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Experimental osteopenia caused by ovariectomy in rats may reflect post-
menopausal bone changes, which are the effect of osteogen deficiency. The
aim of the present study was to investigate the effects of tibolone (0.25
mg/kg/day and 2.5 mg/kg po) administered for 4 weeks on the development
of osteopenia caused by bilateral ovariectomy in 3-month-old female Wistar
rats.

The experiments were carried out on six groups of animals: I (C) – con-
trol sham operated rats, II (OVX) – ovariectomized rats, III (OVX+T-0.25) –
ovariectomized rats which were administered tibolone at a dose of 0.25
mg/kg, IV (OVX+T-2.5) – ovariectomized rats which were administered ti-
bolone at a dose of 2.5 mg/kg, V (T-0.25) – sham operated rats which were
administered tibolone at a dose of 0.25 mg/kg, VI (T-2.5) – sham operated
rats which were administered tibolone at a dose of 2.5 mg/kg. The following
parameters were examined in all the groups: body weight gain, bone mass,
length and diameter, mineral and calcium contents in the tibia and femur, en-
dosteal and periosteal transverse growth, endosteal and periosteal osteoid
width, transverse cross-section area of the cortical diaphysis and that of the
marrow cavity in the tibia, epiphyseal cartilage width, trabeculae width in
the epiphysis and metaphysis of the femur. Mechanical properties of the fe-
mur were also studied. Bilateral ovariectomy induced osteopenic skeletal
changes in mature female rats. Tibolone (0.25 mg/kg/day and 2.5 mg/kg/day
po) administered to ovariectomized rats for 28 days decreased the develop-
ment of osteopenic skeletal changes induced by bilateral ovariectomy.
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INTRODUCTION

Osteoporosis is a general bone disease charac-
terized by low bone mass and lesion of microarchi-
tecture of trabecular bone [10, 19, 22]. These
changes result in the diminishing of bone endur-
ance and, in effect, bones are susceptible to frac-
tures. The commonest type of osteoporosis is bone
loss due to estrogen deficiency after the menopause
[10, 16, 23].

A model of experimental bilateral-ovariectomy-
-induced osteopenia in female rats causes changes
in the skeletal system similar to those occurring in
postmenopausal women [8, 11, 30, 31]. Experi-
mental models of osteopenia have often been used
by numerous researchers [8, 11, 12, 20, 21, 30–32]
to examine the changes in the skeletal system as
well as effects of various drugs on these changes.

Tibolone, (7�, 17�)-17-hydroxy-7-methyl-19-
-norpregn-5(10)-en-20-yn-3-one, is a synthetic ste-
roid with estrogenic, gestagenic and androgenic
properties [6, 28]. It is metabolized to three active
tissue-specific metabolites: 3�-OH tibolone, 3�-OH
tibolone and �-4 tibolone. Especially 3�-OH tibo-
lone and 3�-OH tibolone show affinity for estrogen
receptor, while �-4 tibolone binds to androgen and
progesterone receptors [15]. Tibolone is used in the
treatment of post-menopausal disturbances as hor-
mone replacement therapy. The drug relieves cli-
macteric symptoms, especially vasomotor ones
(hot flash, drenching sweat). It also prevents bone
loss, does not stimulate the endomertium and does
not cause progesterone-induced menstrual bleeding
[1–5, 9, 13–15, 18, 25, 26].

There are no available publications on the influ-
ence of that drug on the development of osteopenia
in women; therefore, the aim of this study was to
examine the effect of tibolone (0.25 mg/kg and 2.5
mg/kg po) administered for 4 weeks on the devel-
opment of osteopenia induced by bilateral ovariec-
tomy in 3-month-old female rats.

MATERIALS and METHODS

Forty-four mature female Wistar rats used in
our investigations were obtained at 3 months of age
from Central Animal Farm, Silesian Medical Uni-
versity. The permission for the animal tests and ex-
periments was given by the Bioethical Board of
Silesian Medical University. The animals were as-
signed to six groups of 6–10 animals per treatment

group as follows: I (C) – control sham operated rats,
II (OVX) – ovariectomized rats, III (OVX+T-0.25)
– ovariectomized rats which were administered ti-
bolone at a dose of 0.25 mg/kg/day po, IV (OVX+
T-2.5) – ovariectomized rats which were adminis-
tered tibolone at a dose of 2.5 mg/kg/day po, V
(T-0.25) – sham operated rats which were adminis-
tered tibolone at a dose of 0.25 mg/kg/day po, VI
(T-2.5) – sham operated rats which were adminis-
tered tibolone at a dose of 2.5 mg/kg/day po.

OVX, OVX+T-0.25 and OVX+T-2.5 rats were
bilaterally ovariectomized under ether narcosis,
using the dorsal approach [29], whereas C, T-0.25
and T-2.5 rats were subjected to a sham operation
under the same conditions of anesthesia and ab-
dominal invasion as in the case of OVX, OVX+
T-0.25 and OVX+T-2.5 groups. The animals were
fed on standard laboratory rodent chow (Ca 1.02%,
P. 0.51% and Vit D# 100 j.m./100 g) and distilled
water ad libitum. Each morning all the animals
were weighed immediately before administration
of the tested preparations. That enabled us to deter-
mine an increase in rat’s body weight and to admin-
ister a proper tibolone dose, with respect to body
weight.

Each morning the rats of OVX+T-0.25 and
T-0.25 groups were administered intragastrically
(through a stomach tube) tibolone at a dose of 0.25
mg/kg in vehicle (0.5% carboxymethylcellulose so-
lution) in a volume of 0.2 ml/100 g of body weight.
The rats of OVX+T-2.5 and T-2.5 groups were ad-
ministered intragastrically tibolone at a dose of 2.5
mg/kg in vehicle (0.5% carboxymethylcellulose so-
lution) in a volume of 0.2 ml/100 g of body weight.
The control (C) and OVX rats were given vehicle.

Administration of tibolone started 2 days after
bilateral ovariectomy or sham operation and con-
tinued for 28 days. Twenty four hours prior to ad-
ministration of tibolone and 24 h before the ani-
mals were killed, all the rats were administered ip

20 mg/kg of tetracycline hydrochloride in order to
determine the tibial bone diameter growth. Tetracy-
cline hydrochloride was a histomorphometric fluo-
rescence marker [17, 24]. After 28 days of admini-
stration of tibolone all the animals were killed by
spinal cord dislocation. Then, the tibias, femurs,
L-4 vertebrae as well as the uterus and thymus
were isolated. After isolation and freeing from mu-
scular tissue, the bones and organs were weighed.
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In the isolated bones, mass and macrometric pa-
rameters were determined (length, diameter of the
diaphysis in the mid-length).

In order to determine the content of mineral
substances in bones, the left tibia and femur and
L-4 vertebrae were mineralized at the temperature
of 640°C for 48 h. The mineralized bones were dis-
solved in 6 M HCl and then calcium content in the
bone mineral was assayed by a colorimetric me-
thod (Pointe Scientific standard kit).

The right femoral and tibial bones were used
to prepare histological specimens. From the tibial
bone, transverse cross-sections were made, perpen-
dicularly to the long axis, starting from the point
where fibula grows into it. From the femoral bone,
a longitudinal section of the distal epiphysis was
made, in the medial part, in the median plane. 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 [27].

Histomorphometric measurements were made
using a microscope Optiphot 2 (Nikon), connected
by RGB camera (Cohu) with personal computer
(program Lucia 3.1). The final magnifications were
150× and 390×.

In the unstained preparation, the distance be-
tween the tetracycline stripes was measured, on the
periosteum side and on marrow cavity side (peri-
osteal 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 longi-
tudinal preparation from the femur, the width of
epiphyseal cartilage and the width of trabeculae in
the epiphysis and metaphysis were measured.

The transverse cross-section area of the cortical
diaphysis and that of the marrow cavity in the tibia
were measured in the stained preparation, with the
use of a lanameter (50× magnification).

Mechanical properties of the femoral shaft and
neck strengths were measured using a set designed
at the Department of Pharmacology, Faculty of
Pharmacy, Silesian Medical University in Sosno-
wiec, in the cooperation with Hottinger Baldwin
Messtechnic GmbH, Poznañ (Poland). Examina-
tions of femoral bone strength included the deter-
mination of the femoral strain, the maximum femo-
ral shaft load (the force causing femoral shaft frac-
ture) the femoral maximum strain as well as the
maximum femoral neck load (the force causing

femoral neck fracture). Briefly, the femoral shaft
strength was determined by mechanical testing per-
formed for each isolated left femur. The linearly in-
creasing force was applied to the length midpoint
vertically to the femoral shaft axis. The femur was
supported at its epiphysis and at its head. A tensio-
metric sensor (manufactured by HBM) was used to
measure the load and a WBL-4A inductive sensor
(exact to 0.05 mm; manufactured by HBM) was
used to measure the bone strain.

Amplified signals from the sensors were re-
corded by means of XY recorder (Type KP-6801A)
as a function of the examined bone strain relative to
the applied load. The load rate was 100 N/min.

To establish the femoral neck strength, the right
femurs were isolated and tested mechanically as
follows. The femoral head was cut from the bone
17 mm below the bone head. The bone head was
embedded in a plastic plate using epoxy resin, to
a point just underneath the lesser trochanter. The
bone was embedded in a special hole whose diame-
ter was adjusted to the bone diameter. Then, the
linearly increasing force (100 N/min) was applied
to the femoral head, parallel to the femoral long
axis, using a curved cup to avoid local damage to
the femoral head.

The results were given as arithmetic mean values
± SEM. The Student’s t-test for unpaired observa-
tions was used for estimation of statistical signifi-
cance. The results for OVX, T-0.25, T-2.5 groups
were compared to the ones for sham operated rats
(C), whereas the results for OVX+T-0.25 and OVX
+ T-2.5 groups were compared with the ones for
ovariectomized rats (OVX).

RESULTS

The results are presented in Tables 1–3.
Statistically significant body weight gain (by

319.91%) and statistically significant uterus mass
loss (by 73.92%) as well as statistically significant
thymus mass growth (by 88.00%) were observed
30 days after bilateral ovariectomy, in comparison
with the results obtained in sham operated rats (C)
(Tab. 1).

The examined bone mass as well as the tibial
and femoral bone length and diameter in ovariecto-
mized rats were not significantly different from
those in sham operated rats (C). Mineral content in
the tibia, femur and L-4 vertebra was decreased, and
the ratio of mineral content to the long bone mass
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was diminished, with that of L-4 vertebra being sta-
tistically significantly lower by 12.50% when com-
pared to control rats (C). Moreover, a statistically
significant decrease in calcium content in L-4 ver-
tebra by 19.74% was observed, in comparison to
the results in control group (C) (Tab. 1).

Histomorphometric measurements showed a sta-
tistically significant decrease in osteoid width by
46.27% in the periosteal and by 16.09% in the en-

dosteal (Tab. 2). As determined by a tetracycline
method, tibia growth was not significantly different
in the periosteal, however, there was a statistically
significant decrease by 31.14% in the endosteal,
compared to the results in control group (C). Fur-
thermore, transverse cross-section area of the mar-
row cavity was greater and a statistically signifi-
cant decrease by 19.24% in trabeculae thickness in
the epiphysis of the femur and by 21.48% in the
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metaphysis was observed, compared to the results
in control group (C). Epiphyseal cartilage width
was significantly widened by 21.56%, compared to
the results in control group (C) (Tab. 2). The de-
terioration of mechanical properties of the femur
was observed in ovariectomized rats (OVX). The
femoral shaft and neck were fractured by a force
statistically smaller by 33.88% and 9.83%, respec-
tively, compared to the results in control group (C).

In sham operated rats, tibolone administered at
a dose of 0.25 mg/kg po did not change body
weight gain, however, at a dose of 2.5 mg/kg po
tibolone markedly decreased body weight in com-
parison with control rats (C). Tibolone, both at
a dose of 0.25 mg/kg and 2.5 mg/kg po, did not
markedly change uterus and thymus masses in
sham operated rats, compared to control rats (C),
however, tibolone insignificantly increased the
tibia and femur masses. In addition, a statistically
insignificant increase in mineral content, a larger
ratio of mineral content to body mass and elevated
calcium content was observed in the tibia and fe-
mur. Furthermore, a statistically insignificant in-

crease in the examined bones length and diameter
was observed in comparison with sham operated
(C) rats. However, marked differences were ob-
served in L-4 vertebra mass and in mineral content
in L-4 vertebra after tibolone administration, both
at a dose of 0.25 mg/kg and 2.5 mg/kg po. L-4 ver-
tebra mass increased by 17.4% and 17.81% in
T-0.25 and T-2.5 groups, respectively, whilst mine-
ral content in L-4 vertebra increased by 23.81%
and 21.43% in the abovementioned groups of rats,
respectively, compared to sham operated (C) rats
(Tab. 1).

Histomorphometric measurements showed an
insignificant decrease in periosteal osteoid width in
sham operated rats which were administered tibo-
lone, and a statistically significant increase in peri-
osteal tibia growth by 21.76% in comparison with
the results obtained in control rats (C). Other pa-
rameters assessed in the histomorphometric measure-
ments did not vary in a statistically significant way
(Tab. 2).

In sham operated rats, which were administered
tibolone, the mechanical properties of the femoral
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bone ameliorated; however, the assessed parame-
ters were not significantly different in comparison
with the results in control rats (C) (Tab. 3).

In ovariectomized rats, treated with tibolone at
a dose 0.25 mg/kg and 2.5 mg/kg po, a marked re-
duction in body weight gain was evidenced in com-
parison with the results obtained in ovariectomized
(OVX) rats (Tab. 1). Moreover, in OVX+T-2.5 rats
a reduction in body weight gain relative to the ini-
tial body weight was evidenced. In comparison
with ovariectomized (OVX) rats, tibolone adminis-
tered to ovariectomized rats both at a dose of 0.25
mg/kg and 2.5 mg/kg po, induced a statistically sig-
nificant increase in uterus mass by 91.66% and by
166.66%, respectively. However, thymus mass was
markedly decreased by 42.56% in OVX+T-0.25
rats and by 59.58% in OVX+T-2.5 rats in compari-
son with ovariectomized (OVX) rats (Tab. 1).

In ovariectomized rats treated with tibolone
both at a dose 0.25 mg/kg and 2.5 mg/kg po, there
was evidenced a marked increase in the tibia, femur
and L-4 vertebra masses, and increased mineral
content in the examined bones, a larger ratio of
mineral content to bone mass, elevated calcium
content as well as the increased tibial and femoral
length and diameter in comparison with results
obtained in ovariectomized (OVX) rats (Tab. 1).

Histomorphometric measurements demonstra-
ted a statistically significant decrease in periosteal
width by 38.73% and 42.67% and a statistically
significant increase in periosteal tibia growth by

30.45% and 37.46% as well as in the endosteal sur-
face by 41.10% and 59.66% in OVX+T-0.25 and
OVX+T-2.5 rats, respectively, in comparison with
the results obtained in ovariectomized (OVX) rats.
Compared to ovariectomized (OVX) rats, in the
epiphysis and metaphysis of the spongy femur,
there was the statistically significant thickening of
trabeculae by 15.37% in OVX+T-0.25 rats and by
21.17% in OVX+T-2.5 rats, and by 19.31% in
OVX+T-0.25 rats and by 20.62% in OVX+T-2.5
rats (Tab. 2).

The assessment of mechanical properties of the
femoral shaft and neck indicated that the maximum
load required to fracture the femoral neck was
greater by 10.53% in OVX+T-0.25 rats and by
12.77% in OVX+T-2.5 rats, while the maximum
load required to fracture the femoral shaft was
markedly greater by 22.39% in OVX+T-0.25 rats
and by 42.30% in OVX+T-2.5 rats. The force im-
posed at the time of fracture of the femoral shaft
was also markedly greater by 47.62% in OVX+
T-0.25 rats and by 64.91% in OVX+T-2.5 rats, in
comparison with the results obtained in ovariecto-
mized (OVX) rats (Tab. 3).

DISCUSSION

Osseous tissue redevelopment depends on re-
sorption processes and concomitant ossification
processes, and appropriate balance of these two
processes guarantees that the skeleton mass is pre-
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served and the renewal of the mineralized matrix
takes place. From the birth to the maturity, bone
formation process dominates in redevelopment
process, which results in bone growth. However,
with ageing resorption processes start to dominate
and gradual bone loss begins [10].

In postmenopausal women, bone loss is acce-
lerated as a result of the diminishing of ovaries’
hormonal activity. Estrogen deficiency, especially
17�-estradiol, brings about a reduction of osteo-
blast activity. At the same time, osteoclast activity
is intensified as a result of the lack of its suppres-
sion by osteoblast in a paracrine way as well as due
to the lack of the suppression of stimulating ac-
tivity of parathormon on osteoclast by estrogen.
Calcitonin secretion is also reduced [10]. These
disturbances entail intensification of bone loss in
postmenopausal women, which, in turn, evokes os-
teoporosis characterized by bone mass loss, lension
of its microarchitecture and greater susceptibility to
fractures [10, 16, 19, 22, 23].

A model of experimental bilateral-ovariectomy-
-induced osteopenia in female rats allows to observe
changes in the skeletal system similar to those
occurring in postmenopausal women [8, 11, 30,
31]. Experimental models of osteopenia have often
been used by numerous researchers to examine the
changes in the skeletal system as well as the effects
of various drugs on these changes [7, 8, 11, 12, 20,
21, 30–32].

In order to elucidate tibolone effect on the de-
velopment of changes in the skeleton in ovariecto-
mized female rats, the tibia, femur and L-4 vertebra
were used. The long bone shafts are composed of
compact bone, whereas in epiphysis, metaphysis
and L-4 vertebra trabecular bone dominates. Diver-
sity of anatomical and histological structure of
compact and trabecular bones determines the inten-
sity and scope of the redevelopment. Trabecular
bone redevelopment is more intensive than that of
cortical bone. Trabecular bone redevelopment takes
place throughout the bone, whereas cortical bone
redevelopment takes place only at the endosteal
surface and Haversian canals [10].

Development of changes in the skeleton of rats
was assessed 30 days after bilateral ovariectomy,
because the changes in osseous tissue at that stage
are characterized by the greatest dynamic. Further-
more, prolonging the time of the experiment to 6–8
weeks did not intensify the changes, as also indi-
cated by other researchers [21].

Thirty days after bilateral ovariectomy, charac-
teristic features of osteoporosis became apparent,
however, no spontaneous fractures were observed.
The obtained results of histomorphometric measure-
ments indicated disturbances in osseous tissue re-
development, both in the cortical and trabecular
bones.

In the cortical bone, ovariectomy disturbed bone
formation process (a decrease in periosteal tibial
diameter growth, as determined by a tetracycline
method; a decrease in cross-section surface area of
the tibial shaft cortex at the point where the fibula
grows into the tibia) as well as it inhibited osteoid
mineralization, as indicated by a statistically sig-
nificant increase in periosteal osteoid width, de-
creased mineral content and calcium content in the
tibia. In the cortical bone, ovariectomy intensified
resorption processes at the marrow cavity, as indi-
cated by a decrease in endosteal tibia growth and
an increase in cross-section surface area of the ti-
bial marrow cavity at the point where the fibula
grows into the tibia. Intensification of resorption
processes was observed in cancellous bone (epi-
physis and metaphysis of the femur) 30 days after
ovariectomy, as indicated by a statistically signifi-
cant decrease in trabecula thickness.

The thickening of the epiphyseal cartilage in the
femur was observed in ovariectomized rats, what
may result from disturbances in cartilage ossifica-
tion due to estrogen deficiency [10].

The effects of bilateral ovariectomy in rats on
histomorphometric parameters of the long bones,
demonstrated in the present study, account for de-
velopment of osteoporotic changes in osseous tis-
sue, and they are in agreement with the results re-
ported in other available publications [11, 20, 21,
30, 31]. The structural changes in the long bones
resulting from bilateral ovariectomy manifested
themselves as deterioration of mechanical proper-
ties of the shaft and neck of the femur. The load
needed to fracture the neck and shaft of the femur
was significantly smaller than in control rats.

Within 30 days after the operation, bilateral
ovariectomy also induced statistically significant
body weight gain, statistically significant uterus
mass loss and statistically significant thymus mass
gain. The observed changes resulted from estrogen
deficiency and the obtained results are in agree-
ment with those of other researchers [11, 20, 21,
30, 31].
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In order to elucidate tibolone effect on the de-
velopment of bilateral-ovariectomy-induced osteo-
penia in rats, the sham operated and ovariecto-
mized animals were administered tibolone at a dose
of 0.25 mg/kg and at a dose of 2.5 mg/kg po for 28
days. Tibolone administered (at both doses) to sham
operated rats insignificantly intensified bone for-
mation processes and mineralization in compact
and cancellous bones, as indicated by macrometric
and histomorphometric parameters as well as by the
evaluation of mechanical properties of the femur.

Tibolone administered (at the doses of 0.25
mg/kg and 2.5 mg/kg po) to ovariectomized rats
prevented the development of osteoporotic changes
in the skeleton induced by bilateral ovariectomy.
Tibolone at both doses increased bone formation
processes and mineralization of the cortical bone,
as indicated by histomorphometric measurements
(i.e., a statistically significant decrease in periosteal
osteoid width, a statistically significant increase in
endosteal and periosteal tibia growth, an increase in
transverse cross-section area of the tibial shaft, and
a decrease in transverse cross-section area of the
bone marrow in the tibia). Intensification of bone
formation processes and/or inhibition of resorption
processes in trabecular bones was observed, as in-
dicated by a statistically significant increase in tra-
beculae width at the epiphysis and metaphysis of
the femur, in comparison with the ovariectomized
rats.

In ovariectomized rats, tibolone also improved
mechanical properties of femoral shaft and neck,
and the effect depended on the administered doses.
The prevention of the development of osteoporotic
changes in ovariectomized rats’ skeletons resulted
from estrogenic activity of tibolone metabolites
(3� and 3�-OH). Moreover, estrogenic activity of
the drug was indicated by statistically significant
uterus mass gain and statistically significant thy-
mus mass loss. The obtained results are in agree-
ment with those reported by other authors [12, 28,
32]. In summary, the present study indicated that ti-
bolone administered (at the doses of 0.25 mg/kg
and 2.5 mg/kg po daily) for 28 days to ovariecto-
mized rats prevented the development of ovariec-
tomy-induced osteoporotic changes in the skeleton.

CONCLUSIONS

1. Bilateral ovariectomy induced osteopenic
skeletal changes in mature female rats.

2. Tibolone (0.25 mg/kg and 2.5 mg/kg po
daily) administered to ovariectomized rats for 28
days decreased the development of osteopenic ske-
letal changes induced by bilateral ovariectomy.
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