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Abstract:

Background: The methods used in treatment of osteoporosis induced by glucocorticosteroids are not effective enough. There is
a need for new drugs which could be useful in counteracting the influence of glucocorticosteroids on osseous tissue.
The aim of the present study was to investigate the effects of thalidomide on the development of osteoporosis induced by glucocorti-
coid (prednisolone) in rats.
Methods: The experiments were carried out on 3-month-old male Wistar rats. The animals were divided into 4 groups: I – control
rats; II – prednisolone (10 mg/kg po); III – prednisolone (10 mg/kg po) + thalidomide (15 mg/kg po); IV – prednisolone (10 mg/kg
po) + thalidomide (60 mg/kg po). The drugs were administered for 3 weeks.
The body mass gain, bone mass in the tibia, femur and L-4 vertebra, histomorphometric parameters of the tibia (width of osteoid, dia-
physis transverse growth, area of the transverse cross-sectional of the bone marrow cavity and the cortical bone) and the femur
(width of trabeculae, width of epiphyseal cartilage, diaphysis transverse growth, area of the transverse cross-sectional of the bone
marrow cavity and the cortical bone) were studied.
Results: Prednisolone induced osteoporotic skeletal changes in mature male rats (decreases in the bone mass, the width of the peri-
osteal and endosteal osteoid, the transverse cross-sectional area of the cortical bone, the width of trabeculae, and the diaphysis trans-
verse growth were observed).
Thalidomide administered at a dose of 15 mg/kg po inhibited the development of changes in macrometric and histomorphometric
parameters induced by prednisolone in the skeletal system of rats.
Conclusion: The results may constitute indirect evidence for possible clinical trials conducted in order to define the possibility to ap-
ply thalidomide in treatment of bone diseases in humans.
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Introduction

Prolonged high-dose glucocorticoid therapy is the
most common cause of secondary osteoporosis, also
called ‘glucocorticoid-induced osteoporosis’. Gluco-
corticoids suppress bone formation, increase bone re-
sorption and cause negative calcium balance and high

risk of fractures [18, 21, 24, 26]. At the same time,
glucocorticoids may cause suppression of gonad ac-
tivity and inhibit the anabolic impact of sex hormones
on the osseous tissue [37].

Similar disorders in the osseous tissue to the ones
observed in patients with post-steroidal osteoporosis
may be induced in rats as a consequence of administer-
ing prednisolone. The method is used in preclinical tri-
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als and in experimental pharmacology in order to as-
sess the influence of drugs on disorders in remodeling
of osseous tissue induced with glucocorticoids [44].

Currently, in treatment of glucocorticoid-induced
osteoporosis calcium and vitamin D supplementation,
antiresorptive drugs (mainly bisphosphonates) and,
recently, anabolic agents (teriparatid) are used [3, 24].
However, new possibilities of pharmacotherapy in
osteoporosis induced by glucocorticoids are being
searched for. The purpose of this work was to exam-
ine the influence of thalidomide on the processes tak-
ing place in osseous tissue in rats in which post-
steroidal osteoporosis was induced as a consequence
of administering prednisolone.

The basis for the suppositions that thalidomide will
influence the osseous system in rats in the experimen-
tal model of osteoporosis induced by prednisolone are
the results obtained earlier, which indicate the posi-
tive impact of the drug in the case of experimental os-
teoporosis induced by bilateral ovariectomy [15] and
in rats with osteomyelitis aseptica [13].

Thalidomide and its analogues (lenalidomide, po-
malidomide) belong to the group of immunomodulatory
drugs (IMiDs) having anti-tumor, anti-inflammatory,
anti-angiogenic properties in multiple myeloma. The
studies within the last years also indicate the positive
effect of IMiDs in osteolitic changes in bones of pa-
tients suffering from multiple myeloma. In the treat-
ment of multiple myeloma IMiDs are used together
with glucocorticoids [36, 43, 45].

Materials and Methods

The experiments were carried out on 3-month-old
male Wistar rats, fed a standard diet ad libitum. Per-
mission for the experiments on animals was granted
by the Local Ethics Commitee, Katowice, Poland.

The animals were divided into 4 groups (n = 7).
I. Control group;
II. Prednisolone 10 mg/kg po daily;
III. Prednisolone 10 mg/kg po daily + thalidomide
15 mg/kg po daily;
IV. Prednisolone 10 mg/kg po daily + thalidomide
60 mg/kg po daily.

Prednisolone and thalidomide were administered to
the rats once a day for 3 weeks. On the first and the
last day of the experiment, the animals were given tet-

racycline hydrochloride (20 mg/kg ip) in order to
mark the calcification front [11].

After 3 weeks of the experiment, the animals were
sacrificed. The right and left femoral and tibial bones
and L-4 vertebra were prepared. In the isolated bones,
the mass and the macrometric parameters were deter-
mined (length, diameter of the diaphysis at the mid-
length and diameter of the epiphysis) with the use of
electronic caliper.

The femoral and tibial bones were used to prepare
histological specimens. The histological specimens
were prepared and measured as described above [10].
From the tibial bone, transverse cross-sections were
made, perpendicularly to the long axis, starting from
the point where fibula grows into it. Three tibial slices
were obtained by cutting. From the femoral bone,
a longitudinal section of the distal epiphysis was
made, in the medial part and plane. The sections were
ground on the tarnished glass. The first preparation
from the tibia was remained unstained. The rest of the
preparations (2nd and 3rd tibial cross-section slices to-
gether with the longitudinal section slice of the femo-
ral distal epiphysis) were stained.

In the histological specimens, the following histo-
morphometric parameters were assessed: the width of
the osteoid of the tibial bone on the side of the perios-

teum and on the side of the marrow cavity (periosteal
and endosteal osteoid), the width of the trabeculae in
the distal femoral epiphysis and metaphysis, and the
width of epiphyseal cartilage in the distal femoral
epiphysis. Histomorphometric measurements of bones
comprised also the assessment of the area of the trans-
verse cross-sectional of the cortical part of the diaphy-
sis and the area of the transverse cross-sectional of the
marrow cavity of the femoral and tibial bone applying
by lanameter (magnification: 50×). In the histomor-
phometric measurement, the tetracycline method was
applied in order to assess the diaphysis transverse
growth of the tibia on the side of the periosteum and
on the side of the marrow cavity (periosteal and endo-
steal bone growth) [11].

The histomorphometrical measurements were car-
ried out with the use of an Optiphot 2 microscope
connected with an RGB camera and a personal com-
puter (software: Lucia G 4.51, Laboratory Imaging),
with final magnifications of 200× and 500×.

The results are presented in tables as the arithmetic
mean values (± SEM). The results obtained in the
prednisolone group (group II) were compared to those
of the control rats (group I) with the use of Student’s
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t-test. One-way ANOVA followed by Dunnett’s post-

hoc test was applied for statistical evaluation of the
differences between results obtained after administra-
tion of thalidomide and prednisolone in rats (groups
III or IV) with those of the correct prednisolone group
(group II).

Results

The results are presented in Tables 1, 2 and 3.
Administration of prednisolone at a dose of

10 mg/kg po daily, for the period of 3 weeks, caused
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Tab. 1. Effects of prednisolone and thalidomide administered with prednisolone on the body mass in rats

Body mass (g) Control Prednisolone Prednisolone + thalidomide

15 mg/kg po 60 mg/kg po

Initial 235.3 ± 5.6 234.4 ± 3.0 236.3 ± 3.1 237.4 ± 3.8

After 3 weeks 265.4 ± 7.3 256.2 ± 5.4 237.8 ± 6.9 224.7 ± 4.7 BB

Increase after 3 weeks 30.05 ± 4.7 22.1 ± 4.4 1.3 ± 3.3 B –12.7 ± 3.7 BBB

Results are presented as the means ± SEM (n = 7). The results obtained in the prednisolone group were compared with those of the control rats
using Student’s t-test. One-way ANOVA followed by Dunnett’s post-hoc test was used for evaluation of statistical significance of the differences
between results obtained after administration of thalidomide and prednisolone in rats with those of the prednisolone group. B – p < 0.05,
BB – p < 0.01, BBB – p < 0.001– statistically significant differences in comparison with the prednisolone group

Tab. 2. Effects of prednisolone and thalidomide administered with prednisolone on bone macrometric parameters in rats

Bone
macrometric
parameters

Control Prednisolone Prednisolone + thalidomide

15 mg/kg po 60 mg/kg po

FEMUR

Mass (mg) 718.5 ± 25.5 638.1 ± 15.7 A 732.5 ± 19.0 BB 672.2 ± 12.4

(g/kg body mass) 2.71 ± 0.06 2.49 ± 0.03 A 3.09 ± 0.06 BBB 3.00 ± 0.11 BB

Lenght (mm) 32.2 ± 0.1 31.9 ± 0.1 32.0 ± 0.1 32.0 ± 0.1

Diameter of the diaphysis (mm) 3.60 ± 0.03 3.40 ± 0.13 3.79 ± 0.05 B 3.44 ± 0.07

Diameter of the epiphysis (mm) 5.17 ± 0.18 5.20 ± 0.19 5.19 ± 0.18 5.08 ± 0.14

TIBIA

Mass (mg) 528.4 ± 13.9 464.7 ± 11.3 AA 540.2 ± 14.3 BB 496.0 ± 15.6

(g/kg body mass) 1.99 ± 0.05 1.82 ± 0.09 2.28 ± 0.05 BB 2.22 ± 0.11 B

Lenght (mm) 36.6 ± 0.2 35.1 ± 0.2 36.5 ± 0.3 36.6 ± 0.2

Diameter of the diaphysis (mm) 3.15 ± 0.02 3.00 ± 0.05 A 3.06 ± 0.07 3.03 ± 0.06

Diameter of the epiphysis (mm) 5.25 ± 0.34 5.32 ± 0.19 5.31 ± 0.15 5.36 ± 0.24

L-4 VERTEBRA

Mass (mg) 236.2 ± 7.0 211.9 ± 17.9 237.5 ± 8.9 222.7 ± 8.7

(g/kg body mass) 0.89 ± 0.04 0.83 ± 0.07 1.00 ± 0.05 0.99 ± 0.05

Results are presented as the means ± SEM (n = 7). The results obtained in the prednisolone group were compared with those of the control rats
using Student’s t-test. One-way ANOVA followed by Dunnett’s post-hoc test was used for evaluation of statistical significance of the differences
between results obtained after administration of thalidomide and prednisolone in rats with those of the prednisolone group. A – p < 0.05,
AA – p < 0.01 – statistically significant differences in comparison with the control rats. B – p 0.05, BB – p < 0.01, BBB – p < 0.001 – statistically
significant differences in comparison with the prednisolone group



in the osseous system features of osteoporosis. In the
femoral bone, in comparison with the control group,
decreases in the area of the transverse cross-section of
the cortical bone by 10.7%, significant increases in
the area of the transverse cross-section of the marrow
cavity by 17.4% and significant increases in the trans-
verse cross-sectional area of the marrow cavity/trans-
verse cross-sectional area of the diaphysis ratio by
23.2%, were observed. The width of epiphyseal carti-
lage of femur was narrowed then in the control group
by 11.4%. The decreases in the width of trabeculae in
the epiphysis and metaphysis of the femur (by 15.4%
and 16.4%, respectively) were observed.

In comparison with the control group, the follow-
ing phenomena were observed in tibial bone of rats
which were administered prednisolone: reduced dia-
physis transverse growth on the periosteum side (sig-
nificant, by 23.5%) and on the endosteum side (by
17.9%), as well as reduced width of the periosteal os-
teoid (significant by 25.7%) and endosteal osteoid (by

15.1%). In rats which were administered predniso-
lone, the following changes in the tibia were found in
comparison with the rats of the control group: de-
creases in transverse cross-sectional area of the corti-
cal bone by 6.5%, increases in the transverse cross-
sectional area of the marrow cavity by 7.1% and sig-
nificant increases in the transverse cross-sectional
area of the marrow cavity/transverse cross-sectional
area of the diaphysis ratio by 10.9%.

Administration of prednisolone caused an insignifi-
cant reduction of the body mass (by 3.4%) yet had no
impact on the mass of adrenal glands. Also decreases in
the mass of the femur (significant, by 11.2%), tibia (sig-
nificant, by 12.1%) and L-4 vertebra (by 10.2%) were
observed. The diameter of the diaphysis decreases in
femoral bone (by 5.4%) and tibial bone (significant, by
4.7%) in comparison with the control group.

Combined administration of thalidomide at a dose
of 15 mg/kg po and prednisolone in rats resulted in re-
duction of the destructive effect of prednisolone on
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Tab. 3. Effects of prednisolone and thalidomide administered with prednisolone on bone histomorphometric parameters in rats

Bone
histomorphometric
parameters

Control Prednisolone Prednisolone + thalidomide

15 mg/kg po 60 mg/kg po

FEMUR

Width of trabeculae (µm) Epiphysis 66.3 ± 4.5 56.1 ± 5.4 74.8 ± 1.9 B 55.9 ± 5.1

Metaphysis 47.8 ± 3.2 39.9 ± 3.5 51.58 ± 3.4 B 44.7 ± 2.5

Width of epiphyseal cartilage (µm) 55.0 ± 7.4 48.8 ± 2.6 48.9 ± 5.9 48.2 ± 4.2

Transverse cross-sectional
area (mm2)

Cortical bone 3.64 ± 0.12 3.26 ± 0.21 3.48 ± 0.12 3.36 ± 0.05

Marrow cavity 1.08 ± 0.05 1.27 ± 0.04 A 1.09 ± 0.10 1.18 ± 0.06

Diaphysis 4.73 ± 0.08 4.53 ± 0.22 4.57 ± 0.18 4.54 ± 0.06

Ratio# 0.23 ± 0.01 0.28 ± 0.01 A 0.24 ± 0.02 0.26 ± 0.01

TIBIA

Diaphysis transverse growth
(µm)

Periosteal 51.6 ± 2.3 39.5 ± 4.5 A 44.8 ± 3.9 40.3 ± 3.6

Endosteal 25.8 ± 2.9 21.2 ± 3.7 26.2 ± 4.9 20.6 ± 2.8

Width of osteoid (µm) Periosteal 17.4 ± 0.4 12.9 ± 1.6 A 12.6 ± 1.7 13.3 ± 1.3

Endosteal 8.7 ± 0.5 7.4 ± 1.1 7.2 ± 0.5 7.4 ± 1.5

Transverse cross-sectional
area (mm2)

Cortical bone 3.13 ± 0.07 2.92 ± 0.09 3.09 ± 0.08 3.05 ± 0.02

Marrow cavity 0.96 ± 0.03 1.03 ± 0.04 0.98 ± 0.07 1.05 ± 0.06

Diaphysis 4.09 ± 0.07 3.96 ± 0.11 4.07 ± 0.07 4.10 ± 0.06

Ratio# 0.25 ± 0.01 0.26 ± 0.01 A 0.24 ± 0.02 0.26 ± 0.01

#– The transverse cross-sectional area of the marrow cavity/transverse cross-sectional area of the diaphysis ratio. Results are presented as the
means ± SEM (n = 7). The results obtained in the prednisolone group were compared with those of the control rats using Student’s t-test. One-
way ANOVA followed by Dunnett’s post-hoc test was used for evaluation of statistical significance of the differences between results obtained
after administration of thalidomide and prednisolone in rats with those of the prednisolone group. A – p < 0.05 – statistically significant differ-
ences in comparison with the control rats. B – p < 0.05 – statistically significant differences in comparison with the prednisolone group



bones. The mass of the femur, tibia and L-4 vertebra
were increased by 14.8% (significant), 16.3% (signifi-
cant) and 12.1%, in the rats receiving thalidomide and
prednisolone, compared to the prednisolone group.
Also the diameter of the femoral diaphysis was sig-
nificantly greater by 11.3%, than that of prednisolone
group. Thalidomide significantly increased the width
of trabeculae in the epiphysis and metaphysis of the
femur (by 33.6% and 29%, respectively), in compari-
son with the prednisolone group. In the femoral bone
the following phenomena were observed: increases in
the area of the transverse cross-sectional of the corti-
cal bone by 6.8%, decreases in the area of the trans-
verse cross-sectional of the marrow cavity by 14.3%
and decreases in the transverse cross-sectional area of
the marrow cavity/transverse cross-sectional area of
the diaphysis ratio by 16.2%. In comparison with the
group of rats receiving prednisolone only, the follow-
ing results were observed in tibial bone of rats which
were administered both thalidomide and predniso-
lone: an increase in the diaphysis transverse growth
on the periosteum side and on the endosteum side (by
13.5% and 23.9%, respectively), as well as an in-
crease in the area of the transverse cross-sectional of
the cortical bone by 5.9%, decreases in the area of the
transverse cross-sectional of the marrow cavity by
4.9% and decreases in the transverse cross-sectional
area of the marrow cavity/transverse cross-sectional
area of the diaphysis ratio by 7.9%.

Administration of thalidomide at a dose of 60 mg/
kg po daily with simultaneous administration of
prednisolone caused increases in the mass of femur by
5.3%, the mass of tibia by 6.8% and the mass of L-4
vertebra by 5.1%, in comparison with the group of the
animals in which experimental osteoporosis was in-
duced by prednisolone. The width of trabeculae in the
metaphysis in rats receiving both thalidomide at
a dose of 60 mg/kg po and prednisolone increased by
11.9% in comparison with the prednisolone group. Tha-
lidomide in the femoral bone increased the area of the
transverse cross-sectional of the cortical bone by 3.2%,
decreased in the area of the transverse cross-sectional of
the marrow cavity by 6.6% and decreased in the trans-
verse cross-sectional area of the marrow cavity/trans-
verse cross-sectional area of the diaphysis ratio by 7.8%
when compared to the prednisolone group.

Administration of thalidomide at a dose of 60 mg/kg po

did not affect the histomorphometric parameters of tibia.
In rats with glucocorticoid-induced osteoporosis

that were administered thalidomide at a dose of

15 mg/kg po the body mass gain was lower than in the
prednisolone group. No increase in body mass was
observed in rats given thalidomide at a dose of
60 mg/kg po. In fact, the case was the opposite and
they lost weight.

Discussion

The adverse influence of glucocorticoids on the osse-
ous tissue concerns both a decrease in bone mineral
density and an increase in the number of fractures of
osteoporotic character. It was demonstrated that a de-
crease in bone volume, thinning and a decrease in the
number of trabeculae and intensification of bone re-
sorption takes place during application of glucocorti-
coids [2, 7, 34, 38, 40, 42].

The mechanism of development of post-steroidal
osteoporosis is complex. Its direct influence consists
in intensification of bone resorption as a result of os-
teoclastogenesis stimulation [41] and inhibition of
bone formation. Glucocorticoids intensify apoptosis
of osteoblasts and osteocytes [3, 5], and when given
in over-physiological doses inhibit directly recruit-
ment, maturation and activity of osteoblasts [3, 37]. In
osteoporosis induced by glucocorticoids, inhibition of
the synthesis and the activity of insulin-like growth
factor 1, a major stimulator of osteogenesis, by osteo-
blasts is observed [8].

Glucocorticoids enhance expression of dickkopf-1
protein, a soluble inhibitor of the Wnt signaling path-
way, a key signal of osteoblast differentiation [29].
Glucocorticoids enhance the expression of receptor
for activation of NF-kB (RANK – essential receptor
for osteoclast differentiation) and inhibit the expres-
sion of osteoprotegerin (inhibitor of osteoclastogene-
sis) [41].

Glucocorticoids disturb homeostasis of calcium in
organism by decreasing its absorption in intestines.
During steroid therapy, direct stimulation of parathor-
mone secretion takes place [37]. There is also a hy-
pothesis indicating that a long-term increase in con-
centration of glucocorticoids inhibits hypophyseal-
adrenal axis, which causes disturbances in secretion
of sex hormones. By that indirect way, glucocorti-
coids impair the processes of bone remodeling as a re-
sult of inhibition of recruitment, maturation and activ-
ity of osteoblasts [37].
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Glucocorticoids intensify the synthesis of somato-
statin, which influences blocking of growth hormone
secretion in pituitary gland and inhibition of its ana-
bolic effect on the osseous tissue [28].

Similar changes in the osseous system with the
characteristics of osteoporosis that occur in patients
treated with glucocorticoids may be induced in the ex-
perimental model in animals. In this study, post-
steroidal osteoporosis was induced in rats as a result
of administration of prednisolone orally at a dose of
10 mg/kg of body mass once a day for 3 weeks. The
basis for selection of the dose of prednisolone con-
sisted in literature data from the previous tests on ani-
mals [14, 27, 44] and the doses used clinically in hu-
mans. In therapy, it is recommended to administer
a dose of prednisolone amounting to 30–60 mg/day
initially. The drug maintenance dose amounts to
10–15 mg/day. The dose of prednisolone amounting
to 10 mg/kg po used in this study corresponds to
a daily dose administered in humans orally – 70 mg.
Considering the fact that systemic metabolism, in-
cluding also biotransformation of drugs, is intensified
in rats when compared to human body, a ten-time
conversion rate was adopted in pharmacological tests
conducted on those animals. Osseous tissue of rats is
characterized by high rate of metabolic turnover.
Therefore, a period of 3 weeks is enough to observe
the effect of prednisolone on bone remodeling pro-
cesses in rats [14, 44].

In this study, changes in the body mass and
changes in macrometric and histomorphometric pa-
rameters of bones occurred in rats in which osteopo-
rosis was induced by administration of prednisolone.

In rats with osteoporosis induced by prednisolone,
the increase in body mass after 3 weeks of drug appli-
cation was lower than in rats in the control group.
Similar results of a decrease in body mass in rats
given prednisolone was also obtained by other re-
searchers [31, 33]. Also in patients, application of
glucocorticoids may be related to a decrease of lean
body mass [26].

Regardless of a decrease in body mass in rats with
prednisolone-induced osteoporosis, no changes in the
mass of adrenal glands and changes of the ratio of the
mass of adrenal glands to the body mass of those ani-
mals were observed, which implies the lack of inhibi-
tion of the hypophyseal-adrenal axis due to admini-
stration of prednisolone and correct execution of the
experiment. Atrophy of adrenal cortex may occur at

improper glucocorticoids dosage scheme as a result of
inhibition of the hypophyseal-adrenal axis.

In rats with prednisolone-induced osteoporosis, the
mass of femoral bone, the mass of tibial bone and the
mass of L-4 vertebra was lower than in rats from the
control group. Since in animals with osteoporosis
lower increase in the body mass was observed, also
the ratio of mass of those bones to the body mass of
the studied animals was calculated. The ratio of the
femur mass, as well as of the tibia mass and L-4 verte-
bra mass to the body mass was lower than in the rats
from the control group. The decreased ratio demon-
strates that the observed decrease in mass of the ex-
amined bones with osteoporosis does not result from
a decrease in body mass of rats.

No changes in length of the femoral bone and the
tibial bone or the diameter of epiphysis of these bones
were observed in rats with glucocorticoid-induced os-
teoporosis. However, the diameter of the diaphysis of
femur and tibia was smaller than in the case of results
of animals from the control group.

Both femoral bone and tibial bone belong to long
bones. The diaphysis of long bones is made of com-
pact bone tissue. The epiphysis and metaphysis of
these bones are built mainly of trabecular bone tissue.
Compact bone tissue and trabecular bone tissue differ
by location in the skeletal system, their internal mi-
croarchitecture and the physiological function they
perform. In this study, such differences between the
types of osseous tissue were the basis to make assess-
ment of the bone remodeling processes based on his-
tomorphometric parametres of compact bone tissue
(marking increment in diaphysis transverse growth of
femur and tibia, the transverse cross-sectional area of
cortical part of femur and tibia, the transverse cross-
sectional area of marrow cavity of femur and tibia and
the ratio transverse cross-sectional area of the marrow
cavity/transverse cross-sectional area of the diaphysis
of these bones), as well as in trabecular bone tissue
(marking of width of trabeculae of femur metaphysis
and epiphysis, and the width of epiphyseal cartilage in
femur). The examined histomorphometric parameters
of bones, including macrometric parameters, allow
for assessing bone remodeling which consists of both
bone formation and bone resorption.

In rats with glucocorticoid-induced osteoporosis,
a decrease in diaphysis transverse growth of tibial
bone (both periosteal and endosteal) in comparison
with the animals from the control group was found in
this study. A decrease in the diaphysis transverse
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growth indicates weakening of bone-formation pro-
cesses in rats with osteoporosis. In rats given predni-
solone, also a decrease in the width of osteoid in tibia
was found.

In this study, a decrease in the transverse cross-
sectional area of cortical part and the transverse
cross-sectional area of marrow cavity of femoral bone
and tibial bone was found in animals with glucocorti-
coid-induced osteoporosis. The above mentioned ob-
servations may prove both inhibition of bone forma-
tion and intensification of resorption processes in
those rats. An increase in the transverse cross-sectional
area of the marrow cavity/transverse cross-sectional
area of the diaphysis ratio of femur or tibia indicates
stimulation of resorption of osteoporotically changed
osseous tissue.

A decrease in the width of metaphysis and epiphy-
sis trabeculae was found in femoral bone of rats with
osteoporosis. The results confirm inhibition of bone
formation and stimulation of resorption of osseous tis-
sue in rats with prednisolone-induced osteoporosis.

A decrease in the width of epiphyseal cartilage of
femur occurred in rats with osteoporosis when com-
pared to the animals from the control group but it was
not reflected in a decrease in length of that bone.

Summing up, prednisolone given at a dose of
10 mg/kg po to rats for 3 weeks had destructive effect
on osseous tissue. Prednisolone caused osteoporosis
by inhibition of bone formation and intensification re-
sorption of osseous tissue. Literature data confirm the
osteoporotic activity of prednisolone in experimental
animal observed in this study [19, 31, 32, 33, 44].
Noa et al. [27] ascertained a decrease in volume,
thickness and the number of trabeculae in rats that
were administered prednisolone at a dose of 6 mg/kg
po for 80 days. At the same time, the authors observed
inhibition of formation of osteoblasts, intensification
of their apoptosis and an increase in the number of os-
teoclasts under the influence of administered predni-
solone. The research conducted by Pennisi et al. [35]
in rats given prednisolone at a dose of 5 mg/kg im

5 days a week for 4 weeks indicated a decrease in
growth and a decrease in mineral density of the verte-
bra, hip and femur.

The experimental model of prednisolone-induced
osteoporosis in rats served in the later stage of studies
the purpose of assessment of the effect of thalidomide
on macrometric and histomorphometric parametres of
osteoporotically changed bone. Thalidomide was
given to rats once a day orally in two doses, namely

15 and 60 mg/kg of body mass. Acute toxicity of tha-
lidomide in rats after oral administering amounts to
more than 8 g/kg of body mass [20]. The doses were
selected for tests on rats on the basis of therapeutic
doses used in humans [22, 46] and in accordance with
the literature data deriving from experiments con-
ducted on rats [13, 15]. Thalidomide is administered
to humans orally, the most frequent dose is from
100 mg to 400 mg a day. That corresponds to a dose
from 1.5 mg/kg to 6.0 mg/kg body mass of an adult
man. Metabolism of rats is intensified when com-
pared with human body and, therefore, the ten-time
conversion rate was considered in dosage of thalido-
mide. In order to assess the influence of thalidomide
on bone remodeling processes in rats with glucocorti-
coid-induced osteoporosis, the drug was administered
to the animals together with prednisolone for 3 weeks.

In this study, administration of thalidomide at
a doses of 15 mg or 60 mg/kg po for 3 weeks in rats
with glucocorticoid-induced osteoporosis influenced
the body mass and macrometric and histomorphomet-
ric parameters of bones of these animals.

After administration of thalidomide at a dose of
15 mg/kg po for 3 weeks, the increase in body mass
gain in rats was lower than in animals with post-
steroidal osteoporosis. In rats given thalidomide at
doses of 60 mg/kg po no increase in body mass was
observed. In fact, the case was the opposite and they
lost mass. In patients suffering from chronic diseases,
e.g., cancer or infected with HIV, cachexia occurs as
a consequence of an increase in the level of pro-
inflammatory cytokines TNF-a i IL-1 [12]. By inhibi-
tion of activity of TNF-a and IL-1, thalidomide pre-
vents cachexia and wasting in patients with AIDS, can-
cer or tuberculosis [16, 30]. Similarly, the drug intensi-
fies the body mass gain in ovariectomized rats [15] and
rats with osteomyelitis aseptica [13]. The different ef-
fect of thalidomide on body mass of rats with glucocor-
ticoid-induced osteoporosis observed in this study may
result from interaction between thalidomide and
prednisolone. In this phase of research, it is not possi-
ble to explain the mechanism of such interaction.

Thalidomide administration at doses of 15 and
60 mg/kg po in rats with osteoporosis prevented the
decrease in the mass of femur, tibia and the L-4 verte-
bra which was found in animals with glucocorticoid-
induced osteoporosis. Moreover, in animals received
thalidomide at a dose of 15 mg/kg po an increase in
the diameter of the diaphysis femur and tibia oc-
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curred, while these bones got smaller in rats with
prednisolone-induced osteoporosis.

With regard to histomorphometric measurements,
an increase in the diaphysis transverse growth of tibia
was found in rats with osteoporosis that were admin-
istered thalidomide at a dose of 15 mg/kg po in com-
parison with the rats given prednisolone only. The re-
sults may indicate that application of thalidomide at
a dose of 15 mg/kg po prevented disorders of bone

formation characteristic for osteoporotically changed
bones. However, the lack of effect of thalidomide on
reduction of width osteoid caused by administering
prednisolone does not confirm a positive influence of
the studied drug on disorders of bone formation. Tha-
lidomide administered at a dose of 15 mg/kg po in rats
with glucocorticoid-induced osteoporosis caused an
increase in the transverse cross-sectional area of the
cortical part of femur and tibia, a decrease in the
transverse cross-sectional area of marrow cavity of
these bones, a decrease in the transverse cross-sectional
area of the marrow cavity/transverse cross-sectional
area of the diaphysis ratio of bone and an increase in
the width of trabeculae in the epiphysis and metaphy-
sis of femur in comparison with the animals with
prednisolone-induced osteoporosis (Figs. 1 and 2).
The results prove that thalidomide given to rats at the
dose of 15 mg/kg po prevented intensification of re-
sorption processes in bones with osteoporosis.

Summing up, it can be stated on the basis of mac-
rometric and histomorphometric measurements that
administering thalidomide at a dose of 15 mg/kg po

prevented osteoporotic changes induced by predniso-
lone in bones of rats mainly by inhibition of osseous
tissue resporption processes.

A weaker anti-osteoporotic effect of thalidomide
was noted at rats given a 60 mg/kg po dose of the
drug. Thalidomide given to rats at this dose caused
a slight increase in the transverse cross-sectional area
of the cortical part of femur, a decrease in the trans-
verse cross-sectional area of marrow cavity of this
bone, a decrease in the transverse cross-sectional area
of the marrow cavity/transverse cross-sectional area
of the diaphysis ratio of bone and an increase in the
width of trabeculae in the epiphysis and metaphysis of
femoral bone in comparison with the animals given
prednisolone only.

The fact that the positive influence of thalidomide
on osteoporotic processes induced with prednisolone
in rats at a dose of 15 mg/kg po and not in a larger
dose, namely 60 mg/kg po may be a bit surprising.
Similarly, in examinations of ovariectomized rats, the
anti-osteoporotic activity of thalidomide was con-
firmed after application of a dose of 15 mg/kg po

[15]. Clinical observations also indicate that low
doses of the drug amounting to 50–100 mg/day are
equally effective in treatment of some diseases and
their effectiveness is even higher than in the case of
higher doses [6, 17].
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Fig. 1. Trabeculae of the rat femur epiphysis after administration of
prednisolone 10 mg/kg po (group II). Optical microscope image
(original magnification of 200×) of a longitudinal cross-section prepa-
ration of the distal femoral epiphysis trabeculae (longitudinal sec-
tion). Arrows show the method measurement of the epiphyseal trabe-
culae

Fig. 2. Trabeculae of the rat femur epiphysis after administration of
prednisolone 10 mg/kg po + thalidomide 15 mg/kg po (group III). Op-
tical microscope image (original magnification of 200×) of a longitudi-
nal cross-section preparation of the distal femoral epiphysis trabecu-
lae (longitudinal section). Arrows show the method measurement of
the epiphyseal trabeculae



In that phase of studies on the effect of thalidomide
on osseous system, it is difficult to define the mecha-
nism of positive impact of that drug on prednisolone-
induced osteoporosis. It has been indicated on the ba-
sis of some experiments conducted earlier that tha-
lidomide prevents disturbances of bone remodeling in
ovariectomized rats [15] and rats with osteomyelitis

aseptica [13]. In the recent years, clinical trials also
have indicated the positive impact of thalidomide and
lenalidomide in osteolitic changes of bones in patients
suffering from multiple myeloma [43, 45]. In in vitro

tests, inhibition of osteoclastogenesis by thalidomide
and other drugs of the IMiDs group [1, 4] was found,
which may explain the anti-resporptive effect of the
drug on osseous tissue. Inhibition of bone resorption
was associated with a reduction in the osteoclast ex-
pression of cathepsin K – a protease involved in the
bone matrix degradation, and aVb3-integrin, a marker
of osteoclast differentiation [1, 39]. Thalidomide ana-
logs downregulate production of osteoclastogenic me-
diators from bone marrow stem cells, including IL-6,
TNF-a, macrophage inflammatory protein 1-a and
receptor activator for nuclear factor kB ligand [4, 23,
36]. Thalidomide analogs do not affect the osteoblast
differentiation and function directly [9, 25, 36, 43].
However, it has been stated that IMiDs inhibit the
Wnt/b-catenin signalling pathway, which is associated
with osteoblastogenesis, by activation of dickkopf-1
protein, a negative regulator of Wnt signalling [36].

Summing up, the results obtained in this study may
contribute to definition of the effect of thalidomide on
osseous tissue and on the development of experimen-
tal osteoporosis. On the other hand, the obtained re-
sults indicate that the introduction of thalidomide to
neoplastic diseases therapy, may decrease the unfa-
vorable glucocorticoid effect on the osseous tissue.

Consequently, the results may constitute indirect
evidence for possible clinical trials conducted in order
to define the possibility to apply thalidomide in treat-
ment of bone diseases in humans.

Acknowledgment:

This study was supported by grant No. KNW-1-012/10 from

Medical University of Silesia.

References:

1. Anderson G, Gries M, Kurihara N, Honjo T, Anderson J,
Donnenberg V, Donnenberg A et al.: Thalidomide de-

rivative CC-4047 inhibits osteoclast formation by
down-regulation of PU.1. Blood, 2006, 107, 3098–3105.

2. Angeli A, Osella G, Reimondo G, Terzolo M: Gluco-
corticoid-induced osteoporosis: recent findings: Ann Ital
Med Int, 2000, 15, 47–55.

3. Benvenuti S, Brandi ML: Corticosteroid-induced osteo-
porosis: Pathogenesis and prevention. Clin Exp Rheuma-
tol, 2000,18, 64–66.

4. Breitkreutz I, Raab MS, Vallet S, Hideshima T, Raje N,
Mitsiades C, Chauhan D et al.: Lenalidomide inhibits osteo-
clastogenesis, survival factors and bone-remodeling mark-
ers in multiple myeloma. Leukemia, 2008, 22, 1925–1932.

5. Canalis E, Delany AM: Mechanisms of glucocorticoid
action in bone. Ann NY Acad Sci, 2002, 966, 73–81.

6. Ching DW, McClintock A, Beswick F: Successful treat-
ment with low-dose thalidomide in a patient with both
Behcet’s Disease and Complex Regional Pain Syndrome
Type I: Case Report. J Clin Rheumatol, 2003, 9, 96–98.

7. Dalle Carbonare L, Arlot ME, Chavassieux PM, Roux
JP, Portero NR, Meunier PJ: Comparison of trabecular
bone microarchitecture and remodeling in glucocorti-
coid-induced and postmenopausal osteoporosis. J Bone
Miner Res, 2001, 16, 97–103.

8. Delany AM, Durant D, Canalis E: Glucocorticoid sup-
pression of IGF I transcription in osteoblasts. Mol Endo-
crinol, 2001, 15, 1781–1789.

9. de Matteo M, Brunetti AE, Maiorano E, Cafforio P,
Dammacco F, Silvestris F: Constitutive down-regulation
of Osterix in osteoblasts from myeloma patients: In vitro
effects of bortezomib and lenalidomide. Leuk Res, 2010,
34, 243–249.

10. Folwarczna J, Œliwiñski L, Cegie³a U, Pytlik M,
Kaczmarczyk-Sedlak I, Nowiñska B, Janiec W, Trzeciak
HI: Raloxifene similarly affects the skeletal system of
male and ovariectomized female rats. Pharmacol Rep,
2007, 59, 349–358.

11. Frost HM: Tetracycline-based histological analysis of
bone remodeling. Calcif Tissue Res, 1969, 3, 211–237.

12. Haslett PA: Anticytokine approaches to the treatment of
anorexia and cachexia. Semin Oncol, 1998, 25, 53–57.

13. Kaczmarczyk-Sedlak I: Modification of bone remodeling
by thalidomide in rats (Polish). Habilitation Thesis,
Medical University of Silesia, 2008.

14. Kaczmarczyk-Sedlak I, Cegie³a U, Nowiñska B,
Folwarczna J: Effects of catecholamines on the intrame-
dullary pressure in the femur in rats with prednisolone-
induced osteoporosis. Pharmacol Rep, 2006, 58, 540–550.

15. Kaczmarczyk-Sedlak I, Folwarczna J, Trzeciak HI: Tha-
lidomide affects the skeletal system of ovariectomized
rats. Pharmacol Rep, 2009, 61, 529–538.

16. Kaplan G, Thomas S, Fierer DS, Mulligan K, Haslett PA,
Fessel WJ, Smith LG et al.: Thalidomide for the treat-
ment of AIDS-associated wasting. AIDS Res Hum
Retroviruses, 2000, 16, 1345–1355.

17. Lan CC, Lin CL, Wu CS, Chai CY, Chen WT, Chen GS:
Treatment of idiopathic prurigo nodularis in Taiwanese
patients with low-dose thalidomide. J Dermatol, 2007,
34, 237–242.

18. Lane NE, Lukert B: The science and therapy of
glucocorticoid-induced bone loss. Endocrinol Metab
Clin North Am, 1998, 27, 465–483.

394 Pharmacological Reports, 2012, 64, 386�395



19. Lindgren JU, DeLuca HF, Mazess RB: Effects of
1,25(OH)2D3 on bone tissue in the rabbit: studies on
fracture healing, disuse, osteoporosis, and prednisone os-
teoporosis. Calcif Tissue Int, 1984, 36, 591–595.

20. Locker D, Superstine E, Sulman FG: The mechanism of
the push and pull principle. 8. Endocrine effects of tha-
lidomide and its analogues. Arch Int Pharmacodyn,
1971, 194, 39–55.

21. Manolagas SC, Weinstein RS: New developments in the
pathogenesis and treatment of steroid-induced osteoporo-
sis. J Bone Miner Res, 1999, 14, 1061–1066.

22. Melchert M, List A: The thalidomide saga. Int J Bio-
chem Cell Biol, 2007, 39, 1489–1499.

23. Mitsiades N, Mitsiades CS, Poulaki V, Chauhan D,
Richardson PG, Hideshima T, Minshi NC et al.: Apop-
totic signaling induced by immunomadulatory thalido-
mide analogs in human multiple myeloma cells: thera-
peutic implications. Blood, 2002, 99, 4525–4530.

24. Moghadam-Kia S, Werth VP: Prevention and treatment
of systemic glucocorticoid side effects. Int J Dermatol,
2010, 49, 239–248.

25. Munemasa S, Sakai A, Kuroda Y, Okikawa Y, Katayama
Y, Asaoku H, Kubo T et al.: Osteoprogenitor differentia-
tion is not affected by immunomodulatory thalidomide
analogs but is promoted by low bortezomib concentra-
tion, while both agents suppress osteoclast differentia-
tion. Int J Oncol, 2008, 33, 129–136.

26. Natsui K, Tanaka K, Suda M, Yasoda A, Sakuma Y,
Ozasa A, Ozaki S, Nakao K: High-dose glucocorticoid
treatment induces rapid loss of trabecular bone mineral
density and lean body mass. Osteoporos Int, 2006, 17,
105–108.

27. Noa M, Mendoza S, Más R, Mendoza N, León F: Effect
of D-003, a mixture of very high molecular weight ali-
phatic acids, on prednisolone-induced osteoporosis in
Sprague Dawley rats. Drugs R D, 2004, 5, 281–290.

28. Ohlson C, Bengtsson BÅ, Isaksson OGP, Andreassen TT,
Slootweg MC: Growth hormone and bone. Endocr Rev,
1998, 19, 55–79.

29. Ohnaka K, Taniguchi H, Kawate H, Nawata H,
Takayanagi R: Glucocorticoid enhances the expression
of dickkopf-1 in human osteoblasts: novel mechanism
of glucocorticoid-induced osteoporosis. Biochem Bio-
phys Res Commun, 2004, 318, 259–264.

30. Okafor MC: Thalidomide for erythema nodosum lepro-
sum and other applications. Pharmacotherapy, 2003, 23,
481–493.

31. Ortoft G, Brüel A, Andreassen TT, Oxlund H: Growth
hormone is not able to counteract osteopenia of rat corti-
cal bone induced by glucocorticoid with protracted ef-
fect. Bone, 1995, 17, 543–548.

32. Ortoft G, Oxlund H: Qualitative alterations of cortical
bone in female rats after long-term administration of
growth hormone and glucocorticoid. Bone, 1996, 18,
581–590.

33. Ortoft G, Oxlund H, Andreassen TT: Administration of
a glucocorticoid with depot effect counteracts the stimu-

lating effect of growth hormone on cancellous and corti-
cal bone of the vertebral body in rats. Calcif Tissue Int,
1998, 63, 14–21.

34. Patschan D, Loddenkemper K, Buttgereit F: Molecular
mechanisms of glucocorticoid-induced osteoporosis.
Bone, 2001, 29, 498–505.

35. Pennisi P, D’Alcamo MA, Leonetti C, Clementi A,
Cutuli VM, Riccobene S, Parisi N, Fiore CE: Supple-
mentation of L-arginine prevents glucocorticoid-induced
reduction of bone growth and bone turnover abnormali-
ties in a growing rat model. J Bone Miner Metab, 2005,
23, 134–139.

36. Quach H, Ritchie D, Stewart AK, Neeson P, Harrison S,
Smyth MJ, Prince HM: Mechanism of action of immu-
nomodulatory drugs (IMiDS) in multiple myeloma. Leu-
kemia, 2010, 24, 22–32.

37. Reid IR: Glucocorticoid effects on bone. J Clin Endocri-
nol Metab, 1998, 83, 1860–1862.

38. Reid IR, Heap SW: Determinants of vertebral mineral
density in patients receiving long-term glucocorticoid
therapy. Arch Intern Med, 1990, 150, 2545–2548.

39. Rieman DJ, McClung HA, Dodds RA, Hwang SM,
Holmes MW, James IE Drake FH, Gowen M: Biosynthe-
sis and processing of cathepsin K in cultured human
osteoclasts. Bone, 2001, 28, 282–289.

40. Shah SK, Gecys GT: Prednisone-induced osteoporosis:
an overlooked and undertreated adverse effect. JAOA,
2006, 106, 653–657.

41. Sivagurunathan S, Muir MM, Brennan TC, Seale JP,
Mason RS: Influence of glucocorticoids on human osteo-
clast generation and activity. J Bone Miner Res, 2005,
20, 390–399.

42. Steinbuch M, Youket TE, Cohen S: Oral glucocorticoid
use is associated with an increased risk of fracture.
Osteoporos Int, 2004, 15, 323–328.

43. Terpos E, Dimopoulos MA, Sezer O: The effect of novel
anti-myeloma agents on bone metabolism of patients with
multiple myleoma. Leukemia, 2007, 21, 1875–1884.

44. Tkocz-Kwiatkowska J, Karczmarczyk-Sedlak I,
Folwarczna J: Effect of pamidronate on the development
of changes in bone mechanical properties and bone
structure caused by the administration of prednisolone
in rats. Pol J Pharmacol, 1998, 50, 253–258.

45. Tosi P, Zamagni E, Cellini C, Parente R, Cangini D,
Tacchetti P, Perrone G et al.: First-line therapy with tha-
lidomide, dexamethasone and zoledronic acid decreases
bone resorption markers in patients with multiple mye-
loma. Eur J Hematol, 2006, 76, 399–404.

46. United States Pharmacopeia Dispensing Information.
Volume I. Drug information for the health care profes-
sional. Houghton Mifflin Company, Rockville, 2004,
2648–2653.

Received: January 4, 2011; in the revised form: November 11, 2011;

accepted: November 16, 2011.

Pharmacological Reports, 2012, 64, 386�395 395

Thalidomide and prednisolone and the rat skeletal system
Ilona Kaczmarczyk-Sedlak et al.


	249	Zinc deficiency induces behavioral alterations in the tail suspension test in mice. Effect of antidepressants.
	Katarzyna M³yniec, Gabriel Nowak

	256	Acute and repeated treatment with the 5-HT7 receptor antagonist SB 269970 induces functional desensitization of 5-HT7 receptors in rat hippocampus.
	Krzysztof Tokarski, Agnieszka Zelek-Molik, Beata Duszyñska, Grzegorz Sata³a, Bartosz Bobula, Magdalena Kusek, Piotr Chmielarz, Irena Nalepa, Grzegorz Hess

	266	Neonatal serotonin (5-HT) depletion does not affect spatial learning and memory in rats.
	Agnieszka Piechal, Kamilla Blecharz-Klin, Edyta Wyszogrodzka, Paulina Ko³omañska, Paulina Rok-Bujko, Pawe³ Krz¹œcik, Wojciech Kostowski, Ewa Widy-Tyszkiewicz, Ma³gorzata Filip, Roman Stefañski

	275	Flutamide treatment induces anxiolytic-like behavior in adult castrated rats.
	Anders I. Svensson

	282	Antinociceptive and anti-inflammatory activities of a sulfated polysaccharide isolated from the green seaweed Caulerpa cupressoides.
	José A.G. Rodrigues, Edfranck de S.O. Vanderlei, Luana M.C.M. Silva, Ianna W.F. de Araújo, Ismael N.L. de Queiroz, Gabriela A. de Paula, Ticiana M. Abreu, Natássia A. Ribeiro, Mirna M. Bezerra, Hellíada V. Chaves, Vilma Lima, Roberta J.B. Jorge, Helena S.A. Monteiro, Edda L. Leite, Norma M. B. Benevides

	293	Evaluation and comparison of antinociceptive activity of aspartame with sucrose.
	Seema Rani, Mahesh C. Gupta

	299	Antinociception by metoclopramide, ketamine and their combinations in mice.
	Fouad K. Mohammad, Banan Kh. Al-Baggou, Ahmed S. Naser

	305	Influence of calcium channel blockers on anticonvulsant and antinociceptive activities of valproic acid in pentylenetetrazole-kindled mice.
	Mona F. El-Azab, Yasser M. Moustafa 

	315	Effect of hydrochlorothiazide on the anticonvulsant action of antiepileptic drugs against maximal electroshock-induced seizures in mice.
	Krzysztof £ukawski, Gra¿yna „widerska, Stanis³aw J. Czuczwar

	321	Effects of different priming doses of fentanyl on fentanyl-induced cough: a double-blind, randomized, controlled study.
	ChengYong Gu, MaiTao Zhou, HongYe Wu, Fei Li, QiFeng Tang

	326	Synthesis, anticonvulsant activity and 5-HT1A/5-HT7 receptors affinity of 1-[(4-arylpiperazin-1-yl)-propyl]- succinimides.
	Jolanta Obniska, Iwona Chlebek, Krzysztof Kamiñski, Andrzej J. Bojarski, Grzegorz Sata³a

	336	Significance of genetic polymorphism of CYP2D6 in the pathogenesis of systemic sclerosis.
	Ma³gorzata Barañska, Bo¿ena Dziankowska- Bartkowiak, El¿bieta Waszczykowska, Mariola Rychlik- Sych, Jadwiga Skrêtkowicz

	343	C3435T Polymorphism of the ABCB1/MDR1 gene encoding P-glycoprotein in patients with inflammatory bowel disease in a Polish population.
	Micha³ Dudarewicz, Ma³gorzata Barañska, Mariola Rychlik-Sych, Radzis³aw Trzciñski, Adam Dziki, Jadwiga Skrêtkowicz

	351	Antiarrhythmic effect of prolonged morphine exposure is accompanied by altered myocardial adenylyl cyclase signaling in rats.
	Jitka Skrabalova, Jan Neckar, Lucie Hejnova, Iveta Bartonova, Frantisek Kolar, Jiri Novotny

	360	Effects of pantoprazole on dual antiplatelet therapy in stable angina pectoris patients after percutaneous coronary intervention.
	Katarzyna Mizia-Stec, Maciej Haberka, Magdalena Mizia, Bartosz Lasota, Marcin Kunecki, Klaudia Gieszczyk, Artur Chmiel, Jacek Najda, S³awomira Kyrcz-Krzemieñ, Zbigniew G¹sior

	369	Single bout of endurance exercise increases NNMT activity in the liver and MNA concentration in plasma; the role of IL-6.
	Stefan Ch³opicki, Marta Kurdziel, Magdalena Sternak, Ma³gorzata Szafarz, Joanna Szymura-Oleksiak, Karol Kamiñski, Jerzy A. ¯o³¹d�

	377	Effectiveness of lipid-lowering therapy with statins for secondary prevention of atherosclerosis Œ guidelines vs. reality.
	Maria Bo¿entowicz-Wikarek, Piotr Koce³ak, Mike Smertka, Magdalena Olszanecka-Glinianowicz, Jerzy Chudek

	386	Effects of thalidomide on the development of bone damage caused by prednisolone in rats.
	Ilona Kaczmarczyk-Sedlak, Maria Zych, Katarzyna Rotko, Lech Sedlak

	396	Strontium ranelate treatment improves oxidative damage in osteoporotic rat model.
	Serap Yalin, Ozgun Sagýr, Ulku Comelekoglu, Mehmet Berköz, Pelin Eroglu

	403	Restoration of immune system function is accelerated in immunocompromised mice by the B-cell-tropic isoxazole R-11.
	Micha³ Zimecki, Jolanta Artym, Maja Kociêba, Bo¿ena Obmiñska-Mrukowicz, Marcin M¹czyñski, Stanis³aw Ryng

	412	Apoptotic gene expression under influence of fludarabine and cladribine in chronic lymphocytic leukemia-microarray study.
	Ida Franiak-Pietryga, Aleksandra Sa³agacka, Henryk Maciejewski, Jerzy Z. B³oñski, Maciej Borowiec, Marek Mirowski, Tadeusz Robak, Anna Korycka-Wo³owiec

	421	Pharmacokinetics and ocular disposition of paracetamol and paracetamol glucuronide in rabbits with diabetes mellitus induced by alloxan.
	Agnieszka Bienert, Agnieszka Kamiñska, Jan Olszewski, Joanna Gracz, Tomasz Grabowski, Anna Wolc, Edmund Grzeœkowiak

	428	Preclinical pharmacokinetics of radiolabelled hyaluronan.
	Milan Laznicek, Alice Laznickova, Dagmar Cozikova, Vladimir Velebny

	SHORT COMMUNICATIONS
	438	Effect of resveratrol on scopolamine-induced cognitive impairment in mice.
	Rachna Gupta, Lalit K. Gupta, Pramod K. Mediratta, Swapan K. Bhattacharya


	445	Differential effects of acute and repeated morphine treatment on k-opioid receptor mRNA levels in mesocorticolimbic system.
	Gang Yu, Hui Yan, Ze-Hui Gong

	449	Serotonin 2A receptor gene (HTR2A) polymorphism in alcohol-dependent patients.
	Ma³gorzata Wrzosek, Andrzej Jakubczyk, Micha³ Wrzosek, 
Halina Matsumoto, Jacek £ukaszkiewicz, Kirk J. Brower, Marcin Wojnar

	454	Interleukin-13-induced activation of signal transducer and activator of transcription 6 is mediated by an activation of Janus kinase 1 in cultured human bronchial smooth muscle cells.
	Yoshihiko Chiba, Kumiko Goto, Miwa Misawa
	507	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	indeks

