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Biostimulatory effects of simvastatin on 
MDPC-23 odontoblast-like cells

Abstract: The aim of this study was to evaluate the bioactivity 
and cytocompatibility of simvastatin (SV) applied to MDPC-23 
odontoblast-like cells. For this purpose, MDPC-23 cells were seeded in 
96-well plates and submitted to treatments with 0.01 or 0.1 µM of SV 
for 24 h, 72 h or continuously throughout the experimental protocol. 
The negative control group (NC) was maintained in DMEM. Cell 
viability (MTT), ALP activity (thymolphthalein monophosphate), and 
mineralized matrix deposition (alizarin red) were analyzed at several 
time points. The data were submitted to ANOVA and Tukey’s test 
(α = 0.05). Although cell viability was observed in the groups treated 
with SV, these groups did not differ from the NC up to 7 days. There 
was a reduction in cell viability for the groups treated with 0.1 µM of SV 
for 72 h, and submitted to continuous mode after 14 days. A significant 
increase in ALP activity occurred in the group treated with 0.01 µM of 
SV for 24 h, compared with the NC; however, only the group treated 
with 0.1 µM of SV in continuous mode reduced the ALP activity, in 
comparison with the NC. After 14 days, only continuous treatment with 
0.1 µM of SV did not differ from NC, whereas the other experimental 
groups showed increased mineralized matrix deposition. Thus, it was 
concluded that low concentrations of simvastatin were bioactive and 
cytocompatible when applied for short periods to cultured MDPC-23 
odontoblast-like cells.
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Introduction

Simvastatin (SV) belongs to the group of statins also known as inhibitors 
of 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA).1,2 
This class of drug can inhibit HMG-CoA reductase from turning into 
mevalonic acid, and is widely used for hyperlipidemia treatment.1,2 
Several researchers have demonstrated that SV has pleiotropic effects, 
including anti-inflammatory action,2,3 induces angiogenesis and improves 
the function of endothelial cells,4,5,6,7,8 as well as enhancing the synthesis 
and mineralization of bone9,10,11,12,13 and dentin6,14,15,16,17 matrices.

The pathway for SV mediating osteo/odontogenic differentiation is not 
fully known.18 However, this phenomenon has been found to be related 
to activation of the MAPK/ERK signaling pathway, a mechanism similar 
to that promoted by growth factors such as TGF-b and BMP-2.18 The ERK 
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pathway is an essential mediator in cell proliferation 
and differentiation, as well as in bone, periodontal 
ligament and dental pulp cells.19,20 Previous studies 
have shown that the expression of odontoblastic 
phenotype, associated with intense mineralized 
matrix deposition, is dependent on the concentration 
of SV applied to cells, and that this phenomenon 
is more pronounced when low concentrations of 
SV (0.01 to 0.1 μM) are used, in comparison with 
high concentrations of SV (1 to 10 μM), which cause 
cytotoxic effects.6,14,18 The positive effect of SV as a 
co-adjuvant in direct pulp capping has recently been 
assessed.21,22 Although Asl Aminabadi et al. (2013)21 
demonstrated that 1 μM SV caused deposition of a 
mineralized barrier on the exposed pulp tissue of 
primary human teeth, Jia et al.22 showed that this 
SV concentration was capable of inducing dentin 
regeneration after pulpotomy in dog teeth.

In view of the potential of SV to induce or accelerate 
reparative dentinogenesis, a hypothesis emerged that 
this drug may also have positive pleiotropic effects 
on odontoblasts; this would indicate the use of this 
drug as a co-adjuvant in indirect pulp capping (IPC). 
In cases of very deep cavities, the goal of IPC is to 
induce fast and effective deposition of reactionary 
dentin by odontoblasts related to the cavity floor, 
thus reducing the risk of toxic agents from restorative 
materials and/or microorganisms reaching the pulp 
space by transdentinal diffusion.23,24 Therefore, the 
aim of this in vitro study was to evaluate the bioactive 
potential of simvastatin on odontoblast-like cells, 
according to the concentrations studied and different 
contact time intervals. The null hypothesis was 
that neither concentration nor contact time would 
influence the bioactive potential of simvastatin on 
odontoblast-like cells.

Methodology

Cell Culture
Immortalized MDPC-23 odontoblast-like cells, 

derived from rat dental papillae cells25, were cultivated 
(T0) in Dulbecco’s Modified Eagle’s Medium (DMEM, 
Sigma Chemical Co., St. Louis, MO, USA) supplemented 
with 10% fetal bovine serum (FBS; GIBCO, Grand 
Island, NY, USA), 100 IU/mL penicillin, 100 µg/mL 

streptomycin and 2 mmol/L glutamine (GIBCO, 
Grand Island, NY, USA) at 37ºC, with 5% CO2 and 95% 
air (Isotemp Fisher Scientific, Pittsburgh, PA, USA).26

Experimental Procedure
Cells in complete DMEM (containing 10% FBS) 

were seeded in 96-well plates, at a density of 2,500 
cells/well, at 37°C and 5% CO2 for 24 h. After this 
period, the cells at 70% confluence were submitted to 
different treatments (T1), according to the experimental 
groups (Table 1).

Hence, the cells were incubated in complete DMEM, 
supplemented either with or without SV (Sigma 
Chemical Co, Saint Louis, MO USA), up to 14 days. In 
the groups treated with simvastatin for 24 h and 72 h, 
the cells were cultivated in culture medium after the 
contact time, with no SV up to the periods of analysis 
(5, 7 and 14 days). In the groups with continuous SV 
treatment, the cells were cultivated in DMEM plus 
SV throughout the experimental period. For the 
negative control group (NC), the cells were cultivated 
in complete DMEM. The experimental design is 
demonstrated in Figure 1. The tests were performed 
according to ISO 10993-5:2009 (E)27 recommendations, 
and the data collected by MTT assay were classified 
according to this standard (Table 2).

Cell Viability
Cell viability was evaluated by the MTT assay 

(n = 6) after 1 (T2), 3 (T3), 7 (T5) and 14 (T6) days. The 
cells were incubated for 4 h in DMEM supplemented 
with 10% MTT solution (5 mg/ml; Sigma Chemical 

Table 1. Experimental groups according simvastatin (SV) 
concentration and treatment period

Group SV Concentration Treatment period 

Negative Control (NC) - Continuous

SV 0.01 - 24h 0.01 µM 24 hours

SV 0.01 - 72h 0.01 µM 72 hours

SV 0.01 - Cont. 0.01 µM Continuous

SV 0.1 - 24h 0.10 µM 24 hours

SV 0.1 - 72h 0.10 µM 72 hours

SV 0.1 - Cont. 0.10 µM Continuous
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Co, Saint Louis, MO, USA) at each time point. After 
this period, the formazan crystals were dissolved 
in 200 µL of acidified isopropanol solution (Quemis, 
Indaiatuba, SP, Brazil), and absorbance was measured 
at 570 nm (Synergy H1, Biotek, Winooski, VT, USA).26 
The data were standardized according to the NC 
group (mean absorbance = 100% cell viability).

ALP Activity
A L P  a c t i v i t y  w a s  e v a l u a t e d  b y  t h e 

thymolphthalein monophosphate test (n = 6) at 5 
(T4) and 7 (T5) days, by means of the Alkaline 
Phosphatase Endpoint Assay (Labtest Diagnóstico 
S.A., Lagoa Santa, Minas Gerais, Brazil). A dose of 
0.1% sodium lauryl sulfate (Sigma Chemical Co., 
Saint Louis, MO, USA) was applied to the cells at 
each time point, to promote cell lysis. An aliquot of 
the lysis reaction was transferred to tubes containing 
thymolphthalein monophosphate (22 mmol/L) 
at 37°C to quantify the ALP dosage. Afterwards, 
a color reagent (sodium carbonate 94 mmol/L and 
sodium hydroxide 250 mmol/L) was added, and the 
absorbance was measured at 590 nm (Synergy H1). 
ALP standardization was performed by quantifying 

the total protein dosage. Thus, another aliquot of the 
lysis reaction was transferred to tubes containing 
Lowry Reagent Solution (Sigma Chemical Co., Saint 
Louis, MO, USA), which remained in contact for 
20 min at 25°C. After this, Folin and Ciocalteau’s 
Phenol Reagent solution (Sigma Chemical Co., 
Saint Louis, MO, USA) was added, and remained 
in contact for 30 min, after which absorbance was 
measured at 655 nm (Synergy H1). The doses of ALP 
and total protein were obtained from a standard 
curve, and the ALP activity value was calculated 
by dividing the ALP dosage values by those of 
total protein.28 The NC group was considered as 
100% of ALP activity.

Mineralized Matrix Deposition
Mineralized matrix deposition was evaluated by 

the Alizarin Red test (n = 6) at 7 and 14 days. At each 
time point, the cells were fixed with 70% ethanol at 
4°C for 1 h, followed by washing with deionized 
water, and incubation with Alizarin Red solution 
(40 mM, pH 4.2; Sigma Chemical Co., Saint Louis, 
MO, USA) for 15 min under agitation. After this 
period, the cells were washed with deionized water, 
and the formation of nodules was evaluated by light 
microscope (Olympus BX51TF, Tokyo, Japan). Images 
of mineralization nodule formation were obtained 
at 4X magnification. Afterwards, a cetylpyridinium 
chloride solution (10 mM, pH 7.0; Sigma Chemical 
Co., Saint Louis, MO, USA) was applied for 15 min to 
dissolve the nodules, and absorbance of the resultant 
solution was evaluated at 560 nm (Synergy H1).28 
The mean absorbance value of the NC group was 
considered as 100% of mineralized matrix deposition.

Table 2. Grade of cytotoxicity according with ISO 
10993-5:2009 (E).

Grade Reactivity Culture conditions 

0 None No cell lysis, no reduction in cell growth

1 Slight Not more than 20 % reduction in cell growth

2 Mild Not more than 50 % reduction in cell growth

3 Moderate Not more than 70 % reduction in cell growth

4 Severe Nearly complete or complete destruction of 
cell layers

Figure 1. Experimental design.
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Data Analysis
Two independent experiments were performed 

to guarantee reproducibility of the data that were 
tabulated and submitted to Kolmogorov-Smirnov test 
to verify normality. Since the data were normal, they 
were analyzed by two-way ANOVA, complemented 
by the Tukey test (p < 0.05). SPSS 19.0 software (SPSS 
Inc., Chicago, IL, USA) was used to perform the 
statistical analyses.

Results

Cell Viability
As observed in Figure 2, there was a significant 

increase in cell viability for all experimental groups 
throughout the time points (p < 0.0001). There was 
no significant difference among the experimental 
groups exposed to SV, compared with the NC group, 

at 1, 3 and 7 days, irrespective of SV concentration 
and treatment time (p > 0.05). However, treatment 
with 0.1 μM SV for 72 h (p < 0.0001) or in continuous 
mode (p = 0.0003) significantly reduced cell viability 
in comparison with NC at the 14-day time point. 
On the other hand, considering ISO 10993-5:2009 
classification, this reduction represents only slight 
cytotoxicity, as shown in Table 3.

ALP Activity
A slight enhancement in ALP activity was observed 

for all the groups in which the cells were exposed 
to SV, in comparison with NC at 5 days (Figure 3); 
nevertheless, this increase was significant only for 
the cells treated with 0.01 μM for 24 h (p < 0.0001). 
At 7 days, significant reduction in ALP activity was 
observed, in comparison with NC, only for the cells 
exposed to 0.1 μM in continuous mode (p < 0.0001). 

Table 3. Classification of cytotoxicity of the experimental groups at each time point, according to ISO 10993-5:2009 (E).

Group
1 day 3 days 7 days 14 days

% cell viability 
reduction*

Toxicity 
classification**

% cell viability 
reduction

Toxicity 
classification

% cell viability 
reduction

Toxicity 
classification

% cell viability 
reduction

Toxicity 
classification

SV 0.01 – 24h 8.4 Slight 0 None 0 None 0 None

SV 0.01 – 72 h 8.1 Slight 0 None 0 None 1.7 Slight

SV 0.01 - Cont 9.1 Slight 0 None 0.4 Slight 6.1 Slight

SV 0.1 – 24h 10.5 Slight 0 None 0 None 6.3 Slight

SV 0.1 – 72 h 10.4 Slight 0 None 3.7 Slight 10.6 Slight

SV 0.1 - Cont 9.0 Slight 0 None 8.2 Slight 8.8 Slight

*values are the mean percentage of cell viability reduction based on the negative control at each time point; ** according to ISO 10993-5:2009 (E)

Figure 2. Mean and standard deviation of cell viability values (%) for each experimental group at the time points. Uppercase letters 
allow comparison among the time points for each experimental group. Lowercase letters allow comparison among the groups within 
each time point. Different letters show significant differences (n=6; tests: ANOVA and Tukey; p < 0.05).
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However, the other groups did not differ statistically 
when compared with NC (p > 0.05).

Mineralized Matrix Deposition
An increase of 73.2%, 82.4%, 56.1%, 44.9% and 30.4% 

in mineralized matrix deposition was observed for 
the groups: SV 0.01 – 24 h (p < 0.0001); SV 0.01 – 72 h 
(p < 0.0001); SV 0.01 – Cont; SV 0.1 – 24 h (p < 0.0001); 
and SV 0.1 – 72 h (p = 0.0018), respectively, at the 14-day 
period, in comparison with NC (100%) (Figure 4). 
However, the mineralized matrix deposition for these 
groups was not different from that of NC when 
MDPC-23 cells were exposed to 0.1 μM in continuous 
mode (p > 0.05). Representative images of mineral 
nodule deposition at 14 days are shown in Figure 5.

Discussion

The literature has shown that simvastatin is 
a potent odontogenic differentiation inductor of 
dental pulp stem cells (hDSPCs cells), with cells 
featuring intense capability of depositing calcium-rich 
matrix.6,14,15,16,17,18,29 The results observed in the present 
study seem to corroborate these previous scientific 
data, since the authors were able to demonstrate that 

low doses of SV have the potential to biostimulate 
odontoblast-like cells in vitro. Exposure of MDPC-23 
cells to 0.01 and 0.1 µM SV for 24 h, 72 h or in 
continuous mode caused no cytopathic effect at 
1, 3 and 7 days, confirming the results obtained in 
previous laboratorial investigations, in which the 
authors used a primary culture of human pulp 
cells.18,22,30 However, the treatment of cells with 0.1 µM 
SV at 72 h and in continuous mode decreased the cell 
proliferation at the later period; under these specific 
conditions, cell viability values were significantly 
lower than those of the NC at the 14-day period. 
Nevertheless, according to ISO 10993-5:2009 (E), the 
percentage of cell viability reduction mediated by 
SV in these groups may be considered slight, since 
it was less than 20%, compared with the NC.

The MTT assay has limitations regarding the 
evaluation of cytotoxicity, since it assesses cell 
viability as a function of redox potential, and 
therefore measures cell viability indirectly.29 For 
this reason, other assays should be performed to 
demonstrate if cell viability reduction was mediated 
by cell death or if there was a reduction in the 
proliferative potential. Moreover, Saewong et al.29 
demonstrated that 0.1 μM of simvastatin did not 

Figure 3. Mean and standard deviation of ALP activity values 
(%) for each experimental group at the set time points. Uppercase 
letters allow comparison among the time points for each 
experimental group. Lowercase letters allow comparison among 
the groups within each time point. Different letters show significant 
differences (n=6; tests: ANOVA and Tukey; p < 0.05).
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reduce cell viability (MTT assay) of HDPCs and 
periodontal ligament fibroblasts (HPLFs) after 
24, 48, and 72 h incubation time. This finding 
was corroborated by the other tests performed 
in this study, which evaluated levels of apoptosis 
of HDPCs and HPLFs by flow cytometry after 
Annexin V/propidium iodide double staining, 
actin cytoskeleton and nuclear morphology by 
phalloidin-FITC and 40,6-diamidino-2-phenylindole 
dihydrochloride staining, in which no cell structure 
damage was observed under these conditions.29

Moreover, some researchers have demonstrated 
a decrease in cell viability mediated by SV for other 
types of cells, such as smooth muscle cells,31 neuronal 
cells,32 bone marrow stem cells (BMSC),33 adipose 
derivate mesenchymal stem cells (AD-MSC)34 and 
hDSPCs cells.22 Okamoto et al.14 reported that when 
SV concentrations higher than 1 µM were applied 
to hDSPCs cells, they inhibited the formation of 
actin fibers and interfered with progression of the 
cell cycle regulated by the Rho pathway. However, 
this reduction in cell proliferation was reestablished 
in the presence of mevalonate. Thus, the authors 
concluded that the suppression effect caused by SV on 
hDSPCs cells is mediated by the mevalonate and Rho 
pathways. Therefore, it was possible to postulate that 
these same pathways may be related to the reduction 
in MDPC-23 odontoblast-like cell viability observed 
in the present study at 14 days.

Regarding the results of ALP activity, we observed 
that only the treatment with 0.01 µM SV for 24 h 
significantly enhanced the activity of this enzyme at 
the 5-day time point. Some researchers have found 
greater ALP activity in human pulp cells treated in 
continuous mode with SV, in the concentrations of 0.01, 
0.1 µM6,18 and 1 µM.15,22 This increase in ALP activity 
observed in human pulp cells treated with SV seems to 
be related to the induction of odontogenic differentiation 
by activation of the ERK pathway.18 SV is known to 
accelerate the expression of bone/dentin differentiation 
markers, such as ALP, OCN, OPN, Runx-2, Osterix, 
DSP and DMP-1, when applied to human dental pulp 
cells.14,15 Based on these findings by previous studies, 
and in agreement with the interesting data obtained 
in the present research, it could be posited that the 
pathway activated by SV to biostimulate MDPC-23 
odontoblast-like cells would be similar to that observed 
for hDSPCs cells in culture.

It is known that each cell type presents a threshold 
of cytocompatibility when exposed to any agent,6,14,30 
thereby allowing the phenotype expression to be 
reduced when the concentration and/or time of 
exposure to the toxic drug exceeds the critical 
threshold at which the cell can remain viable.18,30 
This may in part explain the decreased viability 
accompanied by a reduction in ALP activity of the 
MDPC-23 cells treated with 0.1 µM SV in continuous 
mode after the time interval of 7 days.

Figure 5. Representative images of the Alizarin Red assay for each group at 14 days (light microscopy, 4X). Note the increased 
nodule formation for all groups exposed to SV in comparison to NC, except for SV 0.1 in continuous mode, which shows features 
similar to NC.

SV 0.1 - 24 h SV 0.1 - 72 h SV 0.1 - Cont

SV 0.01 - 24 h SV 0.01 - 72 h SV 0.01 - Cont NC
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Regarding mineralized matrix deposition, 
we observed that the activity of these cells was 
increased after 14 days, except for the group in which 
the cells were treated with 0.1 µM SV in continuous 
mode. The data obtained in the present study do not 
corroborate the findings of previous investigations 
carried out by Min et al.6, Lee et al.,15 and Jia et 
al.22, in which the authors demonstrated a greater 
formation of mineralized matrix in human pulp 
cells exposed to 1 µM SV in continuous mode for 14 
days. Okamoto et al.14 also related an enhancement 
in mineralized tissue formation when hDSPCs cells 
were treated with 0.1 µM SV in continuous mode for 7 
days, and then transplanted into subcutaneous tissue 
of immunocompromised rats. In the present study, 
only those groups in which the cells were exposed to 
0.01 µM SV for 24 h and 72 h presented an enhancement 
in mineralization nodule formation, indicating that 
low concentrations of this drug applied for short 
periods of time can stimulate MDPC-23 cell activity.

According to the data obtained, and considering 
the methodologic limitations of the tests performed in 
the present in vitro study, it seems that low-dose SV 
may be capable of biostimulating mineralized matrix 
formation, depending on the mode of application and 
the type of cell exposed to this drug. Wang et al.35 
evaluated the in vivo effects of direct application of 
doses of 10 mg/kg/day SV in regions of bone fracture, 
and found that this therapy contributed to the local 
repair process. However, intense inflammatory 
reaction occurred when the dose of 70 mg/kg SV 
was applied directly to bone defects produced in 
rat calvaria.34 Asl Aminabadi et al.21 also found that 
concentrations of 1 to 5 μM SV stimulated mineralized 
barrier formation in pulp exposures of primary teeth. 
The authors reported that lower concentrations of 
SV induced greater dentinal matrix deposition and 
caused less inflammatory reaction in the pulpal wound 
area. On the other hand, Stein et al.36 observed that 
only a single application of 0.5 mg SV (incorporated 
into a methylcellulose gel) in the supraperiosteal 
region of rat mandibles stimulated bone formation at 
the site, associated with less inflammatory reaction 

when compared with higher doses of the same drug. 
This suggests that low concentrations of SV are not 
only safe and cytocompatible, but also capable of 
biostimulating cells with osteo/odontoblast phenotype 
in the process of mineralized matrix formation. Thus, 
these positive effects of SV make this drug a potential 
co-adjuvant for therapies in which bone or dentin are 
lost, or even in situations of pulp tissue exposure.

Taking into account the scientific data provided 
in the current literature, and the relevant results 
obtained in the present study, despite the limitations 
of this laboratorial investigation, it seems interesting to 
evaluate the use of SV as a co-adjuvant for IPC in future 
studies. Incorporation of this drug into traditional 
or even innovative biomaterials may enhance the 
bioactivity of this clinical procedure involving the 
dentin-pulp complex, which is of particular interest 
for very deep cavities.23,24 In this clinical condition, 
it would be expected that a slow release of a low 
concentration of SV would be capable of diffusing 
through the dentinal tubules to biostimulate the 
subjacent odontoblasts. Moreover, further studies 
are needed to evaluate whether simvastatin may be 
used positively as a co-adjuvant treatment in IPC, 
in order to protect and reestablish the physiological 
condition of the dentin-pulp complex.

Conclusion

According to the methodology employed in the 
present in vitro study, it may be concluded that 
low concentrations of simvastatin applied for short 
periods on cultured MDPC-23 odontoblast-like cells 
increase the metabolism and capability of this cell 
line to deposit mineralized matrix.
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