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Abstract

The aim of this study was to investigate the effect of previous exposure to CsA on the expression of RANK and bone
loss in experimental periodontitis induced in rats. Forty rats were divided into four groups as follows: Control (CON);
Cyclosporine A (CsA), with daily doses of 10 mg/Kg of CsA; Ligature (LIG), with a ligature around the upper right
second molar on day 30; and Ligature + CsA (CsAL). Sixty days later, the animals were sacrificed and samples
removed for histomorphometric and immunohistochemical analysis of bone resorption, bone density and RANK
expression. There was no significant influence of bone resorption on the application of CsA. LIG Group (735.88 +
121.82) had significantly higher bone resorption (p = 0.01) than CON Group (569.13 + 89.76), and CsAL Group
(759.38 £ 198.23) also had significantly higher bone resorption (P = 0.001) than CsA Group (410.90 + 105.95). Bone
density in the CsA Group (87.49 + 4.07) was lower than that of CON Group (92.42 £+ 2.27) and similar to that of LIG
Group (91.85 + 3.91). CsAL Group (79.41 + 3.81) showed the lowest density compared to the other groups. RANK
did not differ between the groups. The prior exposure to CsA had no influence on the expression of RANK or bone
resorption.

Keywords: Cyclosporine A; Alveolar bone loss; Periodontitis; Osteoporosis; Receptor activator of nuclear factor-
kappa B.

Resumo

O objetivo deste estudo foi investigar o efeito da exposicdo prévia a CsA na expressao de RANK e perda dssea na
periodontite experimental induzida em ratos. Quarenta ratos foram divididos em quatro grupos da seguinte forma:
Controle (CON); Ciclosporina A (CsA), com doses didrias de 10 mg / Kg de CsA,; Ligadura (LIG), com uma ligadura
ao redor do segundo molar superior direito no dia 30; e Ligadura + CsA (CsAL). Sessenta dias depois, 0s animais
foram sacrificados e as amostras removidas para analise histomorfométrica e imuno-histoquimica da reabsorcdo
0ssea, densidade dssea e expressao de RANK. N&o houve influéncia significativa da reabsorcdo dssea na aplicagdo de
CsA. O grupo LIG (735,88 + 121,82) apresentou reabsorcdo 6ssea significativamente maior (p = 0,01) do que o grupo
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CON (569,13 + 89,76), e 0 grupo CsAL (759,38 + 198,23) também apresentou reabsorgdo 0ssea significativamente
maior (P = 0,001) do que o grupo CsA (410,90 + 105,95). A densidade dssea no grupo CsA (87,49 + 4,07) foi menor
que a do grupo CON (92,42 + 2,27) e semelhante a do grupo LIG (91,85 + 3,91). O grupo CsAL (79,41 + 3,81)
apresentou a menor densidade em comparagdo aos outros grupos. RANK ndo diferiu entre 0s grupos. A exposicao
prévia a CsA ndo teve influéncia na expressdo de RANK ou reabsorcéo 6ssea

Palavra-chave: Ciclosporina A; Perda 6ssea alveolar; Periodontite; Osteoporose; Ativador de receptores do fator
nuclear-kappa B.

Resumen

El objetivo de este estudio fue investigar el efecto de la exposicidn previa a CsA en la expresion de RANGO y pérdida
6sea en periodontitis experimental inducida en ratas. Cuarenta ratas se dividieron en cuatro grupos de la siguiente
manera: Control (CON); Ciclosporina A (CsA), con dosis diarias de 10 mg / Kg de CsA,; Ligadura (LIG), con una
ligadura alrededor del segundo molar superior derecho en el dia 30; y Ligature + CsA (CsAL). Sesenta dias después,
se sacrificaron los animales y se extrajeron muestras para analisis histomorfométricos e inmunohistoquimicos de
resorcion dsea, densidad 6sea y expresion de RANGO. No hubo influencia significativa de la resorcion dsea en la
aplicacion de CsA. El grupo LIG (735.88 + 121.82) tuvo una resorcion 6sea significativamente mayor (p = 0.01) que
el grupo CON (569.13 + 89.76), y el grupo CsAL (759.38 + 198.23) también tuvo una resorcion Osea
significativamente mayor (P = 0.001) que el grupo CsA (410.90 + 105,95). La densidad 6sea en el grupo CsA (87.49
+ 4.07) fue menor que la del grupo CON (92.42 + 2.27) y similar a la del grupo LIG (91.85 + 3.91). El grupo CsAL
(79.41 + 3.81) mostro la densidad mas baja en comparacion con los otros grupos. RANGO no difiri6 entre los grupos.
La exposicion previa a CsA no tuvo influencia en la expresién de RANGO o resorcion Osea.

Palabras clave: Ciclosporina A; Pérdida de hueso alveolar; Periodontitis; Osteoporosis; Receptor activador del factor
nuclear kappa-B.

1. Introduction

Cyclosporine A (CsA) is widely used as an immunosuppressive drug in patients who received transplants. The drug
interferes with the IL-2 synthesis and has inhibitory effects on T-helper lymphocytes. Because of its effectiveness, its use has
been extended to other applications in medical therapy, such as treatments for type 1 diabetes mellitus, psoriasis, rheumatoid
arthritis, ulcerative colitis, multiple sclerosis and oral erosive liquenplane (Boltchi et al., 1999; Hallmon et al., 1999).

Unwanted side effects associated with the use of CsA were already described in the literature, such as dyslipidemia,
neuro and nephron-toxicity, hypertension, gingival overgrowth, osteopenia and osteoporosis. These side effects are associated
with the prolonged therapy with high doses and concomitant use with other drugs. However, there is controversy about the
effects of CsA on biological events of bone remodeling (Fu et al., 2001; Spolidério et al., 2001; Spolidério et al., 2004; Wada
etal., 2006).

The effects of CsA on the alveolar bone in rats showed that there was an inhibitory effect on the alveolar bone
absorption after using the drug (Shen et al., 2001). Other studies demonstrated that there was a decrease in the stimulation of
alveolar bone formation caused by CsA (Spolidério et al., 2004; Cetinkaya et al., 2006). Likewise, a study with rats of different
ages assessed whether the use of CsA or nifedipine affects bone metabolism, showing a decrease in alveolar bone volume
caused by CsA and nifedipine alone or in combination, regardless of the age of the animal (Spolidério et al., 2004).

The quantification of the interference of CsA in bone remodeling events regarding the pathogenesis of periodontal
disease has been the subject of many studies by using animal models (Fu et al., 1999; Shen et al., 2001; Spolidério et al., 2004,
Nassar et al., 2004, Spolidorio et al., 2007, Jayasheela, et al., 2013, da Silva Peralta et al., 2015, Ricardo et al., 2019 ). These
studies are all designed for applying CsA at the same time as the induction of periodontal disease. However, by following a
different methodology, a study evaluated the influence of previous exposure to CsA on experimental periodontitis induced in
rats and showed that CsA had no influence on bone resorption (da Silva Peralta et al., 2015).

In pathogenesis studies, rats have been used as animal model and the biological events associated with the degradation
of periodontal tissues have been described in the presence of different molecules and growth factors (Li et al., 2015). Among
these molecules, we can cite the activator of nuclear factor Kappa B (RANK) as a biological bone marker. Research on the

presence of RANK and RANKL has been carried out in order to correlate these molecules with loss and bone remodeling
2


http://dx.doi.org/10.33448/rsd-v10i1.

Research, Society and Development, v. 10, n. 1, e41610111108, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i1.11108

(Souza, & Lerner, 2013, Arboleya, & Castafieda 2013, Lin et al., 2014).
Based on these aspects, the objective of this study was to evaluate the influence of previous exposure to CsA on bone
resorption and of the presence of RANK on experimental periodontitis induced in rats.

2. Methods

2.1 Experimental design

This study was conducted in accordance with the standards approved by the Brazilian College of Animal Experiments
and submitted to the Animal Research Ethics Committee according to EAEC registry and UNITAU number 0/019/706). Forty
adults male Wistar rats (Rattus novergicus, albino variation), ten weeks old and weighing approximately 300 g were housed in
cages and provided with water and food ad libitum. The rats were randomly separated into four groups (n = 10 each): Control
group (CON); Cyclosporine A group (CsA), which received administration of 10 mg/kg of CsA (Sandimmun, Novartis, S&o
Paulo, SP, Brazil) at the start of the experiment; Ligature group (LIG), which received insertion of a cotton ligature around the
upper right second molar on day 30 after the beginning of experiment; and Ligature + Cyclosporine A group (CsAL), which
received treatment with CsA and insertion of a cotton ligature. Daily doses of CsA were applied by gavage in the animals of
CsA and CsAL groups for 60 days. After this period, the animals were sacrificed by cardiac perfusion with 4% formalin
solution after intramuscular anaesthesia and a combination of 13 mg/kg body weight of xylazine 2% (Rompum, Bayaer, Sdo
Paulo, SP, Brazil) with 33 mg/kg body weight of ketamine (Francotar, Virbac, Roseira, SP, Brazil). The jaws were removed

and analyzed.

2.2 Analysis of Bone Resorption

The jaws were decalcified in 10% EDTA for 30 days. The upper right second molar was mesially sectioned to
determine the inclusion part. Next, the resulting parallel sections were embedded in paraffin, with the palatal area being faced
to the cutting plane in order to obtain mesio-distal sections. Five semi-serial (5 pm) sections were prepared and stained with
Mallory tri-chrome dye for assessment of bone tissue at the free surfaces. To analyze the bone resorption, the distance between
cemento-enamel junction of the upper right second molar and bone crest was measured by using the software Image Tool for

Windows, version 3.0 (Image Tool, San Antonio, Texas, USA) (see Figure 1).
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Figure 1 — Sections of bone tissue showing measurement of bone resorption. cemento-enamel junction (CEJ), Junctional
epithelial (JE), bone crest (BC), Connective tissue (C), Root (R) Periodontal ligament (PDL). Mallory trichrome staining at a
magnification of 200x.

Source: Authors.

2.3 Analysis of Bone Density
Bone density was assessed by calculating the ratio of trabecular bone (TB) to medullar area (MA), whereas counting
was made by using the software Image J for Windows, version 3.0 (NIH, Bethesda, Maryland, USA). The images were

obtained at 200x magnification from the semi-serial sections of 5 pm and 60 um interval between each cut.

2.4 RANK Analysis

Sections of 3-um thickness were obtained for RANK immunohistochemical staining and anti-RANK antibody
(Abcam, Santa Cruz, CA, USA) was used with antigen retrieval, which was performed with 5% citric acid (Merck Darmstadt,
Germany) after incubation for 15 minutes in microwave. Both block of endogenous peroxidase and fixation of primary
antibody were performed by using the Universal LSAB kit (Dako, Dako Co, Carpinteria, CA, USA). The reaction was
visualized by using 3% diaminobenzidine (Dako, Dako Co, Carpinteria, CA, USA) and counter-stained with Harris
hematoxylin (Merck Darmstadt, Germany). Two observers assessed the presence of markers for RANK with a scoring system
as follows: negative marking (-), meaning absence of marker; weak marking (+), meaning that less than 25% of the cells were

labeled; moderate marking (+ +), meaning that 25% to 50% of the cells were labeled; strong marking (+ + +), meaning that
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more than 50% of the cells were labeled. All analyses were performed at 400x magnification (Liang et al., 2008) (see Figure
2).

Figure 2 — Section of bone tissue showing immunohistochemical marker of RANK. RANK immunohistochemical staining at a
magnification of 400x.

Source: Authors.

2.5 Statistical Analysis

The experimental groups were compared for presence of ligature and CsA. Based on the distribution of the mean
values observed in each group, the results were analysed by using the software BioStat version 5.0 (Instituto de
Desenvolvimento Sustentdvel Mamirua, Tefe, Amazonas, Brazil) for non-parametric (Kruskal-Wallis) or parametric
(ANOVA/Tukey) tests.

3. Results
3.1 Bone Resorption

The results regarding bone loss showed differences between the experimental groups (P = 0.01). As for palatal bone
loss, there was no difference between the LIG (735.88 + 121.82) and CsAL (759.38 + 198.23) groups, with both having higher
values than those of the CON (569.13 + 89.76) and CsA (410.90 + 105.95) groups (see Figure 3).
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Figure 3 - Analysis of bone resorption (mean + SD).
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Source: Authors.

Histological section of the jaw fragment containing gingival tissue, tooth and bone tissue was analyzed. The CsA, LIG
and CsAL groups presented gingival tissue with increased thickness of the epithelium. In the CON and CsA groups, the
junctional epithelium was positioned near the cementoenamel junction, whereas in the LIG and CsAL groups it was positioned
near the cement. Periodontal ligament, blood vessels, fibroblasts, fibrocytes and collagen fibers were observed in the bone, as

well as marrow spaces and areas of resorption associated with the presence of osteoclasts (see Figure 4).
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Figure 4 - Sections of jaw fragment showing gingival tissue, teeth and bone tissue. Junctional epithelial (JE), oral epithelial
thickness (EOE) and connective tissue (CT) were increased in CsA, LIG and CsAL groups compared to CON group. (a)
Control group; (b) Cyclosporine A group; (c) Ligature group; (d) Ligature and Cyclosporine A group. Dentin (D), epithelial
cement junctional (ECJ), (SOE) sulcular oral epithelium (SOE), periodontal ligament (PL), alveolar bone (AB)

Source: Authors.

3.2 Bone Density

The results regarding bone density showed differences between the experimental groups (P = 0.001). The relationship
between bone marrow and trabecular bone in percentage revealed to be significantly lower in CsA group (87.49 + 4.07) than in
CON group (92.42 + 2.27). There was no difference between the CON and LIG groups (91.85 + 3.91), with both having higher
values than those of CsA and CsAL groups (79.41 + 3.81). In the presence of inflammation, the CsAL group showed a

significant decrease compared to the LIG group (see Figure 5).
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Figure 5 — Analysis of bone density (mean + SD).

Bone density
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Source: Authors.

3.3 RANK expression
The results regarding RANK showed no significant differences between the experimental groups (P = 0.122). The
RANK for CON group was higher than for the other groups. There was no difference between the CsA, LIG and CsAL groups,

with all of them having values lower than that of CON group (see Figure 6).
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Figure 6 — Analysis of the markers of RANK (mean + SD).
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Source: Authors.

4. Discussion

This study has investigated bone loss in ligature-induced periodontitis in immunosuppressed rats by using CsA. The
interference of CsA with bone remodeling was measured by a different methodology described in most studies for induction of
periodontal disease while using medication (Nassar, et al., 2004; Cetinkaya et al., 2006). Changes in the metabolism of bone
tissue caused by CsA represent an adverse effect of this drug and may be a possible risk factor for periodontal disease, thus
contributing to the beginning, progression and repair of periodontal disease (Liang et al., 2008; Jayasheela et al., 2013).

Bone resorption due to periodontal disease is the result of an imbalance between the actions of osteoclasts and
osteoblasts on bone resorption and formation, which might be related to various osteoclastogenesis-stimulating factors
(Goodman et al., 2001). In the present study, bone resorption showed higher mean values in the ligature (LIG) and ligature +
cyclosporine A (CsAL) groups, suggesting that bone resorption is associated with the induction of periodontal disease in rats.
In vitro and in vivo studies reporting that T and B lymphocytes express some factors (e.g. TGF-B) which are strongly
associated with the beginning of bone resorption in the periodontal disease (Van Dyke, 2007; Nassar et al., 2013).

The administration of cyclosporine A has been associated with imbalance in bone turnover (Fu et al., 1999; Wada et
al., 2006), resulting in osteopenia and osteoporosis (Spolidorio et al., 2004). A decrease in T lymphocytes differentiation due to
the presence of immunosuppressants, such as CsA, has been described to reduce bone resorption (Fu, et al., 1999, Goodman
et al., 2001, Nassar et al., 2004) However, in the present study the results suggest that prior exposure to CsA resulted in lower
bone density (CsA group) and contributed to increasing the bone resorption associated with periodontal disease (CSAL group).

These findings are similar to those reported by Nassar et al. (2009) that found that CsA therapy combined with ligature
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placement decreased the bone area and intensified the imbalance in the alveolar bone homeostasis in a rat model of
experimental periodontitis.

Bone remodeling is a biological event regulated by a number of chemical mediators, such as RANK, RANKL, OPG
and cytokines produced by bone cells, all playing critical role in the regulation and differentiation of osteoclastic cells
(Takayanagi, 2005). Therefore, we can consider that RANK, RANKL and OPG are critical for controlling osteoclast activity,
which suggests they play a key function in the progression of bone loss in periodontitis (Takayanagi, 2005). The participation
of these cytokines is essential for bone remodeling as they regulate the interaction between T lymphocytes and dendritic cells.
Moreover, they are essential for the development and activation of osteoclasts and bone loss in inflammatory processes. T
lymphocytes also express RANKL and thus they have influence on the recruitment of new osteoclasts, becoming important
regulators of bone formation and resorption (Takayanagi, 2005).

In the present study, the expression of RANK showed a divergent behavior. We can consider that the
immunosuppression generated by exposure to CsA inhibited the T lymphocytes differentiation, consequently decreasing the
possibility of expression of RANK. Therefore, the control group presented a more homogeneous distribution for this marker.
These results are in agreement with findings showing that after exposure to CsA no direct influence on alveolar bone loss was
observed, with RANK influencing more significantly the osteoclastogenesis and participating directly in bone remodeling and,

consequently, in bone density improvement (Goodman et al., 2001, Kawai et al., 2006).

5. Final Considerations

Based on the limits of the present study, the immunosuppression generated by CsA may have influenced the bone
density, but not bone resorption and RANK expression in ligature-induced periodontitis in rats. Clinically we can assume that
patients who take this type of immunosuppressant (Ciclosporine A) prior to the development of periodontal disease should not

have greater bone loss due to the medication. We must always keep in mind the care with periodontal control of these patients.
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