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ABSTRACT
Osteoporosis is characterized by low bone mass and destruction of bone microarchitecture. Androgen deficiency or hypogonadism is
one of the major risk factors of osteoporosis in men. Testosterone replacement therapy (TRT) is the main treatment for hypogonadal
osteoporosis but may cause side effects such as prostate cancer and cardiovascular diseases. An alternative treatment is required, with
similar efficacy but minimal side effects. Eurycoma longifolia is a herbal plant that may have potential in treating osteoporosis, especially if it is supplemented with calcium. This study was conducted to determine the combinational effects of Eurycoma longifolia and calcium on the bone markers and biomechanical strength of orchidectomised male rats. A total of 48 rats were randomly divided into 6
groups; sham-operated control (SHAM), orchidectomised control (ORX), orchidectomised + 8mg/kg testosterone (TES), orchidectomised + 15mg/kg Eurycoma longifolia (EL), orchidectomised + 1% calcium (Ca) and orchidectomised + combination of 15mg/kg EL
and 1% calcium (EL+Ca). Treatment was given for a period of 6 weeks and blood samples were taken prior and after the treatment to
measure osteocalcin and CTX levels. The rats were euthanized after 6 weeks and femora were dissected for biomechanical analysis. The
osteocalcin levels did not show any significant changes, while the CTX levels were significantly increased in the ORX group but decreased in the other groups. The strain parameter of the EL+Ca was significantly lower than the EL group. In conclusion, single supplementation of EL was better than combination with calcium in terms of the bone remodeling and strength of orchidectomised rats.
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1. Introduction
Osteoporosis and osteoporosis-related fractures are increasing and now becoming a major public health issue.
According to World Health Organization (WHO), osteoporosis occurs when the bone mineral density is more than
2.5 SD below the peak bone mass reference standard for
young women [1]. If this criterion is used, namely the 2.5
SD below the peak bone reference standard for young
men, approximately 1 to 2 million men have osteoporosis
and another 8 to 13 million have osteopenia [2]. In both
sexes, age-related bone loss begins at about age 50 [3].
Men have greater bone mass, hence most of them presented with osteoporotic fracture about 10 years later
than women [4]. Osteoporosis in men is now recognized

as an increasingly important public health issue because
they are prone to higher rates of morbidity and mortality
[5,6].
Osteoporosis in men is mainly caused by androgen
deficiency (hypogonadism) [7,8]. Circulating testosterone
in men declines progressively by 0.4–2% per year from
the age of thirties onward [9,10]. According to the Endocrine Society, approximately 4 million men have hypogonadism, of whom less than 200,000 were treated
[11]. Hypogonadism can be due to primary and secondary factors. Primary factors are associated with normal
aging and testicular disorders such as undescended testes, orchitis, tumour of testes and orchidectomy [12,13].
Secondary factors are characterized by deficient release
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of Gonadotrophin-releasing hormone (GnRH) due to hyperprolactinemia, lesions of hypothalamus and prolonged
use of medications [14,15].
Androgens, mainly testosterone, play an important
role in the development and maintenance of bone mass.
The presence of aromatase in bone allows conversion of
testosterone to estradiol, which can stimulate the estrogen receptors located throughout bone [16,17]. Testosterone may also exhibit direct effects on bone via androgen receptors on osteoblasts [18]. Previous studies reported that alterations in circulating androgen have been
associated with low bone mass and impaired bone
strength [19]. Androgen level decreases with increasing
age where elderly men secrete approximately half of testosterone secreted by young men. This lack of androgen
may cause an increase in bone resorption, which indirectly affects the bone remodelling mechanism [20,21].
Thus, aging male with androgen deficiency is at high risk
of developing osteoporosis [22]
According to the Food and Drug Administration
(FDA) and World Health Organization (WHO), orchidectomised rat has been proposed to simulate male osteoporosis due to hypogonadism [23]. Testicular production
is the primary source of circulating testosterone in men.
Hence, orchidectomy (ORX) will induce a decline in testosterone which leads to higher bone resorption and lower bone formation. Previous studies reported that bone
volume and trabecular structure deterioration occurred
between two to three weeks post-ORX [24]. Trabecular
bone loss is associated with increased bone remodelling
which affects normal function of osteoblasts and osteoclasts [25].
Testosterone replacement therapy (TRT) is the main
treatment for androgen deficient-osteoporosis which can
be given orally, via intramuscular injection or patches.
Intramuscular injection gives the most rapid and best result in increasing testosterone level. However, this administration of testosterone is very painful and prone to
cause infection. Its prolonged use may result in many
adverse effects such as prostate cancer, liver failure and
cardiovascular diseases [26]. Other forms of treatment
for osteoporosis in men are bisphosphonates and strontium ranelate. These drugs may also result in adverse effects with prolonged use [27,28]. Despite the effectiveness of available treatments, the search for alternative
anti-osteoporotic agent in men is highly desirable. This
alternative agent should ideally be free of side effects
and safe to be taken as supplement.
Previous studies on Eurycoma longifolia Jack (EL)
reported that it has potential in preventing bone calcium
loss [29]. However there is paucity in studies on the antiosteoporotic effects of EL. EL is commercially known as
Tongkat Ali in Malaysia, pasak bumi in Indonesia and
tung saw in Thailand [30]. It is known for its aphrodisiac
effect and widely used by men to improve their sexual
health [31]. The main active compounds in EL are eurycomanone, eurycomalactone and eurycomanol which
can be found in the roots. The root is believed to have
the medicinal values to treat a wide range of diseases

such as infections, cough, high blood pressure, headache and malaria [32]. EL is known to be an effective
aphrodisiac agent which helps in increasing testosterone
level and enhance male sexuality and fertility [33]. Previous studies have shown that male rats supplemented
with EL mated more frequently than the control rats [34].
Calcium is the most abundant mineral in bones. Calcium supplementation is known to prevent bone loss and
helps in treating osteoporosis. Therefore, this study was
done to determine the combinational effects of EL and
calcium on bone metabolism of orchidectomised rats.

2. Design and Methods
Animal model
A total of 48 male Sprague-Dawley rats, aged between 810 months were obtained from Universiti Kebangsaan
Malaysia (UKM) Animal House and randomly divided into
six groups. The rats were housed in a cage at temperature of 29±3 ºC under natural day/night cycle. They were
fed with commercial food pellets (Gold Coin, Port Klang,
Malaysia) and deionised water ad libitum. They were allowed to adjust to the new environment for a week before
the study was started.
EL extract and testosterone
Eurycoma longifolia Jack was supplied by Phytes Biotek
Sdn Bhd (Malaysia). It was extracted from the plant’s root
using a patented high pressure water extraction (US Patent no: US7, 132, 117 B2). It contained bioactive 22.0%
eurypeptide, 41.1% glycosaponin and 1.6% eurycomanone. Aqueous EL solution was prepared by diluting the
EL brownish powder form in deionised water. Testosterone was purchased from Sigma Chemicals (USA). It
was diluted in normal saline and given via intramuscular
injection at the dose of 8.0 mg/kg daily for 6 weeks. Calcium was given to rats via drinking water. One percent
calcium phosphate was prepared by diluting 1.0 g calcium phosphate in 99 ml deionised water.
Study design
Rats of the first group were sham-operated control
(Sham) while rats in the other groups were orchidectomised. The second group was the orchidectomisedcontrol group (ORX), the third group was supplemented
with 8.0 mg/kg testosterone (TES) via daily intramuscular
injection. Other groups were supplemented with 15.0mg/
kg EL via daily oral gavages (EL), 1% calcium ad libitum
(Ca) or combination of EL and calcium (EL+Ca). Treatments were given 6 days per week for 6 weeks. The
study duration was thought to be adequate to induce
changes in bone metabolism after orchidectomy [35].
Body weights were measured before the start of treatment and then weekly until the end of the study.
Blood samples were collected prior and after treatment
via retro orbital bleeding after anesthetizing the rats with
ether. After 3 hours, the blood was centrifuged at 3000
rpm for 10 minutes and the serum was separated prior to
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storage at temperature of -70 ºC. At the end of the study,
the rats were euthanized with diethyl ether overdose.
Femora were dissected out, cleaned and wrapped with
aluminium foil prior to freezing at -70ºC before being used
for biomechanical bone testing.
Bone markers analysis
Bone biochemical markers of serum osteocalcin and Cterminal telopeptide of type I collagen (CTx) were measured before and after treatment using ELISA technique.
The kits used were Rat Osteocalcin ELISA (Biosource
Technologies Inc., Nivelles, Belgium) and Rat CTX ELISA
(Biomedical Technologies, Herley, Denmark).
Biomechanical analysis
Biomechanical bone testing was done following the 3point bending method where a significant pressure was
loaded on the centre of the femur. This test was performed using an Instron Universal Testing Machine
(Model 5848; Instron Corp; Canton, MA) equipped with
the Bluehill® 2 software and the parameters recorded can
be categorised into extrinsic and intrinsic parameters. Extrinsic parameters are load, displacement and stiffness,
while, intrinsic parameters are stress, strain and Young’s
modulus. Young’s modulus value can be obtained from
the slope of the stress versus strain graph.

treatment weights [F (9.085), p = 0.000]. The pretreatment weights were not significantly different between
the groups. The post-treatment weight of the ORX group
was significantly lower than Sham group. All the treatment groups had significantly higher body weighst compared to the ORX group. The post-treatment weight of the
EL group was significantly higher that the ORX and Sham
group (Figure 1).
Bone markers analysis
Results of the osteocalcin levels showed no significant
differences in the pre- and post-treatment levels within or
between the groups (Figure 2). As for the serum CTx levels, there were no significant differences in the pre- and
post-treatment levels between the groups. There was a
significant increase in the post-treatment level of CTx for
the ORX group compared to its pre-treatment level. There
were significant reductions in the post-treatment levels of
CTx compared to the pre-treatment levels for the TES,
EL, Ca and EL+Ca groups (Figure 3).

Statistical analysis
The statistical significance of the data was determined
using paired T-test and one way analysis of variance
(ANOVA) which was then followed by post hoc Tukey’s
test. The software used was the Statistical Package for
Social Sciences (SPSS) version 18.0. The level of significance taken was as p< 0.05. All results were expressed
as mean ± SEM.
Results

Figure 2 Mean serum osteocalcin levels for all the groups be-

Body weights

fore and after treatment. Data presented as mean±SEM

The mean body weight for all the groups were significantly
different after 6 weeks of treatment compared to their pre-

(p<0.05). No significant differences were seen within and between the groups.

Figure 1 Mean body weight comparison within and between

Figure 3 Mean serum C-terminal telopeptide of type 1 colla-

groups.

(p<0.05).

gen for all the groups before and after treatment. Data pre-

‘*’ indicates significant difference before and after treatment. ‘a’

sented as mean±SEM (p<0.05). ‘*’ indicates significant differ-

indicates significant difference compared to the Sham group. ‘b’

ence before and after treatment within the group.

Data

presented

as

mean±SEM

indicates significant difference compared to the ORX group.
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Biomechanical analysis
Biomechanical testing did not show any significant difference for the maximum load, maximum stress and Young
modulus parameters. (Figures 4,5,7). However, for the
strain parameter, there was a significant reduction in the
strain value of the EL+Ca group compared to the EL
group (Fig. 6).

Discussion
Osteoporotic fractures which are highly associated with
women especially post-menopausal women are now becoming a serious health issue among men as well. Due
to the higher density and stronger bone in men, they
begin to experience fragility fractures 10 years later than
women at the senescent age [36]. Once hip fractures
have occurred, men have higher rates of morbidity and
mortality than women [37]. This can lead to devastating
effects on their daily life. Hence, effective treatments are
vital in alleviating this problem.
The main cause of osteoporosis in men is androgen
deficiency which is associated with aging and testicular
diseases. Androgen deficiency can be treated effectively

Figure 4 Mean maximum load for all the groups. Data presented as mean±SEM (p<0.05). No significant differences were

with testosterone replacement therapy via intramuscular
injections. However, this method of treatment is not only
painful but may cause adverse effects. Therefore, an alternative agent to testosterone which is effective but with
minimal adverse effects is required to treat androgen deficiency. EL has been proven to exert aphrodisiac effects
on men and therefore was chosen for this study. The
bone metabolism of rat resembles to that of human. Orchidectomy was shown to cause testosterone deficiency
which may result in bone loss [38,39]. Hence, orchidectomised rat can be used as the model of testosterone deficiency or hypogonadal osteoporosis in men. Calcium is
an important and major mineral in bone, which affects
bone growth and metabolism. Theoretically, combined
supplements of EL and calcium should produce better
effects on bone than either supplement alone.
At the end of the study, all the treatment groups
showed significantly higher body weights than the orchidectomised control (ORX) group. This meant that orchidectomy has stunted the weight gains of the rats. This
result was supported by previous studies which reported
that orchidectomy was not only able to reduce testosterone levels but also reduce muscle mass, which caused

Figure 6 Mean strain of all groups. Data presented as
mean±SEM (p<0.05).’*’ indicates significant difference compared to the EL group.

seen within and between the groups.

Figure 5 Mean maximum stress of all groups. Data presented
as mean±SEM (p<0.05). No significant differences were seen
within and between the groups.

Figure 7 Mean Young modulus of all groups. Data presented
as mean±SEM (p<0.05). No significant differences were seen
within and between the groups.
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significant reduction in body weight [40]. Supplementations with EL or calcium or both were able to maintain the
weight gains of the orchidectomised rats. This was probably achieved by increases in the muscle mass as reported
by previous studies [41,42].
As for the serum analysis of the bone markers, osteocalcin, which is the marker of bone formation, did not
exhibit any significant changes. This meant that the bone
formation in the orchidectomised rats remain unchanged
with treatments. The post-treatment levels of CTx, the
marker of bone resorption, were found to be significantly
elevated in the ORX group compared to the treatment
groups. These results have shown that testosterone deficiency has only affected bone resorption but not bone
formation. This was confirmed by previous studies which
reported that testosterone exerted significant effects on
bone resorption but not on bone formation [43,44]. In the
present study, all the supplements given were able to reduce the bone resorption induced by orchidectomy, therefore preventing bone loss.
Based on the bone biomechanical testing, there
were no significant changes in the bone strength except
for the strain parameter which was significantly lower in
the EL+Ca group compared to the EL group. Biomechanical testing is a direct measurement of the bone strength
which reflects the bone function. The strain parameter
measured the relative deformation of the femur caused by
the stress before it fractured. Although single-EL or calcium supplementation or combined EL and calcium supplementation were able to maintain the body weight and reduce bone resorption of orchidectomised rats, the bone of
the rats given combined supplementation seemed to be
weak. This has raised questions on whether it is ideal to
combine EL with calcium and how the interactions between these two supplements would result in weaker
bone.
There are several hypotheses on how EL may protect bone from the deleterious effects of androgen deficiency. EL is an aphrodisiac agent which can stimulate
dehydroepiandosterone (DHEA), an important endogenous steroid hormone. This hormone is a weak partial
agonist of the androgen receptors and functions as an
endogenous precursor to testosterone and dihydrotestosterone [45]. Elevated levels of these hormones will stimulate the androgen receptors on bone cells which indirectly
reduces bone resorption [46,47]. Therefore, supplementation with EL would be helpful in androgen deficiency by
reducing bone loss and improving bone strength.
Previous studies have demonstrated that calcium
supplementation increased the bone mass and density
[48]. Calcium is known to stimulate calcitonin which inhibits the osteoclasts activity and eventually reducing bone
resorption [49]. Despite the benefits of the EL and calcium
on bone, the present study found that their combination
failed to exert better effects than EL or calcium alone.
This may be explained by the fact that EL could increase
free testosterone in the blood. In comparison to bound
testosterone, free testosterone is an unesterified fatty acid
[50] which can disrupt calcium absorption, therefore re-

sulting in weaker bones [51]. In order to overcome this,
higher dose of calcium should be used for the combination of EL and calcium, to exert beneficial effects on the
bone during androgen deficiency. In future studies, EL
may also be combined with calcium and its metabolically
active regulator, vitamin D to produce better effects on
bone. Further studies on the other bone parameters such
as bone density and microarchitecture are warranted to
determine the effects of EL on bone.
In conclusion, EL supplementation was able to reduce bone resorptive activity as well as increasing the
bone strength of hypogonadal osteoporosis model. It has
potential as an alternative agent to testosterone replacement therapy in treating hypogonadal osteoporosis in
men. Combination of EL and calcium did not produce better effects than either single- EL or calcium supplementation in the same model.
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