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Clinacanthus nutans Lindau has been traditionally used for healing of bone fragility, but the mechanism of actions has not been
clarified yet. In this study, the bone regeneration activity of lupeol derived from C. nutans was assessed using an in vitromodel of
osteoblast cells MC3T3-E1.)e finding revealed that the compound was not significantly toxic to osteoblast cells at concentration
of ≤40 μg/mL. Lupeol demonstrated the osteogenic activity through enhancement of alkaline phosphatase (ALP) of osteoblast cells
up to 31.2%, 21%, and 12% at concentrations of 5, 10, and 20 µg/mL, respectively (p< 0.05). Besides, the mineralization activity
was increased up to 170, 230, 185, and 117% at concentration of 5, 10, 20, and 40 μg/mL, respectively (p< 0.05). )e marker genes
related to osteoblast differentiation evaluated on the expression level in the presence of lupeol, including collagen I (col 1),
osteopontin (opn), osterix (osx), and runx2, showed upregulated expression in all the test genes (p< 0.05). )e Western blot
analysis demonstrated a clear effect of lupeol on expression of p38/p-p38, and ERK/p-ERK proteins involved in the MAPK
signaling pathway. )us, lupeol isolated from C. nutans exhibited the osteogenic activity by enhancing expression of important
markers of osteogenesis, as well as affected the MAPK signaling pathway relating to osteoblast differentiation. )is is the first
report on the detailed mechanism of action of lupeol on bone regeneration and also explains for the traditional use of this
medicinal plant for bone healing.

1. Introduction

Osteoporosis is a common global disease; over 200 million
people worldwide suffer from this public health problem,
especially women and aged people [1, 2]. )e use of current
chemical medications to treat osteoporosis may cause side
effects, such as stomachache, dizziness, and vomiting

[1, 3, 4]. )erefore, natural substances that are able to treat
osteoporosis effectively tomaintain bone strength with fewer
unwanted effects that are promising alternatives.

Plant is rich in secondarymetabolites; therefore, it will be
a potential source for isolation of novel and effective oste-
ogenic agents capable of inducing osteoblast differentiation
and, consequently, enhancing new bone regeneration [1, 4].
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Clinacanthus (C.) nutans Lindau is a flowering plant in
the Acanthaceae family.)e plant has been used as an herbal
medicine in Asian countries [5–7]. It is considered as the
main cure for skin inflammation and lesion caused by virus,
such as hepatitis and herpes viruses [8], or anticancer [5, 9].
It is also a traditional herbal medicine in Vietnam to treat
bone fractures.)e chemical compositions of this plant were
investigated and classified in various groups of phyto-
chemicals, including flavonoids, steroids, triterpenoids, ce-
rebrosides, glycoglycerolipids, glycerides, and sulfur-
containing glycosides [10–12]. Although C. nutans has been
used to heal broken bones, its mechanism for the bone
healing activity has not been clarified yet. )us, C. nutans
may contain substances capable of inducing new bone re-
generation. In this study, the osteogenic activity of lupeol, a
major natural compound isolated from this plant, was in-
tensively investigated to confirm its traditional uses.

2. Experimental Section

2.1. Materials and Reagents. )e whole C. nutans plant was
collected in Dalat province in September, 2018, and iden-
tified by Dr. Nguyen )i )anh Huong. )e voucher
specimen (CNL92018) was deposited at the Institute of
Ecology and Biological Resource, Vietnam Academy of
Science and Technology, Hanoi, Vietnam.

)e preosteoblast cells MC3T3-E1 were obtained from
American Type of Culture Collection (ATCC) (Manassas,
VA, USA). Minimum essential medium alpha (MEMα) was
obtained from Gibco BRL, Life Technologies (USA). MTT (3-
(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide) re-
agent, trypsin–EDTA, penicillin/streptomycin, p-nitrophenyl
phosphate (pNPP) substrate, ascorbic acid, dexamethasone,
β-glycerol phosphate, and fetal bovine serum (FBS) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Other
chemicals and reagents were of analytical grade.

2.2. Isolation of Lupeol. Our previous study indicated that the
ethyl acetate (EtOAc) fraction of C. nutans showed the
strongest osteogenic activity in MC3T3-E1 cells [13].
)erefore, the active compounds in this fraction were isolated
for further bioactive examination. )e plant material (3 kg)
was dried and grounded to a fine powder and then macerated
in 96% EtOH at room temperature for 72 h (3× 3 L) to obtain
the ethanol residue (47.65 g) after removing the solvent under
reduced pressure. )e residue was suspended in H2O and
then partitioned with EtOAc (3× 3 L). )e extract was con-
centrated under reduced pressure to yield EtOAc residue
(11.26 g). )e obtained residue was then subjected to a silica
gel column chromatography (CC) using a solvent system of
n-hexane : acetone 5 :1 (v/v) to obtain six fractions
(F1.1–F1.6).)e fraction F1.2 was further applied to CC using
the solvent system of n-hexane: ethyl acetate 7 :1 (v/v) to
obtain 4 subfractions (F2.1–F2.4). Lupeol was obtained from
subfraction F2.2 as crystals and further purified by recrys-
tallization using MeOH/H2O (1 :1, v/v). Chemical structure
was elucidated by the analysis of NMR andMS data combined
with the references.

2.3. Cell Culture andCell ViabilityAssay. Cells were cultured
in MEMα containing 10% FBS and antibiotics at 37°C in a
5% CO2-humidified incubator. To induce osteogenic dif-
ferentiation in MC3T3-E1 cells, culture media were changed
to the ODM medium (MEMα supplemented with 50 µg/mL
ascorbic acid, 10−8M dexamethasone, and 10mM β-glyc-
erolphosphate). Cells were seeded at concentration of 1× 104

cells/well in a 96-well plate. )ey were incubated with
different concentrations of lupeol for 96 h (4 days). )e cells
were then incubated with a final concentration solution of
0.5mg/mL MTT for 4 h at 37°C in 5% CO2 condition. )e
formazan crystals were then solubilized in dimethyl sulf-
oxide (DMSO), and the optical density was measured by
monitoring the signal at 570 nm using a microplate reader
(PowerWave XSmodel, BioTek Instruments, Inc.,Winooski,
VT, USA). )e untreated cells were used as the control.

2.4. Alkaline Phosphatase (ALP) Activity. To evaluate the
ALP activity, cells were seeded into 96-well plates in the
ODM medium supplemented with 10% FBS. )e culture
medium was then replaced by a new ODM medium sup-
plemented with/without the agent to be tested and incu-
bation continued for 7 days. Cells were then rinsed with
phosphate-buffered saline (PBS), and 100 µL pNPP was
added in the reaction. Finally, the ALP activity was measured
at 405 nm using a spectrophotometer (Evolution 201 UV-
Vis, )ermo Scientific).

2.5. Mineralization. )e level of mineralization was deter-
mined using the alizarin red-S staining method in the 6-well
plates for 21 days. )e stained cells indicate mineralization
formation. MC3T3-E1 cells were cultured in the MEMα
medium containing vitamin C (50 μg/mL) and β-glycer-
olphosphate (10mM) for 3 weeks with/without the appro-
priate concentration of the sample to be investigated. After
that, the cells were washed twice with PBS, fixed with 70%
ethanol (v/v) for 1 h, dried in air, then stained with 40mM
alizarin red-S (pH 4.2) for 1 hour, and thoroughly washed
with water.)e cells were then destained for 15minutes with
10% cetylpyridium chloride in 10mM sodium phosphate
buffer (pH 7.0).)e optical densities (OD) were measured at
562 nm to determine the degree of cell staining in the
samples.

2.6. qRT-PCR. Osteoblast cells were cultured in 6-well plates
at a density of 5×105 cells/mL in each well. Cells were
treated with different concentrations of the sample for 3 days
before RNA extraction using TRIzol reagent (Invitrogen,
Life Technology). RNA concentration and RNA purity were
quantified by using NanoDrop (NanoDrop ND-1000,
)ermoScientific). cDNA synthesized using the superscript
VILO MasterMix kit (Invitrogen, )ermo Fisher Scientific,
Netherlands). )e composition of cDNA synthesis contains
1 μg of RNA and 4 μL of master mix VILO, and RNase-free
water was added to final volume of 20 μL. )e primer se-
quences for marker genes using qRT-PCR including runx2,
osx, opn, col 1, and house-keeping gene GAPDH as a control
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are given in Table 1. Quantitative real-time PCR was per-
formed using SYBR green PCR master mix (NEB, US) and
analyzed by the relative quantification method.

2.7.WesternBlot. )e effect of lupeol on theMAPK pathway
relating to bone remodeling was carried out using Western
blot compared to β-actin as a control. To perform the ex-
periment, the cells were cultured and treated with/without
the samples, and then, protein was extracted. Briefly, os-
teoblast cells were cultured in 6-well plates at a density of
5×105 cells/mL in each well. Cells were treated with a se-
lected concentration of 10 µg/mL lupeol before protein
extraction. Cells were lysed in RIPA buffer containing
50mM Tris-HCl (pH 7.5), 0.4% Nonidet P-40, 120mM
NaCl, 1.5mM MgCl2, 2mM phenylmethylsulfonyl fluoride,
80 μg/mL of leupeptin, 3mMNaF, and 1mMDTTat 4°C for
30 minutes. )e protein concentration was determined by
the Bradford method.

For the Western blot analysis, protein extracts (20 μg)
were separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and transferred onto
a PVDF membrane (Amersham Pharmacia Biotech., En-
gland, UK). )is membrane was incubated with 3% bovine
albumin serum (BSA) before incubation with the tested
primary antibodies p38, p-p38, ERK, and p-ERK (Sigma,
US) diluted 1 :1000 overnight at 4°C. )en, the membrane
was washed and incubated with the horseradish-peroxidase-
conjugated secondary antibodies (1 : 3000) at room tem-
perature. )e immune-reactive proteins were detected using
the chemiluminescent ECL assay kit [14].

2.8. Statistical Analysis. )e data were statistically analyzed
using the t-test or ANOVA. )e difference between the
samples was considered to be significant when the p value is
<0.05.

3. Results

3.1. Isolation of Lupeol. Lupeol was isolated from the EtOAc
fraction of C. nutans using repeated silica gel chromatog-
raphy combined with a crystallization procedure as de-
scribed in Figure S1 to yield lupeol as white crystals, and its
molecular formula was determined to be C30H50O by HR-
ESI-MS at m/z 427.3940 [M+H]+ with error of 0.09 ppm
(Calcd. for C30H51O+1: 427.39344). )e 1H and 13C NMR
spectra analyses data of the isolated compound presented in
Table 2 and Figure S2, when compared to the reference [15],
confirmed it was lupeol (Figure 1). Additionally, a relatively
large peak at m/z 427.3940 in a high-resolution positive MS
supports the lupeol assignment (Figure S3).

3.2. Cell Cytotoxicity. )e cell viability results (Figure 2)
showed that lupeol at the test concentrations did not affect
the cell survival in vitro. )erefore, the concentrations 5, 10,
20, and 40 µg/mL were selected for further examination of
the effects on cell differentiation.

3.3. Effects of Lupeol on the ALP Activity of Osteoblasts.
Alkaline phosphatase (ALP) is an early marker of osteoblast
differentiation. )e results presented in Figure 3 show that
lupeol increased the ALP activity by 31.2% at concentration
as low as of 5 µg/mL. At concentrations of 10 and 20 µg/mL,
the activity was enhanced up to 21% and 12%, respectively.
However, the activity was slightly reduced but not a sta-
tistically significant difference compared to the control at a
concentration of 40 µg/mL (p> 0.05).

3.4. Effects of Lupeol on theMineralizationActivity ofMC3T3-
E1 Osteoblast Cells. )e matrix mineralization is the final
stage in bone-forming cell differentiation. When minerali-
zation is completed, calcium deposition (bone mineraliza-
tion) can be seen by using the alizarin red-S stainingmethod.
)e results obtained in Figure 4 show that lupeol strongly
enhanced mineralization up to 170, 230, 185, and 117% at
concentration of 5, 10, 20 and 40 μg/mL, respectively. )e
histochemical staining for mineral deposition in Figure 5
confirmed this activity of lupeol.

3.5. Effects on Gene Expression. In this study, several marker
genes for osteoblast differentiation were selected, including
opn (a marker gene for early stage of matrix mineralization),
osx (a marker gene for matrix maturation), col I (a marker
gene for osteoblast differentiation and abundant expression
in bone matrix), and runx2 (a marker gene for expression of
a major transcription factor). )e expressions were nor-
malized to that of the house-keeping gene GAPDH. )e
obtained results indicated that all the test genes showed an
enhanced expression up to 2.2, 5.4, 2.8, and 4.1 folds at the
lupeol concentration of 10 µg/mL, respectively (p< 0.05)
(Figure 6).

3.6. Western Blot Analysis. )e ERK (extracellular signal-
regulated kinase) and p38 are mitogen-activated protein
(MAP) kinases in a group of signaling molecules that appear
to play important roles in the osteoblast differentiation
process. In this experiment, ERK/p-ERK and p38/p-p38
were selected for examination of protein expression in the
presence of 10 µg/mL lupeol, at which the best of miner-
alization levels and marker gene expressions was found. As
shown in Figure 7(a), lupeol clearly induced expression of
phosphorylated forms p-pERK and p-p38 under the treat-
ment condition compared to the control. )e quantification
result of Western blot image using ImageJ software
(Figure 7(b)) confirmed the upregulation of protein kinase
expressions.

4. Discussion

Since the use of current synthetic drugs to treat osteoporosis
has some limitations and causes undesirable side effects for
long term use, natural substances, especially those from
medicinal plants that have been traditionally used for os-
teoporosis and osteoarthritis treatment, have been inten-
sively investigated. In this study, the effect of natural
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compound lupeol, a lupane-type triterpene, isolated from
the EtOAc active fraction of C. nutans grown in Vietnam
was studied on the bone cell osteogenic activity. Previously,
lupeol was found to have various valuable bioactivities [16],
but its osteogenic activity has not been reported. Recently,
Chauhan et al. [17] indicated that stem bark extract of
Bombax ceiba ameliorated the state of bone fragility and
fracture, possibly due to estrogenic modulation by

Table 1: Primer sequences of study genes.

Gene Primer forward Primer reverse
runx2 5′-CCAGATGGGACTGTGGTTACC-3′ 5′-ACTTGGTGCAGAGTTCAGGG-3′
osx 5′-TTTCAGCCCCCAAAACCATGGG-3′ 5′-AGATGGGTAAGTAGGCAGCT-3′
opn 5′-ATGAGAGCCCTCACACTCCT-3′ 5′-GCCGTAGAAGCGCCGATAGGC-3′
col1 5′-CCAGATTGAGACCCTCCTCA-3′ 5′-ATGCAATGCTGTTCTTGCAG-3′
GAPDH 5′TTCACCACCACCATGGAGAAGC-3′ 5′-GGCATGGACTGTGGTCATGA-3′

Table 2: )e 1H and 13C NMR spectroscopic data of the isolated
compound.

C
Lupeol

∗δC δCa δHa (mult., J�Hz)
1 38.88 38.87 1.68 (1H, m); 0.90 (1H, m)
2 27.43 27.43 1.68 (1H, m); 1.57 (1H, m)
3 79.05 79.03 3.19 (1H, dd, 5.0; 11.0Hz)
4 38.73 38.73 –
5 55.33 55.33 0.69 (1H, d, 2.0Hz)
6 18.34 18.33 1.38 (1H, m); 1.52 (1H, m)
7 34.31 34.31 1.39 (2H, m)
8 40.86 40.86 –
9 50.47 50.47 1.25 (1H, m)
10 37.20 37.19 –
11 20.95 20.95 1.25 (1H, m); 1.40 (1H, m)
12 25.17 25.18 1.05 (1H, m); 1.66 (1H, m)
13 38.08 38.08 1.66 (1H, m)
14 42.86 42.85 –
15 27.47 27.47 1.54 (1H, m); 1.59 (1H, m)
16 35.61 35.60 1.37 (1H, m); 1.48 (1H, m)
17 43.02 43.01 –
18 48.34 48.33 1.36 (1H, s)
19 48.00 48.00 2.38 (1H, d, 6.5Hz)
20 150.98 150.98 –
21 29.87 29.87 1.31 (1H, m); 1.92 (1H, m)
22 40.02 40.01 1.37 (1H, m); 1.20 (1H, m)
23 28.00 27.99 0.88 (3H, s)
24 15.37 15.36 0.83 (3H, s)
25 16.13 16.12 0.84 (3H, s)
26 16.00 15.99 1.03 (3H, s)
27 14.57 14.56 0.94 (3H, s)
28 18.02 18.01 0.79 (3H, s)
29 109.33 109.31 4.69 (d, 2.5Hz); 4.56 (dd, 1.5; 2.5Hz)
30 19.32 19.31 1.68 (3H, s)
∗δC, lupeol in CDCl3[15]a.
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Figure 2: Cell viability of MC3T3-E1 cells in the presence of lupeol.
MC3T3-E1 cells were seeded in the MEMα medium and then
treated with lupeol at different concentrations. After incubation
and treatment in 96 h (4 days), the medium was removed, and the
cells were incubated with 5 µg/mL MTT solution for 4 h at 37°C in
5% CO2. Data of relative cell viability are calculated as percentage
compared to the nontreated group (control). Results are presented
as mean± SD, n� 3.
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Figure 3: Effect of lupeol on the ALP activity of MC3T3-E1 os-
teoblasts. Results were presented as means± SD. MC3T3-E1 cells
were seeded in the ODM medium and treated with different
concentrations of lupeol. ALP activity data are calculated as per-
centage compared to the nontreated sample (control). Each value is
the average of triplicate cultures, and each bar indicates
means± SD, n� 3; ∗p≤ 0.05.
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Figure 1: Chemical structures of lupeol (C30H50O).
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significantly enhancing osteoblast cell proliferation and the
ALP activity. Moreover, the antiosteoporotic activity of the
extract was also examined in the female rat model. )e
results suggested that the antiosteoporotic activity of the
extract may be due to the presence of compounds lupeol,

gallic acid, and β-sitosterol constituents. )us, our work
presented here is a first report on detailed in vitro evaluation
of the osteoblastogenic activity of lupeol isolated from
C. nutans grown in Vietnam by examining various im-
portant markers for cell differentiation, such as osteoblast
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Figure 4: Lupeol induced mineralization activity of osteoblast cells MC3T3-E1. Osteoblast cells were cultured in the MEMα medium
containing vitamin C (50 μg/ml) and β-glycerolphosphate (10mM) for 21 days with/without lupeol and then stained with 40mM alizarin
red-S (pH 4.2) for 1 h.)e cells were destained for 15minutes with 10% cetylpyridium chloride in 10mM sodium phosphate buffer (pH 7.0);
then, calcium formation was observed and determined spectrophotometrically at 562 nm.)e results are calculated as percentage compared
to the nontreated sample (control, DMSO). Each value is the average of triplicate cultures, and each bar indicates means± SD; ∗p≤ 0.05;
∗∗p≤ 0.01.
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Figure 5: Calcium formation during bone mineralization observed in MC3T3-E1 cell culture treated with lupeol. )e treated cells were
stained with 40mM alizarin red-S (pH 4.2) for one hour and then were washed three times with PBS buffer and observed under microscopy
(Zeiss Axio Z1, Germany).
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Figure 6: Lupeol enhanced expression of several marker genes for osteoblast differentiation. Osteoblast cells were cultured in 6-well plates at
a density of 5×105 cells/mL in each well. Cells were treated with different concentrations of lupeol for 3 days before RNA extraction by using
Trizol reagent (Invitrogen, Life Technology). cDNA synthesized using superscript VILO MasterMix kit (Invitrogen, )ermo Fisher
Scientific, Netherlands). GAPDH served as a house-keeping gene for normalization of the test genes. Each bar indicates means± SD, n� 3;
∗p≤ 0.05; ∗∗p≤ 0.01.

Journal of Chemistry 5



differentiation-associated gene expression levels, the signal
pathway of osteoblast differentiation, calcium quantifica-
tion, ALP assay, and histochemical staining for mineral
deposition.

Bone cell differentiation undergoes through three stages:
(i) cell growth, (ii) maturation of the substrate, and (iii)
mineralization of the substrate. Stage (ii) was determined by
the expression of the maximum ALP activity [18]. )e
enhancement of ALP and mineralization in the osteoblast
cells are considered as the two important markers for the
osteogenic activity [19, 20]. ALP is an important component
in hard tissue formation, highly expressed in mineralized
tissue cells. )e mechanism with which this enzyme carries
out its function is not completely understood, but it appears
to act both to increase the local concentration of inorganic
phosphate, a mineralization promoter, and to decrease the
concentration of extracellular pyrophosphate, an inhibitor
of mineral formation. Mathew et al. [21] and Golub and
Boesze-Battaglia [22] showed an evidence which indicated
that ALP hydrolyses phosphate substrates releasing pi and is
associated with initiation of mineralization. In our experi-
ment, we found that lupeol had a stimulatory effect on the
ALP activity, suggesting its role in the mineralization.

)e final phase of osteoblast differentiation is mineral-
ization, where mineral matrix containing mainly calcium
phosphate in the form of hydroxyapatite is secreted and
deposited by mature osteoblasts [22]. In our study, matrix
deposition was initiated from the second week of osteoblast
differentiation on both untreated and treated cells. Histo-
chemical staining confirmed a significant enhancement of
calcium accumulation by cells undergoing osteoblast dif-
ferentiation. Our data suggested that lupeol induced better
mineralization and higher calcium content in the mineral
deposits, which are essential for bone healing.

Each phase of cell differentiation is characterized by
expression of specific osteoblast differentiation markers.

Collagen (COL1A1) and extracellular matrix protein
osteopontin (OPN) appear in the proliferative phase, and the
matrix maturation phase is marked by expression of ALP
nonspecific enzyme (ALPL), cell-binding sialoprotein
(IBSP), and COL1A1. OPN and COL1 are also considered to
be the early markers of bone matrix synthesis and are as-
sociated with initiation of mineralization due to its asso-
ciation with binding of calcium [22]. Our data revealed a
clearly enhanced expressions of all marker genes in lupeol-
treated cells and therefore confirmed the promoter role of
lupeol in mineralization.

)e common mechanism of osteoblast activating is
seemly mediated by serine–threonine kinases of the mito-
gen-activated protein kinase (MAPK) and Smad family [23].
)e Smad pathway is a well characterized BMP signaling
pathway. However, BMPs also initiate non-Smad inter-
acellular signaling pathways. Several lines of evidence sug-
gested that BMPs activate the MAPK family of signaling
molecules, i.e., ERK1/2, p38, and stress-activated protein
kinase/Jun N-terminal kinase.)erefore, investigation of the
test agent effects on Smad1/5/8 and three different MAPKs
such as ERK, JNK, and p38 is necessary. Nguyen et al. [14]
reported that osteoblast activating peptide isolated from
biodiesel by-products of microalgae Nannochloropsis ocu-
lata promoted osteoblast differentiation by increasing ex-
pression of several osteoblast phenotype markers such as
ALP, osteocalcin, collagen type I, BMP-2, BMP2/4, and bone
mineralization in both human osteoblastic cell (MG-63) and
murine mesenchymal stem cell (D1). In addition, the pu-
rified peptide induced phosphorylation of MAPK and Smad
pathway in both cells. )ese results suggest that peptide
possesses positive effects on osteoblast differentiation and
may provide possibility for treating bone diseases.

For lupeol, previous studies found its effect on the
MAPK pathway. For examples, in keratinocytes, lupeol
treatment resulted in the activation of Akt, p38, and Tie-2,
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Figure 7: Lupeol enhanced expression of protein markers on the MAPK pathway in MC3T3-E1 cells (a). )e data presented for p-ERK and
p-p38 were normalized with β-actin and presented as ratio relative to the area density of ERK and p38, respectively, by using ImageJ software
(b). Cells treated with 10 µg/mL lupeol or untreated as the control (untreated). Total proteins were extracted and electrophoresed with equal
concentrations for theWestern blot analysis. Specific antibodies for proteins in the MAPK pathway, including ERK, p-ERK, p38, and p-p38,
were used to detect protein expressions with β-actin as a loading control. Each bar indicates means± SD n� 3; ∗p≤ 0.05.
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which are signaling proteins involved in cell proliferation,
migration, angiogenesis, and tissue repair [24]. )e study
suggested that lupeol could have therapeutic potential for
accelerating wound healing. In addition, lupeol also was
reported as an ERK pathway inhibitor, one of the most
crucial pathways in lung cancer metastasis [25]. )is study
demonstrated for the first time that lupeol exhibited sig-
nificant and selective antimetastatic effects against lung
cancer A549 cells via perturbations in the ERK signaling
pathway. Obviously, our study here provided a modest
evidence of lupeol as an activator of MAPK signaling. More
investigations of lupeol on other important signaling
pathways, such as Smad, BMP, and in different cell lines
need to be done to confirm its role in modulation of
osteoblastogenesis.

In the point of view of the pathogenesis of osteoporosis,
it is a complex process with different mechanisms involved.
However, there are certain common causes of bone loss and
increased fracture risk in aging people, such as genetic
factors, illnesses, sex steroid deficiency following the men-
opause in women and with aging in men, and age-related
changes in the bone metabolism. However, the most im-
portant causes are corticosteroid use or other illnesses af-
fecting the bone metabolism. Understanding of the
pathogenesis of osteoporosis is key information to the de-
velopment of novel, mechanism-based therapeutic ap-
proaches to prevent and treat this disorder. )e
identification of new agents as activators of RANKL pro-
duction in the setting of estrogen deficiency will provide a
new approach to potently inhibit bone resorption. )e key
role ofWnt signaling in the bonemetabolism and possibly in
age-related bone loss will led to the development of specific
activators of this pathway in treating osteoporosis. )e role
of SIRT-1 in skeletal aging may also lead to new compounds
as regulators of this pathway as a means to both stimulate
bone formation and inhibit bone resorption [26]. In our
work here, lupeol is found to be an activator of the MAPK
signaling pathway and possibly of others. )erefore, further
works on these therapeutic targets are necessary to deeply
understand how it modulates molecular targets associated
with disease progress, as well as to apply for bone health
supplement.

Lupeol was found to display low cytotoxicity in healthy
cells and acted synergistically when used in combined
therapies, which make it to be employed alone or as adjuvant
to clinically used drugs [17].)us, the combination of lupeol
with other drugs should be tested to enhance its osteogenic
activity for an effective therapy. Moreover, what natural
substances in the C. nutans extract, beside lupeol, also in-
volve in the bone healing activity and needs further clari-
fication. In addition, more investigations on lupeol
pharmacokinetics should be carried out to improve its
solubility, absorption, and systemic availability.

5. Conclusion

)e osteogenic activity of lupeol in MC3T3-E1 cells was
intensively investigated for the first time in this study. It
enhanced the ALP activity by interacting with important

amino acids in the active site of the enzyme. It also strongly
increased mineralization in osteoblast. At the molecular
level, the compound affects expression of the marker genes
and MAPK signaling pathway relating to mineralization and
cell differentiation. Our data could be of clinical significance
advocating application of lupeol and C. nutans in treating
bone fractures.

Data Availability

)e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

)e authors declare that they have no conflicts of interest.

Authors’ Contributions

PTMN designed the project, supervised, analyzed data, and
wrote the manuscript. MTHN performed the experiments,
analyzed data, and wrote the manuscript. QVN, HTTN,
TVN, and THD performed the experiments and analyzed
data. Huong TTN collected and identified the plant. PMQ
revised the manuscript. All authors have read and approved
the final manuscript.

Acknowledgments

)e authors are highly appreciative of the VietnamAcademy
of Science and Technology for financial support under grant
VAST04.05/20-21.

Supplementary Materials

)e data in “Supplementary section” are to support the
results on isolation and structure characterization of lupeol
isolated from C. nutans, including the procedure for iso-
lation of lupeol from the ethyl acetate (EtOAc) fraction and
the MS and NMR spectra of the compound. (Supplementary
Materials)

References
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