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Longan (Dimocarpus longan Lour.) Fruit Extract Stimulates Osteoblast
Differentiation via Erk1/2-Dependent RUNX2 Activation
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Longan (Dimocarpus longan Lour.) has been used as a traditional oriental medicine and
possesses a number of physiological activities. In this study, we used cell-based herbal extract
screening to identify longan fruit extract (LFE) as an activator of osteoblast differentiation.
LFE up-regulated alkaline phosphatase (ALP) activity, induced mineralization, and activated
Runx2 gene expression in MC3T3-E1 cells. Furthermore, treatment of MC3T3-E1 cells with LFE
promoted the phosphorylation of extracellular signal-regulated kinasel/2 (Erk1/2); however,
abrogation of Erk1/2 activation with PD98059 resulted in down-regulation of the phospho-
SMAD1/5/8 and Runx2 levels, which in turn reduced the ALP activity. Our findings suggest
that LFE exerts its osteogenic activity through activation of the ERK signaling pathway and
may have potential as an herbal therapeutic or a preventive agent for the treatment of
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The coordinated function between bone-forming cells
(osteoblasts) and bone-resorbing cells (osteoclasts), which
is controlled by a complex network of systemic hormones
and local factors, maintains bone homeostasis [12].
Aberrant regulation of bone homeostasis, due to a decrease
in osteoblastic bone formation and an increase in
osteoclastic bone resorption, causes osteoporosis, which
leads to bone fragility and increases the risk of fractures [8].
Hormonal changes caused by menopause, aging, and
taking steroidal drugs in addition to genetic factors and
nutritional status induce osteoporosis [7]. A number of
potential therapeutics, such as antiresorptives, bisphosphonates,
calcitonin, and estrogen, are available for the treatment of
osteoporosis. However, these treatments are difficult to
administer and have various side effects such as abnormal
reaction of the digestive organs, increased risk of uterine
bleeding, cardiovascular events, and increased breast
cancer risk [11, 13]. These limitations motivate us to identify
safe therapeutic agents for osteoporosis.

Medicinal plants are attractive resources to develop
therapeutic agents for many diseases, including osteoporosis,
because they have the advantages of lower cost and fewer

side effects. Longan (Dimocarpus longan Lour.) is widely
distributed in Southeast Asia, and its fruit has been used as
a traditional herbal medicine for relieving insomnia,
soothing nerves, and promoting blood metabolism [15]. In
addition, extracts from the longan seed exhibit anticancer,
antifungal, and antimicrobial activities [6, 10, 14], and its
leaf extract has been reported to show potential anti-
hepatitis C virus activity [1]. In this study, we found that
LFE stimulated osteoblastogenesis via extracellular signal-
regulated kinase (Erk1/2)-dependent Runx2 activation.

To identify an herbal extract that activates the activity of
alkaline phosphatase (ALP), a typical biochemical marker
for osteoblastogenesis [17], MC3T3-E1 osteoblast precursor
cells were inoculated into 12-well plates at a density of
1x10° cells per well and then incubated for 6 days in
osteoblast differentiation medium (a-MEM supplemented
with 10% fetal bovine serum, 120 pg/ml penicillin, 200 ug/ml
streptomycin, 25 pg/ml ascorbic acid, and 10mM -
glycerophosphate) with each plant extract. Whole cell
lysates were prepared using radioimmunoprecipitation
assay (RIPA) buffer and the ALP activity was measured
using the Phospha-Light System kit (Applied Biosystems),
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Fig. 1. LFE induces osteoblast differentiation in MC3T3-E1 cells.
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(A) LFE-mediated activation of ALP. The results are the average of three experiments, and the bars indicate standard deviations. *P < 0.05,
compared with the vehicle control group. (B) Effect of LFE on mineralization of MC3T3-E1 cells. (C) Effect of LFE on the mRNA expression of
osteoblast marker genes. (D) Effect of LFE on the viability of MC3T3-E1 cells.

according to the manufacturer’s instructions. From this
screen, LFE was found to be the most potent activator of
ALP activity (>3-folds) (data not shown). Longan fruits
were extracted by a heat reflux mantle at 95°C in distilled
water for 2 h. The extracts were then filtered (Whatman
No. 4 filter paper), and the filtrates were concentrated
under low pressure using a vacuum rotary evaporator
(Rotavapor R-215, Buchi). The concentrated powder was
stored at —20°C. As shown in Fig. 1A, LFE increased the
ALP activity in MC3T3-E1 cells in a dose-dependent manner.
We next examined whether LFE induces mineralization in
MC3T3-E1 cells. Cells were seeded in a 24-well plate and
incubated in osteoblast differentiation medium in the
presence or absence of LFE (500 pg/ml). After 21 days, the
cells were washed with phosphate-buffered saline and
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fixed in 10% (v/v) formaldehyde at room temperature for
15 min. Then, the cells were stained with 40 mM Alizarin
staining solution (pH 4.1) for 20 min at room temperature
and washed four times with water. As depicted in Fig. 1B,
treatment of MC3T3-El cells with LFE resulted in an
increase in the formation of mineralized nodules. Next, to
examine the effect of LFE on gene expression of osteogenic
differentiation markers, total RNA was isolated using
TRIzol reagent (Invitrogen) in accordance with the
manufacturer instructions, and cDNA synthesis, reverse
transcription, and the polymerase chain reaction were
performed as previously described [9]. Amplified DNA
was mixed with Loading Star (Dynebio) and separated
using 2% agarose gels. As presented in Fig. 1C, the mRNA
level of ALP and runt-related transcription factor 2 (Runx2)



was significantly increased by incubation of MC3T3-E1
cells with LFE. We also tested the cytotoxic effect of LFE on
MC3T3-E1 cells. Cells were inoculated into 96-well plates
and treated with LFE for 48 h. Cell viability in each treated
sample was measured in triplicates using the CellTiter-Glo
assay kit (Promega) according to the manufacturer’s
instructions and was quantified as a percentage of the
control. As shown in Fig. 1D, LFE did not affect the
viability of MC3T3-E1 cells.

It has been reported that various signaling pathways,
such as the ERK, p38 MAPK, and PKA pathways, are
involved in osteoblast differentiation [2, 4, 16]. To investigate
the molecular mechanism underlying LFE-mediated
osteoblastogenesis, we tested the effect of various kinase
inhibitors on the activity of ALP induced by LFE. MC3T3-
E1 cells were treated with LFE (500 pg/ml) in the absence
or presence of kinase inhibitors for 6 days and then the
ALP activity was measured using the Phospha-Light
System. The LFE-mediated up-regulation of ALP activity
was significantly decreased in the presence of PD98059, an
Erk inhibitor (Fig. 2A), but not in the presence of SB203580
and H89, p38 MAPK and PKA inhibitors, respectively (data
not shown). To confirm the involvement of the Erkl/2
pathway in LFE-induced osteoblastogenesis, we first
examined whether LFE activates Erk1/2 in MC3T3-E1 cells
using western blot analysis. MC3T3-E1 cells were incubated
with vehicle (DMSO) or LFE (500 pg/ml) in the presence of
differentiation medium for 2 h. Cell lysates were prepared
using RIPA buffer and separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis in a 4-12%
gradient gel (Invitrogen) using SuperBlock blocking buffer
(Thermo Fisher) and probed with anti phospho-Erk1/2,
Erk1/2, and anti-actin antibodies. After washing with Tris-
buffered saline plus Tween 20 (TBS-T), the blots were
incubated with horseradish peroxidase-conjugated anti-
mouse IgG or anti-rabbit IgG (Santa Cruz Biotechnology),
and the bands were visualized using the ECL system (Santa
Cruz Biotechnology). As shown in Fig. 2B, LFE stimulated
Erk1/2 phosphorylation without a change in the total
Erk1/2 protein level, suggesting that LFE activates the
Erk1/2 pathway; however, this phosphorylation was
abrogated by treatment of MC3T3-E1 cells with PD98059.
In addition, western blot analysis using phospho-Smad
1/5/9 antibody showed that LFE activated the Smad1/5/8
pathway, which regulates osteoblast differentiation, as
evidenced by their phosphorylation. Pharmacological
inhibition of the Erk signaling pathway with PD98059
prevented the LFE-induced phosphorylation of Smad1/5/8
(Fig. 2B), as shown in a previous report [5]. Both Erk1/2
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Fig. 2. LFE mediates Erkl/2- and Smad1/5/8-dependent
Runx2 activation.

(A) Effect of Erk1/2 inhibition on LFE-induced ALP activity. The
results are the average of three experiments, and the bars indicate

standard deviations. *P < 0.05, compared with the control group. (B)
Effect of Erk1/2 inhibition on Erk1/2 and Smad1/5/8 phosphorylation.
(C) Effect of Erk1/2 inhibition on LFE-induced Runx2 expression.

and Smadl/5/8 activation are required for stabilization
of Runx2, a master transcription factor for osteoblast
differentiation [3]. We then examined whether Erk and
Smadl/5/8 LFE-induced
osteoblastogenesis. To this end, cell lysates prepared from
MC3T3-E1 cells, which were incubated with vehicle (DMSO)
or LFE (500 pg/ml) in the presence of differentiation
medium for 6 days, were subjected to western blot analysis
with Runx2 antibody. As expected, LFE up-regulated the
protein level of Runx2, but the LFE-mediated up-regulation

signaling could mediate
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of Runx2 was abolished by the Erk inhibitor (Fig. 2C).
Taken together, these results suggest that LFE promotes
osteoblast differentiation via Erk- and Smad1/5/8-dependent
Runx2 activation.

In conclusion, we demonstrated for the first time that
LFE promotes osteoblast differentiation, evidenced by it
up-regulating the alkaline phosphatase activity, inducing
the mRNA expression of osteoblast markers, and stimulating
mineralization in MC3T3-E1 osteoblast precursor cells. In
addition, we observed that LFE activates the extracellular
signal-regulated kinase (Erk) and Smadl/5/8 pathways,
thereby increasing the Runx2 level in MC3T3-El cells.
Therefore, our results suggest that LFE may be a natural
source for developing a medicinal agent for the treatment
of bone loss-related diseases.
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