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Alendronate sodium, an aminobisphosphonate with potent antiresorptive
activity, is used in the treatment of postmenopausal osteoporosis. Retinol, as
a component of multivitamin preparations, is frequently used especially by
elderly people. There are no reports on the interaction of alendronate sodium
and retinol. The aim of the present study was to investigate the effect of ad-
ministration of alendronate sodium and retinol on mechanical properties of
the femoral bone in bilaterally ovariectomized rats.

The experiments were carried out on 3-month-old Wistar rats, divided into
7 groups: I – sham-operated control rats, II – ovariectomized control rats, III –
ovariectomy + alendronate sodium 3 mg/kg po, IV – ovariectomy + retinol
700 IU/kg po, V – ovariectomy + retinol 3500 IU/kg po, VI – ovariectomy
+ alendronate sodium 3 mg/kg po + retinol 700 IU/kg po, VII – ovariectomy
+ alendronate sodium 3 mg/kg po + retinol 3500 IU/kg po.

The drugs were administered to the rats daily by oral gavage for 28 days.
Body mass gain, bone mass, bone mineral content and calcium content in the
femur and L-4 vertebra and mechanical properties of the whole femur (ex-
trinsic stiffness, ultimate load, breaking load, deformation caused by the ulti-
mate load) and the neck of the femur (load at fracture), were examined.

Bilateral ovariectomy induced osteopenic changes in the rat skeletal sys-
tem. Alendronate sodium (3 mg/kg po) counteracted the development of os-
teopenia induced by ovariectomy. Retinol at both used doses unfavorably af-
fected the examined bone parameters of ovariectomized rats. Retinol admin-
istered with alendronate sodium lessened the preventive action of
alendronate on the development of osteopenic changes in the skeletal system
of ovariectomized rats.

Key words: bone mechanical properties, ovariectomy, retinol, alen-
dronate, rats
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INTRODUCTION

Vitamin A is a component of a majority of com-
monly used vitamin preparations, due to the fact
that it influences numerous biological processes
such as: vision, immunological response, growth
and differentiation of cells or embryonic develop-
ment [17].

The sparse studies carried out on humans and
animals indicate that excessive quantity of vitamin
A stimulates bone resorption and inhibits its forma-
tion, which in a long run leads to bone loss and in-
creases the risk of fractures [8]. The mechanism of
vitamin A effect on the bone is not well recognized
and according to some researchers the effect is a re-
sult of the antagonism between retinol and vitamin
D" [2, 19].

The risk of bone fractures is higher in elderly
people, particularly in postmenopausal women,
which is associated with the development of osteo-
porosis. Aminobisphosphonates, e.g. alendronate,
provide an effective protection against a decrease
in bone mineral density (BMD) in the treatment of
osteoporosis [3].

In the light of literature reports, and in connec-
tion with common application of preparations con-
taining vitamin A in elderly people, a problem
emerges of what effect retinol has on the therapeu-
tic effectiveness of alendronate action.

The aim of the present study was to establish
the effect of vitamin A on the action of alendronate
in ovariectomized female rats. The determination
of the effects of the examined compounds on the
osseous tissue was performed by measuring me-
chanical properties of the bones, which from the
clinical point of view are an objective criterion for
assessing pathological changes in bones.

MATERIALS and METHODS

Animals

The experiments were carried out on three-
month-old female Wistar rats, fed a standard diet
ad libitum. The animals were divided into 7 groups
(n = 7): control – sham-operated control group,
OVX – ovariectomized control group, ALN –
ovariectomized group receiving alendronate 3 mg/kg
po, R-1 – ovariectomized group receiving retinol
700 IU/kg po, R-2 – ovariectomized group receiv-
ing retinol 3500 IU/kg po, ALN + R1 – ovariecto-
mized group receiving alendronate 3 mg/kg po and

retinol 700 IU/kg po, ALN + R2 – ovariectomized
group receiving alendronate 3 mg/kg po and retinol
3500 IU/kg po.

The procedure of the experiments on animals was
approved by Local Ethics Commission, Katowice.

Two days before the start of the treatment with
drugs, bilateral ovariectomy or sham-operation
were performed, as previously described [6, 15].

Alendronate sodium (Ifotam, Poland) was ad-
ministered in the morning, retinol – Vitamin A so-
lutio aquosa (Terpol, Poland) in the afternoon daily
by oral gavage for 4 weeks. The control groups re-
ceived vehicle in the same volume of 2 ml/kg po
daily. The animals were weighed every day.

Next day after the end of the administration of
the drugs, the animals were sacrificed and the right
and left femoral bones and L-4 vertebra were dis-
sected. In the isolated left femurs, mass and ma-
crometric parameters were determined (length, di-
ameter of the diaphysis in the mid-length).

Mechanical tests

Mechanical properties of the femur were as-
sessed using the set constructed at the Department
of Pharmacology, Medical University of Silesia, in
the cooperation with Hottinger Baldwin Messtech-
nik GmbH.

In the present study, mechanical properties of
intact left femurs were studied using a bending test
with three-point loading. The load was applied per-
pendicularly to the long axis of the femur in the
mid-length of the bone supported on its epiphyses.
The load increased with a rate of 100 N/min. The
load was measured by the sensor with a strain
gauge (HBM), the deformation was measured by
an inductive sensor (HBM). 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 re-
sponse to the load, were analyzed.

The load-deformation curve can be divided into
the elastic deformation region and the plastic defor-
mation region. Within the elastic deformation re-
gion, the slope of load-deformation curve, repre-
senting the extrinsic stiffness of bone, was tested.
Within the plastic deformation region, the ultimate
load and the breaking load were determined. The
ultimate load is the maximum load sustained by the
bone, the breaking load is the load at which the
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bone actually breaks. Also the deformation caused
by the ultimate load was determined.

Mechanical properties of the femoral neck were
studied using a compressive 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 measure-
ment by fixing the diaphysis, which was cut at 1.7 cm
from the proximal end of the right femur, in a me-
tacrylate plate. The applied load increased with a rate
of 100 N/min. The load was measured by the sensor
with a strain gauge (HBM); the signals sent by the
sensor were amplified and registered using the XY
recorder. The load causing the fracture of the femo-
ral neck was determined.

In order to determine the content of mineral
substances in bones, the left femur and L-4 verte-
bra were mineralized at the temperature of 620°C
for 48 h and weighed. The mineralized bones were
dissolved in 6 M HCl and then calcium content in
the bone mineral content was assayed by a colori-
metric method (Pointe Scientific standard kit).

Statistical analysis

Results are presented as the means ± SEM. Sta-
tistical estimation was performed using one-way
ANOVA. When ANOVA revealed significant dif-
ferences (p < 0.05), further analysis was performed
using post-hoc Duncan’s multiple-range test.
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RESULTS

The results of determining alendronate effect at
a dose of 3 mg/kg po, retinol effect at doses of
700 IU/kg po or 3500 IU/kg po, as well as the ef-
fect concurrent oral administration of alendronate
at a dose of 3 mg/kg po with retinol at doses of
700 IU/kg po or 3500 IU/kg po, on the bilaterally
ovariectomized animals are presented in Table 1.

The ovariectomized control group of rats dis-
played a statistically significant increase in body
mass and thymus mass as well as a reduction in
uterus mass when compared to the control sham-
operated rats. The body mass increase in ovariecto-
mized animals which were administered alen-
dronate was similar to the increase in the sham-
operated controls and significantly smaller than in
the ovariectomized control group. Measurements
of uterus mass indicated that retinol administered at
a dose of 3500 IU/kg po and retinol administered at
both doses concurrently with alendronate deepened
the involution of uterus in comparison with the

ovariectomized control group (statistically insig-
nificant changes). Determinations of the femur and
L-4 vertebra mass demonstrated the occurrence of
an insignificant increase in the mass of the exam-
ined bones for the control ovariectomized group in
comparison with the sham-operated controls. The
administration of alendronate had no significant in-
fluence on the mass of the examined bones. In
groups treated with retinol, the mass of the femur
was decreased depending on the dose (in case of
the higher dose the decrease was statistically sig-
nificant) when compared to the ovariectomized
control group. A joint administration of alendronate
and retinol caused a decrease in the mass of the ex-
amined bones in comparison with the alendronate-
treated group, which in the femur was statistically
significant at the higher retinol dose and in L-4 ver-
tebra at the lower retinol dose.

The mineral content in the examined bones of
the ovariectomized control animals was signifi-
cantly reduced compared to the results obtained for
the sham-operated controls. The administration of
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alendronate to the ovariectomized animals in-
creased significantly the mineral content in the ex-
amined bones when compared to the ovariecto-
mized group. Retinol at both doses administered
jontly with alendronate caused a reduction of the
mineral content in comparison with the animals
which were given alendronate only, which in case
of the L-4 vertebra was statistically significant.

The calcium content in the ovariectomized con-
trols was reduced in comparison with the sham-
operated controls. Alendronate increased the level
of calcium in the examined bones in comparison
with the ovariectomized controls. Administering
retinol to the ovariectomized rats decreased the cal-
cium content in the examined bones when com-
pared to the values obtained for the ovariectomized
control group. In comparison with the ovariecto-
mized controls, the calcium content in the animals
which received both alendronate and retinol was
similar or lower (in case of the vertebra – signifi-
cantly lower), and it was also lower than in the
alendronate-treated group.

No significant differences were recorded with
regard to the length and diameter of the femur. The
administered compounds had a significant influ-
ence on the determinations of mechanical proper-
ties of the femur (Tab. 2).

The ultimate load endured by the femoral dia-
physis in the ovariectomized control group was
only slightly smaller than in the sham-operated
controls. The deformation of the femoral diaphysis
under the ultimate load was much, although statisti-
cally insignificantly, bigger in the ovariectomized
control group when compared to the sham-operated
control group. Administration of retinol decreased
the ultimate load in comparison with the ovariecto-
mized control group (statistically significantly
at higher dose). After concurrent administration of
retinol (at both doses) and alendronate, statistically
significant decreases in the ultimate load were ob-
served, both in comparison with the ovariecto-
mized control group and the alendronate-treated
group.

The value of the load at fracture of the femoral
diaphysis (breaking load) in the ovariectomized
control group was significantly lower than in the
sham-operated group. No statistically significant
effect of alendronate and retinol was observed with
regard to the load at the femoral diaphysis fracture,
however, these values in the groups which received

alendronate and retinol jontly were lower than for
alendronate-treated group.

The value of the extrinsic stiffness for the femo-
ral diaphysis in the ovariectomized controls was
significantly reduced in comparison with the re-
sults obtained for the sham-operated group. The ad-
ministration of alendronate to the ovariectomized
rats increased the value of extrinsic stiffness. Reti-
nol had no effect on the extrinsic stiffness in com-
parison with the ovariectomized controls. Joint ad-
ministration of alendronate and retinol at both
doses resulted in a decreased value of this parame-
ter when compared with the values obtained for
alendronate-treated group.

The value of the load causing femoral neck
fracture in the ovariectomized controls was signifi-
cantly lower when compared to the results obtained
for the sham-operated group. The administration of
alendronate resulted in a statistically significant in-
crease in the femoral neck endurance when com-
pared to the ovariectomized controls (to the level
determined in the sham-operated group). No sig-
nificant effect of retinol on the femoral neck endur-
ance was observed, and retinol administered to-
gether with alendronate had no effect on the action
of alendronate itself.

DISCUSSION

The development of civilization and improved
living standards have always awakened in people
the desire to stop the aging processes. A dynami-
cally developing pharmaceutical industry takes ad-
vantage of this tendency and supplies still newer
preparations which are hoped to fulfill the everlast-
ing human dreams. In this context, the use of vita-
min preparations containing vitamin A as an essen-
tial component has become a common practice.

A question can be raised, however, of whether
such widespread vitamin supplementation in eld-
erly people does not adversely affect the course of
treatment of changes associated with aging. Osteo-
porosis which affects particularly postmenopausal
women is an essential social problem. An effective
method used in order to arrest the development of
osteoporosis is the hormone replacement therapy
[12]. Due to an increased breast cancer risk a num-
ber of women cannot receive estrogens and in these
subjects bisphosphonates are used to prevent osteo-
porosis [1, 10]. The aim of our study was to estab-
lish the effects of retinol on alendronate action in
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the development of osteopenia in ovariectomized
female rats.

From the clinical perspective, the most danger-
ous consequence of osteoporosis is the increased
risk of bone fractures [3]. For this reason, the as-
sessment of the effect of the examined compounds
was based on determinations of mechanical proper-
ties of the femoral diaphysis and neck. The devel-
opment of postmenopausal osteopenia was induced
in mature female rats by estrogen deficiency
caused by bilateral ovariectomy, which is a com-
monly accepted research model [16, 23]. The doses
of the administered drugs were established on the
basis of literature data, where retinol at a dose of
700 IU/kg was equivalent to the preventive dose,
and at a dose of 3500 IU/kg – to the therapeutic
dose.

A diminished level of estrogens induced by
ovariectomy leads to the changes in the body,
which prove that the experiment was properly con-
ducted. Such systemic changes include a signifi-
cant increase in body mass and thymus mass as
well as a decrease in uterus mass, which were de-
monstrated upon the examinations. Changes in the
osseous tissue in ovariectomized control animals
consisted of the increased mass of the examined
bones and a decrease in mineral content in the
bones in relation to the sham-operated control rats.
The established changes clearly indicated disorders
in the bone matrix mineralization, which were con-
firmed by a decreased concentration of calcium in
the bones of estrogen-deficient animals. Metabolic
changes in the osseous tissue of ovariectomized
animals led to a deterioration of mechanical pro-
perties of the femur. Significant decreases in the
values of the load at the diaphysis and neck frac-
ture, an increase in the femoral bone deformation
as well as a decreased value of the extrinsic stiff-
ness, all indicate the changes of osteopenic nature,
which is consistent with other reports [14, 20–22].

Administering alendronate to female rats
throughout the experiment resulted in an improved
mineral metabolism of the osseous tissue. It was
proven by the increase in mineral content and cal-
cium content. The obtained results confirm the pro-
tective effect of alendronate on the osseous tissue
in estrogen-deficient animals and humans [1, 9, 10,
13]. The increase in the level of mineralization is
a result of a complex mechanism of alendronate ac-
tion, in which the inhibition of osteoclast activity
and of hydroxyapatite decomposition play an es-

sential role [11, 18]. The improved mineralization
observed after administering alendronate had a less
significant effect on mechanical properties of the
bones than one might have expected. Despite im-
provement of all determined mechanical properties,
a statistically significant increase was observed
solely with respect to the value of the load causing
femoral neck fracture, in comparison with the
ovariectomized control group. This may be indica-
tive of a bigger influence of alendronate on the tra-
becular bone, and also of the lack of correlation be-
tween bone density and risk of fractures, as postu-
lated by some researchers [4].

In the ovariectomized retinol-treated groups, an
unfavorable dose-dependent effect of the drug on
the osseous system was observed in estrogen-
deficient rats. The bone mass was reduced, which
in case of the higher dose was statistically signifi-
cant. The mineral and calcium content, although
the former not statistically significantly, also dis-
played a decreasing tendency. Retinol at a dose of
3500 IU/kg had a significant worsening effect on
the mechanical properties of the femoral diaphysis.
Similar, or even more intensive changes in the os-
seous tissue have already been described. Hough et
al. established that high doses of retinol might even
lead to spontaneous bone fractures in rats [7].
Feskanich et al. demonstrated the correlation be-
tween the occurrence of bone fractures and vitamin
A intake in women in the statistical investigation
[5].

Deepening of unfavorable metabolic changes in
the osseous tissue by retinol is difficult to interpret
due to a lack of the data concerning the mechanism
of retinol action on the osseous tissue. Some
authors postulate that mineralization disorders may
result from retinol interaction with vitamin D re-
ceptors [2, 19]. This hypothesis is supported by
similar location and structure of the retinoic RXR
receptor and vitamin D VDR receptor. If we were
to assume that such an interaction does occur and is
of antagonistic nature, retinol administration should
lead to reduced calcification of bones. In the ex-
periment that we carried out, such a tendency was
demonstrated, which may confirm the idea referred
to above. However, the decrease in mineral and cal-
cium content in the examined bones remains at
variance with the increased ratio of mineral content
to the bone mass. Taking into account the dimin-
ished mass of the examined bones, however, one
may conclude that retinol inhibits also the synthesis
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of osseous matrix. Establishing the mechanism of
such action of retinol is not possible on the basis of
our experiment. We may speculate whether retinol
has a potential to modify estrogen receptor activity.
Such a speculation finds its justification in a sur-
prising fact demonstrated in our experiment. The
groups which were administered retinol at a high
dose and retinol at both doses with alendronate,
displayed a decrease in uterus mass, which may be
indicative of deepened changes associated with es-
trogen deficiency.

The main aim of the experiment was to investi-
gate the effect of retinol on the therapeutic action of
alendronate. The experiment did not allow us to es-
tablish the type of interaction between vitamin
A and alendronate, however, it supplied substantial
evidence for therapeutially unfavorable interde-
pendence between both drugs.

Concurrent administration of retinol and alen-
dronate resulted in bone mass reduction (signifi-
cant in the femur) compared to the results obtained
for alendronate-treated group. Deeper changes of
statistically significant nature were demonstrated in
the determinations of mineral content. Disorders in
the bone metabolism were manifested as changes
in mechanical properties in the bones. The results
concerning the femoral diaphysis obtained after
concurrent administration of alendronate and reti-
nol were much lower than in the alendronate-
treated group. A statistically significant reduction
was observed in the group receiving retinol to-
gether with alendronate with respect to the ultimate
load endured by the femoral diaphysis, in compari-
son with the results for alendronate-treated group.
The value of the breaking load of the femoral dia-
physis was also much lower, although the reduction
was not statistically significant. Only the load caus-
ing femoral neck fracture was similar to that of the
alendronate-treated group and was statistically sig-
nificantly higher than the value determined for the
ovariectomized controls. The results of determina-
tions for femoral neck endurance may indicate
stronger action of alendronate in the trabecular
bone.

In conclusion, retinol administration adversely
affected the osseous tissue in estrogen-deficient fe-
male rats, thus deepening osteopenia.

The results obtained after concurrent admini-
stration of alendronate and retinol unambiguously
proved therapeutically unfavorable interdepend-
ence. Retinol administration lessens the protective

action of alendronate against estrogen deficiency.
However, it is difficult to demonstrate whether the
effect of both drugs resulted from drug interaction,
or resulted from osteopenia-deepening action of
retinol.

The results of the experiment carried out on ani-
mals make us wonder whether it is purposeful to
supplement vitamin A in people, and particularly in
postmenopausal women.
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