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Periodontitis, which is a severe inflammatory disease caused by endotoxins secreted from oral
pathogens, destructs gingival tissue and alveolar bone. Curcuma xanthorrhiza, commonly called
Java turmeric, has been shown to possess anti-bacterial and anti-inflammatory activities. The
present study evaluated the inhibitory effect of C. xanthorrhiza supercritical extract (CXS)
standardized with xanthorrhizol on lipopolysaccharide (LPS)-induced periodontitis in an
animal model. LPS was topically injected into the periodontium of Sprague-Dawley rats to
induce periodontitis and CXS (30 and 100 mg·kg ·day ) was orally administered after day 12.
Histologically, CXS inhibited the collapse of gingival tissue by preventing cell infiltration. CXS
significantly downregulated the expression of matrix metalloproteases (MMPs) and
inflammation-related biomarkers, such as nuclear factor-kappa B (NF-κB) and interleukin-1
beta (IL-1β) in gingival tissue. CXS also improved bone remodeling by downregulating
osteoclastic transcription factors, such as nuclear factor of activated T-cells c1 (NFATc1),
tartrate-resistant acid phosphatase (TRAP), and cathepsin K. In addition, CXS upregulated
osteoblast differentiation-related markers, alkaline phosphate (ALP) and collagen type I alpha
(COLA1). Thus, CXS can ameliorate periodontitis by inhibiting inflammation and improving
bone remodeling.
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Introduction
Periodontal disease is generally classified into gingivitis
and periodontitis according to the degree of inflammation
[1]. Gingivitis is a temporary inflammation in gingival tissue
on which oral pathogens infect, but it is easily recovered
from by scaling or brushing the teeth [2]. Meanwhile,
periodontitis is a chronic disease associated with severe
inflammation in both gingival tissue and alveolar bone
[3]. Periodontitis weakens the ability to support teeth,
consequently limiting the mastication of foods and reducing
quality of life. In addition, periodontitis is closely related
to systemic diseases, such as cardiovascular disease,
hypertension, cancer, and dementia [4-6]. Therefore, the
prevention or treatment of periodontitis is important in
improving oral health and ward off systemic diseases.
J. Microbiol. Biotechnol.

Gram-positive organisms, such as Streptococcus mutans
(S. mutans) form a plaque/biofilm on the surface of teeth to
provide circumstances for the growth of Porphyromonas
gingivalis (P. gingivalis) or a representative oral pathogen to
induce periodontitis [7]. P. gingivalis living in plaque/biofilm
secretes lipopolysaccharide (LPS), which is an endotoxin
that induces inflammation, subsequently collapsing the
periodontal ligament, which is a tissue responsible for
connecting between teeth and gingiva [8]. The resulting
deterioration leads to the resorption of alveolar bone and
the destruction of gingival tissues [9].
LPS binds to toll-like receptors (TLRs) of gingival fibroblasts,
activating nuclear factor kappa-B (NF-κB) [10]. Activated
NF-κB upregulates matrix metalloproteinases (MMPs) [11]
and interleukin-1 beta (IL-1β), which is a major cytokine for
periodontitis [1]. MMP-2 and MMP-8 are major MMP

1615

Kook et al.

subfamilies that degrade protein matrix components of
gingival tissues and periodontal ligaments. MMP-2 is a
collagen-degrading enzyme that is strongly expressed
when inflammation occurs in the periodontal tissue [12]. In
addition, MMP-8 is a major collagenase and is commonly
observed in saliva when periodontal disease occurs [13].
In the condition of continuous inflammation, which is
induced by LPS, gingival fibroblasts or osteoblasts oversecrete
the receptor activator of nuclear factor kappa-B ligand
(RANKL), which is an activator of osteoclastogenesis or a
process of osteoclast formation causing bone resorption
[14]. When secreted RANKL attaches to the receptor activator
of nuclear factor kappa-B (RANK), osteoclastogenesis starts
with the upregulation of the major osteoclast-specific genes,
such as nuclear factor of activated T-cell c1 (NFATc1),
tartrate resistant acid phosphatase (TRAP), and cathepsin K
[15]. However, since osteoprotegerin (OPG) is a decoy
receptor of RANKL, increasing the expression of OPG
inhibits or delays osteoclastogenesis-related molecular
mechanisms [9]. Therefore, the ratio between OPG and
RANKL denotes bone homeostasis.
Curcuma xanthorrhiza (C. xanthorrhiza) Roxb., commonly
called Java turmeric, belongs to the Zingiberaceae family.
C. xanthorrhiza has been shown to possess anti-bacterial [16],
anti-fungal [17], anti-halitosis [18], and anti-inflammatory
activities [19]. C. xanthorrhiza contains several phytochemicals,
including α-pinene, camphor, curcumin, and xanthorrhizol
[20]. In particular, xanthorrhizol exists in greater abundance
than other compounds in C. xanthorrhiza, conferring antimicrobial, anti-fungal, anti-inflammatory, and anti-cancer
activities [21]. The current study investigated whether
C. xanthorrhiza supercritical extract (CXS) standardized with
xanthorrhizol attenuated LPS-induced periodontitis in rats
by identifying the levels of inflammatory factors and bone
homeostasis-related markers.

Materials and Methods
Chemical Reagents
Escherichia coli LPS and protease inhibitor cocktails were supplied
by Sigma-Aldrich (USA). Primary antibodies against NF-κB, IL1β, MMP-2, MMP-8, TRAP, NFATc1, cathepsin K, c-Fos, phospho
(p)-extracellular signal-regulated kinase (ERK), p-c-Jun N-terminal
kinase (JNK), p-p38, p-c-Jun, c-Jun, ERK, JNK, p38, alkaline
phosphatase (ALP), collagen type 1 alpha 1 (COLA1), OPG, and
RANKL were obtained from Santa Cruz Biotechnology Inc. (USA).
α-Tubulin was obtained from Cell Signaling (USA). Horseradish
peroxidase-conjugated IgG secondary antibody was purchased
from Bethyl Laboratories, Inc. (USA).
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Preparation of Standardized CXS
The rhizomes of C. xanthorrhiza were supplied by Nutribiotech
Co. (Korea) and extracted using a supercritical CO2 fluid extraction
system (SCFE-P400, Ilshin Autoclave Co., Ltd., Korea). The
ground rhizomes were placed in a high-pressure vessel and the
oven at 50°C. CO2 was pressurized using a high-pressure pump
and then charged into the vessel at the rate of 3.2 l/min to
maintain the pressure at 40 MPa. The yield of CXS was 8.0% (w/w).
CXS was standardized to contain 30.0% (w/w) of xanthorrhizol as
an active compound [17].
Animal Experiment
Forty male, 9-week-old Sprague-Dawley rats with initial mean
weight of 280–300 g were bred in a controlled environment (24 ±
2°C temperature and 55 ± 5% relative humidity with a 12 h light–
dark cycle) at the College of Pharmacy, Chung-Ang University
(Korea). After a week of circulation, the forty rats were randomly
assigned into four groups: (i) Control (corn oil); (ii) LPS (LPS
injection); (iii) LPS+CXS-L (LPS injection+CXS 30 mg·kg-1·day-1),
and (iv) LPS+CXS-H (LPS injection+CXS 100 mg·kg-1·day-1). All
the groups except control, were injected with 1 mg/ml of LPS
bilaterally between the first and second mandible molars every
two days under anesthesia with isoflurane (Hana Pharm. Co. Ltd.,
Korea) before sacrifice. Oral administration of CXS at the dose of
30 and 100 mg·kg-1·day-1 was started after six LPS injections and
daily conducted for eight days, followed by sacrifice. Periodontal
tissues were isolated from each rat. Gingival tissues and alveolar
bones were separated from isolated periodontal tissues. The
animal experiment was according to the protocol as reviewed and
approved by the Institutional Animal Care and Use Committee
(IACUC) of the Chung-Ang University Laboratory Animal Research
Center (Permit No.: 2017-00024).
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Total RNA was isolated from the gingival tissue and alveolar
bone using Trizol reagent (Takara, Japan). The concentration of
mRNA was quantified using NanoDrop Lite (Thermo Fisher
Scientific Inc., USA). The quantified mRNA was denatured at
70°C for 5 min and added in reverse to transcriptase premix (Elpis
Biotech, Korea) to synthesize mRNA into cDNA. The reaction of
reverse transcription (RT) was started at 42°C for 55 min and then
terminated at 70°C for 15 min. The synthesized cDNA was
amplified with specific primer pairs (Bioneer, Korea) (Table 1) for
30-35 cycles as follows: denaturation at 94°C for 30 sec, annealing
for 1 min at each specific temperature dependent on primer,
extension at 72°C for 1 min. Final extension was performed at
72°C for 5 min. The products of PCR were stained with Loading
STAR (Dynbio, Korea), separated using 1.5% agarose gel
electrophoresis, and detected with the G:BOX EF imaging system
(Syngene) and the Genesys software program. The intensity of
target gene expression was measured using ImageJ software
(National Institutes of Health, USA).
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Table 1. Primer sequences used in RT-PCR analysis.
Gene

Direction

Sequence (5’-3’)

IL-1β

Forward

AGC ACC TTC TTT TCC TTC ATC TTT G

Reverse

TTC TAT CTT GTT GAA GAC AAA CCG C

NF-κB

Forward

CTC GAC CTC CAC CGG ATC TT

Reverse

CTG TTT AGG CTG TTC CAC AAT CAC

MMP-2

Forward

GTC TGA AGA GTG TGA AGT TTG GAA G

Reverse

GCT GTA ACC CAC AAA AGA TCA TTC A

MMP-8

Forward

CAA TTT CAT ATC TCT GTT CTG GCC C

Reverse

CTG CTG GAA AAC TGC ATC AAT TCT A

TRAP

Forward

AGA ATA AAG TCT CAG CGA TCA CC

Reverse

TCA GAG AAC ACA TCC TCA AAG GTC

Cathepsin K

Forward

TTA CAG CAG AGG TGT GTA CTA TGA C

Reverse

TTG AGG AAG GAA TGT GAG AAC AGA T

NFATc1

Forward

CGT GTT AGC AAT AAC CAG TAT CCA C

Reverse

CTT ACT CAT AAC CAC TTT CGG ATG C

OPG

Forward

TCC CTC TGA AGA TTT GAT TCG AGT T

Reverse

GCT TAG GTA CAA CTA CAG AGG AAC A

RANKL

Forward

AAC CAA GAT GGC TTC TAT TAC CTG T

Reverse

AGA ATT CCC TGA CCA GTT CTT AGT G

ALP

Forward

CTC GGA CAA TGA GAT GCG CC

Reverse

TCA GGT TGT TCC GAT TCA ACT CAT A

COLA1

Forward

GAA GAC CTA TGT GGG TAT AAG TCC C

Reverse

AGA TGG TTA GGC TCC TTC AAT AGT C

β-Actin

Forward

CGA GTA CAA CCT TCT TGC AGC TC

Reverse

CCA AAT CTT CTC CAT ATC GTC CCA G

Western Blotting
The gingival tissues and alveolar bones were homogenized and
proteins were extracted using NP40 lysis solution (Elpis Biotech)
containing a protease inhibitor cocktail. The extracted proteins
were quantified using the Bradford protein assay (Bio-Rad
Laboratories Inc., USA) and 20 μg of proteins in every group were
separated using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Separated proteins were transferred
onto nitrocellulose membranes (Whatman GmBH, Germany).
After blocking transferred proteins with 5% skim milk in Trisbuffered saline containing 0.1% Tween-20 (TBST) for 1 h at room
temperature, the membranes were washed with TBST for 10 min
three times. The proteins on the membranes were incubated with
primary antibodies overnight at 4°C. The membranes bound with
primary antibodies were incubated with secondary antibodies for
2 h at 4°C. An enhanced chemiluminescence (ECL) detection
system (Amersham Biosciences, UK) was used to develop the
blots. Protein bands were detected using the G:BOX EF imaging
system (Syngene, UK) and Genesys software. The intensity of
protein bands was measured using ImageJ software (National
Institutes of Health).
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Hematoxylin & Eosin (H&E) Staining
The periodontal tissues were fixed with 10% formalin buffer
solution, embedded in paraffin, cut into 5 μm sections, and then
mounted on slides. The tissues mounted on slides were stained
with H&E. Cell infiltration and alveolar bone resorption were
analyzed using an Eclipse TE2000U Inverted Microscope with
twin CCD cameras (magnification, ×200; Nikon, Japan).
Immunohistochemistry
The paraffin slides were incubated with primary antibodies
against MMP-2, MMP-8, TRAP, NFATc1, and ALP at 4°C overnight.
The slides were then incubated with secondary antibody for 2 h at
4°C. The proteins in the stained areas were analyzed using an
Eclipse TE2000U Inverted Microscope with twin CCD cameras
(magnification, ×400; Nikon). The protein expression levels in the
stained areas of the image were quantified using ImageJ software
(National Institutes of Health).
Micro-Computed Tomography (CT) Imaging
For quantitative 3D analysis, each sample was vertically placed
on the sample holder of a Skyscan 1076 desktop X-ray micro-CT
system (Skyscan, Belgium) under the following conditions: total
rotation, 360°; rotation step, 0.5°; pixel size, 18 μm; voltage, 100 kV;
current, 100 μA; and exposure time, 1,475 ms. The bone volume per
tissue volume (BV/TV), trabecular thickness (Tb.Th.), trabecular
separation (Tb.Sp.), and bone mineral density (BMD) on alveolar
bone of the first molar were measured by reconstructing the 3D
trabecular structure from the scanned images by NRecon (Skyscan)
and CTAn (Skyscan). In addition, the alveolar bone loss was
evaluated by analyzing the distance between the alveolar bone
crest (ABC) and the cementoenamel junction (CEJ). The distance
was quantified using ImageJ software (National Institutes of
Health).
Statistical Analysis
Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 24.0 (SPSS Inc., USA). Data
are presented as mean ± standard deviation (SD) and group
differences were assessed using one-way Analysis of Variance
(ANOVA), followed by Duncan’s multiple range test. #p < 0.05 and
##
p < 0.01 were considered to be statistically significant between
control group and LPS group. *p < 0.05 and **p < 0.01 were
considered to be statistically significant between LPS group and
sample groups.

Results
CXS Alleviates Periodontitis by Reducing Gingival
Inflammation and Alveolar Bone Resorption
As periodontitis is an inflammatory disease, which occurs
on the gingival fibers, sequentially resorbing alveolar bone
through osteoclastogenesis [3], the inhibitory effect of CXS
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Fig. 1. Inhibitory effect of CXS on inflammation in gingival tissue of LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) mRNA levels of NFκB, IL-β, MMP-2, and MMP-8 were measured using RT-PCR with β-actin as the housekeeping gene. (B) Protein levels of NF-κB, IL-β, MMP-2, and
MMP-8 were measured by western blotting with α-tubulin as the housekeeping gene. The relative expression levels were expressed as mean ±
-1

-1

standard deviation (SD, % control) and group differences were assessed by Duncan’s multiple range tests. p < 0.01 (Control group vs. LPS
group); *p < 0.05 and **p < 0.01 (LPS group vs. sample groups).
##

on periodontitis was assessed in terms of anti-inflammation
in gingiva tissue and anti-osteoclastogenesis in alveolar
bone. The mRNA expression of IL-1β, NF-κB, MMP-2, and
MMP-8 was decreased by 56.54%, 53.19%, 54.22%, and
34.92%, respectively, in the CXS-H group, compared to the
LPS group (Fig. 1A). In addition, CXS decreased the
protein expression of MMPs and gingival inflammation in
a concentration-dependent manner, compared to the LPS
group (Fig. 1B). To determine whether CXS suppressed
LPS-induced osteoclastogenesis, the alveolar bone at the
mandible molars was used. The mRNA expression of the
bone degradation enzymes, such as TRAP and cathepsin K
and the osteoclastic transcription factor, including NFATc1,
was decreased in the CXS groups (Fig. 2A). Specifically, the
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mRNA expression of TRAP, cathepsin K, and NFATc1 in
the CXS-H group was diminished by 69.09%, 53.10%, and
54.51%, respectively, compared to the LPS group. As
shown in Fig. 2B, these osteoclastogenesis-related markers
were also evaluated at the protein level. CXS downregulated
the protein expression of TRAP, cathepsin K, and NFATc1,
while the expression in the LPS group was significantly
increased.
CXS Regulates Osteoclastogenesis by Inactivating
MAPKs/AP-1 Signaling Pathway
The MAPK/AP-1 signaling pathway is a major regulator
of osteoclastogenesis for alveolar bone resorption in
periodontitis [22]. In the CXS groups, the protein expression
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Fig. 2. Inhibitory effects of CXS on osteoclastic factors in alveolar bone of LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) mRNA levels of
TRAP, cathepsin K, and NFATc1 were measured using RT-PCR with β-actin as the housekeeping gene. (B) Protein levels of TRAP, cathepsin K,
and NFATc1 were measured by western blotting with α-tubulin as the housekeeping gene. The relative expression levels were expressed as mean
-1

-1

± standard deviation (SD, % control) and group differences were assessed by Duncan’s multiple range tests. p < 0.05 and p < 0.01 (Control group
vs. LPS group); *p < 0.05 and **p < 0.01 (LPS group vs. sample groups).
#

of p-p38, p-JNK, and p-ERK was suppressed (Fig. 3A). In
particular, the expressions of p-p38, p-JNK, and p-ERK in
the CXS-H group was decreased by 71.20%, 70.66%, and
52.25%, respectively, over the LPS group. The protein
expression of AP-1 components, such as c-Fos and p-c-Jun,
were downregulated in the CXS-H group (Fig. 3B). The
expression of p-c-Jun and c-Fos in the CXS-H group was
decreased by 59.17% and 37.64%, compared to the LPS
group.
CXS Improves Bone Homeostasis
Since RANKL is an initiator of osteoclastogenesis and
OPG is a decoy receptor of RANKL [23], stimulatory effect
of CXS on OPG/RANKL ratio was analyzed. With 8 days
of CXS administration, the mRNA and protein levels of
OPG were significantly increased, but there was a marked
decrease in the mRNA and protein expression of RANKL,
compared to the level in the LPS group (Figs. 4A and 4B).

##

Consequently, the OPG/RANKL ratio at the mRNA and
the protein levels was increased by 76.93% and 82.76%,
respectively, in the CXS-H group (Fig. 4). Since OPG is
secreted from osteoblasts during osteoblastogenesis [24],
the increased expression of OPG represents the occurrence
of osteoblast differentiation. Therefore, this study was
evaluated whether CXS had stimulatory effect on
osteoblastogenesis. The mRNA and protein expression
levels of ALP and COLA1 in the CXS-H group were higher
than those in the LPS group (Figs. 5A and 5B). These results
suggest that CXS improved bone homeostasis by inhibiting
osteoclastogenesis and stimulating osteoblastogenesis in
LPS-treated rats.
CXS Improves Histological Changes
The condition of periodontal ligaments was evaluated
through H&E staining to determine whether cellular
infiltration occurred when periodontitis was induced in the
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Fig. 3. Inhibitory Effects of CXS on MAPKs and AP-1 complex in alveolar bone of LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) Protein levels of
p-JNK, p-ERK and p-p38 were detected by western blotting with specific antibodies. (B) Protein levels of p-c-Jun, c-Jun, and c-Fos were also
detected by western blotting. α-Tubulin was used as the housekeeping gene. The relative expression levels are expressed as mean ± standard
-1

-1

deviation (SD, % control). Group differences were assessed by Duncan’s multiple range tests. p < 0.01 (Control group vs. LPS group); p < 0.05
##

*

and p < 0.01 (LPS group vs. sample groups).
**

animal model. It was observed that the LPS group had an
uneven line of periodontal ligament between dentin and
alveolar bone because of cellular infiltration, while the line
in the CXS groups was recovered as the infiltration had
been ameliorated (Fig. 6A). In addition, the expression of
major periodontitis-related proteins was determined by
immunohistochemistry (Fig. 6B). The protein expression of
MMP-2, MMP-8, NFATc1, and TRAP was reduced in the
CXS-H group, compared to those in the LPS group. The
protein expression of ALP was dose-dependently upregulated by CXS, compared to that in the LPS group.
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CXS Reduces the Distance of Alveolar Bone Loss by
Improved Trabecular Spectrum
Alveolar bone loss in the animal model was measured
through 2D micro-CT imaging of the linear length between
CEJ and ABC (Fig. 7A). The distance of alveolar bone loss
in the LPS group was 1.21 ± 0.12 mm, which was 44.67%
longer than in the control group, while the distance in the
CXS-L and the CXS-H groups was 4.92% and 24.51% shorter
than that in the LPS group, respectively (Fig. 7B). In the 3D
micro-CT imaging analysis, the numerical values of BV/TV
and Tb.Th. were regained in the CXS groups by as much as
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Fig. 4. Stimulatory effect of CXS on OPG/RANKL ratio in alveolar bone of LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) mRNA levels of OPG
and RANKL were estimated using RT-PCR with β-actin as the housekeeping gene. (B) Protein levels of OPG and RANKL were measured by
western blotting with α-tubulin as the housekeeping gene. The relative expression levels are expressed as mean ± standard deviation (SD, %
-1

-1

control). Group differences were assessed by Duncan’s multiple range tests. p < 0.01 (Control group vs. LPS group); *p < 0.05 and **p < 0.01 (LPS
group vs. sample groups).
##

the values in the control group (Figs. 7C and 7D). In contrast,
the CXS groups showed a significant decline in Tb.Sp.,
which represents the spatial distance between trabecular
bones (Fig. 7E). The value of BMD in the CXS-H group was
13.83% higher than that in the LPS group (Fig. 7F).

Discussion
Periodontitis is characterized by the inflammation of
gingival tissue and alveolar bone destruction [9]. The
present study evaluated whether CXS inhibited periodontal
disease by attenuating periodontal inflammation and alveolar
bone resorption. CXS downregulated major inflammatory
factors, such as IL-1β and NF-κB in periodontal tissue
(Fig. 1); this anti-inflammatory effect might be mediated by
xanthorrhizol and other phytochemicals in C. xanthorrhiza,
such as α-pinene, camphor, and curcumin [25-27]. In
particular, C. xanthorrhiza has a high content of xanthorrhizol,

which reportedly possesses anti-inflammatory effect in
LPS-treated RAW 264.7 [28]. Therefore, the mixture of
xanthorrhizol and phytochemicals in CXS might attenuate
periodontitis by inhibiting the inflammation.
In the series of the signaling pathway, AP-1 complex
stimulates the expression of IL-1β, NF-κB, and the periodontal
ligament degradation-related enzymes, such as MMP-2
and MMP-8 [29]. MMPs degrade proteins, such as collagen,
gelatin, and elastin in the extracellular matrix. Therefore,
the overexpression of MMPs causes the destruction of
gingival fibers. In this study, MMP-2 and MMP-8 were
upregulated in the LPS group and CXS downregulated the
expression of MMPs (Fig. 1). Furthermore, the ameliorative
effect of CXS on periodontitis was supported by verifying
the histological and phenomenological changes in periodontal
tissues. Periodontal inflammation in the periodontal
ligament is followed by the overexpression of immune cells,
such as macrophages and lymphocytes, which accelerate
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Fig. 5. Stimulatory effects of CXS on osteogenesis-related markers in alveolar bone of LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) mRNA levels of ALP
and COLA1 were estimated using RT-PCR with β-actin as the housekeeping gene. (B) Protein levels of ALP and COLA1 were measured by
western blotting with α-tubulin as the housekeeping gene; the relative expression levels are expressed as mean ± standard deviation (SD, %
-1

-1

control). Group differences were assessed by Duncan’s multiple range tests. p < 0.01 (Control group vs. LPS group); *p < 0.05 and **p < 0.01 (LPS
group vs. sample groups).
##

cell infiltration. CXS attenuated the cell infiltration on the
boundary line of the periodontal ligament (Fig. 6A).
Therefore, CXS had an inhibitory effect on inflammation by
attenuating the overactivation of immune cells in the
periodontal ligament.
Persistent inflammation on the periodontium accelerates
osteoclastogenesis in which the upregulation of NFATc1 as
a transcription factor stimulates the major osteoclastic
factors, such as TRAP and cathepsin K [22, 30]. The
osteoclastic factors were overexpressed in the LPS group,
while CXS diminished the expressions of TRAP and
cathepsin K (Fig. 2). In this study, CXS inactivated MAPKs
and AP-1 complex in alveolar bone (Fig. 3). Since the
MAPKs signaling pathway contributes to occurrence of
alveolar bone loss by stimulating the heterodimerization of
AP-1 components, such as c-Jun and c-Fos [30, 31], CXS
inhibited osteoclastogenesis by blocking MAPK/AP-1
signaling pathways. In bone homeostasis, OPG, which is a
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decoy receptor of the TNF receptor family, is secreted during
osteoblast differentiation [32]. Secreted OPG binding to
RANKL inhibits osteoclastogenesis by preventing RANKL–
RANK binding, consequently, reducing osteoclastogenesis
and bone resorption [23]. CXS increased OPG expression
while decreasing RANKL expression (Fig. 4). In addition,
the ratio between OPG/RANKL was increased by CXS. It
could be explained that CXS contributed to the inhibition
of osteoclastogenesis by blocking RANKL–RANK binding
and to the remodeling of alveolar bone.
CXS could be considered to have osteoblastogenic effect.
Osteoblastogenesis is regulated by two major proteins,
ALP and COLA1 [33]. ALP is the significant biological
marker for proliferation during the differentiation of
osteoblasts, and mainly regulates bone crystallization [34].
COLA1 is a skeletal matrix protein that promotes osteoblast
differentiation and maintains bone quality [15]. In this
study, the expression of ALP and COLA1 was examined at
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Fig. 6. Effects of CXS on histological changes in LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) Histological analysis
of periodontium using H&E staining (magnification, ×200). Yellow arrow, cell infiltration; A, alveolar bone; C, connective tissue; D, dentin. (B)
Histological analysis of periodontium using immunohistochemistry (magnification, ×400). A, alveolar bone; PDL, periodontal ligament. (C)
Quantification of relative stained areas in immunohistochemistry images. The relative stained areas are expressed as mean ± standard deviation
-1

-1

(SD, % control). Group differences were assessed by Duncan’s multiple range tests. p < 0.01 (Control group vs. LPS group); *p < 0.05 and **p <
0.01 (LPS group vs. sample groups).
##
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Fig. 7. Ameliorative effect of CXS on alveolar bone loss and bone destruction in LPS-treated rats.
All the groups except control were injected with 1 mg/ml LPS every two days. Oral administration of CXS at the dose of 30 mg·kg ·day
-1

-1

(LPS+CXS-L) and 100 mg·kg ·day (LPS+CXS-H) was started after six LPS injections and daily conducted for eight days. (A) Micro-CT 2D images
and (B) quantification of the CEJ–ABC distance. Arrow, CEJ; triangle, ABC. (C) BV/TV, (D) Tb. Th., and (E) Tb. Sp., and (F) bone mineral density
(BMD) of alveolar bone covering the root of the first molar were measured using reconstructed 3D images. The alveolar bone loss and each
-1

-1

parameter are expressed as mean ± standard deviation (SD, % or μm). Group differences were assessed by Duncan’s multiple range tests. p < 0.05
#

and p < 0.01 (Control group vs. LPS group); *p < 0.05 and **p < 0.01 (LPS group vs. sample groups.
##

the molecular level (Fig. 5). The protein expression of ALP
in the CXS-H group was 259.56% higher than that in the
LPS group. This value was also 40.10% higher, compared to
that in the control group. These results represent that CXS

J. Microbiol. Biotechnol.

has a stimulatory effect on osteoblastogenesis.
Since CXS had a stimulatory effect on osteoblastogenesis
and inhibitory effect of osteoclastogenesis, the first mandible
tooth was used to evaluate the degree of alveolar bone

Anti-Periodontitis Effect of C. xanthorrhiza in an Animal Model

formation through micro-CT. Bone trabecular parameters
are determined to explain density of bone meshwork [35].
BV/TV indicates the occupied region of bone among the
whole region of tissues. Trabecular parameters represent
mandible bone morphology; Tb.Th. indicates the thickness
of the trabecula, while Tb.Sp. implies the separation
distance between trabecular bones [36]. The CXS-H group
revealed the decline of distance between CEJ and ABC
(Figs. 7A and 7B). In addition, the value of Tb.Th was
increased and that of Tb.Sp was decreased in the CXS
groups (Figs. 7D and 7E). These results indicate that the
bone loss is alleviated and bone formation occurs by CXS
treatment.
The present study demonstrated whether CXS attenuated
periodontal inflammation and alveolar bone resorption
on LPS-induced periodontitis in an animal model. CXS
significantly reduced the expression of periodontal
inflammation-related and osteoclastogenesis-related biomarkers and increased osteoblast differentiation-related
factors in LPS-treated rats; thus, CXS had three major
effects on periodontal tissue: the ability to suppress
gingival inflammation, to inhibit alveolar bone loss, and to
enhance bone formation. These pre-clinical results recommend
further studies in humans for the anti-periodontitis effect
of CXS. Collectively, CXS could be used as a natural antiperiodontitis agent in the amelioration of periodontal disease.
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