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Background Osteonecrosis (ON) of the femoral head is
a serious complication in patients who have undergone
organ transplantation. Introduction of cyclosporin A has
resulted in lower-dosage steroid treatment and a decrease
in the occurrence of ON. We examined the effect of cyclo-
sporin A on the development of ON in rabbits.

Methods In experiment A, rabbits were given cyclo-
sporin A and 20 mg/kg methylprednisolone acetate. The
control group was given 20 mg/kg methylprednisolone
acetate only. Experiment B was then performed to
mimic the clinical situation in which the use of cyclospo-
rin A and lower steroid doses resulted in a decrease in
occurrence of ON. In Experiment C, the effects of treat-
ment with cyclosporin A only on development of ON
were examined. 4 weeks after injection, bilateral femora
and humeri were examined histopathologically for ON.

Results Cyclosporin A increased the incidence of ON
in rabbits when given in combination with steroid (p =
0.04). No ON lesions were observed in rabbits treated
with cyclosporin A alone.

Interpretation  Our findings suggest that the clini-
cally reported reduction in occurrence of ON following
the use of cyclosporin A is probably attributable to the
lower steroid doses used.

Osteonecrosis (ON) of the femoral head is a seri-
ous complication in patients undergoing organ
transplantation—including kidney, bone marrow
and liver allografts (Landmann et al. 1987, Kubo et
al. 1997, Lieberman et al. 2000, Torii et al. 2001).

MRI analysis has demonstrated an ON incidence of
21% and 19% for kidney and bone marrow trans-
plantation, respectively (Kubo et al. 1997, Torii et
al. 2001).

The precise etiology of posttransplant ON
remains unclear. Steroid treatment following trans-
plantation is generally considered to be a cause of
ON, as steroid dosage has been found to be corre-
lated to the incidence of ON after organ transplan-
tation (Fink et al. 1998, Kubo et al. 1998). Several
different kinds of possible pathogenesis have been
suggested for steroid-induced ON by experimental
studies, including thrombophilic and hypofibrino-
lytic coagulation abnormalities and hyperlipidemia
(Glueck et al. 1994, Jones JP, Jr 1993, Yamamoto
et al. 1997, Miyanishi et al. 2002).

Cyclosporin A (CsA) is a potent immunosup-
pressive drug that is widely used to prevent the
rejection of transplanted organs (Powles et al.
1980). The conversion from high-dose steroid
treatment to combined CsA and low-dose steroid
treatment resulted in a reduction in the incidence
of ON (Landmann et al. 1987). We examined the
effects of CsA on development of ON in rabbits,
alone and together with steroid treatment.

Animals and methods

We used a rabbit model of steroid-induced ON
(Yamamoto et al. 1997). No surgery was performed
in the rabbits. Administration of a single high dose
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(20 mg/kg) of methylprednisolone acetate (Upjohn,
Tokyo, Japan), simulating a dose of human steroid
pulse therapy, reproducibly causes ON lesions in
this model. All experiments were reviewed by the
Common Ethics Committee for Animal Experi-
ments at our university, and were conducted in
accordance with the Guidelines for Animal Experi-
mentation, the Law (no. 105), and notification (no.
6) of the government and the Committee on Ethics
in Japan.

Animals

90 adult (i.e. with the growth plate already closed)
male Japanese white rabbits (Kyudo, Tosu, Japan)
weighing 3.3-3.9 kg were used at the Animal
Center of our university and maintained on a stan-
dard laboratory diet and water. Their ages ranged
from 28 to 32 weeks.

Experimental design

Experiment A. 22 rabbits were given 25 mg/kg/day
of CsA (Novartis, Tokyo, Japan) intramuscularly
for 2 days (Green et al. 1978, Dunn et al. 1979,
Durak et al. 1998), and also a single dose (20 mg/
kg) of methylprednisolone acetate after the second
CsA injection. 43 rabbits were given a single dose
(20 mg/kg) of methylprednisolone acetate only
intramuscularly as a control. Different numbers
of rabbits were used for the experimental and con-
trol groups due to limitation of the amount of CsA
available.

Experiment B. 15 rabbits were given 25 mg/kg/
day of CsA intramuscularly for 2 days, together
with a single dose of 8.8 mg/kg methylpredniso-
lone acetate after the second CsA injection. The
43 rabbits given a single dose (20 mg/kg) of meth-
ylprednisolone acetate only in experiment A were
also used as controls in this experiment.

Experiment C. We examined the effect of treat-
ment with CsA alone on development of ON. 10
rabbits were given CsA (25 mg/kg/day) intramus-
cularly for 2 days (Green et al. 1978, Dunn et al.
1979, Durak et al. 1998).

Tissue preparation

4 weeks after injection of methylprednisolone ace-
tate (experiments A and B) or the first CsA injection
(experiment C), animals were anesthetized with
an intravenous injection of pentobarbital sodium

(25 mg/kg of body weight) (Abbott Laboratories,
Abbott Park, USA) and then killed by exsanguina-
tion via aortectomy. For light microscopic exami-
nation, both femora and humeri (for a total of 4
bone samples per rabbit) were obtained at the time
of death and fixed in a 10% formalin-0.1M phos-
phate buffer (pH 7.4) for 1 week. Bone samples
were decalcified with 25% formic acid for 3 days
and then neutralized with 0.35 M sodium sulfate
for 3 days. Samples were then cut along the coro-
nal plane in the proximal one-third and axial plane
in the distal part (condyle). Lastly, the specimens
were embedded in paraffin, cut into 4-um sections,
and stained with hematoxylin and eosin.

Evaluation of osteonecrosis

Whole areas of the proximal one-third and distal
condyles of both femora and humeri (for a total of
8 regions) were examined histopathologically for
the presence of ON. Diagnosis of ON was made in
blinded fashion by 3 authors (KM, TY, TI), based
on the diffuse presence of empty lacunae or pyk-
notic nuclei of osteocytes in the bone trabeculae,
accompanied by cell necrosis in the surrounding
bone marrow (Yamamoto et al. 1997, Miyanishi et
al. 2002). The 3 examiners independently made a
diagnosis of ON for each sample without know-
ing the group from which the sample had come.
Rabbits that had at least one osteonecrotic lesion
in the 8 areas examined were considered to be rab-
bits with ON. The numbers of rabbits with ON and
number of osteonecrotic regions per rabbit (maxi-
mum 8 regions) were determined.

Hematological examination

Blood samples were obtained from fasted rabbits
prior to the experiment and at 1, 2, 3 and 4 weeks
after injection of methylprednisolone acetate
(experiments A and B) or the first CsA injection
(experiment C). Hematological evaluations of low-
density lipoprotein (LDL) and very low-density
lipoprotein (VLDL) plasma levels were carried
out using the turbidimetric method (Kawai et al.
1978).

Whole blood concentrations of CsA were mea-
sured with a fluorescence polarization immunoas-
say kit (Abbott Laboratories, Abbott Park, USA).
Measurements were taken 1 and 2 weeks after
methylprednisolone acetate injection in experi-
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Figure 1. Histological features of osteonecrosis in rabbits
treated with 20 mg/kg methylprednisolone acetate and
cyclosporin A. The bone trabeculae show empty lacunae.
The surrounding bone marrow tissue consists of necrotic
bone marrow cell debris (Hematoxylin and eosin; magnifi-
cation: x200).

ment A, because we have found that the 1-2 week
period after methylprednisolone acetate injection is
critical for development of ON in this rabbit model
(Yamamoto et al. 1997, Miyanishi et al. 2002).

Statistics

Numbers of ON-positive rabbits were compared
using Fisher’s exact test (experiment A) or chi-
square test (experiment B). Numbers of ON regions
per rabbit and hematological data were compared
using the Mann-Whitney U-test and unpaired Stu-
dent’s t-test, respectively. Statistical analyses were
performed using StatView J-5.0 (SAS Institute
Inc., Cary, NC). P-values = 0.05 were considered
significant.

Results

5 rabbits died during the experiments. 2 of the rab-
bits treated with both methylprednisolone acetate
and CsA and 3 of the rabbits receiving methyl-
prednisolone acetate alone died 2 weeks after
injection of methylprednisolone acetate. These 5
rabbits were excluded from the study. The dead
rabbits with combined CsA and steroid treatment
all belonged to experiment A.

Histopathological features

Macroscopically, osteonecrosis appeared as yel-
lowish-colored areas. Histologically, ON lesions

Table 1. Incidence of ON in experiment A

Group Number of
rabbits with ON2  P-value P

MPSLE + cyclosporin A 20/20 0.04
MPSLE® alone 32/40

20N, osteonecrosis
b P.value vs. MPSL alone
¢ MPSL, methylprednisolone acetate

Table 2. Incidence of ON in experiment B

Group Number of
rabbits with ON2  P-value

Reduced MPSL® +
cyclosporin A 8/15 0.05
MPSL® alone 32/40

20N, osteonecrosis
b P_value vs. MPSL alone
¢ MPSL, methylprednisolone acetate

showed an accumulation of bone marrow cell
debris and bone trabeculae with empty lacunae
(Figure 1). For experiments A and B, these find-
ings were consistent in all osteonecrotic tissues.
All 3 examiners agreed on the diagnosis of ON
in every sample. In experiment C, the histological
findings for bone marrow cells and bone trabeculae
were almost normal in rabbits given cyclosporin A
alone. Quantitative assessment of thrombus and
lipid embolus formation was sometimes difficult
due to variation in size, and was not performed.

Incidence of osteonecrosis

Experiment A. There was an increase in the inci-
dence of ON in rabbits treated with methylprednis-
olone acetate and CsA relative to rabbits receiving
methylprednisolone acetate alone (p = 0.04; Table
1). The number of ON regions per rabbit was 4.4
(SD 1.3) in rabbits receiving methylprednisolone
acetate and CsA whereas it was 2.5 (SD 1.6) in
those receiving methylprednisolone acetate alone
(p <0.001; Figure 2A).

Experiment B. The incidence of ON decreased in
rabbits receiving reduced doses of methylpredniso-
lone acetate together with CsA relative to rabbits
receiving the original high dose of methylpred-
nisolone acetate alone (p = 0.05) (Table 2). How-
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Figure 2. Number of osteonecrotic regions per rabbit. A. Rabbits were given cyclosporin A (CsA) and a single dose of
20 mg/kg methylprednisolone acetate (MPSL). B. Rabbits were given CsA and a reduced dose of MPSL (8.8 mg/kg).
Proximal and distal parts of bilateral femora and humeri (for a total of 8 regions) were examined for the presence of ON 4
weeks after the MPSL injection. Rabbits receiving 20 mg/kg MPSL alone served as a control.
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Figure 3. Sequential changes in serum levels of low-density lipoprotein (A) and very low-density lipoprotein (B) in experi-
ment A. Rabbits receiving cyclosporin A (CsA) were also given a single dose of 20 mg/kg methylprednisolone acetate
(MPSL). Rabbits receiving 20 mg/kg MPSL alone served as a control.

ever, no differences between the two groups were
observed in the number of ON regions per rabbit
(p = 1; Figure 2B).

Experiment C. No ON lesions were observed in
rabbits treated with CsA alone.

Hematological examination

In experiment A, the serum levels of LDL and
VLDL were higher at 2 weeks in rabbits receiv-
ing methylprednisolone acetate and CsA than in
those receiving methylprednisolone acetate alone
(p <0.001; Figure 3). There was no statistical dif-
ference in LDL and VLDL levels between the two

groups at any time points examined, except at 2
weeks. In experiment B, the serum LDL levels
were lower at 2, 3, and 4 weeks in rabbits receiv-
ing a reduced dose of methylprednisolone acetate
and CsA than in those receiving the original dose
of methylprednisolone acetate alone (p < 0.001;
Figure 4A). The rabbits with a reduced dose of
methylprednisolone acetate and CsA also showed
lower serum VLDL levels at 1, 2, and 3 weeks as
compared to control rabbits (p < 0.001; Figure 4B).
In experiment C, LDL and VLDL levels remained
unchanged throughout the experimental period
(Figure 5).
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Figure 4. Sequential changes in serum levels of low-density lipoprotein (A) and very low-density lipoprotein (B) in experi-
ment B. Rabbits given cyclosporin A (CsA) were also given a reduced dose of MPSL (8.8 mg/kg). Rabbits receiving a

single dose of 20 mg/kg MPSL alone served as a control.
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Figure 5. Sequential changes in serum levels of low-density lipoprotein (A) and very low-density lipoprotein (B) in experi-
ment C. Rabbits were treated with cyclosporin A (CsA) alone. Data from rabbits receiving 20 mg/kg MPSL alone are also

shown as a reference.

Blood concentrations of CsA in rabbits given
methylprednisolone acetate and CsA were 225
(SD 15) ng/mL and 167 (SD 13) ng/mL 1 and 2
weeks after methylprednisolone acetate injection,
respectively. These concentrations are all within
the immunosuppressive range, as determined
on the basis of a previous study (Andersen et al.
1994).

Discussion

In this study, the dose of CsA was determined on
the basis of previous studies (Green et al. 1978,
Dunn et al. 1979, Durak et al. 1998). The dosage of
immunosuppressant and duration of treatment used
here produced blood drug levels falling within the
human therapeutic range 1 and 2 weeks after meth-
ylprednisolone acetate injection, which represents
a period that is critical for development of osteone-
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crosis in rabbits (Andersen et al. 1994, Yamamoto
et al. 1997, Miyanishi et al. 2002).

To the best of our knowledge, the effects of
immunosuppressive drugs on the development of
ON in humans have not yet been fully elucidated.
An association between immune complexes and
ON development has been demonstrated in rab-
bits (Nakata et al. 1996). In this respect, immu-
nosuppressants may be protective in ON. On the
other hand, ON has been increasingly recognized
as an important complication in patients infected
with human immunodeficiency virus (Allison et al.
2003), which may suggest a possible stimulatory
effect of immunosuppressants on osteonecrosis. To
address this question, experiment A was performed
under conditions in which the same steroid dose
was given to each group.

CsA therapy has been found to be responsible
for increased incidence of thromboembolic com-
plications such as renal thrombotic microangiopa-
thy (Guillemain et al. 1990) and thrombus forma-
tion in systemic venous vessels (Vanrenterghem et
al. 1985). Hyperlipidemia is another frequent com-
plication of CsA treatment following organ trans-
plantation (Colak et al. 2002). Our observation of
higher serum levels of LDL and VLDL in CsA-
treated rabbits at 2 weeks corroborates this find-
ing. One possible explanation—which could partly
account for the increased incidence of ON in rab-
bits treated with methylprednisolone acetate and
CsA in experiment A—may be that CsA enhances
a steroid-induced procoagulant and hyperlipidemic
plasma state.

It is worth noting that an increase in the inci-
dence of ON was observed only when CsA was
given in the presence of steroids; no ON lesions
resulted from treatment with CsA alone. One study
of the interaction between CsA and steroids has
documented reduced clearance of steroids in CsA-
treated patients (Langhoff et al. 1985).

Experiment B was carried out in order to mimic
the clinical situation in which the use of combined
CsA and low-dose steroid treatment ultimately
results in a reduction in occurrence of ON (Land-
mann et al. 1987). The reduced steroid dose used
here was determined on the basis of a clinical ste-
roid dose reduction rate reported previously (Land-
mann et al. 1987). One important limitation of
experiment B was that the rabbits given 20 mg/kg

methylprednisolone acetate only were not a proper
control in the strict sense of the term, since they
received a much higher dose of methylprednisolone
acetate than the experimental group. However, this
was used as a reference point, relative to which the
effects of combinations of cyclosporin A and low-
dose steroid given here could be evaluated.

In conclusion, we found that cyclosporin A
increased the incidence of ON in rabbits when
given in combination with steroid. The results sug-
gest that the clinically reported decrease in occur-
rence of ON following the introduction of cyclo-
sporin A is most likely attributable to the lower
steroid doses used.
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