
ORIGINAL ARTICLE

Please cite this article as: Jamshidi 
D, Ansari M, Gheibi N. Cytotoxicity 
and Genotoxicity of Calcium 
Hydroxide and Two Antibiotic 
Pastes on Human Stem Cells of The 
Apical Papilla. Eur Endod J 2021; 6: 
303-08

From the Department of 
Endodontics (D.J.), Dental Caries 
Prevention Research Center, 
Qazvin University of Medical 
Sciences, Qazvin, Iran; Department 
of Endodontics (D.J.), Faculty of 
Dentistry, Qazvin University of 
Medical Sciences, Qazvin, Iran; 
Department of Endodontics (M.A. 

 drmra1365@gmail.com), Faculty 
of Dentistry, Zanjan University of 
Medical Sciences, Zanjan, Iran; 
Cellular and Molecular Research 
Center (N.G.), Qazvin University of 
Medical Sciences, Qazvin, Iran

Received 12 January 2021,
Accepted 27 July 2021

Published online: 16 November 2021
DOI 10.14744/eej.2021.97658

INTRODUCTION
Management of immature teeth 
with necrotic pulp is often chal-
lenging. Due to the presence of an 
open apex, the application of root 
filling materials can be difficult. In 
addition, as the root canal walls 
can be thin, the mechanical prepa-
ration is usually minimised to pre-
serve the dentine, increasing the 
focus on chemical disinfection (1).

Regenerative endodontics is de-
fined as ‘biologically based proce-
dures designed to replace dam-

aged tooth structures with the pulp-dentine complex’ (2). Its ultimate goal is to replace the affected 
or necrotic pulp tissue with cells of pulp-dentine complex in order to promote tooth longevity and 
function (2). The first case report illustrating regenerative endodontic procedures (REPs) resembling 
current the American Association of Endodontists' guidelines was published in 2001 (3,4). Since 
then, many case reports have reported signs of improvement of apical periodontitis, the continua-
tion of root development and in some cases, normal response to vitality tests following regenerative 
endodontic treatments (5). The advantages of this technique include continuation of root develop-
ment and increase in root length, increase in thickness of dentinal canal walls and closure of the apex 
(6). However, the cervical region of teeth still have remained susceptible to fracture after REPs (7).

• TAP induced genotoxicity on SCAPs in all experi-
mental concentrations and timetables, and its cyto-
toxicity increased in a concentration- and time-de-
pendent manner.

• DAP generated genotoxic and cytotoxic effects on 
SCAPs in higher concentrations.

• CH had no cytotoxicity and genotoxicity effects on 
SCAPs in all experimental concentrations and time 
points.

HIGHLIGHTS

Objective: This study aimed to assess the cytotoxicity and genotoxicity of triple antibiotic paste, double 
antibiotic paste and calcium hydroxide medicaments on human stem cells of the apical papilla.
Methods: In this experimental study, stem cells were isolated from the apical papilla and cultured. They are 
treated with different concentrations 0.1, 0.5, 1, 10 and 100 mg/ml of medicaments for 24, 48 and 72 hours. 
The cytotoxicity and genotoxicity of the medicaments were determined using methyl thiazolyl tetrazolium 
assay and Comet test, respectively.
Results: Results showed all tested concentrations of the calcium hydroxide had no significant effect on stem 
cells at any time point. Triple antibiotic paste showed cytotoxicity in 10 and 100 mg/mL concentrations at 
all-time points and in 1, 10 and 100 mg/ml concentrations at 72 hours. In addition, its genotoxicity was sig-
nificantly higher than that of other groups (P<0.05). Double antibiotic paste showed cytotoxic effects only 
in 100 mg/ml concentration at 24 hours and 10 and 100 mg/ml concentrations at 48 and 72 hours. And also, 
its genotoxicity in these concentrations was significantly higher than that of control and calcium hydroxide 
groups (P<0.05).
Conclusion: In contrast to calcium hydroxide, triple antibiotic paste and double antibiotic paste, especially in 
their higher concentrations, induced cytotoxicity and genotoxicity on human stem cells of the apical papilla.
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To freeze the cells, cells adhered to the bottom of the flask 
had to be detached. For this purpose, the overlaying medium 
was discarded, then the flask containing the cells was rinsed 
with PBS. The PBS was then discarded, and the flask was 
trypsinised. After detachment of cells, a complete culture 
medium was added to the flask, and the contents of the flask 
were transformed into sterile falcon tubes and centrifuged 
(Farxane Arman, Iran) at 800 rpm for 7 minutes. The super-
natant was discarded and 2 ml of complete culture medium 
was added to cells deposited at the bottom. The cells were 
then counted and 1 ml of culture medium was added per 
1-2x106 cells for freezing. The cell suspension was then trans-
ferred into sterile cryo-tubes and frozen at -20°C for 24 hours. 
They were then transferred to another freezer at -70°C and 
from there to a nitrogen tank. For defrosting, the cryo-tubes 
were incubated, and their contents were transferred to ster-
ile falcon tubes; 3 mL of DMEM was added, and they were 
centrifuged at 1500 rpm for 3 minutes. The supernatant was 
discarded and 1 mL of fresh DMEM containing fetal bovine 
serum was added and incubated. 

Cytotoxicity testing
The methyl thiazolyl tetrazolium (MTT) assay was used to 
assess cytotoxicity where 50 mg of MTT powder was dis-
solved in 10 ml of PBS and filtered using 0.22 µm pore ster-
ile filters. DAP was prepared by mixing metronidazole and 
ciprofloxacin in a 1:1 weight ratio (Sigma Aldrich, USA). TAP 
was prepared by mixing metronidazole, ciprofloxacin and 
minocycline in a 1:1:1 weight ratio (Sigma Aldrich, USA) 
(19). Calcium hydroxide (Master Dent, USA) with 10 mg/mL 
concentration was dissolved in DMEM and incubated for 72 
hours. The culture medium was then filtered, and 0.1, 0.5, 
1, 10 and 100 mg/ml concentrations of each material were 
prepared (13,14). To assess the cytotoxicity of different con-
centrations of the products, 5000 cells were cultured in each 
well of a well-plate. The cells were incubated for 24 hours. 
Their culture medium was then replaced and DAP, TAP and 
CH in the afore-mentioned concentrations were added to 
the culture medium. The group receiving standard cell cul-
ture medium without treatment samples was considered as 
the negative control group. Cell viability at all groups was 
compared with negative control group. The plates were in-
cubated for 24, 48 and 72 hours (15) and then 10 µl of MTT 
solution and 90 µl of DMEM containing 10% fetal bovine 
serum were added to each well. They were then incubated 
at 37°C for 3 hours. After this time period, the formazan crys-
tals were visible in viable cells under an inverted microscope 
(MBL3200, Germany). The overlaying medium in each well 
was then gently removed and 100 µl of dimethyl sulfox-
ide was added to each well. After several pipetting of each 
well in order for the formazan crystals to dissolve, the op-
tical density was measured using an ELISA reader (ELX800; 
BioTek, USA) at 540-690 nm wavelengths.

The experiments were performed in triplicate.

Genotoxicity testing
An alkaline Comet test was used for the assessment of genotox-
icity (20,21). For this purpose, the cells were first treated with 0.1 

At present, REPs are recommended for the treatment of imma-
ture teeth with necrotic pulp (6). However, successful REPs de-
pends on the disinfection of the root canal system (8). Therefore, 
various irrigants and medicament are applied for root canal dis-
infection (9). Current REP protocols of the American Association 
of Endodontists and other studies have been recommended 
using triple antibiotic paste (TAP), double antibiotic paste (DAP) 
and calcium hydroxide (CH) as root canal medicaments (4,10).

The apical papilla contains different cell types, especially stem 
cells of the apical papilla (SCAPs) that are proposed to play a 
crucial role in root formation (11). An ideal root canal medica-
ment for regenerative endodontics should have broad-spec-
trum antibacterial activity and maintain SCAPs viability (12). 
Therefore, any deleterious effects of these medications on the 
stem cells may hinder the success of REPs. To the best of our 
knowledge, no previous studies have evaluated the genotox-
icity of CH, TAP and DAP on human SCAPs. Previous studies 
have evaluated the cytotoxicity of these medicaments in other 
concentrations on different cells (13-17). Considering the lack 
of information on the effect of time and concentrations on 
SCAPs’ survival, this study aimed to assess the cytotoxicity and 
genotoxicity of CH, TAP and DAP as the most commonly used 
intracanal medicaments against SCAPs.

MATERIALS AND METHODS

Culture of Human SCAPs
The study protocol was peer-reviewed and approved by the 
Institutional Ethics Committee of Qazvin University of Medical 
Sciences (Code: IR.QUMS.REC.1396.447).

This experimental study evaluated five impacted immature 
mandibular third molars, each one from 16 to 19-year-old donors 
with no systemic disease and no history of maxillofacial surgery. 
The donors consented to the use of their teeth in this study. The 
teeth had an indication for extraction, were completely sound, 
and 2/3 of their roots had been formed as noticed on periapical 
radiographs. Immediately after extraction, the teeth were rinsed 
with phosphate-buffered saline (PBS; Gibco BRI, Grand Island, 
NY, USA) and remained in PBS until SCAP harvesting. The apical 
papilla tissue was separated from the dental pulp using a sterile 
scalpel. Stem cells were isolated from the apical papilla by en-
zymatic digestion using 2 mg/ml of type I collagenase (Worth-
lington Biomedical, Lakewood, NJ) and immersed in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco, Grand Island, NY, USA) 
in sterile cell culture flasks (SPL Life Science, Gyeonggi-do, South 
Korea). The cells were then passaged in a culture medium con-
taining 15% fetal bovine serum (Gibco, Grand Island, NY, USA). 
After 4 passages, adequate cell confluence was reached. This 
was repeated 5 to 8 times to obtain a large population of cells. 
The culture medium was refreshed every 2 to 3 days and the 
cells were passaged again after 1 week.

To confirm the mesenchymal origin of the cultured cells, flow 
cytometry was performed to determine the percentage of 
mesenchymal cells by tracing CD90 and CD105 mesenchymal 
markers (Chemicon, USA) and CD45 hematopoietic marker 
(Chemicon, USA) (18).
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Results of cytotoxicity assessment 
Effect of DAP on SCAPs
The results showed that over time (from 24 to 72 hours), the 
percentage of viable cells exposed to different concentrations 
of DAP significantly decreased (P<0.05), but the percentage of 
viable cells was not significantly different when different con-
centrations of DAP were compared (P>0.05). At 24 hours, a sig-
nificant difference was noted in cell viability between 100 mg/
ml concentration of DAP and the control group (P<0.05). At 48 
and 72 hours, significant differences were noted in cell viabil-
ity between 10 and 100 mg/ml concentrations of DAP and the 
control group (P<0.05) (Fig. 1).

Effect of TAP on SCAPs
The results showed that as the concentration of TAP and time 
increased, the percentage of cell viability decreased. The dif-
ference in reduction between different concentrations was 
significant at all-time points (P<0.05). Significant differences 
were noted between 10 and 100 mg/ml TAP and the control 
group at 24 and 48 hours, and 1, 10 and 100 mg/ml concentra-
tions of TAP and the control group at 72 hours (Fig. 2).

Effect of CH on SCAPs
The results showed that by an increase in time and concentra-
tion of CH, no change occurred in cell viability (P>0.05) (Fig. 3). 

mg/ml concentration of the respective materials for 24 hours 
(22). They were then trypsinised and 200 µL of cell suspension 
was mixed with 200 µl of agarose gel with low melting temper-
ature (1%). Next, 300 µl of cell suspension was applied on one 
side of a slide covered with the conventional agarose gel and 
spread with a coverslip. The slides were refrigerated for the gel 
to set. After 5 to 10 minutes, the lysis solution was added and 
the slides were refrigerated again for 1 hour. They were then 
placed in an electrophoresis tank (BV-104, Germany), and the 
denaturing solution was poured on the slides. Next, the tank 
was covered with aluminium wrap. A 30 minute period allowed 
DNA strands to uncoil. The tank was then connected to electric 
power (1 v/cm), and the slides remained in this condition for 30 
minutes. The slides were then placed in a neutralising buffer 
for 5 minutes and stained with 20 µg/µl of ethidium bromide 
(Sigma Aldrich, USA). Next, the samples were photographed 
under a fluorescence microscope (LW Scientific, USA), and the 
results were analysed using the Comet Score IV software.

Image analysis
An analysable image by Comet Score IV software included 1 
cell with 2 detectable regions of head and tail. In addition, the 
following parameters were assessed for quantitative analysis 
of the frequency of DNA breaks:

Tail length or the percentage of DNA present in the Comet tail: 
The magnitude of movement of DNA segments from the cen-
tral region shows the frequency of breaks.

Olive tail moment: Tail moment is the product of tail length 
and a fraction of the entire DNA in the tail. The final moment 
includes the smallest size of detectable DNA and the number 
of fractured segments.

Olive Tail Moment=(Tail. mean - Head. mean) × Tail %DNA/100.

Head % DNA=(Head Intensity/(Head Intensity + Tail. Intensity)) 
× 100.

Tail % DNA=100 – Head %DNA

Statistical analysis
Normal distribution of data was confirmed using the Shapiro 
Wilk test. Levene’s test confirmed the homogeneity of vari-
ances (P=0.410). In addition, the mean and standard error val-
ues were reported. Data were analyzed using two-way ANOVA 
at a 0.05 level of significance.

RESULTS

Isolation and culture of SCAPs
The cells showed a spindle shape and created a homogenous 
population after four passages.

Confirming the mesenchymal origin of cultured cells using 
cell surface markers
Evaluation of cell surface markers confirmed the mesenchy-
mal origin of cells. Of all cells, 89.92% expressed CD90 and 
84.50% expressed CD105 marker on their surface. They were 
negative for hematopoietic markers. For example, only 7.62% 
of cells expressed CD45 on their surface.

Figure 1. Cytotoxicity comparison of different concentrations of DAP 
with the control group on SCAP viability at different time points 
(*P<0.05, **: P<0. 01, ****: P<0.0001)

Figure 2. Cytotoxicity comparison of different concentrations of TAP 
with the control group on SCAP viability at different time points 
(**P<0.01, ***P<0.001, ****P<0.0001)
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10 and 100 mg/ml concentrations of DAP was also significant 
compared with the control group.

The olive moment factor in the Comet tail of SCAPs increased 
in the test compared to the control group. This increase in all 
concentrations of TAP was significant compared with the con-
trol group. Also, this increase in 10 and 100 mg/ml concentra-
tions of DAP was significant compared to the control group.

DISCUSSION
This study assessed the cytotoxicity and genotoxicity of TAP, 
DAP and CH intracanal medicaments on SCAPs. The cell sur-
face markers were used for confirming the mesenchymal ori-
gin of cultured cells. Several studies documented that cells 
that expressed CD90 and CD105 and showed a lack of CD45 
are considered as mesenchymal stem cells (23, 24).

The results showed that DAP and TAP decreased the viabil-
ity of SCAPs in a concentration and time-dependent manner. 
However, significant differences were obtained at 100 mg/mL 
concentration of DAP at 24 hours treatment and 10 and 100 
mg/mL concentrations at 48 and 72 hours treatment com-
pared to the control group. Also, TAP decreased the cell viabil-
ity of SCAPs significantly in all treatment concentrations and 
times scales compared to control. These findings highlighted 
the cytotoxicity of DAP and TAP, which at their higher con-
centrations show a good agreement with the results of Althu-
mairy et al. (13), indicating that TAP and DAP in high concen-
trations (1000 mg/ml) had cytotoxic effects on SCAPs, but 
were safe for cells in 1 mg/ml concentration. In another study, 
Chuensombat et al. (15) showed that TAP had dose- and time-
dependent cytotoxicity for dental pulp stem cells and SCAPs. 
Ruparel et al. (16) demonstrated that both TAP and DAP de-
creased the viability of SCAPs in a dose-dependent manner 
and had no adverse effect on cell viability in concentrations 
lower than 0.1 mg/ml. Our results revealed that DAP at con-
centrations lower than 10 mg/mL did not induce toxicity on 
SCAPs, but TAP showed the toxic effect on SCAPs survival at 
1 mg/ml. Similar to this study, Labban et al. (14) assessed the 
direct cytotoxic effects of TAP and DAP on stem cells of the 
dental papilla and emphasizes to the highest cytotoxicity of 
TAP in 5 mg/ml concentration. DAP and TAP in 0.3 and 2 mg/
ml concentrations had no adverse effect on cell proliferation. 
Although, in this study, increased concentration of TAP and 
DAP and duration of exposure significantly decreased cell via-
bility of SCAPs, while this was not the case for CH.

In line with our results, Yadlapati et al. (17) reported that 
TAP and minocycline had higher cytotoxic effects on human 
gingival fibroblasts compared to DAP and CH. It has been 
shown that the cytotoxic effect of a mixture of metronidazole, 
ciprofloxacin and minocycline was higher than that of each 
antibiotic alone, and 0.39 mg/ml concentration had the lowest 
cytotoxicity (15). Similarly, our study showed higher cytotox-
icity of TAP compared to DAP against SCAPs; in other words, 
by an increase in the number of antibiotics in the mixture, the 
cytotoxicity of the mixture was increased. Furthermore, the 
higher cytotoxicity of TAP compared with DAP can be due to 
the presence of minocycline in its composition (15,17). In gen-

Results of Comet test for genotoxicity assessment
Ten cells in each sample were analysed. Figure 4 shows the 
percentage of DNA present in Comet tail, and Figure 5 shows 
the olive moment factor. The percentage of DNA in the Comet 
tail of SCAPs increased in the test groups compared with the 
control group. This increase in all concentrations of TAP was 
significant compared with the control group. The increase in 

Figure 3. Cytotoxicity comparison of different concentrations of CH 
with the control group on SCAP viability at different time points

Figure 4. Percentage of DNA present in Comet tail of SCAPs in the 
control group and different concentrations of TAP, DAP and CH at 24 
hours (**p≤0.01, ***p≤0.001)

Figure 5. Olive moment factor of Comet tail of SCAPs in the control 
group and different concentrations of TAP, DAP and CH at 24 hours 
(**P≤0.01, ***P≤0.001)
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SCAPs after 72 h exposure. The TAP showed highest deleteri-
ous effects on stem cells viability in all treated concentrations 
and time in comparison to other groups. Thus, selecting the 
type and concentration of intracanal medicaments, especially 
antibiotics, should be chosen with caution in REPs.

Disclosures

Conflict of interest: None.

Ethics Committee Approval: This study was approved in the ethics commit-

tee of Qazvin University of Medical Sciences (IR.QUMS.REC.1396.447).

Peer-review: Externally peer-reviewed.

Financial Disclosure: None.

Authorship contributions: Concept – D.J.; Design – D.J., M.A.; Supervision – 

D.J.; Funding - None; Materials - M.A.; Data collection &/or processing – M.A.; 

Analysis and/or interpretation – M.A., N.G.; Literature search – D.J., N.G.; Writ-

ing – D.J., M.A.; Critical Review – D.J., M.A., N.G.

REFERENCES
1. Fouad AF. The microbial challenge to pulp regeneration. Adv Dent Res 

2011; 23(3):285–9. [CrossRef ]
2. Berman LH, Hargreaves KH. Regenerative endodontics. In: Rostein I, edi-

tor. Cohen's pathways of the pulp. 12th ed. Canada: Elsevier; 2021. p. 476.
3. Iwaya SI, Ikawa M, Kubota M. Revascularization of an immature perma-

nent tooth with apical periodontitis and sinus tract. Dent Traumatol 
2001; 17(4):185–7. [CrossRef ]

4. American Association of Endodontists (AAE). Clinical considerations for 
a regenerative procedure. Revised 2016. Available at: https://www.aae.
org/uploadedfiles/publications_and_research/research/currentregener-
ativeendodonticconsiderations.pdf. Accessed Nov 15, 2021.

5. Diogenes A, Henry MA, Teixeira FB, Hargreaves KM. An update on clinical 
regenerative endodontics. Endod Topics 2013; 28(1):2–3. [CrossRef ]

6. Kim SG, Malek M, Sigurdsson A, Lin LM, Kahler B. Regenerative endodon-
tics: a comprehensive review. Int Endod J 2018; 51(12):1367–88. [CrossRef ]

7. Jamshidi D, Homayouni H, Moradi Majd N, Shahabi S, Arvin A, Ranjbar 
Omidi B. Impact and fracture strength of simulated immature teeth 
treated with mineral trioxide aggregate apical plug and fiber post versus 
revascularization. J Endod 2018; 44(12):1878–82. [CrossRef ]

8. Fouad AF. Microbial factors and antimicrobial strategies in dental pulp 
regeneration. J Endod 2017; 43(9S):S46–50. [CrossRef ]

9. Almutairi W, Yassen GH, Aminoshariae A, Williams KA, Mickel A. Regener-
ative endodontics: a systematic analysis of the failed cases. J Endod 2019; 
45(5):567–77. [CrossRef ]

10. Kontakiotis EG, Filippatos CG, Tzanetakis GN, Agrafioti A. Regenerative 
endodontic therapy: a data analysis of clinical protocols. J Endod 2015; 
41(2):146–54. [CrossRef ]

11. Kitikuson P, Srisuwan T. Attachment ability of human apical papilla cells 
to root dentin surfaces treated with either 3Mix or calcium hydroxide. J 
Endod 2016; 42(1):89–94. [CrossRef ]

12. Selis D, Pande Y, Smoczer C, Wheater M, Alhabeil J, Paurazas S, et al. Cyto-
toxicity and genotoxicity of a new ıntracanal medicament, 2-hydroxyiso-
caproic acid-an in vitro study. J Endod 2019; 45(5):578–83. [CrossRef ]

13. Althumairy RI, Teixeira FB, Diogenes A. Effect of dentin conditioning with 
intracanal medicaments on survival of stem cells of apical papilla. J En-
dod 2014; 40(4):521–5. [CrossRef ]

14. Labban N, Yassen GH, Windsor LJ, Platt JA. The direct cytotoxic effects of 
medicaments used in endodontic regeneration on human dental pulp 
cells. Dent Traumatol 2014; 30(6):429–34. [CrossRef ]

15. Chuensombat S, Khemaleelakul S, Chattipakorn S, Srisuwan T. Cytotoxic 
effects and antibacterial efficacy of a 3-antibiotic combination: an in vitro 
study. J Endod 2013; 39(6):813–9. [CrossRef ]

16. Ruparel NB, Teixeira FB, Ferraz CC, Diogenes A. Direct effect of intracanal 
medicaments on survival of stem cells of the apical papilla. J Endod 2012; 
38(10):1372–5. [CrossRef ]

17. Yadlapati M, Souza LC, Dorn S, Garlet GP, Letra A, Silva RM. Deleterious ef-
fect of triple antibiotic paste on human periodontal ligament fibroblasts. 

eral, variability in the results of studies can be due to different 
antibiotic manufacturers, different preparation techniques 
and different cell viability assays used (15). Fahmy et al. (25) 
showed revascularization potential of DAP was significantly 
better than modified TAP.

The acidic pH of antibiotics can also explain their cytotoxic-
ity, which directly affects cells and increases the absorption 
of other materials (26,27). To eliminate this problem, we used 
pure antibiotic powders in our study. 

In line with other studies (13,16), our results showed no sig-
nificant change of the CH on cell viability with increased con-
centration or treatment time. These studies also showed that 
CH had no adverse effect on the viability of SCAPs and signifi-
cantly increased their proliferation in 1 mg/ml concentration. 
Low concentrations of CH upregulate the phosphorylated 
extracellular signal-related kinases, which is a marker for the 
proliferation of dental pulp and periodontal ligament stem 
cells (28). Kitikuson et al. (11) also showed TAP-treated dentine 
had negative effects on the SCAPs attachment. In contrast, CH-
medicated dentine had no detrimental effect on SCAPs attach-
ment. It seems that the CH residues that remain after rinsing 
positively affect the SCAPs (13). Also, CH induces the release 
of tumour growth factor beta-1 from dentine (29), which has a 
proliferative effect on mesenchymal stem cells (30). Selis et al. 
(12) mentioned CH as the gold standard in intracanal medica-
ment in the practice of endodontics.

This is the first study to assess the genotoxicity of DAP and TAP 
on SCAPs, which is a strength of this study. Genocytoxic ma-
terials are those with affinity to interact with DNA and cause 
potentially mutations and cancer (31). The results showed that 
the genotoxicity and cytotoxicity of TAP in all concentrations 
were significantly higher than that of other materials, which 
may be due to the presence of minocycline in its composition 
(15,17). However, no previous study is available in this regard 
to compare our genotoxicity results with it. Furthermore, the 
genotoxicity of DAP in 10 and 100 mg/ml concentrations was 
significantly higher than that of control and CH groups, which 
may indicate that in addition to the type of antibiotic, its high 
concentration can also play a role in genotoxicity.

It was shown that DNA damage affects the survival and func-
tion of the stem cells and may threaten their tissue regenera-
tion potential (32).

Further studies using other methods to assess genotoxicity 
and cytotoxicity are also required to confirm the current find-
ings. Moreover, future studies are required to find the most 
efficient concentration of antibiotics with the lowest cytotoxic 
and genotoxic effects for regenerative treatments. Finally, an-
imal studies are eventually required to test the accuracy of 
findings in vivo.

CONCLUSION
Within the limitations of this in vitro study, the results showed 
that CH had no significant effect on SCAPs survival, but TAP 
and DAP induced both cytotoxic and genotoxic effects on 

https://doi.org/10.1177/0022034511405388
https://doi.org/10.1034/j.1600-9657.2001.017004185.x
https://doi.org/10.1111/etp.12040
https://doi.org/10.1111/iej.12954
https://doi.org/10.1016/j.joen.2018.09.008
https://doi.org/10.1016/j.joen.2017.06.010
https://doi.org/10.1016/j.joen.2019.02.004
https://doi.org/10.1016/j.joen.2014.08.003
https://doi.org/10.1016/j.joen.2015.08.021
https://doi.org/10.1016/j.joen.2019.01.012
https://doi.org/10.1016/j.joen.2013.11.008
https://doi.org/10.1111/edt.12108
https://doi.org/10.1016/j.joen.2012.11.041
https://doi.org/10.1016/j.joen.2012.06.018


Jamshidi et al. Cytotoxicity and genotoxicity of regenerative medicamentsEUR Endod J 2021; 6: 303-08 308

25. Fahmy SH, Hassanien EES, Nagy MM, El Batouty KM, Mekhemar M, Fawzy 
El Sayed K, et al. Investigation of the regenerative potential of necrotic 
mature teeth following different revascularisation protocols. Aust Endod 
J 2017; 43(2):73–82. [CrossRef ]

26. Seay TM, Peretsman SJ, Dixon PS. Inhibition of human transitional cell 
carcinoma in vitro proliferation by fluoroquinolone antibiotics. J Urol 
1996; 155(2):757–62. [CrossRef ]

27. Kobayashi M, Kagawa T, Takano R, Itagaki S, Hirano T, Iseki K. Effect of 
medium pH on the cytotoxicity of hydrophilic statins. J Pharm Pharm Sci 
2007; 10(3):332–9.

28. Ji YM, Jeon SH, Park JY, Chung JH, Choung YH, Choung PH. Dental stem 
cell therapy with calcium hydroxide in dental pulp capping. Tissue Eng 
Part A 2010; 16(6):1823–33. [CrossRef ]

29. Graham L, Cooper PR, Cassidy N, Nor JE, Sloan AJ, Smith AJ. The effect of 
calcium hydroxide on solubilisation of bio-active dentine matrix compo-
nents. Biomaterials 2006; 27(14):2865–73. [CrossRef ]

30. Shimabukuro Y, Ueda M, Ozasa M, Anzai J, Takedachi M, Yanagita M, et al. 
Fibroblast growth factor-2 regulates the cell function of human dental 
pulp cells. J Endod 2009; 35(11):1529–35. [CrossRef ]

31. Bal W, Protas AM, Kasprzak KS. Genotoxicity of metal ions: chemical in-
sights. Met Ions Life Sci 2011; 8:319–73. [CrossRef ]

32. Vitale I, Manic G, De Maria R, Kroemer G, Galluzzi L. DNA damage in stem 
cells. Mol Cell 2017; 66(3):306–19. [CrossRef ]

Int Endod J 2014; 47(8):769–75. [CrossRef ]
18. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause 

D, et al. Minimal criteria for defining multipotent mesenchymal stromal 
cells. The International Society for Cellular Therapy position statement. 
Cytotherapy 2006; 8(4):315–7. [CrossRef ]

19. Hoshino E, Kurihara-Ando N, Sato I, Uematsu H, Sato M, Kota K, et al. 
In-vitro antibacterial susceptibility of bacteria taken from infected root 
dentine to a mixture of ciprofloxacin, metronidazole and minocycline. Int 
Endod J 1996; 29(2):125–30. [CrossRef ]

20. Wojewódzka M, Buraczewska I, Kruszewski M. A modified neutral comet 
assay: elimination of lysis at high temperature and validation of the assay 
with anti-single-stranded DNA antibody. Mutat Res 2002; 518(1):9–20.

21. Pu X, Wang Z, Klaunig JE. Alkaline comet assay for assessing DNA damage 
in individual cells. Curr Protoc Toxicol 2015; 65:3.12.1-3.12.11. [CrossRef ]

22. Naghavi N, Ghoddusi J, Sadeghnia HR, Asadpour E, Asgary S. Genotoxicity 
and cytotoxicity of mineral trioxide aggregate and calcium enriched mix-
ture cements on L929 mouse fibroblast cells. Dent Mater J 2014; 33(1):64–9.

23. Lv FJ, Tuan RS, Cheung KM, Leung VY. Concise review: the surface mark-
ers and identity of human mesenchymal stem cells. Stem Cells 2014; 
32(6):1408–19. [CrossRef ]

24. Kozlowska U, Krawczenko A, Futoma K, Jurek T, Rorat M, Patrzalek D, et 
al. Similarities and differences between mesenchymal stem/progeni-
tor cells derived from various human tissues. World J Stem Cells 2019; 
11(6):347–74. [CrossRef ]

https://doi.org/10.1111/iej.12216
https://doi.org/10.1080/14653240600855905
https://doi.org/10.1111/j.1365-2591.1996.tb01173.x
https://doi.org/10.1016/S1383-5718(02)00070-0
https://doi.org/10.1002/0471140856.tx0312s65
https://doi.org/10.4012/dmj.2013-123
https://doi.org/10.1002/stem.1681
https://doi.org/10.4252/wjsc.v11.i6.347
https://doi.org/10.1111/aej.12210
https://doi.org/10.1016/S0022-5347(01)66516-9
https://doi.org/10.1089/ten.tea.2009.0054
https://doi.org/10.1016/j.biomaterials.2005.12.020
https://doi.org/10.1016/j.joen.2009.08.010
https://doi.org/10.1039/9781849732116-00319
https://doi.org/10.1016/j.molcel.2017.04.006

