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ABSTRACT

Objective: In this study, the zinc oxide (ZnO) and silver (0.3 wt% and 0.6 wt%) doped ZnO nanoparticles

(NPs) have been synthesized for studying their anticancer potential against lung cancer cells.

Methods: Chemical co-precipitation route is used to synthesized the nanomaterials and characterized by

different analytical techniques such as X-rays diffraction (XRD), Raman spectroscopy, Fourier transform

infrared spectroscopy (FTIR), scanning electron microscope (SEM), and photoluminescence (PL) spec-

troscopy. Anticancer activity is evaluated on A459 lung cancer cells.

Results: XRD pattern reveals the development of (100), (002) and (101) diffraction peaks related to ZnO

hexagonal phase. The change in peak intensity and crystalline size are strongly dependent on the silver

contents in the ZnO lattice. The Raman bands appeared at 383, 436 and 578 cm~! wave number are

related to ZnO phase confirming the existence of chemical bond between Zn and O. The SEM microstruc-

tures reveal the formation of aggregates and flakes like morphologies. Optical absorption of ZnO is blue

shifted upon addition of silver atoms.

Conclusion: Anticancer activity of synthesized nanomaterials has shown that 0.3 wt% Ag doped ZnO pre-

sents higher cell inhibition (72.86%) against A459 lung cancer cells.

© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

increases the ineffectiveness of traditional antibiotics in disease
organism and nanomaterials based drugs provide better alterna-

In recent years, development of novel drugs for different biolog-
ical treatments shows inefficiency against infectous diseases but
the nanotechnology offered modified drugs which provide better
prospects against viral and uncurable cancer types (Herng et al.,
2007; Kaur et al, 2017). The ongoing crisis in medical field
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tive to enhance efficacy (Lam et al., 2018; Kumar et al., 2017).
The food and drug-controlled authorities established the ZnO NPs
as one of the harmless materials which possess unique physico-
chemical, optical and biological properties (Chen et al., 2015).
Additionally, ZnO has antimicrobial efficiency against fungus,
viruses and bacteria (Nagaraju et al., 2017; Ravichandran et al.,
2015).

The crystalline semiconductor nanomaterials have remarkable
applications in medical field for diagnosis and treatment of differ-
ent diseases (Chen et al.,, 2005; Golego et al., 2000). Zinc oxide
(Zn0), is a wide energy band gap (3.4 eV) semiconductor material.
Zn0 NPs, with 60 meV exciton binding energy and lattice parame-
ters, a = 0.325 nm, ¢ = 0.521 nm, have shown potential for both
technology and biomedical applications (Keren et al., 2003;
Wang et al., 2007). ZnO nanomaterials have applications in trans-
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parent electronics (Nomura et al., 2003), ultraviolet (UV) blocking
creams, light emitting diode (Nakada et al., 2004), piezoelectric
devices, chemical sensors and spintronics (Wang and Kong, 2004;
Pearton et al., 2004). The ZnO structure can be modified by doping
the transition metals such as Mg, Al, Mn, Cu, Ni, Ag to tune the
properties of the nanomaterials (Wang et al., 2007). Amid these
transition metals, the doping of Ag is more important because this
enhances the optical properties of ZnO nanomaterials (Nomura
et al., 2003). Silver belongs to transition metal group with high
thermal and electrical conductivity. The utilization of silver in
medical and therapeutics is very old, however, basic antimicrobial
behavior is discovered later. In recent years silver NPs have
achieved much attention in medical filed due to its various appli-
cations such as antimicrobial, anticancer and antibacterial agent
(Beyene et al., 2017). Chauhan et al. (2010) have synthesized Ag
doped ZnO NPs by chemical co-precipitation technique showing
improved antibacterial properties, antimicrobial and anticancer
activates. Noble metal doping in ZnO also exhibited enhanced pho-
tocatalytic activity (Caglar and Yakuphanoglu, 2012; Pal et al,
2013) (see Table 1).

The doping process can be performed by thermal treatment or
incorporation during chemical reaction (Pal et al., 2013; Pal et al.,
2015). At high temperature, silver doped ZnO nanomaterials pre-
sents higher stability and similarity with other transparent con-
ducting materials, making these nanomaterials suitable in
optoelectronic applications (Mohan et al., 2014). So far, different
methods are used to produce doped ZnO nanomaterials such as
sol-gel technique (Castro-Lopes et al., 2020), soft chemical route
(Naskar et al., 2019), co-precipitation (Sundaram et al., 2019),
hydrothermal method (Neto et al, 2019) and solvo-thermal
method (Sagadevan et al., 2017) (see Table 2).

In this research work, the role of Ag (0, 0.3%, 0.6%) contents on
ZnO nanomaterials synthesized by co-precipitation technique is
investigated by following the structural, morphological and optical
properties and evaluating nanomaterials as anti-cancer agent.

2. Experimental section
2.1. Experimental procedure

Zinc acetate dehydrate (Zn (CH3CO,),-2H,0), Silver nitrate
(AgNO3), Methanol (CH30H), sodium hydroxide (NaOH) were pur-

chased from sigma Aldrich through local suppliers and used with-
out any further purification.

Table 1
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Table 2
Change in cell dimensions and bond length with silver doping in zinc oxide.

Phase Lattice constant Bond length
Agy-Zn0q 4 a (nm) c (nm) L (nm)
X=0 0.326 0.524 0.145
X=03 0.326 0.524 0.155
X =0.6 0.327 0.526 0.159
2.1.1. Method

ZnO and Ag doped ZnO NPs in parallel experiment were synthe-
sized by co-precipitation method with Ag concentration (x = 0, 0.3,
0.6 wt%). Initially 3 g (0.24 M) Zinc acetate dehydrate (Zn (CHs-
CO,),-2H,0) was dissolved in 200 mL of methanol (CH30H) and
stirred vigorously for two hours. In next step, 1 M (NaOH) solution
in distilled water was incorporated in Zinc precursor homogenous
solution to maintain pH upto 11. Reaction process was allowed for
completion at room temperature (27 °C) for 45 min. After obtain-
ing the final form of product, solution was left overnight for set-
tling down the precipitates. The precipitates were separated by

0.6 wt% Ag doped ZnO *

* Ag
M

0.3 wt% Ag doped ZnO
)
&
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@
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Fig. 1. XRD patterns of synthesized nanomaterials; 0.6 wt% silver doping in ZnO
NPs presents silver peaks in the diffraction pattern.

Different calculated structural parameters such as phase identification, relative peak intensity, d-spacing, crystallite size, strain (¢) and dislocation density (3) of ZnO and Ag

doped ZnO nanocrystals.

Synthesis parameter Phases 2(0)Obs Plane d-spacing (nm) Relative Intensity C.S (nm) Strain Dislocation density (*10'° lines/m?)
X=0 Agx-Zn0; _x 31.54 (100) 2.837 64.81 24.27 0.0757 1.69
34.16 (002) 2.625 56.55 32.14 0.0564 0.97
36.14 (101) 2.486 100 11.98 0.1496 6.96
47.29 (102) 1.922 21.25 13.20 0.1261 5.74
56.41 (110) 1.629 37.08 7.29 0.2115 18.82
X=03 Agx-Zn0; _x 31.65 (100) 2.827 66.35 27.73 0.0662 1.30
34.33 (002) 2.613 63.75 32.12 0.0564 0.97
36.12 (101) 2.487 100 23.97 0.0748 1.74
47.38 (102) 1.919 16.11 15.39 0.1081 4.22
56.43 (110) 1.629 38.94 9.11 0.1691 12.04
X=0.6 Agy-Zn0;_x 31.58 (100) 2.833 55.18 16.18 0.1136 3.82
34.38 (002) 2.616 53.17 19.27 0.0940 2.69
36.02 (101) 2.493 100 13.70 0.1310 532
37.90 (111) 2.374 93.81 15.90 0.1116 3.95
4412 (200) 2.053 241 7.79 0.2188 16.47
47.23 (102) 1.925 17.89 7.70 0.2163 16.85
56.33 (110) 1.632 32.55 9.11 0.1692 12.03
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Fig. 2. Variation in (a) relative intensity of (100) and (002) planes of synthesized nanomaterials, (b) average crystallite size for different crystalline planes of zinc oxide and

silver doped zinc oxide nanomaterials.

centrifugation, washed with water several times and dried in oven
at 60 °C for 8 h. Grinding process were performed to obtain the
homogenous form of fine particles. For Ag doped ZnO, similar pro-
cedure was adopted accept silver source i.e. AgNO3 and zinc acet-
ate were mixed initially in the method.

2.2. Characterization

2.2.1. Tools

XRD is performed using a Philips (model Xpert) diffractometer
with a Cu Ko X-rays (A = 0.15406 nm) and 26 range of 20-60°.
Mira3 TESCAN is used for morphology analysis. The FTIR analysis
were performed using a Perklin Elmer apparatus of version
10.4.3. PL spectra are recorded at room temperature with excita-
tion at a wavelength of 325 nm.

2.2.2. Structural analysis
Formulae of different calculated structural parameter can be
found below (Lam et al., 2018; Kumar et al., 2017).

KA
BCosO

where k, » and B are the shape constant (0.9), wavelength of inci-
dent Cu K,, radiations (% = 1.54 A) and full width at half maximum
of corresponding diffraction peak respectively.
The strain (€) developed is calculated by the relation
_ pCoso
e=" 2)
The dislocation density (8) is determined by employing the

relation

1
0=—— 3
(C.S)? ®)

The unit cell dimensions (a, c) are determined by using the
relation

1 4(R+hk+k\ P
___<_ijiL>+

CS= (1)

= — 4
d(zhkl) 3 a? c? (4)

And the bond length in ZnO and Ag-ZnO is found by using the
relation

2 2
L=\ &g e 5)

&

aZ
U=35+025 (6)

2.3. Anti-cancer activity

2.3.1. Cytotoxicity on lungs A-549 cancer cells

The dose concentration value of ZnO and Ag-ZnO was calculated
using the MTT [3-(4,5 dimethylthiazol-2yl)-2,5-diphenyl tetrazoli-
umbromide] assay. Cell lines were grown in DMEM enhanced with
3 mM L1 glutamine, 100 p/mL penicillin, 100 mg/ml streptomycin
and 15% FBS. The cell culturing process was completed by using
50 cm? cell culture flasks at 37 °C in incubator. After the culturing
process these were shifted in 70 well plates and incubated for 48 h.
A-549 lungs cancer cells were treated with various concentration
of ZnO and Ag-ZnO NPs (25, 50, 75, 100, 125, 150, 175 and
200 pg/ml). MTT at 5 mg/mL was incorporated in individual well
and incubated for 4 h (AlSalhi et al., 2020; Fakhar-e-Alam et al.
(2020a), Fakhar-e-Alam et al. (2020b)). When they were dissolved
in 100 mL dimethyl sulfoxide (DMSQ), purple color crystals were
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Fig. 3. FTIR spectra of ZnO and Ag doped ZnO nanomaterials.
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Fig. 4. Raman Spectra of (a) ZnO, (b) 0.3 wt% and (c) 0.6 wt% Ag doped ZnO nanomaterials, (d) Photoluminescence spectra of synthesized nanomaterials presenting different

optical absorption peaks.

formed. The optical density calculated at 570 nm and then cell via-
bility was calculated by formula:

Cellviability% = (OD values of experimental sample/OD values of experimental control)
100

3. Results and discussion

Fig. 1 shows the XRD patterns of ZnO and Ag doped ZnO NPs
synthesized by co-precipitation method (0.3 and 0.6 wt%). The
diffraction peaks appeared at 26 values of 31.54°, 34.16°, 36.14°,
47.29° and 56.41° are related to hexagonal wurtzite ZnO structure.
It is found that no diffraction peak is observed related to Ag up to
x = 0.3 wt%, while the diffraction peaks of Ag are appeared at 20
values of 37.9° and 44.12° belong to (111) and (200) planes for
X = 0.6 wt’%.

Fig. 2a exhibits relative peak intensity relation of (100) and
(002) planes of ZnO and Ag doped ZnO NPs. The relative peak
intensity of (100) and (002) planes is increased up to 0.3 wt% of
Ag content whereas it is decreased with the further increase of
Ag (0.6 wt%) atoms. The increase in relative peak intensity of said
planes indicates the growth of ZnO NPs which is due to the incor-
poration of lower amount of Ag (0.3 wt%). When the amount of Ag
is increased to 0.6 wt%, the FWHM of (100), (002) planes is
increased causes to develop micro-strains, point defects and stres-
ses. In short, the relative peak intensity is associated with the rise
of silver contents (Kirchlechner et al., 2010). The growth of Ag
doped ZnO NPs is more along (100) orientations because the peak

intensity of these planes is greater than other ZnO peaks (Karyaoui
et al., 2015).

Fig. 2b reveals the variation in crystallite size of (100), (002)
and (101) crystalline planes of pristine and Ag doped ZnO NPs pre-
pared by co-precipitation method. The crystal size for (101) plane
is increased significantly while it is slightly increased for (100) and
(002) planes at 0.3 wt% of Ag in ZnO NPs. Interestingly, the crystal-
lite size of all the planes are decreased at 0.6 wt%. Results show
that the lower (0.3 wt%) content of Ag increases the crystal growth
while the higher content (0.6 wt%) of Ag discourages the crystal
formation. This decrease in crystal growth is evident with the
increase of FWHM and the development of micro-strains and point
defects. Moreover, the increase in crystal growth indicates the
stress relaxation while the decrease in crystal growth indicates
the emergence of irregularities in the crystal due to crystalline
defects. These crystalline defects can cause the shrinking or elon-
gation of lattice parameters, d-spacing and hence distorted the
crystal lattice.

Due to shifting in diffraction peaks, the d-spacing values are var-
ied with the change in concentration. The d-spacing of (100) and
(002) planes is decreased for 0.3 wt% of Ag while it is increased
for 0.6 wt%. There is a direct relationship between crystallite size,
strain and d-spacing for (100) and (002) planes with the increase
of Ag contents. On the other hand, there is no variation in these
structural parameters for (101) plane which indicate that the silver
addition does not affect the growth orientation of ZnO NPs.

The cell parameters a and c are increased with increasing of Ag
(0.6 wt%) concentration in ZnO NPs. The estimated values of lattice
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Fig. 5. SEM images of synthesized nanomaterials (a) ZnO (b) 0.3%wt Ag doped ZnO (c) 0.6%wt Ag doped ZnO nanostructures.

parameter are very close to their standard values (a = 0.325 and
¢ = 0.521 nm), however the small variation in lattice parameters
is due to Ag doping in ZnO NPs. The “L” bond length also increased
with increasing the Ag concentration.

FTIR spectra of ZnO NPs with contents of Ag (0.3%, 0.6%wt) are
shown in Fig. 3. Synthesized NPs possess different organic species
attached to the NPs at different wavenumbers. The IR spectra are
recorded in the range 400-3500 cm~!. The peak appeared at
2362 cm~ ! is determined as the symmetric and asymmetric broad-
ening vibrations of C-H functional groups. The band present at
1588 cm ! indicates C=0 stretching bond. The medium to weak
band at 670 cm™! is attributed to the change in nanostructured
characteristics upon silver addition into Zn-0 lattice. The spectrum
obtained clearly displays ZnO band at 418 cm™! in the form of
metal oxygen bonding.

The ZnO has wurtzite hexagonal structure with eight types
of optical modes situated at the middle of Brillouin zone (I"
point).

I' =1A1 + 2B1 + 1E1 + 2E2

where Al and E1 Brillouin zones belong to two polar branches.
These Brillouin zones are split into longitudinal and transversal
optical parts containing varied frequencies owing to macroscopic
electric fields of LO phonons. In case of nonpolar E2, modes as a
low frequency mode (E2L) are assigned with the Zn sub-lattice. In
other case only oxygen atoms involve with high frequency mode
(E2H). Due to inactiveness of B1 mode, this is known as silent mode.
The Raman spectra of the nanomaterials were determined from
200 cm~! to 1200 cm™! at room temperature (Fig. 4a-c). Raman
spectrum of ZnO NPs contains four peaks aroused at 332, 421,
921 and 1077 cm™ . These observed peaks belong to the E2L, Al,
E2H and A1 (LO) Brillouin zone of hexagonal ZnO (Zeferino et al.,
2011) respectively. The spectra of Ag doped ZnO leads to the lower
mode of Al (LO) and observe peaks shifted about 15 cm™! towards
lower angles. Furthermore, in A1 (LO) phonon mode observed peaks
shift and broadening due to scattering. The peaks are appeared at
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Fig. 6. Cell viability and inhibition of A549 cells with different doses of ZnO and Ag-doped ZnO nanomaterials.

317, 534, 925 and 1018 cm™! outside the center of Brillouin zone.
The lower phonon mode Al (LO) is conventionally evaluated the
oxygen vacancies, the defect complexes usually contain O vacancy
in Zn interstitial. however, the Ag concentration increase the shift-
ing towards the higher frequencies and the peaks appeared at the
332, 505 and 1048 cm™! (Sathya et al, 2017). Moreover, with
increasing the Ag concentration, the broad Raman peak is appeared
at 505 cm ! due to surface interface phonon mode. The Ag effect on
ZnO spectra can be witnessed with peak at 317 cm~'. PL spec-
troscopy have been probed optical properties of the nanomaterials.
The PL peak is appeared at around 380 nm in the case of ZnO. Due to
doping of Ag (0.3% and 0.6% wt) peak shifted to the lower angle at
373 nm (Fig. 4d). The emission band is attributed to unbound exci-
ton recombination in ZnO NPs. The emission peak of pristine and Ag
doped ZnO are observed at about 458-583 nm in the visible range

(Sathya et al., 2017). Due to intrinsic and extrinsic imperfections,
Zn0 can emit visible emission. The creation of defects is related to
the incorporation of silver in ZnO NPs (Zeferino et al., 2011).

The morphology of the NPs is dependent on the synthesis meth-
ods and crystal formation. The surface morphology of the crystal is
observed by SEM. SEM images show the grain nanocrystalline mor-
phology and well controlled structure (Fig. 5a). There are many
smaller particles are visible indicating the formation of nanosized
particles. In case of 0.3 wt% of silver doping, larger aggregates
can be observed (Fig. 5b), whereas 0.6 wt% doping presents flake
like morphologies (Fig. 5c).

The biomedical importance of silver and zinc oxide NPs in evi-
dent in the literature for cancer treatments (Baghbani-Arani and
Shandiz, 2020; Cheng et al., 2020; Huy et al., 2020). By using
MTT assay, anticancer behavior is determined for the A549 (lung

(
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Fig. 7. Proposed mechanisms i.e. ROS generation and metal ions release showing cell inhibition due to silver doped ZnO nanomaterials.
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cancer cell line). The anti-cancer activities with dose concentra-
tions from 0.3 to 200 pg/mL are evaluated after 48 h incubation
time. The cytotoxic activity of these NPs are dose dependent
against A549 cell lines.

The outcome performance of AgyZnO; x (x = 0.3 wt%) NPs
induced more cell lethality in A549 cells as compared to ZnO,
Agx-Zn0;_4 (x = 0.6 wt%) NPs (Fig. 6a).

ZnO and Ag,-ZnO;_, NPs induce dose dependent inhibition for
different materials as shown in Fig. 6b. It is observed that cell
inhibition decreases at lower dose concentration. When compare
the cell death rate between 0.3 wt% and 0.6 wt%, cell inhibition
remain on higher side for 0.3 wt% at different doses and its ratio
remain almost one fourth time higher from dose concentration
0.7 to 100 pg/mL. The Agy-ZnO;_x (x = 0.3 wt%) NPs exhibited
the highest cell inhibition 72.86 % at concentration 200 pg/mL.
The important phenomena behind the anti-cancer effect of Agy-
Zn0; 4 (x = 0.3) NPs are production of ROS because of releasing
ions (Pandiyan et al., 2019). The higher anticancer effect of Agy-
Zn0; 4 (x = 0.3), NPs is related to the releasing of silver and zinc
ions to breed the ROS. The ROS penetrate through cell membrane
and cause cell damage.

The cytotoxicity mechanism of Agy-ZnO; 4 (x = 0.3 wt%) NPs
can be due to ROS generation, oxidative stress, and introduction
of apoptosis which cause damage of majority of A549 lungs cancer
cells. The physical properties of Agy-ZnO;_, (x = 0.3 wt%) NPs also
play a vital role in cytotoxic effect such as crystallite size, dose rate,
size distribution, surface functionalization of materials, and pro-
cessing kinetics. Higher cytotoxic effects were shown by the small
size of the NPs. These NPs are effortlessly penetrated the lungs cells
to generate the ROS which cause cell death. The results of Agy-
Zn0;_4 (x = 0.3 wt%) were showed that dose dependent study
had reduced the cell viability of A549 cell lines. The Agy-ZnO;_y
(x = 0.3 wt%) NPs penetrate the cells and damages the cancer cell
function. The important phenomena is that, the small energy band
gap materials absorb the energy from sun light and destroy the cell
membrane of cancer cells. Another important parameter for the
A549 cancer cell death is the charge on the metal ions. It was deter-
mined that for increasing the efficiency against the cancer cells,
NPs generate the positive charge i.e., Ag*, Zn®" and due to ionic
interactions, cell membrane were negatively charged (Fig. 7). Due
to the charge effect, the attraction produce between the positive
and negative charge and the position of attraction towards the neg-
atively charged cell membrane. The Ag,ZnO;_4 (x = 0.3 wt%) NPs
interact actively with negatively charged surface of cancer cell
membrane, cause cell membrane breakage and destroy cancerous
cells. This phenomenon follows liberation of silver and zinc ions
intracellularly which is more effective against cytotoxicity and
enzyme disruption. This shows that Ag,ZnO; y (x = 0.3 wt%) NPs
can be a potential candidate with improved efficacy against
cancerous cells (Pandiyan et al., 2019).

4. Conclusion

In this research work, effect of silver doping on zinc oxide struc-
ture has been evaluated. Silver with 0.3 wt% and 0.6 wt% are doped
in zinc oxide and structural, optical, bonding and morphological
properties are studied. Two addition peaks of silver are observed
in 0.6 wt% doped ZnO. Morphology of the nanomaterials is also
affected by doping and NPs transform into flake like shapes. PL
absorption spectra of synthesized nanomaterials have shown blue
shift upon doping of silver atoms. Anticancer potential of nanoma-
terials has shown that 0.3 wt% have higher cell inhibition rate as
compare to pristine or 0.6 wt% silver doped Zinc oxide. This study
has shown that silver doping can significantly enhance the anti-
cancer activity of zinc oxide nanomaterials.
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