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Article Type ABSTRACT

Research Paper Background and Obijective: Silver oxide nanoparticles have very high activity against a wide range
of microbes and parasites and also have lower toxicity to human cells compared to other biocides and
heavy metals. The present study was conducted to determine the cytotoxic effects of silver oxide
nanoparticles on gingival fibroblasts.

Methods: This experimental in vitro study was conducted on 15 samples in 4 groups at
concentrations of 10, 20, 30 and 40 pg/ml within 2, 24, 48 and 72 hours. Dynamic light scattering
(DLS) and scanning electron microscopy (SEM) were used to determine the properties of silver oxide
nanoparticles, and the MTT technique was used to determine the toxicity of silver oxide
nanoparticles.

Findings: According to the results, after 2 hours of proximity to silver oxide nanoparticles, the mean
difference was statistically significant between the control group (0.19+0.01) and the 40 pg/ml group
(0.17£0.01), and also between the 10 pg/ml group (0.19+0.01) and the 40 pg/ml group (0.17+0.01)
(p<0.001). After 48 hours of proximity, the mean difference in OD between the control group and

Received: concentrations of 40 pg/ml (0.25+0.01) and 30 pg/ml (0.25+0.01) was statistically significant

(p<0.001). After 72 hours, the mean difference in OD between the control group and concentrations

. of 40 pg/ml (0.30+0.01) and 30 pg/ml (0.31+0.01) was statistically significant (p<0.001).
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Introduction

Nanomaterials usually refer to tiny solid particles with diameters of 1-100 nm. Nanomaterials are
promising in antibacterial therapies due to their enhanced and unique physical and chemical properties,
which include very small size, larger surface-to-volume ratio, and enhanced chemical reactivity.
Nanoparticles exist in nature and are widely used in our daily lives (1, 2). With the advancement of
technology, silver nanoparticles have been introduced as effective antimicrobial components in prosthetic
materials, adhesives, and implants, to arrest dental caries, to prevent biofilm formation, and to induce bone
formation. Consequently, it is reasonable to predict that AgNPs (nanoparticles) will play an important role
in oral health care in the near future (3).

Nanoparticles are small enough to pass through the smallest capillaries in the body and biological
membranes and affect the physiology of every cell type in the body (4, 5). Recently, there have been reports
of their toxicity to liver, spleen, kidney, and reproductive tissues (6), and it has even been shown that silver
nanoparticles with a diameter of less than 80 nm cross the brain barrier (7-9). According to reports,
neurological and respiratory damage, circulatory problems, and some other toxic effects of nanoparticles
are the most important concerns in the use of nanoparticles (10-12). Cell culture techniques are very useful
for evaluating the biocompatibility of dental materials. These techniques are cheaper, more reproducible,
and more reliable. One of the cells that has been of interest in cytotoxicity studies is the fibroblast, which is
the main cell in the synthesis and formation of collagen fibers and mesenchymal cells that can differentiate
into cementoblasts and osteoblasts (13-15).

Satyavani et al. synthesized nanoparticles from the leaves of Suaeda monoica (S. monoica) using 1 mM
silver nitrate and evaluated the effect of the synthesized silver nanoparticles on human epidermoid larynx
carcinoma cell line using MTT colorimetric technique. The effect of silver nanoparticles on human
epidermoid larynx carcinoma cell line showed dose-dependent toxicity to the tested cell and the viability of
Hep-2 cells was reduced to 50% (IC50) at a concentration of 500 nM (16).

In recent years, some scientists have concluded that the application of nanoparticles in drug delivery
systems can enhance tumor suppression and reduce drug side effects by using silver nanoparticles. In
addition, the combination of traditional drugs with nanotechnology provides an opportunity for the
development of new antimicrobial drugs (17).

Tung investigated the anticancer, antimicrobial and proapoptotic activities of silver nanoparticles
(AgNPs) and carboplatin-loaded silver nanoparticles (AgNPs-Car). DLS, EDX-STEM and FTIR techniques
were used to identify and analyze the synthesized nanoparticles. The antiproliferative and proapoptotic
effects of these nanoparticles were also evaluated using XTT and Annexin V tests. Furthermore, the MIC
(minimum inhibitory concentration) test was used to measure the antimicrobial activity. The results showed
that the anticancer activity of AgNPs-Car was very high in MCF-7 (human breast adenocarcinoma), A549
(human lung carcinoma) and C6 (brain glioma) cells. The highest selective cytotoxic activity was observed
in C6 cells. In addition, it was shown that AgNPs-Car and AgNPs cause DNA degradation and ultimately
increase apoptosis in cells. In evaluating the antimicrobial activity of AgNPs and AgNPs-Car on gram-
positive and gram-negative pathogenic microorganisms and yeast fungi, the results showed that AgNPs-Car
had the most successful results compared to other nanomaterials. Overall, AgNPs-Car performed very
successfully in targeting C6 glioma cells by facilitating drug entry into the cell. Moreover, the anticancer
activity of these nanoparticles was high in MCF-7 and A549 cells, while their toxicity was relatively low.
Due to the characteristics and positive effects of silver nanoparticles, these materials are preferred for the
design of drug delivery systems (18).
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Due to the significance of using silver oxide, as well as its inexpensive and practical use in disease
prevention, as well as the feasibility of the study and limited number of studies in this field, this study was
conducted to determine the cytotoxic effects of silver oxide nanoparticles on gingival fibroblasts at different
concentrations at different times.

Methods

This experimental in vitro study was conducted after approval by the Ethics Committee of Qazvin
University of Medical Sciences with code IR.QUMS.REC.1400.415. According to statistical studies, the
number of samples was estimated to be 15. Ag20 nanoparticles were prepared at concentrations of 10, 20,
30, and 40 ppm. Culture medium without FBS was used to obtain the required concentration of nanoparticles
because if alcohol or water is used as a solvent, there is a possibility of cytotoxic effects of these materials
and they may affect the test result, therefore RPMI was used as the safest material (16).

At least three wells of 4 plates (for different times of 2, 24, 48 and 72 hours) were considered for each

concentration of the tested substances and 3 wells were also considered for the control group. 10,000
fibroblast cells were placed in each well of a 96-well cell culture plate and after 24 hours of incubation (5%
CO2 pressure, 98% humidity, 37 °C temperature), the supernatant was removed. Then, Ag20 nanoparticles
at concentrations of 10, 20, 30 and 40 ppm were applied to the cells in the wells of the 96-well plate, while
complete culture medium was poured as a 100% non-toxic material in the 3 control wells.
Fibroblast cell culture: Human gingival fibroblast (HGF) cells purchased from the Pasteur Institute of
Iran were used to carry out this research. First, the frozen cells were thawed and cultured in special flasks
with culture medium (GIBCO RPMI) and placed in an incubator at a temperature of 37°C, atmospheric
pressure of 1 ATM, 100% humidity, and 5% carbon dioxide concentration. Before each passage stage, cell
viability was assessed by microscopy. Cell passage was performed in order to multiply the cells and reach
the required number. To perform cell passage, first the culture medium was removed from the flask and
then the flask was washed with warm physiological serum and its content was discarded. Then, cells were
separated from the bottom of the plate with EDTA and trypsin and new culture medium was added. Half of
the contents of the flask was transferred to another flask and then these media were placed in the incubator
for 1 week. After several passage steps and ensuring cell viability, 10,000 cells were placed in each well of
a 96-well plate. Then, the volume of cells was adjusted to 100 pul with complete culture medium, RPMI, to
nourish the cells, along with 100 units/ml penicillin and 100 micrograms/ml streptomycin to prevent
bacterial growth, and the plates were placed in an incubator for approximately 20 hours. During this
time, the coating process, i.e., the adhesion of cells to the bottom of the plate, was performed, and the
viability of all wells was evaluated again. The chemical reduction method was used to synthesize
nanoparticles in this study.

Dynamic light scattering (DLS) and FE-SEM microscopy were used to study the size of silver
nanoparticles. FE-SEM microscopy imaging was also used to examine the morphology of the fabricated
silver nanoparticles (Figure 1).

Cell viability was measured using the MTT test at 2, 24, 48 and 72 hours after exposure to nanoparticles.
After the desired time, the cell culture media was removed from the incubator and one-tenth of the cell
supernatant was added to each well of Dimethylthiazol-2 yl 2-5 diphenyl tetrazolium bromide (MTT)
solution and the plate was incubated for 4 hours. Then, the plate was removed and isopropanol acid
was added to the wells by extracting the supernatant to dissolve the purple crystals formed in the surviving
cells and a uniform liquid was formed. This colored liquid was transferred to the wells of the ELISA
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plate and its absorbance was read using an ELISA READER at a wavelength of 570 nm with a 620
reference filter. The results were evaluated in terms of optical density (OD), so that the higher the number
read by the ELISA-reader, the more mitochondrial enzymes were able to perform the MTT reduction
process.

Data analysis was performed using SPSS version 25. One-way ANOVA was used to compare the
viability of fibroblast cells at different concentrations and times, and two-way ANOV A was used to examine
the simultaneous effect of concentration and time. Pairwise comparisons were performed using Tukey's post
hoc test, and p<0.05 was considered significant.

SEM MAG: 200 kx | Det: InBeam 111

WD:5.02mm | BI: 7.00 | 200 nm
View field: 1.04 pm |Date(m/d/y): 04/16/21

Figure 1. Field emission scanning electron microscopy (FESEM) image of synthesized Ag20
nanoparticles at 200 kX magnification

Results

After 2 hours, a significant difference was observed between the different groups of silver oxide
nanoparticles in terms of mean Optical Density (OD) (p=0.014). The highest survival and viability of
fibroblast cells was at a concentration of 10 (0.19+0.01), with 98.85% of the cells remaining alive. In a
pairwise comparison between different concentrations, only the mean difference between the control group
and the concentration of 40 pg/ml (0.17+0.01), as well as concentration of 10 pg/ml and 40 pg/ml was
statistically significant (Table 1).

After 24 hours, the highest survival and viability of fibroblast cells was at a concentration of 10
(0.23+0.01), with 96.74% of the cells remaining alive. Overall, no significant difference was observed
between different groups of silver oxide nanoparticles in terms of mean OD (p=0.427) (Table 2).

The highest viability rate of fibroblast cells was observed in 48 hours of their proximity to silver oxide
nanoparticles at concentrations of 10 (0.27+0.01) and 20 (0.27+0.01), with 92.62% of cells remaining alive.
In a pairwise comparison between different concentrations, the difference in mean OD between the control
group and concentrations of 40 (0.25+0.01) and 30 pug/ml (0.25+0.01) was statistically significant (p<0.001)
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(Table 3). After 72 hours, the highest viability of fibroblast cells was at concentration of 10 (0.34+0.01),
with 93.55% of cells surviving. In a pairwise comparison between different concentrations, the difference
in mean OD between the control group and concentrations of 40 (0.30+0.01) and 30 (0.31+0.01) was
statistically significant. Also, the concentration of 40 was significantly different from the concentrations of
10 and 20 pg/ml (0.33+£0.01) (p<0.0001) (Table 4).

Table 1. Survival and viability of fibroblast cells after 2 hours

Silver oxide nanoparticles Number Fibroblast survival MeantSD  p-value
concentration (ug/ml) and viability (%) B
Control 5 100 0.19+0.01* 0.014
10 5 98.85 0.19+0.01* 0.014
20 5 95.22 0.18+0.02®  0.014
30 5 92.73 0.18+0.01*  0.014
40 5 90.23 0.17+0.01*  0.014

Similar lowercase letters indicate lack of statistically significant difference.

Table 2. Survival and viability of fibroblast cells after 24 hours

Silver oxide nanoparticles Number Fibroblast survival MeanSD  p-value
concentration (pg/ml) and viability (%) B
Control 5 100 0.24+0.03  0.427
10 5 96.74 0.23+0.01 0427
20 5 95.48 0.23+0.02  0.427
30 5 91.22 0.21+0.01  0.427
40 5 90.55 0.22+0.02  0.427

Table 3. Viability of fibroblast cells after 48 hours

Silver oxide nanoparticles Viability of
concentration (ug/ml) Number fibroblasts (%0) Mean+SD p-value
Control 5 100 0.29+0.01° 0.001
10 5 92.62 0.27+0.01% 0.001
20 5 92.62 0.27+0.01% 0.001
30 5 86.82 0.25+0.01° 0.001
40 5 84.23 0.25+0.01° 0.001

Similar lowercase letters indicate lack of statistically significant difference.

Table 4. Survival and viability of fibroblast cells after 72 hours
Silver oxide nanoparticles Fibroblast survival

concentration (ug/ml) Number and viability (%) Mean+SD  p-value
Control 5 100 0.36+£0.02*  0.0001

10 5 93.55 0.34+0.01*  0.0001

20 5 92.60 0.33+0.02®  0.0001

30 5 85.38 0.31+0.01°¢  0.0001

40 5 83.60 0.30+0.01*  0.0001
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By controlling the effect of time, a significant difference was observed in terms of survival and viability
of fibroblast cells between different concentrations (p<0.001) (Chart 1). Also, by adjusting for the effect of
concentration, the changes in time were independently significant. The mean survival and viability increased
over time at different concentrations. The highest mean survival and viability was at 10 pug/ml at all times.

120

100
80
= = Control
& 60 = 40 pg/ml
-
® 30ug/ml
40 20 ug/ml
20 m 10 pg/ml

2 hours 24 hours 48 hours 72 hours

Culture Times

Chart 1. Mean percentage of survival and viability of fibroblast cells at concentrations of 10, 20,
30, and 40 pg/mL after 2, 24, 48, and 72 hours

Discussion

The results of the study showed that the highest survival and viability of fibroblast cells occurred after 2
hours of exposure to silver oxide nanoparticles at a concentration of 10, with 98.85% of the cells maintaining
their viability.

The results of the study by Mohsenzadeh et al. on peripheral blood mononuclear cells showed that there
was no toxicity to the cells at concentrations less than 10 ppm (19). As a general result, the lowest toxicity
was observed at shorter times and concentrations less than 10, which is consistent with the results of the
present study.

In a study by Yen et al., the cytotoxic effect of small-sized nanoparticles on macrophages was more
pronounced than that of medium-sized or large-sized nanoparticles for both silver and gold nanoparticles,
and AuNPs had a greater effect than AgNPs of the same size. The findings also ensured the biosafety of
silver nanoparticles for antimicrobial applications at a dose of less than 10 ppm, which is consistent with
the results of the present study (20).

According to a study by Xinping et al., the results showed that silver nanoparticles (NPs) can
significantly increase their antibacterial activity with increasing concentration because their toxicity
increases with increasing concentration, which is consistent with the present study (21).

In a study conducted by Shahoon et al., the cytotoxicity of rod-shaped hydroxyapatite nanoparticles on
fibroblast cells was investigated at different concentrations and at times of 2, 24, 48 and 72 hours, and the
results showed that with increasing time and concentration, the mean vital activity of the cells decreased
(22), which is consistent with our study.
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According to a study by Movagharnia et al., the lowest toxicity and lethality were related to the
concentration of 125.3 PPM and the highest to the concentration of 100 PPM. As a result, the toxicity
increases with increasing concentration (23), which is consistent with the present study.

Liu et al. investigated the toxic effects of silver nanoparticles at concentrations of 0.005-2.5 pug/mL on
normal 293HEK cells compared to the HeLa cancer cell line and concluded that 0.4 pg/mL is the minimum
IC50 value for AgNPs among cell lines, which is considered normal (24). Therefore, consistent with the
present study, increasing the concentration of nanoparticles increases their toxicity.

According to these results, the synthesized nanoparticles have different effects. Since silver nanoparticles
have a higher surface-area-to-volume ratio than larger silver particles, they are more chemically active and
are converted to its ionized form to a greater extent. Silver nanoparticles can bind to different tissues and
have toxic and destructive effects due to the production of oxygen free radicals and cause cell death. The
strength of our study was in conducting detailed laboratory studies and using up-to-date devices, as well as
carrying out all control steps, which makes the results more reliable. The weakness of this study was the
excessive cost of the equipment and materials, which forced us to use a minimum sample size.

Given that the oral environment contains different layers of connective, epithelial, and immune cells,
further research will clarify the exact mechanism of the effect of nanoparticles on different tissues.
Considering that the present study is a laboratory study and the test was performed on a cultured cell layer,
the generalization of the results of this study to clinical conditions should be done cautiously.

Acknowledgment

We would like to thank the Vice Chancellor for Research and Technology and the Ethics Committee of
Qazvin University of Medical Sciences.

Journal of Babol University of Medical Sciences, 2025; 27: 20



8 Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al

References

1.Saafan A, Zaazou MH, Sallam MK, Mosallam O, El Danaf HA. Assessment of Photodynamic Therapy and
Nanoparticles Effects on Caries Models. Open Access Maced J Med Sci. 2018;6(7):1289-95.

2.Schmalz G, Hickel R, van Landuyt KL, Reichl FX. Nanoparticles in dentistry. Dent Mater. 2017;33(11):1298-314.
3.Noronha VT, Paula AJ, Duran G, Galembeck A, Cogo-Miller K, Franz-Montan M, et al. Silver nanoparticles in
dentistry. Dent Mater. 2017;33(10):1110-26.

4.Mirkin CA, Taton TA. Semiconductors meet biology. Nature. 2000;405(6787):626-7.

5.Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green synthesis and their antimicrobial activities. Adv Colloid
Interface Sci. 2009;145(1-2):83-96.

6.Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH. Antibacterial activity and mechanism of action of the silver
ion in Staphylococcus aureus and Escherichia coli. Appl Environ Microbiol. 2008;74(7):2171-8.

7.Petica A, Gavriliu S, Lungu M, Buruntea N, Panzaru C. Colloidal silver solutions with antimicrobial properties.
Mater Sci Engineer B. 2008;152(1-3):22-7.

8.Pricop DA, Popescu CM, Tartau L, Creanga D. Study of silver nanoparticle interactions at the interface with
biological tissues. Appl Surf Sci. 2023;621:156837.

9.Panacek A, Kvitek L, Prucek R, Kolar M, Vecerova R, Pizlrova N, et al. Silver colloid nanoparticles: synthesis,
characterization, and their antibacterial activity. J Phys Chem B. 2006;110(33):16248-53.

10.Ding Q, Cui J, Shen H, He C, Wang X, Shen SGF, et al. Advances of nanomaterial applications in oral and
maxillofacial tissue regeneration and disease treatment. Wiley Interdiscip Rev Nanomed Nanobiotechnol.
2021;13(2):e1669.

11.Fernandez CC, Sokolonski AR, Fonseca MS, Stanisic D, Araljo DB, Azevedo V, et al. Applications of Silver
Nanoparticles in Dentistry: Advances and Technological Innovation. Int J Mol Sci. 2021;22(5):2485.

12.Zimper U, Aaltonen J, Krauel-Goellner K, Gordon KC, Strachan CJ, Rades T. The Influence of Milling on the
Dissolution Performance of Simvastatin. Pharmaceutics. 2010;2(4):419-31.

13.Tavares AM, Louro H, Antunes S, Quarré S, Simar S, De Temmerman PJ, et al. Genotoxicity evaluation of
nanosized titanium dioxide, synthetic amorphous silica and multi-walled carbon nanotubes in human lymphocytes.
Toxicol In Vitro. 2014;28(1):60-9.

14.Kandemir Demirci G, Coven FO, Guneri P, Karavana SY, Nalbantsoy A, Kgse T, et al. The solubility, pH value,
chemical structure, radiopacity, and cytotoxicity of four different root canal sealers: an in vitro study. Clin Oral
Investig. 2023;27(9):5413-25.

15.Bapat RA, Parolia A, Chaubal T, Dharamadhikari S, Abdulla AM, Sakkir N, et al. Recent update on potential
cytotoxicity, biocompatibility and preventive measures of biomaterials used in dentistry. Biomater Sci.
2021;9(9):3244-83.

16.Satyavani K, Gurudeeban S, Ramanathan T, Balasubramanian T. Toxicity Study of Silver Nanoparticles
Synthesized from Suaeda monoica on Hep-2 Cell Line. Avicenna J Med Biotechnol. 2012;4(1):35-9.

17.Paiva L, Fidalgo TKS, da Costa LP, Maia LC, Balan L, Anselme K, et al. Antibacterial properties and compressive
strength of new one-step preparation silver nanoparticles in glass ionomer cements (NanoAg-GIC). J Dent.
2018;69:102-9.

18.Tung T. Synthesis and characterization of silver nanoparticles loaded with carboplatin as a potential antimicrobial
and cancer therapy. Cancer Nanotechnol. 2024;15(1):2.

19.Mohsenzadeh S, Nazarymoghaddam K. Evaluation of Cytotoxisity of Nanosilver Particles on Monocytes of White
Blood Cells [Doctoral Dissertation]. Tehran, Iran: Dental Faculty of Shahed University of Medical Science; 2010.

Journal of Babol University of Medical Sciences, 2025; 27: 20



Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al 9

20.Yen HJ, Hsu SH, Tsai CL. Cytotoxicity and immunological response of gold and silver nanoparticles of different
sizes. Small. 2009;5(13):1553-61.

21.Xinping L, Shengli L, Miaotao Z, Wenlong Z, Chuanghong L. Evaluations of Antibacterial Activity and
Cytotoxicity on Ag Nanoparticles. Rare Metal Mat Eng. 2011;40(2):209-14.

22.Shahoon H, Hamedi R, Yadegari Z, Al Majd Hosseiny V, Golgounnia P, Amiri S. The Comparison of Silver and
Hydroxyapatite Nanoparticles Biocompatibility on L929 Fibroblast Cells: An In vitro Study. J Nanomed Nanotechnol.
2013;4(4):1000173.

23.Movagharnia R, Baghbani-Arani F, Sadat Shandiz SA. Cytotoxicity effects of green synthesized silver
nanoparticles on human colon cancer (HT29) cells. Feyz Med Sci J. 2018;22(1):31-8. [In Persian]

24.Liu X, Shan K, Shao X, Shi X, He Y, Liu Z, et al. Nanotoxic Effects of Silver Nanoparticles on Normal HEK-293
Cells in Comparison to Cancerous HeLa Cell Line. Int J Nanomedicine. 2021;16:753-61.

Journal of Babol University of Medical Sciences, 2025; 27: 20


http://www.tcpdf.org

