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ABSTRACT

Statement of the Problem: The use of a new antimicrobial combination in the regenerative
endodontic treatment of immature teeth pulp necrosis is a well-known method. Concerns have
been raised about the destructive effect of this combination on the stem cells from the apical
papilla of permanent human teeth, and there is a study gap.

Purpose: The main objective of the present study was to investigate the cytotoxic effect of
modified triple antibiotic paste (mTAP) on stem cells from the apical papilla (SCAPs) of
permanent human teeth.

Materials and Method: In this in vitro study, stem cells were removed from the immature
teeth. After cultivation and third passage, metronidazole, ciprofloxacin, minocycline, and
clindamycin were placed in the cell culture medium alone, paired, and in combinations as
triple antibiotic paste (TAP) (metronidazole, ciprofloxacin, and minocycline) and mTAP (met-
ronidazole, ciprofloxacin, clindamycin) with doses of 25, 50, 100, 200, 400ug/ml. After 1 and
3 days, cell viability in the culture medium was assessed using the MTT method ([4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide). SPSS software version 24, descrip-
tive statistics methods, and statistical tests such as Kruskal-Wallis and Mann-Whitney tests
were adopted to analyze the data.

Results: Analysis of MTT findings indicated that the use of mTAP at 100pg/ml and TAP at
200pg/ml had no adverse cytotoxic effect on stem cells in the first 24 hours, compared to the
control group. The cell viability decreased at higher concentrations, although it was not statis-
tically significant. After 72 hours, the toxicity of concentrations higher than 100ug/ml of
mTAP and 400 pg/ml of TAP significantly mitigated the percentage of viable cells.
Conclusion: The obtained results demonstrated that the concentration of 100 pg/ml of mTAP
could replace TAP in regenerative endodontic treatments at the studied time intervals without
worrying about the toxicity.
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Introduction

have focused on the treatment of immature permanent

Endodontic regenerative methods are biologically based
on methods, which are devised to replace damaged tis-
sues such as dentin and root structure and dentin-pulp
complex cells [1]. Since the time that the protocol pro-
posed by Banchs and Trope (2004) [2], several studies
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teeth regarding the clinical efficacy of methods and ma-
terials to enhance the regenerative endodontic outcome
protocol. Given that the reduction of microbial load in
regenerative endodontics is realized by in-channel
washing and dressing, the selection of a proper material
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might be a critical factor for attaining effective cavity
disinfection, and the balance between the antimicrobial
effect of chemicals and their harmlessness to stem cells
is of great importance [3]. In 1996, Hoshino et al. [4]
proposed a combination of metronidazole, ciprofloxa-
cin, and minocycline, called triple antibiotic paste
(TAP), as an alternative to calcium hydroxide for intra-
canal dressing in the regenerative process, due to the
induction of necrotic tissue by calcium hydroxide. Due
to the multimicrobial nature of dental infections, the
single use of antibiotics cannot create a medium, free
from bacteria in the root canal. As a result, using a com-
bination of antibiotics against all endodontic pathogens
is required to hinder the microbial resistance [5].

Both in in-vitro [6] and in clinical trials [7-8], vari-
ous antibiotic combinations such as TAP have been
shown to be highly efficient against common bacteria in
the root canal system, Numerous studies have reported
that minocycline causes discoloration of teeth [4, 7-8],
and many attempts have been made to reduce the dis-
coloration when using TAP [9]. However, this antibiotic
is difficult to be obtained in the Iranian market. Unlike
minocycline, clindamycin does not discolor deciduous
teeth and the permanent teeth replacing them and it is
readily available. Furthermore, clindamycin has fewer
side effects and drug interactions than erythromycin and
amoxicillin, and penetrates well into the most tissues
and abscesses, and its long half-life is effective on an-
aerobic gram-positive and gram-negative bacteria [10].
Casamassimo et al. [11] recommended that minocy-
cline should be replaced with clindamycin in TAP. The
new combination was named modified triple antibiotic
paste (MTAP). Recent studies have shown successful
results using TAP and mTAP in the treatment of decid-
uous tooth pulp, and the results of antimicrobial tests of
both compounds have been quite similar [12]. In addi-
tion, Lin et al. [13] showed in a study that regenerative
endodontic treatment using other mix paste in immature
permanent teeth with apical periodontitis causes disap-
pearance of periapical lesions in all specimens after 12
months of follow-up. The cytotoxic effect of TAP on
primary pulp stem cells of deciduous teeth has also been
reported [14]. There are concerns about the destructive
effect of MTAP on the stem cells from the apical papilla
(SCAPs) of immature permanent teeth. Therefore, this
study aims to investigate the cytotoxicity of the mTAP

complex on the SCAPs of permanent human teeth in
comparison with TAP.

Materials and Method

Sample selection

After obtaining informed consent from the patients, four
healthy first immature premolars with open apex (more
than 1.5 mm diameter) were selected from two healthy
patients referred to the Pediatric Department of Dental
School with the age range of 8-10 years with no history
of systemic diseases to extract SCAPs. In their ortho-
dontic treatment plan, extractions of these premolars
were indicated. Two to five days before tooth extrac-
tion, the patient underwent complete dental health train-
ing and prophylaxis, and on the day of extraction, the
patients received tooth prophylaxis as well. Before and
after anesthesia injection, patients rinsed their mouth
with 0.2% chlorhexidine mouthwash once for 30 se-
conds.

Harvesting of SCAP and Cell Culture

The teeth were extracted with sterile instruments and
were immediately placed in a warm sterile PBS [Gibco,
USA, Idehzist] solution containing 1% penicillin and
streptomycin [Sigma, Germany]. SCAPs were isolated
From the apical papilla tissue of incompletely devel-
oped tooth using Dental tweezer and placed in a diges-
tive solution containing 1% penicillin-streptomycin and
3 mg/ml collagenase type I[Sigma, Germany], then they
were cultured in o-MEM [Gibco, USA, Idehzist] con-
taining 1% penicillin (to prevent the growth of gram-
positive bacteria) and streptomycin (to prevent the
growth of gram-negative bacteria) and 20% fetal bovine
serum (FBS) [Sigma Aldrich; Germany] [15]. The cell
culture medium was changed every two days. Fun-
gisome (Amphotericin B) [Sigma Aldrich; Germany]
(2pg/l) was used to avoid fungal infection in the primary
dental culture [16]. Cell passage was performed after
cell density in cell colonies reached about 80-70%.
Third passage cells were used to assess the cytotoxicity
of the drugs. Flow cytometric analysis was performed in
the third passage to evaluate the nature of SCAPs and
the expression of surface markers (Figure 1).

Preparation of antibiotics

First, the necessary medications, including metronida-
zole (59), ciprofloxacin (5g), minocycline (25mg) and
clindamycin (1g) (Sigma Aldrich; Germany), were pre-
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Figure 1: Flow cytometric analysis of stem cells from the apical papilla (SCAPSs)

pared, and weighed by a digital scale with an accuracy
of 0.000g. Then 25, 50, 100, 200, 400ug/ml of each
medication were prepared, and equal proportions of
each medication in the prepared concentration were
mixed for TAP and mTAP [12]. It should be noted that
the solvent of antibiotics was cell culture medium. The
prepared medications were added to cell culture plates,
and 24 and 72 hours later, cell viability in the culture
medium was evaluated using 3-(4,5-dimethylthiazol-2-
yI)-2,5-diphenyl tetrazolium bromide (MTT) method.
Grouping

Group 1: SCAPs were exposed to a metronidazole at
doses of 25, 50,100,200,400ug/ml over a period of 24
and 72 hours

Group 2: SCAPs were exposed to a clindamycin at dos-
es of 25, 50,100,200,400pug/ml over a period of 24 and
72 hours

Group 3: SCAPs were exposed to a minocycline at dos-
es of 25, 50,100,200,400ug/ml over a period of 24 and
72 hours

Group 4: SCAPs were exposed to a ciprofloxacin at
doses of 25, 50,100,200,400ug/ml over a period of 24
and 72 hours

Group 5: SCAPs were exposed to a combination of the
antibiotics clindamycin and metronidazole at doses of
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25, 50,100,200,400ug/ml over a period of 24 and 72
hours

Group 6: SCAPs were exposed to a combination of the
antibiotics metronidazole and minocycline at doses of
25, 50,100,200,400pug/ml over a period of 24 and 72
hours

Group 7: SCAPs were exposed to a combination of the
antibiotics metronidazole and ciprofloxacin at doses of
25, 50,100,200,400ug/ml over a period of 24 and 72
hours

Group 8: SCAPs were exposed to a combination of the
antibiotics clindamycin and ciprofloxacin at doses of 25,
50,100,200,400pug/ml over a period of 24 and 72 hours
Group 9: SCAPs were exposed to a combination of the
antibiotics minocycline and ciprofloxacin at doses of 25,
50,100,200,400pg/ml over a period of 24 and 72 hours
Group 10: SCAPs were exposed to a combination of
MTAP at doses of 25, 50,100,200,400ug/ml over a peri-
od of 24 and 72 hours

Group 11: SCAPs were exposed to a combination of
TAP at doses of 25, 50,100,200,400ug/ml over a period
of 24 and 72 hours

Data analysis method

After calculating the percentage of living cells, the
amount of cell toxicity was defined as High toxicity
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(less than 30% of cells survive), Moderate toxicity (30-
60% of cells survive), Toxicity at least (90-60% of cells
survive), and No toxicity (more than 90% of cells sur-
vived) [14].

The results obtained from each concentration were
compared with the control group, considering the rate of
100% cell viability for the control group, and were re-
ported as a percentage. Values greater than one hundred
indicated cell growth and values less than one hundred
indicated cell death. Using the measurement of cell via-
bility by MTT (Sigma Aldrich; Germany) and ELISA
reader (Rayto, RT-2100C), the results were collected,
and study data were obtained. The experiment was car-
ried out in triplicate. That is, three wells were added
from each concentration of the drug. In addition to wells
containing drugs, the well was used without the addition
of drugs to control the testing process. They were ana-
lyzed using SPSS statistical software (version 24), de-
scriptive statistics methods and statistical tests such as
Kruskal-Wallis and Mann-Whitney tests. The signifi-
cance level in all tests was equal to 0.05.

Results
Figures 2 and 3 and Table 1 depict the results of the
investigation of cell viability after applying different
doses and combinations of drugs at 24 and 72 hours.
When applying ciprofloxacin, a concentration of 400
pg/ml of ciprofloxacin significantly reduced the cell
viability in the first 24 hours (compared to the control
group) 12 times more than 200pg/ml.
With clindamycin, after 24 hours, a concentration of

400pg/ml led to a significant 80% reduction in cell sur-
vival, compared to 100 pg/ml, and after 72 hours, up to
a concentration of 200 pg/ml, the cell survival rate was
higher, but at a concentration of 400 pg/ml, a significant
reduction in cell survival was observed. After 72 hours,
minocycline increased cell survival by increasing the
antibiotic concentration, which was statistically signifi-
cant at 100, 200, and 400ug/ml.

The TAP combination did not exhibit an apparent
cytotoxic effect in the first 24 hours up to the concentra-
tion of g 200 pg/ml, compared to the control group, but
at the concentration of 400 pg/ml, the percentage of cell
viability decreased by 50% compared to the concentra-
tion of 200 pg/ml. In addition, after 72 hours, the con-
centration of 100 pg/ml showed a 40% reduction in cell
viability compared to 50 pg/ml. There is a statistically
significant difference in the 400 pg/ml concentration of
TAP after 72 hours (Table 1).

In the case of the mTAP combination, the concentra-
tion of 100 pg/ml showed a 14% reduction compared to
200 pg/ml for cell survival during the first 24 hours, and
50% of the cells were destroyed at a concentration of
400 pg/ml compared to the control group. After 72
hours, cell growth increased up to the concentration of
100 pg/ml, but at the concentration of 400 pg/ml, cell
survival percentage undergone a negative trend, and the
highest cytotoxicity was observed, which was statisti-
cally significant (Table 1).

The Kruskal-Wallis test results showed that the dif-
ference between the mean cell viability in the groups of
single, binary, and ternary antibiotics at different doses
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Figure 2: Distribution of cell viability after application of single antibiotics (metronidazole, ciprofloxacin, clindamycin, minocycline) in

different doses (25, 50, 100, 200, 400pg/ml) after 24 hours
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Figure 3: Distribution of cell viability after application of single antibiotics (metronidazole, ciprofloxacin, clindamycin, minocycline) in

different doses (25, 50, 100, 200, 400pg/ml) after 72 hours

at the studied time intervals was statistically significant
(p< 0.05). Comparing the toxicity of mTAP and TAP on
SCAPs at different doses at 24 and 72 hours using the
Mann-Whitney test showed that mTAP at 100 pg/ml
had similar cytotoxicity to TAP, and TAP at 25 and
50ug/ml (after 72 hours) and 200ug/ml (after 24 hours)
is less toxic than mTAP (p <0.05).

Discussion

Endodontic treatment of immature teeth due to caries or
trauma has been reviewed since the release of regenera-
tive endodontic procedures. Important studies have been
conducted in this field to evaluate the antimicrobial ef-
fect and biocompatibility of intracanal medications in
regenerative endodontics [14, 17-20]. Due to the essen-
tial need for the survival of SCAPs to promote hard
tissue deposition, the present study was performed to
determine the toxicity of the two antibiotic combina-

tions, TAP, and mTAP, on SCAPs of permanent human
teeth. One of the substances whose benefits in treating
pulp diseases of immature permanent teeth have recent-
ly been proven is TAP [21-23]. Recent findings by Kar-
czewski et al.’s study [24] suggest using clindamycin-
modified antibiotic polymer (polydioxanone) nanofibers
as a reliable therapeutic alternative for pastes containing
minocycline.

Recently, a cytotoxic effect of TAP on SCAPs at the
50ug/ml concentration has been observed, but such ef-
fect was absent at the concentration of 10 pg/ml after 3
and 5 days [25]. This finding contradicts the findings of
the present study. The contradiction may be due to dif-
ferences in the time intervals used in studies. Although
this difference in results may be due to differences in
the cells types or manufacturers of the antibiotics ac-
quired by the researchers, clinicians should be aware
that antibiotics from different sources can have varying

Table 1: Mean values of cell viability after applying ternary combinations of antibiotics (TAP & mTAP) in different doses during 24 and

72 hours

Antibiotic 24h 72h p Value* (comparison with control)
Mean+SD Min Max Mean+SD Min Max 24h 72h

Control 100.00+.00  100.00 100.00  100.00+.00  100.00 100.00

TAP 25 127.35+19.82 11093 149.38 81.98+22.60 65.77 107.81 .291 .735

TAP 50 114.22+38.71 78.24 155.19 104.94+16.69 89.50 122.66 .720 .899

TAP 100 129.78+42.84 9691 178.24 68.08+55.01 1342 123.44 435 460

TAP 200 134.12+40.22  99.45 178.24 77.18+40.37  48.99 123.44 .342 435

TAP 400 80.31+17.36  61.18 95.06 4.88+29.80 -2349 3594 311 .013*

Other mix 25 112.86+30.28 78.24 13443 30.98+34.66 -547 6354 .540 .057

Other mix 50 107.72+16.36  92.94 12531 46.82+30.78 1141 67.19 .767 139

Other mix 100 98.56+29.90 64.12 117.90 64.25+27.32 37.58 92.19 .966 291

Other mix 200 72.36+10.89 62.35 8251 22.09439.79 -20.81 57.81 .205 .028*

Other mix 400 50.71+10.89  41.76 62.84 -40.15+21.72 -63.09 -19.89 .069 .002*

p Value .049 .014 *Bonferroni correction

Triple antibiotic paste (TAP) (metronidazole, ciprofloxacin, and minocycline). mTAP (metronidazole, ciprofloxacin, clindamycin)
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cytotoxic effects. The study by Trevino et al. [26] was
the first to demonstrate the effect of detergents on
SCAPs cells and highlighted the need to evaluate the
effect of each of the chemicals used in regenerative en-
dodontics on SCAPs, along with their known antimi-
crobial properties. In this regard, Ruparel et al. [17]
showed that the clinically used concentrations of TAP,
double antibiotic paste (DAP), mTAP, and Augmentin
have destructive effects on the survival of SCAPs cells,
observing less than 20% of cell survival when using
concentrations of 10 mg/mL and 100mg/mL of all four
drugs. They deduced that high concentrations of antibi-
otics have a detrimental effect on SCAPs' survival,
while low concentrations are as beneficial as calcium
hydroxide for the survival and proliferation. In our
study, an increase in the drug concentration led to an
increase in cytotoxicity.

In a study, Khoshkhoo Nejad et al. [27] identified
TAP as the safest drug for SCAPs, while Augmentin
showed some destructive effects. It should be noted that
in this study, antibiotic combinations TAP, DAP, and
mTAP were used at the dose of 10 mg/mL, which is the
minimum inhibitory concentration (MIC). Concerns
about stem cell safety have led to a tendency to use low-
er concentrations of intracanal drugs [14,17,27]. Since
low doses of antibiotics have been used to make antibi-
otic-releasing scaffolds [28-33] and due to the suitability
of the slow release of low-dose drugs from the scaffold,
the study of the toxicity of low-dose antibiotics on dif-
ferent types of stem cells, as well as their antimicrobial
effects against different types of bacteria that may help
in the construction of scaffolds is essential.

One the important finding of the present research is
the similar toxicity effect of TAP and mTAP at a 100
pg/mL concentration at the studied time intervals on
SCAPs. In this study, cell growth of SCAPs in binary
combinations of antibiotics at low concentrations (25
and 50 pg/mL) was also observed. These findings may
show similar behavior of antibiotics at lower concentra-
tions while having different effects at higher concentra-
tions. For the future studies, it is recommended to eval-
uate the effect of TAP and mTAP at different concentra-
tions at times longer than 72 hours. According to the
preliminary results, it seems that the proliferation of
apical papilla stem cells can neutralize the primary cyto-
toxic effect.

Conclusion

Apical papillary mesenchymal stem cells are present at
the root end of immature teeth. The presence of mTAP
at a concentration of 100pg/mL can replace TAP at the
studied time intervals in regenerative endodontic treat-
ments without any concern about the toxicity.
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