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Skeletal disorders occuring in experimental model of osteopenia caused by
bilateral ovariectomy in rats are similar to those observed in postmenopausal
women. Retinol is a commonly used vitamin, especially by elderly people. The
role of retinol in bone remodeling is not well-established. The aim of the present
study was to investigate the effect of retinol administered at doses of 700 IU/kg
po daily and 3500 IU/kg po daily for 28 days on the development of osteopenia
induced by bilateral ovariectomy in 3-month-old Wistar rats. The experiments
were carried out on 4 groups of animals: I (C) – sham-operated control rats, II
(OVX) – ovariectomized control rats, III (OVX + R700) – OVX rats treated
with retinol (700 IU/kg po daily), IV (OVX + R3500) – OVX rats treated with
retinol (3500 IU/kg po daily). Body mass gain, bone mass, mineral and calcium
content in the tibia, femur and L-4 vertebra, histomorphometric parameters of
the right tibia (width of osteoid, periosteal and endosteal transverse growth, the
area of the transverse cross section of the bone marrow and cortical bone) and
the right femur (width of epiphyseal and metaphyseal trabeculae, width of
epiphyseal cartilage), and mechanical properties of the femur were investigated.
Bilateral ovariectomy induced osteopenic skeletal changes in mature female
rats. Retinol at doses of 700 IU/kg po daily and 3500 IU/kg po daily decreased
bone mass (statistically significantly after treatment with 3500 IU/kg po daily).
Retinol at both doses caused statisticaly significant increases in the width of pe-
riosteal osteoid, and, at a dose of 3500 IU/kg po daily, of endosteal osteoid. The
increase in the width of osteoid may be the effect of disorder of its mineraliza-
tion, as the decreases in bone mineral and calcium content were also noted. In
mechanical tests of the femur, dose-dependent decreases in the ultimate load,
the breaking load and the deformation caused by the applied load were observed
after administration of retinol (in comparison with the OVX control rats). Con-
cluding, retinol (especially administered at the dose of 3500 IU/kg daily) inten-
sified the changes in the osseous system caused by estrogen deficiency in rats.
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INTRODUCTION

Retinol (vitamin A) conditions in human body
the process of vision, the structure of cell mem-
branes, proper development of sex cells, prolifera-
tion of epithelial cells, and it is also a growth factor.
Retinol is produced from �-carotene, which under-
goes decomposition in the presence of �-carotene
dioxygenase into two molecules of retinal which is
transformed under the influence of retinal reduc-
tase into retinol. Small quantity of retinol may be
oxidized to retinoic acid necessary for growth and
differentiation of epithelial cells and for glycopro-
tein synthesis [2, 7].

Nuclear RAR and RXR receptors for retinoic
acid were identified both in osteoblasts and in os-
teoclasts. RAR and RXR receptors form hetero-
dimers which stimulate the process of transcription
in nucleus. RXR receptor also forms active hetero-
dimers with vitamin D receptors and thyroid hor-
mone receptors [6, 8, 28].

The role of retinol and retinoic acid in the pro-
cesses of osseous tissue remodeling is not well-
established.

Physiological concentrations of retinol influ-
ence proper growth and development of the osse-
ous tissue [11, 16].

Recent studies indicate that too high doses of
vitamin A may cause damage and deformation of
osseous system [3, 12, 14]. Tests carried out on ex-
perimental animals demonstrated that hypervitami-
nosis A intensifies resorption processes in the osseous
system, causes demineralization of bones, increases
bone fragility and may even lead to spontaneous frac-
tures [9, 15]. Similarly to animals, the increased sup-
ply of retinol also reduces human bone density and
increases the risk of fracture [3, 12, 24, 30].

Retinol as a component in multivitamin prepa-
rations is commonly used, especially by elderly
people, whose bone mineral density decreases due
to ageing and postmenopausal estrogen deficiency.

There are no scientific reports, concerning the
influence of retinol administered at preventive or
therapeutic dose on the development of osseous
system alterations in estrogen deficiency in experi-
mental animals.

The aim of the present study was to investigate
the influence of retinol administered at the dose of
700 IU/kg equivalent to a preventive dose, or 3500
IU/kg which is a therapeutic dose in humans, on the
development of osseous system alterations induced

by ovariectomy in rats based on macrometric and
histomorphometric parameters and mechanical
properties of bones.

MATERIALS and METHODS

Twenty-eight mature female Wistar rats used in
our investigations were obtained at 3 months of age
from the Central Animal Farm of the Silesian
Medical University. The permission for the animal
tests and experiments was given by the Ethical
Commission, Katowice. The animals were assigned
to four groups of 7 animals per treatment group as
follows: I (C) – sham operated control rats, II (OVX)
– ovariectomized control rats, III (OVX + R700) –
OVX rats treated with retinol (700 IU/kg po daily),
IV (OVX + R3500) – OVX rats, treated with reti-
nol (3500 IU/kg po daily).

Bilateral ovariectomy or sham-operation were
performed under ether anesthesia. A longitudinal
incision was made inferior to the rib cage on the
dorsolateral body wall [29]. The ovaries were exte-
riorized, ligated and excised. Rats subjected to the
sham surgical procedure had only the ovaries exte-
riorized and then replaced. The animals were fed
standard laboratory rodent chow and had water to
drink ad libitum. Each morning all the animals
were weighed (Precision Advanced GT 2100-V
OHAUS, accuracy 0.01 g), immediately before ad-
ministration of the tested preparations. Each morn-
ing the rats of OVX + R700 and OVX + R3500
groups were administered intragastrically (through
a stomach tube) retinol at a dose of 700 IU/kg and
3500 IU/kg in a volume of 2 ml/kg. The control (C)
and OVX rats were given distilled water in the
same volume of 2 ml/kg po daily.

Administration of retinol started 2 days after bi-
lateral ovariectomy and continued for 28 days.
Twenty four hours prior to the first administration
and on the last day of administration of retinol, the
animals were given tetracycline hydrochloride
(20 mg/kg ip) in order to mark the calcification
front. Tetracycline hydrochloride was a histomor-
phometrical fluorescence marker [13, 23]. After
28 days of retinol administration, all the animals
were sacrificed. The right and left tibial femoral
bones, L-4 vertebra as well as the uterus, thymus
and liver were isolated. After isolation and freeing
of muscular tissue, the bones and organs were
weighed (Analytical Standard AS200, OHAUS, ac-
curacy 0.0001 g). Macrometric parameters (that is,
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length, diameter of the diaphysis in the mid-length)
of the isolated bones were determined. A slide cali-
per (accuracy: 0.1 mm) was used for the macromet-
ric measurements.

In order to determine the content of mineral
substances in bones, the left tibia and femur and
L-4 vertebra were mineralized at the temperature of
640°C for 48 h and weighed using Analytical Plus,
OHAUS, accuracy 0.00001 g. The mineralized
bones were dissolved in 6 M HCl and then calcium
content in the bone mineral was assayed by a color-
imetric method (Pointe Scientific standard kit).

The right femoral and tibial bones were used to
prepare histological specimens, as described previ-
ously [20]. 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, 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
(2nd and 3rd tibial cross-section slices together
with the longitudinal section slice of the femoral
distal epiphysis) were stained using the Tripp and
MacKay method (without decalcification) [26].
Staining times were subjected to the authors’ own
modification.

The histomorphometric measurements were
made using a microscope Optiphot 2 (Nikon), con-
nected through RGB camera (Cohu) to personal
computer (program Lucia G 4.51, Laboratory imag-
ing), with final magnifications 200 and 500 times.

In the unstained preparation, the distance be-
tween the tetracycline stripes was measured, on the
periosteum side and on the marrow cavity side (pe-
riosteal and endosteal transverse growth). Determi-
nations of transverse growth of the tibia were done
in UV light on unstained preparation whereas de-
terminations of other histomorphometrical parame-
ters were done in the visible light.

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
width of trabeculae in the epiphysis and metaphysis
was measured as an arithmetic mean of the meas-
urements of the all trabeculae within one field of

view of a microscope fixed 600 �m above the carti-
lage (the trabeculae in the epiphysis) and 600 �m
below the epiphyseal cartilage (the trabeculae in
the metaphysis).

The area of the transverse cross-section of the
cortical 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).

Mechanical properties of the femur were as-
sessed, as described previously [19], using the set
constructed at the Department of Pharmacology,
Medical University of Silesia, in the cooperation
with Hottinger Baldwin Messtechnik 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) and the deformation was measured
by an inductive sensor (HBM). The signals sent by
the sensors were amplified and registered using 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 ultimate load and the breaking load, as well
as deformation caused by the applied loads 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.

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 in
17 mm from the proximal end of the right femur, in
a metacrylate 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 sig-
nals sent by the sensor were amplified and regis-
tered using the XY recorder. The load causing the
fracture of the femoral neck was determined.

The results were given as arithmetic mean val-
ues ± SEM. Student’s t-test for unpaired observa-
tions was used for estimation of statistical signifi-
cance. The results for all groups were compared
with the ones for OVX rats.
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RESULTS

Bilateral ovariectomy in rats (Group II) induced
statistically significant increase in body mass gain
(by 73.18%), statistically significant decrease in
uterus mass (by 72.2%) and statistically significant
increase of thymus mass (by 59.6%) and liver mass
(by 16.78%) when compared to the results obtained
for sham operated rats (C) (Tab. 1).

Macrometric measurements of tibia and femur
in OVX rats were not significantly different from
the results obtained for sham operated rats (C). The
mass of tibia, femur, and L-4 vertebra immediately
after they were isolated was statistically insignifi-
cantly larger, whereas the mineral content in the ex-

amined bones was smaller, and in case of L-4 ver-
tebra statistically significantly smaller (by 9.55%)
when compared to the results for sham operated
rats (C) (Tab. 1). The ratio of mineral content to
tibial, femoral and L-4 vertebra mass for OVX rats
was statistically significantly smaller by 9.1%,
6.98% and 13.89%, respectively, in comparison
with the results obtained for sham operated rats (C)
(Tab. 1). Also in the group of OVX rats, the exam-
ined bones showed decreased calcium content
which in case of tibial bone was statistically sig-
nificantly smaller (by 16.55%) when compared to the
results obtained for sham operated rats (C) (Tab. 1).

Histomorphometric tests carried out for OVX
rats demonstrated statistically significant increase
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in osteoid width on the side of periosteum (by
19.17%) and on the side of endosteum (by 20.83%)
(Tab. 2). Furthermore, histomorphometric examina-
tions of compact-structured tibial diaphysis showed in-
tensification of resorption processes, which is proved
by increased transverse cross-section area of marrow
cavity and statistically significant increase in trans-
verse cross-section area of marrow cavity/tibial dia-
physis ratio (by 18.77%) in comparison with sham
operated control group (C). Also statistically signifi-
cant decrease in trabeculae width in the femoral
epiphysis (by 30.37%) and femoral metaphysis (by
22.14%) was observed based on histomorphometric
tests, when compared to the results obtained for sham
operated control rats (C), which shows that the pro-
cess of resorption in the trabecular bone was intensi-
fied. Histomorphometric tests also demonstrated sta-
tistically insignificant increase in epiphysial cartilage
width compared to the control group (C) (Tab. 2).

The femur in OVX rats also displayed deterio-
rated mechanical properties, demonstrated by the de-
creased strength of the examined bones, increased
susceptibility to deformation, and lowered extrinsic
stiffness of the examined bones. Load which resulted
in femoral neck fracture was statistically significantly
smaller (by 24.72%) than in sham operated animals
(C). Also load at the moment of femoral diaphysis
fracture was statistically significantly smaller by
27.55%. Femoral diaphysis deformation measured
at the point of ultimate load was statistically sig-
nificantly bigger (by 15%) compared to the results
obtained for sham operated rats (C). Extrinsic stiff-
ness of the femoral diaphysis calculated on the ba-
sis of load/deformation curve was statistically sig-
nificantly smaller (by 28.33%) than in the sham op-
erated group of rats (C) (Tab. 2).

Retinol administration to OVX rats both at the
dose of 700 IU/kg and 3500 IU/kg caused a decrease
in bone mass. The decreases were statistically signifi-
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cant in the tibial bone (by 8.83%) and in the femo-
ral bone (by 8.49%) after administration of the
higher dose when compared to the results obtained
for the control group of OVX rats.

The examined bones demonstrated also a statisti-
cally insignificant mineral content decrease and a sta-
tistically significant calcium content decrease in L-4
vertebra after administering 700 IU/kg daily (by
7.81%) and in the femur and L-4 vertebra after ad-
ministering 3500 IU/kg daily (by 11.74% and 8.19%,
respectively) when compared to the results obtained
for control group of OVX rats (Tab. 1).

In histomorphometric tests, retinol adminis-
tered at the dose of 700 IU/kg, as well as 3500
IU/kg caused statistically significant increase in pe-
riosteal osteoid width (by 13.92% and 20.02%, re-
spectively), and at the dose of 3500 IU/kg it in-
creased also the endosteal osteoid width by 20.39%
compared to the results obtained for OVX rats
(Tab. 2). The tibial bone transverse growth was de-
creased both on the side of periosteum and en-
dosteum. Statistically significant decreases were
observed after administering 700 IU/kg as well as
3500 IU/kg on the side of periosteum by 27.75%
and 37.82%, respectively, when compared to the re-
sults obtained for OVX rats. The dose of 3500 IU/kg
daily of retinol caused a statistically insignificant in-
crease in the transverse cross-section area of the tib-
ial marrow cavity and the transverse cross-section
area of marrow cavity/tibial diaphysis ratio com-
pared to OVX group, which may indicate an intensi-
fied resorption process triggered by estrogen defi-
ciency. No statistically significant influence of reti-
nol on trabecular width and epiphysial cartilage
width in the femur was observed when compared to
the results obtained for OVX rats.

Retinol at the dose of 3500 IU/kg daily deterio-
rated the mechanical properties of femoral diaphy-
sis causing statistically significant reduction of the
ultimate load endured by the femoral diaphysis (by
13,83%), the breaking load (by 24.83%) and the
extrinsic stiffness of the femoral diaphysis when
compared to the results obtained for OVX animals.
No statistically significant influence of retinol on
the mechanical properties of the femoral neck was
observed.

DISCUSSION

Disorders similar to those observed in postmeno-
pausal women can be obtained in an experimental

animal model induced by bilateral ovariectomy [5,
10, 31, 32]. Such an experimental model is used by
many researchers to specify changes occurring in os-
seous system as a result of estrogen deficiency, and
also to test the influence of drugs on the development
or reversal of such changes [4, 5, 10, 19, 21, 25].

Assessment of the osseous system alterations in
rats was done 30 days after the date of performing
bilateral ovariectomy, as the changes in osseous tis-
sue in this period are in their most dynamic phase,
which was proved in earlier research [21].

Estrogen deficiency as a result of bilateral
ovariectomy in sexually mature female rats trig-
gered osseous system alterations associated with
bone loss, however, with no spontaneous fractures.
Intensified bone loss was manifested by a signifi-
cant decrease in the mineral content/bone mass ra-
tio in the examined bones, as well as in histomor-
phometric and mechanical endurance tests. Histo-
morphometric tests indicated disturbed osseous
tissue remodeling process both in cortical and in
trabecular bones. Cortical periosteal bone demon-
strated intensified bone formation process (in-
creased osteoid width and transverse growth),
whereas on the side of endosteum the bone resorp-
tion process was intensified (increased transverse
cross-section area of marrow cavity and increased
transverse cross-section area of marrow cavity/trans-
verse cross-section area of the tibia ratio). Resorp-
tion processes were also intensified in trabecular
bone (significant decrease in trabecular width in
femoral epiphysis and metaphysis). Structural
changes in long bones resulting from estrogen defi-
ciency following bilateral ovariectomy in female
rats were reflected also by deteriorated endurance
of the femur and femoral neck. Mechanical tests of
the whole femur demonstrated significant de-
creases in the breaking load and in extrinsic stiff-
ness which reflects the rigidity of the bone [27], as
well as increased deformation at ultimate load.
Also the breaking load for femoral bone was sig-
nificantly smaller than in the control group of sham
operated rats. The obtained results correlate with
the data found in literature [17, 20, 25]. Thirty days
after the day of performing bilateral ovariectomy,
estrogen deficiency caused significant increase in
body mass gain in female rats used in the experi-
ment as well as statistically significant increase in
thymus mass and decrease in uterus mass. The ob-
served changes are in accordance with observations
described by Kalu [10].
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To define the effect of retinol on the develop-
ment of alterations induced by estrogen deficiency
following bilateral ovariectomy in female rats, vita-
min A was administered at the dose of 700 IU/kg
daily or 3500 IU/kg daily for the period of 28 days.
The dose of 700 IU/kg was equivalent to a preven-
tive dose, whereas the 3500 IU/kg dose was
equivalent to a therapeutic dose applied per kg of
human body weight taking into account the coeffi-
cient (×10) based on the assumption that metabolic
processes in rodents are 10 times faster than in hu-
man [1, 18].

Retinol administered to female rats with estro-
gen deficiency following bilateral ovariectomy
both at the dose of 700 IU/kg and 3500 IU/kg
caused a decrease in mass, mineral content and cal-
cium content in the examined bones, where statisti-
cally significant changes occurred after administer-
ing 3500 IU/kg . Based on histomorphometric pa-
rameters retinol proved not to display any significant
effect on changes induced by estrogen deficiency
following bilateral ovariectomy in trabecular bone
(the width of trabeculae in the epiphysis and meta-
physis was not significantly different from the re-
sults obtained in OVX control rats). Retinol dis-
turbed the bone formation process in periosteal cor-
tical bone (statistically significant decrease in bone
transverse growth and mass decrease) and the pro-
cess of mineralization (statistically significant in-
crease in osteoid width both on the side of perios-
teum and endosteum as well as mineral and cal-
cium content decrease). Furthermore, retinol at the
dose of 3500 IU/kg slightly augmented changes
caused by estrogen deficiency, intensifying resorp-
tion process on the side of endosteum in cortical
bone (increased transverse cross-section area of
marrow cavity and the ratio tranverse cross-section
area of the marrow cavity/tibial transverse cross-
section area). Adverse effect of 3500 IU/kg dose of
retinol on the processes of osseous tissue remodel-
ing was additionally proved by deteriorated me-
chanical properties of the femoral diaphysis in rats
with estrogen deficiency following bilateral ovariec-
tomy. Similarly to histomorphometric tests, also in
mechanical property tests retinol did not demon-
strate a significant effect on trabecular femoral
neck endurance.

Similar changes in osseous tissue in rats in-
duced by administering large doses of retinol were
described by Hough and Avioli [9], and Moore and
Sharman [15], who reported that intensified resorp-

tion processes caused by hypervitaminosis A in-
duced osteopenia, bone deformation and even
spontaneous fractures. Also clinical research con-
ducted by Melhus et al. [12] proves that increased
retinol supply leads to osteoporosis in humans. Ad-
ministration of retinol at over 1.5 mg/day causes re-
duced mineral density of the femoral neck by 10%,
of lumbar vertebra by 14%, of the total osseous
mass by 6%, and increases the risk of hip bone
fracture [30]. The decreased osseous mass and in-
creased risk of fracture in postmenopausal women
with hypervitaminosis A was also reported by So-
wers and Wallace [24]. Feskanich et al. [3] pub-
lished a study which showed that prolonged diet
containing retinol may lead to BMD reduction and
increased risk of fractures in postmenopausal
women. Adverse retinol action on the osseous tissue
has been associated by some authors [6, 8, 22, 28]
with its antagonistic action toward vitamin D. The
vitamin D-antagonizing action of retinol may result
from retinol action on vitamin D receptors, as nu-
clear RXR receptor for retinoic acid forms active
heterodimers with VDR receptors of vitamin D [18,
22]. The results indicating reduced organic matrix
mineralization process and increased osteoid width
obtained in the present experiment seem to confirm
the hypothesis that the effect of retinol on osseous
system in estrogen-deficient rats, may be attributed
to antagonizing vitamin D.

To sum up, we may conclude that retinol, espe-
cially administered at the dose of 3500 IU/kg
(equivalent to a therapeutic dose in people) has an
adverse effect on the osseous tissue in female rats,
intensifying the changes caused by estrogen defi-
ciency. Results obtained for animals indicate that
vitamin A administration at higher doses should be
limited in elderly people, in particular, in post-
menopausal women.
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