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Abstract
Background: Marantodes pumilum var. alata, a phytoestrogen-rich herb, has been reported to exert protection on bone of
estrogen-deficient animals against osteoporosis. However, comparative osteo-protective activity of its leaf and root extracts has not been
fully elucidated. Objective: The aim of this study was to investigate and compare the osteo-protective effects of aqueous leaf and root
extracts of Marantodes pumilum var alata in ovariectomized rat model. Methodology: Twenty-seven female rats were divided into nine
groups: sham-operated (Sham); ovariectomized control (OVXC); 64.5 µg kgG1 dayG1 estrogen treatment (ERT); 20 mg kgG1 dayG1 (MPv20),
50 mg kgG1 dayG1 (MPv50) and 100 mg kgG1 dayG1 (MPv100) doses leaf extract treatments and; 20 mg kgG1 dayG1 (MPr20), 50 mg kgG1 dayG1
(MPr50) and 100 mg kgG1 dayG1 (MPr100) doses root extract treatment groups. After 8 weeks treatment period, the left femora were
excised and investigated using Micro-computed tomography (µ-CT). Results were analysed using one-way ANOVA and Tukey's post hoc
test. Results: The MPv20, MPv50 and MPr20 groups showed significantly higher (p<0.05) bone mineral density on the trabecular bone
while all treatment groups recorded significantly higher (p<0.05) tissue mineral density on the cortical bone when compared with OVXC
group. Trabecular bone number and separation were significantly higher and lower (p<0.05), respectively, in both MPv20 and MPr20
groups. Significantly higher (p<0.05) cortical bone area fraction and thickness in MPv20 group and medullary area in MPr20 group were
observed. Conclusion: Lower dose (20 mg kgG1 dayG1) of both leaf and root extracts of Marantodes pumilum var alata preserved bone
mineral density and micro-architecture of estrogen-deficient rats better than higher doses.
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Blume] is a herb belonging to family Myrsinaceae20. It is
popularly known as the queen of herbs (Kacip Fatimah) in
Malaysia where it is widely cultivated and used in traditional
medicine as medication for women health. It was reported to
possess phytoconstituents such as quercetin, myricetin,
kaempferol, syringic acid, vanillic acid and gallic acid with
estrogen-like biological activities (phytoestrogens)21-25.
Previous pharmacological studies have reported osteoprotective effects of its root and whole plant extracts on the
femur bone of estrogen-deficient rats26,27. In view of
phytochemical reports of varying nature and possibly amount
of phytoestrogen content in the leaf and root parts of
Marantodes pumilum var. alata current study is designed to
further investigate the comparative osteo-protective
properties of its leaf and root extracts in post-menopausal
osteoporosis rat model using micro-computed tomography
(µ-CT) to measure changes in bone morphometric parameters
as well as bone and tissue mineral densities (BMD and TMD) in
the trabecular and cortical bone, respectively. This study will
shed some light on the different effects exerted by the
different parts of the plant. This will in future enable optimum
use of the plant in alternative therapy of postmenopausal
osteoporosis.

INTRODUCTION
Due to remarkable increase in population of older
people, chronic non-communicable diseases such as arthritis,
diabetes, dementia, glaucoma and osteoporosis are now the
major cause of death in the elderly1,2. Osteoporosis is a
medical condition characterized by deterioration of bone
micro-architectural structure and loss of bone mass causing
decreased bone strength and increased risk of fracture3,4. It is
said to be clinically present when Bone Mineral Density (BMD)
falls more than 2.5 Standard Deviation (SD) below the
standard reference for maximum bone mineral density of
young adult female5. In postmenopausal women, it is thought
to be due to estrogen deficiency that follows cessation of
ovarian function. It was reported to affect approximately
200 million women worldwide and 1 in every 3 women older
than 50 years will experience osteoporosis-related fracture6,7.
Higher incidence of osteoporosis in women than in their male
counterpart has been reported to be due to a sharp increase
in bone turnover activities (remodeling) following onset of
menopause8,9. A higher prevalence of osteoporosis, which may
be attributed to lower body mass index and height, was
reported in Asian population than in Western and African
populations10.
Estrogen Replacement Therapy (ERT), a gold standard
treatment for post-menopausal osteoporosis11,12, was reported
to cause improvement in bone mineral density, decrease in
bone loss and a consequent decrease in fracture risk4.
However, following research outcomes of increased risk of
breast cancer, pulmonary edema, stroke, colorectal cancer,
endometrial cancer, hip fracture and death associated with
chronic use of ERT13-15, experts have argued that its use should
be reserved for management of pressing menopausal
symptoms such as hot flashes16. A number of other drugs such
as vitamin D and calcium supplementation, bisphosphonate,
calcitonin, Selective Estrogen-Receptor Modulator (SERM),
anabolic steroids, parathyroid hormone, phytoestrogens and
isoflavonoids have recorded decreased risk of bone fracture
and are recommended as alternative to ERT for management
of post-menopausal osteoporosis17,4. So far, these agents have
not been shown to match the clinical outcome of estrogen
replacement therapy and are also reported to be associated
with debilitating side effects18. Consequently, there is an
increased demand in alternative and complementary
medicine by post-menopausal women19. In view of these
challenges there is need for further research in pursuant of a
safe and effective alternative to ERT.
Marantodes pumilum var. alata [synonyms: Labisia pumila
(Blume) Fern.-Vill; Labisia pumila (Blume) Mez; Ardisia pumila

MATERIALS AND METHODS
Plant material: The leaves and roots of the Marantodes

pumilum var. alata variety of the plant were collected from a
cultivated site, Delima Jelita Herbs, in Kedah, Malaysia and
identified at the herbarium of Department of Biological
Sciences and Natural Resources, Universiti Kebangsaan
Malaysia where voucher specimens were prepared and
deposited (UKM-HF131). Collected leaf and root specimens
were garbled, dried, ground and individually extracted by
reflux method at 60EC for 2 h with distilled water at a plant-towater ratio of 1:10 and 1:15 for roots and leaves, respectively.
The resultant extracts were then freeze-dried to give a dry
extract and then stored (at -20EC) for experimental use.
Animal

treatment:

Twenty-seven

healthy

female

Sprague-Dawley rats (aged 4-5 months and weighing
200-250 g) were obtained from the Laboratory Animal Unit,
Universiti Kebangsaan Malaysia (UKM) and grouped according
to the experimental design (n = 3). They were housed in
plastic cages (at 25±3EC, natural day-night cycle and
humidity) and given free access to standard diet, Gold Coin,
Selangor-Malaysia (containing 0.97% calcium, 0.85%
phosphorus and 1.05 IU gG1 of Vitamin D3) and filtered tap
water ad libitum. Before commencement of the study, the
2
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animals were allowed to acclimatize to the laboratory
environment for 7 days. Appropriate doses of plant extracts
(Marantodes pumilum) and standards (estrogen-Premarin®)
were freshly prepared in deionized water and administered
to animals as oral gavages (0.1 mL/100 g) on daily basis for
8 weeks.

Bone sample collection: At the end of 8 weeks treatment
period, rats were humanely sacrificed using cervical
dislocation technique and their left femora were dissected
using surgical blade (No. 11) and scissors. Dissected bones
were cleansed of all surrounding soft tissues, wrapped with
sterile gauze soaked in phosphate buffer solution and stored
at -80EC.

Study design: Twenty-seven rats were divided into nine
groups (n = 3): sham-operated (Sham), ovariectomized
control (OVXC), Estrogen treatment (ERT) that received
64.5 :g kgG1 dayG1 dose of estrogen (Premarin®; leaf extract
treatments, MPv20, MPv50 and MPv100, that received 20, 50
and 100 mg kgG1 dayG1 doses plant leaf extract, respectively
and root extract treatments, MPr20, MPr50 and MPr100, that
received 20, 50 and 100 mg kgG1 dayG1 doses of plant root
extract, respectively. All animals, except the sham-operated
group, were ovariectomized. Plant extracts and standard drug
(estrogen) were administered as oral gavages for a
predetermined period of 8 weeks28. In the course of treatment,
animal body weight changes were monitored using
electronic balance (Fisher Scientific, Model No. 51100213).
After treatment, animals were sacrificed and left femora
were then excised and investigated for changes in bone
morphometric parameters and mineral densities using
micro-computed tomography (Skyscan 1076). This study was
approved by the Universiti Kebangsaan Malaysia Animal Ethics
Committee, UKMAEC (FP/FAR/2016/ NORAZLINA/28-JAN./720JAN.-2016-DEC.-2017) and conducted in accordance with the
US guidelines on laboratory animal use and care as contained
in National Institutes of Health (NIH) publication, 2015.

Computed tomography analysis: Micro-computed
tomography investigation was done on dissected left femora

ex vivo using micro-computed tomography (µ-CT) machine
(Skyscan 1076, serial no. 09G02065). Each bone sample was
covered with a paraffin wax sheath and placed in sample
holder for scanning using a scanner system (Skyscan 1076
G015619) at a mode of 9 :m voxel size, 82 kVp voltage,
112 :A current, 0.5 mm AL filter, 4000×2672 resolution,
2050 exposure and 0.8° rotation30. The scanning Region of
Interest (ROI) was set at 1.5 mm beneath the growth plate and
extending 2.0 mm towards the proximal direction of the distal
femora31. Scanned X-ray images were then reconstructed
using NRecon Skyscan software. Reconstructed images were
then processed and analyzed with 3D Skyscan analyzer
software (CTAN) at ROI of 200 slices from an offset of 100 slices
from a reference slice to obtain bone mineral densities and
quantitative morphometric parameters of both trabecular and
cortical bone. Bone Mineral Density (BMD) and Tissue Mineral
Density (TMD) of trabecular and cortical bone, respectively,
were determined by measuring and comparing attenuation
values of the test to a phantom rod containing known
density of calcium hydroxyapatite. On the trabecular bone,
morphometric parameters: bone volume fraction (BV/TV),
trabecular thickness, trabecular separation and trabecular
number were determined while on the cortical bone,
medullary area, average cortical bone area fraction and
average cortical thickness were measured.

Ovariectomy: The method described by Kajuria et al.29 with
slight modification, was adopted. Animals were anesthetized
with 0.1 mL/100 g dose of a mixture of ketamine (80 mg kgG1)
and xylazine (10 mg kgG1), intraperitoneally. The abdominal
area was shaved with an electronic clipper and cleaned with
70% alcohol. A small peritoneal incision measuring 0.4-0.6 cm
was made vertically on the outer skin with surgical scalpel
blade no. 11 on the middle part of the abdomen between the
2nd and 3rd nipples. Through the incisional opening, the
underlining muscle tissue was incised vertically to create
0.3 cm opening through which surrounding adipose tissue
was pulled out to expose underlying uterine tube that
branches right and left. The right and left ovaries were then
exteriorized by gentle retraction and cut-off. The uterine horns
were then returned to the peritoneal cavity and wound
was sutured in two layers (muscle and skin) and disinfected
with povidone iodine solution. Animals were allowed for a
post-operative healing period of two weeks before
commencement of treatment.

Statistical analysis: All results obtained were expressed as
Mean±SEM. Analysis was done using SPSS software
(version 20). Results were first tested for normality of
distribution using Kolmogorov-Smirnov test before analysis
with one-way analysis of variance (ANOVA) and Tukey's post
hoc test26. Only results with difference at p<0.05 were
considered significant.
RESULTS
Bone and tissue mineral density: Bone Mineral Densities
(BMD) were significantly higher (p<0.05) in MPv20, MPv50 and
MPr20 treatment groups than in OVXC group (Fig. 1). On the
cortical bone, sham, ERT and all doses of leaf and root extracts
3
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Fig. 1: Effects of aqueous leaf and root extracts of Marantodes pumilum var. alata on bone mineral density of femora in
ovariectomized rats
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Values are expressed as Mean±SEM. *Significant difference from OVXC group (p<0.05), Sham: Sham-operated group, OVXC: Ovariectomized control
group, ERT: Estrogen treatment group, MPv20: 20 mg kgG1 Marantodes pumilum leaf treatment group, MPv50: 50 mg kgG1 Marantodes pumilum leaf
treatment group, MPv100: 100 mg kgG1 Marantodes pumilum leaf treatment group, MPr20: 20 mg kgG1 Marantodes pumilum root treatment group,
MPr50: 50 mg kgG1 Marantodes pumilum root treatment group and MPr100: 100 mg kgG1 Marantodes pumilum root treatment group
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Fig. 2: Effects of aqueous leaf and root extracts of Marantodes pumilum var. alata on tissue mineral density of femora in
ovariectomized rats
Values expressed as Mean±SEM. *Significant difference from OVXC group (p<0.05), Sham: Sham-operated group, OVXC: Ovariectomized control group,
ERT: Estrogen treatment group, MPv20: 20 mg kgG1 Marantodes pumilum leaf treatment group, MPv50: 50 mg kgG1 Marantodes pumilum leaf treatment group,
MPv100: 100 mg kgG1 Marantodes pumilum leaf treatment group, MPr20: 20 mg kgG1 Marantodes pumilum root treatment group, MPr50: 50 mg kgG1
Marantodes pumilum root treatment group and MPr100: 100 mg kgG1 Marantodes pumilum root treatment group
Table 1: Effects of Marantodes pumilum var. alata aqueous leaf and root extract on morphometric parameters of trabecular bone of Sprague-Dawley ratʼs femora

Parameters

Treatment groups
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Sham
OVXC
ERT
MPv20
MPv50
MPv100
MPr20
MPr50
MPr100

Bone volume fraction (%)
Trabecular number (1/mm)
Trabecular thickness (mm)
Trabecular separation (mm)

14.64±2.01*
2.51±0.37*
0.07±0.00
0.27±0.02*, b

9.00±4.26
0.98±0.18
0.06±0.01
0.87±0.30

16.42±1.92*
2.46±0.24*
0.07±0.00
0.27±0.05*,b

10.59±4.02
2.30±0.61*
0.07±0.01
0.38±0.10*,b

8.21±2.47
1.60±0.25
0.00±0.00
0.71±0.17

7.10±2.78
1.40±0.50
0.00±0.00
0.88±0.28

21.66±7.27*,a
2.98±0.85*
0.0±0.00
0.25±0.04*,b

7.35±2.45
1.56±0.70
0.06±0.04
0.50±0.12

6.13±1.36
1.01±0.19
0.06±0.00
0.58±0.09

Values expressed as Mean±SEM. *Significant difference from OVXC group. aSignificant difference from MPv20, MPv50, MPv100, MPr50 and MPr100 groups. bSignificant
difference from MPv50, MPv100, MPr50 and MPr100 groups (p<0.05, ANOVA), Sham: Sham-operated group, OVXC: Ovariectomized control group, ERT: Estrogen
treatment group, MPv20: 20 mg kgG1 Marantodes pumilum leaf treatment group, MPv50: 50 mg kgG1 Marantodes pumilum leaf treatment group,
MPv100: 100 mg kgG1 Marantodes pumilum leaf treatment group, MPr20: 20 mg kgG1 Marantodes pumilum root treatment group, MPr50: 50 mg kgG1
Marantodes pumilum root treatment group and MPr100: 100 mg kgG1 Marantodes pumilum root treatment group

significantly higher (p<0.05) trabecular number and lower
trabecular separation when compared with OVXC group
(Table 1). MPr20 group also showed significantly higher Bone
volume fraction (BV/TV) when compared with Sham, ERT,
OVXC and other treatment groups (p<0.05), but no difference

showed significantly higher (p<0.05) Tissue Mineral Densities
(TMD) when compared with the OVXC group (Fig. 2).
Trabecular bone morphometry: To an extent similar to ERT
and Sham groups, both MPv20 and MPr20 groups showed

4
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Fig. 3(a-b): Effects of aqueous leaf and root extracts of Marantodes pumilum var. alata on trabecular structures of distal femora
in ovariectomized rats (a) Corona view and (b) Transverse view
Table 2: Effects of aqueous leaf and root extracts of Marantodes pumilum var alata on TMD and morphometric parameters of cortical bone of Sprague-Dawley ratʼs
femora
Treatment groups
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Parameters

Sham

OVXC

ERT

MPv20

MPv50

MPv100

MPr20

MPr50

MPr100

Medullary area (mm2)

10.60±0.61*

15.22±1.23

11.50±1.01*

9.97±0.52*

14.20±1.07

18.37±5.636

11.33±1.03*

12.69±1.22

14.56±0.85

Cortical area fraction (%)

42.70±1.76

37.02±0.74

39.60±0.98

45.40±2.17*,a

38.80±0.56

36.12±1.52

42.64±0.53

35.62±1.24

33.38±1.70

0.35±0.01

0.35±0.01

0.37±0.01

0.34±0.01

0.37±0.01

0.35±0.01

0.33±0.01

Cortical thickness (mm)

*,a,b

0.40±0.01

0.40±0.01*, a,b

Values expressed as Mean±SEM. * Significant difference from OVXC group, aSignificant difference from ERT group, bSignificant difference from MPr50, MPr100 and
MPv100 (p<0.05 ANOVA), Sham: Sham-operated group, OVXC: Ovariectomized control group, ERT: Estrogen treatment group, MPv20: 20 mg kgG1 Marantodes pumilum
leaf treatment group, MPv50: 50 mg kgG1 Marantodes pumilum leaf treatment group, MPv100: 100 mg kgG1 Marantodes pumilum leaf treatment group,
MPr20: 20 mg kgG1 Marantodes pumilum root treatment group, MPr50: 50 mg kgG1 Marantodes pumilum root treatment group and MPr100: 100 mg kgG1

Marantodes pumilum root treatment group

was seen in trabecular thickness across all treatment and

DISCUSSION

control groups. The µ-CT images (Fig. 3) also exhibited clear
Results obtained at the end of the study revealed that
estrogen treatment as well as all treatment doses of both leaf
and root extracts of MPva failed to inhibit the significant
(p<0.05) weight gain associated with estrogen deficiency
induced by ovariectomy as seen in the OVXC (Fig. 4). These
findings are contrary to previous study results that
reported significant (p<0.05) inhibition of weight gain in
ovariectomized rats32. The discrepancy could be attributed
differences in phytoconstituents of extracts used as, in current
study, extracts from the root and leaves of the plant were
investigated separately whereas, in previous study, extract
from the whole plant was used32.
On the trabecular bone, 20 mg kgG1 dayG1 dose of root
extract and 20 and 50 mg kgG1 dayG1 doses of leaf extract
significantly preserved BMD when compared to OVXC group
(p<0.05). When compared with ERT and Sham groups, no
significant difference in BMD levels was seen in all treatment

visual differences in density of trabeculae where MPv20 and
MPr20 appeared to possess higher trabeculae than OVXC and
other treatment groups.
Cortical bone morphometry: Medullary area values were
significantly higher (p<0.05) in MPv20 and MPr20 groups
when compared with the OVXC group while on the bone
area fraction and cortical thickness,

only MPv20 group

showed significantly higher (p<0.05) values than the OVXC
(Table 2).
Body weight: Significant weight gain, as seen in OVXC group,
was observed in all treatment groups when compared with
Sham group (Fig. 4a, b) (p<0.05). The MPr20 group further
showed significantly higher weight gain (p<0.05) when
compared with the other groups (Fig. 4b).
5
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Fig. 4(a-b): Effect of aqueous leaf and root extracts of Marantodes pumilum var. alata on body weight of ovariectomized rats,
(a) Leaf extracts and (b) Root extracts
Sham: Sham-operated group, ERT: Estrogen treatment group, OVXC: Ovariectomized control group, MPv20: 20 mg kgG1 Marantodes pumilum leaf
treatment group, MPv50: 50 mg kgG1 Marantodes pumilum leaf treatment group, MPv100: 100 mg kgG1 Marantodes pumilum leaf treatment group,
MPr20: 20 mg kgG1 Marantodes pumilum root treatment group, MPr50: 50 mg kgG1 Marantodes pumilum root treatment group and
MPr100: 100 mg kgG1 Marantodes pumilum root treatment group, Values expressed as Mean±SEM, *Significantly different from OVXC and all other
treatment groups, **Significantly different from Sham, OVXC and all other treatment groups (p<0.05)

ERT and Sham groups, both MPv20 and MPr20 groups
showed similar degree of protection of trabecular number and
trabecular separation. The MPr20 group additionally protected
the BV/TV better than ERT, Sham, OVXC and other treatment
groups (p<0.05). Thus lower dose (20 mg kgG1 dayG1) of both
root and leaf extracts, like ERT and Sham, preserved
trabecular bone
micro-architecture
from
estrogen
deficiency-induced changes better than higher doses of 50
and 100 mg kgG1 dayG1 doses. However, at 20 mg kgG1 dayG1
dose, the root extract showed higher protective potency
than the leaf extract. Micro-computed tomographic images
obtained also revealed visual changes in density of the
trabeculae that appeared to be consistent with the
outcomes of quantitative morphometry (Fig. 3). The OVXC
group appeared to have the lowest density of trabeculae
while, similar to the Sham and ERT groups, MPv20 and MPr20
groups appeared to possess the highest density of trabeculae.
Depletion in trabeculae to an extent similar to that of OVXC
group was seen in other treatment groups in the order:
MPv50<MPv100<MPr50<MPr100. These findings are similar
to previous histomorphometric study27 that revealed that
Marantodes pumilum var. alata root extract was able to
preserved (p<0.05) morphometric parameters (bone volume

groups (Table 1). This result differs from outcome of
previous study that revealed MPva root extract failed to
prevent the loss of calcium content, a vital bone mineral,
when compared to estrogen control group26. Observed
deviation could be attributed to the fact that slightly higher
dose (20 mg kgG1 dayG1) of plant extract was used in present
as compared to lower dose, 17.5 mg kgG1 dayG1, used in
previous study26. The choice of doses used in this study was
based on suggestion by author of previous study26 and reports
of no-adverse-effect level (NOAEL) following sub-chronic and
reproductive toxicity studies at 100033 and 800 mg kgG1
doses34, respectively. Moreover, densitometry result from µ-CT
processing is usually drawn from x-ray attenuation accrued to
the entire mineral constituents of the bone and not due to
calcium content only. On the cortical bone, similar to the sham
and ERT groups, all leaf and root treatment groups showed
significantly higher (p<0.05) Tissue Mineral Densities (TMD)
values than the OVXC group (Fig. 2).
Morphometry parameters of trabecular
bone
micro-architecture, trabecular number and trabecular
separation, were significantly higher (p<0.05) and lower,
respectively, in both MPv20 and MPr20 groups when
compared with OVXC group (Table 1). When compared with
6
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dose-dependent decline in its osteo-protective properties that
could be due pharmacodynamic and pharmacokinetic factors
influenced by biological variations of experimental animals. In
comparison, at 20 mg kgG1 dayG1 dose, the root extract
showed slightly better osteo-protective effects on trabecular
bone as it protected BV/TV significantly higher (p<0.05)
than both positive controls (Sham and ERT) and other
treatment doses of plant extract. Vice versa, the leaf extract
was relatively more protective than the root extract on the
cortical bone as it showed significantly higher (p<0.05)
average cortical bone fraction and cortical thickness when
compared with ovariectomized control group. Therefore,
the root and leaf extract have differential protective
effects on the trabecular and cortical bone. Observed
differences may be attributed to the variation in nature
and possibly concentration of phytochemicals present in
the leaf and root extracts of the plant. The mechanism(s)
via which Marantodes pumilum var. alata elicits its osteoprotective effects is yet to be understood. However, because
phytoestrogens such as isoflavone have been reported to
cause an improvement in bone density in lumbar spine of
postmenopausal women possibly due to their anti-oxidant
and anti-inflammatory properties25,39, osteo-protective action
of Marantodes pumilum var. alata is being proposed to be
due to its phytoestrogen content40,41.

fraction, trabecular thickness, trabecular number and
trabecular separation) of stained femur bone section of
estrogen-deficient rats. But, because previous morphometric
study27 utilized a technique (Nikon Eclipse 80i microscope) in
which data on underlying bone structures (3 Dimension) are
drawn from assumptions of correlation from surface structures
(2 Dimension) and in view of consistent plate-to-rod changes
in bone during remodeling process, bone SMI and DA couldn't
be obtained thus making the results doubtful. Moreover,
previous study27 did not explore extracts from the leaves and
roots individually.
Morphometric parameters of the cortical bone
micro-architecture, average cortical bone fraction and cortical
thickness, were significantly (p<0.05) higher in MPv20 when
compared with OVXC and other treatment groups to an extent
similar to healthy animals (Sham). Medullary area was
significantly lower (p<0.05) in both MPv20 and MPr20 groups
when compared to OVXC group (Table 2). Thus, on the cortical
bone, lower dose of 20 mg kgG1 dayG1 of both leaf and root
extracts was also more protective than higher doses of 50 and
100 mg kgG1 dayG1. However, in this case, the leaf extract
showed higher potency than the root extract as it preserved
the average cortical bone fraction and cortical thickness
better.
Complementing bone mineral density, the morphometry
of bone micro-architecture also plays important role as a
determinant of mechanical bone strength. The predictive
value of mineral density and structural parameters are
more reliable in prediction of fracture and diagnosis of other
bone conditions35. Micro-computed tomography has become
a gold standard tool for assessing bone morphology and
micro-architecture in mice, rats and other small animals.
Unlike conventional histomorphometric evaluation, utilized
in previous study, CT utilizes X-ray attenuation data to
reconstruct a 3D image of the intact bone with high precision
in a much shorter time36. Because of its high resolution and 3D
imaging nature, it is able to distinguish between differential
changes in trabecular and cortical bone with excellent
reproducibility and accuracy37. In addition to quantitative
morphometry, MCT can also be used to estimate bone tissue
mineralization by comparing X-ray attenuation in bone
samples with hydroxyapatite phantom of unknown density as
a standard38. Results obtained in this study showed that
aqueous leaf and root extracts of MPva at lower dose of
20 mg kgG1 dayG1 were able to reverse changes in BMD, TMD
as well as morphometric parameters of trabecular and cortical
bone induced by estrogen deficiency (ovariectomy) to an
extent similar to estrogen and better than higher doses
of 50 and 100 mg kgG1 dayG1. The little or no activity shown
at higher doses simply implies that the extract exhibited a

CONCLUSION
Lower dose of 20 mg kgG1 dayG1 of Marantodes pumilum
var. alata root and leaf extracts possess better osteo-protective
properties in postmenopausal osteoporotic rats than higher
doses of 50 and 100 mg kgG1 dayG1 to similar degree as
estrogen treatment. Relatively, the root extract protected the
trabecular bone structures better than the leaf extract while,
on the cortical bone, the leaf extract showed better osteoprotection than the root extract.
SIGNIFICANCE STATEMENTS
This is the first study that looked into the individual osteoprotective effects of the aqueous leaf and root extracts of
Marantodes pumilum var. alata in post-menopausal rat
model using investigative technique, computed tomography,
which explores bone structures from a real 3D perspective.
Results obtained at the end of this study revealed that lower
dose of 20 mg kgG1 dayG1 of both leaf and root extracts of
Marantodes pumilum var. alata preserved bone mineral
density as well as micro-architecture of both trabecular and
cortical bone of post-menopausal rat better than higher
doses of 50 and 100 mg kgG1 dayG1. This data provides useful
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pp: 117-162.
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information on the optimal dose and scope of osteoprotective activity of Marantodes pumilum var. alata that may
find usefulness in planning future researches.
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