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Abstract The goal of this study was to synthesize nickel
oxide nanoparticles (NiO-NPs) by the sol-gel method,
which involved the use of salvia macrosiphon Boiss plant
extract, Ni(NO3),-6H,0 as a capping agent, and a nickel
precursor, respectively. The synthesized NiO-NPs were
characterized by Fourier transform infrared spectroscopy
(FTIR), ultraviolet—visible (UV-Vis) spectrophotometer,
X-ray diffraction (XRD), field electron scanning
electron microscopy (FESEM)/energy-dispersive X-ray
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spectroscopy (EDX), thermo-gravimetric analysis/differ-
ential thermal analysis (TGA/DTA) and vibrating sample
magnetometer (VSM) analyzes. Also, according to the
results of UV-Vis, the gap band of nanoparticles was
calculated to be in the range of about 2.9-3.9 eV. The
photocatalytic activity of nanoparticles on methylene blue
(MB) degradation was investigated and according to the
results, about 80% MB was apparently degraded in the
presence of NiO-NPs under UV-A light (11 W) after 5 h in
pH ~ 11. We have evaluated the cytotoxicity of NiO-NPs
on the multiple tumor cells by materials method, and all the
utilized concentrations were observed to cause non-toxic
effects; therefore, it can be suggested that these samples
have the potential of being employed in different fields of
medicine.

Keywords Nickel oxide nanoparticles; Sol-gel;
Photocatalytic degradation; Salvia macrosiphon Boiss plant
extract; Cytotoxicity

1 Introduction

In recent years, nanostructured materials have attracted a
lot of attention due to their interesting and unique proper-
ties. Among various nanoscale materials, metal oxides
have been focused on by many researchers since they
contain fascinating features, such as being optical, mag-
netic, electrical and catalytic, along with general qualities
such as thermal stability and chemical properties when
compared to their bulk state. In the meantime, NiO is an
important oxide due to its chemical and magnetic proper-
ties [1]. This material is known to be antiferromagnetic and
by decreasing its particle size, it will be able to exhibit
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superparamagnetic and weak ferromagnetic properties [2].
Also, due to their anti-inflammatory features, nickel oxide
nanoparticles (NiO-NPs) have been utilized in the field of
biomedicine. NiO is a p-type semiconductor with an
extensive band gap that had been observed to be in the
range of 3.6-4.0 eV [3, 4]. NiO-NPs contain many appli-
cations in the fields of conductive colors, catalysis [4, 5],
anticancer [6], optoelectronics [7], magnetic recording
devices [8], ferromagnetic fluids [9], modified electrodes
[10], fuel cells [11, 12], ultraviolet absorber [13], magnetic
resonance imaging with a high contrast, medicine and drug
delivery [14], gas sensors [15], battery cathodes [16] and
electroceramic films [17]. A number of preparation
approaches were suggested for the manufacture of NiO-
NPs, which involves solid-state method [18, 19],
hydrothermal [20, 21], coprecipitation [22], sonochemical
[23], microwave-assisted heating [24], laser chemical
method [25] and sol-gel [26, 27]. In the current research,
the sol-gel method was employed due to its advantages
such as being capable of producing super pure powders,
lack of requiring complex laboratory equipment, being
simple and inexpensive [28] and facilitating the industrial
production of nanoparticles with a great specific surface
region at low temperature [29, 30]. In recent researches,
photocatalytic degradation has been offered as an eco-
nomical way for eliminating the dyes and pollutants of
wastewater through the application of metal oxide semi-
conductors including CuO, ZnO, TiO, and NiO [31-33].
The individual qualities of NiO, such as being economical
and non-toxicant, as well as containing photostability and
easy availability [34], have labeled this substance as an
effective photocatalyst for the degeneration of several
organic pollutants [18, 35]. The increasing environmental
contamination has absorbed the attention of global inves-
tigators on the topic of developing effective photocatalysts,
which are centered on semiconductors for the treatment of
contaminated water resources by various organic pollutants
that are released from many different industries [36, 37].
The photocatalysis of semiconductors can be caused by the
electron—hole pairs later band-gap excitation. Although a
photocatalyst can be explained with light and energy that is
equivalent or bigger than the band-gap energy, the valence
band electrons become excited by the conduction band,
which results in a positive hole in the valence band as it is
exhibited in the following [38].

Photocatalyst(e.g., NiO) M, ecp + hip (1)

Hence, in the current research, NiO-NPs have been
prepared by a novel, simple, safe, available, eco-friendly
[39] and green procedure that involves the usage of salvia
plant extract as a capping and stabilizing agent to prevent
the stimulus of aggregations among nanoparticles [40, 41].
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The tissues of plant seeds can function as bio-templates for
the purpose of detecting the dimension of nanoparticles and
hinder their agglomeration [42]. Although a lot of
researches have been carried out on the synthesizing
method and photocatalytic effects of NiO-NPs, yet there
are few reports on the usage of salvia plant extract
throughout the synthesizing process, in which it functions
as the capping agent in scientific resources. Therefore, one
of the advantages of our work in comparison with others is
the utilization of least possible amount of catalysts (3 mg)
under a low-intensity UV-A light source (11 W). Despite
these conditions, the degradation efficiency has been
observed to reach about 80%. The goal of this research
was to develop an eco-friendly and economical method for
performing the biosynthesis of NiO-NPs by the usage of
salvia macrosiphon Boiss plant extract, as well as
examining the photocatalytic effect of NiO-NPs on
eliminating the methylene blue (MB) dye of an aqueous
environment and achieving a higher degradation efficiency
(80%) of NiO-NPs for the degradation of MB. In the
following, the anticancer properties of nanoparticles on
Neuro2A cells were investigated by the usage of the
materials method and in the end, the nanoparticles were
characterized through the modern spectroscopy techniques.

2 Experimental
2.1 Chemicals

Compounds with great clarity were purchased from Sigma-
Aldrich and used without any further purification. Double
distilled water was utilized throughout all the involved
experiments as a solvent. The raw materials included Ni
(NO3),-6H,0 (98%, Sigma-Aldrich), salvia plant extract
that was collected from the natural habitats and methylene
blue (MB; 98%, Sigma-Aldrich) dye.

2.2 Apparatus

An ultraviolet—visible (UV—Vis) spectrophotometer (Shi-
madzu, Japan) with quartz cells was used to measure the
adsorption, a magnetic stirrer and a heater to stir the
appointed solutions, a UV-A lamp 11 W to perform the
photocatalyst test and a pH meter to control the pH.

2.3 Characterization techniques of NiO-NPs

Characterization of nanoparticles stands as the most
important factor in comprehending and controlling the
synthesis and application of nanoparticles. This vital factor
can be achieved by utilizing a variety of procedures
including X-ray diffraction (XRD, D8-Advance Bruker),
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Fourier transform infrared spectroscopy (FTIR, Shimadzu),
UV-Vis, field electron scanning electron microscopy
(FESEM)/energy-dispersive X-ray spectroscopy (EDX,
Tescan Brno-Mira3 Lmu), vibrating sample magnetometer
(VSM, MDKB) and thermo-gravimetric analysis/differen-
tial thermal analysis (TGA/DTA, BAHR STA 503).

2.4 Plant collection and extraction

The salvia plant used in this research was collected from
the natural habitats around the cities of Tabas and Sabze-
var, Iran. Then, their different parts, such as air sections
(branches and leaves), fruit and roots, were washed by the
usage of deionized water in satisfying conditions and dried
in dark. The powdering process was performed by the
means of an electric mill to prepare the designated extract.
Thereafter, 20.0 g plant powder was dissolved in 100 ml
water and stirred at the temperature of 60 °C for 3 h; as the
following step, the resultant was filtered and centrifuged
for the purpose of removing the remaining impurities. The
final product was stored in the refrigerator at 4 °C to be
utilized in the upcoming steps.

2.5 Biosynthesis of NiO-NPs

To perform the synthesizing process of NiO-NPs in the
present work, 7.5 g Ni(NO3),-6H,0 was dissolved in 50 ml
H,0 and stirred for 30 min at ambient temperature. Then,
30 ml salvia extract was added dropwise to the
Ni(NO3),-6H,0 solution to achieve a clear brown solution.
Afterward, the obtained sol was stirred for the duration of 6 h
with a magnetic stirrer at a constant temperature of 80 °C.
Finally, a green and slurry gel was observed to remain at the
dish, which was dried at a temperature of 180 °C for 2 h. The
dried gel was divided into four parts and put into calcination
for 2 h at the temperatures of 300, 400, 500 and 600 °C to
obtain a black powder. The achieved final product was

L - -
Salvia —
<] ==
- Nucleati
Ni(NO,),"6H,0 Ni(NO,),(aq) ucleatiom
&
NiO-NPs Ni(OH),

Photocatalytic degradation
of methylene blue

@ A= -

Fig. 1 Schematic of biosynthesis of NiO-NPs

@ Springer

confirmed to be NiO-NPs as we demonstrated a schematic of
the performed biosynthesis test in Fig. 1. The photocatalytic
performance of NiO-NPs was estimated by observing the
induced revision of variation in regard to the absorption of
methylene blue (MB) solution at ~ 663 nm in the pH of
about 9, which was carried out through the photocatalytic
decomposition route under UV-A lamp 11 W radiation. In
the course of a common experiment, 3 x 107> g NiO-NPs
was dispersed into 50 ml MB solution (10_5 mol~L_1).
Beforehand, the container was positioned under a UV light
while being stirred in dark for the duration of about 90 min to
obtain an adsorption—desorption equilibrium. Afterward, the
solution was placed under the UV light for a period of
30 min; the absorbance of MB was measured through the
usage of UV—Vis spectrophotometer.

2.6 Evaluation of cytotoxicity effect of NiO-NPs
by MTT assay

NiO-NPs, which were synthesized by the means of salvia
plant extract, were evaluated through the MTT method for
their in vitro cytotoxic activities on the Neuro2A cells. In
summary, Neuro2A cells were seeded (1 X 10* cells per
well) in 96-well plates and kept protected for a period of
24 h. Subsequent to this duration, the Neuro2A cells were
assumed to be affected by various concentrations of nano-
material in the corporation of 10% fetal bovine serum (FBS).
The NiO-NPs were observed to be practical at 500 °C in a
5 pg-ml~" store solution of dimethyl sulfoxide (DMSO) and
H,O. Following the 24-h incubation, 20 pl MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide,
5 mg-ml~") was appended to every well in the phosphate-
buffered saline (PBS) buffer, while the cells were incubated
for 4 h at a temperature of 37 °C. This middle included no
reacted dye and was discarded, while 100 pl DMSO was
inserted to dissolve the formed crystal that was caused by the
surviving cells. The optical absorption was evaluated at
545 nm by the utilization of a microplate reader, while the
cytotoxicity was expressed as a percent compared to the
natural control cells. As suggested by the observed effects,
the metabolic activity faced a reduction in a concentration-
dependent manner in regard to the amounts above
15.6 pg-ml~", indicating that the metabolic activity started
to decrease at about 7.8 pg-ml~", while the maximum point
was detected to be at 500 pg-ml~".

3 Results and discussion
3.1 Photocatalytic evaluation of NiO-NPs

The NiO-NPs calcinated at 500 °C were estimated through
their application in the degrading MB under UV light

Rare Met. (2020) 39(10):1134-1144
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radiation. Apparently, the absorption peak of MB on
663 nm entirely vanished after around 300 min [43]. The
percent of degeneration MB dye was estimated by the
utilization of Eq. (2).

-G
0

C
Dyedegradation = 0

x 100% (2)

where Cy and C, stand for the first concentration of MB and
the concentration at any time (f), respectively. The
photocatalytic mechanism of NiO-NPs under UV-A light
is illustrated in Fig. 2. Subsequent to UV-A light radiation,
the existing electrons in the valence band (VB) was excited
by the conduction band (CB) of oxide, as well as the
associated formation of holes in the VB which resulted in
the development of an electron—hole pair. Thereafter, next
to the migration of the generated charge at catalyst level,
the separation of charges caused the observed redox
reactions [44]. Highly reactive hydroxyl radicals can also
be fabricated through the disintegration of H,O [45, 46]; in
other words, this particular process requires the reaction of
e~ with O, in order to gain the -O, and -HO; on
protonation, eventually resulting in further effective °OH
radicals. Many different mechanisms suggested in regard to
the photocatalytic activities of NiO-NPs [47, 48].

UV + NiO — NiO* + h* + e~ (3)
h* +MB — -MB* (4)
e +0,— -0 (5)
.05 + H,0 — -HO, +-OH™ (6)
“HO, + H,0 — -OH + H,0, (7)

Figure 3 illustrates the degeneration rate of MB through
the usage of NiO-NPs calcinated at 500 °C, which was
detected to be about 80%. The results indicated that the
MB degradation was greater compared to the results in the
other works [45, 49, 50].

-
® § cr .
NiO-NPs# . beg gl
N XS TN
> | * N
. 4" Methylene blue

Degradation products

Fig. 2 Schematic representation for degradation of MB on UV light
irradiation
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Fig. 3 Degradation of MB by NiO-NPs under UV-A irradiation

3.2 Influences of pH on the photocatalytic degradation
of MB in UV/NiO system

pH stands for one of the most important parameters
affecting the photocatalytic degradation and throughout
this examination, the optimization of pH factor was stud-
ied. For this purpose, the pH values of 4, 7 and 9, along
with the initial concentration of MB (3.0 mg-L™") and the
photocatalyst concentration (10 mg-L™"), were used while
the suspension was exposed to UV-A light (11 W) at the
time intervals of 0, 60, 120, 180, 240 and 300 min. The
adsorption rate was read through the employment of a
spectrophotometer and in the following, the dye degrada-
tion efficiency was determined by the application of
Eq. (2). The results of MB degradation at different pH
values are demonstrated in Fig. 4. As displayed, the
amount of photocatalyst degradation increased in the pH of
9, while the MB degradation in pH = 9 was detected to be
about 89%. The lowest photocatalytic activity was
observed in the acidic environment (pH = 4), which was
about 39% [51]. In accordance with the obtained results,
the optimum pH for the photodegradation of MB is pH = 9.

100
pH=4

-=-pH=7
-+ pH=9

80

Degradation / %

1 1 1 1

0 60 120 180 240 300
Time / min

Fig. 4 Effect of pH on MB removal with UV/NiO system
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3.3 MB photocatalysis destruction kinetics

It can conclude that the disintegration rate of pigment
apparently follows a pseudo-first-order kinetic model.
Photodegradation of dye has fixed a pseudo-first-order
kinetic model which is exhibited in Eq. (8).

In <g) — Kot (8)

0

where Cy is the concentration ago light, C, is the concen-
tration at time ¢ and K, is the obvious rate constant.

Figure 5 demonstrates the graph of In(C,/Cp) versus
time of radiation, whereas in regard to MB, the straight line
suggests that the process of photon degeneration involves a
pseudo-first-order kinetics since the rate constant was
detected to be equaled to k = 0.0047 min~! [47,52,53]. In
higher concentrations, the available catalytic sites on the
catalyst surface become employed by the adsorbed reac-
tants. The reaction rate was observed to not be dependent
on concentration, resulting in zero-order kinetics where K,
represented the constant of the zero-order rate. In the case
of dilute solutions, the reaction rate was concentration
dependent, leading to the inducement of first-order kinet-
ics, where K represented the rate constant of the first order
at low concentrations; also, considering why the catalytic
positions are not limiting factors, the rate of degradation
was detected to be proportional to the concentration of
pollutants [54, 55].

3.4 TGA/DTA analysis of NiO-NPs

TGA/DTA analysis of nickel hydroxide gel was approved
by the application of sol-gel method in nitrogen atmo-
sphere via a heating speed of 10 °C-min~"', and this mea-
surement began at ambient temperature and then
heightened up to 1000 °C; the mentioned data are pre-

sented in Fig. 6. The four stages of weight loss can be

-1.6
-14r
=121
-1.0r
-0.8
-0.6 -
04+

In(C/Cy)

-0.2+

0 50 100 150 200 250 300
Time / min

Fig. 5 Rate constant calculated for dye degradation reaction follow-
ing a pseudo-first order
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Fig. 6 TGA/DTA curves of initial gel to achieve NiO-NPs

detected in TGA graph, which is apparently accompanied
by three endothermic peaks in DTA graph. The first weight
loss, detected between 109 °C and 179 °C, was associated
with the vaporization of water molecules and the slight
removal of hydroxyl group volume that was induced during
the transformation phase; this particular weight loss was
about 46% [23]. The second weight loss, observed in the
range of 179-268 °C, was probably associated with the
decomposition of chemically bounded groups, which had
been reported to be close to about 8%. The third weight
reduction that was noticed to exist between 268 and 310 °C
was clearly associated with the breakdown of the carbon-
based compound and the creation of pyrochlore phases.
The mentioned reduction was reported to be about 16%.
The last weight loss step, from 310 to 541 °C, was assigned
to the breakdown of pyrochlore phases in addition to the
generated NiO pure phases, which was observed to be
about 8%. A slow weight loss was also detected in TGA
curve, occurring between 310 and 750 °C, which is
indicative of a slight removal of hydroxyl group volume
during the induced changes of NiO phase. Moreover, a
small endothermic peak was perceived in the DTA curve at
around 59 °C, which was supposedly caused by the
vaporization of the remaining water in the sample [56]. The
other two endothermic peaks spotted at 126 and 286 °C
may be related to the eliminated water of crystallization
and the thermal oxidative decomposition of Ni(OH),,
respectively [56].

3.5 XRD analysis of NiO-NPs

As observed, Fig. 7 illustrates XRD patterns of NiO-NPs.
XRD patterns were utilized to evaluate the crystallinity of
biosynthesized NiO-NPs prepared through the usage of
salvia macrosiphon Boiss plant extract and the sol-gel
technique. The peaks corresponding to (111), (200), (220),
(311) and (222) diffraction planes (JCPDS Card No.73-

Rare Met. (2020) 39(10):1134-1144
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Fig. 7 XRD patterns of synthesized NiO-NPs in air at different
temperatures

1523) [57] indicated the formation of NiO-NPs with cubic
crystal structures of fcc [58]. The pure crystalline structures
of NiO-NPs can be confirmed since there were no clear
impurity peaks that could be detected throughout XRD
charts [59]. The crystallite size was designed in agreement
with the following Debye—Scherrer formula, Eq. (9)
[50, 60, 61].

kA
- Pcosb ©)

where D is the particle size (nm), k = 0.94 would be a
crystallized form factor, / is the wavelength (0.154 nm), f8
represents the highest width at half maximum of the peak
(rad), and 0 is the diffraction angle (°).

The crystallite sizes measured to be about 1843 nm
could be caused by the existence of various phytochemicals
in the salvia macrosiphon Boiss plant extract, which
functions as a capping agent. The sizes of nanoparticles at
the temperature of 300, 400, 500 and 600 °C were
observed to be about 18, 27, 39 and 43 nm, respectively.
Therefore, the appearance of nanometal oxides was in good
agreements with the size of particles obtained from
FESEM image (30.7 nm) [62]. By enhancing the calcina-
tion temperature, an increase in the peak intensity was
observed, along with a decrease in the peak width and also
an increase in the size of nanoparticles, which is indicative
of the crystallinity of synthesized nanoparticles [63]. The
sizes of nanoparticles were estimated and are exhibited in
Table 1.

Table 1 Comparison of particles size of as-synthesized NiO-NPs

Transmittance (a.u.)

4000 3400 2800 2200 1600 1000 400
Wavenumber / cm™!

Fig. 8 FTIR spectra of synthesized NiO-NPs in air at different
temperatures

3.6 FTIR analysis of NiO-NPs

Figure 8 exhibits the results of FTIR analysis to establish
the functional groups of NiO-NPs synthesized by the usage
of salvia plant extract throughout the region of
400-4000 cm™'. The main bands were observed to exist at
3483, 2017, 1651, 1398, 1130 and 420 cm™'. The vibra-
tions at 3483 and 1651 cm™' seemed to be associated with
the v (O-H) mode of (H-bonded) water molecules and &
(OH), respectively. Normally, the remaining water and
hydroxyl groups were apparent within the NiO-NPs and
consequently, we supposed that the bands at 2017 and
1651 cm™! are associated with CO, and C=C stretching
vibrations, respectively [64]. The band at 1130 cm ™' was
allocated to the first overtone that belonged to the major
vibration. The existing peak at 1398 cm™' was the repre-
sentative of N=0O stretching frequency induced by a trace
amount of nitrate. The absorption band in the range of
420-500 cm ™' could be related to the Ni-O stretching
vibration bands in NiO-NPs [65, 66].

3.7 UV-Vis results

Figure 9a illustrates UV—Vis spectra and gap band of NiO-
NPs. The as-prepared nanoparticles were described through
the usage of UV—Vis spectrum at calcination temperatures
of 300, 400, 500 and 600 °C throughout the range of
200-800 nm. The spectrums revealed the existence of
absorption peaks at 298, 302, 310 and 315 nm, which could

Temperature/ °C 201(°) Full width at half maximum (FWHM)/rad Particle size/nm Identification
300 42.84 0.472 18 fcc(NiO)
400 42.84 0.314 27 fcc(NiO)
500 42.88 0.216 39 fce(NiO)
600 42.84 0.196 43 fce(NiO)
Rare Met. (2020) 39(10):1134—1144 9 Springer
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Fig. 9 UV-Vis absorption spectra of a NiO-NPs and b band gap of prepared NiO-NPs

be attributed to the essential band-gap attraction of NiO-
NPs caused by the electron transitions of VB to CB [O (2p)
and thus to Ni (3d)] [67]. In other words, the absorption
bands in these areas are the outcomes of ligand to metal
charge transfer (LMCT) transition (direct transition). The
energy band gap of different sintering temperatures in
regard to the NiO-NPs can be calculated through the uti-
lization of Tauc equation, Eq. (10).

(ahv)" = A(hv — E,) (10)

where E, is the gap band energy, hv (eV) is the photon
energy, o is the absorption coefficient, A represents a
constant and n = 2 in direct transition, whereas n = 1/2 in
indirect transition. By applying Eq. (10) and considering
n =2, since NiO is known to be a straight band-gap
semiconductor, the energy band gap of the prepared NiO-
NPs was calculated and is demonstrated in Table 2. The
energy band values were observed to be close to the pre-
viously reported values [68]. Based on the Tauc equation,
Fig. 9b explains the diagram of (ohv)" in terms of hv; the
values of E, were determined by extrapolating the linear
regions of these plots. Furthermore, particles were
observed to become smaller as Eg increased, which could
be caused by the chemical weaknesses that result in the
creation of a new energy level [66, 69].

Table 2 UV-Vis spectra of NiO-NPs at different temperatures

Temperature/ °C ~ Wavelength/nm  Absorbance  Energy gap/eV
300 298 1.1 39

400 302 1.2 33

500 310 1.1 3.0

600 315 1.0 29

@ Springer

3.8 FESEM/EDX study

Figure 10 displays FESEM and EDX analysis of NiO-NPs
synthesized via the utilization of salvia plant extract at
400 °C. It can be clearly perceived that the NiO-NPs were
uniformly distributed while being homogenous and spher-
ical as well [70]. The purity of NiO-NPs was confirmed by
the means of EDX, which is capable of accurately mea-
suring Ni and O along with displaying the Ni and O peaks
without any impurities [71]. To be stated differently, the
phenomenon of nanoparticles aggregation is an important
and fundamental subject when its association with many
applications of nanoparticles is considered; therefore, it can
be observed that the NiO-NPs produced by the usage of
salvia were obviously separated with a homogenous mor-
phology. This fact indicated the assistant suggestion for the
production of NiO that can be taken into consideration
along with XRD and FTIR studies [72].

3.9 VSM analysis of NiO-NPs

Figure 11 illustrates the magnetic structures of NiO-NPs
produced by the application of salvia plant extracts and
measured through the means of VSM in regard to the
calcination sample at 400 °C. The magnetization perfor-
mance of NiO-NPs was studied by utilizing the foreign
magnetic field, which exists from — 1 T to 4+ 1 T, at room
temperature. By observing the curve in Fig. 11, it can be
stated that there were no any signs of widespread that could
be measured in a remanent curve, meaning that this par-
ticular curve did not cut the M and H lines at any point.
Therefore, it can be presumed that the remanent (M,) and
coercivity (H.) of both samples were zero, and thus, it can
be categorized as superparamagnetic (week ferromagnetic)
[73, 74]. In accordance with Fig. 11, there was clearly no
hysteresis in the M—H curve and this phenomenon, which is

Rare Met. (2020) 39(10):1134-1144
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Fig. 10 a FESEM image, b EDX analysis and c¢ particle size analysis (PSA) of prepared NiO-NPs at 400 °C (Std. Dev. being Standard
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Fig. 12 Cell viability of Neuro2A cells measured by MTT assay

assigned to the single-spatialization of magnetic particles,
is probably the reason behind the minor size of nanopar-
ticles [75, 76].

3.10 Evaluation of cytotoxicity studies using NiO-NPs
The cytotoxicity discoveries of NiO-NPs are explained in
Fig. 12. We have estimated the cytotoxic influence of

produced nanoparticles on the Neuro2A cells lines. The
diluted ranges of synthesized NiO extract, which was

Rare Met. (2020) 39(10):1134—1144

appended to each plate, were 500.00, 250.00, 125.00,
62.50, 31.20, 15.60, 7.80, 3.90, 1.90 and 0.97 pg-ml~"'. The
investigation samples were utilized by a specified amount
of cells, while the cytotoxicity for each concentration was
evaluated through the application of MTT assay [77]. The
absorption of the solution gained by mixing the mentioned
crystals with DMSO was determined to be at 545 nm by
the employment of a spectrophotometer. In total, the cell
viability seemed to decrease as the concentration of
nanoparticles increased, while the reduction was observed
to be dose dependent [57]. However, the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay in regard to Neuro2A cells viability was
detected to be 53% and upon the application of
500.00 pg-ml~" of NiO-NPs that was produced by salvia
plant extract, the mentioned percentage faced an increase
toward the maximum of 92% at the concentration of
7.80 pg-ml~'. Although the impact mechanism of partic-
ular factors on cytotoxicity effects has not been clearly
understood, there are some reports suggesting that the
released metal ions [78] of nanometal oxides show that the
major cytotoxicity publication of Ni*" will be more sig-
nificant in nano-sized NiO and thus will face a greater
decrease in its cytotoxicity than the micron-sized particles
[79]. In addition, the greater cytotoxicity of NiO-NPs, in
comparison with the Neuro2A cell lines, might be also
related to their decreased particle size. Therefore, the NiO-
NPs were synthesized by the usage of salvia plant extract
as their fuel apparently possessed high cytotoxicity activ-
ities, while the results from Fig. 12 proved that as the
concentration of NiO-NPs increased, a reduction will occur
in absorption and cell viability as well. The decrease in
particle size, particular surface region and the freedom of
Ni*"  caused the maximum cytotoxicity influence
throughout the current research. The results in Fig. 12
displayed the significant toxic effects of NiO-NPs on the
remains of Neuro2A cells at high concentrations and a
negligible effect on the low concentrations of this partic-
ular cell line.
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4 Conclusion

In this study, NiO-NPs were synthesized through a sol-gel
method, which involved the use of salvia macrosiphon
Boiss extract as a limiting agent. The nanoparticles were
calcinated at different temperatures of 300, 400, 500 and
600 °C. The characterization approaches of FTIR, UV-
Vis, XRD, FESEM-EDX, TGA/DTA and VSM were
employed to approve the manufacturing, crystallinity and
morphology of NiO-NPs. The outcomes of XRD studies
indicated that the heightening of calcination temperature
can lead to an increase in the size of nanoparticles and
consequently, the lowest calcination temperature (400 °C)
caused the smallest size (27 nm) and best crystallinity of
NiO-NPs. The FTIR results suggested the existence of
particular functional groups that might be answerable for
the synthesis of NiO-NPs. The appearances of nickel and
oxygen elements were established with EDX figure, while
FESEM images confirmed that the nanoparticles contained
a uniformed distribution and spherical shape. In accordance
with the photocatalyst test, NiO-NPs exhibited the best
functionality in the role of a photocatalyst throughout the
degeneration of MB under UV-A (11 W) light radiation.
Cytotoxicity studies were performed on Neuro2A cell lines
by the MTT procedure, and the obtained results proposed
that the percentage of cell viability was successfully
reduced. Therefore, NiO-NPs can be recommended as a
photocatalyst for eliminating pollutants, as well as an
excellent case for cancer treatment.
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