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Abstract 

Introduction: Orchidectomy is currently the preferred method to induce bone loss in preclinical 
male osteoporosis model. Gonadotropin-releasing hormone (GnRH) agonists used in prostate 
cancer treatment can induce testosterone deficiency but its effects on bone in preclinical male 
osteoporosis model are less studied.  
Objective: This study aimed to evaluate the skeletal effect of buserelin (a GnRH agonist) in male 
rats and compare it with orchidectomy.  
Methods: Forty-six three-month-old male Sprague-Dawley rats were divided into three 
experimental arms. The baseline arm (n=6) was sacrificed at the onset of the study. In the buserelin 
arm, the rats received a daily subcutaneous injection of either normal saline (n=8), buserelin acetate 
at 25 µg/kg (n=8) or 75 µg/kg (n=8). In the orchidectomy arm, the rats were either sham-operated 
(n=8) or orchidectomized (n=8). All groups underwent in-vivo X-ray micro-computed tomography 
scanning at the left proximal tibia every month. Blood was collected at the beginning and the end of 
the study for testosterone level evaluation. The rats were euthanized after the three-month 
treatment. The femurs were harvested for biomechanical strength and bone calcium determination.  
Results: The results showed that buserelin at both doses caused a significant decline in 
testosterone level and deterioration in bone microstructure (p<0.05), but did not affect bone 
calcium content (p>0.05). Buserelin at 25 µg/kg decreased displacement and strain of the femur 
significantly (p<0.05). Similar changes were observed in the orchidectomized group compared to 
the sham-operated group but without any significant changes in biomechanical strength (p>0.05).  
Conclusion: Buserelin can induce testosterone deficiency and the associated deterioration of bone 
microarchitecture similar to orchidectomy in three months. However, it may require a longer time 
to show significant effects on bone strength and mineral content. 
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Introduction 
Osteoporosis is a metabolic skeletal disease, 

characterized by a reduction in bone mass and 
disruption of microarchitecture, which ultimately 
results in the loss of bone mechanical strength and 
increased fragility fracture risk [1, 2]. The global 

prevalence of osteoporosis is growing due to the 
increase in elderly population, especially in the 
developing countries [3]. Direct and indirect medical 
expenses associated with fragility fracture is 
responsible for the increasing healthcare burden of 
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osteoporosis worldwide [4]. Although the prevalence 
of osteoporosis is higher in women, men also suffer 
from this disease [5]. In fact, 10-15% of all vertebral 
fractures and 20-25% of all hip fractures occur in men 
[6]. The post-fracture mortality and subsequent 
fracture risk are consistently higher in men compared 
to women [7]. Therefore, male osteoporosis is a 
serious problem deserving more attention.  

The primary cause of osteoporosis in men is 
age-related androgen deficiency [5]. Hypothalamic- 
pituitary-gonadal axis governs androgen production 
in men. Gonadotropin-releasing hormone (GnRH) is 
produced pulsatively from the hypothalamic area of 
the brain to signal the pituitary gland to produce 
follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). The circulating LH will act on the 
testes to stimulate the production of androgens. 
Androgens, i.e. testosterone and dihydrotestosterone, 
influence bone health in men by binding to the 
androgen receptors directly or to the oestrogen 
receptors indirectly via aromatization to oestrogen [8]. 
They promote the differentiation of osteoblasts and 
bone formation, as well as suppress the formation of 
osteoclasts and bone resorption [8]. Male 
hypogonadism jeopardises bone health because the 
androgen level is insufficient to maintain skeletal 
homeostasis. Male hypogonadism can be divided into 
primary and secondary hypogonadism [9]. Primary 
hypogonadism is caused by the failure of the testicles 
to synthesize sufficient androgens. On the other hand, 
the cause of secondary hypogonadism is extra- 
testicular. For instance, disruption of hypothalamic- 
pituitary axis due to medications or pituitary tumours 
will cause secondary hypogonadism [10].  

Bone loss induced by testosterone deficiency is 
replicated in animal models to gain insight of the 
pathogenesis of the disease and to screen for potential 
therapeutic agents [11]. Primary hypogonadism 
induced by orchidectomy is currently the preferred 
method to induce testosterone deficiency in animals 
[12]. Previous studies showed that orchidectomy 
decreased bone mineral density and content, as well 
as disrupted skeletal microarchitecture in rats [13, 14]. 
Nevertheless, orchidectomy is an invasive procedure 
and it is not similar to secondary hypogonadism in 
men. Medications, such as gonadotropin-releasing 
hormone (GnRH) agonists commonly used to 
suppress testosterone production in prostate cancer 
therapy, can induce secondary hypogonadism in 
animals. Overstimulation of GnRH receptors on the 
pituitary gland by GnRH agonists will desensitize 
them and halt the production of gonadotropins. 
Testosterone production by the testes ceases without 
the stimulation from gonadotropins [15]. Thus, GnRH 
agonists invoke a state of hypogonadotropic 

hypogonadism [16]. Buserelin is a synthetic analogue 
of GnRH hormone, with a greater affinity towards 
GnRH receptor than GnRH [17]. It is commonly used 
in the treatment of prostate cancers and endometriosis 
but causes bone loss [18, 19]. Few studies have been 
conducted to investigate the effects of GnRH agonists 
on bone using preclinical models. Prolonged 
administration of buserelin, a type of GnRH agonist, 
has been shown to induce osteopenia in female rats by 
increasing bone resorption, decreasing bone calcium 
content and bone mineral density [20, 21]. On the 
other hand, there is a paucity of data on GnRH 
agonist-induced bone loss model in male rats.  

This study aimed to determine the effects of 
buserelin on trabecular microstructure, bone calcium 
content and biomechanical strength in male rats. The 
effects of buserelin on bone were compared with 
orchidectomy. This study will validate the use of 
buserelin as a method to induce bone loss in male rats, 
and subsequently promote its use as an alternative 
preclinical model of male osteoporosis, which is 
associated with secondary hypogonadism due to 
pituitary disturbance.  

Material and methods 
Animals and treatment 

Forty-six three-month-old male Sprague-Dawley 
rats were procured from the Laboratory Animal 
Resource Unit of Universiti Kebangsaan Malaysia 
(Kuala Lumpur, Malaysia). The rats were housed 
individually in plastic cages at the animal laboratory 
in the Department of Pharmacology, University 
Kebangsaan Malaysia (Kuala Lumpur, Malaysia) 
under standard conditions (27°C, natural dark-light 
cycle, tap water and standard rat chow ad libitum). 
After a week of acclimatization, the rats were 
randomized into three experimental arms, i.e. baseline 
(n=6), orchidectomy (n=16) and buserelin (n=24) 
experiment arms. The baseline rats were sacrificed 
upon receipt. The orchidectomy experiment arm was 
divided into sham-operated (n=8) and 
orchidectomized (n=8) groups. Both testes of the 
orchidectomized group were removed, while scrotum 
of the sham group was opened but the testes were 
retained. Rats in the buserelin arm were divided into 
three groups (n=8 per group), namely normal control, 
B25 and B75. The B25 and B75 group received a daily 
subcutaneous injection of buserelin at either 25 µg/kg 
or 75 µg/kg body weight for three months. The dose 
of buserelin at 25 µg/kg was based on a previous 
study conducted in female rats [17]. A higher dose (75 
µg/kg) was tested in case of incomplete suppression 
of testosterone production. The normal control group 
received equivolume of normal saline (0.9 % sodium 
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chloride in double-distilled water) by subcutaneous 
injection daily. In vivo X-ray micro-computed 
tomography of the left proximal tibia was performed 
monthly. Blood collection was performed at the 
beginning and at the end of the treatment period for 
the evaluation of circulating testosterone level. The 
rats were euthanized under anaesthesia after three 
months and the femurs were harvested for analysis of 
bone biomechanical strength and calcium content. 
The experimental protocol was reviewed and 
approved by Universiti Kebangsaan Malaysia Animal 
Ethics Committee (Approval Code: FP/FAR/2015/ 
CHIN/29-JULY/698-JULY-2015-MAY-2017).  

Biochemical analysis 
Blood was collected using plain tubes via tail 

vein at the beginning of the study and cardiac 
puncture at sacrifice when the rats were under 
anaesthesia. It was centrifuged at 3000 rpm for 10 
minutes to extract the serum, which was then stored 
at -70°C until analysis. Serum testosterone level was 
measured using enzyme-linked immunosorbent assay 
(Fine Biotech, Wuhan, China). 

In vivo X-ray computed microtomography 
(micro-CT)  

Monthly X-ray micro-computed tomographic 
scanning of the rats was performed using the Skyscan 
1076 Scanner (Skyscan, Kartuizersweg Kontich, 
Belgium). The anaesthetized rats were placed in a 
holder in the supine position. The energy selected for 
this study was set at 70 KVp and 100 μA with medium 
image resolution to obtain the best contrast between 
bone and soft tissues. The volume of interest (200 
slices) for trabecular bone parameters was selected at 
the metaphyseal area located 1.5 mm below the lowest 
point of the epiphyseal growth plate of proximal tibia 
extending distally. To determine the cortical bone 
parameters, 100 slices were analysed at the diaphyseal 
area located 2.5 mm from the metaphyseal area.  

Bone calcium content 
The left femur cleaned of soft tissues was dried 

in an oven at 100°C for 24 hours. Next, it was ashed at 
800⁰C for 12 hours. The end product was weighed and 
dissolved in three ml of nitric acid (Fisher Scientific, 
Hampton, USA). Then, it was diluted with lanthanum 
chloride (Sigma Aldrich, St. Louis, German). The 
calcium content of the solution was determined by an 
atomic absorption spectrophotometer (AA-689, 
Shimadzu, Kyoto, Japan) at 422.7 nm. 

Biomechanical strength 
A precision universal tester (Autograph 

AG-10kNG, Shimadzu, Kyoto, Japan) with Trapezium 
X materials testing operation software was used to 

evaluate the biochemical strength of the right femur. 
A three-point bending test was conducted on the 
femur cleaned of soft tissues. It was placed on an 
aluminium base, with the dorsal proximal femur 
placed on the one-rounded edge-free notch while the 
distal diaphysis at the synostosis on the other side. 
The femur was moistened with phosphate-buffered 
saline throughout the test. The roller stamp with the 
tip consisting of axle-led aluminium was driven down 
at the central femoral diaphysis (speed 5mm/min; 
span length 10 mm) until the primary strength of 1 N 
was achieved (Figure 1). The study ended 
automatically once a loss of strength at 20 N or a 
linear change of 2 mm is detected to avoid shattering 
the femur specimens. The Trapezium X software was 
then used to analyse load (N), displacement (mm), 
stress (N/mm2), strain (%) and Young Modulus 
(N/mm2). 

 

 
Figure 1. Biomechanical strength test of femur 

 

Statistical analysis 
Shapiro-Wilk test was used to assess the 

normality of the data. Bone biomechanical strength 
parameters and calcium content were compared using 
one-way analysis of variance (ANOVA). Mixed 
ANOVA was used to analyse the serum testosterone 
level and trabecular microarchitecture before and 
after treatment. Pair-wise comparison was performed 
using suitable post hoc test. Data analysis was done 
using Statistical Package for Social Sciences (SPSS) 
version 20.0 (IBM, Armonk, USA). A two-tailed 
p-value of less than 0.05 (p<0.05) was considered 
statistically significant. All data were presented as 
mean ± standard error of the mean.  

Results 
All the rats gained weight during the 

experiment. The percentage of weight gain was 
significantly higher in the B75 and orchidectomized 
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group compared to the B25 group (p<0.05). The 
orchidectomized group also gained more weight 
compared to the sham-operated group (p<0.05) 
(Figure 2). 

The baseline testosterone level did not differ 
significantly among all the study groups (p>0.05). At 
month 3, testosterone level in the B25, B75 and ORCH 
group was significantly lower compared to their 
respective baseline (p<0.05). The testosterone level 
was also significantly lower in both groups treated 
with buserelin compared to the normal control 
(p<0.05). Similarly, the orchidectomized rats had 
significantly lower testosterone level compared to the 
sham-operated and B25 group rats (p<0.05). 

(Figure 3). 
X-ray micro-computed tomography revealed no 

significant difference in trabecular microstructural 
parameters among all the groups at baseline (p>0.05). 
At month 3, there were significant decreases in bone 
volume, trabecular number and trabecular thickness, 
as well as a significant increase in trabecular 
separation for the all the groups compared with their 
respective baseline (p<0.05). In addition, the reduction 
in bone volume and trabecular number, and the 
increase in trabecular separation in the 
orchidectomized group were significantly more 
severe compared to the sham group after three 
months (p<0.05). Similarly, the degenerative 

structural changes in trabecular bone 
were significantly more apparent in the 
B75 compared to the normal control 
after three months (p<0.05). Meanwhile, 
only trabecular separation increased 
significantly in the B25 group compared 
with the normal control (p<0.05). There 
was no significant difference in 
trabecular indices between the 
orchidectomized and B75 group after 
three months (p>0.05) (Figure 4). 

There was no significant difference 
in the baseline cortical parameters 
among all the groups (p>0.05). At month 
3, there was a significant decrease in 
total area, cortical area and cortical 
thickness for the orchidectomized and 
B75 groups compared to their respective 
baseline group (p<0.05). However, 
differences in cortical parameters were 
not statistically significant among all the 
groups (p>0.05) (Figure 5). 

Figure 6 showed the three- 
dimensional (3D) reconstruction of 
trabecular and cortical bone at the 
proximal tibial metaphysis of male rats 
after three months of treatment. 
Trabecular bone was denser in the 
normal control group compared with 
the buserelin-treated groups, and in the 
sham-operated group compared with 
the orchidectomized group. Deterior-
ation of trabecular bone was apparent 
for the orchidectomized, B75 and B25 
group. Changes in cortical bone were 
not apparent among all the groups. 

There was no significant difference 
in bone calcium content across all the 
groups after three months of the 
experiment (p >0.05) (Figure 7).  

 

 
Figure 2. Percentage weight gain of the rats throughout the experiment. The data are 
shown as mean ± standard error of the mean. Abbreviation: NC, normal group; B25, buserelin 
25µg/kg group; B75, buserelin 75µg/kg group; ORCH, orchidectomy group; SO, sham orchidectomy 
group. Notes: aSignificant difference versus B25 group; bSignificant difference versus sham-operated 
group. 

 

 
Figure 3. Serum testosterone of the rats before and after treatment. The data are 
shown as mean ± standard error of the mean. Abbreviation: NC, normal group; B25, buserelin 
25µg/kg group; B75, buserelin 75µg/kg group; ORCH, orchidectomy group; SO, sham orchidectomy 
group. Notes: aSignificant difference versus normal control; bSignificant difference versus 
sham-operated group; #Significant difference versus baseline (month 0); *Significant difference versus 
orchidectomy. 
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Figure 4. Trabecular bone indices at the proximal tibia of the rats evaluated using µCT, i.e. bone volume/total volume (A), trabecular number (B), 
trabecular thickness (C) and trabecular separation (D). The data are shown as mean ± standard error of the mean. Abbreviation: NC, normal group; B25, buserelin 
25µg/kg group; B75, buserelin 75µg/kg group; ORCH, orchidectomy group; SO, sham orchidectomy group. Notes: aSignificant difference versus normal control; 
bSignificant difference versus sham-operated group; #Significant difference versus baseline (month 0); *Significant difference versus month 1; $Significant difference 
versus month 2 

 

 
Figure 5. Cortical structural indices at the proximal tibia of rats evaluated using µCT ie. Total area (A), cortical area (B), cortical thickness (C) and 
cortical area over total area (D). The data are shown as mean ± standard error of the mean. Abbreviation: NC, normal group; B25, buserelin 25µg/kg groups; B75, 
buserelin 75µg/kg groups; ORCH, orchidectomy group; SO, sham orchidectomy group. Notes: aSignificant difference versus baseline (month 0); bSignificant 
difference versus month 1; cSignificant difference versus month 2. 
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Buserelin at 25 µg/kg decreased displacement 
and strain of the femur significantly compared to the 
normal control after three months (p<0.05). Orchide-

ctomy did not affect these two indices significantly 
compared with the sham group (p>0.05). Buserelin at 
75 µg/kg did not affect any biomechanical strength 

indices (p>0.05). Both orchidectomy and 
buserelin injections did not alter load and 
stress of the femur significantly after 
three months (p>0.05) (Figure 8). 

Discussion 
In the present study, testosterone 

deficiency was successfully induced by 
buserelin and orchidectomy after three 
months. Both buserelin-treated and 
orchidectomized rats showed 
degenerative changes in the 
microstructure at the proximal tibia after 
three months. Testosterone deprivation 
induced by buserelin also caused 
significant changes in displacement and 
strain, but did not affect bone calcium 
content level. Skeletal effects of buserelin 
were similar with orchidectomy except in 
bone mechanical strength, whereby the 
changes caused by buserelin were more 
apparent. The studies of 
buserelin-induced osteoporosis model in 
male rats are limited. Therefore, the 
comparison was made with studies using 
other models of bone loss in the following 
discussion. 

 Circulating testosterone level was 
determined in this study to represent the 
androgen status because it is the most 
prevalent androgen in men [5]. Both 
orchidectomy and buserelin injection 
decreased testosterone level in rats as 
expected. The degree of testosterone 
suppression induced by orchidectomy 
and buserelin at 75 mg/kg after three 
months was similar. Other studies 
showed that orchidectomy resulted in 
80% reduction in serum testosterone in 
male rats after two months post-surgery 
[22]. The remaining circulating 
testosterone may originate from the 
peripheral production of the adrenal 
gland [23]. Orchidectomy was similar to 
primary hypogonadism in human, 
whereby the reason for testosterone 
deficiency lies with the testis. In contrast, 
buserelin-induced testosterone deficiency 
is a model of secondary hypogonadism. It 
is caused by disruption of the 
hypothalamic-pituitary-gonadal axis. It is 
experienced by male prostate cancer 

 
Figure 6. Three-dimensional micro-CT images of the trabecular microstructure of 
distal tibia metaphysis at the transaxial and axial view. Abbreviation: NC, normal group; 
B25, buserelin 25µg/kg groups; B75, buserelin 75µg/kg groups; ORCH, orchidectomy group; SO, 
sham orchidectomy group. 
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patients using buserelin to retard the progression of 
cancer. However, the decrease in testosterone level 
will cause other side effects, including osteoporosis 
[24].  

Buserelin and orchidectomy resulted in a 
comparable deterioration in trabecular bone in this 
study, marked by reduced bone volume and 
trabecular number, and increased trabecular 
separation after three months. Similar studies by 
Tobias et al. found that buserelin caused a progressive 
decline in trabecular bone volume at the proximal 
tibial metaphysis of female rats after three months 
[25]. Alterations in trabecular structure in male rats 
due to orchidectomy, such as decreased trabecular 
number and thickness, and increased trabecular 
separation have been well characterised by previous 
researchers. [26, 27]. The trabecular indices between 
orchidectomized and buserelin-treated rats were 
similar because their circulating testosterone was 
similar. In addition, we hypothesize that with the 
reduction in the trabecular number and the widening 
of the trabecular separation, there would be a 
compensatory trabecular thickening. As the result, the 
trabecular thickness was not changed by 
orchidectomy and buserelin. Both orchidectomy and 
buserelin had no effects on cortical bone of the rats in 
this study. The microstructure of cortical bone is 
denser and more rigid, therefore offering lesser 
surface to volume ratio for the interaction with 
endogenous factors compared to trabecular bone. This 
might be the reason cortical bone is not responsive to 
androgen deficiency. A previous study also showed 
that orchidectomy only affected the composition and 
quality of the cortical bone to a minor extent even 
after six months post-surgery [28].  

Calcium plays an integral part in bone 

metabolism and remodelling. Calcium in the form of 
hydroxyapatite is the predominant mineral in the 
bone. The combination of calcium with other minerals 
will form a hard crystal, which gives the structure and 
strength to the bone [29]. Previous studies found that 
bone calcium content in orchidectomized rats was 
lower compared to sham-operated animals after eight 
months post-treatment, probably due to the mobiliz-
ation of calcium from the bone to the circulation[30]. 
However, our study showed the calcium content in 
both buserelin-treated rats and orchidectomized rats 
did not decrease significantly. This could be due to 
the relatively short experimental period (three 
months). A previous study by Chin et al. also found 
that the bone calcium level was not significantly 
altered two months post-orchidectomy [31]. 

Material and geometric properties are the main 
contributors of skeletal biomechanical strength [32]. 
The material properties comprise of load, 
displacement and elasticity. They are also known as 
the extrinsic parameters that reflect the whole bone. 
Maximum load, which is the maximum amount of 
force needed to break the bone, indicates the whole 
bone strength. Displacement, which is the length of 
deformation that the bone can sustain before failing, 
measures the bone ductility [33]. Geometric properties 
of the bone, also known as intrinsic parameters, 
include strain, stress and Young’s modulus. Stress is 
the strength of the bone tissue under a given loading 
condition, whereas strain represents ductility of the 
bone [34]. The whole bone biomechanical test can be 
performed either in bending, compression or torsion 
loading settings [35]. Bending test was used in this 
study because of the small and irregular shape of the 
femur. Orchidectomy did not result in significant 
change in all biomechanical parameters. This was 

consistent with the study by 
Chin et al. and Yarrow et al., 
which demonstrated that 
orchidectomy did not affect 
biomechanical parameters in 
male rats [26, 31]. Surprisingly, 
rats treated with buserelin at 25 
µg/kg showed significant 
decreased displacement and 
strain compared with the normal 
control. This indicated that the 
bones of buserelin-treated rats 
were less ductile and broke 
easily. However, the results were 
not consistent because buserelin 
at 75 µg/kg did not cause any 
changes to femoral 
biomechanical strength 
parameters. 

 
Figure 7. Post-treatment bone calcium level in rats. The data are shown as mean ± standard error of the 
mean. Abbreviation: NC, normal group; B25, buserelin 25µg/kg groups; B75, buserelin 75µg/kg groups; ORCH, 
orchidectomy group; SO, sham orchidectomy group. 
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Figure 8. Post-treatment biomechanical strength parameters of the left femur, i.e. load (A), stress (B), displacement (C), strain (D), and Young Modulus 
(E). The data are shown as mean ± standard error of the mean. Abbreviation: Abbreviation: NC, normal group; B25, buserelin 25µg/kg group; B75, buserelin 75µg/kg 
group; ORCH orchidectomy group; SO, sham orchidectomy group. Notes: aSignificant difference versus normal control; #Significant versus baseline group 

 
To our surprise, the skeletal effects of buserelin 

at 25 µg/kg seemed to be more severe than buserelin 
at 75 µg/kg and orchidectomy. We hypothesized that 
both buserelin treatment and orchidectomy were 
detrimental to the bone. At the same time, buserelin at 
75 µg/kg and orchidectomy induced significant 
weight gain in rats compared to buserelin at 25 µg/kg, 
probably due to increased adiposity induced by 
severe testosterone ablation. The weight gain caused 
compensatory mechanism that strengthened the bone 
to support the extra mechanical loading. This 
translated to a better biomechanical strength for rats 
in B75 and orchidectomized group. However, this 
speculation needs to be validated in further study.  

Several limitations need to be addressed in this 
study. The study duration was three months, which 
might be insufficient to cause severe deterioration in 
bone biomechanical strength and bone calcium in 
male rats. Better results might be achieved by 
prolonging the study period. Biomechanical strength 
test and microarchitecture assessment were 
conducted on different bone segments. Therefore, 
they might not correlate well with each other. We did 
not perform bone histomorphometry to assess the 
mineralization process and changes in bone cells, as 
well as bone turnover markers to assess the bone 
remodelling process. Nevertheless, this is the first 
study that examined the skeletal effects of buserelin in 

a rat model of male osteoporosis. The present study 
characterised the skeletal changes in a 
buserelin-induced secondary hypogonadism animal 
model. This model mimics osteoporosis in male 
patients suffering from secondary hypogonadism, like 
patients receiving GnRH agonist for prostate cancer. It 
can be used to understand the disease process and as 
a model to search for the treatment of osteoporosis 
induced by secondary hypogonadism. 

Conclusion 
In conclusion, buserelin can cause osteoporosis 

due to testosterone deficiency in male rats. The 
skeletal effects of buserelin are comparable to 
orchidectomy in male rats. However, adjustment to 
the duration of buserelin treatment may be required 
so that effects on bone biomechanical strength and 
calcium content can be demonstrated. Further studies 
on bone histomorphometry will help to demonstrate 
the effects of buserelin on mineralization process and 
bone cell ratio.  

Abbreviations 
GnRH agonist: Gonadotropin-releasing horm-

one; micro-CT: micro-computed tomography; 3D: 
three dimensional; FSH: follicle-stimulating hormone; 
LH: luteinizing hormone. 
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