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In here, we introduced a rapid and green synthesis route to prepare pure zinc 
oxide (ZnO) and silver-doped zinc oxide (Ag-dop-ZnO) nanoparticles (NP) using 
Prosopis farcta extract. The physic-chemical property of the synthesized NPs was 
identified using PXRD, FESEM, FT-IR, UV-Vis, and EDX devices. According to the 
obtained outcomes of PXRD, UV-Vis, as well as EDX analysis, Ag was well doping 
into the ZnO structure. Moreover, spherical shape was observed with a mean size 
of 25-40 nm based on FESEM outcomes for the synthesized nanoparticles. The 
cytotoxic effect of the synthesized nanoparticles was assessed on glioblastoma 
(U87) cell line using an MTT test. The cytotoxic outcomes presented that the 
doped NPs have a more cytotoxic effect on the U87 cell line. The antibacterial 
activity of synthesized NP was studied against Streptococcus mutans bacterium 
through disk diffusion and microdilu¬tion method. Based on the outcomes of 
microdilu¬tion and disk diffusion assay and of the synthesized NP, Ag-dop-ZnO NP 
shows higher antibacterial activity against Streptococcus mutans than the pure 
NPs. Hence, the synthesized NPs can be suggested for disinfectant products and 
cancer treatment.
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INTRODUCTION
Zinc oxide nanoparticles have multiple 

applications as a result of their upper surface-
to-volume ratio, non-toxic, wide bandgap, 
and cheapness [1]. They are used in solar cells, 
electronics, sensors, and biochemical assays. 
According to recent studies, ZnO NP have 
antibacterial, anti-inflammatory, antifungal, 
antiviral, and anti-cancer properties. The 
antimicrobial properties of this metal oxide are 
caused by the production of hydrogen peroxide 
from the surface of nanoparticles, thus preventing 

the growth of bacteria through damage to DNA 
and destruction of the cell wall. For this reason, 
compared to other metal oxides, these nanoparticles 
are used as disinfectants in the health, food, and 
cosmetics industries[1, 2]. 

Tooth decay is recognized an infectious 
microbial disease, which results in breakdown 
and destruction of calcified tooth tissue[3]. This 
degradation process is resultant from the activity of 
carbohydrate-fermenting bacteria, the production 
of acid, and the subsequent demineralization 
of tooth tissue[4]. Tooth decay is reliable to be 
an infectious illness of microbial origination 

http://creativecommons.org/licenses/by/4.0/.
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caused by many types of bacteria in the mouth. 
Streptococcus mutans is important bacteria in 
causing dental caries[5]. Therefore, it is reasonable 
to use substances that can kill or destroy this type of 
bacteria in dental materials to prevent and control 
this disease. Production and development of dental 
materials with antimicrobial properties has been 
one of the most important and major goals of 
dental science and dentistry for many years[5, 6]. 
Several studies and experiments have been done 
in this regard, on substances with antibacterial 
properties to treat oral infections. Among these 
materials are ZnO NP. For example, Hernández-
Sierra et al. studied the antibacterial activity of 
ZnO on Streptococcus mutants and showed that 
these nanoparticles have an antibacterial effect on 
this strain[7].

Gliomas are a group of tumors of the central 
nervous system (CNS), which is resultant from 
the abnormal division of neuroglia cells[8]. 
Eighty percent of primary malign brain tumors 
are caused by gliomas. Glioblastoma is the most 
popular and acute type of malignant brain tumors 
in adults. It is a type of astrocytic cell tumor with 
histological symptoms such as increased mitosis, 
polymorphism, endothelial proliferation, and rapid 
necrosis. The methods used to treat acute glioma 
are determined by the type, location, and degree 
of the tumor, and the general health of the patient. 
Among these methods are surgery and removal of 
the tumor, radiation therapy, the use of antiepileptic 
drugs and corticosteroids, and chemotherapy with 
DNA alkylation agents such as temozolomide[9]. 
Treatment of glioblastoma leads to poor treatment 
and recurrences owing to the presence of a blood-
brain barrier that prevents the entrance of chemical 
drugs to the brain and the recurrence of the tumor. 
This is caused by the self-renewal of glioma stem 
cells. This factor reduces the average survival 
of patients with glioblastoma. The drugs have 
some side effects and these treatments are time-
consuming, costly, and ineffective. Hence, it is 
essential to look for new methods and strategies to 
prevent the disease[10, 11].

Nanomaterials have a key function in membrane 
and DNA destruction as well as suddenly cell 
death through creating lipid peroxidation and 
oxidative stress. Hence, effective therapies can be 
achieved leading to tumor destruction through 
decreasing therapy side effects [12, 13]. Among 
nanocomposites, ZnO is known as a biocompatible 
substance that results in cytotoxicity by causing 

an inflammatory effect and the formation of 
superoxide, H2O2, and free hydroxyl radicals in 
mammalian cells. Increased free radicals in the 
cellular environment, due to oxidative stress, 
activate the necrosis and apoptosis pathways and 
eventually cell death[14].

ZnO NP are prepared with different 
morphologies with rod, prismatic, ring, spherical, 
and flower-like shapes. Also, different methods 
are used to make these nanoparticles, including 
hydrothermal, laser evaporation, sol-gel, 
combustion, vapor deposition, and microwave. 
The green method is an easy ad fast method 
to produce oxide nanoparticles[15]. The green 
synthesis method, which uses environmentally 
friendly compounds and microorganisms, has 
been accepted as a promising method to minimize 
the limitations of chemical and physical methods. 
This method uses plant extracts, fungi, bacteria, 
and other microorganisms. In recent years, 
extensive efforts were made to use plant extracts to 
make various metal oxides and metal nanoparticles 
as a result of their low cost and environmental 
compatibility[16-18]. 

Prosopis farcta is a member of the leguminosa 
family, native to regions of the Americas, Africa, and 
Asia. This plant has several therapeutic effects, most 
of which are due to the presence of corticosteroids, 
vitexin, tryptamine, tannins, and epigenetics in 
this plant. Among the properties of this plant are 
the improvement of shortness of breath, stomach 
ulcers, bloody diarrhea, rheumatism, an increase in 
HDL cholesterol and decrease in LDL cholesterol, 
and a decrease in blood glucose concentration[19, 
20]. Due to the compounds in this plant, it was 
selected for the synthesis of these nanoparticles. 
So, in this study, pure ZnO and Ag-dop-ZnO NP 
by applying the aqueous extract of Prosopis farcta 
were prepared, and studied their antibacterial and 
cytotoxic performance. 

EXPERIMENTAL SECTION
Extraction of Prosopis farcta

The Prosopis farcta powder weighed, and 
distilled water with a 1:10 ratio added to it. It was 
shaken to 15 h at 150 rpm, and then it filtered. The 
obtained extract was applied for the next tests.  

Synthesis of pure and Ag-dop-ZnO NP
For synthesis of pure and doped ZnO NP, 10 

mL of extract was volumed up to 100 mL using 
distilled water. Then, it was positioned in a 70 ˚C 
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water bath. About 100 mL of the solutions including 
Zn(NO3)2.9H2O (Merck) as well as Ag(NO3) (Merck) 
was prepared following the formula of Ag1-xZnxO 
whenever the added percentages of Ag(NO3) were 
0, and 3, respectively. In the next step, the solutions 
dried in 90 ̊ C for 10 hours. Finally, the dried powder 
was calcined in a 600 ˚C furnace for 1.30 h. 

Characterization of Nanoparticles 
The physic-chemical property of ZnO and Ag-

dop-ZnO NP was specified through UV-Vis device 
with Rayleighuv-2100 model made in Chine, PXRD 
device with PANalyticalX’Pert PRO model, Cu Kα, 
made in the Netherlands, and FESEM microcopy 
with MIRA3 TESCAN model made in Czech. 

Antibacterial performance
Disk diffusion test 

Antibacterial activity of ZnO and Ag-dop-
ZnO NP tested through the disk diffusion assay 
on Streptococcus mutants (ATCC: 35668) bacteria 
based on NCCLS 2000 standard. The bacterial 
suspension was adjusted to 0.5 McFarland to 
achieved 1.5×108 colony-forming units/mL. 
The surface of Brain Heart Infusion (BHI) agar 
inoculated with the bacterial suspension was 
placed on inoculated agars and then 6 mm discs 
were impregnated with 20 μL of the NP. Plates 
were incubated at 37 ˚C for 24 h. Chloramphenicol 
(CP) and Ciprofloxacin (CF) were applied as the 
antibacterial standard against the pathogen. The 
zones of inhibition and their values were presented 
on mean (Table 1).

MIC and MBC tests
Minimum inhibitory concentration (MIC) of 

pure ZnO and 3% Ag-dop-ZnO NP were tested 
through the microdilu tion test using 96 well plates. In 
this test, Chloramphenicol (CP) and Ciprofloxacin 
(CF) were as positive control, and distilled water 
was a negative control. The nanoparticles diluted to 
100 μL of Brain Heart Infusion broth. Then, 100 μL 
of the bacteria was added to each well, as well as the 
microplates taken at 37 °C for 24 h. The MICs were 

considered as the lowest concentration presenting 
the visible growth of the bacteria. The minimum 
bactericidal concentration (MBC) was tested by 
using a sub-cultured of 100 μL of solution from 
each well of plates on Brain Heart Infusion (BHI) 
agar plates. It was then incubated at 37 °C for 24 
h, which were considered as lowest concentration 
of the synthesized samples from bacterial growth.    

Cytotoxicity Test
Cell culture

Here, brain glioblastoma cells (U87) were used 
to survive the cytotoxicity of the synthesized NPs. 
U87 cells were achieved from the Pasteur Institute 
of Iran. The cells were transferred to Falcon tubes, 
as well as then centrifuged at 833 rpm for 9 min. 
DMEM as culture medium was applied for cell 
culture. To each culture medium, 10% fetal bovine 
serum (FBS), 100 μg/mL of streptomycin, and 100 
international units/mL of penicillin were added to 
prevent microbial growth. To grow the cells, the 
plates including culture medium was incubated 
under condition of 5% CO2 at 37 °C.

MTT test
MTT test was applied to study cytotoxicity of 

synthesized NP. The cytotoxicity effect of each of 
the two nanoparticles was tested in 1, 5, 10, 50, 
100, and 500 μg/mL of concentrations. In the first, 
cell suspension of 104 cells per well was added to 
each of the 96-well plate wells, and incubated to 24 
hours. After ensuring that the cells adhered to the 
floor of the plate, the culture medium was drained 
from each well of the 96-wells plate. 100 μL from 
nanoparticles was added to wells. Then, the plate 
was incubated for 24 hours under condition of 5% 
CO2 at 37 ˚C. Then, 10 microliters of MTT solution 
added to each well and the plate was re-incubated 
for 4 hours . Finally, the adsorption of each sample 
was read through an ELISA reader at a wavelength 
of 490 nm and the percentage of cell viability 
(survival) was measured through Equation 1.
 Cell viability (%) = [100 × (sample abs)/ (control 
abs)]                                              Eq. 1

Table 1. Mean inhibition zone and standard deviation for pure ZnO and Ag-dop-ZnO NP. 
 

Nanoparticles 
Inhibition zone (mm) 

bacteria Control negative Control positive  
S. mutans Water CP CF 

 ZnO 10 ± 0.3 NA 20 ± 0.3  9 ± 0.1 
Ag-dop-ZnO 14 ± 0.3 NA 20 ± 0.3  9 ± 0.1 

                            NA= not appearing.  
  

Table 1. Mean inhibition zone and standard deviation for pure ZnO and Ag-dop-ZnO NP.
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RESULTS AND DISCUSSION
PXRD analysis

The PXRD patterns of the ZnO and 3% Ag-dop-
ZnO NP are presented in Fig. 1. The pattern of pure 
ZnO nanoparticles depicted diffraction peaks at 
2θ= 31.56, 34.63, 36.49, 47.76, 56.23, 62.12, 66.78, 
67.15, 69.20, 72.05, and 76.92˚. This is accordance 
with  wurtzite structure of ZnO (JCPDS card: 36-
1451) [21]. The pattern of the doped NPs showed 
some additional diffraction peaks located in 2θ = 
37.14, 44.86, and 64.42˚ associated with the face-
centered cubic (FCC) phase of metallic silver 
(ICSD card: 52362)[20]. The crystallite size was 
identified by using Scherrer’s equation [22, 23], 
which was achieved as 35 nm and 19 nm for ZnO 
and 3% Ag-dop-ZnO NP. It can be expressed that 
doping of silver ions leads to increasing the crystal 
size of doped samples because of the ionic radius of 
silver (0.126 Å) Compared with the zinc (0.74 Å). 

FESEM/EDX/ PSA analysis 
The FESEM images of ZnO and 3% Ag-dop-

ZnO NP were depicted based on their morphology 
and particle size. As shown in Fig. 2, the particle 
size of pure ZnO was observed as about 40 nm. The 
particle size of doped NP was decreased with the 
doping of silver into the crystalline lattice of zinc 
oxide. According to the PSA curve, the particle size 
distribution of pure and 3% Ag-dop-ZnO NP was 
obtained as 37.69 and 22.58 nm. The EDX outcomes 
of synthesized NPs demonstrated the satisfying 
entrance of silver into the ZnO structure. EDX 
data shown that weight percent of zinc and oxygen 

elements was 32.43, and 67.57 for pure NP, and it 
was 62.17, 2.34, and 35.49 for zinc, silver, and oxygen 
elements in 3% Ag-dop-ZnO NP, which agreed to 
the absence of any impurity at NP (Fig. 3). 

UV-Vis analysis
UV-Vis becomes an attractive tool for 

identifying, and studying nanomaterials. Fig. 
4 displays the electron spectra of synthesized 
ZnO and 3% Ag-dop-ZnO NP. The maximum 
absorption peaks appeared in ranges of 378 and 
372 nm for pure ZnO and 3% Ag-dop-ZnO NP. 
As seen in Figure 4, the absorption peak of ZnO 
NP was shifted to the lower wavelength as blue 
shift due to the decrement in crystallization and 
quantum confinement phenomena. The lack of 
another absorption peak overall the electron 
spectra demonstrated the lack of impurities in the 
nanoparticles, as well as approved their satisfying 
optical properties[21].

FT-IR analysis
The FT-IR spectra of synthesized ZnO and 

3% Ag-dop-ZnO NP were obtained in range of 
400–4000 (Fig. 5). The absorption band in range of 
3450 cm-1 indicated the strong stretching vibration 
of OH groups of adsorbed H2O upon NP surface. 
Absorption band in range of 1627 cm-1 belongs to 
the stretching vibration of the C-H groups. The 
absorption band at range of 476 cm-1 is related to 
the vibrational band Zn-O in ZnO NP graph, which 
was shifted to 471 cm-1 for FT-IR spectrum of Ag-
dop-ZnO NP. It showed that intensity of vibrational 

 

Fig. 1 PXRD graphs of ZnO and 3% Ag-dop-ZnO NP. 

   

Fig. 1. PXRD graphs of ZnO and 3% Ag-dop-ZnO NP.
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Fig. 2 FESM images of ZnO and 3% Ag-dop-ZnO NP. 

   

Fig. 2. FESM images of ZnO and 3% Ag-dop-ZnO NP.

 

Fig. 3 EDX graphs of ZnO and 3% Ag-dop-ZnO NP. 

   

 

Fig. 3 EDX graphs of ZnO and 3% Ag-dop-ZnO NP. 

   

Fig. 3. EDX graphs of ZnO and 3% Ag-dop-ZnO NP.
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Fig. 4 UV-Vis spectra of ZnO and 3% Ag-dop-ZnO NP. 

   

 

Fig. 5 FT-IR spectra of ZnO and 3% Ag-dop-ZnO NP. 

   

Fig. 4. UV-Vis spectra of ZnO and 3% Ag-dop-ZnO NP.

Fig. 5. FT-IR spectra of ZnO and 3% Ag-dop-ZnO NP.



260Nanomed Res J 7(3): 254-263, Summer 2022

A. Forutan Mirhosseini et al. / Ag-ZnO nanoparticles: synthesis, characterization

band of Zn-O was decreased with the decrease in 
particle size of Ag-dop-ZnO NP[21]. 

Antibacterial activity 
Antibacterial activity of ZnO and Ag-dop-ZnO 

NP survey by using disk diffusion and microdilu-
tion assay against Streptococcus mutans bacteria. 
The inhibition zone of disks from diffusion of 
nanoparticles was displayed in Fig. 6. As seen in 
Figure 6, Ag-dop-ZnO NP have an inhibition zone 

larger than ZnO NP, which can be due to silver 
doped to ZnO structure. 

The gained data from MIC assay of synthesized 
ZnO and Ag-dop-ZnO NP were provided at 250 
and 125 μg/mL on S. mutans bacteria, respectively 
(Fig. 7). The obtained data from MBC of 
synthesized nanoparticles were provided in Table 
2. The outcomes showed that MBC of Ag-dop-ZnO 
NP against S. mutans was 250 μg/mL, and also 
there was no outcome shown for S. aureus bacteria. 

 

Fig. 6 Antibacterial effect of ZnO and 3% Ag-dop-ZnO NP against S. mutans 

   

 

Fig. 7 Minimum inhibitory concentration of ZnO and 3% Ag-dop-ZnO NP on S. mutans 

   

Fig. 6. Antibacterial effect of ZnO and 3% Ag-dop-ZnO NP against S. mutans

Fig. 7. Minimum inhibitory concentration of ZnO and 3% Ag-dop-ZnO NP on S. mutans
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According to gained outcome, the synthesized Ag-
dop-ZnO NP not only inhibited the growth of S. 
mutans but also killed them. A study by Nigussie 
et al. stated that Ag doping to ZnO NP caused the 
increase of antibacterial performance on pathogenic 
bacteria likes   Staphylococcus aureus,  Escherichia 
coli, and Pseudomonas aeruginosa[24]. 

The results showed that silver doping has 
more significant negative effects than zinc 
oxide nanoparticles. This may be because silver 
destabilizes the plasma membrane potential, 
resulting in a decrease in adenosine triphosphate 
levels inside the cell, which kills bacteria by 
targeting the cell membrane. In fact, silver break 
down the inhibitory components in the outer 
membrane of the bacterium, which in turn causes 
the exponential release of molecules such as 
liposaccharides and purines from the cytoplasmic 
membrane [20]. So, it suggested that synthesized 
Ag-dop-ZnO NP could be utilized as effective 
ingredient in treatment of oral infections.

Cytotoxic effect
In recent years, the strategy of using 

nanoparticles as a carrier system for drug treatment 

and delivery has made significant progress. One of 
these nanoparticles that have attracted the attention 
of researchers is zinc oxide nanoparticles, which in 
recent years have been used as a treatment agent 
for several diseases, including cancer in vivo and 
in vitro. Zinc oxide nanoparticles are metal oxide 
nanoparticles that are toxic to cancer cells and 
inhibit cell invasion and sensitization to radiation 
and chemotherapy, protecting reactive oxygen 
species (ROS) and increasing apoptosis in cells[19].

In this study, the cytotoxic effect of ZnO and 
Ag-dop-ZnO NP at different concentrations in 
glioblastoma (U87) cell line has been reviewed. The 
finding of this study showed that doping Ag to ZnO 
NP was incremented the toxicity activity on U87 
cells than to ZnO NP. The toxicity effect of pure 
ZnO NP was similar to the effect of doxorubicin 
as a control at the 500 μg/mL concentration (Fig. 
8). The IC50 was achieved for ZnO and Ag-dop-
ZnO NP were obtained at ˃1000 and 270.4 mg/L. 
Ag-dop-ZnO NP had a greater inhibitory activity 
compared to ZnO NP.

In general, as nanoparticle concentrations 
increase, more nanoparticles enter the cell and 
induce its toxic activity through creating oxidative 

Table 2 Minimum inhibition and bactericidal concentrations of ZnO and 3% Ag-dop-ZnO NP. 
 

S. mutans 
Samples 

MBC (μg/mL) MIC (μg/mL) 
-* 250  ZnO 

250 125 Ag-dop-ZnO 
3.90 1.95 Chloramphenicol  

15.62 3.90 Ciprofloxacin  
                              *means no antibacterial effect. 
 

Table 2 Minimum inhibition and bactericidal concentrations of ZnO and 3% Ag-dop-ZnO NP.

 

Fig. 8 Cell viability of ZnO and 3% Ag-dop-ZnO NP on U87 cell line after 24 hours incubation 

 

Fig. 8. Cell viability of ZnO and 3% Ag-dop-ZnO NP on U87 cell line after 24 hours incubation
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stress within the cell. This oxidative stress causes 
double-stranded DNA failures and thus the death 
of cancer cells[25]. Various studies have been 
carried out for survey the cytotoxic activity of zinc 
oxide nanoparticles in various cell lines. 

R. Wahab et al. showed that ZnO nanostructures 
have a cytotoxic effect on human glioma (U87) 
cells. According to their results, ZnO NP increased 
mitotic death  and interphase death of the U87 cells 
[26]. Our results presented that Ag-dop-ZnO NP 
had a more toxic effect on U87 cells than to ZnO 
NP. However, the doping of silver was accompanied 
by an increase in the toxicity of zinc oxide 
nanoparticles. Therefore, doped nanoparticles 
showed a better anti-cancer effect against U87 cells. 

CONCLUSION
In this study, an easy, inexpensive, and green 

method was provided to prepare ZnO and Ag-dop-
ZnO NP by using leaf extract of Prosopis farcta. 
The FESEM image presented the spherical shape of 
synthesized nanoparticles. The FESEM and other 
characterization results of nanoparticles presented 
that doping silver decreased the size of zinc oxide 
particles. The cytotoxic effect of the synthesized NP 
was investigated on glioblastoma (U87) cell line 
by utilized an MTT test. Then, the antibacterial 
performance of pure and Ag-dop-ZnO NP was 
assessed against Streptococcus mutans. The results 
of both assays showed that the doped silver 
caused the increased effectiveness of cytotoxic and 
antibacterial performance of ZnO NP. Hence, the 
synthesized NP can be suggested as an effective 
ingredient in the treatment of oral infections and 
cancer treatment.
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