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Labisia pumila (LP) or more commonly known as Kacip Fatimah in Malaysia has received much attention due to its
estrogenic effects, including its role in the treatment of osteoporosis. This study was designed to explore the active
compound of LP that may be responsible for its anti-osteoporotic effects. Crude aqueous extract of Zabzsia puniila
var alata (LPva) was fractionated into hexane (Hex), dichloromethane (DCM) and methanol (Met) solvents and
their proliferative effects on mouse osteoblastic cell line (MC3T3-E1) were evaluated with MTS bioassay. The DCM
fraction significantly promoted cell proliferation in a dose-dependent manner. Thin layer chromatography (TLC) was
performed on the DCM fraction of LPva to separate the constituents and the potential active compound was identified.
Further isolation was achieved by column chromatography (CC) and Sephadex LH-20 column chromatography. The
bioactivity of the isolated compound was confirmed by its ability to replicate MC3T3-E1 accelerated proliferation
and differentiation. Mass spectrometry and nuclear magnetic resonance (NMR) identified the active compound as
demethylbelamcandaquinone B. Further studies are required to determine the potential of this active compound of

LPva in treating osteoporosis.

INTRODUCTION

Osteoporosis, a worldwide prevalence of disease, can be
defined as a systemic skeletal disease characterized by weak bones
and high risk of fractures (Kanis and Johnell, 2006). This disease
generally affects the elderly population and is associated with
postmenopausal estrogen deficiency and progressive bone loss
(McCann et al., 2008; Pisani et al., 2016). Low estrogen level leads
to excessive bone resorption and reduced bone formation (Bord
and Beavan, 2003; Sorensen et al., 2006). The imbalance of bone
remodeling resulted in a bone loss and eventually osteoporosis
(Feng and Mcdonald, 2011). The main option for prevention and
treatment of postmenopausal osteoporosis is hormone replacement
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therapy (HRT). However, HRT was linked to breast carcinoma
(Kotsopoulos et al., 2016), endometrial cancer (Chlebowski
et al., 2016) and cardiovascular disease (Bassuk and Manson,
2016). Bisphosphonate is a synthetic drug used to reduce the risk
of vertebral and hip fractures, but daily bisphosphonate therapy
may cause esophagitis and osteonecrosis of the jaw (Xu et al.,
2013). Selective estrogen receptor modulator or SERM is another
synthetic drug that binds to the intracellular estrogen receptors in
target organs as agonists or antagonists. Unfortunately, it may also
cause serious side effects such as thromboembolic disorders and
hot flushes (Maximov et al., 2013).

Recently, phytoestrogen became a favorable alternative
therapeutic agent for treatment of osteoporosis. Phytoestrogens,
such as isoflavones (Deyhima et al., 2003; Singh et al., 2015),
lignans (Zhu et al., 2017) and coumestans (Ueda et al., 2011) acted
as SERMs to exert therapeutic effects against postmenopausal
osteoporosis. These phytoestrogens could also promote calcium
absorption or regulate bone remodeling through estrogen receptor
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pathway (Guo et al., 2012; Singh et al., 2015; Zhu et al., 2017).
They have fewer side effects and suitable for long-term use
compared to synthesized drugs (Atteritano ez al., 2009; Singh et
al., 2015).

Labisia  pumila  (Blume) Fern-Vill (synonym:
Marantodes pumilum (Blume) Kuntze) from Primulaceae family
is locally known in Malaysia as Kacip Fatimah. Other common
names are kunci Fatimah, selusoh Fatimah, rumput Fatimah
and akar Fatimah. There are three types of Labisia pumila (LP),
which are var alata, var pumila and var lanceolata (Stone,
1988). A decoction of the whole plant of LP is often used in
Southeast Asia folk medicine to treat menstrual irregularities,
improve fertility, facilitate childbirth and as postpartum medicine
(Muhammad and Mustafa, 1994). Several bioactive compounds
in aqueous extract of LP have been reported including flavonoids,
ascorbic acid, beta-carotene, anthocyanin and phenols (Mohamad
et al., 2009). Recently, LP extract was found to exhibit a number
of biological activities including antioxidant, anti-inflammatory
(Sanusi et al., 2013), antimicrobial (Karimi ez al., 2011),
antifungal (Karimi e al., 2013) and antinociceptive (Samuagam
et al., 2011). To date, LP received considerable attention since
it was proven to have phytoestrogenic properties. LP has the
ability to displace estradiol and bind to antibodies raised against
estradiol (Wahab ef al., 2011). LP was also shown to increase
estrogen and testosterone levels and suppress follicle stimulating
hormone (FSH) and luteinizing hormone (LH) in ovariectomised
rats (Wahab ef al, 2011). These actions emulate endogenous
estrogen. The phytoestrogenic effects of LP meant that it could
counteract various estrogen-deficiency related diseases such as
insulin resistance, cardiovascular diseases, and osteoporosis. The
phytoestrogenic properties of LP were proven by its uterotropic
effects and body weight regulation by modulating secretions of
leptin and resistin, and expression of adipokines in adipose tissue
(Fazliana et al., 2009).

However, few studies were conducted aiming at the
identification and characterization of the active compound that
increases bone formation have not been carried out. Hence, in
the present study, we aimed for the separation and isolation of
the distinct active compound of Labisia pumila var. alata (LPva)
which is relevant for anti-osteoporosis treatment using bio-guided
fractionation and purification method. This method is a procedure
whereby an extract is fractionated and chromatographically
re-fractionated until a pure bioactive is isolated.

MATERIALS AND METHODS

Materials

The following instruments were used: ATR-
FTIR PerkinElmer GX (Waltham, MA, USA), HRESI-MS
BrukerMicrOTOF-Q 86 (Billerica, MA, USA) and FT-NMR 600
MHz CryoprobeBrukerAvance III (Billerica, MA, USA). The
following adsorbents were used for fractionation and purification,
including Merck Si-gel 60 (40-63 um, cat.no. 1.09385) for column
chromatography (CC), Sephadex LH-20 for gel permeation
chromatography and Merck Kieselgel 60 F254.025 mm (cat. no.
1.05554) for thin layer chromatographic (TLC) analysis. Solvents
used were analytical grade and purchased from Merck (Darmstadt,
Germany).

Extraction and isolation of compounds

The voucher specimen of Labisia pumila var. alata
(LPva) is UKMB 30006/SM 2622 which were deposited in the
Herbarium of Universiti Kebangsaan Malaysia. The extraction of
LPva and isolation of the compound were prepared according to
(Nor Ashila et al., 2016; Avula et al., 2011) previously with slight
modification. The air-dried leaves of LPva (8720 g) with a ratio
of dried leaves:water of 1:30 were extracted at the temperature
of 60°C for 2 hours followed by freeze-drying to obtain a crude
aqueous extract with the net yield of 700 g. Part of the crude
aqueous extract (200 g) was successively partitioned with an equal
volume of hexane (Hex), dichloromethane (DCM) and methanol
(Met) under reflux for 4 hours. The net yield of Hex fraction was
1.5 g; DCM fraction was 1.3 g; Met fraction was 39.83 g and the
balanced residue was 157.39 g. A portion of DCM fraction (1.3
g) was subjected to Si-gel column chromatography and separated
with hexane-ethyl acetate (EtOAc) of increasing percentage of
EtOAc to afford 15 sub-fractions (1—15). Sub-fraction 8 (81.9
mg) was further separated using Sephadex LH-20 and eluted
with 1% MeOH in chloroform (CHCL,) to yield 10 sub-fractions.
Sub-fractions I and J (53.6 mg) were combined based on TLC
analysis. The combined fraction was purified using Si-gel column
chromatography and eluted isocratically with CHCI,-EtOAc
(90:10) to yield pure interest compound (35 mg) (Figure 1).

Cell culture

Mouse pre-osteoblast cells (MC3T3-El cells) (ATCC,
Rockville, MD, USA) were grown in modified alpha minimal
essential medium (a-MEM) containing 10% FBS and 1%
antibiotic-antimycotic (Gibco Life Technologies, Inc., Grand
Island, NY, USA). Culture media were changed to differentiation
medium, a-MEM supplemented with 50 pg/ml ascorbic acid and
10 mM B-glycerophosphate (Sigma, St. Louis, MO, USA) to
induce osteoblast differentiation (Yan et al., 2014).

Cell viability

For cell viability assay, two-time points, 24 hours and
72 hours, were selected for proliferation phase (rapid increase
in cell number until confluence) and the cells were initiated for
differentiation when proliferation had arrested. Cell viability
study was performed using the MTS assay (Promega, Madison,
WI, USA) (Lina Wati et al., 2017). Crude aqueous extract of
LPva, hexane, DCM and methanol fractions of LPva extract,
demethylbelamcandaquinone B and 17-beta-estradiol (positive
control) were analyzed for their proliferative effects on mouse
osteoblastic cell line (MC3T3-El). Fractions and active
compounds were dissolved in 1.0 ml dimethylsulfoxide (DMSO)
(Sigma, St. Louis, MO, USA). The final culture concentration
of DMSO ranged from 0.1% to 0.001%. 17-f estradiol (Sigma,
St. Louis, MO, USA) was dissolved in ethanol with the final
concentration of ethanol around 0.05%. During the experiment,
stock solutions were diluted at various concentrations with the
differentiation media. Cells were plated at 1 x 10%in 96-well plate
and incubated overnight. Following that, the medium was replaced
with differentiation media containing the various concentrations
of LPva extract and incubated for 24 hours at 37°C, in 5% CO,.
After incubation, 20uL. MTS was added and cells were further
incubated for 2 hours. The absorbance of MTS formazan formed
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was measured at 490 nm with a microtiter plate reader (Tecan,
Austria). The viability assay was performed to obtain the optimum

dose of LPva treatment for the subsequent experiment. This
viability assay was repeated again with its active compound.

Constantly purify

. DCM fraction of L. Pumila var alata leaves (1.3g)

cCSipel (¥ chel,: P EoAQ)

CC Sephadex ( 1% MeOH in ChCl,)

CC Si-gel ( ChCly:EtOAc, 9:1)

Demethylbelamcandaquinone B (~35.0 mg)

Fraction 1-7,11-15

Fraction 8
(81,9mg)

Fraction 9-10
(53.6mg)

Fraction 1-7

Fig. 1: Isolation of Demethylbelamcandaquinone B from dichloromethane (DCM) fraction of LPva crude aqueous extract.

Alizarin Red S staining

Alizarin Red S staining was performed to examine
extracellular matrix calcium deposits for evaluation of osteoblastic
differentiation and mineralization in the culture (Wang et al.,
2006). A total of 5 x 103 cells/well were seeded in a 24-well
plate. Treatments with differentiation medium were given once
every three days. Staining of calcium was then photographed
on Day 18. After treatments, cells were briefly rinsed with PBS
and fixed with 70% ethanol. The cells were stained with 40 mM
Alizarin red solution (pH 4.2) (Sigma, St. Louis, MO, USA) for
30 minutes at room temperature and rinsed with ultrapure water
twice. The images of stained cells were captured using an inverted
microscope.

Von Kossa staining

Phosphate ions in the matrix were visualized with von
Kossa staining, which is used for determination of mineralization
in the culture (Wang et al., 2006). After treatments, cells were
washed with PBS and fixed with 10% formaldehyde for 10
minutes. The cells were rinsed with ultrapure water and incubated
with 5% silver nitrate under ultraviolet light for 1 hour. The cells
were then rinsed with ultrapure water. Images of the stained cells
were captured using an inverted microscope.

Quantitative calcium deposit assay

For quantification of insoluble calcium in the matrix layer
of the cells (Subbiah ef al., 2015), the cultures were decalcified
with 0.6 M hydrochloric acid. Calcium in the supernatant was
measured with a calcium assay kit (Chemicon International,
USA). The absorbance of soluble calcium was measured at 612
nm with a microtiter plate reader (Tecan, Austria).

Statistical analysis

Each experiment was carried out in triplicates with at
least 3 independent cultures with comparable results. Data were
reported as mean + SEM of at least three experiments. All of the
data were statistically analyzed using the Statistical Package for
Social Sciences (SPSS) software version 20 (IBM, New York,
USA). Comparisons between groups were made using ANOVA.
p < 0.05 followed by Tukey’s HSD test as a post-hoc test was
considered statistically significant.

RESULTS

Identification of bioactive compound

Based on the analysis of mass spectrometry
and NMR spectra, the compound was established as
demethylbelamcandaquinone B with a molecular formula of
C,,H, O, as determined from its molecular ion [M+H]" peak at m/z
663.4883. Demethylbelamcandaquinone B; 35.0 mg; orange and
waxy (CHCL,); UV (EtOH) A nm (log €): 213 (3.16), 275 (3.04);
IR (ATR) v, cm': 3275, 2922, 2854, 1680, 1638, 1618, 1600,
1456, 1339, 1226, 1147, 1051, 847, 722; positive HRESI-MS m/z:
663.4883 [M+H]" (C,H O, MW 662.9811) (Figure 2); '"H-NMR
(600 MHz; CDCl,) §,, (ppm): 0.89 (6H, m, H-21, H-21"), 1.33-
1.18 (18H, m, H-8-H-14, H-19-H-20, H-8’-H-14", H-19’-H-20’,
overlapped), 2.01 (8H, m, H-15, H-18, H-15", H-18"), 2.18 (H, m,
H-7) 2.35 (m, H-7), 2.23 (2H, m, H-7"), 3.85 (s, OMe), 5.34 (4H,
m, H-16-H-17, H-16’-H-17"), 5.99 (br s, OH), 6.16 (d, J= 1.8 Hz,
H-6"), 6.29 (d, J = 1.8 Hz, H-4’); "C-NMR (150 MHz; CDCl,)
3. (ppm): 14.0 (C-21, C-21°), 22.4 (C-20, C-20), 26.9 (C-18,
C-18%), 27.2 (C-15, C-157), 28.2 (C-7), 33.5 (C-7), 29.0-30.0
(C-8-C-14),(31.8 (C-19), 32.0 (C-197), 56.3 (OMe), 129.9 (C-16-
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C-17, C-16>-C-17"), quinone ring; 182.2 (C-1), 146.9 (C-2), 141.0
(C-3), 188.0 (C-4), 107.4 (C-5), 158.9 (C-6), benzene ring; 153.7
(C-1), 112.2 (C-2°), 143.2 (C-3"), 108.2 (C-4’), 156.7 (C-5"),
100.9 (C-6”) (Figure 3).

Intens.
x10%
2,04
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15 663.4883

0.54

279.0906338.3378
} 140.0232 |
0.0 . i 1 I\ A

“100 200 300 400 500 600 760 860 960 m‘/z

Fig. 2: Mass Spectrum of Demethylbelamacandaquinone B.

5

Fig. 3: Chemical structure of Demethylbelamcandaquinone B.

Cell viability

During treatments, cells were cultured with
differentiation media to initiate cell differentiation. The percentage
of viable cells was significantly higher (p < 0.05) when treated
with the crude aqueous extract of LPva at concentrations of
10-100 pg/ml after 24 hours of treatment. However, there was
no significant increase in cell viability after 72 hours of treatment
with LPva crude aqueous extract (Figure 4). Among the three
fractions, DCM fraction had significantly higher percentage
of cell viability at concentrations of 5 to 50 pg/ml after 24 and
72 hours of treatment when compared to other fractions (Table
1). Interestingly, demethylbelamcandaquinone B isolated from
DCM fraction of LPva crude aqueous extract exhibited a higher
percentage of viable cells at low concentrations (0.02-0.6 pg/
ml) compared to aqueous extract and DCM fraction of LPva. For
the positive control (treated with 17-f estradiol), the percentage
of viable cells was significantly increased at concentrations of
0.002 to 0.08 pg/ml. The continued proliferation of MC3T3-El
osteoblast cells after 72 hours of treatment with DCM fraction and
demethylbelamcandaquinone B (active compound) indicated that
the MC3T3-E1 number remained to be increased even during the
differentiation phase.

Mineralization

The differentiating and mineralizing activities of the
aqueous extract, DCM fraction and demethylbelamcandaquinone
B (active compound) of LPva were assessed by staining with
Alizarin Red S (Figure 5) and Von Kossa (Figure 6) at day-

18. It was found that all treatments were able to stimulate the
differentiation and mineralization of MC3T3-E1 cell culture in a
dose-dependent manner. Similar to that seen in bone, cartilage,
and teeth, calcium-phosphate, a substitute of hydroxyapatite, was
deposited in the mineral phase of the culture. The calcium levels
of the LPva treated-groups were significantly higher compared to
the normal control group and at par with 17f estradiol (positive
control) (Figure 7).

DISCUSSION

Demethylbelamcandaquinone B was obtained as an
orange wax. The HRESI-MS spectrum of interest compound
showed a protonated molecular ion [M+H]" peak at m/z 663.4883,
suggesting its molecular formula as C_ H_O.. The ATR-FTIR
spectrum displayed absorptions at 3275 cm'!, indicating the
presence of hydroxyl groups. The absorption at 1680-1639 cm!
showed presence of carbonyl and double bond groups in the
skeleton of demethylbelamgandaquinone B. The 'H- and "*C-
NMR (600 MHz, CDCI,) spectra exhibited presence of a methoxy-
p-benzoquinone ring [3. 182.2 (C-1), 146.9 (C-2), 140.9 (C-3),
187.9 (C-4), 107.4 (C-5), 158.9 (C-6), 56.3 (O-Me) ppm and 3,
5.99 (s, H-5), 3.85 (s, O-Me) ppm] and a tetra-substituted benzene
ring [3, 153.7 (C-17), 112.2 (C-2’), 143.2 (C-3°), 108.2 (C-4"),
156.7 (C-5°), 100.9 (C-6’) ppm and 5, 6.29 (d, H-4’, J= 1.8 Hz),
6.16 (d, H-6’ J = 1.8 Hz) ppm], respectively. The two rings had a
linkage between C-3 and C-2°, and each ring had a long alkenyl
chain (15 carbons). The substitution pattern and linkage between
the two rings were confirmed by HMBC correlation as well as
comparison with literature (Zulfigar and Ikhlas, 2011; Nabil e al.,
2012). The chemical shifts of methylene carbons adjacent to the
double bonds at 5 26-28 (C-15, C-15°, C-18, C-18’) in the “C-
NMR spectrum supported the Z-geometry of the double bonds in
the side chain (Gao ef al., 2008). The chemical shifts assignment
was confirmed by the HMBC correlations.

Bone remodeling involves a balance of bone formation
and resorption, which is an essential physiological process in
the maintenance of bone mass. Osteoporosis occurs when bone
resorption exceeds bone formation. An ideal way to prevent age-
related bone loss is to promote bone formation (Drake et al.,
2015). Therefore, studies are on-going to find new agents that
have the potential for promoting osteoblastogenesis to counteract
bone loss related to aging.

For osteoporosis studies, LP was shown to increase
antioxidant enzymes activities, superoxide dismutase and
gluthathion peroxidise levels and lowered oxidative stress marker,
malondialdehye level in estrogent-deficient rat models (Effendy
and Shuid, 2014). In bone remodeling, LP was demonstrated to
stimulate OPG production and reduced RANKL gene expression
(Fathilah ez al., 2013). Shuid ez al. (2011) demonstrated that LPva
was able to increase the secretion of osteocalcin, a phenotypic
marker for the late stage of osteoblast differentiation. Several in
vivo studies showed that aqueous LPva extracts improved femoral
strength (Fathilah ef al., 2012a) and increased bone formation
rate, in terms of increased osteoblast number, osteoid surface and
volume, and decreased osteoclast surface (Fathilah ez al., 2012b).
Micro-CT analyses revealed that treatment with aqueous LPva
extract and exogenous estrogen reversed osteoporotic changes
in estrogen-deficient rats in terms of trabecular bone volume,
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thickness, separation, and number (Effendy et al., 2014). These bone loss by promoting bone formation and suppressing bone
results showed that LPva bone protective action was at par with resorption.
HRT. Based on the studies, it can be deduced that LPva prevented
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Fig. 4: Effects of LPva crude aqueous extracts, dichloromethane (DCM) fraction, 17-f estradiol and demethylbelamcandaquinone B on viable MC3T3-E1 pre-osteoblast
cells. * significantly increase compared to normal control (NC).

Table 1: Effects of Hexane (Hex), dichloromethane (DCM) and methanol (Met) fraction on viable MC3T3-E1 osteoblast cells. DCM fraction was able to increase
viable cells at the concentration of 5-50 pg/ml after 24 and 72 hours treatment. Comparing Hex and Met fractions, these fractions were increased the viable cells at the
concentration of 5-50 pg/ml only after 72 hours of treatment. * significantly increase compared to normal control (NC).

Hex (24 hrs) Hex (72 hrs) DCM (24 hrs) DCM (72 hrs) Met (24 hrs) Met (72 hrs)

NC 100 £ 1.583 165.08 £ 15.508 100 + 4.506 172.25£7.785 100 £3.11 123.87 £3.242
5 104.63 + 5.605 180.63 + 5.89* 109.22 + 1.433 190.31+ 1.73 109.34 +0.99 178.26 + 3.657*
10 98.37 +£4.848 213.76 = 4.835* 123.34 £ 6.937* 203.23 £10.98* 91.08 +3.158 156.55 £ 5.324*
20 108.81 £4.411 231.24 £ 20.63* 124.39 + 5.863* 219.81 + 8.94* 103.44 £3.91 159.62 + 4.66*
30 100.44 + 4.388 216.73 £ 11.738* 124.75 + 8.496* 226.61 £ 8.514* 91.13 +£4.432 158.39 £ 2.966*

40 105.25 £ 5.957 205.21 +7.32* 126.75 +7.208* 200.71 £ 6.804* 93.58 £3.78 150.23 £ 7.1*
50 84.53 +2.888 196.05 + 14.003* 119.33 £ 4.174% 187.40 £ 5.079* 103.87 £ 7.624 144.75 + 6.823*
60 99.22 +4.69 188.66 = 15.073 103.45 £2.261 189.12 £ 3.079* 88.53 £6.726 126.81 + 3.849
70 98.58 £2.979 174.67 £ 13.71 99.15 +4.667 157.23 £4.829 98.14 £4.711 131.74 £ 1.993

80 98.24 + 5.681 162.75 + 10.409 88.01 +4.69 154.07 £ 5.505 102.21 +£4.556 119.57+3.22
920 93.23 £2.337 153.49 + 5.865 80.26 + 4.747 128.48 + 3.754 100.49 + 6.096 114.23 +4.092

100 81.99+7.171 136.79 £3.058 97.17 +£5.878 110.08 +4.119 80.29 +3.139 87.75+£2.26
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Crude aqueous
extract 25 pg/ml

Demethylbelamca ~ Demethylbelamca
ndaquinoneB 0.4 ndaquinoneB 0.6
pg/ml pg/ml

Dem 5 pg/ml Dem 10 pg/ml

17p estradiol 0.04 17B estradiol 0.06
pg/ml pg/ml
Magnification: 100x

Fig. 5: Effects of LPva treatments on mineralized nodule formation in MC3T3-E1 cells. Calcium deposits appear bright red in Alizarin Red S Staining (magnification

100x). Cells treated with LPva treatments for 18 days.

The present study investigated the effects of crude
aqueous extract, fractions and an isolated active compound of
LPva leaves on the viability of mouse pre-osteoblast (MC3T3-E1)
cells in vitro. An initial study indicated that crude aqueous extract
of LPva exhibited proliferative properties on MC3T3-El cells.
This extract was fractionated and the active fraction identified by
observing its proliferative properties on MC3T3-El cells before
finally identifying its active compound. The findings demonstrated
that crude aqueous extract, DCM fraction and its compound
were non-toxic to MC3T3-El pre-osteoblast cells even after 72
hours of treatment. In the first round, the crude aqueous extract
was fractionated into three solvents according to polarity. DCM
fraction significantly enhanced MC3T3-E1 cell proliferation
compared to normal control and other solvent fractions.
Therefore, the DCM fraction was considered to be the active
fraction which contained the bioactive compound responsible for
enhancing the proliferative rate of MC3T3-E1 cells. Moreover,
a previous study reported that DCM fraction of LP was able to
selectively inhibit CYP2C activities, which may be attributed to

the presence of lipophilic yet slightly polar compounds within the
LP extracts (Pan et al., 2012). The TLC analysis showed the high
presence of orange spots in DCM fraction, which was suspected
to be the bioactive compound. Thus, the DCM fraction was sub-
fractionated on a silica gel column and Sephadex LH20, which
yielded an active compound. This compound tested positive for
the proliferation of MC3T3-E1 cells. By using LCMS and NMR
spectroscopy, demethylbelamcandaquinone B was elucidated
to be the active compound. It contains structural determinants
such as hydrophilic (dihydroxybenzene ring) and hydrophobic
(aliphatic chain) regions which have strong amphiphilic character
(Kozubek and Tyman, 1999). Its chemical structure enabled it to
incorporate with phospholipid membrane from the interaction of
free hydroxyl groups in the resorcinol ring with phospholipids
through the formation of hydrogen bonds within the membrane
(Kozubek and Tyman, 1999). Its core chemical structure is similar
to that of genistein, quercetin, and chrysin, which are popularly
known as a phytoestrogen. Genestein and quercetin were known
to have stronger estrogen binding affinity to estrogen receptor beta
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(ERB) (Han et al., 2002). Thus, demethylbelamgandaquinone B
has the potential to exert endogenous estrogen action. Although it
has a long aliphatic chain which may influence its binding to the
estrogen receptor, it was able to exhibit potent proliferation effects
on MC3T3-El cells. Besides, demethylbelamcandaquinone B was
found to actatlow concentrations than the crude aqueous extract and
DCM fraction, which was at 0.02 to 0.8 pg/ml. Similar to the crude
extract and DCM fraction of LPva, demethylbelamcandaquinone
B also affected osteoblast differentiation with increased calcium
and phosphate contents in bone mineralization. As for other
properties, demethylbelamcandaquinone B was shown to have
cardioprotective effects towards isoproterenol-induced myocardial

Crude aqueous extract 10
pg/ml

Demethylbelamcandaqu
inoneB 0.4 pg/ml

Demethylbelamcandaqu
inoneB 0.6 pp/ml

infarction in rats (Dianita et al., 2015). The isolation of the active
compound from the leaves of LPva plant, instead of the root or
stem, meant a sustainable and economical production of raw
material could be obtained repeatedly without having to kill the
plant. The advanced isolation of active compound from crude
extract using a combination of chromatography and spectroscopy
techniques led to an interest in the plant as a natural source of the
anti-osteoporotic compound, alternative to hormonal replacement
therapy. Demethylbelamcandaquinone B may act as a selective
estrogen receptor modulator (SERM). Gene expression studies are
on the way to determine its mechanism of action.

17p estradiol 0.04 17p estradiol 0.06
pg/ml pg/ml
Magnification: 100x

Fig. 6: Effects of LPva treatments on mineralized nodule formation in MC3T3-E1 cells. Phosphate precipitation appears black in Von Kossa Staining (magnification

100x). Cells treated with LPva treatments for 18 days.

CONCLUSION

Demethylbelamcandaquinone B isolated from the
DCM fraction of LPva leaves is a possible candidate for further

development as an anti-osteoporotic agent.
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