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Abstract:

The experiments were carried out on rats, divided into 7 groups: I – sham-operated control rats, II – ovariectomized (OVX) control

rats, III – OVX + etidronate (10 mg/kg po), IV – OVX + retinol (700 IU/kg po), V – OVX + retinol (3 500 IU/kg po), VI – OVX

+ etidronate (10 mg/kg po) + retinol (700 IU/kg po), VII – OVX + etidronate (10 mg/kg po) + retinol (3 500 IU/kg po). The drugs

were administered once a day for 4 weeks.

Bone mass, content of mineral substances and calcium were examined in the femur, tibia and L-4 vertebra. In the femur, mechanical

properties of the whole bone supported on its epiphyses (the ultimate load, the breaking load and the deformation caused by the

applied load) and of the femoral neck (the load causing the fracture) were studied.

Bilateral ovariectomy induced unfavorable changes in mechanical properties of rat bones, which were partially prevented by

administration of etidronate. Retinol at 3 500 IU/kg po caused intensification of the osteoporotic changes, especially it worsened the

mechanical properties of bones.

The results of the present study do not indicate the existence of any interaction between retinol and etidronate concerning mechanical
properties of bones in OVX rats.
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Introduction

Bone fractures are the most clinically dangerous
symptom of osteoporosis. The risk of fractures shows
individual variations, and depends on the bone sus-
ceptibility to fractures as well as on the probability of
falling. The risk coefficient of femur fractures in
women between 60 and 80 years of age is 14%,
whereas for women approaching the age of 88 the
probability of femoral neck fractures increases to 32%
[1, 16]. For 5–20% of people, femur fractures result in

death within the first year, while over 50% of patients
become disabled, unable to lead an independent life
[2, 6].

Various factors affect the osseous tissue remodel-
ing processes, including hormones and vitamins.
Long-term excess of retinol in the body, which inten-
sifies the processes of bone resorption and may lead
to pathological fractures, is particularly dangerous.

Until the present moment, only few reports have
been published concerning the effect of retinol inter-
action with bisphosphates (antiresorptive drugs) on
the osseous tissue remodeling, including the remodel-
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ing of osteoporotic osseous tissue [14, 21, 25]. There-
fore, in the present study, we decided to assess the in-
teraction between retinol and etidronate and mechani-
cal properties of the femur in rats. The measurements
of mechanical properties were carried out on ovariec-
tomizes (OVX) rats, in order to model the reduced
bone endurance, and consequently, the increased risk
of fractures in postmenopausal women.

Materials and Methods

The experiments were carried out on mature female
Wistar rats (205–251 g) from the Central Animal
Farm of the Silesian Medical University. The permission
for the animal tests and experiments has been granted by
the Bioethical Board of the Silesian Medical University.

The animals were divided into seven groups, 7 ani-
mals each, according to the type of surgical operation
they underwent and drug treatment: I (OVX) –
ovariectomized rats (0.9% NaCl at 0.2 ml/100 g per os

(po)); II (SHAM) – control sham operated rats (0.9%
NaCl at 0.2 ml/100 g po); III (E) – ovariectomized
rats which were administered etidronate (10 mg/kg
po); IV (R1) – ovariectomized rats which were ad-
ministered retinol (700 IU/kg po); V (R2) – ovariecto-
mized rats which were administered retinol (3 500 IU/kg
po); VI (E + R1) – ovariectomized rats which were
administered etidronate (10 mg/kg po) and retinol
(700 IU/kg po); VII (E + R2) – ovariectomized rats
which were administered etidronate (10 mg/kg po) and
retinol (3 500 IU/kg po). The animals in the group of
control sham-operated rats (SHAM) had their dermal
integuments, muscles and peritoneum sectioned with
no ovaries excision. Such a SHAM surgery was
needed to preserve the same conditions of anesthesia
and invasion as for the group of OVX rats. All deter-
minations were performed after the lapse of 4 weeks
from the time of surgical removal of ovaries.

After 4 weeks of drugs administration, all the ani-
mals were sacrificed. The right and left femoral and
tibial bones, L-4 vertebrae as well as the uterus and
thymus were isolated. After isolation and freeing of mus-
cular tissue, the bones and organs were weighed (Analyti-
cal Standard AS200, OHAUS, accuracy 0.0001 g).

Macrometric parameters (that is, length and diame-
ter of the diaphysis in the mid-length) of the isolated
bones were determined. A slide caliper (accuracy:
0.1 mm) was used for the macrometric measurements.

In order to determine the content of mineral sub-
stances in bones, the tibia and femur and L-4 verte-
brae were mineralized at the temperature of 640oC for
48 h and weighed using Analytical Plus, OHAUS bal-
ance, 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 colorimetric method
(Pointe Scientific standard kit; cat. no. C7508-400).

Mechanical properties of the femoral shaft and
neck strengths were measured using a set designed at
the Department of Pharmacology, Faculty of Phar-
macy, Silesian Medical University in Sosnowiec in
the cooperation with Hottinger Baldwin Messtechnik
GmbH, Poznañ (Poland). Examinations of femoral
bone strength included the determination of the femo-
ral deformation, the maximum femoral shaft load as
well as the maximum femoral neck load and femoral
structural stiffness. Briefly, the femoral shaft strength
was determined by mechanical testing performed for
each isolated femur. The linearly increasing force was
applied to the length midpoint vertically to the femo-
ral shaft axis. The femur was supported at its epiphysis
and at its head. A tensiometric sensor (manufactured by
HBM) was used to measure the load and a WBL-4A
inductive sensor (accuracy 0.05 mm; manufactured by
HBM) was used to measure the bone strain.

The amplified signals from the sensors were recorded
by means of XY recorder (type KP-6801A) as a function
of the examined bone deformation relative to the applied
load. The load was increased at a rate of 100 N/min.

To establish the femoral neck strength, the right fe-
murs were isolated and testet mechanically as fol-
lows. 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 un-
derneath the lesser trochanter. The bone was embedded
in a special hole whose diameter 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.

In the statistical analysis, the results obtained for
the sham operated rats (SHAM) and for the groups of
rats which were administered etidronate, retinol
(700 IU/kg po or 3 500 IU/kg po) or etidronate concur-
rently with retinol (700 IU/kg po or 3 500 IU/kg po)
were compared with those obtained for the group of
OVX rats. The results are given as the arithmetic
mean values (± SEM). Unpaired Student’s t-test was
applied for statistical evaluation of the results.
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Results

After the lapse of four weeks of the experiment, the
OVX group of animals displayed a body mass in-
crease of 46.57 ± 5.49 g. The control group (SHAM
group) displayed a statistically significant reduction
of body mass increase by 41.70% (p < 0.05) when
compared to the OVX group. In the E, R1, R2, E + R1
and E + R2 groups of rats, the body mass increase was
similar to the OVX group (Tab. 1).

In the OVX group, the masses of the uterus and
thymus were 0.08 ± 0.06 g and 0.54 ± 0.05 g, respec-
tively. In the SHAM group of rats, the mass of the
uterus was statistically significantly bigger by 300%
(p < 0.001) and the thymus mass was statistically sig-
nificantly smaller by 40.74% (p < 0.01) when com-

pared to the OVX group of rats. In the groups: E, R1,
R2, E + R1 and E + R2, the masses of uterus and thy-
mus were not significantly different from the results
obtained for the OVX group of animals (Tab. 1).

In the OVX group of rats, the mass of the femur,
tibia and L-4 vertebra was: 0.74 ± 0.12 g, 0.52 ± 0.14 g
and 0.25 ± 0.01 g, respectively. The length of the fe-
mur was 31.99 ± 0.18 mm and its diameter 3.22
± 0.04 mm, the length of the tibia was 36.11 ± 0.21 mm
and its diameter 2.63 ± 0.05 mm (Tab. 1). The SHAM
group displayed an increased mass of the femur by
1.33% and of the tibia by 1.92%, whereas mass of the
L-4 vertebra remained unchanged. No changes in the
femoral or tibial length, and in the diameter of their
diaphyses were observed (Tab. 1). In the E group of
rats, the masses of the femur and the tibia were ob-
served to have increased in comparison with the OVX
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Tab. 1. %		��� �	 �������������� �	 ���������� ��� ������ �� &��� ���� ��� ����������� ���������� �� ��� �����������$�� ��� ���� ��������
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Examined parameters OVX SHAM E R1 R2 E + R1 E + R2

Body mass
[g]

Initial 204.86
± 2.58�

211.85
± 2.61

200.33
± 3.17

212.00
± 3.14

203.29
± 1.98

199.83
± 6.00

198.50
± 2.48

After 4 weeks 251.42
± 4.01

239.00
± 2.93*

239.83
± 5.00

253.00
± 6.55

244.28
± 3.10

240.66
± 6.57

240.66
± 5.89

Uterus mass [g] 0.08
± 0.06

0.32
± 0.02***

0.07
± 0.04

0.07
± 0.06

0.07
± 0.04

0.08
± 0.03

0.08
± 0.04

Thymus mass [g] 0.54
± 0.05

0.32
± 0.06**

0.55
± 0.03

0.58
± 0.03

0.61
± 0.06

0.53
± 0.02

0.54
± 0.02

Bone mass
[g]

Femur 0.74
± 0.12

0.75
± 0.16

0.77
± 0.14

0.74
± 0.15

0.69
± 0.15*

0.70
± 0.14

0.73
± 0.16

Tibia 0.52
± 0.14

0.53
± 0.14

0.55
± 0.10

0.52
± 0.12

0.49
± 0.14

0.49
± 0.14�

0.52
± 0.14

Vertebra L-4 0.25
± 0.01

0.25
± 0.08

0.25
± 0.06

0.25
± 0.06

0.24
± 0.02

0.22
± 0.04

0.25
± 0.02

Bone length
[mm]

Femur 31.99
± 0.18

31.63
± 0.19

31.50
± 0.24

31.64
± 0.24

31.60
± 0.27

31.47
± 0.21

32.00
± 0.26

Tibia 36.11
± 0.21

36.08
± 0.31

35.77
± 0.21

36.02
± 0.24

36.08
± 0.28

35.77
± 0.18

36.03
± 0.21

Bone diameter
[mm]

Femur 3.22
± 0.04

3.25
± 0.06

3.23
± 0.05

3.20
± 0.03

3.18
± 0.04

3.17
± 0.03

3.22
± 0.03

Tibia 2.63
± 0.05

2.65
± 0.03

2.60
± 0.06

2.64
± 0.04

2.63
± 0.07

2.57
± 0.02

2.66
± 0.05

�

���������� ���� ' �%�( OVX ) �����������$�� ����� � * +( SHAM ) ������ ���� �������� ����� � * +( E ) �����������$�� ���� !���� !��� ���
���������� ���������� �� � ���� �	 � ��,�� ��� � * +( R1 ) �����������$�� ���� !���� !��� ������������ ������ �� � ���� �	 +  "�,�� ��� � * +(
R2 ) �����������$�� ���� !���� !��� ������������ ������ �� � ���� �	 - .  "�,�� ��� � * +( E + R1 ) �����������$�� ���� !���� !��� ��������
����� ���������� �� � ���� �	 � ��,�� �� ��� ������ �� � ���� �	 +  "�,�� ��� � * +( E + R2 ) �����������$�� ���� !���� !��� ������������ ����
������� �� � ���� �	 � ��,�� �� ��� ������ �� � ���� �	 - .  "�,�� ��� � * +( / � 0  1 .( // � 0  1 �( /// � 0  1  � ) ��		������� ����������� ����
��	����� �������� �� ��� ���2�� �&������ 	�� �����������$�� ���� 34567



group by 4.05% and 5.77%, respectively, with no in-
fluence on the length and diameter of the bones and on
the mass of the L-4 vertebra (Tab. 1).

In the R1 group of animals, the mass of the femur,
the tibia and the L-4 vertebra, the length and diameter
of the femoral diaphysis and the length and diameter
of the tibial diaphysis were similar to those in the
OVX group of rats. A statistically significant reduc-
tion of the femoral mass by 6.76% (p < 0.05) and a de-
creased mass of the tibia (by 5.77%) as well as a de-
creased L-4 vertebra mass (by 4.00%) were observed
in the R2 group when compared to the OVX group. In
this group, the changes in the lengths and diameters of
the femoral or tibial diaphyses were not observed
when compared to the group of OVX rats (Tab. 1).

The E + R1 group displayed a diminished femoral
mass (by 5.41%), a statistically significant decrease in
the tibial mass (by 5.77%, p < 0.05) and a decrease in
the L-4 vertebra mass by 12.00%, whereas the lengths

and diameters of the femoral and tibial diaphyses re-
mained unchanged in these animals (Tab. 1). The rats
of the E + R2 group did not show any significant dif-
ferences in the femoral or tibial masses, their lengths
or diameters as well as in the mass of L-4 vertebra in
comparison with the results obtained for the OVX
group of animals (Tab. 1).

In the OVX group of animals, the mineral content in
the femur, the tibia and the L-4 vertebra was: 293.45
± 12.39 mg, 213.90 ± 6.64 mg and 181.61 ± 6.24 mg,
respectively. In the SHAM group of rats, the mineral
content in the femur was increased by 5.99%, in the
tibia by 5.68% and in the L-4 vertebra by 4.74%. The
mineral content in the tested bones in the groups: E,
R1, R2, E + R1 and E + R2 was similar to the content
in the OVX group (Tab. 2).

In the OVX group, the calcium content in the fe-
mur was 357.73 ± 14.60 mg/g, in the tibia 355.44
± 14.90 mg/g, and the calcium content in the L-4 ver-
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Tab. 2. %		��� �	 �������������� �	 ���������� ��� ������ �� &��� ������ ��� ����2� ������� ��� �� ��� ��������� ���������� �	 ��� 	��2� ��
��� �����������$�� ��� ���� �������� 	���� ����

Examined parameters OVX SHAM E R1 R2 E + R1 E + R2

Bone mineral
content [mg]

Femur 293.45
± 12.39�

311.04
± 8.27

290.18
± 10.66

293.10
± 11.11

294.84
± 10.63

295.06
± 10.45

297.03
± 13.33

Tibia 213.90
± 6.64

226.04
± 12.93

212.96
± 10.22

213.12
± 8.85

214.57
± 7.58

215.32
± 9.66

218.41
± 8.45

Vertebra L-4 181.61
± 6.24

190.21
± 9.27

180.22
± 8.20

180.98
± 9.12

182.66
± 6.00

182.82
± 6.44

183.02
± 9.60

Calcium content
[mg/g mineral
content]

Femur 357.73
± 14.60

383.99
± 18.19

377.92
± 16.93

360.44
± 20.16

361.56
± 19.56

427.47
± 43.91

377.43
± 20.88

Tibia 355.44
± 14.90

407.90
± 18.72

376.19
± 15.02

359.37
± 15.35

357.78
± 15.00

375.14
± 20.88

393.84
± 16.57

Vertebra L-4 388.91
± 10.32

404.39
± 15.32

389.84
± 12.30

348.84
± 12.20**

360.20
± 14.74**

336.40
± 16.87***

414.33
± 13.57

Load [N] Ultimate 72.00
± 14.14

84.88
± 18.25

70.88
± 11.00

72.56
± 14.60

71.74
± 16.23

74.02
± 15.44

72.60
± 16.43

Breaking 55.82
± 8.60

77.04
± 7.99

66.36
± 8.22

55.64
± 6.80

41.98
± 7.12

54.96
± 5.50

39.62
± 7.13*

Deformation [mm] At ultimate
load

0.46
± 0.05

0.40
± 0.01

0.46
± 0.02

0.45
± 0.02

0.46
± 0.04

0.46
± 0.05

0.45
± 0.03

At breaking
load

0.51
± 0.05

0.45
± 0.02

0.50
± 0.02

0.50
± 0.04

0.51
± 0.05

0.52
± 0.03

0.52
± 0.04

Load at fracture of the femoral neck
[N]

61.28
± 3.86

75.96
± 1.65*

76.31
± 5.23

64.21
± 4.04

63.24
± 3.04

60.86
± 3.30

61.78
± 4.98

�

���������� ���� ' �%�( OVX ) �����������$�� ����� � * +( SHAM ) ������ ���� �������� ����� � * +( E ) �����������$�� ���� !���� !��� ���
���������� ���������� �� � ���� �	 � ��,�� ��� � * +( R1 ) �����������$�� ���� !���� !��� ������������ ������ �� � ���� �	 +  "�,�� ��� � * +(
R2 ) �����������$�� ���� !���� !��� ������������ ������ �� � ���� �	 -.  "�,�� ��� � * +( E + R1 ) �����������$�� ���� !���� !��� ��������
����� ���������� �� � ���� �	 � ��,�� �� ��� ������ �� � ���� �	 +  "�,�� ��� � * +( E + R2 ) �����������$�� ���� !���� !��� ������������ ����
������� �� � ���� �	 � ��,�� �� ��� ������ �� � ���� �	 -.  "�,�� ��� � * +( / � 0  1 .( // � 0  1 �( /// � 0  1  � ) ��		������� ����������� ����
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tebra in this group of rats was 388.91 ± 10.32 mg/g.
The calcium content in the femur, the tibia and the
L-4 vertebra for the SHAM group was higher in com-
parison with the results obtained for the OVX group
by: 7.34%, 14.76% and 3.98%, respectively. In the E
group, the calcium content both in the femur and the
tibia was higher by 5.64%, and 5.84%, respectively,
whereas the calcium content in the L-4 vertebra was
similar to the OVX group. In R1 and R2 groups of
rats, the calcium content in the femur and the tibia
was similar to the OVX group, whereas the calcium
content in the L-4 vertebra was statistically signifi-
cantly lower (p < 0.01) by: 10.30% and 7.38%, re-
spectively. In the E + R1 group, the calcium content in
the femur was higher by 19.50%, in the tibia it was
higher by 5.54%, whereas the calcium content in the
L-4 vertebra was statistically significantly lower
(p < 0.001) by 13.50% when compared to the OVX
group. The E + R2 group displayed an increase in the
calcium content in the femur by 5.51%, in the tibia by
10.80% and the L-4 vertebra by 6.54% when com-
pared to the OVX group (Tab. 2).

In the OVX group of rats, the ultimate load en-
dured by the femoral diaphysis was 72.00 ± 14.14 N.
In the SHAM group, the ultimate load endured by the
femoral diaphysis was increased by 17.89%. In the re-
maining groups of rats, i.e.: E, R1, R2, E + R1 an E
+ R2, the ultimate load endured by the femoral dia-
physis was similar to the result obtained for the OVX
group of animals (Tab. 2). The load necessary to
break the femoral diaphysis in the OVX group was
55.82 ± 8.60 N. The breaking load for the femoral
diaphysis in the SHAM group was bigger by 38.02%,
and in the E group it was greater by 18.86%. The
breaking load for the femoral diaphysis in the R1 and
E + R1 groups were similar to the OVX group. The
breaking loads in the R2 and E + R2 groups were
smaller by 24.79% and 29.02% (p < 0.05), respec-
tively, when compared to the OVX group (Tab. 2).

In the OVX group of rats, the deformation of the
femur under the ultimate load endured by the bone
was 0.46 ± 0.05 mm, whereas the deformation at the
moment of fracture was 0.51 ± 0.05 mm. In the
SHAM group, the femoral deformation, both under
the ultimate load and at the moment of fracture, was
smaller by 13.04% and 11.76%, respectively. In the
remaining groups of animals, i.e.: E, R1, R2, E + R1
and E + R2 groups, the femoral deformation under the
ultimate load and at the moment of fracture was simi-
lar to the OVX group (Tab. 2).

In the OVX group, the breaking load for the femo-
ral neck was 61.28% ± 3.86 N. In the SHAM group,
the breaking load for the femoral neck was statisti-
cally significantly bigger (p < 0.05) by 23.96%. In the
E group, the load which resulted in the fracture of the
femoral neck was greater when compared to the result
obtained for the OVX group by 24.53%. In groups:
R1, R2, E + R1 and E + R2, the breaking load for the
femoral neck was similar to the OVX group (Tab. 2).

Discussion

Bilateral ovariectomy was performed in female rats
used in the present study in order to induce osteo-
porotic changes in the bone tissue, which were
equivalent to the disease processes in postmenopausal
women.

The results obtained in OVX rats were compared
with the control group of sham operated rats (SHAM
group), i.e. rats which had their skin layers, muscles
and peritoneum incised but their ovaries were not re-
moved. The aim of such sham operation was to pre-
serve similar conditions of anesthesia and invasion in
the control group as in case of the OVX animals.

Ovariectomy in rats resulted in a greater body mass
increase, a decreased uterus mass and an increased
thymus mass. The above results obtained in this study
constitute a confirmation of the literature data and
evidence the fact that the procedure of bilateral
ovariectomy was conducted correctly as an experi-
mental model reflecting disorders in postmenopausal
women [9, 14, 30].

Taking into account the fact of the decreased bone
endurance and, consequently, the increased risk of
fractures in the course of osteoporosis in humans, the
measurement of mechanical properties of isolated
femoral bones in OVX rats was conducted in the pres-
ent study. The femoral diaphysis is built of compact
bone, whereas the epiphyses and metaphyses consist
of trabecular and compact bone. The femoral neck is
of trabecular structure. Osteoporotic changes in hu-
mans [2, 18, 22], as well as in animals [13, 17, 26],
are best visible in the trabecular bone. Such differ-
ences between the types of osseous tissue led us to as-
sess the mechanical properties of bones in OVX rats
both in the cortical osseous tissue (determinations in
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the femoral diaphysis), and in the trabecular bone tis-
sue (determination in the femoral neck).

The results of the tests suggest that, as a result of
ovariectomy, the mechanical properties of the femoral
bone are deteriorated viz. endurance to fractures of both
the femoral diaphysis and the femoral neck is decreased,
and their susceptibility to deformation is increased.

Mechanical properties of bones depend on their mi-
crostructure as well as the osseous mass. The ultimate
value of the osseous tissue mass is one of the major
factors which affect the risk of fractures, therefore, in
this study, macrometric measurements were carried
out which included the measurement of the mass of
the femur, the tibia and the L-4 vertebra. As the size
of the bone mass is connected with the quantity of in-
organic part of the osseous tissue, including calcium,
also the mineral content and calcium content in the fe-
mur, the tibia and the L-4 vertebra were determined in
our study. Additionally, the measurements of the
length of the femur and the tibia and the diameter of
their diaphyses were performed.

The OVX group of rats displayed a decreased mass
of the femur and tibia, whereas the mass of the L-4
vertebra remained unchanged when compared to the
SHAM group. No changes in the shape of the tested
bones were observed. The OVX group displayed a de-
creased mineral content and calcium content in the
tested bones in comparison with the SHAM group.

The results showing decreased mechanical proper-
ties of the bones and diminished mineral and calcium
content in the tested bones in OVX rats obtained in
this study constitute a confirmation of the literature
data [13, 18, 25], and they may suggest the occur-
rence of osteoporotic changes in the osseous tissue.

The experimental model of ovariectomy-induced
osteoporosis in rats was used to study the effect of eti-
dronate, retinol, and etidronate administered concur-
rently with retinol on mechanical properties of osteo-
porotically changed osseous tissue.

The magnitude of the dose applied is of great sig-
nificance to the therapeutic effectiveness of eti-
dronate. Usually, the daily dose is 400 mg orally (i.e.
5–10 mg/kg) for two weeks, in cycles with 12-week
intervals [3, 7, 24, 28]. At higher dose of 20 mg/kg
daily, etidronate inhibits bone turnover and arrests
new bone and cartilage mineralization. This is an ad-
verse phenomenon in the treatment of osteoporosis
and may also occur at smaller doses [18]. The half-
life of etidronate in the bone is very long, sometimes
longer than the normal half-life period of the osseous

tissue [8]. In rodents, it lasts from 3 months to one
year, and in humans it may be longer.

In our study, etidronate was administered to rats at
the dose of 10 mg/kg po for the period of 4 weeks.
The manner of administration in the tested animals
was the same as the dosage in humans. A similar
schedule of etidronate administration in rats was also
adapted in earlier studies [11, 14].

The rats which were administered etidronate dis-
played an increased femur mass and tibial mass when
compared to the OVX animals. The results confirm
the observations made in people suffering from osto-
porosis and treated with etidronate [5, 24]. However,
in our study, etidronate did not influence the L-4 ver-
tebra mass. The animals administered the drug showed
an increased calcium content in the femur and the
tibia, with no effect on the calcium content in the L-4
vertebra and no impact on the mineral content in the
tested bones.

A positive effect of etidronate on the osseous mass
and bone density causes a reduction in bone fractures
in humans, especially, in vertebrae fractures by about
68%, and in femoral neck fractures by about 34% [5,
27]. The increased resistance to fractures was found
in over 50% of people included in the clinical trials
[1]. With regard to biomechanical parameters of bones,
the administration of etidronate resulted in an in-
creased load needed to fracture the femoral neck and
the breaking load of the femur, whereas the ultimate
load endured by the diaphysis and the value of the
bone deformation remained unchanged. The obtained
results constitute a confirmation of the research of
Iwamoto et al. [11].

In summary, the results obtained in our study indi-
cate that etidronate partially prevents the deterioration
of mechanical properties of bones in rats, in which the
osteoporotic changes were induced by ovariectomy.

The role of retinol in the osseous tissue remodeling
processes has not been well-established, yet. The in-
fluence of retinol on bone remodeling depends on the
dose and period of administration and may be con-
nected with damage and deformation of the osseous
system. The type of osseous system damage depends
on whether we deal with deficiency or chronic excess
of retinol in the body. Retinol deficiency leads to in-
hibited processes of bone remodeling by decreasing
the activity of osteoclasts and bone deformation [12].

The basic adverse symptom of retinol excess in the
body (vitamin A hypervitaminosis) is intensification
of bone tissue resorption processes. Research con-
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ducted on animals demonstrated that intensified bone
resorption processes caused by vitamin A hypervita-
minosis led to osteopenia, bone deformation and their
pathological fractures [10, 19, 20].

The changes obtained in the osseous tissue under
the influence of retinol excess in animals confirm the
disorders observed in human bones [4, 23, 29]. Mel-
hus et al. [15], on the basis of their research, con-
cluded that an increased retinol supply caused osteo-
porosis in humans.

Taking into account the relation between the level
of changes in the osseous tissue and the administered
dose of retinol, in the present study, retinol was
administered to the OVX rats at the dose of 700 IU/kg po

or at the dose of 3 500 IU/kg po daily. Both doses
were administered intragastrically once daily for the
period of 4 weeks using a stomach tube. The dose of
700 IU/kg corresponded to the preventive dose
(5 000 IU/day), whereas 3 500 IU/kg was equivalent
to a therapeutic dose used in humans (25 000 IU/day)
applied per kg of human body weight taking into ac-
count the coefficient (10) based on the assumption
that metabolic processes in rodents are 10 times faster
than in human [20].

Retinol administered at the dose of 700 IU/kg po

did not influence the macrometric parameters and the
mineral content and calcium content in the tested
bones, apart from the decreased calcium content in
L-4 vertebra.

Administration of retinol in rats at the dose of
3 500 IU/kg po resulted in a decreased femoral mass,
tibial mass and L-4 vertebra when compared to the
OVX group of animals. A decreased bone mass is also
observed in humans with vitamin A hypervitaminosis
[15, 23]. However, as demonstrated in the tests car-
ried out in this study, the observed decrease in the
femoral mass and tibial mass was not caused by the
effect of retinol (3 500 IU) on the mineral content or
calcium content in the tested bones. This may lead to
the conclusion that the reason of a diminished femoral
mass and tibial mass in this group of animals is retinol
effect on the organic content in the tested bones. The
situation is different in the case of L-4 vertebra, as the
mass decrease here was accompanied by the calcium
content decrease, whereas the mineral content in the
tested bone remained unchanged.

On the basis of literature data discussed above,
which indicate that retinol has a resorptive effect on
the osseous tissue, one might suppose that administra-
tion of retinol in ovariectomized rats in our study

should intensify the ovariectomy-induced osteo-
porotic changes. The result of the decreased bone
mass and decreased calcium content in L-4 vertebra
induced by retinol in rats at the dose of 3 500 IU, may
indicate an increased resorptive activity of the osse-
ous tissue. This was also confirmed by the results ob-
tained in this study of retinol effect (3 500 IU) on me-
chanical properties of bones, as the load at the femo-
ral bone fracture was decreased. We observed no
retinol (3 500 IU) influence on the femoral diaphysis
deformation, on the value of the ultimate load en-
dured by the femoral diaphysis or on the value of the
load breaking the femoral neck. In our study, we also
did not note the influence of retinol at the dose of
700 IU/kg po on the mechanical properties of the femur.

Etidronate is used in the treatment of osteoporosis,
so one might suppose that the drug would inhibit the
intensified osseous tissue resorptive processes in-
duced by retinol in our study. In fact, a concurrent ad-
ministration of etidronate and retinol at the dose of
3 500 IU/kg po did not result in a decreased mass of
the tested bones, which was observed after adminis-
tering retinol alone. Also, the group of rats receiving
etidronate and retinol (3 500 IU) demonstrated an in-
creased calcium content in the tested bones, whereas
the total mineral content in the bones remained un-
changed. This should indicate that the increase in cal-
cium content in the bones was caused by etidronate
administration, as the group of rats which were ad-
ministered retinol only at the dose of 3 500 IU/kg po

did not display any changes in calcium content in the
femur or in the tibia, while in the L-4 vertebra the cal-
cium content was significantly decreased. These re-
sults may lead to the conclusion that there is an inter-
action between etidronate and retinol at the dose of
3 500 IU/kg po which effects an improvement of the
bone mass parameters and calcium content in the
tested bones. This, however, cannot be demonstrated
on the basis of biomechanical tests of the bones, as no
improvement of the mechanical properties of the
femoral diaphysis occurred (etidronate was not ob-
served to cause an increase in the femoral diaphysis
breaking load, which was reduced as a result of reti-
nol administration at the dose of 3 500 IU).

Administration of etidronate and retinol at the dose
of 700 IU/kg po to rats resulted in a decreased mass of
the tested bones (which was not observed after admin-
istering etidronate alone or retinol alone at the dose of
700 IU). However, the calcium content in the femur
and the tibia was increased (similarly like in case of
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administration of etidronate alone) and calcium con-
tent in the L-4 vertebra was decreased (which was ob-
served during administration of retinol alone at the
dose of 700 IU). No changes in mechanical properties
of the femur were observed in rats which were admi-
nistered etidronate and retinol (700 IU) when compared
to the ovariectomized animals, as well as in comparison
with the group of rats receiving retinol only (700 IU).

In conclusion, the results obtained in this study
suggest that in OVX rats, there is an interaction be-
tween etidronate and retinol administered at the dose
of 700 IU/kg po with regard to their effect on the os-
seous mass and calcium content, however, the direc-
tion of this mutual interaction on the osseous tissue
remains unclear. However, administration of eti-
dronate to ovariectomized rats may have a positive ef-
fect on the decreased osseous mass and the decreased
calcium content induced by the administration of reti-
nol at the dose of 3 500 IU/kg po, although no effect on
the biomechanical properties of the bones was shown.

Etidronate was the first bisphosphate used in the
treatment of osteoporosis. However, its administration
nowadays is limited due to the fact that it has a nega-
tive effect on bone mineralization. The later in
produced bisphosphates, which do not inhibit the pro-
cesses of mineralization, when administered concur-
rently with retinol, may be characterized by a differ-
ent effect on the mechanical properties of bones [25].
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