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INTRODUCTION

Bone is a metabolically active tissue and its 
activity is essential to maintain tissue integrity and body 
homeostasis. Estrogen is involved in the bone remodeling 
process and it is responsible for the balance between 
resorption and bone formation. The ovaries are a major 
source of estrogen and loss of the ovarian function results 
in a reduction of the endocrine hormones that maintain 
skeletal mass (1). The adverse effects resulting from 
estrogen deficiency caused by either postmenopausal 
or surgical procedures are a major concern. Rat 
skeleton is a widely used model in preclinical research 
on osteoporosis (1,2). Ovariectomy is associated with 
similar histological changes in rat and human bone, and 
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it can thus provide beneficial information on human 
postmenopausal bone loss.

Malignant lesions are mainly treated by a 
combination of surgical and radiation procedures. 
Ionizing radiation is mainly used for diagnostic and 
therapeutic purposes, but its application often results 
in deleterious effects (3-6) due to the formation of free 
radicals, which are highly reactive, removing hydrogen 
atoms from fatty acids, causing lipid peroxidation and 
consequently cell death.

The combination of estrogen deficiency and 
radiation results in a decrease in the formation of newly 
formed bone, thus accelerating the resorption process (5). 
Therefore, healing after trauma may be compromised 
in irradiated and fragile bones.
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Radioprotective agents have been developed to 
minimize these deleterious effects in normal tissues. 
These agents may eliminate the free radicals, acting 
as sweepers or, in an indirect manner, increasing 
antioxidant enzymes such as peroxidase glutathione. 
Selenium (Se) has been indicated as a component of this 
enzyme, which provides it a radioprotective action (7). 
Thus, it is extremely important to evaluate the action 
of radioprotective agents on tissue repair because the 
combination of surgery and radiotherapy is still used 
for the treatment of some types of tumors.

Because osteoporosis causes bone fragility, 
ionizing radiation causes difficulties in the process 
of bone repair, which may occur in individuals with 
estrogen deficiency who are submitted to radiotherapy, 
the aim of the present study was to investigate whether 
administration of sodium selenite can reduce the 
radiation-induced damage in the bone repair process 
in ovariectomized rats.

MATERIAL AND METHODS

Eighty female adult Wistar rats were used and 
randomly assigned to 4 groups (n=20) according to the 
treatment: (a) ovariectomized (Ov), in which bilateral 
ovariectomy was performed; (b) ovariectomized/
irradiated (Ov/Irr), in which bilateral ovariectomy 
was performed before the irradiation procedure; 
(c) ovariectomized/selenium (Ov/Se), in which 
ovariectomized rats received an intraperitoneal injection 
of 0.8 mg/kg sodium selenite (Merck KgaA, Darmstadt, 
Germany) diluted in distilled water 24 h before sham 
irradiation; (d) ovariectomized/selenium/irradiated 
(Ov/Se/Irr), in which ovariectomized rats received an 
intraperitoneal injection of 0.8 mg/kg sodium selenite 
diluted in distilled water 24 h before the irradiation with 
x-rays. Ovariectomy success was evaluated by observing 
marked atrophy of the uterine horns in the rats.

Forty days after the ovariectomy, the animals 
were weighed and anesthetized with an intramuscular 
injection of ketamine chlorhydrate (0.1 mg/kg) in order 
to create a bone defect on the tibia for evaluation of 
bone tissue repair. For this, a bore hole was drilled into 
both tibial cortical bones of all animals using a size 8 
carbide bur (KG Sorensen, São Paulo, SP, Brazil) at low 
speed under saline irrigation, to create a 3 x 1.5 x 0.5 
mm defect on the bone surface.

Two days after the bone defect procedure (24 
h before the irradiation), the rats belonging to the Ov/

Se and Ov/Se/Irr groups received an intraperitoneal 
injection of 0.8 mg/kg sodium selenite diluted in distilled 
water. The animals in the other groups received only 
distilled water.

Three days after the bone defect procedure (24 
h after the Se injection), the animals were anesthetized 
once more with the same drug, and those in the Ov/Irr 
and Ov/Se/Irr groups received a single acute exposure 
of 10 Gy of X-radiation (Varian, Clinic 6/100, 100 cm 
source-target distance, and 15 x 30 cm field) in the 
lower limb region. The Ov and Ov/Se animals were 
anesthetized, but not irradiated.

Specimens were obtained 7, 14, 21 and 28 days 
after the bone defect surgery. The tibias were removed 
and placed in 10% formaldehyde buffer for 72 h. The 
bone specimens were then dehydrated in 5% EDTA 
(Titriplex III, ACS, ISO; Merck, Darmstadt, Germany) 
embedded in paraffin, longitudinally sectioned (5-
μm thick) and stained with Masson’s Trichrome and 
Picrosirius. In order to assess the area density of the 
bone surface, 3 measures were made in different areas, 
one of which was in the middle of the bone defect and 
the others beside it. The specimens were observed with 
an optical microscope (×40), using a reticulum with 100 
points in Masson Trichrome stain. For birefringence 
analysis, Picrosirius stained specimens were digitized 
using a polarized light microscope (×10) (Axiolab; 
Zeiss, Berlin, Germany) and a microcamera (CCD/
RGB Color Sony, Tokyo, Japan). Measurements in 
the middle of the bone defect were made using an 
analytical system (KS 400 2.0; Kontron Elektronics, 
Munich, Germany). 

Data were initially evaluated using ANOVA and 
significant differences were resolved by the Tukey’s test, 
with a significant p value <0.05.

This study was approved by the Ethics 
Commission on Animal Experimentation of the State 
University of Campinas (Protocol #1239-2).

RESULTS

Quantitative Evaluation of Bone Tissue Area Density

The mean area density in the bone tissue on the 
evaluation days are shown in Table 1. 

At 7 days, it was possible to observe that the Ov/
Se group presented the highest value (p<0.05), followed 
by the Ov/Se/Irr and Ov groups, and no significant 
differences were observed between the two last groups 
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at that time (p<0.05). The Ov/Irr group showed the 
lowest value, differing significantly from the other 
groups (p<0.05). 

At 14 days, the lowest value was also presented 
by the Ov/Irr group. Statistically significant differences 
were found between this group and the others (p<0.05). 
However, there were no significant differences among 
the Ov, Ov/Se and Ov/Se/Irr groups (p>0.05). 

At 21 days, the Ov group presented the highest 
area density value, which was statistically different from 
the others (p<0.05). Again, the Ov/Irr group showed the 
lowest value (p<0.05). Although the values for the Ov/Se 
and Ov/Se/Irr groups were less than that those of the Ov 
group, they were higher than those of the Ov/Irr group. 

At 28 days of the repair process, the Ov and 
Ov/Se/Irr groups presented similar values, which were 

statistically different from the other two groups.

Quantitative Evaluation of the Area of Collagen Fibers 
by Picrosirius Staining

Table 2 presents the means of values for the area 
of collagen fibers at the evaluated times. 

At 7 days, the Ov, Ov/Se and Ov/Se/Irr groups 
presented greater birefringence values and the Ov/Irr 
group presented the lowest values, differing statistically 
from the Ov and Ov/Se/Irr groups (p<0.05). 

After 14 days of the repair process, there was a 
similar situation; the Ov, Ov/Se and Ov/Se/Irr groups 
presented higher values and the Ov/Irr group presented 
the lowest values, differing statistically from the other 
three groups (p<0.05). 

At 21 days, the highest 
mean birefringence was found 
in the Ov/Se/Irr group, which 
was significantly different 
from the other three groups 
(p<0.05). No statistically 
significant differences were 
observed between the Ov and 
Ov/Se groups (p>0.05), but 
significant differences were 
found between the Ov/Irr 
group and the others. 

After 28 days of the 
repair process, the Ov/Se/
Irr group still had the highest 
value, however it was not 
significantly different from 
the Ov group (p>0.05); 
significant differences were 
found between the Ov/Irr 
group and the others (p<0.05).

DISCUSSION

Bone fracture and 
some surgical procedures 
cause a modification in tissue 
integrity when good healing 
is necessary for this tissue 
to exert its normal activities. 
According to Meyer et al. 
(8), bone remodeling can be 
influenced by systemic and 

Table 2. Means and standard deviations of the area (cm2) of birefringent bone organic matrix 
at 7, 14, 21 and 28 days of the repair process.

Time 
(days) Ov Ov/Irr Ov/Se Ov/Se/Irr

7 2412.1 (264.8)A 1730.7 (91.64)B 2084.2 (107.07)AB 2349.2 (129.26)A

14 2940.2 (257.92)A 1644.3 (222.24)B 2699.1 (178.43)A 2884.7 (268.81)A

21 1721.1 (128.82)B 1256.7 (45.51)C 1867.3 (104.40)B 2243.5 (205.04)A

28 2298.4 (124.72)AB 1887.1 (86.31)C 2196.4 (110.05)B 2431.8 (73.05)A

Means followed by different letters for each time differ significantly with a significant p-value 
of 5% by the Tukey’s test.

Table 1. Means and standard deviations of the area density (cm2)in the bone tissue at 7, 14, 
21 and 28 days of the repair process.

Time 
(days) Ov Ov/Irr Ov/Se Ov/Se/Irr

7 67.4 (5.37)B 43.5 (3.00)C 77.5 (6.03)A 73.25 (5.25)AB

14 205.2 (9.36)A 164 (5.83)B 203.5 (2.28)A 199.2 (4.20)A

21 213.5 (4.80)A 174 (4.24)C 197.3 (5.35)B 196.4 (7.09)B

28 251.2 (4.50)A 208.5 (7.18)B 214.6 (3.36)B 260 (4.32)A

Means followed by different letters for each time differ significantly, with a significant p-value 
of 5% by the Tukey’s test.
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local factors. Chicarelli et al. (5) observed that a 
combination of systemic and local factors, such as 
estrogen deficiency and ionizing radiation, respectively, 
influenced negatively the bone repair process.

Estrogen is probably the most important hormone 
responsible for the maintenance of normal bone turnover 
and consequently the loss of ovarian function in animals 
and humans causes dramatic and accelerated bone loss 
(1,9). Ovariectomy in rats is associated with similar 
histological changes as in human bones and the rat model 
provides useful information on human bone loss (1,2). 
Women are more frequently affected by osteoporosis. 
Severe bone loss is related to the acute effect of estrogen 
deficiency and aging factors, both contributing to 
increased bone fragility (10). Several authors (2,5,9) 
confirmed that individuals with osteoporosis apparently 
show a diminished capacity to repair and remodel. In 
this study, the bone defects were created 40 days after 
ovariectomy in order to induce an osteoporotic bone (11).

There are several studies on the differences 
between the repair process in healthy bone and in 
osteoporotic bone (2,5,8,9) using irradiated and non-
irradiated bone (3-6) and they have all suggested 
a diminished capacity of repair and remodeling in 
ovariectomized and/or irradiated bone compared with 
control groups. Therefore, in the present study non-
ovariectomized animals were not include because the aim 
was to evaluate if Se presented antioxidant proprieties 
in osteoporotic bone. Thus, the ovariectomized group 
without Se or irradiation treatment was considered as 
the control group.

Ionizing radiation is frequently used for the 
treatment of primary or metastatic bone malignancies. 
The real mechanism involved in its action on bones 
is still not fully understood; however, studies have 
demonstrated that radiation modifies the balance 
between osteoclastic and osteoblast activity, favoring 
the destructive process (12,13). According to Gal et al. 
(14), osteoblast proliferation is inhibited by radiation 
because there is an attenuated growth rate of irradiated 
cells and osteoblasts show diminished rates of collagen 
production. Sakurai et al. (4) suggested that ionizing 
radiation at therapeutic doses interferes with bone 
formation by reducing osteoblasts, alkali phosphatase 
activity and collagen production. Nowadays, it is not 
uncommon for people with osteoporosis to require 
diagnostic examinations or therapeutic treatments using 
ionizing radiation.

Irradiation delivered 3 days after a surgical 

procedure was also chosen by Chicarelli et al. (5) and 
Rocha et al. (6) because the immediate post-surgery 
period is one of the most critical repair phases and 
radiation may cause severe alterations in bone and its 
capacity to react to trauma. High radiation doses, such as 
8 Gy of gamma rays, used by those authors affected the 
bone repair process. This could explain the delay in the 
repair process in the radiation group for all evaluation 
times, since a 10 Gy dose was used.

The antioxidant properties of most Se derivatives, 
including sodium selenite, are widely known and the 
radioprotective action of sodium selenite has been 
demonstrated in several tissues, such as human skin cells 

(15), gastrointestinal epithelium (16), salivary glands 
(17), kidneys (18) and even healthy bone (6), but not in 
osteoporotic bone. According to Stewart et al. (7), the 
antioxidant action of Se is related to its ability to inhibit 
peroxidation, catch free radicals and repair molecular 
damage. All these functions seem to be related to a known 
antioxidant enzyme: peroxidase glutathione.

After the surgical procedure, the normal bone 
architecture is lost, and so a large number of free radicals 
are released. The radiation also produces such radicals. 
The Se group presented features and values of bone 
density and birefringence closer to or higher than those 
of the control group, represented by the Ov group in 
this study, at all experimental periods, emphasizing its 
antioxidant mechanisms. Such antioxidant proprieties 
can be confirmed by observing the values for the Ov/
Se/Irr group, which were closer to the control group at 
all periods evaluated except at 21 days. Although the 
value for the Ov/Se/Irr was lower than that of the Ov 
group, it was higher than the Ov/Irr group for bone 
density, which is beneficial for bone repair. Moreover, 
in the birefringence analysis, the value for the Ov/Se/Irr 
group was higher than that of the control group.

Bone repair took place at the expected times. The 
formation of bone trabeculae was observed 7 days after 
the preparation of the bone defects. At 14 days, the bone 
area was increased due to bony callus formation. The total 
area of bone at 21 days decreased but the bone density 
increased. At 28 days, the bone density was similar to 
that at 21 days, but the total area of cortical bone was 
thicker. This pattern was observed in all groups; however, 
the Ov/Irr group was always slower than the others. The 
difference between the values for Ov/Irr group and the 
other groups was higher in the initial periods, which 
demonstrates that the radiation caused more effects at 
the beginning of the repair process.
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The values for birefringence were also compatible 
with bone repair. The highest values were observed at 
14 days, when there was a large area of bony callus and 
consequently a greater amount of collagen. The values 
decreased subsequently. The relationship between 
birefringence and bone density is directly proportional. 
A greater value of birefringence means more collagen 
fibers and consequently greater values for bone 
trabeculae, which is represented by the area density. 
Generally, the groups with the highest birefringence 
values also had the highest values for area density.

Several studies reported toxicity with high doses 
of Se (18-21). Thus, despite the radioprotective action, 
the possibility of sodium selenite causing adverse effects 
should not be dismissed. In the present study, it was not 
possible to detect toxicity in the experimental periods.

According to Jakob et al. (22), the expression 
of reductase thioredoxin and other selenoproteins in 
bone cells is an important means of regulation of bone 
resorption and remodeling. Sandukji et al. (23) reported 
that the osteocalcin level and the activity of alkaline 
phosphatase were markedly increased in the plasma of 
patients who received antioxidants (vitamins A, E, and 
C in addition to Se) for 2 weeks after surgery on long 
bones; they concluded that administration of antioxidants 
could accelerate bone healing.

There are some limitations to a study using lab 
animals instead of humans, although the rat model 
provides useful information on human bone loss. For this 
reason, the results obtained in the present study provide 
important data for the evaluation of sodium selenite 
effects on the repair of osteoporotic irradiated bone, 
but a careful analysis of the results is necessary. Some 
studies with Se have also been conducted in patients with 
cancer who required radiotherapy. Buntzel et al. (24) 
found that Se might be able to reduce the loss of taste 
sensitivity and dysphagia. However, to the best of our 
knowledge, the no study in patients with osteoporosis. 

It is important to evaluate the risk/benefit 
of sodium selenite in the process of bone repair in 
individuals submitting to radiotherapy. In agreement 
with Rocha et al. (6), it is believed that the possible 
sequels of radiotherapy entirely justify the use of this 
radioprotective agent, thus contributing to improved 
quality of life of patients.

Based on the results of this study, it may be 
concluded that sodium selenite exerted a radioprotective 
effect on the bone repair of tibia of ovariectomized 
rats. In view of the number of studies in this area, more 

favorable and applicable results are expected, decreasing 
the alterations caused in healthy tissues of patients treated 
with radiotherapy and consequently increasing their life 
quality and expectancy.

RESUMO

Esse estudo avaliou a proteção do selênio no processo de 
reparação óssea em ratas ovariectomizadas após irradiação. 
Para isso, 80 ratas Wistar foram divididas aleatoriamente em 4 
grupos experimentais: ovariectomizado, ovariectomizado/selênio, 
ovariectomizado/irradiado e ovariectomizado/selênio/irradiado. 
Foi realizado um defeito ósseo na tíbia de todos os animais 40 
dias após ovariectomia. Dois dias após essa cirurgia, os animais 
dos grupos ovariectomizado/selênio e ovariectomizado/selênio/
irradiado receberam 0,8 mg Se/kg. Três dias após a cirurgia, os 
animais dos grupos ovariectomizado/irradiado e ovariectomizado/
selênio/irradiado receberam 10 Gy de radiação X na região de 
membros inferiores. Os animais foram sacrificados 7, 14, 21 e 28 
dias após a cirurgia para avaliação do processo de reparo ósseo, 
que foi realizado pela análise do número de trabéculas ósseas 
(coloração Tricrômico de Masson) e pela análise de birrefringência 
(coloração de Picrosirius). Foi observado atraso no processo de 
reparo ósseo no grupo ovariectomizado/irradiado e semelhança 
entre os grupos ovariectomizado, ovariectomizado/selênio e 
ovariectomizado/selênio/irradiado. Foi possível concluir que 
o selenito de sódio exerceu efeito radioprotetor no processo de 
reparação de tíbias em ratas ovariectomizadas sem toxicidade. 
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