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Abstract
Osteoporosis is a systemic bone disease that results in the loss of bone mass
and impared bone structure. Animal models for osteoporosis are generated
by ovariectomy. Adult female Sprague-Dawley rats were divided into control,
bilateral ovariectomy and bilateral ovariectomy and subcutaneous nicotine
administered (received nicotine sulphate, 2 mg/kg) groups, daily for 28 days.
At the end of the period, rats were sacrified under anesthesia blood samples
were taken and femoral tissues were dissected. Estrogen, calcium and alkaline
phosphatase levels were measured. Tissue samples were prepared for histopathogical examination. Sections were stained with Hematoxylin and Eosin
and examined under light microcope. Biochemical parameters were decreased
depending on the overiectomy, also decrement was notable with nicotine
intake. In the ovariectomy group; increased inflammatory cells with degenerative changes around the femoral compact bone and dilatation of osteon
structures in bone trabeculae and apoptotic changes in osteocyte cells in bone
lacuna were apparent. In the ovariectomy with nicotine administration group,
excessive dilatation of the havers lamellae in the compact bone region, increased osteoclastic activity, picnosis and apoptotic nucleus of the osteoclastic
cells located in the lacuna, and increased collagen fibers in the matrix were
observed. We suggest that ovariectomy and nicotine administration together
effect estrogen and calcium metabolism negatively, stimulate alterations in
the structural properties of bone matrix, also affect osteocyte development
and bone lamellar structure that may accelerate osteoporosis development.
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1. Introduction
Affecting more than 10 million people around the World, osteoporosis is a systemic bone disease results in the loss of bone mass and impared bone structure
which leads to skeletal fragility [1]. The major models for osteoporosis in human
are postmenopausal osteoporosis, disuse osteoporosis and glucocorticoid-induced
osteoporosis [2] [3]. Several animal models were studied until now but, rat
model of osteoporosis is preferred because of their fast metabolism similar to
that of human [4]. Animal models for postmenopausal osteoporosis are generated by ovariectomy. As a result of ovariectomy, estrogen deficiency is seen and
bone loss occurs due to enhanced bone resorption and impaired osteoblast function [5]. Bone loss is mostly prominent in cancellous bone and the endocortical
surface, caused by increased bone turnover and a negative calcium balance [6].
The production of inflammatory cytokines, including interleukin (IL)-1, IL-6,
IL-7, tumor necrosis factor (TNF)-α, and granulocyte macrophage colony-stimulating factor (GM-CSF), by immune cells is enhanced in an estrogen-deficient state [7]. These cytokines induce osteoclastogenesis and bone resorption.
Osteoporotic bone shows thinning of the bone trabeculae and a general decrease
in total bone tissue.
Nicotine usage has deleterious effects on health conditions such as, wound
healing and vascularization [8]. Nicotine is generally administered to the body
with the inhalation of tobacco smoke. Also, pharmaceutically available as chewing gum, transdermal patches, or microtablets for stopping smoking as a replacement therapy [9] [10]. The widespread nicotine intake, smoking was shown
to have a negative impact on bone healing after fracture as well. Previous studies
showed direct relationship between smoking and bone health by decreasing
bone density and the risk of having a fracture increases [11]. Smoking increases
cortisol, decreases estrogen, kills osteoblasts, impedes calcitonin, decreases oxygen supply, and decreases calcium absorption. It was shown that bone formation
decreases by inhibiting periosteal cell proliferation with the acceleration of cortisol levels and also downregulate the synthesis of collagen. Also, smoking inhibits calcitonin and that leads to decreased bone formation. In post-menopausal
women downregulation of estrogen causes increased bone resorption and decreased bone formation and density [12].
We assessed certain biochemical parameters in serum levels related to osteoporosis and histopathological analysis of femoral bone tissue in an ovariectomized rat model for osteoporosis with long-term nikotine administration. We
suggest that this is a novel work presenting the alterations in femoral bone of
ovariectomized rat model that mimics osteoporosis in human and in blood parameters related to osteoporosis.

2. Materials and Methods
2.1. Experimental Animals and Nicotine Administration
Experimental procedure was approved by the Animal Ethical Board of Dicle
DOI: 10.4236/jbm.2019.711001
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University Medical Faculty, Diyarbakır, Turkey. The standards in Guide for the
Care and Use of Laboratory Animals (2011) released by National Research
Council, were taken into consideration during the experiments [13]. Adult female Sprague-Dawley rats (n: 24), each weighing 180 - 220 g (±10 g), selected
according to their estrous cycle, were obtained from Experimental Animal Laboratory Institute of Dicle University. All rats were maintained under controlled
temperature at 26˚C ± 2˚C and humidity at 45% - 65%, and were kept in cages
under specific pathogen-free conditions with 12 h light/12 h dark cycle. Food
and water was available freely. After an acclimation period of a week, all rats
were randomly assigned to the following groups:
1) Control group received 1.5 ml physiologic saline solution subcutaneously
for 28 days (n: 8).
2) Bilateral ovariectomy and 1.5 ml physiologic saline solution subcutaneously
enjected for 28 days (n: 8).
3) Bilateral ovariectomy and nicotine administration (nicotine sulphate, Sigma, Aldrich, 2 mg/kg) subcutaneously, daily for 28 days (n: 8).

2.2. Ovariectomy Procedure
Each rat was administered intramuscular ketamine hydrochloride (50 mg/kg ketamine hydroxide) and xylazine hydrochloride (10 mg/kg Rompun, Bayer Istanbul, Turkey) for anesthesia. Prior to surgery, the abdominal areas of the rats
were cleaned and removed from the ovarian cervical horns by making a 2 cm incision. The bilateral ovaries were removed from the uterine apex with silk
thread. The ovariectomy was performed with 2 dorsolateral incisions modified
from the metods of Park et al. [14] and Acar et al. [15]. The uterus was left in the
abdominal cavity, and the abdominal area was closed with a sterile suture. After
28 days of applications, animals were sacrificed using ketamine hydrochloride
(50 mg/kg ketamine hydroxide) and xylazine hydrochloride (10 mg/kg Rompun,
Bayer Istanbul, Turkey) intramuscularly.

2.3. Biochemical Analyses
Blood samples were taken for estrogen, calcium, and alkaline phosphate (ALP)
levels. Serum levels were measured using standard colorimetric methods with
commercial kits (Sigma Chemical Co., Saint Louis, MA).

2.4. Histopathological Analyses of the Femur
To illuminate the effect of treatment to rats, the removed femoral bones were
fixed with neutral buffered formalin solution, and then they were decalcified
with 5% thylenediaminetetraacetic acid. Then, bone samples were directly dehydrated in a graded series of ethanol and embedded in paraffin wax. Sections of 4
- 6 µm thickness, femoral bones were cut with a microtome (Rotary Microtome,
Leica, RM 2265, Germany) and mounted on coated slides. Sections were stained
with hematoxylin and eosin for observation by light microscopy (Zeiss, Germany).
DOI: 10.4236/jbm.2019.711001
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2.5. Statistical Analysis
Statistics and analyzes were performed using the SPSS 22.0 for Windows. In the
analysis of the data, Mann-Whitney U non-parametric statistical tests was used
in the intergroup comparisons depending on the variables and the results were
given as the mean ± standard deviation. The results were considered statistically
significant for p < 0.05.

3. Results
3.1. Biochemical Results
Biochemical data were compared between the groups. A significant difference
was found between control, ovariectomy and ovariectomy + nicotine administered group (Table 1). Estrogen levels were decreased significantly in the ovariectomy group, were also decreased in the ovariectomy + nicotine administered
groups when compared to control group. Calcium levels were lower in the ovariectomy group, also significantly decreased in ovariectomy + nicotine administered group. ALP levels were statistically higher in the ovariectomy group,
however, close to the control in ovariectomy + nicotine administered group.

3.2. Histopathological Results
In the histopathological examination of the control group sections; in the compact bone region, chromatin-rich nuclei of the osteblast cells embedded in the
lacuna, havers channels in lamellar structures are arranged parallel to each other,
with regular wolkmann channels. Bone matrix density is normal and dense basophilic around osteon structures (Figure 1). The femoral bone sections of the
ovariectomized group were increased in some inflammatory cells with degenerative changes around the compact bone.Dilatation of osteon structures in bone
trabeculae and apoptotic changes in osteocyte cells in bone lacuna were observed
Table 1. Biochemical parameters of all studied groups.
n

Mean ± SD

Mann-Whitney
U Test value

1) Control

8

6.12 ± 0.28

*2, *3

2) Ovariectomy

8

1.42 ± 0.28

*1, *3

3) Ovariectomy + nicotine adm

8

3.79 ± 0.12

*2

1) Control

8

9.32 ± 0.24

*2

2) Ovarectomy

8

6.88 ± 0.24

**1, **3

3) Ovariectomy + nicotine adm

8

4.78 ± 0.28

*2

1) Control

8

27.12 ± 0.78

*2

2) Ovariectomy

8

32.0 ± 0.92

*1, *3

3) Ovariectomy+nicotine adm.

8

26.12 ± 0.78

*2

Parameter

Estrogen
mg/ml

Calcium
mg/dl

Alkaline
phosphatase
mg/dl

Groups

(p < 0.05)

*p < 0.05; Statistically significant.

DOI: 10.4236/jbm.2019.711001

4

Journal of Biosciences and Medicines

M. Baloğlu, E. G. Özkorkmaz

(Figure 2). In the histopathological examination of the ovariectomized + smoking group, excessive dilatation of the havers lamellae in the compact bone region, increased osteoclastic activity, picnosis and apoptotic nucleus of the osteoclastic cells located in the lacuna, and increased collagen fibers in the matrix
were observed (Figure 3).

Figure 1. Control group; compact bone region, chromatin-rich nuclei of the osteblast
cells in the lacuna, havers channels in lamellar structures arranged parallel to each other,
regular wolkmann channels. Normal bone matrix density and dense around osteon
structures, H-E staining Bar: 20 µm.

Figure 2. Ovariectomy group; increased inflammatory cells with degenerative changes
around the femoral compact bone. Dilatation of osteon structures in bone trabeculae and
apoptotic changes in osteocyte cells in bone lacuna, H-E staining Bar: 20 µm.

Figure 3. Ovariectomy and nicotine group; excessive dilatation of the havers lamellae in
the compact bone region, increased osteoclastic activity, picnosis and apoptotic nucleus
of the osteoclastic cells located in the lacuna, and increased collagen fibers in the matrix,
H-E staining Bar: 20 µm.
DOI: 10.4236/jbm.2019.711001
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4. Discussion
Osteoporosis, is a major age-related disease, caused by the imbalance in bone
formation-osteoblast activity and bone resorption-osteoclast activity, influenced
by diet, physical activities, hormonal status, cytokines, and clinical status etc.
[16] [17].
One of the main types of osteoporosis in human is postmenopausal osteoporosis and it can be created in animal models by ovariectomy. In rats, the effects
of ovariectomy were examined and significant bone loss after ovariectomy was
observed in the proximal tibial metaphysis after 14 days, in the lumbar vertebral
body after 60 days, and in the femoral neck after 30 days [18] [19] [20]. In fact,
the rate of loss of bone mass in male and female rats is highly dependent on the
method used to induce osteoporosis and the site evaluated and whether this loss
concerns cancellous or cortical bone [21]. The skeletally mature rat is an appropriate animal model for the research of postmenopausal osteoporosis. However,
all experimental osteoporosis protocols can be implemented in skeletally immature or mature rats [22]. Although rats reach sexual maturity at the age of 2.5
months, their skeleton is considered mature after the age of 10 months [23]. If
skeletally immature rats are involved, then a low peak bone mass is achieved, a
fact that is considered to be a high risk factor for human osteoporotic fractures.
Researchers suggested that skeletally immature rat is an appropriate animal
model in the research of endocrine, nutritional and environmental factors, all of
which can influence peak bone mass [24]. We used immature rats in our study
to evaluate the effects of smoking.
After ovariectomy, in cortical bone, bone resorption is enhanced in the endosteum and bone formation is enhanced in the periosteum leading to an enlarged bone marrow cavity. The reduction of cortical thickness and enlargement
of the bone marrow cavity begin between 90 and 120 days after ovariectomy
[25]. Bone remodeling occurs through osteoblast activity for bone formation via
the synthesis of bone matrix, and through osteoclast activity for the degradation
of bone matrix. The equilibrium between the activities of these two cells maintains the mineral homeostasis. Osteoporotic bone shows an increase in the
length of the remodeling cycle and reduced capacity to lay down a new mineralized bone matrix. In our study, the ovariectomy group depicted increased inflammatory cells with degenerative changes around the femoral compact bone.
Dilatation of osteon structures in bone trabeculae and apoptotic changes in osteocyte cells in bone lacuna. In the ovariectomy and nicotine administered group
excessive dilatation of the havers lamellae in the compact bone region, increased
osteoclastic activity, picnosis and apoptotic nucleus of the osteoclastic cells located in the lacuna, and increased collagen fibers in the matrix were observed.
In animal models researches indicated that nicotine inhibits the expression of
genes related to osteogenic activity [BMPs, TGF-β, alkaline phosphatase (ALP),
platelet-derived growth factor (PDGF), vascular endothelial growth factor
(VEGF), receptor activator of nuclear factor kappa-B ligand (RANKL), and osDOI: 10.4236/jbm.2019.711001
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teoprotegerin (OPG)], especially in high doses [26] [27]. In our study, estrogen
and calcium levels were decreased significantly in the ovariectomy group, were
also decreased in the ovariectomy + nicotine administered groups when compared to control group. ALP levels were statistically higher in the ovariectomy
group, however, close to the control in ovariectomy + nicotine administered
group.

5. Conclusion
Taking into account all these considerations in the present study, we evaluated
that ovariectomy and nicotine administration together effect estrogen and calcium metabolism negatively, stimulate alterations in the structural properties of
bone matrix, osteocyte development and bone lamellar structure may influence
osteoporosis development. In this sense, future studies with different techniques
are needed to uncover the alterations in tissues resulting from the dual role of
osteoporosis and nicotine intake.
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