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Abstract
Salvadora persica extract was utilized as a mediate in the synthesis of zinc oxide nanoparticles (ZnO-NPs) under ambient
conditions. The biosynthesized particles were characterized via UV-Vis, PXRD, FESEM, EDX, DLS, Raman, and FT-IR
analysis. The UV-Vis studies of these particular nanoparticles revealed a characteristic peak at 383 nm, and PXRD
pattern presented wurtzite structure (hexagonal) for the synthesized ZnO-NPs, suggesting the formation of ZnO nano-
particles. The FESEM image indicated that the biosynthesized particles were uniformly shaped in hexagonal with the
average size of 60–130 nm at calcination temperatures of 500, 600, and 700 °C. On the other hand, the EDX clearly
exhibited the presence of Zn and O elements in the biosynthesized sample. The powder x-ray diffraction (PXRD) and
Raman studies confirmed the formation of single crystalline, hexagonal wurtzite ZnO structures. The cytotoxic activity
of the biosynthesized nanoparticles against HT-29 cancer cell line was examined through MTT assay. The results
indicated that the toxicity of synthesized nanoparticles is dependent on the concentration of nanoparticles.
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1 Introduction

Zinc oxide nanoparticles (ZnO-NPs) stand as significant
nanoscale inorganic materials with a broad range of ap-
plications, as they have shown low toxicity at optimal
concentrations and have been used as a trace element
in the metabolism process. Their other usages include
photocatalysis to eliminate environmental contaminants.
Since ZnO-NPs are safe and environmentally friendly
particles, they are widely utilized in cosmetic industries,
ceramics, rubber, electronics, sensors, electrodes, and
medical industry. Nanoparticles can easily cross the cell
membrane and manipulate the cell cycles, leading to the
disruption of cellular homeostasis [1]; therefore, they can

be a suitable candidate for cancer treatment. ZnO-NPs
can stand as a promising anticancer agent due to their
unique properties such as biocompatibility, excellent se-
lectivity, and easily fabricated [2]. The excess concentra-
tion of zinc is severely harmful for cells since it changes
the metabolism and interrupts structures of DNA and
proteins. Wahab et al. demonstrated that the cytotoxic
effect of ZnO-NPs depended on the concentration of
nanoparticles against MCF-7 and HepG2 cell lines.
They also suggested that agglomeration of nanoparticles
(~ 13 ± 2 nm) in cytoplasm can lead to damaged cellular
organelles such as DNA, RNA, and mitochondria [3].

Typical ZnO-NPs production methods include the vapor
phase process in the presence of a metal catalyst, thermal
evaporation, sol-gel, and hydrothermal techniques. However,
these procedures are not cost-effective and seem to cause con-
tamination [4]. As a simple and less expensive method, the
biosynthesis of nanoparticles has been a great innovation in
recent years. Meanwhile, plant ingredients have the potential
of acting as capper and reducer agents for metal ions [4–11].

Salvadora grows widely in tropical and subtropical re-
gions of Africa and Asia, which is also capable of well
adapting itself in saline lands [12]. Studies have reported
that its compounds include terpenoids, non-volatile oils,
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steroids, alkaloids, flavonoids, saponins, and tannins
[13]. Salvadora persica is a cosmopolite herb that has
been utilized in traditional medicine for cleaning, whit-
ening and polishing teeth, eliminating bad breath,
strengthening gums, resolving inflammation of the body,
reducing eye tears, increasing vision and eliminating
blurred vision, enhancing appetite, fast treatment of con-
stipation, and strengthening memory [14–17]. Based on
previous studies, the accumulation of ZnO-NPs in the
cells results in the destruction of cellular organs and
the death of cells; therefore, these nanoparticles have
potential for cancer treatment, so after the biosynthesis
of ZnO-NPs using S. persica plant, its toxicity effects
was investigated against colon (HT-29) cancer cell line.

2 Materials and Methods

2.1 Materials and Reagents

Salvatodra persica wood was collected from Khash, Sistan
and Baluchestan, Iran. They were cleaned and dried at ambi-
ent temperature and gradually grounded and stored for further
studies. Distilled water was used as solvent. Zinc sulfate
(ZnSO4.7H2O) was purchased from Merck (Germany) and
colon (HT-29) cancer cell line was attained from Pasteur
Institute of Iran. The cells were incubated in RPMImedia with
FBS 10%, 100 μg/ml of streptomycin, and 100 U/ml of pen-
icillin, at a temperature of 37 °C and the atmosphere of CO2

with moisture 5%.

Fig. 2 PXRD diagrams of
synthesized ZnO-NPs applying
S. persica at different
temperatures

Fig. 1 Schematic plan of synthesized ZnO-NPs using aqueous extract of S. persica
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2.2 Preparation of S. persica Extract

The aqueous extract of wood of tree branches of S. persica
was prepared through the maceration method, which involved
using distilled water (1 g:10mL ratio) and a shaking process at
150 rpm for 5 h. The mixture was filtered through Whatman
paper number 1, with the obtained filtrate brown solution kept
at 4–7 °C.

2.3 Synthesis of ZnO-NPs

The volume of aqueous extract of S. persica (5 mL) was
brought to 50 mL by distilled water and then was added to

50 mL of aqueous zinc sulfate solution (3 mM). The mixture
was stirred at 80 °C for a period of 5 h and afterwards, the
solvent was dried at 90 °C. The residue was placed in a fur-
nace at 500, 600, and 700 °C separately for 2 h. The resulting
white powder was characterized and identified to be ZnO-
NPs.

2.4 Characterization of ZnO-NPs

The crystalline structure of the prepared ZnO-NPs was deter-
mined by powder x-ray diffraction (PXRD, X’Pert PROMPD
PANalytical Company, Netherlands). UV-Vis studies on the
nanoparticles were conducted via UV-Vis spectrophotometer

Fig. 3 FESEM images of synthesized ZnO-NPs using S. persica at the temperatures of (a) 500, (b) 600, and (c) 700 °C
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(Rayleighuv-2100 model, China). Particle size analysis of
synthesized nanoparticles was done by using DLS (dynamic
light scattering, Malvern, ZEN3600, UK). The field emission
scanning electron microscopy (FESEM) of ZnO-NPs was re-
corded by employing MIRA3 TESCAN.

2.5 Cytotoxicity Evaluation of ZnO-NPs

The cytotoxic activity of synthesized ZnO-NPs was evaluated
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT). Briefly, 200 μL of cell suspension was
poured into a 96-well tissue culture plate (1 × 104 cell/well)
and incubated for 24 h at 37 °C. Then, 50 μL of the synthe-
sized nanoparticles (500, 250, 125, 62.5, and 13.25 μg/mL,
separately) was added into each well and incubated for 24 h.
The cell suspension with culture medium marked as the con-
trol. Afterwards, 20 μL of the PBS buffer which contained
MTT (5 mg/mL) was appended to each well while the plates
were incubated for 3 h at 37 °C. At the end, 100 μL of DMSO
was added to each well and their optical absorbances were
measured to be at 570 nm using a micro-plate reader. Cell
viability was expressed as a percentage relative to the control.

2.6 Statistical Analysis

GraphPad Prism 5 was employed for statistical analysis with
each value presented as mean ± SD. The statistical compari-
sons of multi-group data were analyzed through the usage of
two-way ANOVA, with *p < 0.001 considered as statistically
significant. All of the mentioned tests were performed in
triplicates.

3 Results and Discussion

Nanoparticles are usually prepared via the reduction of metal
ions and oxides using electron-donating agents such as water-
soluble metal salts, hydrogen gas (H2), borohydride salts
(ABH4), hydrazine (N2H4), organic acids (carboxylic acids),
and many different alcohols. These agents are often toxic and
expensive. Researches have revealed that the ingredients of
plants, such as phenolic compounds and sugars, simply donate
their electron constituting the very basis of green synthesis of
nanoparticles. The wood of S. persica is known to be rich in
flavonoids and tannins. They are well reductant and have been
applied in the synthesis of metal oxide nanoparticles. Hence,
the substrate of this plant has been utilized for the synthesis of
ZnO-NPs (Fig. 1).

The PXRD patterns of the synthesized ZnO-NPs are illus-
trated in Fig. 2. All of the peaks have been specified by Miller
indices including (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), and (202), which can refer to the
wurtzite structure (hexagonal) for synthesized ZnO-NPs [18,

19]. The effect of calcination temperature (500, 600, and
700 °C) was investigated on synthesized nanoparticles.
Comparisons between the calcination temperatures revealed
that similar crystals have been produced. It was observed in
the PXRD graphs of three different temperatures that by in-
creasing the calcination temperature, PXRD peaks became
sharper and FWHM diminished (Fig. 2). This suggests that

Fig. 4 EDX images of synthesized ZnO-NPs using S. persica at the
temperatures of (a) 500, (b) 600, and (c) 700 °C
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the crystallization of nanoparticles can be accelerated by ele-
vating the calcination temperature.

The FESEM images of the synthesized ZnO-NPs at 500,
600, and 700 °C are presented in Fig. 3. The images show that
the ZnO particles are hexagonal and uniform in shape, with
their size calculated as about 60–130 nm (Fig. 3). Riyadh M.
Alwan et al. stated that ZnO-NPs grow after their synthesis,
even when they are stored at room temperature. The synthe-
sized ZnO-NPs have been observed to have spherical shapes
and sizes of 100–200 nm [20]. P. Rajiv et al. was synthesized
ZnO-NPs in different sizes by using Parthenium
hysterophorus L. extract. They showed a size-dependent ac-
tivity for antifungal properties of ZnO-NPs against plant fun-
gal pathogens and stated that size change of particles can
affect on properties of particles, directly [21]. The chemical
composition of the synthesized nanoparticles was examined
by EDX, showing only the presence of zinc and oxygen atoms

at 500, 600, and 700 °C, representing the high purity of syn-
thesized nanoparticles (Fig. 4). According to the spectra, the
weight percentage of zinc and oxygen atoms was 63.75% and
22.00% at 500 °C, 67.46% and 22.91% at 600 °C, and 64.06%
and 20.75% at 700 °C.

The particle size distribution was measured for the synthe-
sized nanoparticles at 600 °C through dynamic light scattering
(DLS) technique. As shown in Fig. 5, the size of synthesized
nanoparticles is in the range of 105 nm, which it is according
to SEM results.

The results indicated that ZnO-NPs were synthesized with-
in a short timing process with high purity. The electronic spec-
trum of synthesized nanoparticles at 600 °C has shown an
absorption peak at 383 nm (Fig. 6). This absorption band
can be intrinsic to the band-gap of ZnO arising from an elec-
tron transfer from the valence to conduction band (Zn3d→
O2p) [22, 23].

Fig. 5 Size distribution of
synthesized ZnO-NPs with
S. persica at 600 °C

Fig. 6 UV-Vis spectrum of synthesized ZnO-NPs with S. persica at
600 °C Fig. 7 Raman spectrum of synthesized ZnO-NPs at 600 °C
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The Raman spectrum of synthesized ZnO has revealed a
sharp peak at 441 cm−1, at the calcination temperature of
600 °C, corresponding to the hexagonal ZnO optical phonon
E2 mode (Fig. 7). According to the Raman, the synthesized
nanoparticles contain a hexagonal structure belonging to the

space group of C4
6v [24], while its optical phonons belong to

the following irreducible representations: Γopt = A1 + 2B1 +
E1 + 2E2. A1, E1, and E2 modes are Raman active, and the
polar modes of A1 and E1 would be the infrared active split-
ting into transverse (TO) and longitudinal (LO) phonos [25].

Fig. 9 aMTTcell viability assay of synthesized ZnO-NPs onHT-29 cancer cell line measured at 24 h; morphology of cells b before treatment and c after
treatment with 500 μg/mL of synthesized ZnO-NPs at 600 °C

Fig. 8 FT-IR spectrum of
synthesized ZnO-NPs using
S. persica at 600 °C
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Thus, the A1 (TO) mode vibrational activity was observed at
380 cm−1, while the E1 (TO) mode was discovered at
400 cm−1 and the E1 (LO) mode appeared at 585 cm−1. The
highest intensity for the E2 mode was observed at 441 cm−1,
representing a clear characteristic of crystallinity in the struc-
ture of the synthesized ZnO nanoparticles [26]. Also, the hex-
agonal structure of synthesized ZnO-NPs was determined
through the PXRD and FESM results.

FT-IR spectrum of the synthesized ZnO-NPs (600 °C) has
disclosed a series of absorption peaks from 400 to 4000 cm−1

(Fig. 8). The band at 459 cm−1 is assigned to the characteristic
vibrational modes of Zn–O bonding, confirming the presence
of ZnO-NPs. The broad band at 3442 cm−1 is attributed to the
O–H stretching mode of water. Finally, the observed peaks at
1636 and 1386 cm−1 are related to the asymmetrical and sym-
metrical stretching of the carboxylate group, respectively [27].

The cytotoxic activity of ZnO-NPs on HT-29 cancer cell
line was surveyed through MTT assay (Fig. 9a). This method
is based on converting solvable tetrazolium salt (pink) to un-
solvable formazan (purple) by the mitochondria of living
cells. In this test, cancer cells were treated with the synthesized
nanoparticles (500, 250, 125, 62.5, and 13.25 μg/mL, sepa-
rately). According to the results, with elevation of the concen-
tration of ZnO-NPs, the percentage of living cells decreased
significantly compared to the control (*p < 0.001), where half
of the cells died at concentrations above 125 μg/mL (IC50 =
262.78 μg/mL). Figures 8c and 9b display the morphology of
HT-29 cells before and after the treatment with 500 μg/mL of
the synthesized ZnO-NPs at 24 h.

In general, the physicochemical properties of nanoparticles
including size, surface, and shape can extremely affect their
toxicity [28]. Recently, scientists have become interested in the
mechanism of zinc toxicity against cancerous and normal cell
lines. John et al. have reported that the toxicity of Zn against
colon cell line is related to ceasing the cell cycle through the
ERK signal pathway (HT-29), activation of JNK (HCT-116 and
SW620), and excessive expression of p38 (SW620) [29]. Other
studies have stated that the reason behind Zn toxicity could be its
accumulation in the cell cytoplasm, whereby cell death is in-
duced via the activation of caspase-related apoptosis [30, 31].
In this work, synthesized zinc oxide nanoparticles indicated sig-
nificant toxicity effects in comparison to the control. This study
is compatible with Salari et al.’s research who reported the cell
toxicity of ZnO-NPs on colon cancer cells. Their synthesized
nanoparticles were spherical shaped with sizes of 30–80 nm [4].
This issue clearly illustrates the toxicity of ZnO nanoparticles
against cancer cell lines.

4 Conclusion

In recent years, the production of nanoparticles has obtained a
special position in studies using the principles of green

chemistry. Various types of biological systems such as micro-
organisms, diatoms, and optical eukaryotes have been
employed to investigate their abilities in electron donation
and synthesis of nanoparticles. Meanwhile, plants and crops
have been especially considered as cheap and renewable re-
sources for the production of bio-nanomaterials. In this re-
search, ZnO-NPs were synthesized through utilization of
S. persica aqueous extract. The spectral studies including
UV-Vis, PXRD, FT-IR, DLS, Raman, and FESEM indicated
that the synthesized nanoparticles are uniform and hexagonal
in shape with an average particle size of 60–130 nm. The
examination regarding the toxicity of synthesized nanoparti-
cles suggested that this effect is dependent on the concentra-
tion of nanoparticles.
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