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The use of cyclosporin-A to prevent

rejection of allograft tissue has stimu-

lated the field of transplantation biology

(1). CyclosporinA prevents activation of

CD4 lymphocytes mainly by inhibiting

the transcription of interleukin-2 gene

through interaction with cytoplasmic

receptors in these cells (2). However, the

use of this drug is associated with sig-

nificant adverse reactions, including

metabolic disturbances (3), nephropa-

thy (4), hypertension (5), gingival over-

growth (6, 7), and osteopenia (8, 9).

Some in vitro studies have indicated

that cyclosporin A decreases bone
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Objectives:1 The administration of cyclosporin A has been associated with signifi-

cant bone loss and increased bone remodeling. The present investigation was

designed to evaluate the effects of cyclosporin A on alveolar bone of rats subjected

to experimental periodontitis, using serum, stereometric and radiographic analysis.

Methods: Twenty-four rats were divided into one of the following groups with six

animals each: group I, control rats; group II, in which the animals received a

cotton ligature around the lower first molars; group III, in which the rats received

a cotton ligature around the lower first molars and were treated with 10 mg/(kg

body weight day) of cyclosporin A; group IV, in which the rats were treated with

10 mg/(kg body weight day) of cyclosporin A. At the end of experimental period,

at 30 days, animals were killed and the serum calcium and alkaline phosphatase

levels were measured in all groups. The distance from the alveolar bone crest to the

cemento–enamel junction was measured radiographically for each mesial surface

of the lower first molars of each rat. After histological processing, the stereological

parameters: volume densities of multinucleated osteoclasts (Vo), alveolar bone

(Vb), marrow (Vm), and relation of eroded surface/bone surface (Es/Bs) were

assessed at the mesial region of the alveolar bone.

Results: Significant decreases in serum calcium were observed in those groups that

received cyclosporin A therapy. No significant changes in serum alkaline phos-

phatase were observed. The therapy with cyclosporin A combined with the ligature

placement decreased the Vb and increased the Vo, Vm and Es/Bs at the mesial

surface of lower first molars. On the other hand, the radiographic data showed

that cyclosporin A therapy diminished the alveolar bone loss at the mesial surface

of the lower first molars.

Conclusions: Therefore, within the limits of this study, we suggest that cyclosporin

A at immunosuppressive levels can bring about an imbalance in the alveolar bone

homeostasis in rats. However, in the presence of inflammatory stimulation, the

inhibition of the immune system by cyclosporin A may decrease the initial

periodontal breakdown.
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resorption by specifically inhibiting T

lymphocyte-derived messengers such as

interleukins (IL-1a, IL-2, IL-3, and

IL-4), gamma-interferon, and tumor

necrosis factor-alpha (10), which are

potent bone degrading agents (8).

However, some other in vitro studies

indicate that cyclosporin A can enhance

the release of some arachidonate me-

tabolites, in particular prostaglandin E2

(PGE2) and thromboxane (11–14). In

human gingival fibroblasts culture, cy-

closporin A treatment has been shown

to result in enhanced excretion of PGE2

(15), a cyclooxygenase-2 (COX-2)

metabolite, mediator of osteoclastic

bone resorption (16).2

There is also some controversy

regarding the in vivo effects of cyclosp-

orin A on bone metabolism. Some

studies demonstrated that cyclosporin

A decreased bone resorption and in-

creased bone formation in rats (17), and

in arthritis-related osteopenia cyclosp-

orin A normalized the bone remodeling

(18). However, a severe osteopenia

responsible for osteoporotic fractures in

transplantation recipients has been

described by some authors (19–21).

Furthermore, an increased osteoclasia

and decreased bone formation at perio-

dontal sites have been observed in

the alveolar bone of rats treated with

cyclosporin A (22–24). To further

explore the effect of cyclosporin A on

bone resorption, this present study was

designed to investigate the effects of

cyclosporin A administered at immu-

nosuppressive levels on alveolar bone of

rats subjected or not to experimental

periodontal disease, using radiographic,

stereometric, and blood analysis.

Material and methods

3Animals

Twenty-four Holtzman rats (Norvergi-

cus albinus) weighing4 an average of

100 g were randomly distributed into

four groups of six animals each. All the

rats were housed under similar condi-

tions and maintained on diet and water

ad libitum.

One group was used as controls

(group I) and received subcutaneous

injection of saline solution during

30 days.

Protocol of experimental periodontal
disease

Animals from groups II and III were

subjected to experimental periodonti-

tis. After general anesthesia with

intramuscular injection of 0.08 ml/

100 g body weight of ketamine (Fran-

cotar�, Virbac do Brazil Ind. e Com.

Ltda, São Paulo, Brazil), a cotton

thread ligature was surgically placed

around the cervix of the mandibular

first molars on both sides (right and

left). The ligature was knotted on the

vestibular side, so that it remained

subgingivally in the palatinal side

(25, 26).

Cyclosporin A

Animals from groups III and IV

received cyclosporin A therapy.

Cyclosporin A (Sandimmun, Sandoz,

Basel, Switzerland) was injected subcu-

taneously, in a daily dose of 10 mg/kg

body weight (27) during 30 days. This

treatment gives estimated peak and

through levels of cyclosporin A of

1000 ng/ml and 750 ng/ml, respect-

ively. The rats were weighed weekly and

monitored for abnormal appearance of

coat, abnormal level of activity, or

respiratory distress.

Serum analysis

At the end of the experimental period

or at 30 days, these animals were

anesthetized using ketamine anesthe-

sia and 4–5 ml of blood was obtained

by direct cardiac puncture. All blood

samples were analyzed in a Technicon

SMA-24 (Francotar�, Virbac do

Brazil Ind. e Com. Ltda, São Paulo,

Brazil)5 . Serum calcium and total

serum alkaline phosphatase levels

were obtained from each animal.

After the cardiac puncture, the rats

were killed.

Radiographic analysis

The mandibles were carefully

removed, and soaked in 10% formalin

for 48 h. Then, in order to measure

the amount of bone, standardized

digital radiographs were obtained with

the use of a computerized imaging

system, CDRR (Francotar�)6 (26).

Electronic sensors were exposed at

65 KV and 10 mA. The source-to-film

distance was always set at 50 cm. The

amount of alveolar bone loss,

expressed by the distance from the

alveolar bone crest to the cemento–

enamel junction, was measured (in

mm) three times, in different days and

by the same examiner, for each mesial

surface of the mandibular first molars

on each radiograph7 (26). Following

radiographic examination, the mandi-

bles were decalcified in solution of

Morse (50 ml of 50% formic acid and

50 ml of 20% sodium citrate). Serial

paraffin sections of 5 lm were made

on the mesio-distal, and stained with

haematoxylin and eosin. Stereometri-

cal studies were made on the mesial

region.

Stereometry

Volume densities of multinucleated

osteoclasts (Vo), alveolar bone (Vb),

marrow (Vm) and relation of eroded

surface/bone surface (Es/Bs, %) were

estimated according to the principles

established by Dellesse (28), which

were applied to histology by Weibel

(29). The count was performed with

the help of a Zeiss microscope, used at

a magnification of · 200. A square

lattice of 25 points was projected into

the microscope ocular, with the use of

a microvid system that connected the

microscope to a computer. For each

animal, 20 sections were used, and 25

points were counted in each section.

Vo, Vb, Vm and Es/Bs were expressed

as percentage of the total points

counts.

Statistical analysis

Summary statistics included mean ±

standard deviation (SD). Comparisons

between groups regarding the mean

serum calcium and total serum alkaline

phosphatase levels, as well as the ster-

eological data, were made using ana-

lysis of variance. The hypothesis that

there were no differences in bone loss

rate among treatment groups was

tested by an intergroup analysis using

one-wayanalysisofvariance (ANOVA).

Pairwise multiple comparisons were
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carriedoutbytheTuckeytest in thecases

where ANOVA test showed significant

differences.Significance levelwasalways

set at 95%.

Results

Serum data

Table 1 shows the serum calcium and

alkaline phosphatase levels of the rats

treated with cyclosporin A and/or

subjected to the experimental perio-

dontitis. In the control group and in

the experimental periodontitis group

II, the serum calcium and alkaline

phosphatase levels were 10.6 ±

0.3 mg/dL, 843 ± 76 U/dL and

10.1 ± 0.2 mg/dL, 836 ± 81 U/dL,

respectively. In the groups treated with

cyclosporin A, groups III and IV, the

serum calcium levels decreased signifi-

cantly when compared with the groups

not treated with cyclosporin A

(p < 0.05). A decrease in serum alka-

line phosphatase levels was also

observed in the groups treated with

cyclosporin A; however, these values

were not statistically different from

those of the control group.

Effects of cyclosporin A on
radiographic alveolar bone height

The distance between the cemento–

enamel junction and the alveolar bone

crest was significantly affected by cy-

closporin A therapy (Table 2). Signifi-

cantly increased bone loss was

observed in the cyclosporin A groups

(III and IV) compared with control

group.

However, ligature placement alone

during 30 days (group II) lead to a

significantly higher bone loss

(p < 0.05) when compared with cy-

closporin A therapy alone or combined

with experimental periodontitis

(groups IV and III, respectively).

Stereometry

In the control group, the volume

densities8 of osteoclast (Vo) at the

mesial face was 2.6 ± 2.8% (Table 3).

The volume densities of osteoclasts

increased in the rats submitted to the

experimental periodontitis (group II:9

18.1 ± 8.1%), and this increase was

more pronounced when experimental

periodontitis was associated with

cyclosporin A therapy (group III:

20.6 ± 3.2%).

The values for eroded surface/bone

surface (Es/Bs), were statistically high-

er in all experimental groups in com-

parison to the control group. The

highest values were found in the rats

subjected to the experimental perio-

dontitis and treated with cyclosporin A

(group III:10 36.5 ± 6.6). The values for

Vb were statistically smaller in all

groups treated with cyclosporin A in

comparison to the control group

(p < 0.05). The smallest values for Vb

were found in the association of

experimental periodontal disease and

treatment with cyclosporin A (group

III: 0.45 ± 0.02). Opposite results were

observed regarding the Vm (p < 0.05).

Discussion

This study was designed to evaluate the

effects of immunosuppression induced

by cyclosporin A on periodontal

breakdown of rats subjected to

ligature-induced periodontal disease.

The experimental model of perio-

dontitis employed in the present study

Table 1. Effect of cyclosporin A and/or experimental periodontitis on serum calcium and

alkaline phosphatase

Groups Calcium (mg/dl) Alkaline phosphatase (U/dl)

I 10.6 ± 0.3 843 ± 76

II 10.1 ± 0.2 836 ± 81

III 9.0 ± 0.2* 780 ± 91

IV 9.3 ± 0.3* 760 ± 76

Data are represented as mean ± SEM when n ¼ 6.

*p < 0.05, statistical significance vs. control rats.

Table 2. Mean and standard deviation (SD) of the alveolar bone loss (mm) measured under

radiographic analysis as the distance between cemento–enamel junction and the alveolar

bone crest

Groups Alveolar bone loss12 mean ± SD (mm)

I 1.05 ± 0.08

II 1.85 ± 0.16*#

III 1.66 ± 0.11*�
IV 1.37 ± 0.08*�

*Significant difference from control.

#Significant difference (p < 0.05) from groups treated with cyclosporin A (groups III and

IV).

�Significant difference (p < 0.05) from groups subjected to the experimental periodontitis

alone (group II) and treated with cyclosporin A alone (group IV).

�Significant difference (p < 0.05) from groups subjected to the experimental periodontitis

(groups II and III).

Table 3.13 Volumetric densities of osteoclast (Vo), bone (Vb) and marrow (Vm), and eroded

surface/bone surface (Es/Bs) of the alveolar bone of the lower first right molar of control rats,

and rats treated with cyclosporin A and/or experimental periodontal disease

Groups Vb (%) Vm (%) Vo (%) Es/Bs (%)

I 0.72 ± 0.02 0.28 ± 0.03 2.6 ± 2.8 13.1 ± 11.9

II 0.56 ± 0.01* 0.44 ± 0.01 18.1 ± 8.1* 30.8 ± 13.7*

III 0.45 ± 0.02*# 0.55 ± 0.02*# 20.6 ± 3.2*# 36.5 ± 6.6*#

IV 0.65 ± 0.01* 0.35 ± 0.01* 15.5 ± 4.3* 25.9 ± 8.3*

All values represent the mean ± SEM.

*Significantly different from control group (p < 0.05).

#Significantly different from treatment groups II and IV (p < 0.05).
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is characterized by a progressive accu-

mulation of plaque and increasing

infiltration of inflammatory cells,

which lead to a degradation of the

periodontal connective tissues and

bone (25, 26). In the present study the

period of treatment was based on pre-

vious observations (26, 30, 31) which

have demonstrated that a severe bone

destruction is evident after 30 days of

ligature placement in rats.

The experimental period for the

treatment with cyclosporin A was

also based on a previous study by

Schlosberg et al. (32) who have

showed that the effect of cyclosporin

A on bone and mineral metabolism is

dependent on the duration of treat-

ment. They observed an increased

bone resorption, represented by a

significant increase in osteoclast-like

cell number, accompanied by a

reduction in the bone volume of 79%,

within 28 days of cyclosporin A

treatment. In agreement with Schlos-

berg et al. (32) and other previous

studies (22, 23, 32–36), this present

investigation showed that 30 days of

cyclosporin A administration, in

doses that have been reported to be

immunosuppressive in the rat (37),

resulted in striking and unique histo-

morphometric and serum changes in

rat bone mineral metabolism at the

end of experimental period. The data

presented in this study indicate that

cyclosporin A at a dose of 10 mg/(kg

body weight day) leads to an increase

in the volumetric densities of osteo-

clasts (Vo) and marrow (Vm) and in

the relation of eroded surface/bone

surface (Es/Bs %). On the other

hand, the volume densities of bone

(Vb) decreased, indicating bone loss.

However, some in vitro studies, in

isolated organ or bone cell cultures,

showed inhibition of the bone resorp-

tion (38–40). According to Movsowitz

(33), these differences of the effects of

cyclosporin A on bone metabolism

between in vitro and in vivo studies

may be due to the fact that the whole

animal is more representative of the

influence of multiple and complex

interactions between cyclosporin A

and the immune system compared with

very selected and often isolated local

factors studied in vitro systems.

It is believed that in the normal

physiological situation, both bone for-

mation and resorption progress in a

balanced, regulated manner with osteo-

clastic bone resorption preceding new

bone formation by osteoblasts (41).

The presence of cyclosporin A,

however, brings about an imbalance in

this dynamic remodeling cycle, with

excess resorption far exceeding forma-

tion, leading to an ultimate loss of

bone (42). The mechanisms by which

cyclosporin A induced such osteopenia

remain unclear, although some hypo-

theses have been presented. Buchinsky

et al. (43), postulated that cyclosporin

A may exert its osteopenic effect via the

T-cell rather than directly on bone.

Cyclosporin A may mediate its osteo-

penic effect by interfering in the cyto-

kine activity on both osteoclasts and

osteoblasts at the bone microenviron-

ment (39, 44) thus influencing bone

remodeling (38). Compatible with

stereological findings of previous

reports (22, 24, 32), an increase in the

volume density of osteoclasts was

shown in the present study in both

groups treated with cyclosporin A.

In a recent report (45), it was

showed that cyclosporin A did not

inhibit COX-2 expression induced by

bacterial challenge in gingival con-

nective tissue cell cultures. In fact,

evidence is now available which sug-

gests that cyclosporin A has been

shown to induce an up-regulation of

the biosynthesis of eicosanoids in

monocytes (12), lymphocytes (13),

smooth muscle cells (14) and human

gingival fibroblasts (15). There is

strong evidence suggesting the

involvement of eicosanoids in the tis-

sue destruction in periodontal disease

(46). It is well documented that pro-

staglandins of the E series are powerful

mediators of osteoclastic bone resorp-

tion and can affect both the active

mature osteoclasts as well as differen-

tiated osteoclast precursors (16). A

previous study by Wondimu et al. (15)

showed that cyclosporin A enhanced

PGE2 formation in human gingival fi-

broblasts without any further increase

in the level of COX-2 mRNA induced

by tumor necrosis factor-alpha.

According to this author, these find-

ings indicate that the potentiation of

PGE2 formation induced by cyclospo-

rin A is not due to an enhanced level or

activity of the cyclooxygenase enzyme

but rather to an increased level and/or

activity of phospholipase A2, the

enzyme responsible for the release of

arachidonic acid from phospholipids in

the cell membrane. Thus, it can be

suggested that cyclosporin A may also

affect the production of the metabolites

of the lipoxygenase pathway, which

can also stimulate osteoclastic bone

resorption11 (47). This is especially rele-

vant in the light of the present data

showing that in rats with ligature, the

administration of cyclosporin A resul-

ted in a more accentuated effect on the

number of osteoclasts and on the per-

centage of eroded surface when com-

pared with rats with ligature that did

not receive cyclosporin A.

Despite the evidence of an increased

number of osteoclasts and increased

resorptive surfaces, the radiographic

analysis showed less alveolar bone loss

in rats with periodontitis treated with

cyclosporin A, as compared with rats

with periodontitis alone. It is well

established that the association be-

tween the immune system and the

pathogenesis of periodontitis is appar-

ent (16, 46). Thus, we can suggest that

the inhibition of the immune system by

cyclosporin A could have minimized

the intensity of the inflammatory

reaction in the initial phase, induced by

the placement of ligature. A possible

reason for this observation is that since

cyclosporin A is known to inhibit

specifically the T cell response (2),

which is predominant in early perio-

dontal lesions in rats (48), it might

have interfered with the onset of perio-

dontitis, decreasing the total amount of

alveolar bone resorption observed at

the end of the experimental period.

The biochemical assessment of bio-

markers of bone turnover correlated

well with the histological findings. Our

present experiment showed a signifi-

cant decrease in serum calcium level,

which, according to Mason (49) and

Ryffel (50), could be a non-specific

effect of cyclosporin A due to an in-

creased excretion by kidney. In con-

trast with our findings, in other rat

experiments, comparable immunosup-

pressive doses of cyclosporin caused a
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severe high turnover osteopenia with-

out changes in ionized calcium, phos-

phate or PTH levels (33, 34). In

accordance with previous studies (44),

a decrease (although not significant) in

serum alkaline phosphatase level, a

marker of osteoblast phenotype (51),

was also observed in the present study

in cyclosporin A-treated groups, sug-

gesting a modest negative effect of

cyclosporin A on bone formation.

Assuming bone formation is coupled

to bone resorption, these biochemical

findings could explain the significant

greater number of osteoclasts and

percentage of eroded bone surface

encountered in rats with experimental

periodontitis associated with cyclosp-

orin A treatment in the present study.

Within the limits of this study, we

suggest that cyclosporin A at immu-

nosuppressive levels can bring about

an imbalance in the alveolar bone

homeostasis in rats. However, in the

presence of inflammatory stimulation,

the inhibition of the immune system

by cyclosporin A may decrease the

initial periodontal breakdown. Other

studies, with shorter and longer peri-

ods of evaluation, are necessary in

order to clarify the role of this meta-

bolic disturbance on the alveolar bone

height.
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Cláudia Gregolin Costa Miranda for

the carefully histological processing

and CAPES for the financial support.

References

1. Faulds D, Goa KL, Benfield P. Cyclosp-

orin. A review of its pharmacodynamic

and pharmacokinetic properties, and

therapeutic use in immunoregulatory dis-

orders. Drugs 1993;45:953–1040.

2. Schreiber SL. Chemistry and biology of

the immunophilins and their immuno-

suppressive ligands. Science 1991;251:283–

287.

3. Horl WH, Riegel W, Wanner C et al.

Endocrine and metabolic abnormalities

following kidney transplantation. Klin

Wochenschr 1989;67:907–918.

4. Lynn M, Abreo K, Zibari G, McDonald J.

End-stage renal disease in liver trans-

plants. Clin Transplant 2001;6:66–69.

5. Koomans HA, Ligtenberg G. Mechanisms

and consequences of arterial hypertension

after renal transplantation. Transplanta-

tion 2001;72:9–12.

6. Marshall RI, Bartold PM. A clinical

review of drug-induced gingival over-

growths. Aust Dent J 1999;44:219–232.

7. Spolidorio LC, Merzel J, Vilialba H,

Vargas PA, Coletta RD, Almeida P.

Morphometric evaluation of gingival

overgrowth and regression caused by

zcyclosporin in rats. J Periodont Res

2001;36:384–389.

8. Canalis E, McCarthy T, Centrella M.

Growth factors and the regulation of bone

remodeling. J Clin Invest 1988;81:277–281.

9. Cvetkovic M, Mann GN, Romero DF

et al. The deleterious effects of long-term

cyclosporine A, cyclosporine G, and

FK506 on bone mineral metabolism in

vivo. Transplantation 1994;57:1231–1237.

10. Bennett WM, Norman DJ. Action and

toxicity of cyclosporine. Annu Rev Med

1986;37:215–224.

11. Esa AH, Paxman DG, Noga SJ, Hess AD.

Sensitivity of monocyte subpopulations to

cyclosporine. Arachidonate metabolism

and in vitro antigen presentation. Trans-

plant Proc 1988;20:80–86.

12. Whisler RL, Lindsey JA, Proctor KV,

Morisaki N, Cornwell DG. Characteris-

tics of cyclosporine induction of increased

prostaglandin levels from human periph-

eral blood monocytes. Transplantation

1984;38:377–388.

13. Schultze G, Stahl P, Nigam S, Sieber G,

Offermann G, Molzahn M. Effect of

cyclosporine on the generation of prosta-

noids by cultured peripheral lymphocytes.

Transplant Proc 1984;16:1214–1217.

14. Lindsey JA, Morisaki N, Stitts JM, Zager

RA, Cornwell DG. Fatty acid metabolism

and cell proliferation. IV. Effect of prost-

anoid biosynthesis from endogenous fatty

acid release with cyclosporin-A. Lipids

1983;18:566–369.

15. Wondimu B, Modeer T. Cyclosporin A

upregulates prostaglandin E2 production

in human gingival fibroblasts challenged

with tumor necrosis factor alpha in vitro.

J Oral Pathol Med 1997;26:11–16.

16. Schwartz Z, Goultschin J, Dean DD,

Boyan BD. Mechanisms of alveolar bone

destruction in periodontitis. Periodontol

2000 1997;14:158–172.

17. Orcel P, Bielakoff J, Modrowski D, Mir-

avet L, de Vernejoul MC. Cyclosporin A

induces in vivo inhibition of resorption

and stimulation of formation in rat bone.

J Bone Miner Res 1989;4:387–391.

18. Dougados M, Awada H, Amor B.

Cyclosporin in rheumatoid arthritis: a

double blind, placebo controlled study in

52 patients. Ann Rheum Dis 1988;47:127–

133.

19. Muchmore JS, Cooper DKYeY, Schlegel

VT, Zuhdi N. Loss of vertebral bone

density in heart transplant patients.

Transplant Proc 1991;23:1184–1185.

20. Rich GM, Mudge GH, Laffel GL, LeBoff

MS. Cyclosporine A and prednisone-

associated osteoporosis in heart transplant

recipients. J Heart Lung Transplant

1992;11:950–958.

21. Negri AL, Plantalech LC, Russo Picasso

MF, Otero A, Sarli M. Post-transplanta-

tion osteoporosis. Medicina (B Aires)

1999;59:777–786.

22. Fu E, Hsieh YD, Nieh S, Wikesjo UM,

Liu D. Effects of cyclosporin A on

alveolar bone: an experimental study in

the rat. J Periodontol 1999;70:189–194.

23. Shen EC, Fu E, Hsieh YD. Effects of

cyclosporin A on dental alveolar bone: a

histomorphometric study in rats. J Perio-

dontol 2001;72:659–665.

24. Fu E, Hsieh YD, Shen EC, Nieh S, Mao

TK, Chiang CY. Cyclosporin-induced

gingival overgrowth at the newly formed

edentulous ridge in rats: a morphological

and histometric evaluation. J Periodontol

2001;72:889–894.

25. Sallay K, Sanavi F, Ring I, Pham P,

Behling UH, Nowotny A. Alveolar bone

destruction in the immunosuppressed rat.

J Periodont Res 1982;17:263–274.

26. Holzhausen M, Rossa Jr. C, Marcantonio

Jr E, Nassar PO, Spolidorio DMP, Spo-

lidorio LC. Effect of selective cyclooxyg-

enase-2 inhibition on the development of

ligature induced periodontitis in rats.

J Periodontol 2002;73:1030–1036.

27. Wassef R, Cohen Z, Langer B. Pharma-

cokinetic profiles of cyclosporin in rats.

Influence of route of administration and

dosage. Transplantation 1985;40:489–493.

28. Delesse MA. Procedé mécanique pour
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