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Abstract Background/purpose: Baicalin, a natural bioactive flavonoid extracted from Scu-
tellaria baicalensis Georgi, mediates bone metabolism, and recent studies have revealed that
it has cell signaling properties. However, its biological functions in cementoblasts still remain
unclear. This study therefore aimed to investigate the effects of baicalin on bone resorption
markers, including osteoprotegerin (OPG) and receptor activator of nuclear factor-kb ligand
(RANKL), in human cementoblast-lineage cells, as well as their proliferation ability.
Materials and methods: Human cementoblast cell line (HCEM) cells were cultured and treated
with 0, 0.01, 0.1, or 1 mM of baicalin. The proliferative capacity of cultured HCEM cells was
analyzed using bromodeoxyuridine immunoassay and cell counting. The baicalin effect on
OPG and RANKL expression was determined using quantitative polymerase chain reaction
(qPCR) and western blotting. Furthermore, OPG expression was measured in 1 mM baicalin-
treated HCEM cells in the presence or absence of the Wnt signaling pathway inhibitor, Dickkopf
(Dkk)-1, using qPCR and western blotting.
Results: The addition of 0.01, 0.1, and 1 mM of baicalin did not significantly change the prolif-
erative capacity of cultured HCEM cells. Compared with the non-supplemented group, baicalin
increased and suppressed OPG and RANKL gene and protein expression, respectively, in a
concentration-dependent manner. OPG mRNA and protein expression levels were increased
by 1 mM baicalin, which was suppressed by Dkk-1 addition.
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Conclusion: Baicalin enhanced OPG expression in HCEM cells through the Wnt/beta-catenin
signaling pathway, which could contribute to periodontal tissue regeneration.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Periodontitis is the second most common dental disease
worldwide and affects approximately 538 million people.1 It is
characterized by progressive alveolar bone destruction and
loss of connective tissue attachment.2 Conventional peri-
odontal treatment strategies can effectively promote infec-
tion control and eliminate inflammation. However, these
therapies cannot correct defects resulting from disease pro-
gression.3 Therefore, functional and esthetic sequelae are
common among patients with a history of periodontitis.
Periodontitis-induced tooth reduces not only masticatory
function and quality of life, but also contribute toward various
systemic diseases, including arteriosclerosis and rheumatoid
arthritis.4 Therefore, periodontitis treatment is crucial for
preventing systemic diseases. Regenerative periodontal ther-
apy is designed to restore periodontal tissue structure and
function. Consequently, this promotes the formation of new
cementum, alveolar bone, and functional-oriented peri-
odontal ligament. Furthermore, there are several methods for
promoting periodontal regeneration.5 There have been recent
studies on the facilitation of predictable periodontal regen-
eration using tissue engineering.6 These methods include bone
transplantation; guided tissue regeneration; stem cell ther-
apy; cell sheet engineering; laser therapy; enamel matrix
protein derivatives; and the use of growth factors, including
fibroblast growth factor-2, bone morphogenetic protein-2,
and brain-derived neurotrophic factor.7 Clinical and basic
research on these methods has demonstrated good thera-
peutic effects; however, issues such as safety and long-term
stability remain, thus a need for further studies.7 Combined
periodontal treatment and pharmacotherapy is necessary for
patients with severe periodontal disease and comorbid sys-
temic or bone metabolic disease. There have been clinical
trials on whether nonsteroidal anti-inflammatory drugs,
enzyme inhibitors, and receptor antagonists can prevent
periodontal tissue inflammation and bone destruction.8 How-
ever, long-term administration of antimicrobials and drugs for
improving bone metabolism negatively affects renal and he-
patic metabolism, as well as causes adverse effects.8 There-
fore, there is a need to develop and assess therapies using
complementary drug discovery with fewer side effects and
utility in periodontal and bone repair. There has been a recent
increase in attention on herbs and herbal medicines as an
alternative medicine with fewer side effects and pharmaco-
logical activity in periodontal therapy.9

Herbal medicine comprises several natural medicines,
including natural plants and minerals. There are numerous
types of Chinese medicines, with Sho-saiko-to being the
most often clinically prescribed. The dry raw root of Scu-
tellaria baicalensis Georgi (wogon) is among the seven
herbal medicines that comprise Sho-saiko-to and contains
163
the flavonoid compounds, baicalin, and baicalein. Sho-
saiko-to exerts antimicrobial and anti-inflammatory ef-
fects and is clinically prescribed for hepatitis, gastritis,
cold, asthma, etc.10 Baicalin (C21H18O11, 7-glucuronic acid,
5, 6-dihydroxy flavone) is the marker compound for quality
control of the dry raw root of S. baicalensis.10 Furthermore,
baicalein (C15H10O5, 5, 6, 7-trihydroxyflavone), which is an
aglycone and baicalin metabolite, is hydrolyzed from bai-
calin by intestinal microflora.11 Their pharmacological ef-
fects are discussed mutually as a set of active compounds.

Baicalin has several activities, including anti-inflammatory
effects,12 anti-tumor action,13 antibacterial effect,14 and anti-
viral activities,15 and there have been studies on its effect on
osteoporosis via the osteogenesis promotion action. Baicalin
ingestion in osteoporotic model rats causes bone tissue
restoration similar to that observed with alendronate, an
osteoporotic drug.16 Moreover, baicalin increases alveolar
bone mineral density and height in a miniature swine model of
periodontitis.17 Given this background, we focused on the
bioactive effects of baicalin and its effects on periodontal
tissues. We previously reported that baicalin enhances the
osteogenic differentiation of human cementoblast-lineage
cells through the Wnt/beta (Wnt/b)-catenin signaling
pathway in vitro.18 Furthermore, baicalin ingestion during
experimental tooth movement in rats increases osteoprote-
gerin (OPG), decreases the expression of receptor activator of
nuclear factor-kB ligand (RANKL), and suppresses root
resorption.19 Consequently, it is assumed that baicalin may
affect metabolic regulation by bone resorption markers in
human cementoblast-lineage cells. However, no detailed
studies have been conducted to determine the effects of
baicalin on bone resorption markers and cell proliferation
in vitro. Hence, to clarify these unclear points, the present
study was designed to verify the proliferative effect and the
involvement of baicalin in bone metabolism using human
cementoblast-lineage cells. To this end, this study investi-
gated baicalin effects on bone resorption markers, including
OPG and RANKL, in human cementoblast-lineage cells, as well
as their cell proliferation ability. This study is the first to
investigate the effect of baicalin on bone resorption markers
using a human cementoblast cell line (HCEM) with differing
properties from those of osteoblasts and periodontal ligament
fibroblasts.
Materials and methods

Cell culture

Human-extracted root surface cementitious material was
treated as previously described20 and then immobilized
with human telomerase reverse transcriptase to establish a
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Table 1 Primer sequence.

Gene Sequence (50/30)
OPG Forward: CTG CTG AAG CTG TGG AAA

Reverse: GAT TTG CAG GTC TTT CTC G
RANKL Forward: CAC ACC TCA CCA TCA ATG

Reverse: AGT CTG TAG GTA CGC TTC C
GAPDH Forward: ATG GCC TTC CGT GTT CCT

Reverse: CCC AAG ATG CCC TTC AGT
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HCEM. HCEM cells were cultured in a-minimum essential
medium (a-MEM) (Sigma Aldrich, St. Louis, MO, USA) con-
taining 10% fetal bovine serum (FBS) (Daiichi Chemical,
Tokyo, Japan) and supplemented with 240 ng/mL kana-
mycin (Meiji Seika, Tokyo, Japan), 1 mg/mL amphotericin B
(ICN Biomedicals, Costa Mesa, CA, USA), and 500 ng/mL
penicillin (Sigma Aldrich) at 37 �C in a humidified atmo-
sphere of 5% CO2 and used for subsequent experiments.

Baicalin adjustment

Baicalin (purity � 98%) (Wako, Osaka, Japan) was dissolved
in methanol (Wako) and added into the medium to a final
concentration of 0, 0.01, 0.1, and 1 mM. To determine the
optimal concentration for obtaining the optimal effect of
baicalin and the toxicity of baicalin to HCEM cells, different
concentrations (0.01, 0.1, and 1 mM) of baicalin were used.

Baicalin effect on HCEM cell proliferation

Daily changes in the HCEM cell number with baicalin
addition
To investigate the baicalin effect on the growth potential
of HCEM cells, HCEM cells (1.0 � 104) were seeded in 24-
well plates (FALCON, Franklin Lakes, NJ, USA), with
0e1 mM baicalin being added the next day. Cells were
harvested in phosphate-buffered saline (PBS) containing
0.25% trypsin (Nacalai Tesque, Kyoto, Japan) and 0.25%
ethylenediaminetetraacetic acid (EDTA) (Wako) at 0, 3,
and 5 days after baicalin addition. Moreover, the number
of live cells was counted using trypan blue solution.

Analysis of cell proliferation activity using 5-bromo-2-
deoxyuridine immunoassay
HCEM cells (2.0 � 103 cells per well) were seeded in 96-
well plates (FALCON). After reaching 60% confluence,
there was a stepwise reduction of FBS (Daiichi Chemical)
levels in the medium to 0%. Subsequently, 0e1 mM baicalin
(Wako) was added and after 24 h, the cellular proliferative
potential was assessed using the Cell proliferation ELISA 5-
brom-2-deoxyuridine (BrdU) Kit (Roche Diagnostics, Basel,
Switzerland). Each well was supplemented with BrdU
(Roche Diagnostics) and cultured for 2 h at 37 �C, 5% CO2

gas-phase conditions. Next, each well was washed and
treated with the anti-BrdU antibody (Roche Diagnostics).
Moreover, we measured the absorbance of the developed
color using a microplate reader (Varioscan Flash; Thermo
Fisher Scientific, Waltham, MA, USA) at 370 nm.

Baicalin effect on the expression of bone
resorption markers in HCEM cells

Quantitative polymerase chain reaction (qPCR)
HCEM cells (1.0 � 105 cells per well) were seeded in 6-well
plates (FALCON). After reaching confluence, the FBS (Daii-
chi Chemical) concentration in the medium underwent
stepwise reduction to 0%. Subsequently, 0e1 mM baicalin
(Wako) was added, and after 48 h, the cells were harvested
with trypsin (Nacalai Tesque)/EDTA (Wako) treatment.
Furthermore, total ribonucleic acid (RNA) was harvested
using the RNeasy Mini Kit (Qiagen, Venlo, Netherlands) and
164
quantified by measuring the absorbance at 260 nm using a
spectrophotometer BioSpec-nano (Shimadzu Corporation,
Kyoto, Japan). Next, 1 mg of purified total RNA was reverse-
transcribed into complementary deoxyribonucleic acid
(cDNA) using a ReverTra Ace first-strand cDNA synthesis kit
(Toyobo, Osaka, Japan). Furthermore, we analyzed OPG
and RANKL gene expression levels using Light Cycler 480�
(Roche Diagnostics) and SYBR Green Real-time PCR Master
Mix (Toyobo). Table 1 shows the primer sequences.

Western blot analysis for detection of bone resorption
markers
HCEM cells (1.0 � 105 cells per well) were seeded in 6-well-
plates and cultured in 10% FBS (Daiichi Chemical)-containing
a-MEM (Sigma Aldrich). After reaching confluency, 0e1 mM
baicalin (Wako) was added with subsequent medium changes
at 2-day intervals. Seven days after the addition of baicalin
(Wako), the cells were harvested using a cell scraper for
protein extraction. Protein extraction and Western blot
analysis were performed as follows: proteins were recovered
using Triton lysis buffer [50 mM TriseHCL (pH 7.4), 250 mM
NaCl, 0.1% Triton-X buffer (Roche Diagnostics), 1 mM EDTA
(Wako), 50 mM NaF, and protease inhibitor (Takara Bio, Shiga,
Japan)]; subsequently, they were rapidly frozen in liquid ni-
trogen. Next, the samples were kept on ice and centrifuged at
4 �C at 13,000 rpm for 20 min for collection of supernatants.
We measured protein levels using a Bio-Rad protein assay kit
(Bio-Rad Laboratories, Hercules, CA, USA); furthermore, 40 mg
protein was mixed with 10% 2-mercaptoethanol and 0.01%
bromophenol blue and denatured at 100 �C for 3 min. Next,
the proteins were electrophoresed on a 10% sodium dodecyl
sulfate-polyacrylamide gel (ATTO, Tokyo, Japan) and trans-
ferred onto a polyvinylidene fluoride membrane using iblot�
gel transfer system (Thermo Fisher Scientific). This membrane
was then immersed in a blocking agent for 30 min at room
temperature; subsequently, the primary antibody diluted in
CanGet Signal� Solution 1 (Toyobo) was added and left for
12 h at 4 �C. Next, the membrane was washed using a wash
buffer (Tween-20 containing PBS) followed by the addition of
the secondary antibody diluted to a concentration of 1:10,000
using CanGet Signal� Solution 2 (Toyobo) for 30 min at room
temperature. Subsequently, the membrane was thoroughly
washed with wash buffer followed by target antigen detection
using a near-infrared fluorescence detection device Odyssey�
Imaging System (LI-COR Bioscience, Lincoln, NB, USA). The
primary antibodies were anti-OPG antibody [ab73400, (Abcam
Cambridge, UK), 1:1000] and anti-RANKL antibody (NB100-
56512, (Novus Biologicals, Centennial, CO, USA), 1:500). Anti-
b-actin antibody (011e24554, Wako, 1: 2000) was used as the
endogenous control.
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Baicalin effect in the presence of Wnt/b-Catenin
signaling pathway inhibitor on RANKL expression in
HCEM cells

qPCR analysis
HCEM cells (1.0 � 105 cells per well) were seeded in 6-well
plates (FALCON). After reaching confluence, FBS (Daiichi
Chemical) levels were stepwise reduced in the medium to
0% as aforementioned, and then 100 ng/mL human re-
combinant Dickkopf (Dkk)-1, a Wnt signaling pathway
antagonist (R&D system, Minneapolis, MN, USA) was added
for 1 h before addition of 0e1 mM baicalin (Wako). Forty-
eight hours after baicalin addition, we performed qPCR
analysis as aforementioned.

Western blot analysis
HCEM cells (1.0 � 105 cells per well) were seeded in 6-well
plates and cultured in 10% FBS (Daiichi Chemical)-
containing a-MEM (Sigma Aldrich). After reaching con-
fluency, Dkk-1 (R&D system) and baicalin (Wako) were
added at 100 ng/mL and 0e1 mM, respectively. Protein
extraction and Western blot analysis were performed 7 days
after baicalin addition as mentioned earlier, using the same
blocking agents and antibodies.

Statistical analysis
Results were expressed as mean � standard deviation. Be-
tween and among-group comparisons were performed using
the ManneWhitney’s Uetest and SteeleDwass method,
respectively. Statistical significance was set at P < 0.05 or
P < 0.01.

Results

Baicalin effect on the cell proliferative potential of
HCEM cells

There was an increase in the HCEM cell number over time
by day 5 of culture; however, there was no significant
between-group difference (Fig. 1A). The BrdU immunoassay
revealed no significant between-group difference in the
DNA-synthesizing ability of HCEM cells (Fig. 1B).

Baicalin effect on gene expression of bone
resorption markers in HCEM cells

There was a significant concentration-dependent increase
and decrease in OPG and RANKL gene expression, respec-
tively, in HCEM cells in the 0, 0.01, 0.1, and 1 mM baicalin-
treated groups compared with the non-treated group
(Fig. 2A and B).

Baicalin effect on protein expression of bone
resorption markers in HCEM cells

Baicalin addition induced a concentration-dependent in-
crease and decrease in OPG and RANKL protein expression
respectively, in HCEM cells (Fig. 3A and B).
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Effects of baicalin supplementation in the presence
of Dkk-1 on OPG expression in HCEM cells

Baicalin supplementation significantly enhanced OPG gene
and protein expression (Fig. 4A), which was significantly
suppressed by the addition of Dkk-1, a Wnt signaling
pathway inhibitor (Fig. 4B).
Discussion

Cementum, which comprises the thin mineralized tissue
layer covering the tooth-root surface,20 is critical for the
development and restoration of healthy periodontal tissue
and is degenerated in patients with periodontal diseases.21

Cementogenesis, which begins after root dentin formation,
is mediated by interactions between Hertwig’s epithelial
root sheath and dental follicle mesenchymal cells.22

Notably, there are distinct structural and functional differ-
ences between cementum. Further, although both tissues
have similar internal composition, cementum has a relatively
limited remodeling potential.23 Specifically, progenitor cells
migrate into the perivascular area of the periodontal liga-
ment tissue from bone marrow spaces; subsequently, they
differentiate into osteoblasts and cementoblasts at the bone
and tooth-root surface, respectively.24 Previous studies have
reported similar characteristics between cementoblasts and
osteoblasts, including similar molecular properties and
mineralization ability, as well as expression of mineral-
associated genes, including bone sialoprotein (BSP) and
osteocalcin, which reflect mature cementoblast differenti-
ation.25,26 Accordingly, we focused on the baicalin effect on
human cementoblast-lineage cell metabolism.

We found that the addition of 0.01, 0.1, and 1 mM baicalin
to HCEM cells did not significantly change the number of
viable cells on days 3 and 5 of culture, which was confirmed
by the BrdU immunoassay. In a previous study, addition of
0e10 mM baicalein, which is a glycoside of baicalin with
similar structure, slightly but not significantly, suppressed
proliferation of human cultured periodontal cells (hPDLCs)
in a concentration-dependent manner.27 Furthermore, the
addition of 0e200 mg/mL baicalin to cervical cancer HeLa
cells and culturing for 24 h was found to significantly inhibit
cell growth at a concentration of �25 mg/mL.28 Further-
more, Pei et al.29 reported that adding 0e1 mg/mL baicalin
to hPDLCs did not affect cell proliferative capacity. The
results of these studies are consistent with our findings.

RANKL, which is a member of the tumor necrosis factor
(TNF) family, is a 317-amino-acid peptide found on the sur-
face of osteoclast precursors that stimulates preosteoclast
fusion, attachment of osteoclasts to bone, osteoclast acti-
vation, and enhanced resorption.30 RANKL expression, which
is induced by inflammatory mediators and causes alveolar
bone loss, has been reported in the periodontal tissue and
ligament cells.31 OPG is a peptide consisting of 380-amino
acids and a member of the TNF receptor superfamily. It acts
as a decoy RANKL receptor, which suppresses osteoclast
differentiation.32 OPG is another key factor in periodontal
disease pathogenesis. The RANKL-OPG system is a crucial
regulator of osteoclastogenesis and bone resorption in both



Figure 1 Baicalin effect on HCEM cell proliferation. (A) Daily changes in the quantification of the HCEM cell number with the
addition of baicalin. HCEM cells were seeded at a density of 1.0 � 104 cells in 24-well plates with the addition of 0e1 mM baicalin on
the next day. The number of live cells was counted using trypan blue solution at 0, 3, and 5 days after baicalin addition. There was
an increase in the HCEM cell number over time by day 5 of culture. However, there was no significant difference between the
baicalin-supplemented and non-supplemented groups at 3 and 5 days after plating (Fig. 1A). **p < 0.01, *p < 0.05, n Z 3. (B)
Analysis of cell proliferation activity using BrdU immunoassay. Compared with the control group, treatment with 0.01, 0.1, or 1 mM
baicalin did not significantly alter HCEM cell proliferative activity (Fig. 1B). **p < 0.01, *p < 0.05, n Z 16.

Figure 2 Baicalin effects on OPG and RANKL gene expression levels in HCEM cells. HCEM cells were cultured after reaching
confluence; subsequently, medium FBS concentration was reduced stepwise to 0%. Next, 0e1 mM baicalin was added with mRNA
extraction after 48 h. OPG and RANKL gene expression was analyzed using Light Cycler 480�. OPG gene expression in HCEM cells
was significantly enhanced by 0, 0.01, 0.1, and 1 mM baicalin compared with the non-treated group (Fig. 2A). Furthermore, there
was a concentration-dependent suppression of RANKL gene expression (Fig. 2B). **p < 0.01, *p < 0.05, vs control, n Z 3.
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physiological and pathological conditions.33 Baicalin is a
flavonoid compound with estrogenic effects, which suggests
that it may affect OPG and RANKL regulation in human
cementoblast-lineage cells.

We found that baicalin enhanced OPG gene and protein
expression levels in a dose-dependent manner compared
with the non-supplemented control. Baicalin enhances
gene expression of differentiation markers, including type I
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collagen, osteocalcin, runt-related transcription factor
(Runx) 2, and OPG, in osteoblasts.34 Furthermore, baicalin
addition to hPDLCs increases OPG protein and gene
expression.29 The results of these studies are consistent
with our findings.

Furthermore, the addition of baicalin slightly, but not
significantly, suppresses RANKL gene and protein expres-
sion. However, baicalin did not significantly affect RANKL



Figure 3 Baicalin effects on OPG and RANKL protein expression in HCEM cells. HCEM cells were cultured in 10% FBS-containing a-
MEM. After reaching confluency, 0e1 mM baicalin was added with medium changes being performed at 2-day intervals. After 7 days,
the sample was extracted. Western blotting was performed using the Odyssey� Imaging System. Addition of 0.01, 0.1, and 1 mM
baicalin enhanced and decreased OPG and RANKL protein expression, respectively, in HCEM cells in a concentration-dependent
manner compared with the non-treated group (Fig. 3A and 3B). The lower bands show the b-actin amount, n Z 3.

Figure 4 Effects of the Wnt signaling pathway inhibitor on OPG mRNA and protein expression in HCEM cells treated with baicalin.
HCEM cells were treated with 1 mM baicalin in the presence or absence of 100 ng/mL Dkk-1 followed by 48-h culturing. Gene
expression was evaluated using qPCR. **p < 0.01, *p < 0.05, vs control n Z 3. Baicalin treatment significantly enhanced OPG gene
expression in the baicalin-treated group, which was significantly suppressed by adding Dkk-1, a Wnt signaling pathway inhibitor
(Fig. 4A). HCEM cells were seeded and cultured in a-MEM containing 10% FBS. When 80% confluence was reached, the cells were
treated with 1 mM baicalin in the presence or absence of 100 ng/mL Dkk-1. After 7 days, the cells were collected and evaluated
using western blotting. OPG protein levels were increased by baicalin, which was suppressed after inhibition of Wnt signaling using
Dkk-1 (Fig. 4B). The lower bands show the amount of b-actin, n Z 3.
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gene expression levels.34 Baicalin inhibits RANKL mRNA
expression by suppressing cyclooxygenase-2 expression
induced by interleukin-1 beta.35 Pei et al.29 reported that
0.01 mg/mL baicalin increases and decreases OPG and
RANKL expression, respectively. Furthermore, baicalin
could regulate RANKL and OPG expression in a dose-
dependent manner under physiological conditions in
hPDLCs.29 This study showed that the addition of baicalin
slightly, but not significantly, suppressed RANKL gene and
protein expression. Although our findings are consistent
with those of previous studies, future studies should
167
elucidate the differences in the mechanisms of action
using different baicalin concentrations.

Although the detailed mechanism for the pro-osteogenic
baicalin effects remains unclear, baicalin-induced osteo-
blastogenesis has been shown to be dependent on theWnt/b-
catenin signaling pathway.34 Regarding abnormalities in the
Wnt/b-catenin signaling pathway and bone diseases, muta-
tions in theWnt-signal receptor cause juvenile osteoporosis.36

Therefore, osteometabolic therapeutics for improving
the functions of the Wnt/b-catenin signaling pathway are
valuable for osteoporotic treatment.37 Furthermore, the
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Wnt/b-catenin signaling pathway is relevant for oral regions
and promotes cementum formation in cementoblasts.38

Moreover, the interruption of the Wnt/b-catenin signal
pathway suppresses cementoblast differentiation and pre-
vents murine root formation.39 There is an inferred asso-
ciation between the Wnt/b-catenin signaling pathway and
cementoblasts. Therefore, we applied Dkk-1, a specific
Wnt/b-catenin signaling pathway inhibitor, and assessed
the regulatory effects of baicalin on bone resorption using
human cementoblast-lineage cells. We found that 1 mM
baicalin increased OPG mRNA and protein expression,
which was reduced by Dkk-1.

Baicalein increases osteogenic markers and Alizarin red
staining inperiodontal ligamentcells; this increase is inhibited
by Dkk-1.27 We previously reported that baicalin enhances
osteogenic differentiation of human cementoblast-lineage
cells through the Wnt/b-catenin signaling pathway, which is
consistent with the present findings. These findings suggest
that baicalin may affect OPG regulation via Wnt/b-catenin
signaling in HCEM cells.

However, the mechanism of baicalin-induced OPG/RANKL
regulation remains unclear. Baicalin activity is not only
mediated by Wnt/b-catenin signaling but also by the nuclear
factor-kappa beta, mitogen-activated protein kinase/extra-
cellular signal-regulated kinase, and transforming growth
factor-b/Smad signaling pathways.27,40 Thus, there is a need
for further studies to elucidate the precise mechanism of
baicalin activity in periodontal tissue components. This study
is novel because it used a HCEM with differing properties
from those of osteoblasts and periodontal ligament fibro-
blasts and showed that baicalin addition does not affect cell
growth but increases the expression of OPG, a bone
resorption metabolic marker, which may be mediated by the
Wnt signaling pathway.

In conclusion, baicalin increased OPG expression in
human cementoblast lineage cells via the Wnt/b-catenin
signaling pathway, indicating that baicalin could be applied
in future complementary drug discovery for periodontal
regeneration.
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