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ABSTRACT ·············································································································································································
A mixture of Panax notoginseng and Rehmannia glutinosa libosch (BT-301) is a synthetically developed novel botanical agent having
anti-inflammatory properties. Previous studies have shown that BT-301 prevents the destruction of periodontal tissue by inhibiting the
secretion of several cytokines (TNF-α, IL-6). It was also reported that Panax notoginseng and Rehmannia glutinosa libosch have a
positive influence on osteoblastic cells. However, related literatures on Panax notoginseng and Rehmannia glutinosa libosch are rare. This
study aimed to evaluate the cell proliferation and osteogenic effects of BT-301 on osteoblastic cells. In dose and time kinetic studies
performed, MC3T3-E1 cells cultured in α-MEM medium were treated with varying concentrations of BT-301 (control, 0.156, 0.312,
0.625, 1.25, 2.5 mg/ml), and incubated for 1, 3, and 5 days. Cell proliferation was assessed by the MTT assay. Alkaline phosphatase
(ALP) activity of MC3T3-E1 cells was measured on day 7. Results show that MC3T3-E1 cells exposed to BT-301 at 0.156 mg/ml and
0.312 mg/ml concentrations, showed greater cell proliferation on day 3 (p<0.05). We conclude that correct exposure to the optimal
concentration of BT-301 has a positive effect on bone healing.
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agents have been emerging in periodontal treatment strategies rather than only mechanical and surgical treatments,
and numerous agents such as anti-inflammatory and antioxidant agents were investigated [5].
Non-steroidal anti-inflammatory drugs (NSAIDs) and
antimicrobial agents are used for the cessation of periodontitis progression. Although they may reduce the proportion of gingival bleeding sites and pocket depth and
improve clinical attachment level and radiographic alveolar bone level, there are some reports showing adverse
effects of these agents that frequently related to the gastrointestinal tract, superinfection and rarely to the fetal
toxicity (metronidazole and erythromycin) [6, 7].
A novel botanic agent, named BT-301, was synthesized
by mixing extracts from two substances, Panax notoginseng and Rehmannia glutinosa libosch, to prevent the progression of periodontitis with lower risk of adverse effects.
Panax notoginseng, a medicinal Chinese herb, has been
used to treat bone fracture for over a thousand years and
its major component, ginsenoside Rg1, was found to stimulate the proliferation of bone marrow stromal cells and
increase the number of osteoblasts in vitro [8, 9]. Panax

Introduction
Periodontitis is characterized by chronic inflammation
and destruction of tooth supporting tissues (periodontal
ligament, cementum, and bone) [1]. Loss of supporting
tissue causes the teeth to become mobile and eventually
fall out. The development of host-modulatory agents with
low risk of adverse effects has been needed to treat periodontitis.
Successful periodontal therapy is dependent on antiinfective procedures aimed at eliminating pathogenic organisms found in dental plaque attached to the tooth surface
[2, 3]. A small, although relevant proportion of sites and
patients, do not respond adequately to mechanical debridements [4]. In this respect, the use of host-modulatory
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notoginseng also inhibits LPS-induced activation of RAW264.7
macrophages and possesses anti-inflammatory and immunosuppressive properties in vitro [10, 11]. Moreover in
previous study by Li et al. [12] 0.1 mg/ml of Panax notoginseng saponinscan promote osteogenesis of bone marrow stromal cells by targeting osteogenesis-associated genes.
Rehmannia glutinosa libosch extracts is isolated from
the Rehmanniae radix [13]. The major constituents of
Rehmannia glutinosa libosch are h-sitosterol and mannitol. The other constituents include a small amount of stigmasterol and a trace amount of campesterol, catalpol,
rehmannin and vitamin A [14, 15]. In previous study by
Oh et al. [16] 0.6 g/ml of Rehmannia glutinosa libosch
stimulates proliferation and activities of osteoblasts, while
inhibiting the generation and resorptive activities of osteoclasts. It may inhibit TNF-α secretion by inhibiting IL-1
secretion and have an anti-inflammatory activity in the
central nervous system curing some pathological disease
states [17, 18].
Combination of Panax notoginseng and Rehmannia glutinosa libosch was denominated as BT-301 by Lee et al
[19]. they showed that BT-301 prevents destruction of
periodontal tissue by inhibiting the secretion of several
cytokines (TNF-α, IL-6) engaged in destruction of periodontal tissue. Moreover, they studied the effect of BT301 on LPS-induced alveolar bone resorption in rats and
showed reduced alveolar bone resorption [19]. However, it
was reported that Panax notoginseng and Rehmannia glutinosa libosch have positive effects on osteoblastic cells as
well [12, 16]. Therefore, the aim of this study was to evaluate the effects of BT-301 on osteoblastic cells.

dry extract was solved with serum free media, and then
the solution was filtered through 0.2 μm pore size filter.
BT-301, with initiative concentration of 2.5 mg/ml was
produced and diluted into 0.156 mg/ml, 0.312 mg/ml,
0.625 mg/ml, 1.25 mg/ml and 2.5 mg/ml to be used in the
experiment.
Culture of osteoblastic cells
The osteoblastic cell line MC3T3-E1 (ATCC, Rockville,
MD, USA) has been established from a C57BL/6 mouse
calvaria and selected on the basis of high ALP activity in
the resting state. Cells have the capacity to differentiate
into osteoblasts and osteocytes and have been demonstrated to form calcified bone tissue in vitro. MC3T3-E1
cells were cultured in α-MEM media (Life Technologies,
USA) supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100 mg/ml penicillin and 100 mg/ml streptomycin at 37oC in humidified atmosphere of 5% CO2 and
95% air.
Cell proliferation test (MTT assay)
MC3T3-E1 cells were seeded into 96-well tissue culture
plate 1 × 104 cells in α-MEM supplemented with 10% heatinactivated fetal bovine serum (FBS), 100 mg/ml penicillin and 100 mg/ml streptomycin at 37oC in humidified
atmosphere of 5% CO2 and 95% air per well for 1 day.
The cells were treated with varying concentrations of BT301 (0.156, 0.312, 0.625, 1.25, 2.5 mg/ml) in α-MEM.
BT-301 untreated cells were classed as control group. And
the cells were incubated for 1day, 3days and 5days. Afterward, the cells were estimated by MTT assay (CellTiter 96
R AQueous Solution, Promega, USA) after washing detached
cells. The absorbance was read at 490nm with ELISA
reader (VERSAmaxTM, Dynamic Device, USA). MTT
assay was duplicated and the mean values were calculated.

Materials and Methods
Preparation of BT-301
BT-301, the mixture of extracts from two natural substances, Panax notoginseng and Rehmannia glutinosa libosch
was prepared in powder form by Botanical Agent Development Team from OSCOTEC Incorporation (OCT Inc,
Cheonan, Korea) and the suitability of test materials was
confirmed by a quality control process with reference
material. This agent is composed of extracts from two natural substances, Panax notoginseng and Rehmannia radix
preprata (9:1, weight). The two substances were extracted
with 13 times purified water at 100oC temperature. After
filtration of the extract, it was concentrated and dried. The

Alkaline phosphatase (ALP) activity
ALP activity in treated MC3T3-E1 cells were measured
spectro-photometrically at day 7. Briefly, MC3T3-E1 cells
were seeded in a 12-well plate at a density of 1 × 104 cells/
ml in α-MEM media (Life Technologies, USA) supplemented with 10% heat-inactivated fetal bovine serum
(FBS), 100 mg/ml penicillin and 100 mg/ml streptomycin
at 37oC in humidified atmosphere of 5% CO2 and 95% air.
The cells were treated with varying concentrations of BT301 (0.156, 0.312, 0.625 mg/ml). BT-301 untreated cells
were classed as control group. At day 7, the cells were
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lysed in Triton 0.1% (Invit-rogen Corp., USA) in phosphate buffered saline (PBS, Invitrogen Corp., USA). One
hundred microliter of the cell lysates was mixed with
200 µl of 10 mM p-nitrophenol phosphate and 100: l of
1.5M 2-amino-2-methyl-1-propanol buffer, and incubated
for 60 min in an oven at 60w°C. The ALP activity was
measured by absorbance at 405 nm with ELISA reader
(VERSAmaxTM, Dynamic Device, USA).

Optical density increased in all groups with the lapse of
time. At first day, optical density of the cells treated with
0.156 mg/ml, 0.312 mg/ml and 0.625 mg/ml concentration
of BT-301 was similar to that of the control group, but
optical density of the cells treated with 1.25 mg/ml and 2.5
mg/ml concentration of BT-301 was significantly lower
than that of the control group. At third day, optical density
of the cells treated with 0.156 mg/ml, 0.312 mg/ml and
0.625 mg/ml concentration of BT-301 was significantly
higher than that of the control group. At fifth day, likewise
1st day, optical density of the cells treated with 0.156 mg/
ml, 0.312 mg/ml and 0.625 mg/ml concentration of BT301 was similar to that of the control group.
Optical density increased significantly in 0.156 mg/ml,
0.312 mg/ml and 0.625 mg/ml concentrations of BT-301
treated cells compared to the control group in the third day
(p<0.05). Post hoc analysis showed significantly high cell
activity in order of 0.312 mg/ml, 0.156 mg/ml and 0.625
mg/ml concentration of BT-301 treated cells.

Statistical analysis
SPSS software package (Ver.20.0) was used to assess
the result of roughness test, MTT assay and ALP activity
between groups with one-way ANOVA and Tukey’s post
hoc test was performed to assess the significance of the
difference between groups. Data was presented as the
mean values with standard deviations. A p-value < 0.05
was considered statistically significant.

Results

Alkaline phosphatase (ALP) activity
The ALP activity of the cell treated with BT-301 (0.156,
0.312 mg/ml) was significantly higher than the control
group. Although treated cell with 0.625 mg/ml of BT-301
showed slightly higher ALP activity, as compared to the

Cell proliferation test (MTT assay)
Figure 1 shows optical density measurements at each
concentration after 1 day, 3 days and 5 days, and it can be
compared with that of control group.

Fig. 1. MTT assay of MC3T3-E1 cell treated with various concentration of BT-301 at day 1, 3 and 5. Optical density measurements at each
concentration after 1 day (A), 3 days (B) and 5 days (C) and it can be compared with that of control group (D). At third day, optical density
of treated with 0.156, 0.312 and 0.625 mg/ml concentration of BT-301 was significantly higher than that of the control groups (p<0.05). At
day 1 and 5, there was no significant difference of optical density between control and test group.
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cytotoxicity on human gingival fibroblastic and human
periodontal ligament cells at concentration exceeding 1.25
mg/ml at first day. In contrast, BT-301 at concentration
under 1.25 mg/ml showed a tendency to increase in cell
viability [19]. In this study, the treated cells with 1.25 mg/
ml and 2.5 mg/ml concentration of BT-301 presented low
cell activity which is statistically significant. This study
showed that the cell proliferation increased from first day
to fifth day at each concentration, but cell proliferation
was significantly low at 1.25 and 2.5 mg/ml concentration,
that is, cytotoxicity was present at high concentration such
as 1.25 and 2.5 mg/ml. This result is consistent with previous study that showed in which concentration the cytotoxicity begins at 1.25 mg/ml concentration of BT-301.
Therefore BT-301 at those concentrations were not used in
ALP activity test to evaluate the osteogenic effect of BT301 on osteoblastic cells. Kim et al. [22] reported the cytotoxic of total saponin, one of the major components of
Pannax ginseng root, on hPDL cells at high concentration
(1 mg/ml). They also showed that the low concentration
(under 0.1 mg/ml) of saponin enhanced cell proliferation
rather than showed a cytotoxic effect.
In previous study, Lee et al. [19] have proposed clinically usable concentration rate by discovering BT-301's
cytotoxic concentration level, but they couldn't find out
cell proliferation ability of BT-301 treated with the concentration of just before cytotoxic level. Accordingly, in
this study the cell proliferation ability of BT-301 on the
osteoblastic cells was determined with the MTT assay. As
a result, significant increase in cell viability was observed
in 0.156 mg/ml, 0.312 mg/ml and 0.156 mg/ml concentration compared to the control group after 3 days. This
result is a significant discovery that BT-301 can stimulate
cell proliferation ability on the osteoblastic cells.
Significant differences between each concentration level
in third days with increase of cell viability was obtained
and high cell viability was observed in order of 0.312 mg/
ml, 0.156 mg/ml and 0.625 mg/ml after post hoc analysis.
The result indicates that 0.312 mg/ml is the concentration
of BT-301 which shows the most evident cell proliferation
rate. In this respect, it appears to be meaningful that the
most effective concentration of cell proliferation ability is
revealed.
The metalloenzyme known as alkaline phosphatase exists as
several tissue-specific isozymes encoded by separate genes.
Humans have four ALP genes corresponding to intestinal,
placental, placental-like and liver/bone/kidney (tissue non-

Fig. 2. The ALP activity of the MC3T3-E1 cell treated with BT301 (0, 0.156, 0.312, 0.625 mg/ml) Treated with 0.156 and 0.312
mg/ml concentration of BT-301 was significantly higher than that
of the control group (p>0.05). Treated with 0.625 mg/ml concentration of BT-301 showed higher ALP activity than control group,
however there was no significant difference (p>0.05).

control group, however there was no statistically significant difference (p>0.05) (Fig. 2).

Discussion
Various agents were investigated for periodontal treatment, but there are some adverse effects of these agents
[6, 7]. Therefore, we developed a novel botanical agent,
named BT-301, which is composed of extracts from
Panax notoginseng and Rehmannia radix preprata. This
study aimed to evaluate the cell proliferation property and
the osteogenic effects of BT-301 on osteoblastic cells via
MTT assay and ALP activity test.
BT-301 contains 0.8% ginsenoside Rb1 (C54H92O23) and
0.0045% 5-hydroxymethyl-2-furaldehyde (C6H6O3). Ginsenoside Rb1, a known phytoestrogen, is the main active
component of ginseng. It has been reported that Ginsenoside Rb1 inhibit osteoclastogenesis by modulating NF-κB
and MAPKs pathways [20]. In that study, to determine
whether Ginsenoside Rb1 has toxic effects on Raw264.7
cells, they evaluated the viability of Raw264.7 cells by
MTT assay. At the concentrations used in that study (0,
0.1 μM, 1 μM, 10 μM), Ginsenoside Rb1 did not show
any cytotoxicity in Raw264.7 cells. The results indicate
Ginsenoside Rb1 contributes to the anti-osteoporosis activity of
Ginsenosides. 5-hydroxymethyl-2-furaldehyde, an organic
compound derived from dehydration of certain sugars, is
known to have anti-inflammatory effect through downregulation of NF-κB level [21].
In previous study by Lee et al. [19] BT-301 showed
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specific; TNAP) gene products [23]. ALP was one of the
first key marker in the process of osteogenesis to be recognized. The high ALP level is sure to provide new and
important information into the fundamental mechanisms
of hard tissue formation, provide therapeutic opportunities
for treatment of bone diseases [24].
In this study, ALP activity test was performed in the
concentration rate of 0.156 mg/ml, 0.312 mg/ml and 0.625
mg/ml group just before cytotoxic level. As a result, the
ALP activity has increased significantly in the 0.156 mg/
ml group and 0.312 mg/ml group compared to the control
group. In previous studies, Panax notoginseng and Rehmannia glutinosa libosch, raw material of BT-301, showed a
statistically significant increase in ALP activity (0.1 mg/
ml of Panax notoginseng saponin or 0.6 g/ml of Rehmannia glutinosa libosch [12, 16]. Alike previous study about
raw material of BT-301, this study (0.156 mg/ml group
and 0.312 mg/ml group) showed significant difference of
ALP activity compared to the control group. Therefore,
ALP activity tests conclude that proper concentration of
BT-301 had osteogenic effect. BT-301 seems to contain
active components that have a potential to enhance the
bone metabolism in osteogenesis. To confirm the exact
osteogenic effect of BT 301 on osteoblastic cells, further
in vitro and in vivo clinical studies are necessary.
This research was carried out to evaluate the effect of
BT-301 on osteoblastic cells. It showed that BT-301 had
positive effects on osteogenic proliferation at 0.156 mg/
ml, 0.312 mg/ml and 0.625 mg/ml concentration of BT301.

research is necessary to determine the exact osteogenic
effects of BT-301 and for clinical application of these mixtures.
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