
Article

Effects of Syo-seiryu-to and Its Constituent Crude Drugs on
Phorbol Ester-Induced Up-Regulation of IL-33 and Histamine
H1 Receptor mRNAs in Swiss 3T3 and HeLa Cells

Seiichi Nakano 1, Sayaka Yamamoto 2, Takako Esu 2, Shiho Naniwa 2, Yuki Konishi 2, Tomoharu Wakugawa 2,
Yoshiaki Kitamura 1, Tatsuya Fujii 1, Seiichiro Kamimura 1, Hiroyuki Fukui 3,4, Noriaki Takeda 1 and
Hiroyuki Mizuguchi 4,*

����������
�������

Citation: Nakano, S.; Yamamoto, S.;

Esu, T.; Naniwa, S.; Konishi, Y.;

Wakugawa, T.; Kitamura, Y.; Fujii, T.;

Kamimura, S.; Fukui, H.; et al. Effects

of Syo-seiryu-to and Its Constituent

Crude Drugs on Phorbol

Ester-Induced Up-Regulation of IL-33

and Histamine H1 Receptor mRNAs

in Swiss 3T3 and HeLa Cells. Allergies

2021, 1, 163–175. https://doi.org/

10.3390/allergies1030015

Academic Editor: Pierre Rougé

Received: 16 June 2021

Accepted: 3 August 2021

Published: 9 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Departments of Otolaryngology, Institute of Biomedical Sciences, Tokushima University Graduate School,
Tokushima 770-8503, Japan; 5571nakano@gmail.com (S.N.); ykitamura@tokushima-u.ac.jp (Y.K.);
tatsu@train.ocn.ne.jp (T.F.); seiichiro0527@yahoo.co.jp (S.K.); takeda@tokushima-u.ac.jp (N.T.)

2 Departments of Molecular Pharmacology, Institute of Biomedical Sciences, Tokushima University Graduate
School, Tokushima 770-8503, Japan; c400803031@tokushima-u.ac.jp (S.Y.);
c401531022@tokushima-u.ac.jp (T.E.); c401203071@tokushima-u.ac.jp (S.N.);
c401303062@tokushima-u.ac.jp (Y.K.); c401741003@tokushima-u.ac.jp (T.W.)

3 Medical Corporation Kinshukai, Osaka 558-0011, Japan; hfukui@tokushima-u.ac.jp
4 Laboratory of Pharmacology, Faculty of Pharmacy, Osaka Ohtani University, Osaka 584-8540, Japan
* Correspondence: mizuguhiro@osaka-ohtani.ac.jp

Abstract: Syo-seiryu-to (SST) is a traditional herbal medicine that has been used clinically to treat
allergic rhinitis (AR) in Japan. SST improves acute symptoms, such as sneezing and rhinorrhea, as
well as chronic symptoms, such as nasal obstruction, in patients with AR. However, its therapeutic
mechanisms remain unknown. We examined the effects of SST and eight constituent crude drugs
on phorbol 12-myristate-13-acetate (PMA)-induced gene up-regulation of IL-33 and histamine H1

receptor (H1R), which are responsible for the pathogenesis of AR. We found that SST and its crude
drugs, except for Pinellia tuber, significantly and dose-dependently suppressed PMA-induced both
IL-33 and H1R mRNA up-regulation in vitro. The half-maximal inhibitory concentration values of
the seven crude drugs to inhibit PMA-induced IL-33 mRNA up-regulation were correlated with
those related to H1R mRNA up-regulation, suggesting that they act on a common signal molecule.
These results suggest that SST improves nasal congestion that is induced by IL-33-related eosinophil
infiltration and inhibits sneezing and rhinorrhea that are induced by H1R-mediated histamine
signaling in the nasal mucosa of AR patients through its inhibition of a common molecule in the
gene expression pathways of IL-33 and H1R. The results could explain the advantages of traditional
herbal medicine, in which mixing various crude drugs not only acts on a common target to enhance
its pharmacological action, similar to the effect of a high concentration of a single crude extract but
also has the benefit of reducing the side effects of each crude drug.
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1. Introduction

Syo-seiryu-to (SST) is a traditional herbal medicine that has been used clinically in
Asian countries including Japan for the treatment of allergic diseases such as allergic rhinitis
(AR) and asthma [1]. SST improves acute symptoms, such as sneezing and rhinorrhea,
as well as chronic symptoms, such as nasal obstruction, in patients with AR. The anti-
allergic activities of SST include inhibition of histamine release from rat peritoneal mast
cells [2], reduction of serum IgE levels in AR patients [3,4], modulation of Th1- and/or Th2-
cytokines in CD4+ T cells in mice [5–7], and inhibition of airway eosinophil infiltration and
blood eosinophil counts in mice [8,9]. Previously, we reported that SST suppressed nasal
symptoms and gene expression of histamine H1 receptor (H1R), histidine decarboxylase
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(HDC), and Th2-cytokines including interleukin (IL)-4 and -5, in the nasal mucosa of AR
model rats [10]. However, these pharmacological effects of SST reported are mainly for
acute symptoms, and the underlying mechanisms for the chronic symptoms of SST remain
to be elucidated.

The IL-33 gene was identified as a gene responsible for asthma in two large inter-
national joint studies [11,12]. IL-33 is expressed in Th2 cells, mast cells, basophils, and
eosinophils. Since IL-33 stimulates these cells to produce Th2-cytokines, such as IL-5 and IL-
13, it is suggested that IL-33 plays an important role in allergic reactions [13–17]. Recently,
it was reported that levels of IL-33 in the blood and gene expression of IL-33 in the nasal
mucosa of AR patients were elevated compared to those in healthy participants [18,19].
Therefore, it is suggested that IL-33 up-regulation is involved in the development of
AR [20,21].

Histamine is a key chemical mediator of AR. IgE-mediated histamine release from
mast cells in response to allergens stimulates H1R on nasal trigeminal nerve endings
to cause nasal symptoms including sneezing and watery rhinorrhea in AR patients [22].
Levels of H1R mRNA have been reported to be up-regulated in the nasal mucosa of patients
with AR [23,24]. In our previous study, we found that histamine increased the expression
of H1R mRNA in HeLa cells [25,26] and that the gene expression levels of H1R in the nasal
mucosa were correlated with the severity of nasal symptoms in AR patients [27,28]. Taken
together, these results suggest that IL-33 and H1R gene up-regulation in the nasal mucosa
leads to the exacerbation of nasal symptoms in patients with AR.

In the present study, to clarify the anti-allergic actions of SST, we first examined
whether SST suppresses PMA-induced IL-33 and H1R mRNA up-regulation in Swiss
3T3 cells and HeLa cells, respectively, because phorbol 12-myristate-13-acetate (PMA)
increases the expression levels of IL-33 mRNA in Swiss 3T3 cells [29] and H1R mRNA in
HeLa cells [25]. Since SST is composed of eight crude drugs, we then examined whether
each constituent crude drug of SST suppresses PMA-induced IL-33 and H1R mRNA up-
regulation. We showed that SST and its crude drugs except for Pinellia tuber suppressed
PMA-induced up-regulation of IL-33 mRNA and H1R mRNA. The half-maximal inhibitory
concentration (IC50) values of the seven crude drugs to inhibit PMA-induced IL-33 mRNA
up-regulation were correlated with PMA-induced H1R mRNA up-regulation.

2. Materials and Methods
2.1. Preparation of Hot Water Extracts from Syo-seiryu-to (SST) and Its Crude Drugs

SST was kindly gifted by Tsumura and Co., Tokyo, Japan. Its components: Ephedra
herb, cinnamon bark, processed ginger, Asiasarum root, peony root, Schisandra fruit,
Glycyrrhiza, and Pinellia tuber were purchased from Tsumura. SST or its crude drugs (27 g
each) was added to 375 mL of distilled water and stand for 1 h at room temperature. After
that, the mixture was boiled for 2 h and then filtered twice to remove insoluble materials.
The supernatant was centrifuged and the obtained supernatant was freeze-dried and kept
at −30 ◦C until used. The freeze-dried extract was re-dissolved in water on the day of
the experiments. The yield of freeze-dried SST extract was 59% (w/w) and those of crude
drugs were dependent on the crude drugs and around 50–80% (w/w).

2.2. Cell Culture

Swiss 3T3 cells that endogenously expressed IL-33 were cultured in Dulbecco’s Modi-
fied Eagle’s medium (Gibco, Grand Island, NY, USA) containing 10% fetal bovine serum
(FBS) (Sigma, St. Louis, MO, USA) and antibiotics (10,000 Units/mL penicillin G sodium,
10 mg/mL streptomycin sulfate salt) at 37 ◦C under a humidified atmosphere of 5% CO2
and 95% air. After reaching approximately 90% confluence, the medium was replaced with
starvation medium (FBS 0.5%) and cultured for an additional 24 h before mRNA determina-
tion. HeLa cells that endogenously expressed H1R were cultured in MEM-alpha medium
(Gibco) containing 8% FBS (Sigma) and antibiotic-antimycotic (Gibco) at 37 ◦C and 5% CO2
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incubator. After reaching about 90% confluence, the media was replaced with FBS-free
media and cultured for an additional 24 h before being subject to the mRNA determination.

2.3. Reverse Transcription

Cells were pretreated with extracts from SST and each crude drug for 12 h before PMA
treatment. After treatment with 100 nM PMA for 3 h, the cells were washed several times
with Ca2+- and Mg2+-free PBS (PBS [–]) at 37 ◦C. The cells were harvested with 700 µL
of RNAiso Plus (Takara Bio Inc., Kyoto, Japan), mixed with 210 µL of chloroform, and
centrifuged at 15,000 rpm for 15 min at 4 ◦C. The aqueous phase, including RNA, was
collected, and the RNA was precipitated by the addition of isopropanol. After centrifuga-
tion at 15,000 rpm for 15 min at 4 ◦C, the resulting RNA pellets were washed with 0.5 mL
of ice-cold 75% ethanol at −20 ◦C. After centrifugation at 15,000 rpm for 15 min at 4 ◦C,
diethyl pyrocarbonate (DEPC)-treated water (DEPC-water) was added to the resulting
pellets to prepare RNA solutions. The total RNA concentrations and purity of each sample
were measured using the spectrophotometer (Nanodrop ND-1000, Thermo Fisher Scientific,
Waltham, MA, USA). The RNA solution and DEPC-water were added to the sample tube
so that the total RNA was equivalent to 1.0 µg. The total volume of the solution was set
to 5 µL. Using the PrimeScript® RT reagent kit (Takara Bio Inc.), a reverse transcription
reaction with a thermal cycler (T3000 thermocycler, Biometra, Göettingen, Germany) was
performed to obtain cDNA.

2.4. Real-Time Quantitative RT-PCR

Reagents containing Premix Taq (Probe qPCR) (Takara Bio Inc.) were mixed to
prepare 20 µL of reaction solution per well of a MicroAmp Optical 96-well Reaction
Plate (Applied Biosystems, Foster City, CA, USA). The PCR reaction was conducted us-
ing a Sequence Detector (Gene Amp 7300 Sequence Detection System, Applied Biosys-
tems), the amplification curve of the PCR product was detected in real-time and anal-
ysis and quantification were performed using Sequence Detection software. The se-
quences of the primers and probe were as follows: a forward primer for human H1R,
5′-CAGAGGATCAGATGTTAGGTGATAGC-3′; a reverse primer for human H1R, 5′-AGCG
GAGCCTCTTCCAAGTAA-3′; and probe, FAM-CTTCTCTCTCGAACGGACTCA
GATACCACC-TAMRA. Mouse IL-33 primers and a probe kit (Mm00505403_m1, Ap-
plied Biosystems) were used for the determination of mouse IL-33 mRNA levels. The
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an internal standard to correct for differences in RNA purity and reverse transcription
efficiency, which are the main factors responsible for the fluctuation in quantitative RT-PCR.
Theoretically, the expression of GAPDH does not change due to environmental condi-
tions, such as cell activation or proliferation, and the expression level is considered to be
always constant. The human GAPDH primer and probe kit (Pre-Developed TaqMan Assay
Reagents Control Kit (human GAPDH), Applied Biosystems) was used to determine the
human GAPDH mRNA levels. Mouse GAPDH primer and probe kit (TaqMan Rodent
GAPDH Control Reagent, Applied Biosystems) was used to determine the mouse GAPDH
mRNA levels. Several experiments were conducted using cells with different passage
numbers and determined the suitable dose to calculate IC50 values. The final data were
obtained from the latest experiments using the cells with the same passage number and
used for statistical analysis.

2.5. Statistical Analysis

The results are shown as means ± SEM. Data were analyzed using GraphPad Prism
software (GraphPad Software, Inc., San Diego, CA, USA). A one-way ANOVA followed by
Dunnett’s multiple comparison test was used for statistical analysis. Statistical significance
was set at p < 0.05.
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3. Results
3.1. Effect of SST on PMA-Induced IL-33 and H1R Gene Up-Regulation

Stimulation with PMA significantly increased IL-33 mRNA levels in Swiss 3T3 cells
(Figure 1A). The hot water extract of SST significantly and dose-dependently suppressed
PMA-induced up-regulation of IL-33 mRNA in Swiss 3T3 cells (Figure 1A). H1R gene
up-regulation in response to PMA was observed in HeLa cells (Figure 1B). The hot water
extract of SST significantly and dose-dependently suppressed PMA-induced up-regulation
of H1R mRNA in HeLa cells (Figure 1B).
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Figure 1. Effect of SST on PMA-induced up-regulations of IL-33 mRNA in Swiss 3T3 cells (A) and H1R mRNA in HeLa
cells (B). The hot water extract of SST was incubated for 12 h before stimulation with 100 nM PMA. After stimulation with
PMA for 3 h, the cells were harvested, and total RNA was prepared. IL-33 and H1R mRNA levels were determined using
quantitative RT-PCR. Data are expressed as means ± SEM (n = 3–4). ## p < 0.01 vs. control; ** p < 0.01, vs. PMA.

3.2. Effect of Constituent Crude Drugs of SST on PMA-Induced Up-Regulation of IL-33 and H1R
Gene Expression

SST is composed of eight crude drugs: Ephedra herb, cinnamon bark, processed
ginger, Asiasarum root, peony root, Schisandra fruit, Glycyrrhiza, and Pinellia tuber. Thus,
we next investigated whether each constituent crude drug of SST suppresses PMA-induced
IL-33 and H1R mRNA up-regulation in Swiss 3T3 cells and HeLa cells, respectively. The hot
water extracts from Ephedra herb, cinnamon bark, processed ginger, Asiasarum root, peony
root, Schisandra fruit, and Glycyrrhiza significantly and dose-dependently suppressed
PMA-induced IL-33 mRNA up-regulation in Swiss 3T3 cells (Figure 2A–G). These extracts
also significantly and dose-dependently suppressed PMA-induced H1R gene up-regulation
in HeLa cells (Figure 3A–G). However, Pinellia tuber did not suppress PMA-induced up-
regulation of IL-33 or H1R mRNAs (Figures 2H and 3H).

3.3. IC50 of Constituent Crude Drugs of SST to Inhibit PMA-Induced Up-Regulation of IL-33 and
H1R Gene Expression

The IC50 values of Ephedra herb, cinnamon bark, processed ginger, Asiasarum root,
peony root, Schisandra fruit, and Glycyrrhiza to inhibit PMA-induced IL-33 and H1R
mRNA up-regulation were calculated (Table 1). The IC50 values of Ephedra herb, cinnamon
bark, processed ginger, Asiasarum root, peony root, Schisandra fruit, and Glycyrrhiza to
inhibit up-regulation of IL-33 mRNA were correlated with those related to up-regulation of
H1R mRNA (r = 0.964, p < 0.01; Figure 4). These results suggest that the active compound
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in each crude drug acts on a common signal molecule involved in the pathways of IL-33
and H1R gene expression.
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Figure 2. Cont.
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Figure 2. Effects of eight crude drugs of SST on PMA-induced up-regulation of IL-33 mRNA. Swiss 3T3 cells were treated
with Ephedra herb (A), cinnamon bark (B), processed ginger (C), Asiasarum root (D), peony root (E), Schisandra fruit (F),
Glycyrrhiza (G), and Pinellia tuber (H) for 12 h before stimulation with 100 nM PMA. After stimulation with PMA for 3 h,
the cells were harvested, and total RNA was prepared. IL-33 mRNA levels were determined using quantitative RT-PCR.
Data are expressed as means ± SEM (n = 3–4). ## p < 0.01 vs. control; * p < 0.05, ** p < 0.01 vs. PMA.
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Figure 3. Cont.
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Figure 3. Effects of eight crude drugs of SST on PMA-induced up-regulation of H1R mRNA. HeLa cells were serum-starved
for 24 h and treated with Ephedra herb (A), cinnamon bark (B), processed ginger (C), Asiasarum root (D), peony root (E),
Schisandra fruit (F), Glycyrrhiza (G), and Pinellia tuber (H) for 12 h before stimulation with 100 nM PMA. After stimulation
with PMA for 3 h, the cells were harvested, and total RNA was prepared. H1R mRNA levels were determined using
quantitative RT-PCR. Data are expressed as means ± SEM (n = 3–4). ## p < 0.01 vs. control; * p < 0.05, ** p < 0.01 vs. PMA.

Table 1. Comparison of IC50 values of SST and its crude drugs to inhibit the IL-33 gene up-regulation
with those related to H1R gene up-regulation.

Crude Drugs IC50 Values to Inhibit IL-33
Gene Expression (mg/mL)

IC50 Values to Inhibit H1R
Gene Expression (mg/mL)

SST 2.75 2.98
Ephedra herb 0.093 0.0047

Cinnamon bark 0.064 0.062
Processed ginger 0.92 1.01
Asiasarum root 1.32 2.20

Peony root 0.44 0.49
Schisandra fruit 1.64 2.75

Glycyrrhiza 0.29 0.28
Pinellia tuber NO * NO *

* no inhibition.
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3.4. Effects of Inhibitors of the H1R Gene Expression Signaling Pathway on PMA-Induced IL-33
Gene Up-Regulation

We have shown that the protein kinase Cδ (PKCδ)/heat shock protein 90 (Hsp90)/ERK
/poly(ADP-ribose)polymerase-1 (PARP-1) signaling pathway is involved in PMA-induced
H1R gene up-regulation in HeLa cells [26]. We also reported that quercetin, (±)-maackiain,
U0126, 17-(allyl-amino)-17-demethoxygeldanamycin (17-AAG), and celastrol suppressed
H1R gene expression via PKCδ inhibition, disruption of the PKCδ–Hsp90 interaction, MEK
inhibition, and the inhibition of Hsp90 ATPase activity, respectively [26,30]. MEK inhibition
subsequently inhibited ERK activation.

Since IL-33 mRNA was up-regulated in response to PMA, in the present study, we
investigated the effect of these compounds on PMA-induced IL-33 gene up-regulation in
Swiss 3T3 cells. These compounds suppressed PMA-induced up-regulation of IL-33 gene
expression in Swiss 3T3 cells (Figure 5), suggesting that PKCδ, Hsp90, MEK, and ERK,
which are involved in H1R gene expression signaling, are also involved in the IL-33 gene
expression signal pathway.
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Figure 5. Effects of inhibitors of the H1R gene expression signaling pathway on PMA-induced IL-33 gene up-regulation.
Swiss 3T3 cells were treated with quercetin (A), (±)-maackiain (B), U0126 (C), 17-AAG (D), and celastrol (E) for 12 h before
stimulation with 100 nM PMA. After stimulation with PMA for 3 h, the cells were harvested, and total RNA was extracted.
IL-33 mRNA levels were determined using quantitative RT-PCR. Data are expressed as means ± SEM (n = 3–4). ## p < 0.01
vs. control; ** p < 0.01 vs. PMA.

4. Discussion

In the present study, we showed that SST suppressed PMA-induced IL-33 mRNA
and H1R mRNA up-regulation in Swiss 3T3 cells and HeLa cells, respectively. We used
Swiss3T3 cells and HeLa cells in this study. HeLa cells are not relevant cells to allergic
reactions. We have not identified H1R-expressing cells in the nasal mucosa, however, it
was reported that the expression level of H1R was marked in patients with nasal allergy
than those with non-allergic rhinitis, and H1R-immunoreactivity was found in epithelial
cells and vascular endothelial cells [31]. Therefore, HeLa cells are one of the candidates
responsible for histamine-induced H1R gene up-regulation, because they are derived from
cervical cancer cells arising in epithelial cells. We demonstrated that histamine/PMA
stimulation up-regulated H1R gene expression and the PKCδ/ERK signaling pathway was
involved in this gene up-regulation [25,26]. The involvement of PKC/ERK signaling in
nasal epithelial cells was also reported [32,33]. From these results, it is considered that
HeLa cells can be used for the mechanistic studies of H1R gene up-regulation. This is
the reason why we used HeLa cells in this study although they are not representative of
typical target cells involved in allergic reactions. It was reported that IL-33 was expressed
in epithelial cells, endothelial cells, and fibroblasts [34]. Therefore, HeLa cells can be used
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for the investigation of IL-33 gene expression signaling. Indeed, IL-33 gene up-regulation
was induced by PMA stimulation (data not shown). However, we have demonstrated
that the expression level of IL-33 mRNA did not relate to that of H1R mRNA in the nasal
mucosa of AR patients (29). Thus, it is likely that IL-33-expressing cells are different from
the H1R-expressing cells. This is the reason why we used Swiss3T3 cells but not HeLa
cells for the IL-33 study. We have shown that activation of the gene expression signaling
pathways for H1R and IL-33 gene followed by the elevation of their mRNA levels are
responsible for the pathogenesis of AR [27,28]. However, changes in mRNA levels are
often not reflected at protein levels. We have reported that histamine or PMA stimulation
increased H1R at both mRNA and protein levels in HeLa cells [25]. However, we have
no data demonstrating the correlation between IL-33 mRNA level and IL-33 protein level.
Further studies are required and are under investigation in our laboratory.

Reportedly, IL-33 induces the production of IL-5, which is involved in eosinophil
infiltration [13,35]. We previously showed that the expression level of nasal mucosal IL-33
mRNA was correlated positively with the number of blood eosinophils in patients who
suffered from Japanese cedar pollinosis [29]. Moreover, Haenuki et al. reported that the
infiltration of eosinophils in the nasal mucosa induced by ragweed pollen stimulation was
suppressed in IL-33-deficient sensitized mice [19]. Since we previously reported that SST
suppressed IL-5 mRNA up-regulation in the nasal mucosa of AR model rats [10], these
results suggest that SST suppresses IL-5 mRNA up-regulation through the suppression
of IL-33 mRNA up-regulation, leading to inhibition of eosinophil infiltration in the nasal
mucosa. Since eosinophil infiltration in the nasal mucosa is associated with nasal congestion
symptoms [22], it is further suggested that SST inhibits eosinophil infiltration in the nasal
mucosa to improve nasal obstruction in patients with AR [3].

SST also suppressed H1R gene up-regulation induced by PMA in HeLa cells. It
was reported that nasal mucosal H1R gene expression was up-regulated in AR patients.
Furthermore, we have shown that gene expression levels of H1R in the nasal mucosa
were correlated positively with the severity of sneezing and rhinorrhea in patients with
pollinosis [27]. We also reported that SST suppressed nasal mucosal H1R mRNA up-
regulation as well as sneezing in AR model rats [10]. Since IgE-mediated histamine
release from mast cells in response to the specific allergens stimulates H1R on nasal
trigeminal nerve endings to cause nasal symptoms in AR patients [22], it is suggested that
SST suppresses nasal mucosal H1R gene up-regulation to inhibit sneezing and watery
rhinorrhea in patients with AR [3]. All these findings suggest that SST not only inhibits
sneezing and rhinorrhea induced by histamine signaling in the acute phase reaction with its
ability to inhibit the nasal mucosal H1R gene up-regulation but also improves nasal mucosal
swelling induced by eosinophil infiltration in the chronic phase reaction with its ability
to inhibit the nasal mucosal IL-33 gene up-regulation in AR patients. SST is composed of
eight crude drugs, Ephedra herb, cinnamon bark, processed Ginger, Asiasarum root, peony
root, Schisandra fruit, Glycyrrhiza, and Pinellia tuber. Among them, seven constituent
crude drugs, except Pinellia tuber, suppressed PMA-induced both IL-33 and H1R mRNA
up-regulation. As SST and its crude drugs target signaling molecules responsible for IL-33
or H1R gene expression signaling pathways, it is speculated that SST and its crude drugs
suppress the basal mRNA level of these genes. In Figure 1A, SST (4.09 mg/mL) showed
mRNA level below the control level, suggesting the suppression of basal mRNA expression.
In crude drugs, Ephedra herb, cinnamon bark, processed ginger, peony root, Schisandra
fruit, and Glycyrrhiza suppressed PMA-induced up-regulation of IL-33 and/or H1R mRNA
expression below the control level (data not shown), suggesting these crude drugs also
suppress the basal mRNA expression. We think that Asiasarum root also suppresses basal
mRNA expression because 3 mg/mL of this crude drug suppressed PMA-induced up-
regulation of IL-33 mRNA expression to the control level (1.17 ± 0.098 fold of the control)
although we have no experimental data using over 3 mg/mL of extract from Asiasarum
root. H1R and IL-33 genes were allergic-diseases sensitive genes and keeping these gene
expression levels low are effective for improving nasal symptoms. In this context, this



Allergies 2021, 1 173

“inverse agonist-like activity” of SST and its crude drugs is very important to suppress
basal mRNA levels of IL-33 and H1R.

The IC50 values of the seven crude drugs to inhibit the IL-33 mRNA up-regulation
were correlated with those related to the H1R mRNA up-regulation. We previously demon-
strated that PKCδ/Hsp90/ERK/PARP-1 signaling pathway is involved in the H1R mRNA
up-regulation [24,25]. Studies using inhibitors of the H1R gene expression signaling path-
way suggest that PKCδ, Hsp90, MEK, and ERK, which are involved in H1R gene expression
signaling, are also involved in the up-regulation of IL-33 gene expression signaling. Thus,
it is suggested that the suppressive effect of SST and its seven crude drugs was through
the inhibition of common signaling molecules involved in both IL-33 and H1R gene up-
regulation. All these findings suggest that SST was combined with seven multiple crude
drugs with a strategy of mixing their common effects of the suppression of both IL-33
and H1R gene expression, thus leading to additive anti-allergic actions with fewer side
effects. According to the data in Table 1, it seems that much higher concentrations of SST
are needed to inhibit PMA-induced upregulation of IL-33 and H1R when compared to the
individual crude drugs, especially Ephedra herb and cinnamon bark. As the proportion
of 8 crude drugs in SST are Ephedra herb (11%), cinnamon bark (11%), processed ginger
(11%), Asiasarum root (11%), peony root (11%), Schisandra fruit (11%), Glycyrrhiza (11%),
and Pinellia tuber (22%), 2.5 mg of SST contains approximately 0.25 mg each of Ephedra
herb, Cinnamon bark. These amounts were the in same order of IC50 values of these crude
drugs, suggesting that the contribution of these crude drugs to the suppressive effect of
SST is high. Since the IC50 values of other crude drugs are large, it is considered that
the contribution of these crude drugs to the suppressive effect of SST is low. In addition,
since the hot water extract of the crude drugs contains many compounds that positively
or negatively affect IL-33 and H1R gene expression, it is considered that the sum of these
complex effects shows the suppressive effect of SST. From these facts, it is difficult to simply
compare the suppressive effects of SST and crude drugs using only IC50 values.

In addition, it was reported that Schisandra fruit, a crude drug of SST, that improves
liver function and Glycyrrhiza, another crude drug, that has an anti-gastric ulcer effect can
prevent the development of possible side effects from other crude drugs [36,37]. Pinellia
tuber, the remaining crude drug of SST, did not affect the IL-33 and H1R gene up-regulation.
However, it is possible that Pinellia tuber has other anti-allergic actions, because it was re-
ported to suppress Th2 cytokines, such as IL-4, -5, and -13, as well as eosinophil infiltration,
IgE, and histamine in the airway [38].

5. Conclusions

In conclusion, the present results suggest that SST and its crude drugs alleviate both
acute and chronic symptoms of AR by inhibiting both H1R and IL-33 gene expressions,
mainly through inhibition of the common molecule in their gene expression pathways
responsible for the pathogenesis of AR. In general, traditional herbal medicines are pre-
scribed as mixtures of multiple crude drugs. Although the chemical composition and
pharmacological profiles of the crude drugs are still not fully defined at present and, there-
fore, require further investigations, the results could explain the advantages of traditional
herbal medicine, in which mixing various crude drugs not only acts on a common target to
enhance its pharmacological action, similar to the effect of a high concentration of a single
crude extract but also has the benefit of reducing the side effects of each crude drug.
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