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Introduction: The aim of the present in vitro study was to evaluate the genotoxicity of 

mineral trioxide aggregate (MTA) after adding different concentrations of disodium 

hydrogen phosphate and silver nanoparticles using the Ames test. Methods and 

Materials: TA100 strain of Salmonella typhimurium was used to evaluate mutagenicity 

of experimental materials with and without S9 mix fraction. The materials tested in this 

study consisted of MTA, MTA/disodium hydrogen phosphate and MTA/silver 

nanoparticles at 0.1, 0.01, 0.001 and 0.0001 concentrations. Negative and positive control 

groups consisted of 1% dimethyl sulfoxide and sodium azide with 2-aminoanthracene, 

respectively. The number of colonies per plate was determined. If the ratio of the number 

of histidine-revertant colonies to spontaneous revertants of the negative control colonies 

was ≥2, the material was regarded a mutagenic agent. Results: In all the concentrations 

of the three tested materials, the Ames test failed to detect mutations. Conclusion: Under 

the limitations of the present study, MTA/disodium hydrogen phosphate and MTA/silver 

nanoparticles were biocompatible in relation to mutagenicity. 
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Introduction 

ineral Trioxide Aggregate (MTA) is a calcium silicate-

based biomaterial and is widely used in endodontics due 

to its favorable properties, including sealing ability [1], setting 

capacity in the presence of blood/moisture [2] bio-compatibility 

[3, 4], and the ability to induce regeneration in the pulp and 

periapical tissues [5]. Its applications in endodontics include as 

a pulp covering agent, as an apical plug/root-end fillings and as 

a perforation repair biomaterial. However, MTA has a long 

setting time and its handling is difficult [6]. Some studies have 

shown its poor antimicrobial properties against resistant 

bacteria such as Enterococcus faecalis [7]. 

Several studies have evaluated and suggested different 

strategies to improve the properties of MTA. One strategy is to 

incorporate ingredients into MTA to decrease its setting time. 
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Disodium hydrogen phosphate is a buffering agent which has 

an effect on decreasing the setting time of MTA [8, 9]. 

Due to the antibacterial properties of silver nanoparticles, 

they have been incorporated into MTA [10]. These particles 

have a high surface-to-volume ratio and when added in small 

amounts interfere with peptidoglycans of bacterial cell wall 

and increase their permeability. In addition, they react with the 

sulfhydryl groups of bacterial proteins and prevent DNA 

replication, resulting in bacterial death [11].  

When ingredients are incorporated into a biomaterial to 

improve its properties, important factors that should be taken 

into account are the cytotoxicity and genotoxicity of the final 

product [12]. Studies on the cytotoxicity of MTA after 

incorporation of disodium hydrogen phosphate have shown 

its biocompatibility [13-15]. In addition, incorporation of 

silver nanoparticles at 1 wt% and at 23-47 ppm 

concentrations has resulted in tissue reactions similar to 

those mounted to MTA alone; i.e. the resultant material has 

been shown to be biocompatible [10, 16]. Also, due to the 

results reported by Li et al. [17], the Ames was negative 

regarding the genotoxicity of silver nanoparticles and 

suggested that this result can be due to the inability of these 

nanoparticles to penetrate the bacterial cell wall. 

No study is available on the genotoxicity of MTA after 

incorporation of disodium hydrogen phosphate and silver 

nanoparticles. Genotoxicity is defined as the induction of 

gene damage, gene mutation and chromosomal breakage. Of 

all the tests that evaluate genotoxicity, those that evaluate 

gene mutations are very reliable. The Salmonella 

typhimurium assay or Ames test is a bacterial test widely used 

to determine the potency of substances that can produce 

genetic damage and gene mutations [18, 19]. The Ames test 

utilizes Salmonella strains with preexisting mutations that are 

unable to synthesize the required amino acid, histidine, and 

therefore cannot grow and form colonies in the medium 

devoid of histidine. New mutations at the site of these 

preexisting mutations can restore the genes’ function and 

allow the cells to synthesize histidine. These newly mutated 

cells can grow in the absence of histidine and form colonies. 

The Salmonella mutagenicity test was specifically designed to 

detect chemically induced mutagenesis [20, 21]. 

The aim of the present in vitro study was to evaluate the 

genotoxicity of MTA, MTA/disodium hydrogen phosphate 

and MTA/silver nanoparticles using Ames test. 

Materials and Methods 

In this study, TA100 strain of Salmonella typhimurium was 

used in order to investigate mutagenicity of MTA (Angelus 

Dental Industry Products, Londrina, Brazil), MTA/silver 

nanoparticles (produced in the laboratory)[21], and 

MTA/disodium hydrogen phosphate (Merck, Darmstad, 

Germany) with and without S9 mix fraction. 

MTA, MTA/silver nanoparticles (average nanoparticle size 

of 20 nm) and MTA/disodium hydrogen phosphate were 

prepared at 0.1, 0.01, 0.001 and 0.0001 concentrations [21]. 

The Salmonella typhimurium bacterial strain used in the 

Ames test carried a mutant gene preventing it from 

synthesizing the essential amino acid histidine from the 

ingredients found in the standard bacterial culture medium. In 

this study, negative and positive control groups were included 

to assess the accuracy of the tests. The negative control group 

consisted of 1% dimethyl sulfoxide (DMSO) and distilled 

water. The positive control group, used to compare the results, 

consisted of sodium azide (0.5 µg/plate) and 2-

aminoanthracene (2.5 µg/plate) as strong mutagenic agents in 

the absence of metabolic and metabolic activation systems. The 

TA100 strain of Salmonella typhimurium was cultured 

overnight in nutrient broth. Different concentrations of the 

test materials were prepared in a histidine-free medium. 

Glucose minimal (GM) agar plate consisted of distilled water, 

agar, Vogel-Bonner (VB) salt solution and glucose solution 

(10% v/v). VB salt medium consisted of warm distilled water, 

magnesium sulfate, citric acid monohydrate, potassium 

phosphate dibasic anhydrous, and sodium ammonium 

phosphate. Before the incubation, each test material and 

Salmonella typhimurium (50 µl) were incorporated into 2 mL 

of top agar containing distilled water, agar, sodium chloride 

and histidine/biotin solution (0.5 mM). The mixture was 

poured on GM agar plates. After solidification of the 

superficial agar, the plates were incubated at 37°C for 48 to 72 

h. After proliferation of bacteria on the glucose-minimal agar 

plate, the histidine-revertant clones were counted using a 

colony counter. Rat liver enzymes (S9) were used as a 

metabolic activator. The microsomal enzyme system was 

induced by phenobarbital in rats and the rat liver was 

homogenized after 7 days in order to isolate the enzyme. A 

suspension of Salmonella typhimurium with a mixture of rat 

liver enzymes (S9 mix) and different cofactors, such as glucose-

6 phosphate and NADP, were added to the superficial agar. 
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Subsequently, the plates were incubated for 48 to 72 h in 37°C 

without shaking. Then the number of colonies was counted per 

plate. The ratio of the number of histidine-revertant colonies 

to spontaneous revertants of the negative control colonies was 

obtained; if the ratio was ≥2, the experimental material was 

considered as a mutagenic agent. 

Results 

Table 1 presents the number of initial and secondary colonies 

and their ratios (S9+/S9-). In all experimental groups and at all 

the concentrations these ratios were <2; therefore, there was no 

genotoxicity and there was no need for statistical analysis. The 

findings of positive and negative controls were as expected in 

the present study.  

Discussion 

In this in vitro study, the genotoxicity of different 

concentrations of MTA/silver nanoparticles and 

MTA/disodium hydrogen phosphate was evaluated, using 

Ames test. The results showed the safety of these materials in 

relation to genotoxicity. MTA is a silicate-based cement with 

numerous therapeutic applications in endodontics. Efforts 

have always been made to achieve favorable clinical outcomes 

by improving the physicochemical properties of MTA [22, 23]. 

Some studies have been undertaken in an attempt to decrease 

its setting time and increase its antimicrobial activity, which 

are prerequisites for achieving favorable treatment outcomes. 

In this context, some materials have been incorporated into the 

MTA powder. 

One of the materials incorporated into the MTA 

composition was disodium hydrogen phosphate. Based on the 

results of previous studies, incorporation of this material into 

MTA results in a decrease in setting time, in an increase in 

tensile strength and in an increase in push-out bond strength; 

however, the setting pH is not affected [8, 9, 13, 24]. Studies on 

the cytotoxicity of this composition have reported it to be 

biocompatible [14, 15, 25]. Previous studies have used 2.5 and 

15 wt% of disodium hydrogen phosphate [8, 26], which is 

different from the present study (100-200 ppm and %1 weight) 

and it has been recommended that future studies on the 

genotoxicity of MTA be carried out by incorporating these 

weight percentages of disodium hydrogen phosphate. 

Silver ions have drawn attention in the medical field as 

significant antimicrobial agents. Silver nanoparticles exhibit 

less toxicity compared to silver ions due to their small size and 

high surface-to-volume ratio at a similar concentration, with 

antimicrobial activity comparable to that of silver ions [10, 16]. 

Studies have shown that incorporation of silver nanoparticles  

(100-200 ppm and %1 weight) into MTA results in an increase 

in their antibacterial activity against E. faecalis and C. albicans 

[11, 27], which are microorganisms resistant to antimicrobial 

agents and are found in the majority of cases of endodontic 

failures [28-30]. Silver is a toxic agent and its toxicity is 

concentration-dependent [23]. Previous studies have shown  

Table 1. Mean revertant colony counts after exposure to four concentrations of test materials with and without S9 mix fraction 

Experimental materials Colony counts of TA100 Ratio of TA 100 

S9+ S9- S9+ S9- 

MTA 0.1 250 335 0.8 0.7 

0.01 58 11 0.1 0.6 

0.001 85 200 0.2 0.5 

0.0001 60 250 0.1 1.45 

MTA/NaHPO4 0.1 53 0 0.18 0.7 

0.01 83 200 0.2 0.6 

0.001 350 650 1 0.5 

0.0001 395 200 1.27 1.45 

MTA/Silver 

nanoparticles 

0.1 400 405 1.3 0.8 

0.01 3 43 0.2 0.07 

0.001 80 660 0.2 1.8 

0.0001 NA NA NA NA 
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that concentrations of 23-47 ppm are safe. In addition, 

incorporation of silver nanoparticles into MTA at 1 wt% did 

not result in a significant difference in the inflammatory 

reactions induced in rat connective tissue compared to pure 

MTA [15]. In the present study, incorporation of silver 

nanoparticles at weight percentages mentioned above did not 

result in genotoxicity. 

In many studies, the biocompatibility of silver 

nanoparticles and disodium hydrogen phosphate was 

evaluated by placing their implants in the subcutaneous 

tissues of rats or in exposure with cells in the cultures media; 

the histological cross-sections showed the safety of these 

materials [12-15, 25]. However, the genotoxicity and 

mutation induction capacity of these materials have not been 

evaluated to date. Ames test was used in the present study to 

evaluate the genotoxicity of these materials. In the design of 

this test, changes are induced in the genome area of 

Salmonella responsible for production of histidine. 

Therefore, these mutagenic strains cannot proliferate in an 

environment without histidine; however, if a material has 

mutagenic activity, it can result in the repair of the iatrogenic 

defect in the bacterial genome and the bacteria will be able to 

synthesize histidine again and will be able to proliferate in the 

culture medium. If the ratio of these new colonies to the 

initial colonies is ≥2, the material is considered to be 

mutagenic [20, 21]. In the present study, this test was used 

and none of the materials was shown to be mutagenic.  

Conclusion 

Based on the results of the present in vitro study, MTA/silver 

nanoparticles and MTA/disodium hydrogen phosphate had 

no genotoxicity at the concentrations used. 

Acknowledgment 

The authors would like to thank the biotechnology research 

center of Tabriz University of Medical Sciences for their 

supports. 

Conflict of Interest: ‘None declared’. 

 

References 

1. Yavari HR, Samiei M, Shahi S, Aghazadeh M, Jafari F, 

Abdolrahimi M, Asgary S. Microleakage comparison of four 

dental materials as intra-orifice barriers in endodontically treated 

teeth. Iran Endod J. 2012;7(1):25-30. 

2. Rahimi S, Ghasemi N, Shahi S, Lotfi M, Froughreyhani M, Milani 

AS, Bahari M. Effect of blood contamination on the retention 

characteristics of two endodontic biomaterials in simulated 

furcation perforations. J Endod. 2013;39(5):697-700. 

3. Asgary S, Moosavi SH, Yadegari Z, Shahriari S. Cytotoxic effect 

of MTA and CEM cement in human gingival fibroblast cells. 

Scanning electronic microscope evaluation. N Y State Dent J. 

2012;78(2):51-4. 

4. Zakerzadeh A, Esnaashari E, Dadfar S. In Vitro Comparison of 

Cytotoxicity and Genotoxicity of Three Vital Pulp Capping 

Materials. Iran Endod J. 2017;12(4):419-25. 

5. Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide 

aggregate and other bioactive endodontic cements: An updated 

overview- Part II: Other clinical applications and complications. 

Int Endod J. 2017. 

6. Parirokh M, Torabinejad M. Mineral trioxide aggregate: a 

comprehensive literature review--Part I: chemical, physical, and 

antibacterial properties. J Endod. 2010;36(1):16-27. 

7. Yang YW, Yu F, Zhang HC, Dong Y, Qiu YN, Jiao Y, Xing XD, 

Tian M, Huang L, Chen JH. Physicochemical properties and 

cytotoxicity of an experimental resin-based pulp capping material 

containing the quaternary ammonium salt and Portland cement. 

Int Endod J. 2017. 

8. Ding SJ, Kao CT, Shie MY, Hung C, Jr., Huang TH. The physical 

and cytological properties of white MTA mixed with Na2HPO4 

as an accelerant. J Endod. 2008;34(6):748-51. 

9. Huang TH, Shie MY, Kao CT, Ding SJ. The effect of setting 

accelerator on properties of mineral trioxide aggregate. J Endod. 

2008;34(5):590-3. 

10. Samiei M, Farjami A, Dizaj SM, Lotfipour F. Nanoparticles for 

antimicrobial purposes in Endodontics: A systematic review of in 

vitro studies. Mater Sci Eng C Mater Biol Appl. 2016;58:1269-78. 

11. Samiei M, Aghazadeh M, Lotfi M, Shakoei S, Aghazadeh Z, Vahid 

Pakdel SM. Antimicrobial Efficacy of Mineral Trioxide Aggregate 

with and without Silver Nanoparticles. Iran Endod J. 

2013;8(4):166-70. 

12. Samiei M, Ghasemi N, Aghazadeh M, Divband B, Akbarzadeh F. 

Biocompatibility of Mineral Trioxide Aggregate with TiO2 

Nanoparticles on Human Gingival Fibroblasts. J Clin Exp Dent. 

2017;9(2):e182-e5. 

13. Lotfi M, Vosoughhosseini S, Saghiri MA, Mesgariabbasi M, 

Ranjkesh B. Effect of white mineral trioxide aggregate mixed with 



 

IEJ Iranian Endodontic Journal 2018;13(1): 37-41 

41 Genotoxicity of Mineral Trioxide Aggregate 

disodium hydrogen phosphate on inflammatory cells. J Endod. 

2009;35(5):703-5. 

14. McNamara RP, Henry MA, Schindler WG, Hargreaves KM. 

Biocompatibility of accelerated mineral trioxide aggregate in a rat 

model. J Endod. 2010;36(11):1851-5. 

15. Zand V, Lotfi M, Aghbali A, Mesgariabbasi M, Janani M, Mokhtari 

H, Tehranchi P, Pakdel SM. Tissue Reaction and Biocompatibility 

of Implanted Mineral Trioxide Aggregate with Silver Nanoparticles 

in a Rat Model. Iran Endod J. 2016;11(1):13-6. 

16. Correa JM, Mori M, Sanches HL, da Cruz AD, Poiate E, Jr. Silver 

nanoparticles in dental biomaterials. 2015;2015:485275. 

17. Li Y, Chen DH, Yan J, Chen Y, Mittelstaedt RA, Zhang Y, Biris 

AS, Heflich RH, Chen T. Genotoxicity of silver nanoparticles 

evaluated using the Ames test and in vitro micronucleus assay. 

Mutat Res. 2012;745(1-2):4-10. 

18. Gomes-Cornelio AL, Rodrigues EM, Mestieri LB, Falcoski Tde O, 

Soares CP, Guerreiro-Tanomaru JM, Rossa CJ, Tanomaru MF. 

Cytotoxicity and genotoxicity of calcium silicate-based cements 

on an osteoblast lineage. Braz Oral Res. 2016;30(1). 

19. Naghavi N, Ghoddusi J, Sadeghnia HR, Asadpour E, Asgary S. 

Genotoxicity and cytotoxicity of mineral trioxide aggregate and 

calcium enriched mixture cements on L929 mouse fibroblast cells. 

Dent Mater J. 2014;33(1):64-9. 

20. Mortelmans K, Zeiger E. The Ames Salmonella/microsome 

mutagenicity assay. Mutat Res. 2000;455(1-2):29-60. 

21. Samiei M, Asgary S, Farajzadeh M, Bargahi N, Abdolrahimi M, 

Kananizadeh U, Dastmalchi S. Investigating the mutagenic effects 

of three commonly used pulpotomy agents using the ames test. 

Adv Pharm Bull. 2015;5(1):121-5. 

22. Ghasemi N, Rahimi S, Shahi S, Salem Milani A, Rezaei Y, Nobakht 

M. Compressive Strength of Mineral Trioxide Aggregate with 

Propylene Glycol. Iran Endod J. 2016;11(4):325-8. 

23. Samiei M, Ghasemi N, Asl-Aminabadi N, Divband B, Golparvar-

Dashti Y, Shirazi S. Zeolite-silver-zinc nanoparticles: 

Biocompatibility and their effect on the compressive strength of 

mineral trioxide aggregate. J Clin Exp Dent. 2017;9(3):e356-e60. 

24. Kulan P, Karabiyik O, Kose GT, Kargul B. The effect of 

accelerated mineral trioxide aggregate on odontoblastic 

differentiation in dental pulp stem cell niches. Int Endod J. 2017. 

25. Kulan P, Karabiyik O, Kose GT, Kargul B. Biocompatibility of 

Accelerated Mineral Trioxide Aggregate on Stem Cells Derived 

from Human Dental Pulp. J Endod. 2016;42(2):276-9. 

26. Lotfi M, Rahimi S, Ghasemi N, Vosoughhosseini S, Bahari M, 

Saghiri MA, Shahidi A. Effect of smear layer on the push-out bond 

strength of two different compositions of white mineral trioxide 

aggregate. Iran Endod J. 2013;8(4):157-9. 

27. Jonaidi-Jafari N, Izadi M, Javidi P. The effects of silver 

nanoparticles on antimicrobial activity of ProRoot mineral 

trioxide aggregate (MTA) and calcium enriched mixture (CEM). 

J Clin Exp Dent. 2016;8(1):e22-6. 

28. Ledger EVK, Pader V, Edwards AM. Enterococcus faecalis and 

pathogenic streptococci inactivate daptomycin by releasing 

phospholipids. Microbiology. 2017. 

29. S H, H Z, M B, R H. Laboratory Comparison of the Anti-Bacterial 

Effects of Spearmint Extract and Hypochlorite Sodium on 

Enterococcus Faecalis Bacteria. J Dent Biomater. 2016;3(4):322-6. 

30. Gomes CC, Guimaraes LS, Pinto LCC, Camargo G, Valente MIB, 

Sarquis MIM. Investigations of the prevalence and virulence of 

Candida albicans in periodontal and endodontic lesions in 

diabetic and normoglycemic patients. J Appl Oral Sci. 

2017;25(3):274-81. 

 

Please cite this paper as: Samiei M, Shahi S, Ghasemie N, Dastmalchi 

S, Bargahi N, Asgary S. Effect of Different Additives on Genotoxicity 

of Mineral Trioxide Aggregate. Iran Endod J. 2017;13(1):37-41.     

Doi: 10.22037/iej.v13i1.16913. 
 

 

 


