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ABSTRACT 

Objective: This study focused on evaluating the effect of simvastatin on Runx-2, 
Osterix, interleukins 17, 22 and 23 gene expression in ligature-induced periodontitis 
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in an animal model. Methods: Wistar rats (n=20) were randomly assigned to two groups: the simvastatin 
test group (STG, n=10, daily oral administration of 25 mg/kg simvastatin), and the vehicle control group 
(VCG, n=10, vehicle,10 ml/kg of saline solution, orally). Periodontitis was induced by ligation around the 
lower molar (STG and VCG). The non-ligature contralateral molars were used as controls (n=10 from each 
group). After 14 days, the animals were euthanized, and the bone and gingival tissues surrounding the first 
lower molar were collected. Runx-2, Osterix in bone tissue, and IL-17, IL-22 and IL-23 in the gingival tissue, 
were evaluated by real-time polymerase chain reaction. The data were analyzed by Mann-Whitney test 
(α=5%). Results: The Runx-2 expression was similar between the STG and VCG groups (p>0.05), whereas 
the Osterix expression. was higher for STG (p<0.05). The presence of simvastatin reduced the expression. of 
IL-17, IL-22 and IL-23 in STG compared with the levels identified in VCG for the same cytokines (p=0.029). 
Conclusion: Simvastatin positively modulates Osterix gene expression and reduces the levels of mRNA of 
proinflammatory interleukins, which may contribute to avoid bone loss and inflammation promoted by 
periodontal disease.
Indexing terms: Bone resorption.  Cytokines. Periodontitis. Simvastatin. 

RESUMO

Objetivo: Este estudo avaliou o efeito da sinvastatina na expressão dos genes Runx-2, Osterix e das 
interleucinas 17, 22 e 23, em um modelo animal de periodontite induzida por ligadura. Métodos: Ratos 
Wistar (n=20) foram distribuídos aleatoriamente em dois grupos: grupo teste com sinvastatina (STG, n=10, 
administração oral diária de 25 mg/kg de sinvastatina) e grupo controle com veículo (VCG, n=10, 10 ml/kg 
de solução salina, via oral). A periodontite foi induzida pela colocação de uma ligadura ao redor do molar 
inferior (STG e VCG). Os molares contralaterais sem ligadura foram utilizados como controles (n=10 de cada 
grupo). Após 14 dias, os animais foram eutanasiados, e os tecidos ósseo e gengival ao redor do primeiro 
molar inferior foram coletados. Runx-2 e Osterix no tecido ósseo, e IL-17, IL-22 e IL-23 no tecido gengival, 
foram avaliados por reação em cadeia da polimerase em tempo real. Os dados foram analisados pelo teste 
de Mann-Whitney (α=5%). Resultados: A expressão de Runx-2 foi semelhante entre os grupos STG e VCG 
(p>0,05), enquanto a expressão de Osterix foi maior para o STG (p<0,05). A presença de sinvastatina reduziu 
a expressão de IL-17, IL-22 e IL-23 no STG em comparação com os níveis identificados no VCG para as 
mesmas citocinas (p=0,029). Conclusão: A sinvastatina modula positivamente a expressão do gene Osterix 
e reduz os níveis de mRNA de interleucinas pró-inflamatórias, o que pode contribuir para evitar a perda 
óssea e a inflamação promovidas pela doença periodontal.
Termos de indexação: Reabsorção óssea. Citocinas. Periodontite. Sinvastatina.

INTRODUCTION

Chronic periodontitis consists of an immunoinflammatory response to underlying microrganisms 
in periodontal tissue, which destroy the alveolar bone, the Periodontal Ligament (PL) and root cementum 
[1,2]. Bacteria cause bone destruction by releasing products that demineralize bone and incite host cells. 
These cells respond by secreting inflammatory regulators triggering the host’s immunological system 
and influencing disease progression positively [1,2]. In addition, some of the mediators that act on the 
immunological system also act on regulating the bone system [1,3].

Besides local environment, the periodontitis progression can be affected by patient’s systemic health 
conditions and drug intake [4]. In this context, statins have emerged as a potential immunomodulatory 
agent that can modify the anti-inflammatory response [5].
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Statins are medicinal drugs that have been largely used in the last two decades to reduce high blood 
level cholesterol, using 3-hidroxi-3-metilglutaril coenzyme A (HMG-CoA) reductase inhibition. This enzyme 
triggers mevalonate formation, an important intermediary in cholesterol metabolism [6]. In this respect, 
statins have been largely employed in cholesterol control [6-10]. Besides its effect as cholesterol-lowering 
drug [11], many pleiotropic effects have been assigned to statins, including anti-inflammatory (7,12] and 
immunomodulatory functions [9,11-13], angiogenesis induction [9,11-13].

Moreover, statins are selectively bone-bound, and have come to represent a source of beneficial 
effects in osteoporosis and fracture treatments [14], considering the action of statins in improving bone 
density [11] and osteoblasts differentiation [9,11,12,14]

The hypercholesterolemia is a highly prevalence disease in global population, and the statins intake 
are widely used for its control, especially in patients up 40 years old age in which the periodontal disease 
is commonly detected. Considering that the statins have anti-inflammatory effects besides to cholesterol 
lowering, and as the periodontitis is an inflammation-associated disease, the present study aimed to 
evaluate the effect of simvastatin on Runx-2, Osterix, and interleukin (IL) 17, 22 and 23 gene expression in 
ligature-induced periodontitis in rats.

METHODS

Wistar rats (300 g) were obtained from the Centro Multidisciplinar para Investigação Biológica na 
Área da Ciência em Animais de Laboratório (Campinas, Brazil), and received food and water ad libitum. The 
experiments were approved by the Ethics Committee of the University of Campinas (#3800-1) and followed 
in agreement with the Ethical Principles for Animal Research.

The rats were randomly distributed into two groups (saline and simvastatin) of ten animals each with 
a completely randomized split-mouth design. The contralateral molars were used as the unligated control 
in both groups. For induction of experimental periodontitis, the animals were anaesthetized with a single 
intra-muscular injection of ketamine (90 mg/kg; Dopalen, Ceva, Brazil) and xylazine (10 mg/kg; Rompun, 
Bayer, Brazil). Afterward, a cotton ligature (Gutterman®) was placed in a subgingival position encircling the 
entire cervix of the lower right first molars, which acted as a gingival irritating agent and promoted bacterial 
plaque accumulation [13]. The contralateral molars were left without a ligature in both groups and was 
used as control. Twenty-four hours after placement of the ligature, 25 mg/kg of saline solution dissolved 
in simvastatin (STG, Sigma-Aldrich St. Louis, MO, USA), and 10 ml/Kg of NaCl 0.9% saline solution (vehicle, 
VCG) was daily orally administered with a syringe, for 14 days.

	After, the animals were euthanized by anesthetic overdose. Gingival tissue and bone samples from 
the molar region from both sides, were collected and immediately kept at -80ºC.

The RNA was extracted from bone and gingival tissues with TRIzol Reagent (Life Technologies) and 
subsequently submitted to reverse transcription using the RevertAid H Minus First Strand cDNA Synthesis 
Kit (Thermo Scientific), according to the manufacturer’s instructions. Quantitative (q) PCR was performed 
using a 7500 Fast Real Time PCR System (Thermo Scientific) with the Maxima SYBR Green qPCR Master Mix 
(Thermo Scientific). Cycling conditions were 10 min at 95°C followed by 40 cycles of 95°C for 15 seconds 
and 60°C for 1 minutes. The primer sets are listed in table 1. Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) was employed as internal gene reference. The quantification data were analyzed with the SDS 
System Software, and the relative expression levels were calculated according to the comparative Ct 
method, as 2−ΔΔCt. 
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All experiments were performed in technical triplicates. The data were subjected to Mann-Whitney 
test, using SigmaPlot for Windows software, version 11 (Systat Software Inc., San Jose, CA), and the level of 
significance was set at 5%.

RESULTS

In bone tissue, the results evidenced that the use of simvastatin did not affect the Runx-2 expression 
when compared to the control group (figure 1A, p>0.05). However, a significant increase in the levels of Osterix 
transcripts after simvastatin exposure was observed when compared to control group (p<0.05) (figure 1B).

In the gingival samples, simvastatin reduced the IL-17, IL-22 and IL-23 gene expression levels, in 
comparison those identified in the control group (p<0.05) (figure 1C-E).

DISCUSSION

In the present study was evaluate the effects of simvastatin on Runx-2, Osterix, IL-17, IL-22, and 
IL-23 gene expression in ligature-induced periodontitis in rats. The results indicated that simvastatin did 
not affect the expression of Runx-2, but enhanced Osterix gene expression. On the other hand, the gene 
expression of all proinflammatory interleukins assayed was modulated negatively by simvastatin. Taken 
together, the results suggest that simvastatin may modified the path of the periodontal disease reinforcing 
its effect as an immunomodulatory drug.

Although many in vitro and in vivo studies have demonstrated the anti-inflammatory properties of 
simvastatin as well as its effect on inhibiting matrix metalloproteases and bone resorption on periodontal 
disease [7,15,16], this study has been conducted to comprehend the effects of simvastatin on hard and soft 
tissues, separately, by means of measurement of transcripts for both genes encoding transcriptions factors 
and inflammatory interleukins in bone and gingival tissues, respectively.

Table 1. Genes analyzed and primer sequences. 

Protein Gene Primer sequences
Runt-related transcription factor 2

Runx2
F 5’-AACCCACCCAGTAGCAAACC-3’ 
R 5’-GGCATCAGACAAACACACGG-3’

Osterix
Sp7

F 5’-GGTCCTGGCAACACTCCTAC-3’ 
R 5’-GGCATCAGACAAACACACGG-3’

Interleukin 17
ll17a

F 5’-CTACCTCAACCGTTCCACTTCAC-3’ 
R 5’-CCTCCCAGATCACACAGAAGGATATCT-3’

Interleukin 22
ll22

F 5’-ACTTCCAGCAGCCATACATCGT-3’ 
R 5’-AGCCTGACATCTGTCGTTGTTATCTG-3’

Interleukin 23
ll23a

F 5’-GACCAGCTTCATACCTCCCTACTG-3’ 
R 5’-AGGCGAGGCATCTGTTGAGT-3’

Glyceraldehyde 3-phosphate dehydrogenase
GAPDH

F 5’-TGGCCTCCAAGGAGTAAGAAAC-3’ 
R 5’-TGGAAATTGTGAGGGAGATGCT-3’

Note: F: Forward; R: Reverse.
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Figure 1.	Quantification of Runx-2 (Runx2), Osterix (Sp7), IL-17 (ll17a), IL-22 (ll22), and IL-23 (ll23a) in in 
ligature-induced periodontitis in an animal model treated (STG) or not with simvastatin (VCG). 

Note: Different letters indicate statistical significance among the groups for each time points (p<0.05). Different letters 
indicate statistical significance (p<0.05). Data are presented as mean and standard deviation.

The dose and administration of the simvastatin promoting benefits in local tissue relating to 
periodontal disease, remains unclear. Although there is no consensus regarding the optimal statin dose 
as anti-inflammatory adjuvant therapy, doses ranging from 1 to 35 mg/kg/day have been applied in some 
studies [7,17-19] and have resulted in controversial effects, especially on bone tissue. In this study, 25 mg/Kg 
simvastatin was systemically administered after periodontal disease induction for 14 days, as previously 
demonstrated by Mouchrek et al. [13].

Although many studies have demonstrated the beneficial effect from local statin application [16,20], 
our study evidenced that the systemic statin administration seems to provide some positive additional 
outcome on modulate the inflammatory process.

	The anabolic action of this drug in recovering PD-related alveolar bone loss has already been 
studied. Indeed, simvastatin stimulates bone function, by increasing BMP-2 expression [14,21], as well as 
the release of the vascular endothelial growth factor, osteocalcin and bone sialoprotein [21,22]. These 
data reinforce the results of the present study, where the Osterix gene expression was upregulated after 
simvastatin administration. Osterix is a transcript factor that induces a range of genes involved to osteoblast 
differentiation, such as type I collagen, osteonectin, osteopontin, osteocalcin, and bone sialoprotein which 
are all essential for osteoblasts calcified bone matrix formation [23]. Runx-2 is another transcription factor 
important that can orchestrate bone formation along Osterix, promoting bone formation and osteoblast 
differentiation [24]. Despite no significant difference was observed, a notable tendency towards Runx-2 gene 
expression upregulation after simvastatin administration, highlighting their potential on bone protective 
responses under microbiological periodontal challenge.

	Besides inflammatory cell infiltration, the periodontal disease is marked by high levels of a myriad 
cytokines and enzyme proteases leading to the degradation of inserting periodontium [25]. Among them, 
the interleukins (IL) exert an important role in the periodontitis disease pathogenesis. IL-17 is the most 
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pro-inflammatory explored cytokine and exerts an important role in several inflammatory conditions 
[26]. This cytokine is secreted especially by T helper 17 lineage [27], which is strongly associated with the 
capacity to induce osteoclastogenesis, caused by IL-17-mediated stimulation of the receptor activator of 
the NF-κB ligand (RANKL) on osteoblastic cells [28]. IL-22 and IL-23 cytokines are elevated in tissue samples 
and gingival crevicular fluid of patients with periodontal disease [29,30], playing an important role in 
inflammatory tissue destruction in periodontal lesions. In this study, simvastatin significantly reduced the 
levels of proinflammatory cytokines (IL-17, IL-22 and IL-23) in gingival tissues subjected to periodontitis, 
reinforcing its immunomodulatory effects, hindering the progression of the disease.

The present data demonstrated that the administration of simvastatin in a rodent model with ligature 
induced periodontitis significantly reduced Osterix transcription factor and inflammatory interleukins (IL-17, 
-22 and -23) gene expression contributing to avoid bone loss and inflammation promoted by periodontal 
disease. These findings may suggest, in part, some beneficial effects of simvastatin observed in statin-treated 
patients, which may alter the outcome of the disease, and consequently, the treatment approach.
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