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KEYWORDS Abstract In this study, dual doped Zinc oxide nanoparticles consisted of silver and magnesium
Ag and Mg dual doped ZnO were prepared by Salvadora persica extract. Powder X-ray diffraction (PXRD) analysis displayed
NPs; the formation of wurtzite ZnO phase nanostructures and dual doped nanoparticles. The morpho-
Green synthesis; logical observations of scanning electron microscopy (SEM) confirmed the hexagonal morphology
MTT test; of prepared nanoparticles. The Raman scattering of this product exhibited the first and second
Breast cancer cells orders of polar and non-polar modes that are the characteristic bonds of a wurtzite structure.

The toxicity effects of synthesized un-doped, as well as Ag and Mg dual doped ZnO NPs on breast
cancer cell (MDA-MB-231) and breast normal cell (MCF-10A) lines, were investigated by the
means of MTT test. Accordingly, in comparison to the case of silver and magnesium doped zinc
oxide nanoparticles, the un-doped ZnO NPs caused a more toxic impact on MDA-MB-231cells.
There was a lack of any significant toxicity effects from un-doped and Ag and Mg dual doped
ZnO nanoparticles on the experimented normal cell line (MCF-10A). The gathered results were
indicative of a lower toxicity effect in doped nanoparticles when compared to un-doped nanopar-
ticles and therefore, it can be stated that the doping of silver and magnesium metals produces more
reliable zinc oxide nanoparticles.
© 2022 The Author(s). 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/).

* Corresponding author at: Zabol Medicinal Plants Research Cen- 1. Introduction

ter, Zabol University of Medical Sciences, Zabol, Iran.
E-mail address: m.sarani@zbmu.ac.ir (M. Sarani). In the present century, one of the concerns of scientists in the field of

medical science is to find a definitive solution for the treatment of can-
cer (Arshad et al., 2021). This disease is recognized as the first cause of
death in developed countries and the second in developing countries
(Wang et al., 2020). Despite the spread of various therapies, including
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chemotherapy, the prevalence of this disease is growing and the need to
discover and produce new combating compounds is one of the major
global priorities (Kumari et al., 2016; Rodriguez-Nogales et al., 2018).

Considering this crucial demand for novel and less dangerous treat-
ment methods, the exertion of nanomaterials for diagnosing and treat-
ing a number of common cancers emerged as a new approach in this
field. Therefore, the application of nanoparticles in food, electronics,
and medical industries is expanding. The prepared nanoparticles (less
than 100 nm) offer an increased surface-to-volume ratio with enhanced
abilities to react with organic and inorganic molecules. The application
of nanotechnology in medicine involves the usage of very small parti-
cles in the field of diagnosis and treatment of human cancers. In this
regard, nanoparticles received more attention for certain objectives
such as imaging tumors, displaying cancer biomarkers, and targeted
drug delivery (Zugazagoitia et al., 2016; Schirrmacher, 2019). It was
indicated by researches that metal nanoparticles are more effective in
biological applications than the other nanostructures (Cheng et al.,
2021). Some of the most prominent medicinal uses of metal nanopar-
ticles, including zinc oxide nanoparticles, are their applications as drug
carriers and cancer cell markers since they are abled to pharmacolog-
ically guide and identify cancer cells and cause significant therapeutic
effects by activating apoptotic pathways (Miri et al., 2020a;
Wiesmann et al., 2020; Zhang et al., 2020; Anjum et al., 2021).

Zinc oxide nanoparticles can be produced through various chemi-
cal and physical methods such as sol-gel (Kumar, 2020), hydrothermal
(Mohan et al., 2020), and Ultrasonic (Luo et al., 2018). However, these
methods are not economically viable due to their need for different
compounds and facilities while posing numerous risks to the environ-
ment; whereas the utilization of environmentally friendly methods pro-
cedures can be economically efficient and result in higher rate of
production and better quality of nanoparticles (Vijayaraghavan and
Ashokkumar, 2017; Sharma et al., 2019). The exertion of plant extracts
is one of the most desirable and widely applied methods for producing
nanoparticles through an environmentally friendly manner, in which
the obtained extract from different parts of plants, including roots,
leaves and stems, act as a reducing compound and provide the fabrica-
tion of nanoparticles in appropriate sizes and shapes (Jadoun et al.,
2021; Agarwal et al., 2017). According to various studies, these
nanoparticles exhibited fine cytotoxic power in comparison to the
other nanoparticles produced by chemical methods (Hamidian et al.,
2021a; Miri et al., 2020b; Miri et al., 2020c; Nazaripour et al., 2021).

The usage of zinc metal for producing oxidized nanoparticles has
found many applications in medicine and biomedicine (Anjum et al.,
2021). Due to its unique physical and chemical properties, this metal
has been used in the production of catalysts, gas sensors, semiconduc-
tors, and radiation insulation materials. Various studies indicated the
strong ability of zinc oxide nanoparticles to induce apoptosis in cancer
cells (Zhang et al., 2020).

Salvadora Persica is a desert plant that grows in the west of Saudi
Arabia, Iran, and Africa, which is also recognized by the names of
chewing stick, natural Toothbrush, and Meswak. Twigs and roots of
S. Persica are widely exerted as a cleaning agent for teeth, while there
are reports on many other uses of this plant. According to the analysis
results of S. Persica, it contains trimethylamine, salvadrine alkaloids,
chloride, fluoride, silica, sulfur, mustard oil, vitamin C, and gum, as
well as a small amount of tannin and sterol (Halawany, 2012; Niazi
et al., 2016). In our previous studies, we succeeded in synthesizing
CeO, (Miri et al., 2020d), Fe,O3 (Miri et al., 2020e), and Ni-doped
CeO, (Miri et al., 2020c) nanoparticles through the application of S.
Persica extract.

Today, researchers are attempting to dope in ZnO to achieve a bet-
ter crystallographic quality and optical, electrical, and ferromagnetic
properties. In fact, doping is one of the easiest techniques to improve
the physicochemical properties of a nanoparticle by adding impure
ions to the nanoparticle crystal lattice (Bharat et al., 2019; Medhi
et al., 2020). In conformity to the numerous studies performed on
the doping of various metals such as cobalt (Kammoun and ghoul.,
2021), nickel (Ali et al., 2020), iron (Srinivasulu et al., 2017), etc. to

zinc oxide, the doping process succeeded in altering the properties of
doped nanoparticles. Therefore in this work, the two metals of magne-
sium and silver were double-doped to zinc oxide, while the involved
nanoparticles were synthesized through a green method by the usage
of an aqueous extract of Salvadora persica. Lastly, in order to evaluate
and compare the effects of doped metals on zinc oxide with un-doped
zinc oxide nanoparticles, their cytotoxicity impacts on human breast
cancer (MDA-MB-231) and normal (MCF-10) cells were investigated
by MTT assay.

2. Material and method

2.1. Extraction of S. persica

The bark powder of S. persica was weighed and added to dis-
tilled water (ratio 1:10) to be shaken for 18 h at 150 rpm. Then,
the mixture was filtered by a filter paper of Whatman No. 1.
The obtained extract was stored in a refrigerator for the
upcoming experiments.

2.2. Synthesis of un-doped and dual doped ZnO NPs

The Mg:Ag ratios of 1:1, 1:2, and 1:4 were considered for syn-
thesizing Ag and Mg dual doped ZnO NPs. 10 cc of S. persica
extract was volumed to 50 cc with distilled water in four Erlen-
meyer flasks for preparing an un-doped sample and three sam-
ples of dual doped nanoparticles, respectively. Then, zinc
nitrate hexahydrate (0.02 M, Zn(NOs),-6H,0O, Merck) was
added to every four Erlenmeyer flasks. Thereafter, magnesium
nitrate hexahydrate (Mg(NOs3),-6H,0, Merck), and silver
nitrate (AgNO3, Merck) was added to the solutions according
to the specified ratios , respectively, to be mixed by a heater
stirrer at 70 °C for 3 h. In the following, the samples were dried
in an oven of 80 °C for 24 h and the resulting raw material was
calcined at 600 °C for 2 h. The un-doped, magnesium, and sil-
ver dual doped ZnO NPs were labeled as ZnO, Mg/Agl-ZnO,
Mg/Ag2-ZnO, and Mg/Agd-ZnO, respectively (Fig. 1).

(©)
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Fig. 1
Mg/Ag2-ZnO, and (D) Mg/Ag4-ZnO nanoparticles obtained by
using S. persica.

Images of powders of (A) ZnO, (B) Mg/Agl-ZnO, (C)
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2.3. Characterization

The morphology and structure of synthesized nanoparticles
were investigated through the usage of different characteriza-
tion methods. The crystalline structure of synthesized
nanoparticles was characterized through powder X-ray diffrac-
tometer (PXRD, Netherlands, PANalyticalX’Pert PRO MPD
system, Cu Ka). In addition, ultraviolet and visible absorption
were used to measure the intensity of light at different wave-
lengths caused by UV-Vis radiation and those that stimulate
bonded electrons (UV-Vis, Rayleighuv-2100, Chine). Raman
spectroscopy is an analytical technique, in which scattered
light is used to measure the vibrational energy modes of a sam-
ple, (Raman Takram P50COR10 device, laser wavelength =
532 nm), while FESEM characterization technique provides
important data on surface morphologies such as shapes and
sizes of nanoparticles (FESEM, MIRA3 TESCAN, Czech).

2.4. Cytotoxic activity

24.1. Cell culture

In order to evaluate the cytotoxicity of our synthesized
nanoparticles, we used human breast cancer MDA-MB-231
and normal MCF-10, which were obtained from the Pasteur
Institute of Iran and thawed in prior to being cultured. The
cells were transferred to Falcon tubes and centrifuged at
833 rpm for 9 min. Once the supernatant was removed, a com-
plete culture medium was added to the cells to have the pre-
pared suspensions poured into flasks. DMEM culture
medium was exerted for the process of cell culturing, while
10% fetal bovine serum (FBS), 100 pg/mL of streptomycin,
and 100 international units/mL of penicillin was appended to
each of the culture mediums to prevent microbial growth.
The applied culture medium was incubated under 5% CO,
at 37 °C for the purpose of proliferating and growing the cells.

24.2. MTT assay

Human breast cancer MDA-MB-231 and normal MCF-10A
cells were cultured with high glucose DMEM, which was sup-
plemented with 10% fetal bovine serum and 1% penicillin/
streptomycin solution, in an incubator (37 °C, 5% CO,) until
the cells of each well reached the count of 10000. The culture
medium was replaced with 100 uL. of DMEM containing the
formulations of different concentrations (1, 10, 50, 100, and
500 pg/mL) to be seeded for another 24 h. Each concentration
was composed of three duplications. The culture medium was
changed after 24 h along with a replacement of a fresh high
glucose DMEM. In the following, 20 pL of 5 mg/mL 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) solution was added to each well to be further incubated
for 4 h. Once 100 pL of DMSO was added to each well, the
resulting mixture was shaken for about 15 min at room tem-
perature to dissolve its formazan. The optical density (OD)
was measured at 570 nm through a microplate reader and
the rate of cell viability (VR) was calculated in accordance with
the following equation:

VR = A/ Ay x 100%

where A represents the absorbance of cells that were treated
with formulations and A, refers to the absorbance of control

group.

@@@
Ag*@@e
e @9

Mg*

Agh  Mg”
Ag’ Mg
such as...
@)
N Reduction agents
N
H

Salvadoricine

O
B

=0
8

Fig. 2 Synthesis mechanism of formation Mg/Ag-ZnO nanopar-
ticles by using S. persica extract.

2.4.3. IC50xxx

The probit test was performed by the usage of SPSS software
to calculate the concentrations of drug and nanoparticles that
could limit the growth of 50% of cells (IC50), as well as to
measure the restriction percentage of cell growth against
concentration.
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3. Results and discussion

The S. persica extract including secondary compounds such as
salvadrine alkaloids, chloride, and fluoride, which act as a
reducing agent to promote the formation of oxide metallic
nanoparticles. The ability of S. persica extract to synthesize
of metal oxides and metal nanoparticles has been well estab-
lished in our previous studies. In the continuation of our stud-
ies, we were used S. persica extract to prepare of double doped
metal oxide nanoparticles. The mechanism of nanoparticle
synthesis through S. persica extract is shown in Fig. 2.

3.1. PXRD analysis

The PXRD pattern of synthesized ZnO, Mg/Agl-ZnO, Mg/
Ag2-Zn0O, and Mg/Ag4-ZnO nanoparticles achieved by the
usage of S. persica is presented in Fig. 3. The observed peaks
in non-doped ZnO nanoparticles and Mg/Ag dual doped
ZnO nanoparticles was indexed to (100), (002), (101),
(102), (110), (103), (200), (112), and (201), which are in
accordance with the hexagonal ZnO (JCPDS-36-1451) (Miri
et al., 2020a). In conformity to Fig. 3, an increase in Ag ratio
resulted in the appearance of silver of doped nanoparticles
peaks throughout the PXRD pattern. Considering the lack
of observing any other additional peaks, it can be indicated
that the synthesized nanoparticles are pure and contain crys-
talline form. The crystalline size of our synthesized product
was calculated through the mentioned Debye—Scherer formula
in equation (2).

In which D stands for the crystallite size of nanoparticles, K
is the shape factor, A refers to the wavelength of applied radi-
ation, f would be the full width at half maxima (FWHM) in
radians, and 0 represents the diffraction angle. The average
crystallite size of the synthesized nanoparticles was estimated
through the full width at half maxima (FWHM) of the XRD
peak (101) by the usage of Debye-Scherer formula, which
was reported to be 25.37, 19.73, 28.12, and 33.59 nm for
ZnO, Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Agd-ZnO
nanoparticles, respectively. According to Fig. 3, the doping
of Mg and Ag metals to the crystalline network of ZnO
nanoparticles resulted in increasing the crystalline size of syn-
thesized doped nanoparticles, which can be the responsible fac-
tor for the difference in the ionic radius of zinc atom (1.38 A)
when compared to the doping of silver (1.72 A) and magne-
sium (0.66 A) atoms. As seen, with the increasing of doping
percent of silver in ZnO nanoparticles, the crystalline size of
samples was increased because of its larger ionic radius.

3.2. FESEM and EDX analysis

Fig. 4 presents the FESEM images of synthesized ZnO, Mg/
Agl-ZnO, Mg/Ag2-ZnO, and Mg/Agd4-ZnO nanoparticles
that were obtained by the usage of S. persica. Accordingly,
ZnO particles contained a hexagonal form while some of them
were grown into the shape of rods. All of the particles were dis-
played in a hexagonal form throughout the FESEM images of
doped nanoparticles, which also exhibited the increased size of
synthesized particles as a result of doping Ag and Mg metals
into the structure of ZnO. The achieved mean particle size dis-

D = Ki/PcosO () tributions of synthesized ZnO, Mg/Agl-ZnO, Mg/Ag2-Zn0O,
3 2
g 1 -~ 3!
= — = oL —
= = = < -
=) - S —
=3 Y e I~ <
< of - S Py - oL
<« Q — o a -
s S < =] ao- “
= =
Mg/Agd-ZnO S
g
-]
£
Mg/Ag2-ZnO A A A Ao

Mg/Agl-ZnO

A JLJ\__,J\M

ZnO

>, -

A

20 30

50 80

2 Theta (degree)

Fig. 3 PXRD pattern of ZnO, Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Ag4-ZnO nanoparticles obtained by using S. persica.
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and Mg/Ag4-ZnO nanoparticles, which were estimated to be
36.44, 36.89, 47.92, and 51.45 nm, indicates the satisfying
growth of particles as a result of increasing the percentage of
doped metals. The EDX profiles of synthesized ZnO and
Mg/Ag4-ZnO nanoparticles are demonstrated in Fig. 5. The
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N=100
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Fig. 4 FESEM images and particle size distribution of ZnO,
Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Agd-ZnO nanoparticles
obtained by using S. persica.

EDX results confirmed the high-purity content of synthesized
nanoparticles along with their composition of Zn and O ele-
ments for the case of ZnO and Zn, O, Ag, and Mg elements
for the case of Mg/Ag4-ZnO nanoparticles.

3.3. Raman analysis

Raman spectroscopy is an efficient method for identifying
molecular structures, since it can determine the rotational
and vibrational frequencies, geometric evaluation, and even
the symmetry of molecules (Hashemi et al., 2019). According
to the group theory, ZnO nanoparticles with a hexagonal wurt-
zite structure contain a space group of P63mc. Accordingly,
the optical modes presented in ZnO wurtzite structure include
Al + 2B2 + El1 + 2E2, which is categorized into A1 + El
+ 2E2 as the active Raman mode, A1 + EI as the active infra-
red mode, and 2B1 as the silent Raman mode. E1 and Al
modes are two polar branches that are divided into longitudi-
nal optical (LO) and transverse optical (TO) branches, while
Al, El, and E2 are the first-order Raman active modes. It
should be noted that according to Raman law, Bl modes are
usually inactive throughout the Raman spectrum and are
known as the silent modes (Silambarasan et al., 2014-2015).
Fig. 6 displays the Raman spectra of synthesized ZnO, Mg/
Agl-ZnO, Mg/Ag2-ZnO, and Mg/Ag4-ZnO nanoparticles.
The main phonon states of hexagonal ZnO nanoparticles
appear in 573, 434, 336 and 96 cm ™! regions, which correspond
to the modes of Al (LO)-El (LO), E2H, Al (TO), and E2H,
respectively. The 2E2L mode is in correlation to the second-
order phonon mode that appears in 122 cm™! region. Modes
of 3E2H-E2L, El (TO) + E2L, 2(E2H-E2L), and Al
(TO) + E1(TO) + E2L are related to poly-phonon scattering,
which appeared in the range of 317, 483, 663 and 1099 cm ™!,
respectively.

As it is displayed in Fig. 6, the polar and non-polar states
faced a significant alteration due to the doping factor (both
Ag and Mg) in the matrix of ZnO. The E2H state involves
the oxygen motion, sensitivity to internal stress, and character-
istics of hexagonal structure of zinc oxide nanoparticles.
Caused by the decomposition of impurities and defects, E2H
mode faced a sharp decrease in the peak intensities of doped
samples, while considering that increasing the doping concen-
trations of silver and magnesium can induce a steady decrease
and expansion in this mode. Furthermore, the appeared polar-
ity of Al (LO)-El (LO) at about 580 cm™! is related to the
doping of silver and magnesium, which results in expanding
the peak and causing a shift towards lower energies. All vari-
ations and extensions of phonon modes were obtained by the
scattering contributions outside the center of Brillouin area.
The phonon state of Al (LO) -E1 (LO) is a common sign of
interfacial defect of zinc and oxygen vacancy in ZnO network
(Khosravi-Gandomani et al., 2014). The doping of Ag and Mg
ions with ZnO nanoparticles caused a great increase in the
intensity of ZnO Raman peaks. Also, further results confirmed
the existence of few defects in the crystallization of ZnO
nanoparticles as a result of Ag and Mg ions.

3.4. UV-Vis analysis

UV-Vis technique is a compulsive technique to the optical
study of the nanomaterials. The determination of optical data
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Fig. 5 EDX profiles of ZnO and Mg/Ag4-ZnO nanoparticles obtained by using S. persica.

is useful for the applications of nanomaterials for different
fields. The UV-Vis absorption spectra of synthesized ZnO,
Mg/Agl-ZnO, Mg/Ag2-Zn0O, and Mg/Ag4-ZnO nanoparticles
obtained by using S. persica are presented in Fig. 7A. The
maximum wavelength of ZnO, Mg/Agl-ZnO, Mg/Ag2-ZnO,
and Mg/Ag4-ZnO nanoparticles appeared in the regions of
358, 353, 350, and 348 nm, respectively. An increase in the con-
centrations of Ag and Mg in ZnO nanoparticles can cause a
shift in the position of absorption spectra towards the lower
wavelengths, also known as blue shift, which is associated with

the induced alteration in the amount of optical band gap
(Viswanatha et al., 2004). This blue shift signifies the occur-
rence of a reduction in crystallization and the effect of quan-
tum confinement. Increasing the electron population during
Mg and Ag doping in ZnO leads to quantum constraints
and ultimately blue shift in optical absorption behavior
(Alanazi et al., 2021).

The DRS spectra of the synthesized ZnO, Mg/Agl-ZnO,
Mg/Ag2-Zn0O, and Mg/Ag4-ZnO nanoparticles is presented
in Fig. 7B wherein Tauc plot graph (Hamidian et al., 2021b)
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Fig. 7 (A) UV-Vis absorption spectra and (B) DRS of ZnO,
Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Agd4-ZnO nanoparticles
obtained by using S. persica.

estimated the optical band gap of synthesized nanoparticles.
The absorbance spectra display a blue shift with increasing
the doping Ag and Mg metals into ZnO structure which leads
to an increase in the band gap of doped nanoparticles. The
increase in band gap i.e., the blue shift occurs due to the quan-
tum confinement effect (Alanazi et al., 2021); the band gap
value being estimated to be 3.28, 3.45, 3.67, and 3.82 eV for
ZnO, Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Ag4-ZnO sam-
ples, respectively. It has been observed that as the particle size
increases, their band gap increases, which is consistent with
PXRD and FESEM results.

3.5. Cytotoxic performance

Recent studies confirmed the importance of metal nanopar-
ticles in medical applications including antimicrobial and
anticancer activities. In addition, performing doping pro-
cesses on metal ions can enhance the biomedical applica-
tions of metal oxide nanoparticles by improving their
properties (Medhi et al., 2020). For example according to
the work of Ahmed er al/, Ag doped TiO, NPs exhibited
increased cytotoxicity in cancer cells along with improved
biocompatibility in normal cells (Ahamed et al., 2017).
Similarly, our previous studies confirmed the increased
cytotoxicity of Ni doped CeO, NPs in colon cancer cells
(HT-29) (Miri et al., 2020c).

In the present study, we examined the cytotoxicity effect of
synthesized ZnO, Mg/Agl-ZnO, Mg/Ag2-ZnO, and Mg/Ag4-
ZnO nanoparticles obtained by using S. persica against breast
cancer cells (MDA-MB-231) and breast normal cells (MCF-
10A). Cells were exposed for 24 h at different concentrations
(1-500 pg/mL) of un-doped and dual doped ZnO nanoparti-
cles by the means of MTT assay (Fig. 7). According to
Fig. 8A, the un-doped and Ag and Mg dual doped ZnO
nanoparticles lacked any signs of significant toxicity impacts
on the normal cell line (MCF-10A). Doped nanoparticles dis-
played an almost comparable toxicity effect to that of un-
doped nanoparticles, while an increase in the concentrations
of doped and un-doped nanoparticles did not cause any signif-
icant toxicity impact. The results of analyzing the cytotoxic
activity of synthesized nanoparticles on breast cancer cell line
(MDA-MB-231) are presented in Fig. 8B. According to obser-
vations, the effect of cytotoxicity was intensified as the concen-
tration was increase, which became significant at a
concentration of 500 pg/mL. The cytotoxic effect of un-
doped nanoparticles was relatively higher than that of doped
nanoparticles and therefore, it can be stated that the doping
of silver and magnesium caused a relative reduction in the
induced cytotoxicity. These results suggested that the synthe-
sized nanoparticles caused the required cytotoxicity in cancer
cells while being tolerable towards normal cells.

The amazing effects of green synthesized silver NPs on can-
cer cells were mentioned in the work of many authors. For
example, Swamy et al reported the successful synthesis of silver
nanoparticles through the application of Leptadenia reticulata
leaf extract. Accordingly, the performed MTT assay revealed a
dose-dependent decrease in cell viability, while microscopic
observations displayed a distinct cellular morphological alter-
ation that was indicative of unhealthy cells, and the control
appeared in a normal state (Kumara Swamy et al., 2015). In
addition, an increase in the number of propidium iodide posi-
tive cells was observed in the maximum concentration. Fur-
thermore, another study evaluated the anticancer activity of
ZnO nanopowders that was prepared through a solution com-
bustion method by the usage of bio fuels Punica granatum and
Tamarindus indica. Considering the obtained viability values,
the prepared ZnO nanopowders through green synthesis at
the highest concentrations used in our studies (100 pg/mL),
whereas the commercial ZnO nanopowder was able to achieve
around 66% of cell viability (Prashanth et al., 2015).
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4. Conclusion

Un-doped and Ag and Mg dual doped ZnO NPs were synthesized
through a facile green method by exerting the extract of S. persica.
The obtained PXRD spectra displayed the hexagonal phase of un-
doped and dual doped ZnO NPs. SEM mapping demonstrated the
homogeneous distribution of Ag and Mg in ZnO with high-quality lat-
tice fringes while lacking any distortions. According to cytotoxicity
studies, the un-doped ZnO NPs caused a higher toxicity effect on
breast cancer cells (MDA-MB-231) than the dual doped ZnO NPs,
whereas the synthesized nanoparticles were incapable of inducing
any significant toxicity impacts on the normal cell line (MCF-10A).
Considering how the toxicity effect of doped nanoparticles was
observed to be slightly less than the non-doped nanoparticles, it can
be stated that the doping of silver and magnesium metals results in
the fabrication of more reliable zinc oxide nanoparticles. This attempt
can stand as a useful approach due to the cosmetic and even industrial
applications of zinc oxide nanoparticles.
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