric
C-H stretching vibrations. The peak at 1745 cm™! is due to
C =0 stretching vibrations of the carbonyl group. The weak
absorption peaks at 1164 cm™! and 1322 cm™! are indicative
of C=N stretching of amide bonds. The peaks at 744 cm™!
and 669 cm™! correspond to R-CH group and stretching
vibrations of ZnO which correlates with the reported data.
The peak at 441 cm™! is assigned to metal oxygen [Zn—O]
bond as reported in the previous studies [49, 50].

3.3 Purity and Morphological Analysis of ZnO-NPs

The morphological and structural characterisation of the
synthesised ZnO nanoparticles was investigated by SEM,
as shown in Fig. 5a. It is evident from the result that the
biosynthesised ZnO nanoparticles show agglomerations
of ZnO-NPs. The agglomeration shows the presence of
nanoparticle aggregates. The purity of the synthesised ZnO
nanoparticles was confirmed by EDX analysis. The peaks
corresponding to Zn and O were found, and no impurity
peaks were detected (Fig. 5b). This clearly confirms that the
synthesised nanoparticles are pure and consist only of pure
Zn and O. The weight and atomic percentages of Zn and
O are listed in Table. 1. The weight percentage of Zn and
O is 81.35% and 18.65%, respectively, which indicates the
synthesised ZnO nanoparticles comprising only of Zn and
O without any impurities. The atomic percentage is approxi-
mately stoichiometric ratio of 1:1.

The HR-TEM micrograph of green synthesised ZnO-NPs
(Fig. 6) reveals hexagonal (wurtzite) shape of ZnO-NPs
with the particle size in the range of 10-200 nm which is
in accordance with XRD data. In the literature [51], par-
ticle sizes of ZnO-NPs are in the range of 14-27 nm that
supports the existing morphology of synthesised ZnO-NPs.
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Fig.5 Morphology and element analysis of zinc oxide nanoparticles: a SEM image, b EDX spectrum of pure zinc oxide nanoparticles

Table 1 Weight and

- Element Wt.% At.%
atomic percentages of ZnO
nanoparticles 0 18.65 53
Zn 81.35 47

In the literature [52], it is found that the nanoparticle size
is 30-40 nm and shows polyhedral in shape. The observed
agglomeration of ZnO-NPs is due to high surface energy
during its synthesis in aqueous medium. The selected area
electron diffraction (SAED) pattern suggests that ZnO-NPs
are crystalline and rings contain spots, indicating the poly-
crystalline nature.

3.4 XRD Analysis

The XRD analysis of the Ficus-mediated ZnO-NPs reveals

the crystallographic structure of the synthesised nanopar-
ticles. The obtained diffraction peaks at 32.01, 34.7, 37,
47.48, 56.9, 63.1, 66.2, 69.4 and 77.2 as given in Fig. 7
are attributed to Miller—Bravais lattices of [100], [002], [
101], [102], [110], [103], [112], [201], and [202] planes,
respectively. The obtained results agree with JCPDS file No.
036-1451 confirming the hexagonal wurtzite structure [53].
The product is found to have a fine crystalline structure as
evidenced by the sharper and stronger diffraction peaks. No
other additional peaks obtained suggest the purity of the
synthesised ZnO-NPs.

3.5 Invitro Cytotoxicity Assay
The anticancer activity of bio-inspired nanoparticles against
various cancer cell lines has been reported [54-57]. In vitro

assay was done for as-prepared ZnO-NPs by trypan blue
dye exclusion method against DLA cell lines. The results
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reveal that percentage inhibition of the DLA cells increases
with increasing concentration of ZnO-NPs from 10 to
200 pug mL~! as listed in Table 2. In this work, the maxi-
mum inhibition of cancer cells occurs at 200 ug mL ™" and it
is observed that percentage of cell death increases with the
increase in the concentration of ZnO-NPs. It is due to the
intracellular release of dissolved zinc ions, followed by reac-
tive oxygen species (ROS) induction. This may also be due
to zinc-mediated protein activity disequilibrium and oxida-
tive stress that eventually kill the cell. When ZnO-NPs nano-
particles are used as anticancer agent having a redox reaction
system in them, they may react with the increased amount
of chemical species signalling the molecules around them,
producing even more ROS, resulting in huge oxidative stress
in the cell and eventually killing the cancer cell [54]. In this
study, it is found that prepared ZnO-NPs have comparable
activity with standard drug (curcumin) as listed in Table 2
[58] and it is proved to have better antitherapeutic potential.

3.6 Photocatalytic Efficiency of ZnO-NPs

The photodegradation ability of the prepared ZnO-NPs was
studied for Congo red dye under UV light and was explained
with UV-Vis spectra, showing strong absorption at 490 nm
with 50 mg of control dye as shown in Fig. 8 A. The pho-
tocatalytic degradation was carried out by the prepared
ZnO-NPs as catalyst and in the presence of UV light. The
recorded UV spectrum reveals degradation of Congo red dye
with decreasing absorption intensity and reaches almost zero
after 70 min of exposure time.

The amount of catalyst loaded is an important param-
eter in degradation studies. The effects of dye degrada-
tion using various amounts of ZnO-NPs are shown in
Fig. 8B. The results reveal that the percentage of deg-
radation does not change when the amount of catalyst is
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Fig.7 XRD pattern of hexagonal wurtzite structure of ZnO-NPs

increased beyond 50 mg. Figure 8C describes that no sig-
nificant degradation is observed in the absence of catalyst
and light. In addition, Ficus-mediated ZnO-NPs exhibit
excellent degradation performance in the absence of light

Table 2 Anticancer assay of Ficus-mediated ZnO-NPs on DLA cell
lines

No Concentration (ug Cell death (DLA) (%)
L—l
mL™) Ficus-mediated Standard
ZnO-NPs drug cur-
cumin
1 10 19 41
2 20 36 54.47
3 50 57 69.71
4 100 77 81.69
5 200 96 100

and catalyst. From the observations, it is confirmed that
Ficus-mediated ZnO-NPs have excellent photocatalytic
degradation performance. The analysis of optimum load-
ing for efficient removal of dye avoids the excess usage of
catalyst. The decolourisation efficiency increases from 45
to 98% as the catalyst dosage is increased from 20-70 mg.
However, when the amount of the catalyst was further
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Fig.8 UV spectrum of photodegradation of Congo red: A different time intervals, B effect of catalytic dosage, C comparison of photodegrada-
tion of Congo red, D effect of irradiation time with different loadings of catalyst and E recycle ability of ZnO-NPs

increased to 70 mg, the degradation rate did not change  conducting additional experiments in consecutive cycles
significantly as shown in Fig. 8D. The reusability and  for the photodegradation of Congo red under UV light
photostability of the prepared catalyst were analysed by  irradiation, and the results are displayed in Fig. 8E. The
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Table 3 Comparison of degradation ability of various biosynthesised ZnO-NPs and doped ZnO-NPs against various water pollutant

Source Nanoparticle and size Pollutant Light source (UV/ Percentage deg- Ref
visible irradiation) radation (%)
Artocarpus heterophyllus leaf ZnO-NPs Congo red UV irradiation 90 [59]
& 10-15 nm
Carissa edulis ZnO-NPs Congo red UV-Vis irradiation 97 [60]
fruit & 50-55 nm
Sea buckthorn fruit ZnO-NPs & 17.5 nm Congo red UV irradiation 99 [61]
Averrhoe ZnO-NPs & Congo red UV irradiation 93 [62]
carrambola 20 nm
fruit
Avocado fruit peel ZnO-NPs & Congo red Solar irradiation 99 [63]
22-35 nm
ZnSO4+7H,0 Ag/Zn0O & Methyl violet (6B) UV irradiation 93 [64]
and Ag,SO, 20-30 nm
Zn(CH;CO0), Zn0O-Ag/BC Methylene blue Visible irradiation 93.95 [65]
2H,0+ Bamboo charcoal + AgNO, &
52 nm
Zn(CH;CO0), ZnO-Ag/BC Malachite Visible irradiation 95.75 [65]
2H,0+ Bamboo charcoal + AgNO; & green
52 nm
Ficus hispida leaf ZnO-NPs & 20-200 nm Congo red UV irradiation 100 In the
present
study

100 4
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Fig.9 FT-IR spectra of Congo red and degradation product

experiments show that Ficus-mediated ZnO-NPs have only
negligible change in catalytic activity even after 7 days.
The present study reveals that biosynthesised ZnO-NPs
can be used as a photocatalyst for the degradation of
organic dyes from waste water and play an important role
in water treatment process compared to conventional meth-
ods. The degradability of biosynthesised ZnO-NPs is com-
pared against the various reported synthesised ZnO-NPs
as given in Table 3 [59-65].

3.6.1 Analysis of Degradation Product by FT-IR

The decolourisation mechanism of Congo red dye using
biosynthesised ZnO nanoparticles as photocatalysts was
analysed by FT-IR analysis. The Congo red dye and its
degradation products were analysed by FT-IR analysis
after decolourisation with photocatalyst. Figure 9 reveals
the changes in the functional groups. The peak obtained at
1064 cm™" in the Congo red spectrum is due to S =0 stretch-
ing of the dye. The absorption peak at 3465 cm™! repre-
sents the free N—H group of the dye. The N=N stretching
of the azo group is obtained between 1584 and 1611 cm™".
The FT-IR spectrum of degradation products reveals the
changes in absorption peaks in comparison with spectrum
of pure Congo red. The absorption peak at 511 cm™! is due
to aromatic ring bending vibration. The peaks at 703 cm™"
and 811 cm™! are due to disubstitution aromatic ring vibra-
tions. The peak at 1584 cm™! is the characteristic of N=N
stretching vibrations in the FT-IR spectrum of the degrada-
tion products obtained.

3.6.2 Degradation Route of Anionic Dye

Figure 10 represents the degradation pathway of Congo red
using bio-inspired ZnO-NPs as photocatalysts. The possible
degradation of the Congo red starts with the degradation into
biphenyl-1-4'-diamine (m/z: 185, molecular weight:183)
and the unidentified intermediate where the cleavage occurs
at azo bond which is also supported by FT-IR measurements.

@ Springer
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Fig. 10 Degradation pathway of Congo red dye using biosynthesised ZnO-NPs as photocatalyst

The intermediate undergoes deamination to form biphenyl
(m/z: 156, molecular weight: 154) as the end product and
undergoes desulphonation to form naphthalene (m/z: 129,
molecular weight: 128) as by-product [66].

3.7 Mechanism of Photocatalytic Degradation
of Congo Red Dye

The possible mechanism of Congo red dye is given in Egs. (3)-
(6). Figure 11 illustrates the degradation of Congo red under
UV light. When ZnO nanoparticles are irradiated by a light
energy equal to the band gap of energy, the excited electrons
move to the conduction band (CB) and create a hole in the val-
ance band (VB) as given in Eq. (3). The atmospheric oxygen
reacts with the electron from the conduction band and leads
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to generation of superoxide radical anion as given in Eq. (4),
while H,0 or OH™ combines with h* in the valence band
to form HO'. The resulting ~*O,/HO" reacts with Congo red
which is responsible for the degradation as reported [67-73]:

ZnO + hv — ZnO(h* +¢7). 3)
ZnO(e™)+ 0, -7 0O,. )]
H,0 +h* - HO + H*. ©)
Congo red + HO' /7O, — Degradation pdts. 6)
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Fig. 11 Photocatalytic degradation mechanism of Congo red

4 Conclusion

A simple and green approach for synthesis of bio-inspired
ZnO-NPs using Ficus hispida leaf extract as reductant has
been reported in this paper. The ZnO-NPs have been char-
acterised by various spectral techniques and found to have
wurtzite hexagonal structure with particle size in the range
of 20-200 nm. The present study depicts the antitherapeu-
tic activity of biosynthesised ZnO-NPs against DLA cells
by trypan blue assay and found to have 96% inhibition at
200 ug mL~!. The anticancer activity of the synthesised
ZnO-NPs reveals its potential application as antitherapeu-
tic agent. The photodegradation experiments of Congo red
under UV light explore the efficiency of synthesised ZnO-
NPs as photocatalysts, and dye is completely removed after
70 min of exposure. The photocatalytic study provides a
better alternate for degrading the organic dye contaminants
in waste water. The efficiency of the biosynthesiser can be
attributed to varying size and agglomeration of biosynthe-
sised ZnO-NPs.
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