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Effects of alendronate on osteoporosis 
treatment and levels of related cytokines
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ABSTRACT. Alendronate regulates the activity of osteoclasts and 
healing of osteoporosis. This study investigated the effect of alendronate 
on bone healing and changes in the levels of cytokines. Bilateral ovaries 
of 10 adult female rabbits were removed surgically in aseptic condition 
to establish the animal model of osteoporosis. Five rabbits in group A 
were treated with alendronate (1.15 mg·kg-1·week-1) once a week by a 
stomach tube, whereas the remaining 5 in group B were treated with 
physiological saline. The success of the animal model establishment 
and the efficacy of alendronate treatment were evaluated by the sports 
ability score and the Basso, Beattie, and Bresnahan (BBB) score; the 
healing degree of osteoporosis was determined by X-ray analysis and 
measurement of biomechanical properties; the changes in the levels of 
related cytokines were measured by enzyme-linked immunosorbent 
assay (ELISA) and immunohistochemical staining. Treatment 
improved dyskinesia of the animals in group A than that in group B, 
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with significant improvement occurring in the 4th week of treatment. 
The BBB score of the group A animals revealed movements similar 
to normal, but that of the group B animals exhibited significant motor 
disturbance (P < 0.01). X-ray examination showed that with time, the 
X-ray ratings increased. Measurement of the biomechanical properties 
further showed that alendronate had a positive effect on osteoporosis 
healing. The results of ELISA and immunohistochemistry showed 
that the levels of ALP, BMP-2, bFGF, and IGF-1 were upregulated in 
group A. In conclusion, alendronate accelerated osteoporosis healing 
probably via certain cytokine-related mechanism.
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INTRODUCTION

Osteoporosis is a disease characterized by bone calcification and pain, which 
significantly influences and inconveniences the daily lives of the patients. Despite the 
advances in modern medical technology, the number of patients whose gait is compromised 
by osteoporosis is significantly high (Yun et al., 2010; Bess, 2013). Osteoporosis is grouped 
into primary and secondary injuries. The secondary injury is irreversible; compared to the 
primary injury, the secondary injury can cause a series of pathological changes, such as tissue 
ischemia, edema, and inflammatory reaction (Ettinger et al., 2010; Leslie et al., 2010; Pencina 
et al., 2011). Alendronate affects bone metabolism by regulating the activity of osteoclasts. 
It is released upon osteoclast-mediated dissolution of calcium crystals in the bone, which 
simultaneously inhibits regeneration of osteoclasts and increases the amount of osteoblasts, 
thereby indirectly inhibiting bone resorption (Pressman et al., 2011).

Several factors are demonstrated to play important roles in the regulation of bone 
cell differentiation, repair of damage tissues, as well as the proliferation of cartilage cells, 
such as alkaline phosphatase (ALP), the 114-amino acid-long bone morphogenetic protein-2 
(BMP-2), basic fibroblast growth factor (bFGF) and insulin-like growth factor 1 (IGF-1). 
ALP is a bipolymeric protein with a molecular weight of 56 kDa, which is composed of 
449 amino acids, with each polymer having an active center. The main function of ALP is 
to synthesize the monomeric precursors of ALP with amino terminal signal peptides in the 
cytoplasm. Levels of ALP increase during two conditions: a physiological increase occurs 
during childhood skeletal development when ALP levels are twice as high as that in adults, 
and a pathological increase, which occurs in liver diseases such as liver cirrhosis and cancer 
(Donaldson et al., 2011). BMP-2is a member of the transforming growth factor β superfamily, 
which induces transformation of mesenchymal cells into cartilage cells, there by promoting 
bone cell differentiation and accelerating the repair of bone injury (Xu et al., 2005). bFGF 
is a cytokine secreted by the pituitary gland, which promotes fibroblast growth in the brain, 
neural tissue, and blood; its main functions are to promote cell regeneration, repair of damaged 
tissue, and to act as a nerve nourishment factor (Eiselleova et al., 2009). (IGF-1) is similar to 
insulin in its molecular structure. It promotes physiological growth by influencing glycogen 
synthesis and lactic acid secretion, which can lower levels of blood sugar, triglycerides, and 
polar density lipoproteins in the blood. Studies have shown that IGF-1 also promotes the 
proliferation of cartilage cells and synthesis of the cartilage matrix (Nohe et al., 2002; Adler et 
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al., 2010; Mohanraj and Oh, 2011). Given their roles in the regulation of bone cells, whether 
these four factors mentioned above are involved in the bone healing process remains poorly 
understood.

Given the critical role in the regulation of bone metabolism, whether Alendronate 
affects bone healing remains unclear. The aim of the present study was to investigate the effect 
of Alendronate in bone healing.

MATERIAL AND METHODS

Reagents and equipment

Rabbits were purchased from the Medical College of Nanchang University. 
Alendronate was purchased from Sigma (St. Louis, MO, USA). Reagents for enzyme-linked 
immunosorbent assay (ELISA) (ALP ELISA kit, BMP-2 ELISA kit, bFGF ELISA kit and 
IGF-1 ELISA kit) were procured from Wuhan Boster Biological Technology Ltd (Wuhan, 
Hubei, China). Primary antibodies for ALP, BMP-2, bFGF, and IGF-1 and rat-anti-rabbit 
antibody were purchased from Santa Cruz (Dallas, Texas, USA); anti-rat secondary antibody 
and EDTA repair liquid were purchased from Zhongshan Golden Bridge Biotechnology 
Company Pvt. Ltd. (Beijing, China). A Zeiss fluorescence microscope was used for imaging 
immunohistochemistry specimens (LSM800, Zeisis, Oberkochen, Germany).

Development of the osteoporosis model

Ten adult female rabbits were randomly divided into two groups, with 5 animals 
each in the control and experimental groups. The bilateral ovaries of all the rabbits were 
surgically removed under aseptic condition to establish the animal models of osteoporosis 
according to previously published studies (Yang et al., 1997; Wang et al., 2015). The rabbits 
in the experimental group (group A) were treated once a week with alendronate (1.15 mg·kg-

1·week-1) by using a stomach tube and those in the control group (group B) were treated 
with the equivalent amount of physiological saline solution. The proximal femur and 3D 
reconstructions were scanned and analyzed with animal micro-computed tomography (CT) 
4 weeks after the surgery; bone densities were analyzed with dual-energy X-ray detection; 
bone mechanical strengths were compared by biomechanical experiments. The spinal cords 
of the successfully modeled rabbits were built into middle open osteoporosis model with the 
Kirschner wire for internal fixation.

All the procedures that were performed on the animals were approved by the Animal 
Ethics Committee of the Medical College of Nanchang University.

Evaluation of the animal model

Movement disorder classification was assessed according to a previous study (Fahn et 
al., 2011). The bladders of the animals were emptied before acceptance of the test, followed 
by adaptation in the test environment for 5-10 minutes, after which the test was started. The 
test was scored in a scale of 0-9 points. Stable body with normal movement was scored as 9 
points; 5-8 points indicated the posterior extreme positions of the hind legs and the mutual 
coordination between the front and hind legs during travel; 3-4 scores indicated the conditions 
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of the hind legs while supporting the bust and while moving forward; 0 to 2 scores indicated 
ankle movement.

Basso, Beattie, and Bresnahan (BBB) scores were evaluated according to a previous 
study (Manjhi et al., 2013). Rabbits in the two groups were forced to walk for 15-30 minutes 
at 22:00 h every night and their walking trajectories were mapped, according to which the 
walking status was scored. A normal walk scored more than 25 points, an irregular walk 15 
to 25 points, walking with difficulty scored 5-15 points, and a difficult walk scored less than 
5 points.

Immunohistochemistry

Tissues were fixed overnight in formalin followed by 3 h of dehydration in 70% ethanol 
and 80% ethanol, respectively. This was followed by 2 h incubation in 95% ethanol, 2 changes 
of 100% ethanol (1.5 h each), 2 changes of xylene (0.5 h each), 2 changes of paraffin (one 
for 1 h and another for 2h both at 60°C). The tissues were then sliced into 3-µm-thick pieces 
by conventional methods (Levingstone et al., 2016). The specimens were dewaxed according 
to the conventional dewaxing method (Levingstone et al., 2016). Briefly, the slices were 
incubated successively for 10 minutes in each of the following solutions-xylene, anhydrous 
ethanol, 95% ethanol, 90% ethanol, 85% ethanol, and 80% ethanol, followed by washing thrice 
with PBS for 5 min. Thereafter, the specimens were repaired with sodium citrate solution, pH 
6.0, for 5 minutes and washed thrice with PBS for 5 min. Then they were incubated with 10% 
BSA for 30 min (blocking step), followed by overnight incubation with primary antibodies (1: 
100 dilutions of rat-anti-rabbit monoclonal antibodies for ALP, BMP-1, bFGF, and IGF-1). 
The next day, the specimens were washed thrice with PBS for 5 min, followed by incubation 
with anti-rat secondary antibody (1:100 dilution) at 37°C for 1 h. Thereafter, the specimens 
were washed thrice with PBS for 5 min. Finally, DAB (3,3’-diaminobenzidine) development 
was conducted. S.

ELISA

Reagents and standards were prepared according to the manufacturer’s instructions. 
Hundred microliter samples and standards were added in each well of a 96-well plate and 
incubated at 37°C for 90 min without washing. Then, 100 µL biotin-marked antibody was 
added to each well and incubated at 37°C for 60 min, followed by washing thrice with 0.01 
M tris-buffered saline (TBS). Thereafter, 100 µL ABC reagent was added to each well and 
incubated at 37°C for 30 min. Finally, the wells were washed with 0.01 M TBS 5 times, TMB 
was added and the plate was incubated at 37°C in the dark for 30 min.

X-ray analysis and biomechanical examination

Three rabbits were selected randomly from each group at 1, 2, and 4 weeks after 
establishment of the osteoporosis model for X-ray examination and the results were evaluated 
per the criteria reported in literature (Boyne et al., 2005). After sample collection from the 
animals’ tissues and organs, the universal mechanical determination method was conducted. 
L denotes span length of 35 mm, P denotes pressure, and bending strength formula was 
calculated by the formula 8PL/pd3.
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Statistical analysis

Three independent experiments were performed for each assay. All data were processed 
by the SPSS 11.0 software and are reported as means ± standard deviation (SD). The student’s 
t-test was used for comparing the differences between the two groups. Two-way ANOVA was 
performed for comparing the significance between the two groups. Immunohistochemistry 
images were analyzed by the Image-J software (Rawak Software, Inc., Germany). P < 0.05 
indicated that the difference was statistically significant.

RESULTS

Analysis of the effect of alendronate on the treatment of osteoporosis

Upon successfully establishing the rabbit spinal osteoporosis model, we treated the 
rabbits in groups A and B with alendronate and physiological saline solution, respectively. 
Thereafter, we observed the bodily movements of the animals from both the groups by the 
motion obstacle detection method (Chun et al., 2012) and graded them according to the 
dyskinesia classification system into two groups (group A and B). The results showed that 
the movement disorders in the alendronate-treated group A animals improved significantly, 
especially after the 4th week of treatment (P < 0.01) (Figure 1A). BBB scores showed that the 
motions of the group A animals were almost normal, whereas motion disorders were apparent 
in the animals of group B (P < 0.01) (Figure 1B).

Figure 1. Comparison of the spinal osteoporosis models of the two groups. A. Graph showing the movement ability 
scores of the two groups (Group A: Alendronate group, Group B: Physiological saline group). B. Graph showing 
BBB scores of the two groups. Data are reported as means ± SD. **P < 0.01.

X-ray analysis and biomechanical examinations

The proximal femurs were scanned and 3D reconstructed with animal micro-CT in 
the 8th week of treatment; bone mineral density of the two groups was assessed and analyzed 
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with the dual energy X-ray detection method. The results showed that the X-ray scores 
increased with time, especially at the 4th week post-treatment (Figure 2). Determination of 
biomechanical properties indicated that alendronate had a positive effect on osteoporosis 
treatment (Figure 3).

Figure 2. X-ray examination score of osteoporosis in the two model groups. Graph depicting the osteoporosis score 
in the two groups (A and B). *indicates P < 0.05, **indicated P < 0.01. Data are reported as means ± SD.

Figure 3. Determination of the biomechanical properties in the rabbit osteoporosis model. A. Graph showing 
bending strength. B. Graph showing maximum radial degree. *P < 0.05; **P < 0.01; ***P < 0.001. Data are 
reported as means ± SD.
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Changes in the levels of ALP, BMP-2, bFGF, and IGF-1

ELISA showed that the levels of ALP, BMP-2, bFGF, and IGF-1 increased to varying 
extents in the serum of the group A animals (Figure 4A). Immunohistochemistry further showed 
that the amounts of these cytokines were significantly elevated (P < 0.05) in the tissues of the 
alendronate-treated animals than in the tissues of the saline-treated ones (Figure 4B and C).

Figure 4. Changes in the levels of ALP, BMP-2, bFGF, and IGF-1 in the rabbit osteoporosis model. A. Bar graph 
showing the alterations in the levels of ALP, BMP-2, bFGF, and IGF-1 in group A and B animals as detected by 
ELISA. B. Immunohistochemical staining showing the alterations in levels of ALP, BMP-2, bFGF, and IGF-1 in 
the tissue specimens of group A and B animals (200X). (C) Bar graph showing the increase in the number of cells 
positive for ALP, BMP-2, bFGF, and IGF-1 after treatment with alendronate. *P < 0.05, **P < 0.01, ***P < 0.001.

DISCUSSION

Osteoporosis, which inconveniences the lives of patients, is mainly caused by 
calcification of bones as a result of traffic accidents, injuries, and physical damage, which 
eventually leads to a series of pathological damage and nerve function disorder. The physical 
damage elicits high nutritional demand for the repair of damaged tissue and cell proliferation 
(Trémollieres et al., 2010). The inflammation reaction caused by osteoporosis is more serious 
than that caused by brain damage. Despite extensive investigations on the pathogenesis of 
osteoporosis, such as studies on the changes in the composition of inflammatory cells in 
secondary injury, there is ambiguity in the results, the main reason for which is the difficulty 
in the separation of the inflammatory cells (Donaldson et al., 2009; Ensrud et al., 2009).
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Several factors influence osteoporosis, such as endocrine factors, genetic factors, 
and nutritional factors (in youth, the nutrients are used for synthesis of bone matrix, which 
is critical for bone growth) (Ensrud et al., 2009; Johansson et al., 2010; Pluskiewicz et 
al., 2010). Alendronate promotes bone regeneration and healing of bone tissue damage by 
decreasing the number of osteoclasts and increasing the number of osteoblasts, which is 
observed in osteoporosis (Pressman et al., 2011). It was recently reported that ALP inhibits 
inflammatory reactions by activating caspase 3 (Sandhu et al., 2010) and that bFGF promotes 
neuroendocrine release in prostate cancer (Kanis et al., 2011). Studies have reported that after 
treatment of osteoporosis by alendronate, levels of cytokines such as ALP, BMP-2, bFGF, 
and IGF-1 were altered in vivo. In this study, we show that the levels of ALP, BMP-2, bFGF, 
and IGF-1 in the serum of alendronate-treated animals were higher than those in the serum of 
saline-treated animals. Additionally, immunohistochemistry also showed that the numbers of 
ALP, BMP-2, bFGF, and IGF-1 positive cells in the tissues of the alendronate-treated group 
were more than those in the physiological saline-treated group, indicating that these cytokines 
were highly expressed after alendronate treatment in our spinal osteoporosis models. Earlier 
studies have reported that these cytokines can promote the formation of new fibroblasts and 
inhibit generation of osteoclasts in patients with osteoporosis (Osta et al., 2014). Therefore, 
we speculate that alendronate promotes bone healing possibly through upregulation of ALP, 
BMP-2, bFGF, and IGF-1. However, the exact mechanism by which alendronate regulates the 
levels of these cytokines is unclear and requires further investigation. In addition, these four 
cytokines may also cross-regulate each other’s expression, which requires further investigation.

CONCLUSION

In conclusion, alendronate can accelerate osteoporosis healing possibly through 
regulation of the secretion of cytokines such as ALP, BMP-2, bFGF, and IGF-1.
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