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Abstract

Background: The applications of nanotechnology have greatly increased in the recent years. 
Nanotechnology can be used for diagnosis and treatment of many conditions in medicine and 
dentistry. The aim of this paper is assessment the cytotoxicity of silver nanoparticles (AGNPs) 
synthesized employing Lactobacillus acidophilus against human oral squamous cell carcinoma 
(OSCC) cell line. Materials and Methods: In this in vitro, experimental study, AgNPs were 
biologically synthesized by using L. acidophilus, and characterized by dynamic light scattering 
(DLS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), ultra-
violet-visible (UV-V) spectroscopy and Fourier-transform infrared (FTIR) spectroscopy. The 
methyl thiazolyl tetrazolium (MTT) test was performed to assess the cytotoxic effects of AgNPs 
in 3.125, 6.25, 12.5, 25, 50, and 100 μg/mL concentrations within 24 hours. Results: Synthesis 
of AgNPs was confirmed by visual perception of dark brown color variation (from achromatic) 
and maximum UV-V absorption at 428 nm. TEM and SEM indicated the spherical form of Ag-
NPs with a median size of 397 nm. FTIR spectroscopy showed the presence of functional groups 
from the cells involved in the reduction process. The MTT assay indicated that the biosynthesized 
nanoparticles made a decrease of cell livability in a concentration dependent method. Conclu-
sion: AgNPs produced by Lactobacillus acidophilus have the potential to inhibit OSCC cell line.
[GMJ.2023;12:e2905] DOI:10.31661/gmj.v12i.2905
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Introduction

Oral cancer refers to malignancies of the 
lips, oral cavity, and the upper respirato-

ry system [1]. More than 90% of the malig-
nancies of the oral cavity are related to oral 
squamous cell carcinoma (OSCC) [2]. Radi-
cal surgery is the treatment of choice for SCC. 
However, adjuvant radiotherapy and chemo-

therapy may be beneficial in some cases, de-
pending on the location and stage of lesio [3]. 
Radical surgery can cause significant morbid-
ity particularly in the head and neck region, 
and compromise esthetics and function. The 
other commonly used modalities for treatment 
of head and neck cancers, such as chemother-
apy and radiotherapy, are often ineffective 
and even harmful due to lack of specificity, 
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severe side effects, and emergence of clinical 
drug resistance [4]. Despite the great advanc-
es made in diagnosis and treatment of vari-
ous cancer types, the 5-year survival rate of 
OSCC remains at 50% and it is still one of 
the common causes of death worldwide [5]. 
Therefore, there is an increasing demand for 
more effective methods to more efficiently 
combat OSCC [6]. 
Use of nanoparticles (NPs) is one of the most 
recent methods for cancer treatment. Nano-
technology is a field of research and innova-
tion that involves synthesis of materials and 
devices on the scale of atoms and molecules 
and with a size ranging from 10 to 100 nm. 
The physical and chemical characteristics 
of materials can substantially differ as they 
transform into NPs [7]. Silver nanoparticles 
(AgNPs) are one of the most common metal-
lic nanomaterials applied in medicine due to 
their unique characteristics [8]. The antican-
cer properties of AgNPs and their potential 
to inhibit the cancer cells have been proven 
in various studies [9]. For instance, a study 
showed that biosynthesized AgNPs were ef-
ficient anticancer agents that induced apop-
tosis of colon cancer cells (HCT-116) [10].
AgNPs can be synthesized by several meth-
ods. Chemical and physical methods are less 
favorable due to the use of toxic chemical 
agents or high pressure in their procedures. 
The biological synthesis of AgNPs is often 
preferred because it is cost-effective, commer-
cially viable, and environmentally clean [11]. 
In many studies, AgNPs were synthesized by 
using plants, fungi, yeasts, and bacteria [12, 
13]. L. acidophilus is one of the most common 
types of probiotic microorganisms that can be 
found in dairy products such as milk, yogurt, 
and cheese. L. acidophilus also exists in some 
parts of the human body such as the intestines 
and the oral cavity, and plays a vital role in 
health of human [14]. In the current investiga-
tion, AgNPs were biosynthesized by employ-
ing L. acidophilus, and their cytotoxicity was 
assessed against OSCC cell line.

Materials and Methods

1. Biosynthesis of AgNPs using L.Acidophilus
Lyophilized Lactobacillus acidophilus (ATCC 
4356) strain was purchased from the Persian 

Type Culture Collection of Iran and cultured 
in 50 mL of sterile de Man, Sharpe and Rogo-
sa broth. The composition of this broth was 
as follows: 10 g beef extract, 10 g proteose 
peptone, 20 g dextrose, 5 g yeast extract, 2 g 
ammonium citrate, 1 g polysorbate 80, 5 g so-
dium acetate, 2 g dipotassium phosphate, 0.05 
g manganese sulfate and 0.1 g magnesium 
sulfate. The culture was incubated at 37°C 
in anaerobic conditions for 24 hours using an 
anaerobic jar. After incubation, the microbial 
suspension was harvested by centrifugation 
(5000 rpm for 10 minute). The collected cell 
supernatant was then filtered applying What-
man grade 40 filter paper and transferred into 
sterile tubes. AgNPs were biosynthesized re-
garding to the scheme explained by Thomas 
et al., [15] with some modifications. Approx-
imately 2 mL of the suspension was mixed 
with 0.09 g of AgNO3 and 20 mL of distilled 
water. The suspension was then incubated at 
37°C for 24 h with agitation at 150 rpm in the 
dark. The confirmation of AgNPs synthesis 
was performed by the colorimetric assay (col-
or change of the solution).

2. Biosynthesized AgNPs Characterization
2.1. Spectral Analysis of Ultraviolet-visible 
(UV-V) 
Synthesis of AgNPs was confirmed by UV-V 
spectroscopy. For this purpose, 300 µL of the 
AgNP suspension was transferred into a cu-
vette, and the cuvette was placed in a spec-
trophotometer for testing. The absorption was 
read by the UV-V spectrophotometer (Agi-
lent, spectrophotometer, USA) at 200 to 700 
nm wavelength range.
2.2. Scanning Electron Microscopy (SEM)
The morphology and size of synthesized Ag-
NPs were observed by SEM. AgNPs were dis-
solved in water and the obtained suspension 
was placed on the gold grid. The samples were 
gold sputter-coated (sputter coater SBC-12, 
KYKY, China) and the coated surfaces were 
examined under a SEM microscope (XL30; 
Philips, Japan) operating at 30 kV with 10-5 

Torr pressure. The micrographs were acquired 
from the samples.
2.3. Transmission Electron Microscopic 
(TEM) Observation
The morphology and size of synthesized NPs 
were confirmed by TEM observation, by a 
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TEM microscope (LEO 906; Zeiss, Germany) 
with an accelerating voltage of 120 kV. A drop 
of AgNP suspension was fixed on the carbon 
coated copper grids and dried at temperature 
of room. The particle size distribution of Ag-
NPs was assessed by employing Image J soft-
ware version 1.8.0 (https://imagej.nih.gov/ij/
download.html). 
2.4. Fourier-transform Infrared (FTIR) Spec-
troscopy
The functional groups types of AgNPs were 
defined employing Spectrum Two FT-IR 
(PerkinElmer, Germany). The potassium bro-
mide (in 1:100 ratio) was used to dilute the 
AgNP powder and the FTIR spectroscope 
was operated in diffuse reflectance mode. The 
spectra were scanned in the range of 400 to 
4500 cm-1 at 4 cm-1 resolution; then, the func-
tional groups were identified according to the 
references. 
2.5. Dynamic Light Scattering (DLS)
The size and distribution width of particles 
were measured by DLS (Day Petronic Bi-
ological Company, Tehran, Iran). Zeta po-
tential analyzer and SZ-100z Dynamic light 
scattering was used. It was made by Horiba 
Jobin Jyovin company in Japan. The size dis-
tribution of nanoparticles was measured with 
the INSO16247 standard. Synthesized AgNPs 
were used as a solution in water dispersant 
and placed in the cell of the device, and then 
the analysis was performed on the desired 
sample.
2.6. Cell Culture
OSCC cell line (HSc-4) was purchased from 
the Pasteur Institute cell bank, Tehran, Iran. 
RPMI 1640 was used as the basic medium to 
culture the tumor cells; 100 mL of 10% fetal 
bovine serum, 1 mL antibiotic solution (100 
µg/mL streptomycin and 100 U/mL penicil-
lin), 1 L deionized water, and 3.7 g sodium 
bicarbonate were added to 13.4 g of RPMI 
1640 medium. 
The cells were stored in a humidified incuba-
tor with 5% CO2 and 37C temperature.
2.7. Cell Viability Assay 
The Trypan blue staining of HSC-4 cells was 
performed. The cells were counted and the 
percentage of viability was calculated. Next, 
the cells were seeded in a 96-well-plate (100 
µL culture medium containing 10000 cells in 
each well). Next, the cells were incubated at 

37℃ in a 5% humidified CO2 incubator for 
one day. At high concentration Ag is toxic for 
human beings; nonetheless in low concentra-
tion it is nontoxic. El-Nagar et al. [16] and 
Baetke et al. [17] stated that AgNPs toxicity 
depended on concentration, size, and surface 
composition. Therefore, the concentration 
of AgNPs was chosen based on the previous 
researches [8, 12, 10, 18, 19, 20-22]. Silver 
nanoparticles were prepared at 100, 50, 25, 
12.5, 6.25 and 3.125 μg/mL concentrations. 
Next, the cultured cells were treated with the 
prepared AgNPs concentrations and incubated 
for one day. The methyl thiazolyl tetrazolium 
(MTT) solution was ready by dissolving 50 
mg of 3–(4,5- Dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT powder) 
in 10 mL of phosphate-buffered saline. Next, 
100 µL of the prepared solution was appended 
to each well and incubated for 3 hours. Next, 
100 µL of dimethyl sulfoxide was joined to 
each well to solve the crystals of formed for-
mazan. After 30 minutes at room temperature, 
absorption was read at 570 nm wavelength by 
an ELISA reader (Bio Tek). The percentage of 
viability of OSCC cells was achieved by the 
following formulas:

3. Statistical Analysis
Statistical analysis was done by SPSS version 
16 [23]. The normality of data was checked 
by Kolmogorove-Smirnow test. The one-way 
ANOVA was used to analyze of the data, and 
the results were declared as average ± stan-
dard deviation. Statistically significant was 
considered for P-value<0.05.

Results

Characterization of Biosynthesized AgNPs
The dark brown color change (from achro-
matic) indicated successful biosynthesis of 
AgNPs (Figure-1). The dark brown color 
change (from achromatic) indicated success-
ful biosynthesis of AgNPs (Figure-1). Fur-
thermore, presence of an absorption peak at 
428 nm in UV-V spectroscopy confirmed the 
synthesis of AgNPs through the reduction 
reaction (Figure-2). The images obtained by 
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TEM and SEM observations showed that the 
biosynthesized AgNPs were in the shape of 
sphere (Figure-3 and 4) with a mean size of 
397 nm (Figure-5). The functional groups of 
AgNPs were detected by the FTIR spectra. 
The peaks at 3421 cm-1 and 667 cm-1 may be 
due to the O-H stretching vibration. In addi-
tion, a peak at 1638 cm-1 corresponded to C=O 

in the amide functional group (Figure-6). DLS 
results showed that the average size of AgNPs 
is 397 nm.

Cell Viability Assay Results
The cytotoxic influence of biosynthesized Ag-
NPs on OSCC cell line was evaluated employ-
ing the MTT assay. The results indicated that 

Figure 1. Biosynthesis of silver nanoparticles )AgNps( using bacterial supernatant.

Figure 2. UV-V spectroscopy of biosynthesized silver nanoparticles(AgNPs)

Figure 3. FTIR analysis of biosynthesized silver nanoparticles (AgNPs)
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AgNPs decreased cell viability after 24 hours 
and in a dose-depended manner. The 3.125, 
6.25, 12.5, 25, 50 and 100 µl/mL concentrations 
decreased the cell viability by 85.34%±0.15% 
( P - v a l u e < 0 . 0 5 ) , 7 4 . 2 6 % ± 0 . 3 3 % , 
4 1 . 6 3 % ± 0 . 6 1 % , 3 1 . 7 5 % ± 0 . 6 7 % , 
23.12%±0.95% and 12.83%±0.65% (P-val-
ue<0.001), successively (Figure-7).

Discussion

Biodegradability, decreased drug side effects 

and biocompatibility are the advantages of 
NPs [24, 25]. NPs allow for protection from 
quick metabolism and clearance controlled 
drug release. NPs are also help to improved 
patient compliance because of a reduced rate 
of drug administration in comparison with un-
encapsulated drugs [24]. However, possible 
carrier toxicity is a disadvantage for NPs [26]. 
Preparation of NPs on a big industrial scale 
with reproducible properties is one of their 
limitation. The stability of NPs is another lim-
itation [27, 28]. However, the NPs can simul-

Figure 4. SEM micrograph of biosynthesized silver nanoparticles (AgNPs)

Figure 5. TEM micrograph of biosynthesized silver nanoparticles (AgNPs)
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taneously deliver agents with various physi-
cal-chemical properties and mitigate adverse 
influences. A proper NPs-based supply system 
should to satisfy these requests: (a) co-load 
various molecules in adequate amounts; (b) 
overcome biologic fences without dropping 
its bioactivity; (c) distribute goods at the pur-
pose time and site; (d) have the capability to 
aim specific cell type or tumor; (e) display ad-

ditive or synergistic properties; and (f) should 
apply safe, economic and efficient preparation 
methods [24]. In the current investigation, 
AgNPs were biosynthesized applying L. aci-
dophilus, and their cytotoxic effect on OSCC 
cell line was evaluated. Metallic NPs such as 
gold, silver, selenium, palladium, and plat-
inum are extensively used in medicine and 
dentistry and have many applications as in 

Figure 6. DLS analysis of biosynthesized silver nanoparticles (AgNPs).

Figure 7. Cytotoxicity of silver nanoparticles )AgNPs( against oral squamous cell carcinoma cell line. Outcomes are stated as average ± 
standard deviation as compared with the group of control (***: P-value<0.001, **: P-value<0.01,  *: P-value<0.05, n=3).
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diagnostic imaging procedures, targeted drug 
delivery systems, tissue engineering, antibac-
terial activity, wound healing, gene therapy, 
and cancer treatment [29, 30]. AgNPs are 
more commonly used than other metallic NPs 
because of their favorable characteristics such 
as electrical conductivity, chemical stability, 
low sintering temperature, low cost, and op-
timal antibacterial, antifungal, antiviral, and 
antioxidant effects [31, 32]. Jia et al., [33] 
used triethanolamine as a chemical reducing 
agent to produce AgNPs 40 nm in size. Sever-
al methods can be used to synthesize AgNPs 
including biological, chemical and physical 
methods. 
However, biosynthesis of AgNPs is environ-
mentally and economically friendly, and is a 
more convenient alternative to chemical and 
physical approaches [33, 34]. Li et al., [11] 
successfully synthesized AgNPs using the 
Capsicum annuum plant. In the current study, 
the AgNPs synthesis was affirmed by observ-
ing a dark brown color alteration and pres-
ence of a peak at 428 nm wavelength in UV-V 
spectroscopy. According to TEM and SEM 
observations, and the results of DLS, the bio-
synthesized AgNPs in our study were in the 
shape of sphere with a mean size of 397 nm. 
The biological synthesis of AgNPs has been 
an interesting research topic. For instance, in 
2015, Mata et al. synthesized AgNPs using 
the Abutilon Indicum plant which was similar 
to our study. AgNPs Synthesis was affirmed 
by a color alteration from light green to yel-
lowish-brown. 
UV-V analysis also showed a peak at 455 nm. 
The data obtained from SEM, TEM, and DLS 
indicated that NPs were in the shape of sphere 
and their size was in the range of 1-300 nm 
[35]. In another work by Hamida et al, AgNPs 
were synthesized by an innovative Cyanobac-
teria Desertifilum sp. The AgNPs synthesis in 
this study was affirmed by observing a change 
of color from pale yellow to dark brown; also 
the plasmon resonance peak of the synthesized 
NPs surface was at 421 nm. Under TEM and 
SEM, AgNPs were in the shape of sphere with 
a range of diameter from 4.5 to 26 nm [18]. 
Different sizes and shapes of AgNPs can be 
synthesized using various species of bacteria 
due to their different reducing enzymes. Some 
other factors can also modulate the shape and 

size of AgNPs such as the concentration of 
biomolecules, temperature, pH, and reduction 
time, among others [36]. This can explain the 
size difference of AgNPs in our study and oth-
er similar studies.
In the current study, the functional groups of 
AgNPs were detected using FTIR spectrosco-
py. The FTIR spectra had peaks at 3421 cm-1 
and 667 cm-1 that represented the O-H stretch-
ing vibration of polysaccharides, and a peak 
at 1638 cm-1 which was related to C=O in the 
amide functional group. The present results 
were highly similar to those of Khandel et al, 
who synthesized AgNPs by using a fungus 
[21]. In the current investigation, the MTT as-
say was used to evaluate the cytotoxicity of 
AgNPs against OSCC cell line. This method 
is far superior to the dye exclusion technique 
such as the Trypan blue dye exclusion as-
say, since it is safe, easy to perform, and has 
a high reproducibility [37]. Devi and Bhim-
ba [38] used the MTT assay to evaluate the 
anticancer activity of AgNPs against Hep-2, 
MF7, HT20, and Vero cell line. The outcomes 
displayed that the maximum concentration of 
AgNPs used in this study which was 250 µl/
mL decreased the viability of Hep-2, MCF, 
HT29, and Vero cell line by 11.47%, 12.78%, 
12.45% and 34.18%, respectively. Sulaiman 
et al, in another study, indicated that treat-
ment of HL-60 cell line with 2 mmol/L of 
biosynthesized AgNPs increased the number 
of dead cells to 85% after 24 hours of incu-
bation, which was similar to our result [39]. 
Information obtained from a study done by In-
bathmizh et al. indicated that 1000 µg/mL of 
biosynthesized AgNPs decreased the viability 
of HEP G2 cells by 16.39% [22]. 
Generally, the results of the above-mentioned 
studies were in line with our study. However, 
a lower concentration of AgNPs synthesized 
in the current study indicated higher cytotox-
icity compared with above similar studies [22, 
39]. Yakop et al., [40] assessed the cytotox-
icity of AgNP-C. nutans with concentrations 
ranging from 0.75 to 3 µg/mL, against OSCC 
cell line, which is the same cell type we used 
in the current investigation. The MTT assay 
outcomes exposed that the IC50 concentra-
tion of AgNPs was 1.61. The cytotoxicity of 
AgNPs against the cells may vary depending 
on the differences in size and concentration of 



8 GMJ.2024;13:e2905
www.gmj.ir

Pourhaji M, et al. AgNPs Cytotoxicity Against Squamous Cell Carcinoma

nanoparticles, duration of exposure of cells, 
and type of cells used in the procedure [20]. 
Rudrappa et al., [41] successfully displayed 
the potential cytotoxic nature of P-AgNPs 
against GBM U118 MG cell line by causing 
a rise in late and early apoptosis cells popula-
tion. Yakop et al., [40] also showed the apop-
totic effects of nanoparticles on HSC-4 cell 
line by a rise in Bax/Bcl-2 protein ratio. In the 
current study, the apoptotic effects of biosyn-
thesized AgNPs on the cancer cell line were 
not evaluated; which calls for future studies 
on this topic. 
According to the outcomes of several investi-
gations carried out in this field, NPs can have 
significant cytotoxic effects against cancer 
cells; although further research is required 
to fully describe the mechanisms involved in 
anticancer and antimicrobial activities and the 
toxicity of these particles. 
The NPs have been applied successfully in 
small-scale research laboratories. However, 
the huge scale industrial of NPs has not been 
prosperous for numerous reasons. The indus-
trial manufacturing of NPs faces various limits 
include which affects the chemical, physical, 
batch-to-batch variability, and product perfor-
mance qualities. Moreover, it is a time-con-
suming and hard process that contains numer-
ous processes. Extra stages of difficulty are 
typically associated to the extra testing per-
formed previous to, during, and next the man-
ufacturing, storing, and clinical uses as well 
as the lack of well controlled production prac-
tices [42, 43]. Newly, the production process 
of drug-loaded NPs has been revolutionized 
by the most advanced microfluidic systems 

[42]. The employing of NPs to expand drug 
delivery has significantly impacted several bi-
ome dical regions. It has been displayed that 
the NPs improve biodistribution and stabili-
ty of therapeutic agents, overcome limits to 
cellular uptake and tissue in objective sites in 
vivo, and decrease systemic toxicity related to 
non-encapsulated agents. In spite of the exten-
sive preclinical study on NPs, their conversion 
to the clinical has progressed slowly. Future 
investigations should emphasis on these lim-
itations. This needs continuous collaborations 
and communications among experts in all 
steps of pharmaceutical progress, containing 
preclinical and clinical applications as well as 
toxicological assessments [24]. 

Conclusion

The biosynthesized AgNPs showed signifi-
cant cytotoxic effects on OSCC cell line af-
ter 24 hours. However, extra in vivo investi-
gations are needed to confirm the anticancer 
properties of AgNPs and their successful and 
safe application in the clinical settings. Inves-
tigation of the effects of other NPs (i.e., Mg 
and Al) or their combinations on OSCC cell 
line together with in vivo study will be an in-
teresting topic for the researchers.

Conflict of Interest

The authors declare that they have no known 
competing financial or personal relationships 
that could have appeared to influence the work 
reported in this paper.

References

1. Edge SB, Compton CC. The American Joint 
Committee on Cancer. Annals of surgical 
oncology. 2010;17(6):1471-4.

2. Markopoulos AK. Current aspects on oral 
squamous cell carcinoma. open dent j. 
2012;6:126.

3. Shah JP, Gil Z. Current concepts in 
management of oral cancer–surgery. Oral 
oncol. 2009;45(4-5):394-401.

4. Alsahafi E, Begg K, Amelio I, Raulf N, 
Lucarelli P, Sauter T, et al. Clinical update 
on head and neck cancer: molecular biology 

and ongoing challenges. Cell death dis. 
2019;10(8):540.

5. Wu S, Powers S, Zhu W, Hannun YA. 
Substantial contribution of extrinsic risk 
factors to cancer development. Nature. 
2016;529(7584):43-7.

6. Szymanski MS, Porter RA. Preparation 
and quality control of silver nanoparticle–
antibody conjugate for use in electrochemical 
immunoassays. J Immunol. 2013;387(1-
2):262-9.

7. Moritz M, Geszke-Moritz M. The newest 

AgNPs Cytotoxicity Against Squamous Cell Carcinoma Pourhaji M, et al.



8 GMJ.2024;13:e2905
www.gmj.ir

achievements in synthesis, immobilization 
and practical applications of antibacterial 
nanoparticles. Chem Eng J. 2013;228:596-
613.

8. Keshari AK, Srivastava R, Singh P, Yadav 
VB, Nath G. Antioxidant and antibacterial 
activity of silver nanoparticles synthesized by 
Cestrum nocturnum. J Ayurveda Integr Med. 
2020;11(1):37-44.

9. Rao PV, Nallappan D, Madhavi K, Rahman 
S, Jun Wei L, Gan SH. Phytochemicals 
and biogenic metallic nanoparticles as 
anticancer agents. Oxid Med Cell Longev. 
2016;2016:3685671.

10. Acharya D, Satapathy S, Somu P, Parida UK, 
Mishra G. Apoptotic effect and anticancer 
activity of biosynthesized silver nanoparticles 
from marine algae Chaetomorpha linum 
extract against human colon cancer cell HCT-
116. Biol Trace Elem Res. 2021;199:1812-
22.

11. Li S, Shen Y, Xie A, Yu X, Qiu L, Zhang L, 
et al. Green synthesis of silver nanoparticles 
using Capsicum annuum L. extract Green 
Chem. 2007;9(8):852-8.

12. Ahmed S, Ahmad M, Swami BL, Ikram S. A 
review on plants extract mediated synthesis 
of silver nanoparticles for antimicrobial 
applications: a green expertise. J Adv Res. 
2016;7(1):17-28.

13. Pugazhenthiran N, Anandan S, Kathiravan 
G, Udaya Prakash NK, Crawford S, 
Ashokkumar M. Microbial synthesis of silver 
nanoparticles by Bacillus sp. J Nanopart Res. 
2009;11:1811-5.

14. Anjum N, Maqsood S, Masud T, Ahmad 
A, Sohail A, Momin A. Lactobacillus 
acidophilus: characterization of the species 
and application in food production. Crit Rev 
Food Sci Nutr. 2014;54(9):1241-51.

15. Thomas R, Janardhanan A, Varghese 
RT, Soniya E, Mathew J, Radhakrishnan 
E. Antibacterial properties of silver 
nanoparticles synthesized by marine 
Ochrobactrum sp. Braz J Microbiol. 
2014;45:1221-7.

16. El-Naggar NE-A, Hussein MH, El-Sawah 
AA. Bio-fabrication of silver nanoparticles 
by phycocyanin, characterization, in vitro 
anticancer activity against breast cancer 
cell line and in vivo cytotxicity. Sci Rep. 
2017;7(1):10844.

17. Baetke SC, Lammers T, Kiessling F. 
Applications of nanoparticles for diagnosis 
and therapy of cancer. Br J Radiol. 
2015;88(1054):20150207.

18. Hamida RS, Abdelmeguid NE, Ali MA, Bin-
Meferij MM, Khalil MI. Synthesis of silver 
nanoparticles using a novel cyanobacteria 
Desertifilum sp extract: their antibacterial 
and cytotoxicity effects. Int J nanomedicine. 
2020:49-63.

19. Duong TT, Le TS, Tran TTH, Nguyen TK, 
Ho CT, Dao TH, et al. Inhibition effect of 
engineered silver nanoparticles to bloom 
forming cyanobacteria. Nanoscience and 
Nanotechnology. 2016;7(3):035018.

20. Dos Santos CA, Seckler MM, Ingle AP, 
Gupta I, Galdiero S, Galdiero M, et al. 
Silver nanoparticles: therapeutical uses, 
toxicity, and safety issues. J Pharm Sci. 
2014;103(7):1931-44.

21. Khandel P, Kumar Shahi S, Kanwar 
L, Kumar Yadaw R, Kumar Soni D. 
Biochemical profiling of microbes 
inhibiting Silver nanoparticles using 
symbiotic organisms. Int j nanodimension. 
2018;9(3):273-85.

22. Inbathamizh L, Ponnu TM, Mary EJ. 
In vitro evaluation of antioxidant and 
anticancer potential of Morinda pubescens 
synthesized silver nanoparticles. J pharm res. 
2013;6(1):32-8.

23. software informer. spss. united states: 
software informer; Available from: https://
spss.software.informer.com/16.0/2023.

24. Fulton MD, Najahi-Missaoui W. Liposomes 
in Cancer Therapy: How Did We Start 
and Where Are We Now. Int J Mol Sci. 
2023;24(7):6615.

25. Malik P, Ameta RK, Mukherjee TK. 
Emerging Drug Delivery Potential of Gold 
and Silver Nanoparticles to Lung and Breast 
Cancers In Practical Approach to Mammalian 
Cell and Organ Culture. Singapore: Springer 
Nature Singapore; 2023:1109-75.

26. Missaoui WN, Arnold RD, Cummings BS. 
Toxicological status of nanoparticles: What 
we know and what we don't know. Chem 
Biol Interact. 2018;295:1-12.

27. Chang H-I, Yeh M-K. Clinical development 
of liposome-based drugs: formulation, 
characterization, and therapeutic efficacy. Int 
J nanomedicine. 2012:49-60.

28. Anandaradje A, Meyappan V, Kumar I, 
Sakthivel N. Microbial Synthesis of Silver 
Nanoparticles and Their Biological Potential 
In Nanoparticles in Medicine. Singapore 
Springer Singapore. 2020:99-133.

29. Yadav SK. Nanoscale materials in targeted 
drug delivery. theragnosis and tissue 
regeneration: Springer; 2016.

GMJ.2024;13:e2905
www.gmj.ir

9

AgNPs Cytotoxicity Against Squamous Cell Carcinoma Pourhaji M, et al.



30. Raja G, Jang Y-K, Suh J-S, Kim H-S, Ahn 
SH, Kim T-J. Microcellular Environmental 
Regulation of Silver Nanoparticles in 
Cancer Therapy: Critical Review. Cancers. 
2020;12(3):664.

31. Baran MF, Keskin C, Baran A, Hatipoğlu 
A, Yildiztekin M, Küçükaydin S, et al. 
Green Synthesis of Silver Nanoparticles 
from Allium cepa L Peel Extract, Their 
Antioxidant, Antipathogenic, and 
Anticholinesterase Activity. Molecules. 
2023;28(5):2310.

32. Zhang X-F, Liu Z-G, Shen W, Gurunathan 
S. Silver nanoparticles: synthesis, 
characterization, properties, applications, 
and therapeutic approaches. Int J Mol Sci. 
2016;17(9):1534.

33. Jia Z, Sun H, Gu Q. Preparation of Ag 
nanoparticles with triethanolamine as 
reducing agent and their antibacterial 
property. Colloids and Surfaces A: 
Physicochem Eng Asp. 2013;419:174-9.

34. Iravani S, Korbekandi H, Mirmohammadi 
SV, Zolfaghari B. Synthesis of silver 
nanoparticles: chemical, physical and 
biological methods. Res Pharm Sci.  
2014;9(6):385.

35. Mata R, Nakkala JR, Sadras SR. Biogenic 
silver nanoparticles from Abutilon indicum: 
Their antioxidant, antibacterial and 
cytotoxic effects in vitro. Colloids Surf B: 
Biointerfaces . 2015;128:276-86.

36. Ovais M, Khalil AT, Ayaz M, Ahmad I, 
Nethi SK, Mukherjee S. Biosynthesis of 
metal nanoparticles via microbial enzymes: 
a mechanistic approach. Int J Mol Sci. 
2018;19(12):4100.

37. Stone V, Johnston H, Schins RP. 
Development of in vitro systems 
for nanotoxicology: methodological 
considerations. Crit Rev Toxicol. 
2009;39(7):613-26.

38. Devi J, Bhimba B. Anticancer activity of 
silver nanoparticles synthesized by the 
seaweed. Ulva lactuca Invitro. 2012;1:242.

39. Sulaiman GM, Mohammed WH, Marzoog 
TR, Al-Amiery AAA, Kadhum AAH, 
Mohamad AB. Green synthesis, antimicrobial 
and cytotoxic effects of silver nanoparticles 
using Eucalyptus chapmaniana leaves extract. 
Asian Pac J Trop Med. 2013;3(1):58-63.

40. Yakop F, Abd Ghafar SA, Yong YK, Saiful 
Yazan L, Mohamad Hanafiah R, Lim V, 
et al. Silver nanoparticles Clinacanthus 
Nutans leaves extract induced apoptosis 
towards oral squamous cell carcinoma cell 
lines. Artif Cells Nanomed Biotechnol. 
2018;46(sup2):131-9.

41. Rudrappa M, Rudayni HA, Assiri RA, Bepari 
A, Basavarajappa DS, Nagaraja SK, et al. 
Plumeria alba-mediated green synthesis of 
silver nanoparticles exhibits antimicrobial 
effect and anti-oncogenic activity against 
glioblastoma U118 MG cancer cell line. 
Nanomaterials. 2022;12(3):493.

42. Shah S, Dhawan V, Holm R, Nagarsenker 
MS, Perrie Y. Liposomes: Advancements and 
innovation in the manufacturing process. Adv 
Drug Deliv Rev.  2020;154-155:102-22.

43. Osouli-Bostanabad K, Puliga S, Serrano DR, 
Bucchi A, Halbert G, Lalatsa A. Microfluidic 
Manufacture of Lipid-Based Nanomedicines. 
Pharmaceutics. 2022;14(9):1940.

10 GMJ.2024;13:e2905
www.gmj.ir

Pourhaji M, et al. AgNPs Cytotoxicity Against Squamous Cell Carcinoma


