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Background and Aim: The aim of this study was to compare the cytotoxicity 
of ProRoot MTA and Endocem at different times and concentrations on human 
gingival fibroblasts.
Materials and Methods: In this in-vitro study, ProRoot MTA and Endocem ex-
tracts with concentrations of 3, 6, 12, 25, and 50 mg/ml in the unhardened state 
(solution) at 24, 48, and 72 hours on human gingival fibroblasts were transferred 
to 96-well plates in Dulbecco’s Modified Eagle’s medium (DMEM). For each 
material at any time and any concentration, three wells were used, and 90 samples 
were examined. Also, to calibrate the cytotoxicity measuring device at 24, 48, and 
72 hours, 3 wells for positive control and 3 wells for negative control have been 
considered, which include a total of 9 positive control wells and 9 negative control 
wells. Samples were analyzed by MTT assay. Data were analyzed by analysis of 
variance (ANOVA).
Result: In the present study, the samples in the two groups at different times 
and concentrations did not show a significant difference in terms of cytotoxicity 
(P<0.05). The highest cytotoxicity was related to Endocem at 24 hours and a con-
centration of 50 mg/ml, and the lowest was related to ProRoot MTA at 72 hours 
and a concentration of 6 mg/ml.
Conclusion: According to the research, in general, the degree of cytotoxicity of 
Endocem is comparable to that of ProRoot MTA.
Keywords: Cytotoxicity, Endocem, ProRoot MTA, MTT Assay
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Introduction: 
 One of the concerns of dentists has always 
been the toxicity of dental materials because 
these substances are in contact with the periodon-
tium and living tissues around the teeth; lack of 
biocompatibility of these substances can lead to 
inflammatory reactions.(1) An ideal root-end fill-
ing material must have physical, chemical, and 
biological properties such as antimicrobial ef-
fect, biocompatibility, effective sealing capabil-
ity, moisture and solubility resistance, short set-
ting time, sufficient radiopacity, and ease of use, 

, among which, the biocompatibility is a factor 
that affects the prognosis of treatment.(2-4)

 Mineral trioxide aggregate (MTA) is a 
powder composed of hydrophilic fine parti-
cles that harden in the presence of moisture. 
This material was first used as a root-end fill-
ing material, but today, it is also used for per-
foration repair, pulp capping, pulpotomy, and 
apexification.(5,6) The first MTA produced was 
ProRoot MTA, and so far, many studies have 
confirmed the superior biological properties 
of this cement compared to other endodontic 
cements.(2-4)
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Figure 1. Morphological changes of gingival fibroblast cells in contact with experimental materials: Positive 
control (1A: 24h, 1B: 48h, 1C: 72h), Negative control (1A: 24h, 1B: 48h, 1C: 72h), ProRoot MTA (1A: 24h, 
1B: 48h, 1C: 72h), and Endocem (1A: 24h, 1B: 48h, 1C: 72h)
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 However, problems such as difficulty in 
use, long setting time, and discoloration of 
teeth or soft tissue have been reported for this  
cement. (5,6) These problems led to the introduc-
tion of new materials to the market. One of these 
materials is Endocem. Its chemical composition 
is similar to that of MTA, it has no chemical ac-
celerator, and its small particle size causes a rapid 
setting.(7,8) To date, little research has been done 
on the biocompatibility and physical properties 
of Endocem in the laboratory. Endocem cyto-
toxicity has been investigated in quantitative  
studies.(9)

 There are several methods to evaluate the cy-
totoxicity of substances, among which, MTT as-
say has high accuracy and validity.(10) In the study 
of living tissues, the use of periodontal ligament 
(PDL) cells has high validity as a sample in 
measuring the degree of cytotoxicity, and these 
cells are close to the site where the substance is 
used.(11)

 The aim of this study was to evaluate the cy-
totoxicity of Endocem and compare it to that of 
ProRoot MTA, which has been accepted as a bio-
compatible substance.(12)

Materials and Methods:
 This study was performed experimentally in 
vitro. All prepared materials were kept in the 
same culture medium and laboratory environ-
ment. A person with the necessary knowledge 
and skills, who was blind to the grouping of the 
tested samples, assessed cytotoxicity. All the 
work steps, including mixing the materials, pre-
paring the plate, and placing them in the culture 
medium, were performed under germ-free condi-
tions.
Preparation of gingival fibroblasts:
 In this study, gingival fibroblasts isolated by 
the explants technique from extracted third mo-
lars were used. Extracted wisdom teeth were 
transferred to the laboratory in conical tubes 
containing 1% penicillin, 1% streptomycin, 1% 
antifungal agent, and 10% fetal serum. The gin-
giva of the extracted wisdom tooth was carefully 
removed and transferred to the phosphate buffer 
saline (PBS) medium. After several washings in 
culture medium to ensure no contamination, the 
sent tissue was placed for 24 hours in Dulbec-
co’s Modified Eagle Medium (DMEM) to which 

1% penicillin, 1% streptomycin, 1% antifungal 
agent, and 10% glutamine serum were added, and 
was stored at 5% CO2 and saturated humidity at 
37°C.(13,14) To isolate fibroblast cells, collagenase 
(2 mg per cc of Hanks containing 5% of serum) 
and pronase (10 mg per cc of Hanks containing 
5% of serum) were used, and the cells prepared 
for culture were transferred to DMEM. (15,16)
Preparation of cell culture medium:
 To prepare the cell culture medium, in this 
study, 133.8g DMEM, 6.1mg penicillin, 3.7g so-
dium bicarbonate, 1.1g sodium pyruvate, 10mg 
streptomycin, and 0.02 to 0.06g L-glutamine 
were poured into distilled water. (17)

 The cells were passaged 5 times to reach the 
required number for the experiment. To ensure 
cell viability at each stage of proliferation, 1ml 
of the cell-containing solution was placed on a 
slide, and trypan blue staining confirmed cell vi-
ability.(17)

Preparation of samples:
In this study, ProRoot MTA and Endocem materi-
als were mixed in proportion of three parts pow-
der and one part liquid according to the factory 
instructions, and then, 5ml of pure DMEM was 
added to 1g of the tested material, and the result-
ing medium was incubated at 37°C and 100% 
humidity for 24 hours. Next, the solutions were 
diluted by DMEM with concentrations of 3, 6, 
12, 25, and 50 mg/ml.(3) In addition, 200μl of pure 
culture medium was used as a negative control, 
and 200μl of culture medium containing 2% di-
methyl sulfoxide (DMSO) dissolved in DMEM 
was used as a positive control.
 For each material studied at each time, three 
separate wells were considered. Considering that 
the experiment included three time intervals, nine 
wells for each material, three wells for positive 
control, and three wells for negative control were 
considered.
 It should be noted that the whole experiment 
was repeated three times. The cells were placed 
in 96-well plates at a density of 5000 and incu-
bated for 24 hours at 37°C, and then, the culture 
medium was replaced with 200μl of the prepared 
samples. After 24, 48, and 72 hours, cell viabil-
ity was assessed by MTT assay. First, the culture 
medium was removed, and then, 100μl of MTT 
solution was added to each well of the plate, and 
the cells were incubated for another 1 hour.
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Mitochondrial enzymes reduced MTT and con-
verted it to purple formazan crystals. Then, 100μl 
of DMSO solution was added to each well. The 
plates were stirred for 10 minutes to dissolve the 
formazan crystals and then prepared for spectro-
photometric analysis at 570 nm.
The number of surviving cells has been calcu-
lated according to the following formula: 

Percentage of living cells=  ×100. 

  If the uptake of the sample (cells to which the 
test substance was added) is greater than the up-
take of the control group (cells that have not been 
examined in the presence of the drug or substance), 
it indicates a higher proliferation process than the 
control group. If the absorbance of the sample is 
less than the absorption of the control group, it  
indicates the process of cell death in the sample 
and the cytotoxicity of the substance used in this 
concentration. If the absorption of the sample is 
equal to the absorption of the control group, it in-
dicates the ineffectiveness of the substance used 
on cell proliferation and cell death. Therefore, a 
larger number indicates less toxicity. Data were 
analyzed by analysis of variance (ANOVA).

Results:
 The degree of cytotoxicity of the two sub-
stances by concentration and time is presented 
in Table 1. The lowest levels of cytotoxicity at 
72 hours were related to ProRoot MTA (6mg/
ml = 0.645±0.008 OD), Endocem (3mg/ml = 
0.639±0.0050 OD), and ProRoot MTA (50mg/ml 
= 0.635±0.016), respectively. The highest rate of 
cytotoxicity at 24 hours was related to Endocem 
(50mg/ml = 0.508±0.003 OD), Endocem (25 mg/
ml = 0.519±0.025 OD), and ProRoot MTA (50 
mg/ml = 0.519±0.037 OD), respectively. There 
was no significant difference between the two 
groups of samples regarding cytotoxicity at dif-
ferent times and concentrations (P<0.05).
Cell morphology and cell density of each sub-
stance at each concentration and time were as-
sessed using an inverted light microscope at 
×100 magnification (CKX41, Olympus, Tokyo, 
Japan; Figure 1).
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Table 1. Distribution of the studied samples ac-
cording to the degree of cytotoxicity (optical den-
sity) at different concentrations and times

 In most groups, the cells attached to the plate 
in the first 24 hours after placement, except in the 
Endocem and positive control groups. The Pro-
Root MTA and negative control groups showed 
high cell density from the initial stage even at the 
material boundaries. The Endocem group did not 
show cell adhesion immediately after placement. 
However, for up to 48 hours, the cell density of 
the Endocem group increased. 72 hours later, no 
significant difference was observed between the 
groups in terms of cell number. As with the MTT 
test results, in the early hours of exposure of solu-
tions to the cells in the culture medium, the num-
ber of cells decreases due to toxicity, the cells 
lose their morphology, and are removed from the 
bottom of the culture medium. These changes are 
more pronounced in the fresh Endocem solution 
group and indicate the transient toxicity of this 
substance in the first 24 hours.

Discussion:
 The present study showed that the cytotoxic-
ity of Endocem is comparable to that of ProRoot 
MTA. Endocem has low transient cytotoxicity 
in the early hours after mixing, which improves 
over time. Considering the difficult use and long 
setting time of ProRoot MTA, Endocem can be 
suggested as an alternative to this material. Ko-
seoglu et al (3) have shown that there is no sig-
nificant difference in cytotoxicity and cell viabil-
ity between Endocem and ProRoot MTA, which 
confirms the present findings.(3) Studies by Song 
et al and Chung et al (4), like the present study, 
showed that Endocem was more toxic, but the 
difference was significant.(2,4)
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ies, an ideal repair after an endodontic surgery 
includes alveolar bone regeneration and PDL 
regrowth along the root surface. The behavior of 
PDL cells and how they react when in direct con-
tact with root-end filling materials is of utmost 
importance.(2) Therefore, Song et al and Chung et 
al also used fibroblasts attached to extracted teeth 
to simulate the clinical condition.(2,4)
 In the present study, an indirect extraction 
method was used to evaluate the material on gin-
gival fibroblast cells, which is a valuable method 
according to previous studies, because, in the 
clinic, a fresh mixture of cement is used, which is 
possibly more toxic to living tissues compared to 
hardened cement; this is closer to the oral condi-
tions.(2,4) Chung et al have stated that one of the 
limitations of their study is the use of hard cement 
instead of a fresh solution of materials.(4)

 In the present study, different concentrations 
of substances (3, 6, 12, 25, and 50 mg/ml) were 
used to more precisely evaluate the degree of cy-
totoxicity, while in most previous studies, only 
one concentration of substances was examined. 
(2-4) Also, the toxicity of the substances was evalu-
ated at 3 different times (24, 48, and 72 hours af-
ter mixing), which is a feature of studies by Song 
et al, Chung et al, and Koseoglu et al.(2-4)

 Today, various methods, such as antigen 
analysis, labeled thymidine, bromodeoxyuridine, 
propidium iodide, tetrazolium salts (MTT, XTT, 
MTS, and WST-1), Alamar Blue, ViaLight, and 
the oxygen biosensor system methods are used to 
study the rate of cell proliferation. These meth-
ods can be used according to the needs of the 
application and laboratory equipment, but in the 
meantime, yellow tetrazolium (MTT) is known 
as a cost-effective, valid, and well-known meth-
od among researchers. In the present study, we 
used MTT assay to evaluate the toxicity of the 
materials, which has high accuracy and validity 
among other methods.(7) Chung et al and Kose-
oglu et al used XTT assay and Song et al used  
WST-1 assay.(2-4)

 In the present study, as a scale for assessing 
material biocompatibility, we observed the adhe-
sion and morphology of gingival fibroblast cells 
when in direct contact with the test material, be-
cause cell adhesion to the material is important 
for survival and proliferation.(2) Therefore, many 
studies evaluate the toxicity of substances along 

 The results of the present study display 
that the cells exposed to Endocem differed in 
shape and number from cells exposed to Pro-
Root MTA in the first 24 hours after culture, 
but within 48 hours after replacement, the 
morphology and cell distribution are similar. 
The cells in contact with the fresh Endocem 
mixture have lost their spindle shape, become 
rounded, and their density has decreased, 
which means that the initial Endocem mixture 
is toxic. This can be explained by the high pH 
and heat of the cement surface produced in the 
initial mixture. High pH and heat can directly 
damage cells through apoptosis or necrosis 
and indirectly cause culture proteins to dena-
ture.(2) Primary cytotoxicity tends to decrease 
over time so that the Endocem group showed 
adhesion and cell proliferation 48 hours after 
mixing time.
 In the ProRoot MTA group, samples at 
different times and concentrations did not 
show significant differences in cytotoxicity 
and cell viability. Cell adhesion occurred im-
mediately after exposure to the culture me-
dium and only a small number of cells were 
deformed. The highest OD level belonged 
to this group, and therefore, ProRoot MTA 
showed the lowest cytotoxicity and the high-
est biocompatibility. Previous studies confirm 
the findings regarding ProRoot MTA and refer 
to it as a substance with the highest biological  
properties.(2-4,8,12,18-21)

 ProRoot MTA includes 55% (C3S), 19% 
(C2S), 10% (C3A), 7% (C4AF), 2.8% (MgO), 
2.9% (SO3), and 1% (CaO). (18) The combi-
nation of MTA with water results in the for-
mation of a gel that hardens between 1 and 
9 hours. (16) The small particle size of the 
Endocem increases the contact surface of the 
particles during mixing, resulting in a rapid 
setting.(7) According to a recent study by Choi 
et al, The initial setting time of this material 
is 4 minutes.(7) The rapid setting of this mate-
rial increases washout resistance, which may 
reduce the release of ions. Endocem contains 
40% calcium carbonate (the main component); 
this extra amount of calcium carbonate indi-
cates that this material is pozzolan.(3)

 In the present study, gingival fibroblasts 
were used because, according to previous stud-
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6. Mori GG, Teixeira LM, de Oliveira DL, Jacomini 
LM, da Silva SR. Biocompatibility evaluation of bio-
dentine in subcutaneous tissue of rats. J Endod. 2014 
Sep;40(9):1485-8.
7. Choi Y, Park SJ, Lee SH, Hwang YC, Yu MK, Min 
KS. Biological effects and washout resistance of a newly 
developed fast-setting pozzolan cement. J Endod. 2013 
Apr;39(4):467-72.
8. Setbon HM, Devaux J, Iserentant A, Leloup G, Le-
prince JG. Influence of composition on setting kinetics 
of new injectable and/or fast setting tricalcium silicate 
cements. Dent Mater. 2014 Dec;30(12):1291-303.
9. Song M, Kang M, Kim HC, Kim E. A randomized 
controlled study of the use of ProRoot mineral trioxide 
aggregate and Endocem as direct pulp capping materi-
als. J Endod. 2015 Jan;41(1):11-5.
10. Fotakis G, Timbrell JA. In vitro cytotoxicity assays: 
comparison of LDH, neutral red, MTT and protein assay 
in hepatoma cell lines following exposure to cadmium 
chloride. Toxicol Lett. 2006 Jan 5;160(2):171-7.
11. Iwata T, Yamato M, Zhang Z, Mukobata S, Washio 
K, Ando T, Feijen J, Okano T, Ishikawa I. Validation of 
human periodontal ligament-derived cells as a reliable 
source for cytotherapeutic use. J Clin Periodontol. 2010 
Dec;37(12):1088-99.
12. Koulaouzidou EA, Economides N, Beltes P, Ger-
omichalos G. In vitro evaluation of the cytotoxic-
ity of ProRoot MTA and MTA Angelus. J Oral Sci. 
2008;50:397-402.
13. Craige RG, Powers JMR. Restorative dental materi-
als. 11th ed. Philadelphia; St. Louis: Mosby, 2000:137-8.
14. Scanlon C, Marchesan J, Soehren S, Matsuo M, Ka-
pila Y. Capturing the regenerative potential of periodon-
tal ligament fibroblasts. J Stem Cells Regen Med. 2011 
Apr 1;7(1):54-6.  
15. Morandini AC, Chaves Souza PP, Ramos-Junior ES, 
Brozoski DT, Sipert CR, Souza Costa CA, Santos CF. 
Toll-like receptor 2 knockdown modulates interleukin 
(IL)-6 and IL-8 but not stromal derived factor-1 (SDF-1/
CXCL12) in human periodontal ligament and gingival 
fibroblasts. J Periodontol. 2013 Apr;84(4):535-44.
16. Sipert CR, Moraes IG, Bernardinelli N, Garcia RB, 
Bramante CM, Gasparoto TH, Figueira EA, Dionísio 
TJ, Campanelli AP, Oliveira SH, Cunha FQ, Santos CF. 
Heat-killed Enterococcus faecalis alters nitric oxide and 
CXCL12 production but not CXCL8 and CCL3 produc-
tion by cultured human dental pulp fibroblasts. J Endod. 
2010 Jan;36(1):91-4.
17. Issa Y, Watts DC, Brunton PA, Waters CM, Duxbury 
AJ. Resin composite monomers alter MTT and LDH ac-
tivity of human gingival fibroblasts in vitro. Dent Mater. 
2004 Jan;20(1):12-20.
18. Kim M, Yang W, Kim H, Ko H. Comparison 
of the biological properties of ProRoot MTA, Or-
thoMTA, and Endocem MTA cements. J Endod. 2014 
Oct;40(10):1649-53.
19. Kang MK, Bae IH, Koh JT, Hwang YC, Hwang IN, 
Oh WM. Comparison of Biocompatibility of Four Root 
perforation repair Materials. J Korean Acad Conserv 
Dent. 2009 Jan;34:192-198.

with cell morphology analysis.(2-4) For this 
purpose, we used an inverted light micro-
scope at 100× magnification.  These types of 
microscopes are suitable for examining thick 
specimens, such as cultured cells, because the 
lenses can be closer to where the cell grows, so 
they are more accurate.  Most previous studies 
have used conventional light microscopes or 
electron microscopes.(2-4,7)

 Comparisons regarding the mechanical and 
chemical properties, dimensional stability, op-
erating time, and fluidity of MTAs are recom-
mended to help select the appropriate material 
for dental treatment.
 

Conclusion:
According to the present research, the cytotox-
icity of Endocem is comparable to that of Pro-
Root MTA. Considering the difficult use and 
long setting time of ProRoot MTA, Endocem 
can be suggested as an alternative.
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