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While previous reports have established the anti-infammatory efects of hangeshashinto, the intracellular signal transduction pathways
involved have yet to be elucidated. We aim to employ an experimental system using oral cancer cells to assess the impact of
hangeshashinto on intracellular signal transduction pathways in response to stimulation by Porphyromonas gingivalis pathogen-
associatedmolecular patterns (PAMP). Hangeshashinto demonstrated the ability to inhibit the production of interleukin (IL)-6 and IL-8
induced by P. gingivalis PAMP. Furthermore, hangeshashinto suppressed the activation of the IL-6 promoter stimulated by PAMP.
Hangeshashinto, like Toll-like receptor (TLR) signaling inhibitors (resatorvid and C29) and an immunosuppressant (dexamethasone),
exhibited the ability to suppress TLR-mediated activation of the transcription factor nuclear factor-κB (NF-κB) in response to PAMP
stimulation. Tis study suggests that the anti-infammatory efects of hangeshashinto may be attributed to the inhibition of TLR signal
transduction pathways including NF-κB activation, thereby suppressing NF-κB-dependent gene expression.

1. Introduction

Kampo is a traditional Japanese medicine with its roots in
Chinese medicine. It encompasses herbal remedies and is
currently prescribed by physicians and dentists in Japan [1].
Among the various kampo medicines, hangeshashinto holds
a signifcant place and can be traced back to ancient Chinese
medical texts such as “Shang Han Lun” and “Jin Gui Yao
Lue,” compiled in the early 3rd century [2]. Hangeshashinto
consists of seven herbal extracts, including pinellia tuber,
coptis rhizome, scutellaria root, processed ginger, glycyr-
rhiza, ginseng, and jujube. It has gained approval as a pre-
scribed medicine in both Japan and China. Notably,
hangeshashinto has been increasingly prescribed in Japan
for the treatment of oral mucositis, and clinical studies
employing randomized place-bo-controlled double-blind
trials have demonstrated its efcacy in managing oral
mucositis caused by chemotherapy for colon and stomach

cancers [3]. In clinical practice, hangeshashinto is admin-
istered three times a day, with a dosage of 4.5 grams each
time for oral mucositis treatment. Our research group has
been at the forefront of investigating the anti-infammatory
efects of hangeshashinto. Specifcally, we have observed its
ability to inhibit lipopolysaccharide (LPS)-induced prosta-
glandin E2 (PGE2) production, reduce the secretion of
interleukin (IL)-6 and IL-8, suppress the activity of cyclo-
oxygenase (COX)-1 and -2, and decrease the expression of
cytosolic phospholipase (PL) A2 and LPS-induced COX-2 in
human gingival fbroblasts [4]. Subsequent in vitro [5, 6] and
in vivo experiments [7–9] have further shed light on the
underlying mechanisms by which hangeshashinto improves
oral mucositis, highlighting its anti-infammatory and an-
tibacterial properties. While previous reports have estab-
lished the anti-infammatory efects of hangeshashinto, the
intracellular signal transduction pathways involved have yet
to be elucidated. We aim to employ an experimental system
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using oral cancer cells to assess the impact of hangeshashinto
on intracellular signal transduction pathways in response to
stimulation by Porphyromonas gingivalis (P. gingivalis)
pathogen-associated molecular patterns (PAMP). P. gingivalis
is a bacterium associated with periodontitis and serves as
a reliable stimulus for IL-6 production in oral cancer cells [10].
An experimental system has been established that utilizes
P. gingivalis LPS as a model for infammation, inducing the
production of infammatory cytokines in cultured cells [11]. It
is recognized that these infammatory cytokines exert infuence
on the development of stomatitis [12]. Our study aims to
provide valuable insights into the efects of hangeshashinto on
intracellular signaling in response to P. gingivalis PAMP
stimulation, using an experimental model involving oral cancer
cells. Tis investigation will contribute to a deeper un-
derstanding of the mechanisms underlying the therapeutic
potential of hangeshashinto in managing oral mucositis and
related infammatory conditions.

2. Materials and Methods

2.1. Cell Culture. CAL27 cells (oral squamous cell carci-
noma, American Type Culture Collection, Virginia, USA)
were cultured at 37°C and 5% CO2 in Dulbecco’s Modifed
Eagle Medium (DMEM) (manufactured by Nissui Phar-
maceutical, Tokyo) containing 10% fetal bovine serum
(FBS), 100 units/ml penicillin G, and 100 μg/ml
streptomycin.

2.2. Reagents. Hangeshashinto was provided by Tsumura
(Tokyo, Japan). P. gingivalis LPS (InvivoGen, California, USA,
referred to as “PAMP” in this study) (see Imamura et al. [10]). 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and dexamethasone (Sigma-Aldrich, Missouri, USA);
resatorvid and C29 (Selleck Biotech, Kanagawa, Japan); anti-IL-
6 antibody and biotinylated anti-IL-6 antibody (Termo Fisher
Scientifc (eBioscience), Massachusetts, USA); anti-IL-8 anti-
body and biotinylated anti-IL-8 antibody (R&D Systems,
Minnesota, USA). Chemical composition analysis of hang-
eshashinto was conducted by Tsumura using three-dimensional
high-speed liquid chromatography profling (Figure 1).

2.3. MTT Assay. CAL27 cells (1× 104) were cultured for
24 hours in concentrations of 10, 100, and 1000 μg/mL of
hangeshashinto. Subsequently, the cells were cultured with
0.5mg/mL MTT for 4 hours. Ten, 0.02N HCl-isopropanol
was added to the medium to dissolve and solubilize the
formazan product completely. Samples were measured using
a Microplate Reader model 550 (Bio-Rad Labs, Inc., Her-
cules, California, USA) with dual wavelengths of 595/655 nm
(test/reference), as previously described [10].

2.4. Enzyme-Linked Immunosorbent Assays (ELISAs).
CAL27 cells (1× 104) were cultured for 24 hours in a mixture
of P. gingivalis PAMP (100 ng/mL) and hangeshashinto
(1000 μg/mL). Te levels of IL-6 in the culture medium were
measured using anti-IL-6 (1 μg/mL) and biotinylated anti-

IL-6 (0.6 μg/mL) antibodies. Te levels of IL-8 in the culture
mediumwere alsomeasured using anti-IL-8 (2.5 μg/mL) and
biotinylated anti-IL-8 (0.2 μg/mL) antibodies. Samples were
measured using a Microplate Reader model 550 with dual
wavelengths of 450/655 nm (test/reference). Te ELISA
procedure was carried out as described in the CytoSet Kit
User Manual (Termo Fisher Scientifc (BioSource)) [10].

2.5. Transfection and Luciferase Assay. One microgram of
phIL-6pro-Luc (a fusion of the human IL-6 promoter region
spanning from position 2636 to 5035 of GenBank Accession
Number NG_011640 linked to the luciferase gene (Figure
2(a)) [10], along with 0.1 μg of pRSV-β-gal (standard
plasmid), was mixed with TransIT-LT1 reagent (Mirus
Bio, Wisconsin, USA). Additionally, 1 μg of pIgκ-Luc
(Figure 3(a)) [10] and 0.1 μg of pRSV-β-gal were also mixed
with TransIT-LT1 reagent. Te mixtures were then added to
the cells (3×105), which were subsequently cultured for
24 hours. Afterward, the cells were stimulated with hang-
eshashinto (1000 μg/mL) for 24 hours, followed by stimu-
lation with P. gingivalis PAMP (100 ng/mL) for 6 hours. Te
cells were harvested and lysed. Te luciferase and
β-galactosidase activities in the lysates were measured as
previously described [10].

2.6. Statistical Analysis. Quantitative data were analyzed
using one-way analysis of variance (ANOVA). Data were
then statistically analyzed using the Tukey’s test (StatMate
software (ATMS, Chiba, Japan)). Signifcant diferences
were considered statistically signifcant at p< 0.05.

3. Results

3.1. Efect of Hangeshashinto on Viability of CAL27Cells.
We examined the impact of hangeshashinto on the viability
of CAL27 cells. CAL27 cells were subjected to a 24-hour
culture with hangeshashinto, followed by an MTT assay. As
depicted in Figure 4, the presence of hangeshashinto at
concentrations up to 1000 μg/mL did not exert any dis-
cernible infuence on the viability of CAL27 cells. Terefore,
the experiments described below were carried out with
a concentration of 1000 μg/mL hangeshashinto.

3.2. Efects of Hangeshashinto on Proinfammatory Cytokine
Production by PAMP Stimulation. CAL27 cells were cul-
tured with PAMP stimulation in the presence of hang-
eshashinto. Te amounts of IL-6 and IL-8 in the culture
medium were measured using the ELISA method. Te re-
sults indicate that PAMP stimulation signifcantly enhanced
the production of IL-6 (Figure 5(a), p< 0.001) and IL-8
(Figure 5(b), p< 0.001) in CAL27 cells. Te levels of pro-
duction approximately 2.5 times for IL-6 and approximately
3 times for IL-8 higher compared to that of unstimulated
cells. Interestingly, the presence of hangeshashinto resulted
in an approximate 60% reduction in IL-6 production in-
duced by PAMP stimulation. Tese results suggest that
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Figure 2: Continued.
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Figure 1: Tree-dimensional high-performance liquid chromatography profle of hangeshashinto (provided by Tsumura, Tokyo, Japan).
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Figure 2: (a) Schematic representation of a reporter plasmid phIL-6pro-Luc containing the IL-6 promoter linked to the luciferase gene (luc).
Putative binding sites of transcriptional factors are indicated. Plasmids of phIL-6pro-Luc and pRSV-β-gal (standard) were cotransfected into
CAL27 cells. Twenty-four hours after transfection, the cells were cultured with hangeshashinto (b), resatorvid and C29 (c), and dexa-
methasone (d) for 24 hours. Ten, the cells were stimulated with PAMP for 6 hours. Te cells were lysed, and luciferase and β-galactosidase
assays were performed. Te transcriptional activities indicated fold values of those with no stimulators. Bars represent the means and range
of triplicate samples. ∗∗∗, p< 0.001 versus stimulation with PAMP alone (one-way ANOVA with Tukey’s test).

NF-κB
pIgκ-Luc

tk pro luc

(a)

6

5

4

3

2

1

0

Re
lat

iv
e l

uc
ife

ra
se

 ac
tiv

ity

***

- + - +

PAMP

Hangeshashinto

(b)
Figure 3: Continued.

4 Evidence-Based Complementary and Alternative Medicine



hangeshashinto suppresses the production of proin-
fammatory cytokines by P. gingivalis PAMP in CAL27 cells.

3.3. Transcriptional Regulation of the IL-6 Promoter by PAMP
in the Presence of Hangeshashinto. Te efect of hang-
eshashinto on the transcriptional activity of the IL-6 pro-
moter was investigated. A reporter plasmid containing the
IL-6 promoter linked to the luciferase gene (Figure 2(a)) was
transfected into CAL27 cells. Te cells were stimulated with

PAMP in the presence or absence of hangeshashinto, and
a luciferase assay was performed. As shown in Figure 2(b),
PAMP enhanced the transcriptional activity of the IL-6
promoter, but hangeshashinto alone did not enhance it.
When CAL27 cells were stimulated with PAMP in the
presence of hangeshashinto, the level of transcriptional
activity signifcantly decreased by approximately 50%
compared to that of PAMP stimulation alone (p< 0.001).
Resatorvid and C29, Toll-like receptor (TLR) 4 and TLR2
signaling inhibitors, respectively, also signifcantly repressed
the transcriptional activity of the IL-6 promoter upon PAMP
stimulation (Figure 2(c), p< 0.001). In addition, dexa-
methasone, which is an immunosuppressant and an anti-
infammatory agent, repressed that activity (Figure 2(d),
p< 0.001). Tese results suggest that hangeshashinto in-
hibits the transcriptional activation of the IL-6 promoter via
the TLR signaling pathways.

3.4. Nuclear Factor-κB (NF-κB) Activation by PAMP with or
without Hangeshashinto. Next, the efect of hangeshashinto
on the activation of NF-κB by PAMP stimulation was in-
vestigated. An NF-κB-dependent reporter plasmid
(Figure 3(a)) was transfected into CAL27 cells. Te cells
were stimulated with PAMP in the presence or absence of
hangeshashinto, and luciferase assays were performed. As
shown in Figure 3(b), the level of NF-κB-dependent
transcriptional activation by PAMP stimulation was
approximately 4.5 times higher than that without PAMP
stimulation. When CAL27 cells were stimulated with PAMP
in the presence of hangeshashinto, the level of
transcriptional activation signifcantly decreased compared
to that in the absence of hangeshashinto (p< 0.001). Te
transcriptional activation with PAMP in the presence of
resatorvid or C29 was also signifcantly suppressed
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Figure 3: (a) Schematic representation of a reporter plasmid pIgκ-Luc containing three copies of an NF-κB binding site and the thymidine
kinase promoter (tk pro) linked to the luciferase gene (luc). Plasmids of pIgκ-Luc and pRSV-β-gal were co-transfected into CAL27 cells.
Twenty-four hours after transfection, the cells were cultured with hangeshashinto (b), resatorvid and C29 (c), and dexamethasone (d) for
24 hours. Ten, the cells were stimulated with PAMP for 6 hours. Te next procedures were performed as described in “materials and
methods.” ∗∗∗, p< 0.001 versus stimulation with PAMP alone (one-way ANOVA with Tukey’s test).
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Figure 4: Efect of hangeshashinto on survival of CAL27 cells.
CAL27 cells (1× 104) were cultured with hangeshashinto (10, 100,
and 1000 μg/mL) for 24 hours and an MTT assay was performed.
Bars represent the means and range of triplicate samples.
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compared to that with PAMP alone (Figure 3(c), p< 0.001).
Moreover, dexamethasone signifcantly suppressed the
transcriptional activation by stimulating with PAMP in
CAL27 cells (Figure 3(d), p< 0.001). Tese results suggest
that hangeshashinto inhibits NF-κB activation through the
TLR signaling pathways.

4. Discussion

Hangeshashinto which has an anti-infammatory efect is
indicated for stomatitis [5, 6]. Recent review studies have
demonstrated the high efectiveness of hangeshashinto in the
treatment of stomatitis. Currently, hangeshashinto is widely
used for preventing and treating oral mucositis [13], as it has
anti-infammatory properties. However, the anti-
infammatory mechanism of action of hangeshashinto is
not known in detail. TLR signaling induces the activation of
some transcription factors and thereby expresses various
genes. Upon binding of ligands (PAMP) to TLRs, in the
myeloid diferentiation factor 88 (MyD88)-dependent
pathway, adaptor proteins such as MyD88 and Toll/IL-1R
domain–containing adaptor inducing IFN-β (TRIF) are
recruited to TLRs [14], resulting in forming myddosome,
which contains MyD88 and interleukin 1 receptor associated
kinase (IRAK) family [15]. IRAK1 activated by autophos-
phorylated IRAK4 activates TNF receptor–associated factor
6 (TRAF6) [16]. TRAF6 signaling induces the activation of
mitogen-activated protein kinase MAPK (c-Jun N-terminal
kinase (JNK) and p38) and NF-κB [17]. Subsequently, ac-
tivator protein-1 (AP-1, dimers of FOS and JUN) and NF-κB
stimulate the expression of proinfammatory cytokines and
chemokines [18].Te present fnding showed that the NF-κB
activation through TLRs by PAMP was observed, which was
signifcantly suppressed by hangeshashinto (Figure 3(b)). A
recent study has demonstrated that orento, a traditional
Kampo medicine, can inhibit TLR signaling by blocking the

interaction between MyD88 and IRAK4, resulting in the
suppression of NF-κB activation [10]. It is tempting to
speculate that hangeshashinto might also suppress NF-κB
activation by afecting somewhere in the TLR signaling
pathway. Tis afects the gene expression of proin-
fammatory cytokines, such as IL-6. Indeed, the expression
of the IL-6 gene is regulated by NF-κB [19] (because there is
the NF-κB binding site in the IL-6 promoter (Figure 2(a)),
which is suppressed by glucocorticoids, like dexamethasone
[20] (Figures 2(d) and 3(d)). Te detailed mechanisms of
action of hangeshashinto need to be clarifed. It has been
reported that hangeshashinto inhibits PGE2 production by
IL-1β-stimulated human oral keratinocytes [9]. Tis seems
to imply that hangeshashinto suppresses NF-κB activation,
suppressing the gene expression of COX-2, the rate-limiting
enzyme for PGE2 production in the arachidonic acid cas-
cade. In fact, the COX-2 gene is expressed by the NF-κB
regulation [21]. Our fndings also showed that hang-
eshashinto represses transcriptional activation of the IL-6
promoter (containing the NF-κB binding site) by PAMP
stimulation in CAL27 cells (Figure 2(b)), thus reducing IL-6
production (Figure 5(a)). It is conceivable that hang-
eshashinto may suppress TLR signaling-mediated NF-κB
activation (Figure 3(b), see discussion above). It is well
known that the expression of various genes is dependent on
(regulated by) NF-κB. In fact, the IL-6 gene expression is
increased by NF-κB activation in Vibrio vulnifcus infection
in human peripheral blood mononuclear cells [22]. Hence,
hangeshashinto may be the traditional Kampo medicine for
(infammatory) diseases caused by IL-6 that are expressed in
the activation of NF-κB through TLRs. Hangeshashinto is
a traditional Japanese herbal formula that contains seven
medicinal herbs, including pinellia tuber, coptis rhizome,
scutellaria root, processed ginger, glycyrrhiza, ginseng, and
jujube [4]. In an in vitro experimental system using human
oral keratinocytes (HOK), it has been reported that the
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Figure 5: Efects of hangeshashinto on the production of proinfammatory cytokines in CAL27 cells by PAMP. Hangeshashinto (1000 μg/
ml) and PAMP (100 ng/ml) were added to CAL27 cells and the cells were cultured for 24 hours. Te levels of IL-6 (a) and IL-8 (b) in the
culture media were measured by ELISAs. ∗∗∗, p< 0.001 versus stimulation with PAMP alone (one-way ANOVA with Tukey’s test).
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expression of the COX-2 gene is suppressed by baicalin and
berberine, which are constituents of scutellaria root. Ad-
ditionally, it is suggested that wogonin, another component
of scutellaria root, inhibits the MAPK pathway and sup-
presses the transcription factor activation factor NF-κB [9].
Animal studies have suggested that constituents of hang-
eshashinto, such as baicalin from scutellaria root and
berberine from coptis rhizome, may have anti-
infammatory efects by suppressing the production of
pro-infammatory cytokines [23]. Moreover, hang-
eshashinto has been reported to ameliorate chemotherapy-
induced oral mucositis by reducing oxidative stress and
inhibiting the expression of infammatory mediators [23].
Further research is needed to elucidate the molecular
mechanisms underlying the pharmacological efects of
hangeshashinto. In recent years, we conducted a random-
ized double-blind placebo-controlled trial of hang-
eshashinto in 16 patients with head and neck cancer who
developed oral mucositis due to chemical radiation ther-
apy. Te trial demonstrated that gargling with hang-
eshashinto shortened the healing time of oral mucositis and
reduced the severity of mucositis grade [24]. In addition,
a study involving 22 terminally ill cancer patients reported
that hangeshashinto improved oral dryness and may
prevent the development of oral mucositis [25]. Notably, in
addition to its anti-infammatory efects, hangeshashinto
has been reported to selectively inhibit the growth of Gram-
negative bacteria, demonstrating potential antibacterial
properties [26]. Te importance of prevention has been
recognized in traditional Chinese medicine for over
2000 years, as evidenced by the statement “a wise man
treats the disease before it occurs” inTe Yellow Emperor’s
Classic of Medicine. In Oriental medicine, the term “pre-
disease” refers to a state of mild symptoms that do not
progress to full-blown disease [27]. Terefore, the anti-
infammatory efects of kampo medicine may be viewed as
a means of preventing pre-disease from progressing to full-
blown disease.

5. Conclusions

In conclusion, this study suggests that the anti-infammatory
efects of hangeshashinto may be attributed to the inhibition
of TLR signal transduction pathways including NF-κB ac-
tivation, thereby suppressing NF-κB-dependent gene
expression.
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PAMP: Pathogen-associated molecular patterns
NF-κB: Nuclear factor-κB
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IL: Interleukin
COX: Cyclooxygenase
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TRIF: Toll/IL-1R domain–containing adaptor
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IRAK: Interleukin 1 receptor-associated kinase
TRAF6: TNF receptor-associated factor 6
MAPK: Mitogen-activated protein kinase
JNK: c-Jun N-terminal kinase
AP-1: Activator protein-1.
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