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ABSTRAK

Tomografi berkomputer mikro (mikro-CT) adalah peralatan yang berguna untuk
memantau pemulihan patah tulang pada model osteoporosis. la menyediakan imej
3D kalus fraktur yang boleh digunakan untuk mengira parameter tulang secara
kuantitatif. Dalam kajian in, mikro-CT telah digunakan untuk menilai pemulihan
patah tulang tikus yang diorkidektomi, iaitu model osteoporosis defisien-androgen.
Kesan ke atas pemulihan patah tulang oleh Eurycoma longifolia, sejenis tumbuhan
ubatan dengan aktiviti pro-androgenik, dinilai menggunakan micro-CT. Tikus
dibahagikan kepada empat kumpulan: kawalan orkidektomi (ORX), bedah sham
(SHAM), orkidektomi dan disuntik dengan testosteron secara intramuskular seminggu
sekali (TEN) dan orkidektomi dan menerima oral gavaj Eurycoma longifolia (EL)
setiap hari. Jangkamasa rawatan ialah enam minggu. Patah tulang diaruh ke atas
tibia kanan kesemua tikus. Mikro-CT telah digunakan untuk mengimbas kalus
fraktur yang terdiri daripada 100 potongan aksial di atas dan di bawah aras fraktur.
Analisa mikro-CT berjaya mengesan perbezaan signifikan pada pemulihan fraktur
kumpulan ORX dan TEN. Bagaimanapun, tiada perubahan mikro-CT yang signifikan
dilihat pada pemulihan fraktur kumpulan EL. Kesan EL ke atas pemulihan fraktur
tidak dapat dilihat pada model tikus orkidektomi.
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ABSTRACT

Micro computed tomography (micro-CT) imaging is a useful tool to monitor fracture
healing in osteoporosis model. It creates a 3-D image of the fracture callus which can
be analysed to assess bone parameters quantitatively. In this study, micro-CT was
used to assess the fracture healing of orchidectomised rats, an androgen-deficient
osteoporosis model. The effects of Eurycoma longifolia, a medicinal plant with pro-
androgenic effects, on fracture healing were assessed. The rats were grouped into
orchidectomised-control (ORX), sham-operated (SHAM), orchidectomised and
injected with testosterone intramuscularly once weekly (TEN) and orchidectomised
and daily oral gavage of Eurycoma longifolia (EL). Treatment duration was six
weeks following bone fracture. Fracture was induced in the right tibia of all the
rats. A total of 100 axial slices above and below fracture line were scanned with
a micro-CT. The micro-CT analysis was able to detect significant difference in the
fracture healing rate of ORX and TEN groups. The bridging cortices and fraction
of mineralized tissue of the bridging cortices of the callous of ORX group was
significantly lower than TEN group. No significant micro-CT changes were seen
in the fracture healing of the EL group. The effect of EL on fracture healing was not
demonstrable in orchidectomised rat model.

Keywords:  androgen, Eurycoma longifolia, fracture, orchidectomy, osteoporosis

INTRODUCTION osteoporotic fracture in males was

Osteoporosis is defined as a systemic
skeletal disease characterised by low
bone mass and micro-architectural
deterioration of bone tissue (CDC 1993).
World Health Organization (WHO)
defined osteoporosis based on the bone
mineral density measurement by Dual
energy X-ray Absorptiometry (DEXA)
scan. Osteoporosis occurs when
the bone mineral density falls more
than 2.5 standard deviations below
the standard reference for maximum
bone mineral density of young adult
female. Osteoporosis occurs more
commonly in women, especially after
menopause. Nevertheless, hip fractures
due to osteoporosis has caused higher
mortality rate in males than females
(Amin & Felson 2001). Furthermore,
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associated with significant morbidity
and has huge impact emotionally and
financially on their families and the
society (Johnell et al. 2001).

There are three phases of fracture
healing; the reactive phase, reparative
phase and remodeling phase. In
the reactive phase, platelets are
activated to release products such
as transforming growth factor-B that
triggers inflammation. At the same
time, haematoma is formed to seal
off the fracture area (Grundnes &
Reikeras 1993; Marsh & Li 1999). In the
reparative phase, granulation tissue is
replaced by fibrocartilage and external
callus is formed by intramembranous
ossification at the periosteum. Finally,
in the remodeling phase, the callus and
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vasculature are remodelled to their
normal size and shape (Gerstenfeld
et al. 2003). Osteoporotic fracture
requires special attention as the
healing may be impaired or delayed by
the osteoporotic condition. In human,
fracture healing is assessed clinically
based on the range of motion and
pain sensation. The fracture callous
formed during healing may also be
assessed using plain film X-ray. Clinical
assessments may not be accurate due to
variations in medical judgement, while
plain X-ray is only a representative
two-dimensional  assessment  (2D)
of the three-dimensional (3D) callus
structure.

DEXA is the gold standard imaging
in making a diagnosis of osteoporosis
(Hamdy et al. 2002; Winzenberg &
Jones 2011). DEXA scan works by
passing a scanner which emits a dual
energy beam of low dose X-rays over
an area of skeleton and measuring it
with a detector. Several studies had
investigated the use of DEXA scan in
assessing bone fracture healing. Eyres
et al. (1993a) & (1993b) reported that
DEXA scan could be used to analyze
bone fracture healing from 1 to 2 weeks
after distraction osteogenesis. Reiter
et al. (1997) and Maffulli et al. (1997)
recommended the use bone mineral
density (BMD) and bone mineral
content (BMC) values derived from
DEXA scans to monitor bone fracture
healing of femur or tibia. Markel et al.
(1990) assessed fracture healing after
tibial osteotomies in dogs and found
that DEXA had good correlations
with torsional properties and calcium
content of the osteotomies.
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Peripheral quantitative or quantitative
computed tomography (pQCT or
QCT) is another imaging technique
which could be used to assess fracture
healing. It provides 3D measurements
of the structure and mineralization of
the fracture callus, and may provide
reliable and non-invasive assessments
of fracture healing in humans. QCT was
reported to have strong correlations
with local material properties, such
as indentation stiffness and calcium
content during fracture healing in dogs
(Markel et al. 1990).

Lately, micro-CT has emerged as the
new paradigm technique for measuring
bone structure and strength in 3D. In
small animal model, micro-CT is more
suitable compared to pQCT and QCT
as it provides superior resolution for
studying bone fracture healing (Duvall
et al. 2007; Gabet et al. 2004; Gardner
et al. 2006; Geiger et al. 2005; Midura
et al. 2005; Schmidhammer et al. 2006;
Shefelbine et al. 2005). It provides an
accurate insight into the bone mineral
density changes and biomechanical
properties for the estimation of bone
strength and fracture risk (Boyd et al.
2006). Micro-CT imaging is useful in
monitoring murine fracture calluses at
multiple post-fracture time points and
under different experimental conditions
that alter fracture healing. It measures
parameters such as bone volume, bone
volume fraction, and mineral density in
the fracture callus to predict the strength
of callus formed during fracture healing.
Therefore, micro-CT can be used for
non-invasive assessments of fracture
healing and for identifying biological
and biomechanical mechanisms that
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lead to impaired or enhanced healing
(Morgan et al. 2009).

In the present study, micro-CT
was used to assess the osteoporotic
fracture healing of orchidectomised
rats which were administered synthetic
testosterone and testosterone-like herb,
known as Eurycoma longifolia Jack
(EL). Testosterone is a steroid hormone
that regulates bone remodelling
and  maintains  bone  mineral
homeostasis. Testosterone deficiency
or hypogonadism is the major cause
of osteoporosis in men. Testosterone
replacement is the main treatment for
androgen-deficiency in men (Bhasin
et al. 2010; Nieschlag 2006). It was
reported that testosterone therapy
improves bone mineral density in men
(Nieschlag et al. 2004). However, long-
term use of testosterone may increase
the risk of prostate cancer (Ellem &
Risbridger 2006). Therefore, a suitable
alternative for testosterone is required
for the treatment of androgen deficiency
in men and to promote osteoporotic
fracture healing.

EL is a medicinal plant that is found
along the slopes of hilly territories in the
Malaysian rainforest (Burkill & Hanif
1930). The water decoction of its root
is used to enhance libido in men and
as anti-aging supplements (Cyranoski
2005; Talbott et al. 2013). The herbal
product is advertised in the internet and
availableon-lineworldwide. EL hasbeen
discovered to contain eurycomanone,
eurycomanol, eurycomalactone, and
alkaloids that may help to increase the
free testosterone level in blood and
inhibit sex hormone binding globulin.
The pro-androgenic effect of EL was
demonstrated in male rat model (Ang

270

Azri J. et al.

& Cheang 2001). In human, EL was
reported to elevate testosterone level
and increase semen volume (Tambi &
Imran 2010).

In the present study, the effect of
testosterone replacement and EL on
callous fracture in orchidectomised rat,
the androgen-deficiency model was
assessed using micro-CT.

MATERIALS AND METHODS

Forty-eight male Wistar rats weighing
between 350 to 450 gms were obtained
from the Laboratory Animal Resources
Unit, Faculty of Medicine, Universiti
Kebangsaan Malaysia (UKM). The
rats were randomly assigned into
sham-operated group (h=12) and
orchidectomised group (n=36). Two
weeks following orchidectomy or sham
operation, the right tibiae of all the
rats were fractured under anesthesia
according to Stuermer et al. (2010).
Briefly, an incision was made from the
medial femur condyle to the middle of
the tibia and osteotomy was performed
at the metaphysis region using pulsed
ultrasound  (Piezosurgery®, Mectron
Medical Technology, Carasco, ltaly).
Following osteotomy, a T shaped
titanium fixation plate XS (57-05140
Stryker Trauma, Selzach, Switzerland)
was placed and fixed with 1.2 mm
screws to stabilize the fracture.

Theorchidectomised ratswere further
divided into three groups consisting
of orchidectomised-control  (ORX),
orchidectomised and treated with EL
extract (EL), and orchidectomised and
treated with testosterone enanthate
(TEN). The EL group was treated with
daily oral gavages of 15 mg/kg of EL
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Figure 1: A sample of healed tibia extracted
from the rat with T plate in place to fix the
fracture.

T 100 axial slices above
Fracture line

100 axial slices below

Figure 2: An area which consisted of 100 axial

slices above and below fracture line were

chosen as the region of interest (ROI) to be
scanned for fracture healing assessments.

extract (Phytes Biotek. Sdn. Bhd.,
Shah Alam, Selangor). The TEN group
received an intramuscular injection of
testosterone enanthate (Jesalis Pharma,
Germany) at the dose of 7 mg/rat once
a week (Yarrow et al. 2008). The SHAM
and ORX control groups received
vehicles (oral gavages of normal saline
and intramuscular injection of olive oil)
only. Following six weeks of treatment,
the rats were euthanized, the fixation
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plate was removed and the tibiae were
extracted and stored in 10% formalin at
room temperature (Figure 1).

The protocol was approved by
Universiti ~ Kebangsaan ~ Malaysia
(UKM)  Animal Ethics Committee
(UKMAEC: PP/FAR/2011/NORLIZA/30
NOVEMBER/414-NOVEMBER-2011-
JUNE-2012).

MICRO-CT ASSESSMENT

The degree of fracture healing was
measured using in vitro micro-CT
(MCT 80 scanner, Scanco Medical,
Switzerland). The system is equipped
with a computer and evaluation
software discretion for image analysis.
For analysis procedure, the tibiae were
placed in a sample holder in a vertical
direction with the epiphyseal head
facing upward. The source of energy
was set to 70 kVp and 114 pA and
high definition resolution was selected
to acquire better and accurate image
(Ramli et al. 2012). The filter used was
0.5 mm Al. The voxel size was 10 m
and the number of slices included was
201.

The fracture callus area which
consisted of 100 axial slices above and
below fracture line was chosen as the
region of interest (ROI) to be scanned
(Figure 2). A set of 2D images in form
of vertical slices was produced from the
scanning process. From these 2D images,
a 3D evaluation could be performed by
contouring all the 201 cross-sectional
slices resulting from the 2D data set within
the ROI. The bridging cortices were then
extracted by applying a threshold of 400
mgHA/cm?, Guassian noise filter of 0.8,
and support of 2. This segmentation
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Figure 3: Three dimensions (3D) images of the bridging cortices generated by micro-CT. SHAM:
sham-operated, ORX: orchidectomised-control, TEN: orchidectomy + testosterone enanthate
treatment 7 mg/rat, EL: orchidectomy + Eurycoma longifolia 15 mg/kg.

threshold was utilized in all analyses.
Using the Scanco evaluation software,
the parameters measured were fraction
of mineralized tissue in bridging cortices
(BV, /TV, ), bone mineral density of the
bridging cortices (mBMD, ) and soft
callus volume (BV__ )

callus”™

STATISTICAL ANALYSIS

All the data were expressed as mean

standard error mean (SEM). Statistical
analysis was conducted using Statistical
Package for Social Sciences version
18.0 (SPSS 18.0, Chicago, USA).
Kolmogorov Smirnov test was used for
normality testing. Normally-distributed
data was analysed using parametric
one-way ANOVA test followed by
Tukey’s HSD test while not normally-
distributed data was analysed using
Kruskall-Wallis, Mann-Whitney U and
Wilcoxon Signed Rank tests. The level
of significance was taken as p< 0.05.
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RESULTS

THREE DIMENSION (3D) IMAGES
OF BRIDGING CORTICES OF
THE CALLUS DURING FRACTURE
HEALING

Bridging cortices refered to callus that
bridge the fracture gap. When the 3D
images of the bridging cortices of the
calluses were compared, the ORX
group showed the thinnest callus and
poorly connected cortices compared
to the other groups. The TEN group
exhibited the thickest callus and
marked connection between the
cortices. The SHAM group displayed
good connection of the cortices, but
the callus thickness was lower than
the TEN group. The EL group showed
better cortices connection than the
ORX group but more inferior compared
to the TEN and SHAM groups (Figure
3).
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Figure 4: Fraction of mineralized tissue of the
bridging cortices (BVbc/TVbc) after 6 weeks
of study. Results were expressed as mean *
standard error mean (SEM). Similar alphabets
showed significant difference. SHAM: Sham-
operated, ORX: orchidectomised-control,
TEN: orchidectomy + testosterone enanthate
treatment 7 mg/frat, EL: orchidectomy +
Eurycoma longifolia treatment 15 mg/kg.

93250 {
= 200
T 150
100
50
O |
ORX SHAM TEN EL
Groups
Figure 5: The mBMDbc between the groups
after 6 weeks of study. Results were expressed
as mean * standard error mean (SEM). SHAM:
Sham-operated, ORX:  orchidectomised-
control, TEN: orchidectomy + testosterone
enanthate treatment 7mg/rat, EL: orchidectomy
+ Eurycoma longifolia treatment 15mg/kg.

400
350
300

FRACTION OF MINERALIZED
TISSUE OF THE BRIDGING
CORTICES (BV,/TV,)

This parameter measured the ratio of
mineralised callus that bridged the
fracture gap to the total callus. The BV, /
TV, of the ORX group was significantly
lower than the SHAM and TEN groups.
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ORX

SHAM TEN EL

Groups
Figure 6: The soft callus volume values of
the groups after 6 weeks of study. Results
were expressed as mean * standard error
mean (SEM). SHAM: Sham-operated, ORX:
orchidectomised-control, TEN: orchidectomy
+ testosterone enanthate treatment 7mg/rat, EL:
orchidectomy + Eurycoma longifolia treatment
15mg/kg.

Callus Volume
S 8 &8 8 8 3
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The EL group seemed to have higher
BV, /TV,  than the ORX group but
the difference was not statistically
significant (Figure 4).

MINERALIZED BONE MINERAL
DENSITY OF BRIDGING CORTICES
(MBMD),

This parameter measured the bone
mineral density of the callus that
bridged the fracture gap. There were no
significant differences in the mBMD,
among the groups (Figure 5).

SOFT CALLUS VOLUME (BV,

CALLUS)
This parameter measured the volume
of unmineralised callus. There was no
significant difference in the soft callus
volume parameter among the groups
(Figure 6).

DISCUSSION

Micro-CT has proven to be a useful tool
for pre-clinical anatomic assessment
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of small animal models including
cardiovascular system (Jorgensen et
al. 1998; Langheinrich et al. 2004;
Schambach et al. 2010; Badea et al.
2005), gastrointestinal system (Graham
et al. 2008; Martiniova et al. 2010)
and skeletal system (Dom et al. 2012;
Jiang et al. 2000). Micro-CT can
differentiate between bone and soft
tissues and provide high resolution
images for both cortical and cancellous
bones (Jayusman 2015). With these
capabilities, micro-CT is becoming
the standard tool for bone evaluation
including the healing of bone fracture
(Liu et al. 2008).

Previous studies on orchidectomised
rat model had demonstrated mixed
findings on the ability of EL to prevent
0steoporosis. Biochemically, ~ EL
supplementation was shown to prevent
bone calcium loss in orchidectomised
rats (Shuid et al. 2011). However, a
histomorphometric study found that
EL supplementation failed to protect
bone against osteoporosis in the same
model (Tajul Ariff et al. 2012). A micro-
CT study by Ramli et al. (2012) found
that EL supplementation at the dose of
90 mg/kg was able to preserve bone
volume of orchidectomised rats but not
at lower doses.

To date, no study has been carried
out to determine the effects of EL on
fracture healing of osteoporotic bone. In
this study, fracture was induced in tibiae
of orchidectomised rats to represent
osteoporotic fracture of androgen-
deficient osteoporosis model. Fracture
was created at the metaphyseal region
of the tibia as osteoporotic fracture
occurs more frequently at this area in
human (Thompson et al. 1995). Tibia
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was chosen to be fractured as there
is only a thin subcutaneous tissue
lining the anterior part of the bone
with limited vessels. Therefore, trauma
and haemorrhage, which could affect
fracture healing, is minimal in the
tibia fracture model. The osteoporotic
fracture healing with testosterone
replacement and EL was assessed using
micro-CT.

Micro-CT imaging provides
qualitative and quantitative analyses of
bone such as bridging cortices fusion
and volumetric BMD (Habermann
et al. 2010; Nyman et al. 2009). As
expected from the micro-CT analysis,
the worst fracture healing was
observed in the ORX group while the
best healing was observed in the TEN
group. Qualitatively, the EL group
seemed to heal better than ORX group.
However, the healing did not record
any significant difference for the BV, /
TV,, mBMD, and BV_, parameters
measured. The best parameter to assess
fracture healing is BV, /TV, as the
number of cortices bridged by callus is
the most objective measure (Whelan et
al. 2002). The EL group has shown the
best results in this important parameter
compared to other two parameters
which indicate some potential in
promoting fracture healing.

Higher doses of EL may be required
but based on a previous study; the
dose used in this study should have
been adequate (Shuid et al. 2011).
Furthermore, the dose was nearly twice
the dose of EL used to increase sperm
counts in normal rats (Wahab et al.
2010).

The micro-CT parameters were
sensitive enough to show reduced
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fracture healing in the ORX group and
better healing with the TEN group. The
effectof EL was notsignificantly captured
by micro-CT. Orchidectomised rats
may not be a suitable model to
determine the effects of EL. One of the
mechanisms to increase testosterone
by EL is by elevating the luteinizing
hormone (LH) and follicle stimulating
hormone (FSH), which would stimulate
the Leydig cells to produce testosterone
in testes (Low et al. 2005). Since the rat’s
testes were removed in this model, the
EL's testosterone-raising effect through
this mechanism was not available.

In this study, micro-CT was proven
to be the best imaging tool for non-
invasive assessment of fracture healing.
However, there were several limitations
with  micro-CT scanning. Frequent
scanning especially  with  in-vivo
micro-CT may lead to bone structural
deformities. Lower radiation dose
should be used but this may lead to
reduce image sharpness and resolution.
Therefore, there should be a balance
between image quality and radiation
risks. It was demonstrated that repeated
micro-CT imaging for six weeks with a
two week time interval at the radiation
dose of 776 mGy and pixel size of 9 pm
had negative effects on the trabecular
bone structure (Laperre et al. 2011).

CONCLUSION

Based on the orchidectomised model,
EL has shown potential in promoting
fracture healing but was not as effective
as testosterone. A micro-CT study on
EL should be repeated with a different
castration model.
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