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Although Sho-seiryu-to (SST), used as a traditional herbal (Kampo) medicine mainly in China
and Korea, is shown to have immunomodulating potential, such as an anti-allergic one, its underlying
mechanism has not been completely clarified. To partially address the issue, we explored its effects on
allergen-exposed mononuclear cells. Male balb/c mice were intraperitoneally administered ovalbumin
(OVA: 20 pg) plus alum or vehicle twice (Day 0 and Day 14). At Day 21, mice were sacrificed and
splenocytes (mononuclear cells) were isolated and cultured in the presence or absence of OVA with
or without SST. Thereafter, helper T-related cytokines in the culture supernatants were evaluated by
means of ELISA. Protein level of interferon-y was lower than 5.0 pg/mL in the supernatants from OVA-
non-exposed or -exposed mononuclear cells in the presence or absence of OVA stimulation. On the other
hand, SST induced the cytokine from both types of mononuclear cells in the presence (P < 0.05) or
absence of OVA stimulation as compared to corresponding control. By contrast, interleukin (IL)-4 level
tended to be decreased by SST in OVA-non-exposed mononuclear cells as did IL-13 in both non-exposed
and exposed mononuclear cells as compared to vehicle. In conclusion, immunoregulating efficacy by
SST on allergy-prone subjects may include, at least in part, restoring helper T balance mainly through

hyperproduction of IFN-y against mononuclear cells such as lymphocytes.

The prevalence of allergic disorders has rapidly
increased, especially in urban areas, over the past
decades (1). Although it has not been directly
correlated with a fatal outcome, the irritable
symptoms reduce labor effectiveness and the
quality of life of patients and the economic burden
of this condition accounts for some rates (2, 3).
Mechanistically, T helper 2 response and consequent
IgE-mediated pathobiology in mast cells/basophils
could be largely involved in the development of
allergic diseases, therefore, its treatment has generally

focused on suppressing these cellular and molecular
processes, which represent antihistamines, steroids,
and thromboxane A2 and leukotriene receptor
antagonists. However, long-term use of these drugs
can evoke adverse health reactions such as weight
gain and liver damage, as well as antihistamine- and
steroid-related reactions; thus, alternative therapeutic
approach strategy, possibly in combination with
these previous treatments, is required to minimize
these reactions.

A herbal (Kampo) medicine, Sho-seiryu-to (SST),
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has long been prescribed for supportive/complement
therapy against allergic diseases as well as stressful
pathologic conditions such as inflammation,
cough, and pain etc. Its pharmaceutical efficacy
is shown in clinical in vivo, and in vitro studies
(4, 5). Nonetheless, its underlying mechanism
regarding imunomodulating potential, including
the anti-allergic one, has not been fully clarified,
particularly in terms of its targeting points in allergic
immunological processes.

The aim of the present study was to explore its in
vitro action on allergen-exposed mononuclear cells
by means of an ex vivo assay.

MATERIALS AND METHODS

Animals

Seven-week-old balb/c male mice weighing 24-27 g
were purchased from SLC Japan Inc., (Shizuoka, Japan)
and were given sterile distilled water and a commercial
diet (Labo MR Stock; Nosan Corporation Life-Tech
Department., Yokohama, Japan) ad libitum. They were
housed under conventional conditions in an animal
facility that was maintained at 24-26°C with 55-75%
humidity and a 12-h light/dark cycle. All animal studies
were approved by the Institutional Review Board of
International University of Health and Welfare.

Reagent

The SST preparation used was a dry brown powder
of the aqueous extract of Sho-seiryu-to (Tsumura &
Co., Tokyo, Japan). SST (0.1 g/mL) was suspended in
a phosphate-buffered saline (PBS, Gibco-Invitrogen,
Carlsbad, CA, USA).

Preparation of mononuclear cells (spleen cells)

Mice were intraperitoneally administered ovalbumin
(OVA: 20 pg/mouse) plus alum or vehicle twice (Day 0 and
Day 14). At Day 21, mice were anesthetized with sodium
pentobarbital (Dainippon Pharmaceutical Co., Osaka,
Japan) given intraperitoneally (50 mg/kg), and the spleens
were removed. After removal, the spleens were pushed
through a nylon mesh and red blood cells were lysed with
ammonium chloride. The cells were centrifuged at 400°g
for 5 min at 20°C. After washing with PBS, the cells were
resuspended with AUM V medium (Gibco-Invitrogen).
The numbers of viable cells were determined by the trypan
blue (Invitrogen, CA, USA) exclusion method.

Measurement of cytokine production by mononuclear
cells (spleen cells)
Levels of interferon (IFN)-y and interleukin (IL)-4,

IL-5, and IL-13 produced by mononuclear cells (spleen
cells) were measured as previously described with slight
modification (6). The mononuclear cells (5 " 10° cells /mL)
from normal or antigen-immunized mice were suspended
in an AIM V culture medium (Gibco-Invitrogen) and then
cultured in the presence or absence of OVA (1 mg/mL)
with or without SST for 72 h at 37°C in a CO, incubator.
IFN-y (Thermo Fisher Scientific Inc., Waltham, MA,
USA), IL-4 (R&D Systems Inc., Minneapolis, MN,
USA), IL-5 (Thermo Fisher Scientific Inc.), and IL-13
(R&D Systems Inc.) were measured using each ELISA
kit according to the manufacturer’s instructions (n = 5 in
each group).

Statistical analysis

Data was expressed as mean = standard deviation
(SD). The Mann-Whitney U test was used to determine
differences between groups for all data obtained in this
study. The p-value < 0.05 was considered statistically
significant.

RESULTS

Protein level of IFN-y was lower than 5.0 pg/
mL in the supernatants from OVA-non-exposed
or -exposed mononuclear cells in the presence or
absence of OVA stimulation. On the other hand,
SST significantly induced the cytokine from either
types of mononuclear cells in the presence (P < 0.05)
or absence of OVA stimulation as compared with
corresponding control (Table I). By contrast, IL-4
level tended to be lower in the supematants from
OVA-non-exposed mononuclear cells incubated with
SST than those from cells incubated with vehicle
in the presence or absence of OVA rechallenge
(Table I). IL-13 level also tended to be lower in the
culture supernatants from both OVA-non-exposed
and -exposed mononuclear cells treated by SST
than those from cells by vehicle in the presence or
absence of OVA (Table I).

DISCUSSION

From a scientific point of view, anti-inflammatory
effects of SST have been shown in humans assessed
in a double-blind randomized study on patients
with allergies such as bronchial asthma and allergic
rhinitis (7). Furthermore, there are several in vivo
reports concerning SST immunomoduratory action
on allergic pathology, such as suppression of Th2
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Table 1. Effects of Sho-seiryu-to (SST) on interferon-y, interleukin (IL)-4, and IL-13 production/release from mononuclear

cells with or without antigen exposure.

OV A-nonexposed mouse

OVA-exposed mouse

g [FN-y(pg/ml) IL-4(pg/mL)  IL-13 (pg/mL) group [FN-y(pg/mL)  IL-4 (pg/ml)  IL-13 (pg/mL)
Control 132161 342+ 0.86 895+ 3.75 Control 0.06+0.12 2.89 038 6.36 £ 2.40
SST 6.59+5.13 230£139 5.3742.96 SST 688+1203 2892082 455089
OVA 1.89+3.78 338+2.19 6.51+4.28 OVA 0.00 £ 0.00 246+2.04 6.62+227
SST+OVA  1240+£843°¢ 155+ 1.18 491£3.52 SST+OVA  3.06+2.02°* 290120 5.0641.92

The levels of IFN-y, IL-4, and IL-13 in the mononuclear cell culture supernatant after treatment with SST. for 72 h were
measured by ELISA. Data shown are mean % SD of five animals per group. "p < 0.05 vs control; p < 0.05 vs OVA.

differentiation at the level of synapse between antigen-
presenting cells and CD4" T cells (7), inhibition of
histamine signaling targeting its receptor expression
and synthesizing enzyme (8), and augmentation of
NGF induction accompanied by allergic pathology.
On the other hand, mechanistic studies, including
those in vitro, are fewer.

In the present study, we focused on in vitro
action of SST on mononuclear cells (spleen cells),
since these cell compartments, especially antigen-
sensitized ones, are crucial for Th2-mediated
immunological pathophysiology and pathobiology
such as allergic diseases. Ikeda et al. previously
examined in vivo effects of SST on OVA recall
response and showed that splenic mononuclear
cells isolated from SST-administered mice produced
less IL-4 following in vitro OVA stimulation as
compared to those from control mice, whereas there
was no difference in levels of IFN-y between these
experimental groups (7). That study suggests that
in vivo pretreatment with SST attenuates antigen-
related recall response likely through suppression of
Th2 polarization. We therefore examined effects of
SST on in vivo allergen-exposed mononuclear cells
by measuring Th cytokines produced by allergen
stimulation in the presence of SST. As a result, SST
induced IFN-y in the presence or absence of the
stimulation as compared to each control from both
allergen-non-exposed and -exposed mononuclear
cells, in contrast, it tended to suppress 1L-4 level
from allergen non-exposed mononuclear cells and
IL-13 level from both non-exposed and exposed
ones without statistical significance, suggesting that
immunoregulating efficacy by SST on allergy-prone
subjects may include, at least in part, restoring of

helper T balance mainly through hyperproduction
of IFN-y against these cells. In other words, SST
can provide different immunoregulatory action
on different allergy-related cascade/immune cell
components, leading to achievement of anti-allergic
potential. Chang et al. have shown that SST serves as
anti-viral infection in vitro (4). Hot water extract of
SST dose-dependently reduced viral load of human
respiratory syncytial virus infected in both human
upper and lower respiratory tract cells. In their study,
SST extract can stimulate these respiratory tract cells
to induce IFN-y, implying its underlying machinery
of anti-viral effects. Therefore, our study may add
alternative biological evidence that SST can also
stimulate hematopoietic cells to induce IFN-y under
allergic or non-allergic milieu.

Limitation involves the matter that the current
study failed to examine in vivo pharmaceutical effects
on OVA-sensitized mononuclear cells. Although,
as mentioned above, lkeda et al. have previously
elucidated the effects, their experiments did not
cover direct effects on these cells (7). Furthermore,
to investigate the impact of SST on helper T balance,
for example, sorting CD4" cells by means of flow
cytometry may be strictly needed. Similarly, as in
vitro analyses, we should use metabolites of SST to
reproduce the phenomenon in the body. Furthermore,
success in exploring responsible constitutive
substances (alternatively, combination of ingredients)
among SST for anti-allergic efficacy will bring a
beneficial progress in both Kampo medicine and
allergology. However, at this time, it is quite difficult
to examine these experiments using metabolites or
some portions, since SST is constituted mainly by 8
kinds of “shoyaku”. Finally, in the current study, these
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mononuclear cells from mice repeatedly exposed
to allergen (OVA) did not seem to be sufficiently
sensitized by the allergen, since in vitro allergen
rechallenge did not significantly activate production/
release of Th2 cytokines. However, we confirmed
that serum value of OVA-specific IgG,, an important
antibody for allergic pathology in mice, was
significantly (P < 0.01) higher in OVA-exposed mice
than in non-exposed ones, indicating that systemic
immunization was established on the current in vivo
protocol (OVA-non-exposed vs -exposed; 1.1+0.1 vs
94.1£34.1 [U/mL]): n = 9 in each group). It is likely
that the almost negative results of Th2 cytokine
profiles are attributable to the in vitro one, such as
cell number (per well), OVA dosage, and/or endpoint
(incubation duration); thus we will elucidate these
points to validate the action of SST. We will also
consider further examination using other allergens
including house dust mite, cockroach, mould, etc.
on other strains of mice such as C57BL/6, C3H/
He, and NC/Nga. Nonetheless, the current cutting
edge study achieved optimal results consistent with
previous ones in terms of regulation of helper T
response by SST, and provides a scientific hint for
future research to certainly prescribe this herbal
medicine as supportive strategy for patients with
immunodysregulated conditions such as allergy.

In conclusion, SST induced IFN-y in the presence
or absence of antigen stimulation as compared to
control from antigen-exposed or -non-exposed splenic
mononuclear cells. In contrast, IL-4 level tended to be
decreased by SST in OVA-non-exposed mononuclear
cells and IL-13 was in both non-exposed and
exposed mononuclear cells as compared to vehicle.
Immunomodulatory action of SST in allergic subjects,
previously suggested by several researchers, might
be, at least in part, attributable to restoring helper T
balance mainly through hyperproduction of IFN-y
against these cells, such as lymphocytes. The current
study provides a suggestion for complementary
therapeutic possibilities for allergy and related illness.

ACKNOWLEDGEMENTS

This study was supported by Kampo Grant in
the International University of Health and Welfare,

and we thank Ms. T. Okada and S. Shao for their
significant assistance.

REFERENCES

1.  Beasley R, Ellwood P, Asher I. International patterns
of the prevalence of pediatric asthma the ISAAC
program. Pediatr Clin North Am 2003; 50:539-53.

2. Malone DC, Lawson KA, Smith DH, Arrighi HM,
Battista C. A cost of illness study of allergic rhinitis
in the United States. J Allergy Clin Immunol 1997
99:22-7.

3. Kim SY, Yoon SJ, Jo MW, Kim EJ, Kim HJ, Oh IH.
Economic burden of allergic rhinitis in Korea. Am J
Rhinol Allergy 2010; 24:¢110-13.

4. Chang JS, Yeh CF, Wang KC, Shieh DE, Yen MH,
Chiang LC. Xiao-Qing-Long-Tang (Sho-seiryu-
to) inhibited cytopathic effect of human respiratory
syncytial virus in cell lines of human respiratory
tract. J Ethnopharmacol 2013; 147:481-87.

5. Wang SD, Lin LJ, Chen CL, et al. Xiao-Qing-
Long-Tang attenuates allergic airway inflammation
and remodeling in repetitive Dermatogoides
pteronyssinus challenged chronic asthmatic mice
model. J Ethnopharmacol 2012; 142:531-8.

6. Inoue K, Takano H, Koike E, et al. Candida soluble
cell wall beta-glucan facilitates ovalbumin-induced
allergic airway inflammation in mice: Possible role
of antigen-presenting cells. Respir Res 2009; 10:68.

7. Ikeda Y, Kaneko A, Yamamoto M, Ishige A, Sasaki
H. Possible involvement of suppression of Th2
differentiation in the anti-allergic effect of Sho-
seiryu-to in mice. Jpn J Pharmacol 2002; 90:328-36.

8. Das AK, Mizuguchi H, Kodama M, et al. Sho-
seiryu-to suppresses histamine signaling at the
transcriptional level in TDI-sensitized nasal allergy
model rats. Allergol Int 2009; 58:81-88.



