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Objective — The objective of this study is to examine the effect of cyclosporine-A
(CsA) on the rate of orthodontic tooth movement in rats.

Setting and Sample Population — This is a randomized controlled trial with a split-
mouth design in Sprague-Dawley rats.

Material and Methods — Eighteen rats, divided at random in two groups, were fed
with 8 mg/kg CsA (experiment) or mineral oil (control) daily after initial healing of
bilateral maxillary second molar removal. All rats received orthodontic coil springs
(10 cN) secured to the maxillary incisors and first molars at the rights side, while
no springs were placed at the left. Distances between first and third molars were
measured on days 0, 3, 6, and 12. After sacrificing on day 12, the alveolar ridges
of the maxillae were sectioned and blood samples were collected for serum
tartrate-resistant acid phosphatase (TRAP)-5b level detection and for histology,
respectively.

Results - Significantly larger changes in intermolar distances were found after
orthodontic force application in the CsA group at days 3 and 12 when compared with
the control group. The inter-radicular dental alveolus of CSA-fed rats was
osteopenic. Significantly increased TRAP-5b serum level was noted in the CsA
group when compared with the control group.

Conclusions — \We suggest that CsA enhanced the rate of orthodontic tooth
movement. The osteopenia and the increased osteoclastic activity could be the
underlying factors.
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Introduction

Cyclosporine A (CsA) has been widely used as an immunosuppressant to
prevent organ transplant rejection and is used to treat a variety of disor-
ders (1). However, after the administration of CsA, varied physiological
and pathological reactions to the drug other than immunosuppression
may be observed (2, 3). Enhanced osseous resorption during CsA therapy



in long bones has been reported in human clinical
observations (4, 5), as well as in animal studies (6, 7). In
the alveolar process, a pattern of osteopenia was
observed in animals that received CsA (8, 9). Studies
also suggest that the use of CsA may influence both
alveolar bone healing in tooth-extraction sockets (10),
as well as around titanium implants (11). In our
previous study, we found that an increased interincisor
diastema appeared after the overgrowth of the papilla
in animals taking CsA. We consequently proposed that
the enhanced alveolar remodeling induced by CsA
might be the undetermined factor for the tooth move-
ment (12). However, direct evidence of the effect of CsA
on orthodontic tooth movement is still lacking. To test
the effect of CsA on tooth movement by an orthodontic
force, the changes of intermolar distances after ortho-
dontic springing, the serum levels of tartrate-resistant
acid phosphatase (TRAP-5b, a marker of osteoclastic
activity), and the histological alterations of dental
alveolar bone were examined in young rats after a
short-time administration of CsA.

Materials and methods

Extraction of maxillary second molars and animal grouping

Eighteen male 4-week-old Sprague-Dawley rats,
weighing 180-210 g, were selected. In order to easily
insert the orthodontic appliances, as well as measure
the intermolar distances, bilateral maxillary second
molars were extracted from all the animals under
general anesthesia induced by an intra-peritoneal
injection of Zoletil (Virbac Laboratories, Carros,
France) as described previously (13). The extractions
also minimized the chance of development of CsA-
induced papillary overgrowth which could cause a
diastema and become a confounder (12). Following the
extractions, animals underwent a 7-day period of ini-
tial wound healing before the commencement of
feeding of CsA or oil. Animals were then randomly
divided into two groups. Animals in CsA group
received a daily dose (8 mg/kg body weight) of CsA by
gastric feeding, while rats in the oil group received the
vehicle (mineral oil) of CsA. Body weights of all rats
were measured daily. Ethical approval for this study
was obtained according to the guidelines for animal
experiments of the National Defense Medical Center,
Taiwan.
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Fig. 1. Orthodontic appliance, with spring, attached to the incisors of
a rat. The distance between the parallel arrows indicates the inter-
dental distance.

Orthodontic appliance

Ten days after the first administration of CsA, the
orthodontic appliance was placed under general anes-
thesia. A transverse hole was drilled through both the
maxillary incisors. The stainless steel ligature wires
(Dentaurum, Pforzheim, Germany) were inserted
through the holes and secured with orthodontic
appliances.

The orthodontic appliance was first inserted on the
maxillary right first molar. A 10 cN mesially directed
force was then applied (Fig. 1). The force level was
verified using a Dynamometer (Correx; Dentarum,
Newtown, PA, USA) measuring gauge. The orthodontic
appliance which consisted of a stretched 10 cN closed
coil spring (GAC, New York, NY, USA) was then ligated
to the stainless steel ligature wires between the maxil-
lary right first molar and two maxillary central incisors
(14). Molars on the left side were used as non-appliance
controls.

In summary, animals were randomly divided into
two groups with different feedings: CsA and oil groups.
Within the two groups, the maxillae were further di-
vided as a split-mouth design for orthodontic treatment
on the right and non-orthodontic treatment on the left.
Hence, in total, there are four experimental categories
of the maxillae: 1) oil; 2) oil + spring; 3) CsA; 4)
CsA + spring.

Intra-oral measurements
Impressions (Vinyl Polysiloxane Imprint-I1I, VPS) of
both right and left sides of the molars were taken at

days 0, 3, 6, and 12. The intermolar distances between
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the most distal points of the first molars and the most
mesial points of the third molars were measured from
the converted plaster casts under a microscope (Fig. 1).

Serum level of osteoclast-derived tartrate-resistant acid
phosphatase (TRAP-5b)

On day 12, 1 ml blood from the tail vein was drawn
from each animal prior to it being sacrificed. To eval-
uate the activity of osteoclasts on bone surfaces, the
serum was separated by 1100 g centrifugation for
15 min at 4°C and then stored at 80°C for titrating the
TRAP. Serum level of TRAP-5b, a marker of osteoclastic
activity, was determined using a solid-phase immuno-
fixed-enzyme activity assay (RatTrap Assay; SBA Sci-
ences, Oulu, Finland; IDS, Cat. SB-TR102). The assay
uses a specific monoclonal antibody prepared with
baculovirus-generated recombinant rat TRAP as the
antigen.

Histological preparation and histometric analysis

On day 12, all animals were sacrificed with carbon
dioxide inhalation and the maxillae were dissected and
fixed in 4% formalin for 4-8 h. Four categories of jaw
specimens were obtained: the negative control (oil), the
CsA, the orthodontic, and the CsA-ortho-combined jaw
specimens. All tissue specimens were decalcified in
0.25 M ethylenediaminetetraacetic acid (EDTA; 10%,
pH 7.2; USB Corporation, Cleveland, OH, USA) for
21 days and embedded in paraffin. Six micrometer
serial sagittal sections were made parallel to the long
axis of the molars. Ten consecutive sections closest to
the midline of the crowns containing the mesial and
distal root, and the inter-radicular alveolar bone were
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selected for histological examination and histometric
analysis (Fig. 2). The dental alveolar bone volume
(V-bone; mm3/mm?), bone marrow volume (V-mar-
row; mm?®/mm?), alveolar bone-specific surface area
(Sv; mm?/mm?®), and alveolar surface-to-volume ratio
(S/V; mm?/mm?®) were measured in the areas at the
coronal and apical inter-radicular bones (Fig. 2). This
measurement was made by superimposing the image
with a calibrated micrometer disc under x200 magni-
fication, as in previous studies (10).

Statistical analysis

The repeated measure analysis of variance was selected
to evaluate the body weight changes for the factors of
CsA treatment (between-subjects factor) and experi-
mental duration (dependent variable). The student
t-test was used to compare the difference in the serum
level of TRAP 5b (U/1) between the control and CsA
groups. To evaluate whether the changes in intermolar
distance (dependent variable) were related to the CsA
feeding (between-subjects factor) and the orthodontic
application (within-subject factor), the repeated mea-
sures analysis of variance was used. The independent
t-test was further used to examine the difference of the
changes in intermolar distance in CsA with and without
appliances, in non-CsA with and without appliances,
with orthodontic appliances under oil and CsA treat-
ments, and without orthodontic appliances under oil
and CsA treatments. The repeated measures analysis of
variance was also used to evaluate the differences of the
histometric measurements (dependent variables) in the
inter-radicular dental alveoli at coronal and apical
zones (the within-subject factor) and among four
categories of jaw specimens according to CsA and

Fig. 2. Histological pictures representing the
maxillary molars and their surrounding
dental alveolus in jaws that received no
treatment (A) and combined (cyclosporine A
plus orthodontic) treatments (B). Histomor-
phometric analysis was performed at the
coronal and apical zones of the inter-radic-
ular bone (the rectangular areas indicate the
zones for histometric measurements; H & E
staining, original magnification x 5).



orthodontic treatments: negative control, orthodontic
treatment, CsA treatment, and combined treatment
(between-subjects factor). p < 0.05 was considered
statistically significant.

Results

Of the 18 animals at the start, 16 (89%) survived with
their appliances intact for the 12-day measurement
(9 for control and 7 for CsA group). Two animals were
lost because of anesthetic complications. The body
weight of the rats increased continuously during the
experiment of 22 days, and there was no significant
difference between the control and CsA rats (Fig. 3).
However, a significantly higher TRAP-5b serum level
was found in CsA group when compared with the
control group (0.92 + 0.04 and 1.99 £ 0.06 U/1, means
and standard errors, for control and CsA groups,
respectively; Fig. 4).

The change of intermolar distance at day 3 was sig-
nificantly increased by the orthodontic force applica-
tion and CsA treatment (p = 0.001 for orthodontic force
application and p = 0.002 for CsA treatment, Fig. 5). On
the side without the appliance, a similar change of
distance was observed in the two animal groups
(—0.028 + 0.025 and 0.029 + 0.029 mm for vehicle and
CsA groups, respectively). On the side with the appli-
ance, however, the change of distance was significantly
larger in animals that received CsA when compared

350 A
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Weight (mg)
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Fig. 3. Body weight of the rats during the 22-day experiment (day
0 = the day of applying the orthodontic force; open circles = weights
of control rats; solid circles = weights of rats feeding with cyclo-
sporine A; means + standard deviations).
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Fig. 4. Serum levels of tartrate-resistant acid phosphatase 5b (U/]) in
the control and cyclosporine A groups (means and standard errors,
*significantly different from the control at p < 0.01).

with the group that received the vehicle (0.321 + 0.062
and 0.067 £ 0.049 mm for CsA and control groups,
respectively, p = 0.007). In both animal groups, the
change in distance significantly increased on the side
that received orthodontic appliances when compared
with those on the side without orthodontic treatment.
Similar results were found at days 6 and 12, but no
significant difference was observed between the side
with orthodontic force application from the CsA and
control/oil groups at day 6 (p = 0.096).

In general, histologically osteopenia in both coronal
and apical zones of the inter-radicular bone was
observed for the jaws that received CsA (Fig. 6C and c)
when compared with the group that had neither CsA
nor orthodontic treatment (negative control, Fig. 6A
and a). An increased remodeling (increase of reverse
lines, for example) was seen in jaws that had ortho-
dontic treatment (Fig. 6B, b, D, and d). As shown by
histomorphometry, the dental alveolar V-bone was
significantly smaller in the group that received only
CsA when compared with the group that had no treat-
ment (negative control) and the group that received
orthodontic force application. However, the bone vol-
ume rebounded with statistical significance in the jaws
that had combined therapies, but was still significantly
less than the negative control and the group that had
orthodontics without CsA (Fig. 6). Similar but opposite
results were observed for the means of marrow volume
and V-marrow. The bone of the specific area (Sv)
showed no difference among the four jaw groups, but
the mean alveolar bone S/V was significantly greater in
the jaws that received CsA only when compared with
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the rest of the three groups. The mean S/V in jaws that
received combined therapies was lower than the group
that had CsA, but higher than that in the jaws without
CsA treatments.

Discussion

In this study, we examined the effect of CsA treatment
on orthodontic tooth movement using a rat model.
After a 12-day orthodontic treatment, the changes in
intermolar distances increased in sites with orthodon-
tic force application, regardless of whether CsA treat-
ment was given or not (Fig. 5). However, the change in
distance was larger in animals that received CsA than in
animals that had the oil/solvent. On the side where no
orthodontic force was applied, similar changes in dis-
tance were observed in the two groups with and with-
out CsA. From a histological perspective, osteopenia
was observed in the coronal and apical zones of the
inter-radicular bone of the jaws that received CsA
(Fig. 6C and c vs. Fig. 6A and a). In addition, a higher
TRAP-5b serum level was recorded in CsA group when
compared with the control group (Fig. 4). Therefore, we
suggest that the rate of orthodontic tooth movement
was enhanced during CsA therapy, and the altered
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osteoclast activity might play a role in this enhanced
movement.

Many studies have shown that CsA induces high
turnover osteoporosis and weight loss in rat tibiae (15—
18). Both bone formation and resorption parameters
are increased, but the resorption far exceeds formation
(15). CsA, however, does not influence linear tibial
bone growth or radiographic density. In the alveolar
process specifically, a distinct pattern of osteoclasia
and osteoid formation has been observed in CsA-
exposed animals over a 6-week interval (19). CsA
treatment is associated with alveolar bone resorption,
which is represented by a decrease in bone volume,
bone surface, and number of osteoblasts per bone
surface. In addition, there is an increase in the number
of osteoclasts per bone surface (20). If the same CsA
treatment is given in the long term, the same phe-
nomenon would be found as well (21).

It has been postulated that those effects of CsA on
bone may be due to T cells rather than a direct effect
on bone (22). On the other hand, it has been discussed
whether CsA, which is a calcineurin inhibitor, has
significant inhibitory effects on the differentiations of
osteoblast and osteoclast through the regulation of
NFAT-calcineurin signaling pathway (23-26). Interest-
ingly, it has been shown that the sole presence of
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Fig. 6. Histological pictures presenting the bony morphology at the coronal (A-D) and apical (a—d) zones of the inter-radicular dental alveoli of
maxillary first molars from four types of jaws according to cyclosporine A (CsA) and orthodontic treatments (no-treatment, orthodontic
treatment, CsA treatment and combined treatments; H & E staining, original magnification x 25). Comparison of the histomorphometric
measurements, including bone volume, marrow volume, bone-specific surface area and surface-to-volume ratio, among the four types of jaws
was illustrated in the bottom (a, b and c: the subgroups by the post-hoc analysis, if p < 0.05).
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T-cells is not enough to cause CsA-induced osteopenia
in vivo (27). This supports the assumptions that other
cells types or mechanisms may exist for CsA to affect
osteoblastogenesis and osteoclastogenesis. These
other possible mechanisms of CsA-induced high
turnover osteopenia include decreased renal function,
reduced 1,25(0OH),D, increased PTH secretion, and
increased production of circulating proinflammatory
cytokines other than direct effects on T cells (28).
However,
osteoblastogenesis and osteoclastogenesis still remain
uncertain, and further detailed research is therefore

the exact mechanisms of CsA-induced

needed.

Certain drugs and systemic factors can also influ-
ence orthodontic tooth movement (29). Anti-inflam-
matory drugs, NSAIDs, and aspirin have been shown to
reduce bone resorption and orthodontic tooth move-
ment in animals (30-32). Similarly, the administration
of bisphosphonates reduced the rate of orthodontic
tooth movement and decreased the number of osteo-
clasts (33, 34). On the other hand, the experimental
tooth movement rate was enhanced in ovariectomy
animals (35). Thyroid hormones, parathyroid hor-
mone, and vitamin D were also shown to enhance the
rate of tooth movement in rats (36-38). Many phar-
macological modulations modify not only the rate of
bone turnover but also the local structure of bone, and
may further influence the rate of orthodontic move-
ment (39-43).

In the present study, histological examination
revealed that osteopenia was observed in the inter-
radicular dental alveolus of CsA-treated rats, regardless
of the orthodontic force application (Fig. 6). Ortho-
dontic therapy in patients treated with CsA was firstly
discussed in 1991. Findings, including the potential for
orthodontic appliances to increase the severity of
induced gingival enlargement, and the potential of
having gingival hyperplasia to complicate orthodontic
therapy, were discussed (44). In ligature-induced
experimental periodontitis, however, significantly less
alveolar bone loss and more alveolar bone formation
were observed in rats treated with CsA than in
those without (45). Recently, biphasic effect of CsA
on osteoblast differentiation and bone formation was
observed (46). The present study further showed that
the CsA-induced osteopenia seems to be reduced when
orthodontic force was applied. Although the exact
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cause is still unknown, an increased expression of
VEGF in the gingiva of rats that received CsA was found
(47). This may indicate that orthodontics is being per-
formed in an altered metabolic state when CsA is
administrated. It may partly explain why there are in-
creased reverse lines with reduced osteopenia in the
jaws that received orthodontics and combined treat-
ments.

Gingival overgrowth is a local side effect in the oral
cavity during CsA treatment. In animal studies, a dose-
dependent effect in the development of gingival over-
growth has been widely noticed. A significant gingival
overgrowth was easily observed when the dosages
were >10 mg/kg (5, 48). In order to mimic the clinical
use for post-transplantation and to avoid high-dose
induced gingival overgrowth as in the previous study
(30 mg/kg), a daily dose of 8 mg/kg body weight of
CsA was chosen in this study (12, 49). In the current
study, the maxillary second molars were also removed
initially to avoid tooth movement induced by the en-
larged papilla as a confounder, if overgrowth were to
happen.

Conclusion

We suggest that CsA enhances the rate of orthodontic
tooth movement. Osteopenia in the alveolar process
and increased osteoclastic activity might be the
underlying factors.

Clinical relevance

Cyclosporine A, an immunosuppressant, causes an
increased systemic osteoclastic activity and a local
osteopenia in the alveolar process. Accelerated tooth
movement was also observed after applying an ortho-
dontic force in an animal model. This might indicate
that accelerated orthodontic movement should be ta-
ken into consideration for subjects taking this drug.

Acknowledgements: This study was partially supported by
the research grants from the Tri-Service General Hospital
(TSGH-97-111), and the Department of National Defence
(MB-97-22 and MB-98-14), Taiwan, Republic of China.



References

1.

10.

11.

12.

Cohen DJ, Loertscher R, Rubin MF,
Tilney NL, Carpenter CB, Strom TB.
Cyclosporine: a new immunosuppressive
agent for organ transplantation. Ann
Intern Med 1984;101:667-82.

. Hassell TM, Hefti AF. Drug-induced gin-

gival overgrowth: old problem, new
problem. Crit Rev Oral Biol Med
1991;2:103-37.

. Komarova SV, Pereverzev A, Shum JW,

Sims SM, Dixon SJ. Convergent signaling
by acidosis and receptor activator of
NF-kappaB ligand (RANKL) on the
calcium/calcineurin/NFAT pathway in
osteoclasts. Proc Natl Acad Sci USA
2005;102:2643-8.

. Epstein S, Shane E, Bilezikian JP. Organ

transplantation and osteoporosis. Curr
Opin Rheumatol 1995;7:255-61.

. Kataoka M, Kido J, Shinohara Y, Nagata

T. Drug-induced gingival overgrowth — a
review. Biol Pharm Bull 2005;28:1817-21.

. Low E, Zoellner H, Kharbanda OP,

Darendeliler MA. Expression of mRNA for
osteoprotegerin and receptor activator of
nuclear factor kappa beta ligand (RANKL)
during root resorption induced by the
application of heavy orthodontic forces
on rat molars. Am J Orthod Dentofacial
Orthop 2005;128:497-503.

. Kebsch M, Wilkinson M, Petocz P,

Darendeliler MA. The effect of fluoride
administration on rat serum osteocalcin
expression during orthodontic move-
ment. Am J Orthod Dentofacial Orthop
2007;131:515-24.

. Spolidorio LC, Herrera BS, Coimbra LS,

Spolidorio DM, Muscara MN, Rossa C Jr
Intermittent therapy with 1,25 vitamin D
and calcitonin prevents cyclosporin-in-
duced alveolar bone loss in rats. Calcif
Tissue Int 2010;87:236-45.

. Nassar PO, Nassar CA, Guimaraes MR,

Aquino SG, Andia DC, Muscara MN et al.
Simvastatin therapy in cyclosporine
A-induced alveolar bone loss in rats.

J Periodontal Res 2009;44:479-88.

Gau CH, Hsieh YD, Shen EC, Lee S,
Chiang CY, Fu E. Healing following tooth
extraction in cyclosporine-fed rats. Int J
Oral Maxillofac Surg 2005;34:782-8.
Sakakura CE, Marcantonio E Jr, Wenzel
A, Scaf G. Influence of cyclosporin A on
quality of bone around integrated dental
implants: a radiographic study in rabbits.
Clin Oral Implants Res 2007;18:34-9.

Fu E, Nieh S, Wikesjo UM, Lin FG, Shen
EC. Gingival overgrowth and dental
alveolar alterations: possible mecha-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chen et al. Effect of cyclosporine-A on orthodontic tooth movement

nisms of cyclosporin-induced tooth
migration. An experimental study in the
rat. J Periodontol 1997;68:1231-6.
Chiang CY, Chen YT, Hung FM, Tu HP,
Fu MM, Fu E. Cyclosporin-A inhibits the
expression of cyclooxygenase-2 in
gingiva. J Periodontal Res 2007;42:443-9.
Ren Y, Maltha JC, Van ‘t Hof MA, Kuij-
pers-Jagtman AM. Age effect on ortho-
dontic tooth movement in rats. J Dent Res
2003;82:38—42.

Movsowitz C, Epstein S, Fallon M, Ismail
F, Thomas S. Cyclosporin-A in vivo pro-
duces severe osteopenia in the rat: effect
of dose and duration of administration.
Endocrinology 1988;123:2571-7.
Movsowitz C, Epstein S, Ismail F, Fallon
M, Thomas S. Cyclosporin A in the
oophorectomized rat: unexpected severe
bone resorption. J Bone Miner Res
1989;4:393-8.

Schlosberg M, Movsowitz C, Epstein S,
Ismail F, Fallon MD, Thomas S. The
effect of cyclosporin A administration
and its withdrawal on bone mineral
metabolism in the rat. Endocrinology
1989;124:2179-84.

Wada C, Kataoka M, Seto H, Hayashi N,
Kido J, Shinohara Y et al. High-turnover
osteoporosis is induced by cyclosporin A
in rats. J Bone Miner Metab 2006;24:199—
205.

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;70:189-94.

Spolidorio LC, Marcantonio E Jr,
Spolidorio DM, Nassar CA, Nassar PO,
Marcantonio RA et al. Alendronate ther-
apy in cyclosporine-induced alveolar
bone loss in rats. J Periodontal Res
2007;42:466-73.

Spolidorio LC, Spolidorio DM, Holzhau-
sen M. Effects of long-term cyclosporin
therapy on the periodontium of rats.

J Periodontal Res 2004;39:257-62.
Buchinsky FJ, Ma Y, Mann GN, Rucinski
B, Bryer HP, Paynton BV et al. Bone
mineral metabolism in T lymphocyte-
deficient and -replete strains of rat.

J Bone Miner Res 1995;10:1556-65.

Yeo H, McDonald JM, Zayzafoon M.
NFATc1: a novel anabolic therapeutic
target for osteoporosis. Ann N Y Acad Sci
2006;1068:564-7.

Yamanaka Y, Abu-Amer W, Foglia D,
Otero J, Clohisy JC, Abu-Amer Y. NFAT2
is an essential mediator of orthopedic
particle-induced osteoclastogenesis.

J Orthop Res 2008;26:1577-84.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Stern PH. The calcineurin-NFAT pathway
and bone: intriguing new findings. Mol
Interv 2006;6:193-6.

Koga T, Matsui Y, Asagiri M, Kodama T,
de Crombrugghe B, Nakashima K et al.
NFAT and Osterix cooperatively regulate
bone formation. Nat Med 2005;11:880-5.
Awumey EM, Moonga BS, Sodam BR,
Koval AP, Adebanjo OA, Kumegawa M
et al. Molecular and functional evidence
for calcineurin-A alpha and beta isoforms
in the osteoclast: novel insights into
cyclosporin A action on bone resorption.
Biochem Biophys Res Commun 1999;
254:248-52.

Spolidorio LC, Nassar PO, Nassar CA,
Spolidorio DM, Muscara MN. Conversion
of immunosuppressive monotherapy
from cyclosporin a to tacrolimus reverses
bone loss in rats. Calcif Tissue Int
2007;81:114-23.

Bartzela T, Turp JC, Motschall E, Maltha
JC. Medication effects on the rate of
orthodontic tooth movement: a system-
atic literature review. Am J Orthod
Dentofacial Orthop 2009;135:16-26.
Yamasaki K, Miura F, Suda T. Prosta-
glandin as a mediator of bone resorption
induced by experimental tooth move-
ment in rats. J Dent Res 1980;59:1635-42.
Chumbley AB, Tuncay OC. The effect of
indomethacin (an aspirin-like drug) on
the rate of orthodontic tooth movement.
Am J Orthod 1986;89:312—4.

Arias OR, Marquez-Orozco MC. Aspirin,
acetaminophen, and ibuprofen: their ef-
fects on orthodontic tooth movement.
Am ] Orthod Dentofacial Orthop
2006;130:364-70.

Adachi H, Igarashi K, Mitani H, Shinoda
H. Effects of topical administration of a
bisphosphonate (risedronate) on ortho-
dontic tooth movements in rats. J Dent
Res 1994;73:1478-86.

Liu L, Igarashi K, Haruyama N, Saeki S,
Shinoda H, Mitani H. Effects of local
administration of clodronate on ortho-
dontic tooth movement and root
resorption in rats. Eur J Orthod
2004;26:469-73.

Yamashiro T, Takano-Yamamoto T.
Influences of ovariectomy on experi-
mental tooth movement in the rat. ] Dent
Res 2001;80:1858-61.

Shirazi M, Dehpour AR, Jafari F. The ef-
fect of thyroid hormone on orthodontic
tooth movement in rats. J Clin Pediatr
Dent 1999;23:259-64.

Soma S, Matsumoto S, Higuchi Y, Tak-
ano-Yamamoto T, Yamashita K, Kurisu K

Orthod Craniofac Res 2011;14:234-242 | 241



Chen et al. Effect of cyclosporine-A on orthodontic tooth movement

38.

39.

40.

41.

et al. Local and chronic application of
PTH accelerates tooth movement in rats.
J Dent Res 2000;79:1717-24.

Kale S, Kocadereli I, Atilla P, Asan E.
Comparison of the effects of 1,25 di-
hydroxycholecalciferol and prostaglandin
E2 on orthodontic tooth movement. Am J
Orthod Dentofacial Orthop 2004;125:607—
14.

Collins MK, Sinclair PM. The local use
of vitamin D to increase the rate of
orthodontic tooth movement. Am J
Orthod Dentofacial Orthop 1988;94:278—
84.

Mohammed AH, Tatakis DN, Dziak R.
Leukotrienes in orthodontic tooth
movement. Am J Orthod Dentofacial
Orthop 1989;95:231-7.
Takano-Yamamoto T, Kawakami M, Ko-
bayashi Y, Yamashiro T, Sakuda M. The
effect of local application of 1,25-di-

242 | Orthod Craniofac Res 2011;14:234-242

42.

43.

44.

45.

hydroxycholecalciferol on osteoclast
numbers in orthodontically treated rats.
J Dent Res 1992;71:53-9.

Yamasaki K, Shibata Y, Fukuhara T. The
effect of prostaglandins on experimental
tooth movement in monkeys (Macaca
fuscata). J Dent Res 1982;61:1444-6.
Yamasaki K, Shibata Y, Imai S, Tani Y,
Shibasaki Y, Fukuhara T. Clinical appli-
cation of prostaglandin E1 (PGE1) upon
orthodontic tooth movement. Am J
Orthod 1984;85:508-18.

Daley TD, Wysocki GP, Mamandras AH.
Orthodontic therapy in the patient trea-
ted with cyclosporine. Am J Orthod
Dentofacial Orthop 1991;100:537-41.
Cetinkaya BO, Acikgoz G, Keles GC, Ayas
B, Korkmaz A. The effect of cyclosporin A
on alveolar bone in rats subjected to
experimental periodontal disease. Toxicol
Pathol 2006;34:716-22.

46.

47.

48.

49.

Yeo H, Beck LH, McDonald JM, Zayza-
foon M. Cyclosporin A elicits dose-
dependent biphasic effects on osteoblast
differentiation and bone formation. Bone
2007;40:1502-16.

Chen YT, Tu HP, Chin YT, Shen EC,
Chiang CY, Gau CH et al. Upregulation of
transforming growth factor-betal and
vascular endothelial growth factor gene
and protein expression in cyclosporin-
induced overgrown edentulous gingiva in
rats. J Periodontol 2005;76:2267-75.

Fu E, Nieh S, Chang HL, Wang SL. Dose-
dependent gingival overgrowth induced
by cyclosporin in rats. J Periodontol
1995;66:594-8.

Rateitschak-Pluss EM, Hefti A, Lortscher
R, Thiel G. Initial observation that
cyclosporin-A induces gingival enlarge-
ment in man. J Clin Periodontol
1983;10:237-46.



Copyright of Orthodontics & Craniofacial Research isthe property of Wiley-Blackwell and its content may not
be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



