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ABSTRACT
Objective: Cyclosporine A (CsA) and tacrolimus (Tac) are immunosuppressive drugs which is frequently used in organ transplantation. CsA can 
cause various side effects including gingival overgrowth (GO) and osteopenia. Tac has similar side effects to CsA but with different incidences. 
The aim of the present study was to evaluate and compare the effects of CsA and Tac on GO and alveolar bone resorption in rats.

Methods: Sixty mature male rats were randomly and equally allocated into six groups, as follows: Control-I, Control-II, CsA-I, CsA-II, Tac-I and 
Tac-II. The Control-I and Control-II groups received, subcutaneously, 1 ml/kg 0.9% NaCl, while the CsA-I and CsA-II groups received 10 mg/kg CsA 
daily, and the Tac-I and Tac-II groups 1.5 mg/kg Tac daily. The Control-I, CsA-I and Tac-I groups were sacrificed on the 16th day and other groups 
on the 31st day. Histological and histomorphometric analysis of the buccal gingiva and tartrate-resistant acid phosphatase (TRAP) enzyme 
histochemistry of the alveolar bone were performed in the right mandibular segment of each animal.

Results: GO was significantly greater in the groups administered CsA compared to the other groups (P<0.05). The gingival parameters in the Tac 
groups were quite similar to those in the control group (P>0.05). CsA caused a significant increase in TRAP positivity (P<0.05), while Tac had no 
significant effect on TRAP (P>0.05).

Conclusion: Our results showed that Tac does not seem to cause GO and alveolar bone resorption. However, the deleterious side effects of Tac 
on the gingival tissues of rats may be time-related.
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1. INTRODUCTION

Gingival overgrowth (GO) has many etiologies, but has often 
been associated with the systemic administration of certain 
medications, particularly anticonvulsants, calcium channel 
blockers, and immunosuppressants (1). Immunosuppressive 
drugs cause selective inhibition or suppression on various 
components of the immune system. Cyclosporine A (CsA), 
which is an immunosuppressive agent, is a T lymphocyte 
suppressor used to restrain rejection in organ transplants. 
Although it is a unique selective immunosuppressant drug, 
CsA has a number of side effects, such as nephrotoxicity, 
neurotoxicity, diabetes, osteopenia, and GO (2). As a result 
of the difficulties associated with the emergence of CsA 
side effects, tacrolimus (Tac) was introduced as a less toxic 
but more potent calcineurin inhibitor (3). Both CsA and Tac 
show their immunosuppressive activity by inhibiting the 
calcineurin pathway. CsA is still considered to be the most 
effective immunosuppressive drug currently in use (4).

Tac has been shown to have similar side effects to CsA but 
with different incidences (2). Both drugs were found to have 
similar incidences of nephrotoxicity (5). Tac has a less acute 
rejection rate and better allograft survival rate (5). However, 
it is more associated with diabetes mellitus and neurotoxicity 
after transplantation (5). On the other hand, complications 
such as hyperlipidemia, hypertension and hirsutism with 
Tac are less common (5). Similarly, although there are many 
studies showing various degrees of GO due to CsA use (6), 
it has been suggested that the use of Tac does not cause 
GO (7), or causes less GO than CsA, and is less severe when 
it causes GO (8,9). There are also studies showing that GO 
spontaneously decreases with the replacement of CsA with 
Tac in patients with GO caused by CsA (10).

Osteopenia is a significant complication of organ 
transplantation. Conflicting evidence has been presented 
on the interference of calcineurin inhibitors with the bone 
metabolism. While some studies have shown that Tac causes 
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an increase in alveolar bone formation by decreasing the 
number of osteoclasts (11), in contrast, it has also been 
reported that by increasing the number of osteoclasts, 
Tac increases bone resorption but does not affect bone 
formation (12). CsA, on the other hand, has been shown to 
increase bone formation and bone resorption, causing high-
turnover bone loss (12). Kanda et al. also found bone mineral 
density after CsA to be significantly lower than after Tac (12). 
It was reported that there was an increase in bone volume 
and a decrease in the number of osteoclasts in rats following 
the replacement of CsA with Tac (13). Similarly, it has been 
demonstrated in experimental periodontitis that Tac reduces 
the severity of periodontitis (14).

The most effective treatment for the patients with drug-
induced gingival overgrowth is to replace the drug with 
another medication that has fewer side effects. Treatment 
plan is primarily performed in consultation with the 
patient’s physician by considering the systemic condition 
of the patient. In recent years, Tac has been recognized as 
a noteworthy alternative to CsA in patients with gingival 
overgrowth. However, the studies suggesting that both drugs 
have possible effects on bone metabolism raise concerns 
about the negative effects of the drug choice or replacement 
on alveolar bone.

Tartrate-resistant acid phosphatase (TRAP) has been 
established as a reliable, specific and sensitive histochemical 
marker of bone resorption in that it is an enzyme synthesized 
and secreted by bone-resorbing cells, osteoclasts (12, 13, 15). 
Osteoclasts can be stained for TRAP as a means of assessing 
the number of osteoclasts in addition to their activity. 
TRAP levels have been shown to be elevated in the serum 
of patients with bone diseases and the amount of secreted 
TRAP significantly correlated with the number of osteoclasts 
(12, 13, 15).

The effects and mechanisms of action of CsA and Tac on 
bone metabolism are still unclear. Knowing the possible 
effects of these calcineurin inhibitors on periodontal tissues 
may improve the effectiveness of periodontal treatment and 
the quality of life of patients using these drugs. Therefore, 
the purpose of the present study focused on evaluating 
and comparing the effects of CsA and Tac on GO and bone 
metabolism. In this study, standardized histomorphometric 
variables were used together with TRAP activity as a 
histochemical marker in histological sections.

2. METHODS

2.1. Animals and Experimental Design

Sixty mature (4 months old), male Sprague-Dawley rats 
weighing between 195-205 g were used in this study. The 
animals were obtained from the Experimental Medicine 
Research and Application Centre of Selcuk University. The 
preparation of the animals was performed by their spending 
a habituation period of one week in the same center prior 
to the experiment. The animals were housed in plastic cages 

with 5 animals in each, in standard conditions (Humidity 50% 
± 10 %, room temperature 20 ± 1 °C in 12 hours night / 12 
hours daytime period) without any restriction on food and 
water during the study. All protocols and animal care were 
carried out in compliance with guidelines determined by 
the Experimental Medicine Application and Research Center 
Ethics Committee (Approval no: 2008/35).

The animals were randomly separated into six groups and 
the animals of each group were treated as presented in the 
Table 1. The drug doses used in this study were based on the 
literature (16,17).

Table 1. Study groups.
Groups Treatments
Control-I (n=10) 1 ml/kg 0.9% NaCl was subcutaneously administered 

daily for 15 days
Control-II (n=10) 1 ml/kg 0.9% NaCl was subcutaneously administered 

daily for 30 days
CsA-I (n=10) 10 mg/kg CsA was subcutaneously administered daily 

for 15 days
CsA-II (n=10) 10 mg/kg CsA was subcutaneously administered daily 

for 30 days
Tac-I (n=10) 1.5 mg/kg Tac was subcutaneously administered 

daily for 15 days
Tac-II (n=10) 1.5 mg/kg Tac was subcutaneously administered 

daily for 30 days
n: Number, NaCl: Sodium Chloride, CsA: Cyclosporine (Sandimmune 
Neoral; Novartis Pharma, East Hanover, NJ, USA), Tac: Tacrolimus (Prograf; 
Eczacibasi Pharmaceutical Marketing Inc., Kerry, Ireland).

The weight of the rats was measured, and the dose of the drug 
was adjusted at the beginning of the experiment. The animals 
were weighed, and the doses were readjusted daily according 
to body weight daily. The weights were measured again at 
the end of the experiment, and the animals were euthanized 
with a pentobarbital overdose (100 mg/kg intraperitoneal) 
(Nembutal;100 mg/mL,Abbott Laboratories,Chicago, IL) on 
the 16th and 31st days. Histological and histomorphometric 
analyses were performed.

2.2. Histological Procedures

The right mandibular segment of each animal was dissected 
from the surrounding soft tissues and fixed in buffered 
formal saline (0.1 M, pH 7.4) for 48 hours. Then, the samples 
were decalcified in 10% ethylene diamine tetra acetic acid 
(EDTA;Titriplex,Merck Darmstadt,Germany) for 3 months 
at 4 °C. The decalcification of the samples was confirmed 
radiographically.

The decalcified tissue samples were processed by routine 
histological procedures and immersed in paraffin blocks as 
described below. After decalcification was completed, the 
samples were washed overnight under running water, the 
samples were then transferred to the tissue monitoring 
device and were passed once through 80° and 90°alcohols, 
three times through 96° alcohols; three times through 
isopropyl alcohol; twice through xylol and twice through 
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hot paraffin respectively and subsequently blocked. The 
blocks were sectioned transversally through the first 
molar teeth level with rotary microtome (SM 2000R;Leica 
microsystems,Heidelberg,Germany). From each tissue 
sample, 6 tissue sections at 6 µm thick were taken on poly-
L-lysine coated glass slides and dried overnight in the oven 
at 37°C. Tissue sections were rehydrated by deparaffinization 
in the xylene series followed by a reduced concentration of 
ethyl alcohol and then transferred to deionized distilled water. 
Three of the sections from each tissue sample were stained 
with Crossmon’s three chrome stain (18). The specimens 
were covered with cover glass using synthetic resin.

2.3. Histomorphometric Analysis

All specimens were evaluated under a light microscope (Nikon 
Eclipse E400;Nikon,Tokyo,Japan) with digital imaging system. 
Selected microscopic images were recorded and processed 
using image-analyzing software (BS 200 PRO;BAB Image 
Analyzing Systems, Ankara, Turkey). Histomorphometric 
analysis was performed to quantify the amounts of the tissue 
types mentioned above by an examiner who was blind to the 
experimental design (İ.Ç.). In these specimens, the following 
linear measurements of the gingiva were determined by the 
modification of the histomorphometric methods described 
previously (Figure 1) (19,20):

Figure 1. Measurements on the buccal gingiva of right mandibular 
molars (Crossmon’s three chrome stain). GM: Gingival Margin, EH: 
Oral Epithelium Height (Yellow arrow), EW: Oral Epithelium Width 
(Green arrow), CTH: Connective Tissue Height (Purple arrow), CTW: 
Connective Tissue Width (Pink arrow), OE: Oral Epithelium, SE: 
Sulcular Epithelium, JE: Junctional Epithelium, D: Dentin.

Oral Epithelium Height (EH): The distance between the 
gingival margin and the most coronal cell of the junctional 
epithelium.

Oral Epithelium Width (EW): The distance between the outer 
epithelial surface and oral epithelium-connective tissue 
interface; measured at the coronal, middle and apical part of 
the free gingiva, with average of these measurements then 
calculated.

Connective Tissue Height (CTH): The distance between the 
most coronal point of the connective tissue and the most 
coronal cell of the junctional epithelium.

Connective Tissue Width (CTW): The distance between the 
oral epithelium-connective tissue interface and sulcular 
epithelium – connective tissue interface; measured at 
the coronal, middle and apical part of the connective 
tissue, with the average of these measurements then 
calculated.

2.4. TRAP Histochemistry

In the remaining 3 sections of each tissue sample, TRAP 
staining was performed by the method described previously 
(21). Briefly, the sections were deparaffinized, rehydrated 
and incubated in incubating solution (pH 5) at 37°C for 45 
minutes. The solution contained naphthol AS-BI phosphate 
(Sigma;St. Louis, MO, USA) dissolved in an acetate buffer 
(0.2M, pH 5) as a substrate, 50 mM tartaric acid (Sigma;St. 
Louis, MO, USA) as an acid phosphatase blocking agent 
and fast-Red Violet LB diazonium salt (Sigma;St. Louis, MO, 
USA) as a chromogen. At the end of the TRAP reaction, the 
sections were stained with 1% methyl green prepared in 
0.2 M acetate buffer (pH 5.2) for cell nuclei. The specimens 
were covered with cover glass by using Kaiser’s gelatin. TRAP-
positive areas were determined by a digital image analysis 
system (BS 200 PRO;BAB Image Analyzing Systems, Ankara, 
Turkey). From the data obtained, the TRAP-positive area ratio 
(TRAP-positive area/total image area X 100 = TRAP-positive 
area percentage in total image area) was calculated in the 
unit tissue area (1.23X108 µm2). TRAP-positive regions in 10 
different areas of each specimen were determined in a unit 
tissue area and expressed as a percentage (%) of the unit 
area.

2.5. Statistical Analysis

The sample size calculated by R program (version 3.6.2) 
was 10 animals per group (power=80%). A statistical 
analysis using package program (SPSS Inc.,Chicago, IL, 
USA) version 17 software was performed for the statistical 
analysis of the obtained numerical data. The data showed 
normal distribution; differences within and between the 
groups were compared by one-way analysis of variance 
(ANOVA) and CsA-I and CsA-II groups were compared by 
dependent two samples t-test. The significance level was 
α=0.05.



519Clin Exp Health Sci 2021; 11: 516-522 DOI: 10.33808/clinexphealthsci.835833

Effects of Immunosuppressants on Periodontal Tissues Original Article

3. RESULTS

3.1. Clinical Findings

Any unexpected clinical and systemic changes attributable to 
CsA and Tac were not observed in any of the animals during 
the experiment. All CsA-administered rats presented GO 
after 15 and 30 days of treatment. There were no significant 
differences (P>0.05) in the body weight between the groups 
at the baseline and the 16th day of the experiment (Table 2). 
However, at the 31st day of the study, the mean body weight 
of the CsA – administered group was significantly (P<0.05) 
lower than those of the other groups.

Table 2. The mean body weights (g) of the groups.
Control CsA Tac

Baseline 
(Mean±SD)

196.23 ± 17.04 
(n=20)

194.75 ± 14.04 
(n=20)

202.93 ± 12.88 
(n=20)

16th day 
(Mean±SD)

193.93 ± 30.22 
(n=10)

206.62 ± 13.57 
(n=10)

193.32 ± 15.46 
(n=10)

31st day 
(Mean±SD)

201.38 ± 12.28 
(n=10)

161.36 ± 14.44*, † 

(n=10)
201.30 ± 20.49 

(n=10)
n: Number, CsA: Cyclosporine, Tac: Tacrolimus, SD: Standart Deviation.
* Significantly different from the control group (P<0.05).
† Significantly different from the Tac group (P<0.05).
P<0.05 was considered statistically significant.

3.2. Histological and Histomorphometrical Findings

In all specimens, enamel was completely decalcified and 
disappeared; thus, a definite enamel space was seen. Severe 
epithelial hyperplasia with mononuclear cell infiltration was 
observed in both CsA-I and CsA-II groups. Vascularization was 
also highly developed in the connective tissue. In some of the 
specimens, erosion and detachment of both JE and SE were 
seen, and the gingival sulcus was filled with bacterial plaque 
(Figure 2A-2B).

Figure 2. Sections from the buccal gingiva (Crossmon’s three chrome 
stain). (A) CsA-I group. (B) CsA-II group. OE: Oral Epithelium, SE: 
Sulcular Epithelium, LP: Lamina Propria, D: Dentin, BP: Bacterial 
Plaque, Black Arrows: Vascularization.

Structural changes in both the epithelium and connective 
tissues of the Tac-I and Tac-II groups were generally quite 
mild. Mild mononuclear cell infiltration with increased 
vascularity in both epithelium and lamina propria was 
observed. Bacterial plaque in the gingival sulcus was seen 
(Figure 3A-3B).

Figure 3. Sections from the buccal gingiva (Crossmon’s three chrome 
stain). (A) Tac-I group. (B) Tac-II group. OE: Oral Epithelium, SE: 
Sulcular Epithelium, LP: Lamina Propria, D: Dentin, BP: Bacterial 
Plaque.

Oral epithelium (OE), sulcular epithelium (SE) and junctional 
epithelium (JE) were normal in structure in both Control-I and 
Control-II groups. Mild mononuclear cell infiltration in the 
lamina propria (LP) was seen. Any detachment in JE, cellular 
debris and epithelial erosion was not observed. There were 
no apparent histological differences between Control-I and 
Control-II groups (Figure 4A-4B).

Figure 4. Sections from the buccal gingiva (Crossmon’s three chrome 
stain). (A) Control-I group. (B) Control-II group.OE: Oral Epithelium, 
SE: Sulcular Epithelium, LP: Lamina Propria, D: Dentin.

3.3. Gingival Histomorphometry

The histomorphometric measurements of the gingiva 
confirmed the histological findings. Table 3 indicates the 
histomorphometric measurements of the gingiva on the 16th 

and 31st days.

The 16-day EH, EW, and CTW values in the CsA group 
were significantly higher than the other groups (P<0.05). 
However, no significant difference was observed between 
the groups when the 16-day CTH value was examined 
(P>0.05). The Tac-I group had similar EH, EW, CTH, and CTW 
values to those of the Control-I group at the 16th day of the 
experiment (P>0.05).
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The 31-day EH, EW, CTH, and CTW values in the CsA group 
were significantly higher than in the other groups (P<0.05). 
The Tac-II group had similar EH, EW, CTH, and CTW values to 
those of the Control-II group at the 31st day of the experiment 
(P>0.05). However, there were similar linear measurements 
in all dimensions in the Tac and Control groups at all periods 
of the experiment (P>0.05).

3.4. TRAP Histochemistry

TRAP-positivity was observed as a dark red reaction product 
in the cytoplasm of osteoclasts located on the surface of 
the bone trabeculae (Figure 5A-C). This reaction product 
was not found in the other cells of the bone tissue and 
the connective tissue. In the CsA treated groups, alveolar 
bone trabeculae were relatively narrower than in the other 
groups.

Figure 5. Sections from the alveolar bone. (A) CsA-II group. (B) Tac-II 
group. (C) Control-II group.
BT: Bone Trabecula, *: TRAP positive osteoclastic cells on the tra-
becula.

The 16-day and 31-day TRAP-positivity values of the groups 
are shown in Table 4. No significant difference was found 
between the 16-day TRAP-positivity values of the groups 
(P=0.05). However, on the 31st day, the TRAP-positivity 
values of the CsA group were significantly higher than those 
of the other groups (P<0.05). No significant difference was 
found between 16 and 31 days in the Tac and the control 
groups in terms of TRAP-positivity (P>0.05). Although TRAP-
positivity values in the CsA group at 31 days were higher 
than those of the 16 days, no significant difference was 
found (P=0.05).

Table 4. The mean percentage (%) of TRAP-positivity.
Control-I
(n=10)

CsA-I
(n=10)

Tac-I
(n=10)

16th day (Mean±SD) 0.27 ± 0.08 0.44 ± 0.24 0.26 ± 0.08
Control-II
(n=10)

CsA-II
(n=10)

Tac-II
(n=10)

31st day (Mean±SD) 0.26 ± 0.07 0.66 ± 0.15*, † 0.26 ± 0.08
TRAP: Tartrate Resistant Acid Phosphatase, n: Number, CsA: Cyclosporine, 
Tac: Tacrolimus, SD: Standart Deviation.
* Significantly different from the Control-II group (P<0.05).
† Significantly different from the Tac-II group (P<0.05).
¶ P<0.05 was considered statistically significant.

4. DISCUSSION

In patients using calcineurin inhibitors as immunosuppressive 
agents to prevent organ transplant rejection, the occurrence 
of osteopenia has been reported as a common complication 
(2). However, in these patients, osteopenia has frequently 
been attributed to the use of glucocorticoids, which often 
accompany the treatment regimen (22). On the other hand, 
the results of very few studies using calcineurin inhibitors 
alone without the use of glucocorticoids are contradictory 
and the effects on the alveolar bone of both drugs are still 
unclear (11,14), although Tac has been shown to cause GO 
less frequently or less severely than CsA (8). Therefore, the 
purpose of our study is to reveal and to compare the effects 
of both drugs on the gingiva and alveolar bone. Moreover, 
revealing the efficacy of these drugs, particularly on the 
alveolar bone, may be useful in developing new approaches 
in the prevention and treatment of periodontal diseases in 
the future.

The major problem in human studies regarding the mechanism 
of action of immunosuppressants is the inhomogeneity 
of variables such as genetic predisposition, transplanted 
organs, age, duration and dose of treatment (5,23). Since 
the patients taking the immunosuppressants use a number 
of concomitant drugs, the effect of each drug individually 
may not be fully revealed. In our study, an experimental 
rat model was chosen to overcome these difficulties. 
Furthermore, quantitative histological evaluations have been 

Table 3. Histomorphometric measurements of the gingiva on the 16th day and on the 31st day.
16th day 31st day
Measurements
(mm)

Control-I
(n=10)

CsA-I
(n=10)

Tac-I
(n=10)

Measurements
(mm)

Control-II
(n=10)

CsA-II
(n=10)

Tac-II
(n=10)

EH
(Mean±SD) 56.45 ± 0.65 59.26 ± 2.19*, † 56.92 ± 0.85 EH

(Mean±SD) 56.74 ± 0.36 125.82 ± 10.31 ‡, §, || 58.61 ± 1.20

EW
(Mean±SD) 49.66 ± 1.30 53.99±1.80*, † 49.92 ± 1.17 EW

(Mean±SD) 49.77±0.84 114.96±2.77 ‡, §, || 49.97 ± 1.05

CTH
(Mean±SD) 307.88 ± 1.56 311.49 ± 5.75 307.96 ± 2.52 CTH

(Mean±SD) 307.98 ± 3.02 640.13 ± 6.88 ‡, §, || 308.62 ± 2.82

CTW
(Mean±SD) 94.61 ± 0.77 100.03 ± 3.41*, † 94.86 ± 2.60 CTW

(Mean±SD) 94.84 ± 1.60 204.91 ± 16.73 ‡, §, || 98.36 ± 2.90

n: Number, CsA: Cyclosporine, Tac: Tacrolimus, SD: Standart Deviation, EH: Oral Epithelium Height, EW: Oral Epithelium Width, CTH: Connective Tissue Height, 
CTW: Connective Tissue Width. * Significantly different from the Control-I group (P<0.05); † Significantly different from the Tac-I group (P<0.05).
‡ Significantly different from the Control-II group (P<0.05); § Significantly different from the Tac-II group (P<0.05).; || Significantly different from the CsA-I group 
(P<0.05); ¶ P<0.05 was considered statistically significant.
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shown to be among the best methods of showing the effect 
of drugs on tissue (24). Our study presents novelty with the 
histopathological evaluation of TRAP levels. Although there 
are animal studies evaluating the effects of both CsA and Tac 
on the alveolar bone, TRAP levels were evaluated in serum 
but no histopathological evaluation was made (12,13,23).

CsA and Tac have been administered by different methods 
when using drug-induced GO models in animals. It has 
been reported that different degrees of absorption occur 
in perioral administration and the serum level of the 
drug administered perorally is not sufficient to provide 
immunosuppression (25). In intraperitoneal administration, 
CsA has been shown to have negative side effects associated 
with high concentrations (25). Subcutaneous administration 
in male rats was chosen in our study in order to obtain a more 
consistent cycle. The risk and severity of drug-related GO 
tend to be higher in men (26). In an animal study (26), male 
rats were found to be more prone to nifedipine-related GO 
than were females. Although the serum levels of the drugs 
used in the present study were not measured, the doses of 
both drugs have previously been shown to provide sufficient 
and constant levels in serum to produce immunosuppression 
in rats (16,17,25).

In the present study, GO was prominent on the 16th and 
31st days following the subcutaneous administration of 
CsA 10 mg/kg/day. GO related to CsA is a well-established 
phenomenon in the literature (9,27,28). In our study, gingival 
measurements in all dimensions were greater in the groups 
administered CsA compared to the other groups, and this 
finding is in accordance with previous studies (5,13,29).

There is limited information in the literature about the effect 
of Tac on GO. Costa et al. (9) reported lower prevalence and 
severity of GO for Tac than CsA and other authors suggested 
that Tac did not cause GO (5,13,29). In accordance with 
these studies, the groups administered Tac did not develop 
statistically significant GO in our study. In addition, the 
gingival parameters measured in the Tac groups were quite 
similar to those in the control group on both the 16th and 
31st days (P>0.05). Nassar et al. (30) reported that Tac did not 
cause GO over 120 days of drug use, whereas Tac-induced 
GO started from the 180th day and continued through to 
the 240th day of the experiment. They suggested that Tac-
induced GO in rats may be time-related. This report supports 
our findings that Tac has no GO effect in short term use. In 
the study of Prabhu et al (4), which has a similar design to our 
study, the GO in the Tac group in rats on the 16th and 31st days 
was lower than that of the CsA group, in accordance with our 
study. However, the dose of CsA administered in their study 
was 30 mg/kg/day and both drugs were given to the rats via 
gavage.

In accordance with previous studies, in our study CsA caused 
a significant increase in TRAP positivity, which is a bone 
resorption parameter. However, in our study, Tac had no 
significant effect on TRAP. Consistent with the results of our 
study, in the study of Spolidorio et al. (13), in addition to 
marked gingival growth due to CsA on the 60th and 120th days, 

bone resorption, serum TRAP levels and the osteoclast count 
were significantly higher than in the other groups. In our 
study, TRAP-positivity was found to be significantly higher in 
the CsA-treated group than in the control and Tac groups. In 
both studies, no difference was found between the Tac and 
control groups in terms of TRAP levels. These results show 
that Tac does not cause significant bone resorption. However, 
it should be emphasized that studies examining the impact 
of Tac on bone metabolism are still contradictory. In other 
studies that showed an increase in serum TRAP levels, it has 
been found that Tac increases bone resorption and causes 
osteopenia (12,23). The variety of parameters such as the 
age and weight of the animals, the nature of the bone, the 
method of evaluation, the duration and dose of the drug in 
these studies seems to give rise to different results.

The findings of this study have to be seen in light of some 
limitations. One of the study’s limitation is the small sample 
size of the rats. Though the sample size meets the adequacy 
criterion, authors believe that taking a large sample in each 
group might have improved the results of the study as well 
as the generalizability of the study. The data from our study 
should be used to design larger confirmatory studies. The 
second limitation of our study is the difficulty in adapting the 
results of our study, which is an animal experiment model, 
to clinical applications in humans. We should be careful in 
interpreting and drawing conclusions based on data obtained 
from animals due to genetic and environmental divergence. 
The last limitation of our study is the lack of the long-term 
drug-administered groups. The effects of both calcineurin 
inhibitors on GO and bone metabolism depend on the dose 
and duration of administration. Further studies are needed 
in order to understand the effects of CsA and Tac on GO and 
bone metabolism.

5. CONCLUSION

In conclusion, within the limitations of our study, Tac does not 
cause GO and alveolar bone resorption. Using Tac for a longer 
period of time may cause gingival overgrowth, which reveals 
the importance of the duration of the treatment in terms of 
its side effects. We suggest that Tac may be an alternative 
to CsA to prevent gingival overgrowth and alveolar bone 
destruction, given the side effects of CsA.
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