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Abstract

Purpose: To prepare zinc oxide nanoparticles (ZnO NPs) using Piper betle leaf extract by a green
synthetic approach, and to evaluate their cytotoxicity towards human osteoarthritic chondrocytes.
Methods: ZnO NPs were prepared by heating 30 mL of 0.1 M zinc nitrate (ZnNO3) with 10 mL of Piper
betle leaf extract at 90 °C for 4 h. The ZnO NPs produced were characterized by various techniques,
including x-ray diffraction (XRD), Fourier transform-infrared spectroscopy (FT-IR), ultraviolet-visible
spectroscopy (UV-Vis), energy-dispersive x-ray spectroscopy (EDS) and transmission electron
microscopy (TEM). The cytotoxicity of the NPs against human osteoarthritic chondrocytes was studied
using eosin Y test method.

Results: The change in color of the reaction solution from colorless to pale white within 1 h indicated
the formation of ZnO NPs. FTIR results revealed coating of plant polyphenols on ZnO NPs surface while
XRD and EDS demonstrated the hexagonal structure of crystalline ZnO NPs. Dynamic light scattering
(DLS) and TEM analyses indicate hexagonal NPs with a mean particle size of 32 nm. In-vitro
cytotoxicity data showed that the NPs exhibited concentration-dependent cytotoxicity towards
osteoarthritic chondrocytes.

Conclusions: A simple, fast and eco-friendly method for the preparation of ZnO NPs using Piper betle
leaf extract is reported here. The NPs exhibit concentration-dependent toxicity towards human
osteoarthritic chondrocytes.
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INTRODUCTION

There has been increasing research interest in
the development of eco- friendly approaches for
nanoparticle (NP) synthesis that do not use
hazardous reagents in the preparation
procedure. Biosynthetic procedures for NP
preparation using enzymes, plants and microbes
have been considered as feasible, eco-friendly
alternative methods to existing physical and
chemical approaches [1].

Zinc oxide nanoparticles (ZnO NPs) are an
important class of semiconductor material that
are of scientific interest because of their wide
range of applications in optoelectronics, optics,
electronics and biomedicine [2]. Recent studies
have demonstrated the use of environmentally-
friendly constituents such as plant extracts, fungi
and bacteria for the preparation of ZnO NPs [3].
Among these, plant extracts have been reported
to be the most promising materials for obtaining
stable colloid of ZnO NPs. Examples of plant
materials used in green ZnO NP synthesis from
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aqueous extract of Aloe barbadensis Miller [4],
Hibiscus subdariffa [5], Sargassum muticum [6].
These methods offer numerous advantages of
eco-friendliness and compatibility for biomedical
and pharmaceutical applications where toxic
materials are not used for the preparation.
Although several plants have already been
reported for the preparation of ZnO NPs, there is
a need for the development of new green
methods that require less time for production of
nanoparticles.

This study investigates the use of Piper betle leaf
extract for the production of ZnO NPs within 30
min, as well as the evaluation of the in-vitro
cytotoxicity of the NPs against osteoarthritic
chondrocytes.

EXPERIMENTAL
Materials

Zinc nitrate hexahydrate (Zn(NO3)2:6H20),
dimethyl sulfoxide (DMSQO), bovine serum
albumin (BSA) and all other solvents were

obtained from Sigma-Aldrich Chemical Co., Ltd.
(St Louis, MO, USA).

Preparation of Piper betle leaf extract

Fresh leaves were collected from Piper betle
plant close to Shanghai Eighth People’s Hospital
and cleaned well with deionized water, followed
by drying under sunlight. About 5 g of dried Piper
betle leaves were crushed into powder. The
powder was then mixed with 30 mL water and
boiled for 15 min at 90 °C because high
temperature favors the easy solubility of
polyphenols in water within short period of time.
After cooling, the solution was filtered through
cellulose nitrate filter paper to obtain a clear
extract, which was stored in a refrigerator.

Synthesis of zinc oxide nanoparticles

About 10 mL of Piper betle leaf extract was
added to 30 mL 0.1 M zinc nitrate solution and
stirred at 90 °C, 100 rpm for 4 h. The reaction
mixture was then centrifuged to obtain a pale
white precipitate and washed several times with
water followed by ethanol. The product was
annealed in a furnace for 1 h at 200 °C to obtain
ZnO NPs. Control NPs were prepared which did
not contain plant extract.

Cell culture

Osteoarthritic chondrocytes were isolated from
fragments of articular cartilage following the

procedure described by Altman et al [5]. Briefly, a
sequential enzymatic digestion of articular
cartilage fragments was carried out for about half
an hour with hyaluronidase (0.1 %) and 1 h with
pronase (0.5 %), followed by a 1 h digestion with
collagenase (0.2 %) at a temperature of 37 °C, in
a solution containing a mixture of Dulbecco’s
modified Eagle’s medium (DMEM), amphotericin
B and penicillin/streptomycin. The cell
suspension was then filtered twice using nylon
mesh (70 ym) and washed by centrifugation at
700 rpm for 10 min. The final suspension
contained 90-95 % viable cells, which was
confirmed using the Trypan blue viability test.
The chondrocyte primary cultures were then
maintained at 37 °C under 5 % CO, atmospheric
conditions for 2 weeks.

Cytotoxicity evaluation

Osteoarthritic chondrocytes were initially seeded
in 24-well microplates at a concentration of 4 x
10* cells/well. Then, 1 mL of medium was added,
containing phenol red with 10 % fetal calf serum,
2 mM glutamine, 200 mg/mL streptomycin and
200 U mL™ penicillin. The cells were allowed to
become pre-confluent, then exposed to different
concentrations (10, 20, 40, 80 and 100 ppm) of
ZnO NPs for about 24 h. A control experiment
was conducted in the absence of NPs under
similar experimental conditions. After the NP
treatment, the cell viability was determined using
the eosin Y test (0.5 %) in 0.9 % aqueous NaCl
solution. The samples were studied under a light
microscope after staining. Stained and unstained
cells were considered to be dead and living cells,
respectively.

Characterization

The crystal structure of the ZnO NPs was
analyzed using XRD (D8-Advanced; Bruker,
Karlsruhe, Germany) from 20° to 70° in 20 steps
with Cu Ka (A = 0.1546 nm) radiation. A UV-Vis
(Lambda 950; PerkinElmer, Waltham, MA, USA)
spectrophotometer was used to measure the
optical absorbance of the NPs. FT-IR studies
were conducted to establish the surface capping
groups and an FT-IR spectroscopy instrument
(JASCO, Tokyo, Japan) was used to analyze the
FT-IR spectrum. A high resolution TEM (HR-
TEM) instrument (JEM 2100; JEOL, Tokyo,
Japan) was used to study the morphology of the
NPs. The size distribution and zeta potential of
the NPs were measured using a nanoparticle
analyzer (SZ-100; Horiba Scientific, Edison, NJ,
USA). Then, 1 mL ZnO colloid was diluted five
times with double distilled water and used for
dynamic light scattering (DLS) measurements.
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Statistical analysis

All experiments were performed in triplicate for
each concentration used. Absolute values
obtained for each treatment were transformed
into percentage cell viability. The individual dose-
dependent cytotoxicity data points are given as
the arithmetic mean percentage inhibition
compared to the standard control error.
Differences between the mean values were
analyzed using one-way analysis of variance
(ANOVA) at a significance level of p < 0.05.

RESULTS

The UV-vis spectrum indicated the formation of
ZnO NPs, as shown in Figure 1; the presence of
biosynthesized ZnO NPs is indicated by a sharp
absorption peak at 335 nm. On the other hand,
UV-vis absorption of zinc salt and plant extract
showed the optical absorption peaks at 300 and
325, and 370 nm, respectively. The XRD
diffractogram is provided in Figure 2 and
contains peaks at 31.7° , 34.3° , 36.1°, 47.4°,
56.4°, 62.8°, 66.3°, 67.8°, 68.9°, 72.4° and 76.9°,
corresponding to the characteristic indexing
planes (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004) and (202), respectively,
thus indicating the hexagonal crystalline structure
of the NPs which is confirmed from standard
crystalline database of Joint Committee on
Powder Diffraction Standards (JCPDS) with
reference number: 01-076-0704.

Similarly, the XRD pattern of the zinc salt
showed the presence of sharp diffraction peaks
which is characteristic to bulk material thus
differentiating from nano zinc oxide, which
represented the broad peaks in XRD. On the
other hand, XRD pattern of plant extract showed
the broad amorphous peak at 26.6 °, which is
due to the biomolecules of plant extract.

Figure 3 shows the TEM and selected area
electron diffraction (SAED) patterns for the ZnO
NPs. Hexagonal NPs with an average size of 30
nm were observed, and the SAED pattern shows
that the NPs were polydispersed and crystalline
in nature. Figure 4 shows the energy-dispersive
X-ray spectroscopy (EDS) spectrum; peaks
corresponding to zinc and oxygen are present,
confirming the formation of ZnO NPs.

Figure 5 shows the FT-IR spectrum of the ZnO
NPs. A peak is observed at 500 cm™,
characteristic of the stretching vibrations of the
Zn-0O bond [6]. The bands present around 1,037
cm™ and 3,400 cm™ correspond to the symmetric
C-O stretching and O-H group stretching
vibrations [7]. The band at 1,650 cm™ indicates
the presence of ketonic functionalities. The
surface charge and size distribution of the NPs
are shown in Figure 6. The average particle size
was 31 nm and the zeta potential was -13 mV.

1.95 -

1.90 - 335'om
(]
Q
S
.E 1.85
o
A
<C ZnO NPs

1.80 -

Plant extract
1 ’ 1 L 1
200 400 600 800

Wavelength (nm)

Figure 1: Ultraviolet-visible spectroscopy spectrum of biosynthesized zinc oxide nanoparticles (blue), Zinc salt

(black) and plant extract (red)
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Figure 2: X-ray diffraction patterns of ZnO NPs (red), Zinc salt (black) and plant extract (inset shown)

Figure 3: (A) Transmission electron microscopy image (B) Selected area electron diffraction pattern of ZnO NPs
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Figure 4: Energy-dispersive X-ray spectroscopy spectrum of biosynthesized ZnO NPs
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Figure 5: Fourier transform-infrared spectroscopy spectrum of biosynthesized ZnO NPs
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Figure 6: (A) Dynamic light scattering and (B) zeta potential of ZnO NPs
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Figure 7: Cell viability of osteoarthritic chondrocytes induced by ZnO NPs

Osteoarthritic chondrocyte viability

Figure 7 shows the effects of the NPs on the
percentage viability of osteoarthritic human
chondrocytes. It is found that the cell viability is
decreased with increase in the concentration of

ZnO NPs treated and 82 % cell viability was
observed at a ZnO NP concentration of 10 ppm,
which decreased to 52 % when the concentration
increased to 100 ppm. The half maximal
concentration (ICso) value, where 50 % cell
viability is observed, was 100 ppm.
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DISCUSSION

Initial identification of ZnO NP formation was
confirmed by visual color changes during
synthesis. The reaction between Piper betle plant
leaf extract and ZnNO;.6H,0 caused a change in
the solution from colorless to pale white within 1
h, and the reaction was complete within 4 h at 80
°C, which was faster and cooler than observed in
previous studies [8-10]. No color change was
observed after 3 days in the control experiment,
indicating the importance of Piper betle extract in
ZnO NP synthesis.

The XRD diffractogram show the formation of
ZnO NPs. The presence of x-ray diffraction
peaks characteristic of ZnO NPs, and the related
indexing planes, indicate the hexagonal structure
of the synthesized NPs. Furthermore, the
crystalline data from the prepared NPs matched
standard crystal data (JCPDS NUMBER: 01-076-
0704). No other diffraction peaks corresponding
to impurities were found, indicating that this
biosynthetic approach could be employed for
synthesis of high-purity NPs. The synthesis of
ZnO NPs by Piper betle plant extract was also
further confirmed by EDS and TEM analyses.
The EDS spectrum showed the presence of zinc
and oxygen without any other impurity peaks,
indicating the high purity of the synthesized ZnO
NPs.

FT-IR analysis confirmed the surface stabilization
of ZnO NPs with bioconstituents of the plant
extract. The existence of bands characteristic of
O-H and C-O bond stretching in the FT-IR
spectrum indicated capping of the secondary
metabolites of the plant extract on the
biosynthesized NPs [11,12]. These results are
also supported by the negative surface charge of
the NPs, which may be due to phenolic functional
groups from the plant extract present on NP
surfaces. This negative surface charge may
generate repulsive forces between NPs, reducing
aggregation and resulting in further stability. The
negative surface charge of NPs synthesized
using green reagents has been discussed in
previous studies [13]; from these results, the
stabilization of plant polyphenols onto the surface
of the prepared ZnO NPs can be established.

The cytotoxicity of the ZnO NPs at different
concentrations was investigated to determine
their effects on chondrocytes. The results
demonstrate a dose-dependent cytotoxicity
similar to that exhibited by other noble metal NPs
with different cancer cell lines. For instance,
Babu et al [14] demonstrated the concentration-
dependent cytotoxicity of gold NPs on human
colon and lung cancer cell lines Johnston et al

reported that gold nanorods are more toxic than
spherical gold NPs, which are biocompatible [15].
This may indicate that the cytotoxicity of NPs
depends on their size, shape and surface
functionalities. In contrast, the plant extract
showed negligible cytotoxicity, indicating that the
cytotoxicity in the present method is purely due
to the ZnO NPs. However, the prepared NPs
showed more than 50 % cell viability even at
higher concentrations, indicating their
biocompatible nature. Further, the
biocompatibility of ZnO NPs makes them suitable
for biomedical applications.

CONCLUSION

A simple, low-cost, eco-friendly method for the
preparation of ZnO NPs using Piper betle leaf
extract has been achieved. FT-IR and zeta
potential studies demonstrate the stabilization of
ZnO NPs with Piper betle extract polyphenols.
The Piper betle extract-mediated ZnO NPs
showed concentration-dependent cytotoxicity
against osteoarthritic chondrocytes.
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