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Graphical abstract Abstract

v = Osteoporosis is a metabolic disease characterized by low bone mineral density. Both
b virgin coconut oil (VCO) and tocofrienol-rich fraction (TRF) are known to have higher
antioxidant activity. The study aimed to determine the effect of combined therapy of
. VCO and TRF on bone biomechanical strength parameters of the ovariectomised rat
model fed with high fat diet and heated palm oil. Thirty-six female Sprague-Dawley
rats were divided info; Sham-operated (SHAM), ovariectomised control (OVX),
ovariectomised and given Premarin 64.5 ug/kg (OVX+P), ovariectomised and given
VCO 1.43 ml/kg (OVX+V), ovariectomised and given TRF 30 mg/kg (OVX+T) and
ovariectomised and given combined therapy of VCO and TRF (OVX+VT). Following 24
weeks, the rats were sacrificed and the right femora were analyzed for three-point
bending test using Shimadzu machine (AG-X 500 N). The parameters were divided
info two classes: extrinsic (load, displacement and stiffness) and intrinsic (stress, strain
and Young modulus). The stafistical tests used were analysis of variance (ANOVA),
followed by Tukey's HSD test. The Young modulus value of OVX+VT group was
significantly higher than OVX+V and OVX+T groups (p<0.05). Combined therapy of
VCO and TRF have offered better bone protective effects than single dose of VCO or
TRF in preventing bone loss of osteoporotic rat model.

Keywords: Osteoporosis, virgin coconut oil, tocotrienol-rich fraction, biomechanical
strength, three-point bending

Abstrak

Osteoporosis adalah penyakit metabolik yang bercirikan kepada kepadatan mineral
fulang yang rendah. Kedua-dua minyak kelapa dara (VCO) dan pecahan kaya
tocotrienol (TRF) diketahui mempunyai aktiviti antioksidan yang sangat tinggi. Tujuan
kgjian ini adalah menentukan kesan terapi kombinasi VCO dan TRF ferhadap
parameter kekuatan biomekanikal tfulang pada model osteoporosis  tikus
terovariektomi yang diberikan diet tinggi lemak dan minyak sawit yang dipanaskan.
Sebanyak tiga puluh enam tikus betina Sprague-Dawley dibahagikan kepada;
kawalan Sham (SHAM), kawalan ovariektomi (OVX), terovariekfomi dan diberikan
Premarin 64.5 ug/kg (OVX+P), terovariektomi dn diberikan VCO 1.43 ml/kg (OVX+V),
terovariektomi dan diberikan TRF 30 mg/kg (OVX+T) dan terovariektomi dan diberikan
terapi kombinasi VCO dan TRF (OVX+VT). Selepas 24 minggu, semua tikus telah
dibunuh dan tulang femur kanan telah dianalisis bagi ujian pelenturan tiga fitik
menggunakan mesin - Shimadzu (AG-X 500 N). Parameter-parameter telah
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dibahagikan kepada dua kategori: ekstrinsik (beban, anjaokan dan kekakuan) dan
infrinsik (fegangan, regangan dan Modulus kekenyalan). Ujian statistikal yang
digunakan adalah analisis varians (ANOVA), diikuti dengan ujian Tukey's HSD. Nilai
Modulus kekenyalan bagi kumpulan OVX+VT adalah lebih tinggi secara signifikan
berbanding kumpulan OVX+V dan OVX+T (p<0.05). Terapi kombinasi antara VCO dan
TRF berpotensi memberikan kesan perlindungan tulang berbanding dos tunggal
dengan VCO atau TRF bagi menghalang kehilangan tulang pada model tikus

osteoporotik.

Kata kunci: Osteoporosis, minyak kelapa dara, pecahan kaya tokotrienol, kekuatan
biomekanikal, kelenturan tiga titik

© 2020 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Osteoporosis can be defined as progressive systemic
disease characterized by low bone mass and loss of
bone ftissue as well as its microarchitecture with a
consequent increased risk  of fracture [1].
Osteoporosis causes more than 8.9 million fractures
annually in the world [2]. It is estimated that by 2040
the number of osteoporotic patients above 50-year-
old will double worldwide from that of 2010 figures of
158 million [3, 4]. Around 30% of post-menopausal
women in the world suffer from osteoporosis [5].
Meanwhile, the prevalence of osteoporosis in
Malaysia  was reported as  24.1% in 2005,
predominantly affecting the hip [6]. The overall
incidence of hip fractures was 920 per 100 000
individuals [7]. Women have higher tendency to get
osteoporosis compared to men with the ratio of 1.6:1
due to oestrogen deficiency which led to reduced
protection against oxidative stress [8]. Many studies
have shown that oxidative stress plays a role in the
pathogenesis of osteoporosis [?, 10]. Oxidative stress is
caused by imbalance between the free radicals
production (pro-oxidants) and reduced antfioxidants
level in the body [11]. Excessive pro-oxidants lead fo
abnormally higher concentrations of reactive oxygen
species (ROS) [12], which enhance osteoclasts
activity and inhibits osteoblasts differentiation, thus
inducing bone loss. This condition can be prevented
by minimizing the oxidative stress level.

Bone remodeling is a dynamic process that
repairs microfractures throughout the skeleton and
replaces old bone with new bone to maintain its
overall function. The process is equivalent, which
involves bone resorption by osteoclasts followed by
formation of new bone by osteoblasts. It is controlled
by cytokines, the polypeptide molecules, derived
from marrow mononuclear cells or from bone cells
themselves, such as macrophage-colony stimulating
factor (M-CSF), tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), receptor activator of nuclear
factor kappa B ligand (RANKL) and osteoprotegerin
(OPG). The binding of M-CSF and RANKL to their
respective surface receptors on osteoclast precursors
enables them fo differentiate info mature
multinucleated osteoclast cells. This process is
regulated by OPG, which competes with RANKL to

inhibit osteoclast formation [13, 14]. However, the
important action of oestrogen is to increase OPG
secretion [15] and decrease M-CSF and RANKL [16].
In postmenopausal osteoporosis, oestrogen
deficiency impairs the normal cycle by increasing
osteoclastic resorption activity without a
corresponding increase in  osteoblastic  activity,
rendering it susceptible to bone loss and fracture. This
mechanisms include RANKL upregulation, which
leads to increased osteoclast activation, reduced
OPG production by osteoblasts, increased expression
of bone-resorbing cytokines, such as M-CSF, (TNF-a),
(IL-6), and a direct effect on osteoclasts by
increasing the differentiation of osteoclast precursors
intfo mature osteoclasts [17].

Nowadays, there are many types of freatments o
prevent postmenopausal osteoporosis such as
sclerostin inhibitors (18], calcitonin [19].
bisphosphonates [20] and selective oestrogen
receptor modulators (SERMs) [21]. Nevertheless, the
most important treatment is oestrogen replacement
therapy (ERT), the gold standard treatment for post-
menopausal osteoporosis [22, 23]. ERT is first choice
for osteoporosis prevention in women less than 10
years of menopause while bisphosphonates are
recommended for osteoporosis in older women more
than 60 years. Then, SERMs are an alternative for
women who cannot take both drugs [20]. However,
postmenopausal women who had undergone ERT
were found to have increased bone strength at both
lumbar spine and proximal femur [24]. Unfortunately,
prolonged use of this tfreatment causes long term
adverse effects such as thromboembolic events,
vaginal bleeding, endometrial and breast cancers
[25, 26]. Thus, findings linking ERT to various types of
diseases have led to the researchers looking for
alternative therapies in preventing of osteoporosis
from natural remedies that have minimal side effects.

Antioxidants are known to reduce the harmful
effects of oxidafive stress on the cells. It can be
formed either synthetically or naturally. Virgin
coconut oil (VCO) is one of the natural antioxidant-
rich diefts that can prevent bone loss caused by
osteoporosis [27]. This fresh, mature, coconut kernel
derived-oil is rapidly gaining popularity throughout
the world. Unlike the ordinary coconut oil, VCO is
different as it does not undergo heat and refining



31 Mohd Maaruf Abdul Malik et al. / Jurnal Teknologi (Sciences & Engineering) 82:4 (2020) 29-37

process. This preserves the important biologically
active and antioxidants-rich components in the oil
such as tocopherols, polyphenols, sterols and
squalene [28]. Previous study by Zil et al. (2015)
reported that single therapy of VCO given fo the
ovariectomised rats resulted in improved bone
structure and prevented bone loss due fo its high
polyphenols components which exert anfioxidant
property [29].

Furthermore, the other antioxidant-rich dietf is
palm oil focotrienolrich fraction (TRF) which has a
major source of the lipid-soluble compounds.
Tocotrienols have three carbon double bonds (C=C)
and an unsaturated isoprenoid side chains (-CH3)
that making it very unstable. This condition makes the
tocotrienols have some physical antioxidant
efficiency due to an ability to donate a hydrogen
atom from the hydroxyl group on the chromanol ring
to the free radical and ROS. Previous study showed
that the configuration of unsaturated side chain
allowed tocotrienol penetrates a layer of saturated
fat quickly such as the brain and liver [30]. The result
showed that there are two antioxidative functional
groups namely the chromanol ring and the
polyunsaturated phytol side chain, which makes
tocoftrienols a better antioxidant than tocopherols
[31]. In addition, the number of electrons in the ROS
does not correspond to a stable configuration, which
induced oxidative stress and leading fo cell damage
that can culminate in cell death [32]. According to
Musalmah et al. (2009), TRF was able to prevent the
DNA damage, apoptosis and cell death [33]. Apart
from that, bone calcium confent in growing rafs
could also be improved [34]. A previous study also
demonstrated  that  TRF  supplementation in
ovariectomised rats, could improve bone
biomechanical strength when tested
biomechanically [35]. Many studies were conducted
by focusing on the bone strength and fracture risk in
osteoporotic-rat model treated with single dose of
VCO or TRF only [36, 37]. Thus, treatment of the
ovariectomised rafs with VCO and TRF only seem fo
reverse the effects of oestrogen deficiency on the
bone structure. To the best of knowledge, there is no
report to determine the effects of combination
therapy of VCO and TRF on the bone biomechanical
properties and its resistance to fracture.

The most common, simple, affordable and widely
recognized method for bone strength parameters
was the three-point bending fest, in which the bones
were examined as structures [38]. The current study
was designed to determine the effects of two forms
of well-known antioxidants, VCO and TRF, individually
and in  combination, on bone biomechanical
properties (load, displacement, stiffness, stress, strain
and Young modulus) of the ovariectomised rat fed
with high cholesterol diet and repeatedly-heated
palm oil. This would determine whether they are
beneficial as alternative freatment from natural
resources to prevent postmenopausal osteoporosis in
future.

2.0 METHODOLOGY
2.1 Animal and Treatment

The research project was conducted from May 2014
fo August 2016 in Universiti Kebangsaan Malaysia
Medical Centre (UKMMC), Cheras, Kuala Lumpur,
Malaysia. Thirty-six female Sprague-Dawley rats
weighing between 250-300g were obtained from the
Laboratory Animals Resource Unit, Faculty of
Medicine, UKMMC. The rats were randomized into six
groups where each group consists of six rats. The
Sham-operated group (SHAM) was fed on rat chow
diet and acted as sham-confrol. The ovariectomised
(OVX) control group was given 15% of five fimes
heated palm oil (5HPO) mixed with 2% cholesterol.
The ovariectomised-freated groups were given 64.5
pg/kg of Premarin (OVX+P), 1.43 ml/kg of virgin
coconut oil (OVX+V), 30 mg/kg of TRF (OVX+T) and
combination of 1.43 ml/kg of VCO and 30 mg/kg of
TRF (OVX+VT). Animals from each of these groups
were sacrificed 24 weeks later and the right femora
were taken for analysis. The study was performed
with approval from Research and Ethical Committee,
Faculty of Medicine, UKMMC (Approval No. UKMAEC:
FP/ANAT/2014/FAIZAH/16-JULY/599-JULY-2014-AUG-
2015-NAR-CAT2).

2.2 Specimen Collection

Following twenty-four weeks of freatment, the rats
were anaesthetized with diethyl ether and sacrificed
humanely by cervical dislocation. The right femora
were dissected out and cleansed of all soft tissues
using small scissors, tweezers and cotton gauze. Each
right femur was always wrapped with gauze soaked
in Phosphate Buffered Solution (PBS) and rewrapped
with aluminum foil to keep moist. All the samples
were stored in -80°C freezer until use. On the day of
testing, the right femora have been allowed to thaw
at room temperature for 2 hours prior to additional
sample preparation.

2.3 Bone Biomechanical Test

In this study, biomechanical properties of the right
femoral bones were tested using three-point bending
test method. The test was conducted using the
Universal Testing machine (Model Shimadzu, AG-X
500N) (Figure 1) conftrolled by proprietary software
(Trapezium X Version 1.00, Shimadzu). The total length
and width of the midshaft were measured using a
digital caliper. Each femur was placed in a three-
point bending configuration, which has two lower
support points, one at each end with 10 mm apart,
for supporting the bone (Figure 2). The points are
perpendicular to the horizontal axis.

For femora testing, the anterior surface was faced
downward and the posterior aspect of the femoral
condyles faced upward. The loading point applied
the force at the right femora mid-diaphysis. The force
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was applied at the rate of 10 mm/sec which caused
the anterior surface to be in compression and the
posterior surface in tension until it fractured. Af the
beginning, the femur was in undeformed state (zero
displacement) and the loading point makes a
contact with the femur with a small preload (<1N) just
enough fo keep the bone in place. Then, the loading
point was moved downward progressively with
increasing applied load (or force, F) and
displacement (d) until the femur broke. The load,
displacement, stress and strain values were recorded
during the test and were stored in the data file.

From the data, the whole bone geometry
parameters and biomechanical properties were
determined. The data from load-displacement and
stress-strain were generated for analysis of stiffness
and Young modulus, respectively. A graph of stress
against strain was plotted. The slope value of the
stress-strain - curve represented the modulus of
elasticity or Young modulus of the right femora. The
parameters of the biomechanical strength were
divided info the exirinsic parameters (load,
displacement and stiffness) and the intrinsic
parameters (stress, strain and Young modulus). The
extrinsic and intrinsic parameters measured the
properties of the whole right femora and the
component of the right femora, respectively.

2.4 Stdtistical Analysis

The data analysis was performed using the Statistical
Package for Social Sciences software (SPSS 25;
Chicago, IL, USA). Firstly, the data was tested for
normality using the Kolmogorov-Smirnov test (n =
<100). The results showed that the data were
normally distributed. For normally distributed data,
the statistical tests used were the analysis of variance
(ANOVA), followed by Tukey’s HSD test. All the results
were expressed as mean * standard error of the
mean (SEM).

Figure 1 Universal Testing machine (Model Shimadzu, AG-X
500N)

Figure 2 Load applied to the mid-diaphysis of right femur

3.0 RESULTS AND DISCUSSION

3.1 Maximum Load

There was no significant difference in maximum load
value between the SHAM and OVX groups. The
OVX+P group showed slightly higher value of
maximum load than the SHAM group. Otherwise, all
freated groups of OVX+V, OVX+T and OVX+VT
showed no significant difference compared to the
OVX group (Figure 3).
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Figure 3 Maximum load value for all groups. Data presented
as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64. Sug/kg), OVX+V: ovariectomised and given
VCO (1.43 ml/kg), OVX+T: ovariectomised and given TRF (30
mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation
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3.2 Maximum Displacement

The OVX group showed significantly lower
displacement value than the SHAM  group.
Displacement values for all freated groups were not
reduced and similar to the SHAM group (Figure 4).
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Figure 4 Maximum displacement value for all groups. Data
presented as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64.5 ug/kg), OVX+V: ovariectomised and given
VCO (1.43 mi/kg), OVX+T: ovariectomised and given TRF (30
mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation. a* p<0.05 compared to the
SHAM group

3.3 Stiffness

The data showed the stiffness value of the OVX group
is significantly higher than the SHAM group. The
OVX+T group showed significantly lower value than
the OVX group. Otherwise, there was no significant
difference reported between the OVX+V and
OVX+VT groups compared fo the SHAM and OVX
groups (Figure 5).
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Figure 5 Maximum stiffness value for all groups. Data
presented as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64.5 ug/kg). OVX+V: ovariectomised and given
VCO (1.43 ml/kg), OVX+T: ovariectomised and given TRF (30
mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation. a* p<0.05 compared to the
SHAM group, b* p<0.05 compared to the OVX group

3.4 Maximum Siress

The OVX+V and OVX+T groups showed significantly
lower stress value than the SHAM group. All the
freated groups showed no significant difference
compared to the OVX group. The combined VT
group was not significantly different compared to
OVX group (Figure 6).
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Figure é Maximum stress value for all groups. Data
presented as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64.5 ug/kg), OVX+V: ovariectomised and given
VCO (1.43 ml/kg), OVX+T: ovariectomised and given TRF (30
mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation. a* p<0.05 compared to the OVX
group

3.5 Maximum Strain

The OVX and OVX+P groups showed significantly
lower strain values than the SHAM group. There was a
significantly higher strain value in the OVX+T group
compared to the OVX group (Figure 7).
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Figure 7 Maximum strain value for all groups. Data
presented as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64.5 ug/kg), OVX+V: ovariectomised and given
VCO (1.43 ml/kg), OVX+T: ovariectomised and given TRF (30
mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation. a* p<0.05 compared to the
SHAM group, b* p<0.05 compared to the OVX group
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3.6 Young Modulus

The OVX and OVX+P groups showed a significantly
higher Young modulus value than the SHAM group. A
significantly higher Young modulus value in the
OVX+VT group could be seen compared to the
OVX+V and OVX+T groups (Figure 8).
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Figure 8 Young modulus value for all groups. Data
presented as mean + SEM. SHAM: Sham-operated, OVX:
ovariectomised control, OVX+P: ovariectomised and given
Premarin (64.5ug/kg), OVX+V: ovariectomised and given
VCO (1.43 mi/kg), OVX+T: ovariectomised and given TRF
(30mg/kg), OVX+VT: ovariectomised and given combined
VCO-TRF supplementation. a* p<0.05 compared to the
SHAM group, b* p<0.05 compared to the OVX group, c*
p<0.05 compared to the OVX+P group

Bone tissue is a complex tissue that composed of
the osteoblasts and osteoclasts. Osteoblasts are
important  in new bone formatfion whereas
osteoclasts, are the primary bone cells that
responsible for bone resorption activity. The ongoing
balance between osteoblasts and osteoclasts are
responsible for the constant, but subtle, remodeling
of bone, which is crucial in maintaining bone
stfrength, thus preventing osteoporosis [39]. Their
activities may be influenced by various factors such
as oestrogen level secreted by the ovaries as well as
the free radicals. Previous study has reported that
oestrogen plays an important role in the regulation of
bone turnover and its deficiency is associated with
increased bone resorption due fo increased
osteoclasts and reduced osteoblasts activities [40].
Another study revealed that oestrogen deficiency
led to decrease defense against oxidative stfress
which has the inhibitory effect on bone formation
[41]. Based on this condition, antioxidant
supplementation was investigated as alternative
treatment for osteoporosis.

Hormone replacement therapy (HRT) has long
been used as a freatment of osteoporosis but this has
been proven to cause some undesirable adverse
effects. Therefore, VCO and TRF-rich in antioxidant
were selected as supplements to the ovariectomised
ratfs in our study. Two from the six groups of Sprague-
Dawley rats were supplemented with a single dose of
VCO (1.43 mi/kg) and TRF (30 mg/kg) only. Another

group was supplemented with exira antioxidant by
combining VCO and TRF. Previous studies have
shown that single dose supplementation of VCO or
TRF contributed to anti-osteoporosis effects in
ovariectomised rat models [42, 43]. Following these
positive results, the present study was done to
investigate the combination effects of both VCO
and TRF in their resistance level to bone fracture. In
accordance with this, biomechanical test using
three-point bending were done to evaluate bone
stfrength and its mechanical properties.

The current study showed significant improvement
in both extrinsic and infrinsic parameters. For exirinsic
parameters, displacement parameter can be
defined as length of deformation that the bone can
sustain before it breaks. The OVX group showed
deterioration in bone ductility compared to the
sham-operated group. This result matched with
previous study which reported that decreased
oestrogen level via ovariectomy led to decreased in
cortical bone strength [44]. There was an increasing
frend of displacement value between the treated
groups (OVX+V, OVX+T and OVX+VT) compared to
the OVX group. This showed that ovariectomised rats
given these supplementations produced more
ductile bones, hence they were harder to break.
Nevertheless, other extrinsic parameters such as load
and stfiffness showed no statfistical difference
between all groups.

Strain is an intrinsic parameter used to determine
the deformation of the femoral bone when loaded
with a force. The OVX+V, OVX+T and OVX+VT groups
demonstrated higher values than the OVX and
OVX+P groups. According to Malik et al. (2019),
freatment with  VCO and TRF, individually and
combination, increased bone volume of
ovariectomised rat based on the structural
histomorphometry parameter [45]. For this parameter,
OVX+T group showed more superior strain value than
both OVX+V and OVX+VT groups.

Young modulus and maximum stress are also
infrinsic parameter. Young modulus is a modulus of
elasticity which is represented by the slope from the
stress-strain - curve. This parameter is greatly
influenced by the amount of collagen and
calcification process in the bone. Maximum stress
parameter measured the load per unit area received
by the femur before it fractured. There was significant
increased value of OVX group compared to SHAM
and tfreated groups. This result was contrary with the
study done by Fathilah et al. (2012), which
demonstrated that Young modulus and maximum
stress  values of ovariectomised group were
significantly lower than the treated groups [46]. This
was probably caused by the longer duration of
freatment of 24 weeks compared to 8 weeks for the
previous study. The Young modulus and maximum
stress values of OVX+VT group was better than
OVX+V and OVX+T groups.

Several possible mechanisms are associated with
the ability of virgin coconut oil (VCO) and palm oil
focotrienol-rich fraction (TRF) fo reduce fracture risk
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during oestrogen deficiency state. VCO is known fo
have higher polyphenols, tocopherols and vitamins
contents while palm oil contains higher beta-
carotene, tocotrienol and other antioxidants as well.
Recent studies showed that TRF, exfracted from
annatto was the most effective and significantly
increased lysyl oxidase (LOX) expression, which is
required for the formation of bone collagen cross-
links. Inacftivation of the LOX gene in osteoblasts has
been reported to cause loss of cross-links and an
increased risk of fractures [47]. Therefore, VCO and
TRF have potential in maintaining the bone strength
by reducing and increasing the osteoclastic and
osteoblastic activities, respectively.

Based on the strain parameter, supplementation
with TRF offered the best protection against
osteoporosis as shown by the significantly higher
value than ovariectomised control group. However,
based on the other biomechanical parameters,
especially Young modulus, combined
supplementation of VCO and TRF (OVX+VT group),
have offered better bone protective effects than
single supplementation with VCO or TRF.

4.0 CONCLUSION

The more superior osteoprotective effects of VCO-TRF
supplementation indicated their worthiness as
alternative therapy for preventing bone loss in the
osteoporotic rat model. Further studies are required
to determine the anti-osteoporotic mechanism of
action for these supplementations in treating
postmenopausal osteoporosis.

Limitations

There was limitation in this study due to lack of
scholarly paper addressing the combination therapy
of the natural products. The previous studies have
focused more on single dose of VCO or TRF only. In
addition, there are also no study that focused on 24
weeks long-term effect of the freatment, although
the previous studies have done in the short-term
between 6 and 10 weeks. Thus, we believed that
valuable information regarding the protective effects
of VCO-TRF combinatfion in osteoporosis will be
helpful in tfreating the bone damage of
postmenopausal women caused by osteoporosis.
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