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Abstract:

Raloxifene, a selective estrogen receptor modulator, is used for prevention and treatment of osteoporosis in postmenopausal women.
Raloxifene use in male subjects is increasingly considered and a few clinical studies of its effect on bone turnover have already been
performed. The aim of the present study was to investigate the effects of raloxifene on the skeletal system of healthy mature male
rats.
The experiments were performed on mature male Wistar rats, treated daily with raloxifene hydrochloride at a dose of 5 mg/kg po for
4 weeks. Bone mass, mineral content, macrometric and histomorphometric parameters, as well as mechanical properties were exam-
ined. For comparison, we also studied the effects of raloxifene on the skeletal system of mature ovariectomized female rats.
Raloxifene administration to male rats caused statistically significant increases in the bone mass/body mass ratio, bone mineral con-
tent/body mass ratio and bone mineral content/bone mass ratio in comparison with those of the control rats. Bone mechanical
properties and most of histomorphometric parameters remained unchanged.
Also in ovariectomized female rats, raloxifene administration caused statistically significant increases in the bone mass/body mass
ratio, bone mineral content/body mass ratio and bone mineral content/bone mass ratio in comparison with the results obtained in the
ovariectomized control rats, to the level of sham-operated control rats. Moreover, raloxifene counteracted the development of
changes in histomorphometric parameters caused by ovariectomy in female rats, but did not significantly affect bone mechanical
properties.
In conclusion, the changes induced by raloxifene in the skeletal system of male rats were similar to those induced by the drug in
ovariectomized female rats.
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Introduction

Raloxifene is a selective estrogen receptor modulator
(SERM). SERMs are estrogen receptor ligands that
exhibit agonistic or antagonistic character in a cell-
and tissue context-dependent manner [22]. Raloxifene
has been introduced to the therapy and prophylaxis of

osteoporosis in postmenopausal women several years
ago. Raloxifene mimics the effects of estrogens in bone
without stimulatory effects in most other tissues [23].

Sex hormones exert bone-sparing effects in both
sexes, however, the exact mechanism of their protec-
tive effects on bones has not been established. The
role of estrogen deficiency in the development of
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postmenopausal osteoporosis is commonly known.
Both estrogens and androgens seem to be required for
the growth and maintenance of the adult male skele-
ton [19].

In older men, serum estradiol levels are positively
associated with bone mineral density in the spine and
negatively associated with vertebral fracture risk [23].
Evidence suggests that estrogen deficiency is primar-
ily responsible for the adverse skeletal effects during
hormonal therapy for prostate cancer with gonado-
tropin-releasing hormone agonists [24].

Also several lines of experimental evidence indi-
cate the role of estrogens in the male skeletal system.
Inhibition of aromatase, an enzyme catalyzing the
conversion of androgens to estrogens, impaired the
skeletal system in growing and aged male rats [29,
30]. Both estrogen receptors � and � were expressed
in male- and in female-derived primary human osteo-
blasts, however, sex differences in the cell responsive-
ness were observed [15, 25]. Tamoxifen and laso-
foxifene, representatives of SERMs, were reported to
cause protective effects on male animal skeleton [2, 9,
17, 18].

There are also experimental data indicating protec-
tive effects of raloxifene on the cardiovascular system
of experimental animals of both sexes [3, 8, 16, 20,
31]. Raloxifene also exerted an antiinflammatory ef-
fect in male rats, reducing carrageenan-induced acute
inflammation [6].

The observations that estrogens may play a role in
bone metabolism of men and that SERMs prevent
bone loss in orchidectomized male rats raised the pos-
sibility that they also may be used in the treatment of
elderly men [13]. In fact, several attempts to introduce
raloxifene in men have already been made [4, 5, 23,
28]. In some of them, favorable effects of raloxifene
on bone turnover have been reported.

Collectively, the experimental and clinical data in-
dicate the possibility of further therapeutic use of ra-
loxifene in men. Although a few clinical studies of its
effect on bone turnover have already been performed,
there are no experimental reports on the effect of ra-
loxifene on bones of healthy male animals replete
with androgens. The aim of the present study was to
investigate the effects of raloxifene (5 mg/kg po daily
for 4 weeks) on the skeletal system of healthy mature
male rats. For comparison, we also present the effects
of raloxifene on the skeletal system of ovariectomized
rats, developing estrogen deficiency-induced osteo-
penia.

Materials and Methods

The experiments were carried out on mature male and
female Wistar rats, fed a standard diet ad libitum. The
rats were obtained from the Animal Farm, Medical
University of Silesia. The procedure of the experi-
ments on animals was approved by the Ethical Com-
mission, Katowice.

The male animals (body mass at the beginning of
the experiment: 250–300 g) were divided into 2 groups
(n = 7): I. Control rats, II. Rats receiving raloxifene
hydrochloride (Evista, Eli Lilly) at a dose of 5 mg/kg
po daily. The female animals (body mass at the begin-
ning of the experiment: 200–240 g) were divided into
3 groups (n = 7–8): I. Sham-operated control rats,
II. Ovariectomized control rats, III. Ovariectomized
rats receiving raloxifene hydrochloride at a dose of
5 mg/kg po daily.

Raloxifene was administered by a stomach tube
(po) once daily for 4 weeks. The control rats received
the vehicle – 0.25% carboxymethylcellulose in the
same volume of 2 ml/kg po daily.

Bilateral ovariectomy and sham-operation were
performed 7–8 days before the start of raloxifene ad-
ministration.

One day before the start and on the last day of ad-
ministration of raloxifene or vehicle, the animals were
given tetracycline hydrochloride (20 mg/kg ip) in or-
der to mark the calcification front. The next day, ani-
mals were sacrificed and the right and left tibial and
femoral bones and L-4 vertebra were excised. In the
isolated left bones, mass and macrometric parameters
were determined (length, diameter of the diaphysis in
the mid-length). Mass of the liver and testes or uterus
was also determined.

The right femoral and tibial bones were used to
prepare histological specimens, as previously de-
scribed [10, 12]. Transverse cross-sections were made
from the tibial diaphysis and a longitudinal section of
the distal epiphysis was made from the femoral bone.
The sections were ground on the tarnished glass. The
first preparation from the tibia remained unstained.
The rest of the preparations were stained using the
Tripp and MacKay method (without decalcification)
[27] with modified times of dyeing.

The histomorphometric measurements were made
using an Optiphot-2 microscope (Nikon), connected
through RGB camera (Cohu) to personal computer
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(program Lucia G 4.51, Laboratory Imaging), with fi-
nal magnifications of 200 and 500 times.

In the unstained preparation, the distance between
the tetracycline stripes was measured, on the perios-
teum side and on the marrow cavity side (periosteal
and endosteal transverse growth). In the stained
preparation of the transverse cross-section of the tibia,
the width of the endosteal and periosteal osteoid was
determined. In the longitudinal preparation from the
femur, the width of epiphyseal cartilage and the width
of trabeculae in the epiphysis and metaphysis were
measured.

The area of the transverse cross-section of the cor-
tical bone in the tibial diaphysis and the area of the
transverse cross-section of the marrow cavity in the
tibia were measured in the stained preparation, with
the use of a lanameter (magnification 50 times).

Bone mechanical properties were assessed using the
set constructed at the Department of Pharmacology,
Medical University of Silesia, in cooperation with
Hottinger Baldwin Messtechnik GmbH. Mechanical
properties of the whole femur and the femoral neck
were examined, as previously described [11, 21].

Mechanical properties of whole left femurs were
studied using a bending test with three-point loading.
The load was applied perpendicularly to the long axis
of the femur in the mid-length of the bone supported
on its epiphyses. The load increased at a rate of
100 N/min. The load was measured by the sensor with
a strain gauge, the deformation was measured by
an inductive sensor. The signals sent by the sensors
were amplified and registered using the XY recorder.
The load-deformation curves, obtained for each bone,
representing the relationships between load applied to
the bone and deformation in response to the load,
were analyzed.

The load-deformation curve can be divided into the
elastic deformation region and the plastic deformation
region. Within the elastic deformation region, the
slope of load-deformation curve, representing the ex-
trinsic stiffness of bone, was tested. Within the plastic
deformation region, the ultimate load and the break-
ing load were determined. The ultimate load is the
maximum load sustained by the bone. The breaking
load is the load at which the bone actually breaks. De-
formation caused by the applied loads was also meas-
ured.

Mechanical properties of the femoral neck were
studied using a compression test. The load was ap-

plied to the head of the femur along the long axis of
the femur. The bone was prepared to the measurement
by fixing the diaphysis, which was cut at 1.7 cm from
the proximal end of the right femur, in a metacrylate
plate. The load causing the fracture of the femoral
neck was determined.

In order to determine the content of mineral sub-
stances in bones, the L-4 vertebra, left tibia and femur
were mineralized at the temperature of 640°C for 48 h
and weighed.

Results are presented as the means ± SEM. Stu-
dent’s t-test for unpaired observations was used for
evaluation of statistical significance of differences be-
tween the results obtained in rats receiving raloxifene
and appropriate control rats.

Results

Administration of raloxifene hydrochloride (5 mg/kg
po) for 4 weeks to male rats resulted in a significantly
decreased body mass gain in comparison with that of
the control rats (by 51.28%, Tab. 1). Raloxifene did
not affect the mass of the liver and testes.

In ovariectomized female rats, administration of ra-
loxifene hydrochloride (5 mg/kg po) for 4 weeks
caused a decrease in the body mass gain in compari-
son with that of the ovariectomized control rats, nor-
malizing it to the level of the sham-operated control
rats (Tab. 2). Raloxifene administration increased the
mass of the uterus (by 34.1%), which, however, re-
mained much lower than that in the sham-operated
control rats.

Bone mass and bone mineral content in male rats
did not differ after administration of raloxifene from
the values of the control rats. However, when bone
mass and bone mineral content were presented as the
ratio of the parameter to the body mass [mg/100 g of
body mass], the values in the raloxifene-treated rats
were statistically significantly greater than those in
the control rats, by 9.67–10.57% and 10.78–17.41%,
respectively (Tab. 1). Raloxifene also increased the
bone mineral content/bone mass ratio, by 3.92% and
6.10% in the tibia and L-4 vertebra, respectively. The
macrometric bone parameters remained unaffected by
the treatment with raloxifene.

Administration of raloxifene to ovariectomized fe-
male rats did not affect bone mass and bone mineral
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content, but the ratio of bone mass to body mass in the
tibia and femur, and the ratio of bone mineral content
to body mass in all investigated bones were statisti-
cally significantly greater than those in the ovariecto-
mized control rats (by 9.17–12.01% and 13.20–16.72%,
respectively, Tab. 2). Also the ratio of bone mineral
content to bone mass was increased, statistically sig-

nificantly in the tibia (by 4.25%). Administration of
raloxifene to ovariectomized rats restored the above-
mentioned parameters to the level of sham-operated
control rats.

Administration of raloxifene did not affect histo-
morphometric parameters of the cancellous and corti-
cal bone in male rats, except for causing an increase
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Tab. 1. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on body mass gain and bone parameters in male rats

Parameter I – Control rats II – Rats treated with
raloxifene

Initial body mass [g] 275.72 ± 5.32 275.97 ± 8.92

Body mass gain after 4 weeks [g] 49.71 ± 3.38 24.22 ± 1.83 ���

Testes mass [g] 2.70 ± 0.02 2.63 ± 0.04

Liver mass [g] 11.37 ± 0.30 10.50 ± 0.39

Bone mass [mg] Tibia 631.40 ± 10.61 639.73 ± 14.81

Femur 892.17 ± 13.76 901.93 ± 12.90

L-4 vertebra 245.20 ± 6.64 250.10 ± 6.92

Bone mass / body mass
[mg/100 g of body mass]

Tibia 194.22 ± 1.96 213.42 ± 2.65 ���

Femur 274.83 ± 5.75 301.40 ± 5.13 ��

L-4 vertebra 75.56 ± 2.38 83.55 ± 2.43 �

Bone mineral content [mg] Tibia 256.25 ± 4.91 269.85 ± 6.59

Femur 361.05 ± 7.05 368.97 ± 8.94

L-4 vertebra 91.20 ± 2.14 98.83 ± 3.12

Bone mineral content / body mass
[mg/100 g of body mass]

Tibia 78.86 ± 1.40 90.01 ± 1.16 ���

Femur 111.13 ± 2.07 123.11 ± 1.87 ��

L-4 vertebra 28.07 ± 0.65 32.96 ± 0.80 ���

Bone mineral content / bone mass ratio Tibia 0.406 ± 0.004 0.422 ± 0.002 ��

Femur 0.405 ± 0.003 0.409 ± 0.004

L-4 vertebra 0.372 ± 0.005 0.395 ± 0.005 ��

Bone length [mm] Tibia 40.78 ± 0.07 40.88 ± 0.26

Femur 36.78 ± 0.18 36.65 ± 0.28

Bone diameter [mm] Tibia 2.95 ± 0.06 2.95 ± 0.09

Femur 3.54 ± 0.09 3.66 ± 0.05

Results are presented as the means ± SEM (n = 7). Student’s t-test for unpaired observations was used for estimation of statistical significance.
� Significantly different from the control rats (I) at � p < 0.05, �� p < 0.01, ��� p < 0.001



in the width of osteoid in the tibia (Tab. 3). Raloxifene
also did not significantly affect the investigated me-
chanical properties of bones (Tab. 5).

Raloxifene counteracted the changes in histomor-
phometric parameters, caused by ovariectomy in fe-
male rats (Tab. 4). The osteoid width in the tibia de-

creased and the width of trabeculae in the femur in-
creased in the comparison with the ovariectomized
control rats.

Raloxifene did not significantly affect the investi-
gated mechanical properties of bones in ovariecto-
mized rats (Tab. 6).
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Tab. 2. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on body mass gain and bone parameters in ovariecto-
mized female rats

Parameter I – Sham-operated
control rats

II – Ovariectomized
control rats

III – Ovariectomized rats
treated with raloxifene

Initial body mass [g] 219.10 ± 4.49 219.47 ± 4.43 220.53 ± 7.31

Body mass gain after 4 weeks [g] 9.83 ± 2.60 42.69 ± 7.71 �� 7.31 ± 3.19 °°

Uterus mass [mg] 425.39 ± 68.23 97.81 ± 4.13 ��� 131.17 ± 8.96 �� °°

Liver mass [g] 8.29 ± 0.24 8.93 ± 0.41 7.76 ± 0.29 °

Bone mass [mg] Tibia 501.70 ± 12.37 511.11 ± 11.45 498.39 ± 12.06

Femur 694.83 ± 18.16 729.05 ± 13.72 693.71 ± 18.92

L-4 vertebra 223.23 ± 8.63 244.19 ± 7.00 231.92 ± 7.61

Bone mass / body mass
[mg/100 g of body mass]

Tibia 219.43 ± 3.55 195.30 ± 2.81 ��� 218.75 ± 2.69 °°°

Femur 303.84 ± 4.91 278.82 ± 4.80 �� 304.38 ± 3.88 °°

L-4 vertebra 97.70 ± 3.54 93.77 ± 4.17 101.99 ± 2.52

Bone mineral content [mg] Tibia 224.93 ± 5.48 221.15 ± 4.88 225.10 ± 6.89

Femur 303.07 ± 9.15 304.75 ± 6.54 300.91 ± 10.87

L-4 vertebra 76.43 ± 2.64 78.40 ± 1.88 77.85 ± 2.81

Bone mineral content / body mass
[mg/100 g of body mass]

Tibia 98.37 ± 1.48 84.61 ± 1.93 ��� 98.75 ± 1.77 °°°

Femur 132.50 ± 2.66 116.54 ± 2.29 ��� 131.93 ± 2.74 °°°

L-4 vertebra 33.40 ± 0.71 30.04 ± 0.95 � 34.19 ± 0.57 °°

Bone mineral content / bone mass ratio Tibia 0.448 ± 0.002 0.433 ± 0.005 � 0.451 ± 0.004 °

Femur 0.436 ± 0.003 0.418 ± 0.005 � 0.433 ± 0.006

L-4 vertebra 0.343 ± 0.008 0.322 ± 0.005 � 0.336 ± 0.008

Bone length [mm] Tibia 36.43 ± 0.25 36.99 ± 0.21 36.29 ± 0.19 °

Femur 34.01 ± 0.21 34.74 ± 0.19 � 34.11 ± 0.22 °

Bone diameter [mm] Tibia 2.69 ± 0.04 2.74 ± 0.06 2.68 ± 0.04

Femur 3.24 ± 0.03 3.26 ± 0.05 3.23 ± 0.07

Results are presented as the means ± SEM (n = 7–8). Student’s t-test for unpaired observations was used for estimation of statistical signifi-
cance. � Significantly different from the sham-operated control rats (I) at � p < 0.05, �� p < 0.01, ��� p < 0.001. � Significantly different from
the ovariectomized control rats (II) at � p < 0.05, �� p < 0.01, ��� p < 0.001
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Tab. 3. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on the histomorphometric parameters of bones
in male rats

Parameter I – Control rats II – Rats treated with
raloxifene

Width of osteoid in the tibia [µm] Periosteal 16.10 ± 0.48 17.52 ± 0.42 �

Endosteal 10.63 ± 0.48 12.59 ± 0.75 �

Transverse growth of the tibia [µm] Periosteal 72.08 ± 1.42 71.70 ± 1.55

Endosteal 32.87 ± 2.95 36.14 ± 3.31

Transverse cross-section area of the cortical
bone in the tibial diaphysis [mm�]

3.77 ± 0.09 3.63 ± 0.08

Transverse cross-section area of the tibial
marrow cavity [mm�]

1.08 ± 0.06 1.10 ± 0.05

Width of trabeculae in the femur [µm] Epiphysis 60.47 ± 3.21 58.46 ± 0.47

Metaphysis 43.41 ± 0.77 45.97 ± 1.26

Width of epiphyseal cartilage in the femur [µm] 59.05 ± 1.70 58.71 ± 0.97

Results are presented as the means ± SEM (n = 7). Student’s t-test for unpaired observations was used for estimation of statistical significance.
� Significantly different from the control rats (I) at � p < 0.05

Tab. 4. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on the histomorphometric parameters of bones
in ovariectomized female rats

Parameter I – Sham-operated
control rats

II – Ovariectomized
control rats

III – Ovariectomized rats
treated with raloxifene

Width of osteoid in the tibia [µm] Periosteal 19.53 ± 0.66 22.73 ± 0.57 �� 19.97 ± 0.55 °°

Endosteal 9.05 ± 0.33 10.82 ± 0.32 �� 9.77 ± 0.32 °

Transverse growth of the tibia [µm] Periosteal 44.43 ± 6.01 48.82 ± 3.70 40.97 ± 4.75

Endosteal 19.29 ± 0.77 18.51 ± 1.50 24.21 ± 1.48 � °

Transverse cross-section area of the cortical
bone in the tibial diaphysis [mm�]

3.43 ± 0.06 3.59 ± 0.07 3.32 ± 0.07

Transverse cross-section area of the tibial
marrow cavity [mm�]

1.20 ± 0.09 1.21 ± 0.07 1.17 ± 0.07

Width of trabeculae in the femur [µm] Epiphysis 65.74 ± 2.11 51.90 ± 1.35 ��� 56.34 ± 2.05 ��

Metaphysis 45.10 ± 1.88 42.52 ± 0.96 49.15 ± 2.05 °

Width of epiphyseal cartilage in the femur [µm] 63.93 ± 1.78 62.94 ± 5.14 58.41 ± 1.69 �

Results are presented as the means ± SEM (n = 7–8). Student’s t-test for unpaired observations was used for estimation of statistical signifi-
cance. � Significantly different from the sham-operated control rats (I) at � p < 0.05, �� p < 0.01, ��� p < 0.001. � Significantly different from the
ovariectomized control rats (II) at � p < 0.05, �� p < 0.01



Discussion

The effects of raloxifene on the skeletal system of
males have not been intensively studied. Growing
data suggest the importance of estrogens for matura-
tion of bones and development of peak bone mass in
men [19]. Experimental data indicate that tamoxifen,
another SERM, may have better effects on the skeletal
system of orchidectomized rats than testosterone
propionate [9].

Most of the clinical trials of the effects of ra-
loxifene on the skeletal system in men concentrated

only on the biochemical markers of bone turnover [4,
5, 28].

Preliminary clinical data demonstrated that ra-
loxifene (60 mg daily for 6 months) did not exert sig-
nificant effect on bone turnover markers or lipid lev-
els in elderly men [4]. However, in men with prostate
cancer receiving a gonadotropin-releasing hormone
agonist, raloxifene (60 mg/day for 12 months) signifi-
cantly increased bone mineral density of the hip and
tended to increase bone mineral density of the spine in
comparison with patients not receiving raloxifene [23].

Raloxifene treatment (120 mg daily for 6 weeks) in
healthy middle-aged men was associated with the in-
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Tab. 5. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on the mechanical properties of the femur in male rats

Parameter I – Control rats II – Rats treated with
raloxifene

Extrinsic stiffness [N/mm] 197.06 ± 12.01 191.26 ± 12.53

Load [N] Ultimate 116.38 ± 13.43 112.83 ± 3.62

Breaking 112.12 ± 12.35 112.12 ± 3.59

Deformation [mm] At ultimate load 0.63 ± 0.06 0.73 ± 0.02

At breaking load 0.65 ± 0.07 0.74 ± 0.02

Load at fracture of the femoral neck [N] 123.31 ± 2.34 124.73 ± 0.81

Results are presented as the means ± SEM (n = 7). Student’s t-test for unpaired observations was used for estimation of statistical significance

Tab. 6. Effects of raloxifene hydrochloride (5 mg/kg po daily), administered for 4 weeks, on the mechanical properties of the femur in ovariec-
tomized female rats

Parameter I – Sham-operated
control rats

II – Ovariectomized
control rats

III – Ovariectomized rats
treated with raloxifene

Extrinsic stiffness [N/mm] 218.12 ± 7.57 199.82 ± 7.62 204.17 ± 11.86

Load [N] Ultimate 96.94 ± 3.36 99.35 ± 1.34 95.36 ± 2.88

Breaking 72.56 ± 8.41 69.75 ± 7.71 73.30 ± 4.69

Deformation [mm] At ultimate load 0.49 ± 0.01 0.54 ± 0.02 0.52 ± 0.01

At breaking load 0.68 ± 0.04 0.73 ± 0.04 0.69 ± 0.05

Load at fracture of the femoral neck [N] 97.15 ± 3.57 95.85 ± 5.48 101.84 ± 6.45

Results are presented as the means ± SEM (n = 7–8). Student’s t-test for unpaired observations was used for estimation of statistical signifi-
cance



creased serum estradiol and decreased biochemical
markers of bone turnover only in men with low sex
hormone levels. The antiresorptive effect of raloxi-
fene was only detectable in men with low baseline es-
tradiol levels [28]. In healthy elderly men, raloxifene
(120 mg daily for 3 months) increased levels of lutei-
nizing hormone, follicle stimulating hormone and sex
steroid hormones. Raloxifene treatment decreased
markers of bone resorption only in men with rela-
tively high increases in serum testosterone and estra-
diol [5]. It is possible that the increase in estradiol
level may contribute to the antiresorptive effect of ra-
loxifene in men [28].

Results of the present study demonstrated that ra-
loxifene administration significantly affected the
skeletal system of healthy mature male rats replete
with androgens, similarly as it affects the skeletal sys-
tem in female rats with estrogen deficiency induced
by bilateral ovariectomy.

Raloxifene prevents postmenopausal bone loss and
reduces the incidence of vertebral fractures and new
breast cancer cases in osteoporotic female patients
without stimulating the endometrium [13]. Contrary
to women, in ovariectomized rats, in the present
study, raloxifene increased the uterus mass. Neverthe-
less, the protective effect of raloxifene on the skeletal
system of rats with estrogen deficiency caused by bi-
lateral ovariectomy was confirmed.

In the present study, raloxifene affected body mass
gain in male and ovariectomized rats, decreasing it.
This observation is consistent with previous reports
indicating that after administration of raloxifene to
male or ovariectomized female rats, body weight gain
was reduced [7, 14]. Raloxifene (10–100 mg/kg daily)
did not cause important changes in sperm production,
sperm quality, or male reproductive performance in
rats [14].

Both in male and ovariectomized female rats, ra-
loxifene administration caused statistically significant
increases in the bone mass/body mass ratio, bone
mineral content/body mass ratio and bone mineral
content/bone mass ratio in comparison with the re-
spective control groups, and did not significantly affect
bone mechanical properties. However, in the ovariec-
tomized rats, raloxifene counteracted the changes in
the abovementioned bone parameters developing be-
cause of estrogen deficiency, and normalized them to
the level of sham-operated control rats. It should be
noted here that the ratios of bone mass and bone min-
eral content to the body mass are only additional pa-

rameters, from which no conclusions on the bone
quality may be drawn. Raloxifene also counteracted
the changes in histomorphometric parameters, caused
by estrogen deficiency in female rats.

In male rats, in the present study, the effects of ra-
loxifene were investigated when sex steroid level was
normal, which may explain the lack of significant in-
fluence of the drug on most of the examined histo-
morphometric parameters. The mechanism of ra-
loxifene action in normal males may be different than
under estrogen deficiency, where it substitutes for es-
tradiol in the bone cells. Raloxifene in male rats may
act, among others, by increasing serum testosterone
and estradiol levels, as it does in men [5, 28]. In fact,
favorable effects of other SERMs, tamoxifene and la-
sofoxifene, on the changes developing in the skeletal
system of orchidectomized and aged rats were re-
ported [2, 9, 17, 18]. Recently also the protective ef-
fect of raloxifene on the bone mechanical properties
in orchidectomized rats was reported [26].

The use of raloxifene for the prevention of cardio-
vascular disease in postmenopausal women has been
also considered [32]. The experimental data indicate
the possibility of beneficial effects of raloxifene on
the cardiovascular system in males, similar to those
observed in ovariectomized females [16, 20]. Results
of the present study indicate that raloxifene, used in
order to improve cardiovascular health status in
males, may also affect the skeletal system, leading to
the increased bone mineralization (since the increased
bone mineral content/bone mass ratio was observed).
However, it should be noted that the recently pub-
lished results of the RUTH (Raloxifene Use for The
Heart) trial demonstrated that raloxifene (60 mg
daily) did not significantly affect the risk of coronary
heart disease and increased the risk of venous throm-
boembolism and fatal stroke in women at risk for
a major coronary event [1].

Results of the present study confirm the notion that
raloxifene, as a mineralization-increasing agent in
healthy animals, may have some potential in the treat-
ment of osteoporosis in men. However, careful ex-
perimental and clinical trials have to be performed in
order to select the groups of patients who may benefit
from this therapy.

In conclusion, the changes induced by raloxifene in
the skeletal system of healthy male rats were very
similar to those induced by the drug in ovariecto-
mized female rats.
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