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Abstract

Background: Currently, there are no efficient medications
available for the prevention and treatment of food allergy
(FA). Herbal medicines, including traditional Japanese Kam-
po medicines (TJKMs), are promising therapeutic drugs.
Methods: We screened 18 TJKMs for treatment of FA symp-
toms in a mouse FA model induced by ovalbumin (OVA).
BALB/c mice were sensitized intraperitoneally by an OVA/
aluminum hydroxide gel mixture followed by 4 booster dos-
es of oral OVA and FA symptom induction by 50 mg of OVA.
TJKMs were orally administered for 28 days from the day of
sensitization to the day before FA symptom induction. Eval-
uated FA symptoms included a decrease in body tempera-
ture and allergic diarrhea. Allergic sensitization was deter-
mined by plasma OVA-specific IgE levels. Cytokine mRNA
levels in mesenteric lymph nodes, plasma mouse mast cell
protease-1, and the number of mast cells in the small and
large intestines were analyzed. Additionally, the therapeutic
effect of the TJKM eppikajutsuto (EJT) on mast cell degranu-
lation was determined in active anaphylaxis and passive cu-

taneous anaphylaxis models. Results: EJT effectively pre-
vented FA symptoms. Although OVA-specific IgE levels and
the intestinal mast cell numbers were not different between
the EJT-treated and untreated FA mice, plasma mMcpt1 and
IL-4 levels were lower in EJT-treated FA mice than untreated
FA mice. EJT could alleviate symptoms in both active and
passive anaphylaxis models. Conclusion: EJT prevented
OVA-induced FA symptoms in a mouse model, suggesting
that EJT might exert its therapeutic activity via IL-4 suppres-
sion and the inhibition of mucosal mast cell degranulation.

©2017 S. Karger AG, Basel

Introduction

Food allergy (FA) affects 3-6% of children and is in-
creasing in developed countries [1]. It was shown to neg-
atively influence the quality oflife of not only patients, but
also their families [2]. The current standard to manage FA
relies mainly on allergen avoidance and includes the pre-
scription of antihistamines and an epinephrine auto-
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injector to treat allergic symptoms in cases of accidental
antigen exposure [1, 3]. However, there are no standard
therapies or medications that prevent or cure FA [4].
Consequently, novel FA therapies, including herbal rem-
edies, are currently being explored [5]. Food allergy herb-
al formula-2 (FAHF-2) and kakkonto are both herbal
medicines reported to alleviate FA in a murine FA model.
FAHF-2, a Chinese herbal medicine, was reported to pro-
tect mice from anaphylactic reaction to peanut in a mu-
rine FA model [6]. In addition, human peripheral blood
mononuclear cells treated with FAHF-2 in the presence
of a food allergen produced significantly lower levels of
interleukin (IL)-5 and significantly higher levels of IL-10;
the number of regulatory T cells were increased as well
[7].

Kakkonto, a traditional Japanese Kampo medicine
(TJKM), suppressed the incidence of allergic diarrhea
caused by ovalbumin (OVA) and induced Foxp3*/
CD4"/CD25" regulatory T cells in the colon in a FA
model [8, 9]. There are no TJKMs except kakkonto that
were reported to alleviate FA, but we hypothesized that
other TJKMs are promising therapeutic candidates for
treating FA for the following reasons. First, TJKMs are
shown to relieve allergic symptoms including atopic
dermatitis [10-12] and bronchial asthma [13, 14]. Sec-
ond, TJKMs comprise multiple crude medicinal com-
pounds with complex mechanisms of action [15]; con-
versely, the definite cause and pathogenesis of allergic
diseases, including FA, remain unclear, but complex en-
vironmental, genetics, and immunological factors are
suggested to be involved in FA pathogenesis [3, 16].
Thus, TJKMs might exert multiple therapeutic effects to
provide protection from FA, a disorder with a multifac-
torial pathogenesis.

In this study, we screened 18 TJKM:s for their potential
therapeutic efficacy in FA. We found that eppikajutsuto
(EJT) suppressed FA symptoms in a mouse model. Our
findings suggest that the mechanism of EJT’s therapeutic
effect included the suppression of degranulation from
mucosal mast cells and reduction in IL-4 expression.

Material and Methods

Animals

Female BALB/c mice or male ICR were purchased from Japan
SLC (Hamamatsu, Japan) and were housed in the experimental
animal facility of Gifu Pharmaceutical University. All studies were
approved by the Animal Experiment Committee of Gifu Pharma-
ceutical University. Four to 7 mice per group were used in all ex-
periments.
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FA Model

The FA model used in this study was previously reported [17].
Briefly, female BALB/c mice were intraperitoneally injected on
days 0 and 7 with either 1 ug of OVA (Sigma-Aldrich, St. Louis,
MO, USA) mixed with aluminum hydroxide gel (Alum; Thermo
Fisher Scientific, Waltham, MA, USA) for sensitization or phos-
phate-buffered saline (PBS) with alum for control. Between days
14 and 21, 10 mg or 30 mg of OV A dissolved in 0.2 mL of PBS was
orally administered 4 times. On day 28, 1 week after the last OVA
administration, FA symptoms were induced by oral administra-
tion of 50 mg of OVA (Fig. 1a, 5a).

Drug Treatment

The TJKMs used in this study were powdered extracts provid-
ed by Tsumura & Co. (Tokyo, Japan). All TJKMs were manufac-
tured by a standardized process which included spray drying of hot
water extracts of constituted medical herbs. The quality of all TJK-
Ms were guaranteed by the quantities of ingredients set by the Jap-
anese Ministry of Health, Labour, and Welfare and have been
widely prescribed in clinical conditions including allergic diseases.
A high-performance liquid chromatography profile of EJT, one of
the TJKMs provided by Tsumura & Co., is shown in online sup-
plementary Figure 1 (see www.karger.com/doi/10.1159/000472715
for all online suppl. material). The following TJKMs were used:
ogikenchuto, shokenchuto, keishikashakuyakuto, tokikenchuto,
daikenchuto, rikkunshito, hochuekkito, juzentaihoto, ninjinyoei-
to, shikunshito, keihito, seishoekkito, orento, jiinkokato, keigai-
rengyoto, EJT, orengedokuto, and saikoseikanto. A total of 20 mg
of each TJKM dissolved in 0.2 of mL distilled water was adminis-
tered orally per day for 28 days from day 0 to day 27 (Fig. 1a). Con-
trol and FA groups were administered only 0.2 mL of distilled wa-
ter per day. We evaluated these 18 TJKM:s in 4 independent ex-
periments to identify the candidate therapeutic medications for
FA.

Evaluation of Allergic Symptoms

FA symptoms included decrease in body temperature, deter-
mined by measurement of rectal temperature with a KN-91 ther-
mometer (Natsume, Tokyo, Japan) 1 h after the administration of

Fig. 1. Experimental design and evaluation of the therapeutic ef-
fects of TJKMs in FA. a BALB/c mice were sensitized intraperito-
neally (i.p.) with ovalbumin (OVA) mixed with aluminum hy-
droxide gel (OVA/Alum) and received booster doses of OVA per
os (p.o.) 4 times. FA symptoms were elicited by 50 mg of OVA
(p.0.) on day 28. TJKMs were orally administered for 28 days from
day 0 to day 27. Control mice constituted the reference group for
sensitization and received PBS/Alum (i.p.), followed by OVA
(p-o.) and distilled water (p.o.) for treatment. FA mice were sensi-
tized with OVA/Alum (i.p.) and administered OVA (p.o.), fol-
lowed by distilled water (p.o.) as the reference group for treatment.
For treatments, ogikenchuto (OKT), shokenchuto (SKT), rikkun-
shito (RT), hochuekkito (HET), seishoekkito (SET), and orento
(OT) were administered. OV A-specific IgE on day 27 (b), change
in body temperature (c), occurrence of diarrhea (d), and diarrhea
score (e) in mice that were administered 50 mg of OVA (p.o.) were
compared between the untreated FA and TJKM-treated FA mice.
Values represent means + standard error of mean (5-7 mice/treat-
ment). ND, not detected. * p < 0.05, ** p < 0.01, **** p < 0.001.

(For figure see next page.)
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OVA on day 28, and allergic diarrhea, as previously reported [17].
Diarrhea was assessed by the following diarrhea scoring system: 0,
solid; 1, funicular form; 2, slurry; and 3, watery. Diarrhea scores of
2 and 3 were considered to indicate allergic diarrhea.

Passive Cutaneous Anaphylaxis

Six-week-old male ICR mice were injected 1 pg of anti-2,4-di-
nitrophenylated (DNP) IgE (SPE-7; Sigma-Aldrich) in 10 uL of
0.9% saline or 10 pL of saline alone as control intradermally into
both ears for sensitization. After 24 h, the mice were challenged
with an intravenous injection of 100 pug of DNP-BSA (Molecular
Probes, Eugene, OR, USA) in 250 pL of saline and 0.5% Evans blue
dye. Then, 20 mg of EJT in 0.2 mL of distilled water or 0.2 mL of
distilled water alone as treatment control was orally administered
before anti-DNP IgE and DNP-BSA injections. The extravasation
of the Evans blue into the ears was monitored for 30 min, at which
time both ears were dissected and incubated overnight at 37°C
with 0.7 mL of 1 N KOH. Evans blue dye was extracted in 9.3 mL
of a mixture containing 0.6 N H;PO, and acetone (5:13). The ab-
sorbance of Evans blue-containing H;PO4-acetone at 620 nm was
then measured by a spectrophotometer (U-1900; Hitachi High-
Technologies Corporation, Hitachinaka, Japan). The amount of
extravasated Evans blue dye was calculated according to the stan-
dard curve.

Active Anaphylaxis

Six-week-old female BALB/c mice were intraperitoneally in-
jected with 1 pg of OVA mixed with alum on days 0 and 7. Ana-
phylaxis was elicited by intravenous injection of 1 ug of OVA at
day 14. A total of 20 mg of EJT in 0.2 mL of distilled water or 0.2
mL of distilled water alone as control was orally administered 1 h
before anaphylaxis induction. Rectal temperature was measured
every 15 min for 90 min after the administration of OVA.

Detection of OVA-Specific Immunoglobulin E in Plasma

OVA-specific immunoglobulin E (OVA-sIgE) was measured
using enzyme-linked immunosorbent assay (ELISA) according to
previously reported protocols [18, 19]. Briefly, a high protein-
binding capacity ELISA plate (Nunc, Roskilde, Denmark) was
coated with an anti-mouse IgE antibody (MCA419, clone LO-
ME-3; Serotec, Oxford, UK) to capture OVA-sIgE. Enzymatic de-
tection of biotinylated OVA binding to OVA-sIgE in plasma
samples was achieved with measurement of horseradish peroxi-
dase-conjugated streptavidin (Dako, Glostrup, Denmark) at an ab-
sorbance at 492 nm (reference 690 nm) using an automatic ELISA
plate reader (Titertek Multiscan MS, ver 8, Labsystems Oy, Hel-
sinki, Finland).

Detection of Cytokine mRNA Expression

After the evaluation of allergic symptoms, animals were eutha-
nized and mesenteric lymph nodes (MLNs) were collected. Total
RNA was extracted using TRI Reagent® (Molecular Research Cen-
ter, Cincinnati, OH, USA), and complementary DNA was pre-
pared using PrimeScript RT Master Mix (Takara Bio, Ohtsu, Ja-
pan). Cytokine mRNA levels in MLNs were measured by real-time
reverse transcriptase-polymerase chain reaction (RT-PCR) using
SYBR Premix Ex Taq II (Takara Bio) on a Takara Thermal Cycler
Dice. Glyceraldehyde-3-phosphate dehydrogenase (Gapdh) was
used as internal control. The following primer sets were used:
5-TGTGTCCGTCGTGGATCTGA-3" and 5-TTGCTGTT-
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GAAGTCGCAGGAG-3' for Gapdh; 5'-TCTCGAATGTACCAG-
GAGCCATATC-3' and 5-AGCACCTTGGAAGCCCTACA-
GA-3' for II-4; 5'-CGGCACAGTCATTGAAAGCCTA-3" and
5'-GTTGCTGATGGCCTGATTGTC-3" for interferon-gamma
(Ifn-y); 5'-GCAGAGAAGCATGGCCCAGAAA-3"and 5'-GGAG-
AAATCGATGACAGCGCCT-3' for II-10; and 5'-GTGTGGAG-
CAACATGTGGAACTCTA-3" and 5-TTGGTTCAGCCACT-
GCCGTA-3' for transforming growth factor-beta (Tgf-p).

Detection of Intestinal Mast Cells

Intestinal mast cells were detected by naphthol AS-D chloroac-
etate esterase staining [20, 21]. Briefly, small and large intestines
collected following euthanasia were flushed by 0.9% normal saline
to remove luminal contents. The intestines were then prefixed with
10% neutral buffered formalin (Wako Pure Chemical Industries,
Osaka, Japan) and embedded in paraffin wax II 60 (Sakura Finetek
Japan, Tokyo, Japan) using path cassette M (Matsunami Glass
Ind., Ltd., Osaka, Japan). Then, 5-um tissue sections were pre-
pared, and mucosal mast cells were identified by naphthol AS-D
chloroacetate esterase staining kit (Sigma-Aldrich). The number
of mast cells per 1 high-power field (1,000x) was determined using
a Labophot 2 microscope (Nikon Corporation, Tokyo, Japan).

Measurement of Mouse Mast Cell Protease-1 and IL-4 in

Plasma

Mouse mast cell protease-1 (mMcptl) and IL-4 levels in plasma
samples that were collected after the evaluation of FA symptoms
were measured using the mMCPT-1 and mouse IL-4 ELISA
Ready-SET-Go! kits (eBioscience, San Diego, CA, USA) according
to the manufacturer’s instructions.

Statistical Analysis

All statistical analyses were performed with EZR software
(Saitama Medical Center, Jichi Medical University, Saitama, Ja-
pan) [22]. Data were expressed as means with standard error of
means. A Dunnett test was used to compare factors, other than
those for diarrhea, such as decreasing body temperature, OVA-
sIgE, mMcptl, IL-4, mRNA levels, and mast cell counts, of each
mice group to those of FA group. A Steel test was used to analyze
the difference in diarrhea scores between the FA and each mice
group. One-way repeated measures ANOVA was used to analyze
the differences in the changes of body temperature in the active
anaphylaxis model. p < 0.05 was considered statistically significant.

Results

OVA Sensitization and Symptoms of FA

Sensitization to OVA was confirmed by the produc-
tion of OVA-sIgE in the FA group compared with the
control group, as determined in 4 independent experi-
ments (Fig. 1b, 2a, 3a, 4a). Decreased body temperature
(Fig. 2b) and increased rate and score of diarrhea (Fig. 1d,
e, 2¢, d, 3¢, d, 4¢, d) induced by oral administration of 50
mg of OVA were detected in the FA group but not in the
control group, in agreement with previous studies [17].
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Thus, we defined these outcomes as OVA-induced FA
symptoms.

Screening of Kampo Medicine for the Treatment of FA

We evaluated 18 TJKMs in 4 independent experiments
to identify candidate therapeutic medications for FA, as
shown in Figures 1-4. Comparison of TJKM-treated FA
mice with FA mice that did not receive individual TJKMs
revealed that seishoekkito reduced the mean OVA-sIgE
level from 87.7 + 7.8 to 39.7 £ 11.7 ng/mL in the FA group
in one experiment (Fig. 1b); however, this effect was not
reproducible in other experiments (Fig. 2a, 3a, 4a). Seisho-
ekkito also reduced the change in body temperature from
-3.1 £0.8°C to 0.8 + 0.3°C in the FA group in one ex-
periment (Fig. 2b); however, this effect was not reproduc-
ible in other experiments (Fig. 1c, 3b, 4b). Conversely,
keishikashakuyakuto reduced the change in body tem-
perature from -3.1 + 0.8°Cto -0.4 + 0.1°C (Fig. 2¢) in the
FA group. Shikunshito, saikoseikanto, and EJT complete-
lyblocked OVA-induced diarrhea (Fig. 3cand 4c), where-
as daikenchuto-treated FA mice were partially protected
from allergic diarrhea (Fig. 3c). These results provided
support for several of the TJKM:s tested as potential ther-
apeutic agents against FA.

EJT Is Effective against FA Symptoms

OVA-induced symptoms in the FA group were weak-
er than expected, as the decrease in temperature was ob-
served only in one experiment (Fig. 2b), and the percent-
age of animals with diarrhea was less than 50% in anoth-
er experiment (Fig. 3d). Thus, we further evaluated the
treatment effects of shikunshito, saikoseikanto, EJT, and
daikenchuto in a group of mice with increased suscepti-
bility to FA symptoms after administration of 30 mg of
OVA (Fig. 5a). FA symptoms were effectively induced in
mice in this modified experimental protocol (Fig. 5c—e).

We found that the change in body temperature was
reduced from -1.8 + 0.4°C in the FA group to -0.1
0.1°Cin the EJT-treated group (Fig. 5c). The percentage

Fig. 5. Modified experimental protocol and evaluation of the ther-
apeutic effects of TJKMs for FA. a The sensitization OV A dose was
increased to 30 mg. OVA-specific IgE on day 27 (b), change in
body temperature (c), occurrence of diarrhea (d), and diarrhea
score (e) were compared between the FA and TJKM-treated
groups. Values represent means * standard error of mean (5-7
mice/treatment). ST, shikunshito; SST, saikoseikanto; DKT, dai-
kenchuto; ND, not detected. * p < 0.05, *** p < 0.005, **** p < 0.001.

Eppikajutsuto Protects against Food
Allergy

of animals with diarrhea was also reduced from 100 to
20% (Fig. 5d) after EJT treatment of the FA mice. Finally,
the mean diarrhea score was reduced from 2.7 + 0.2 in
the FA group to 0.6 £ 0.5 (Fig. 5e) in the EJT-treated

group.

EJT Suppresses IL-4 Levels

mRNA expression levels of Ifn-y, II-10, and Tgf-f in
MLNSs were not different between the control, FA, and
EJT-treated groups (Fig. 6a). However, II-4 mRNA levels
in MLNs were higher in the FA group than in the control
group and were lower in the EJT-treated group than in
the FA group (Fig. 6a). Not only the II-4 mRNA levels, but
also the plasma levels of IL-4 were lower in the EJT-treat-
ed group than in the FA group (Fig. 6b).

EJT Suppresses Degranulation of Mucosal Mast Cells

Mast cell counts in both the small and large intestines
were higher in the FA group than in the control group but
were not different between the FA and EJT-treated groups
(Fig. 7a and b). Representative esterase staining of the
small intestines is shown in online supplementary Figure
2. Furthermore, mean mMcptl levels in plasma measured
after determination of FA symptoms were below the lev-
el of detection in control mice and elevated in FA mice
(280 + 77 ng/mL). Importantly, plasma mMcptl levels
were significantly lower in the EJT-treated group (52 + 17
ng/mL) than those in the FA group (Fig. 7¢), although
mast cell numbers were not different. We further evalu-
ated whether EJT treatment could suppress mast cell de-
granulation in the active anaphylaxis model (Fig. 7d) as
well as the passive cutaneous anaphylaxis model (Fig. 7e).
Active anaphylaxis monitored by the chronological
change in body temperature was alleviated by the oral ad-
ministration of EJT (p = 0.030, Fig. 7d). Similarly, passive
cutaneous anaphylaxis, as determined by the Evans blue
extravasation, was relatively alleviated by the oral admin-
istration of EJT (p = 0.064, Fig. 7e).

Discussion

In this study, we found that EJT, a TJKM, was effective
in preventing FA symptoms by alleviating the decrease in
body temperature and diarrhea. We also found that OVA-
mediated increases in mRNA levels of 1/-4, a major Th2
cytokine in MLNs, were reduced by EJT treatment, with
no changes in mRNA levels of Ifn-y, a major Th1 type cy-
tokine, and 2 suppressive cytokines, II-10 and Tgf-B. EJT
treatment reduced not only the mRNA levels, but also the
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protein levels of IL-4 in plasma. These results suggest that
EJT suppressed II-4 mRNA levels directly, independent
from its potential effects on Ifn-y, II-10, and Tgf-f. Of
note, the mRNA levels of all 4 cytokines in the spleen that
might suggest systemic immunological reaction were not
different between the FA and EJT-treated groups (data
not shown).

IL-4 is essential in Th2-type responses during FA [23,
24]. It prompts B-cell activation and interacts with anti-
gen-specific B cells, leading to isotype switching to gener-
ate food antigen-specific IgE [25]. IL-4 is also involved in
the development of Th2 cells [25] and eosinophilic infil-
tration of gut mucosa [26]. Moreover, IL-4 was shown to
enhance the release of histamine as well as leukotrienes
from mast cells triggered by IgE receptor crosslinking
[27]. IL-4 deficiency was shown to limit FA development
[24]. Inversely, a gain-of-function mutation in the IL-4
receptor a-chain was shown to increase susceptibility to
anaphylaxis [28]. These findings altogether highlight the
pivotal role of IL-4 in inducing FA symptoms. In the pres-
ent study, we showed that not only II-4 mRNA levels in
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MLNSs but also plasma IL-4 protein levels were decreased
in EJT-treated mice compared with those in untreated
mice, although OVA-sIgE levels were not suppressed.
These results suggest that the suppression of mast cell de-
granulation due to suppressed IL-4 might be one of the
mechanisms of alleviation of FA symptoms by EJT.

FA symptoms are mainly mediated by antigen cross-
linking of antigen-specific IgE bound to the high-affinity
IgE receptor (FceRI) on mast cells and subsequent release
of mediators such as histamine and leukotrienes [4, 29].
An increased number of mast cells in the small intestine
of FA mice was previously reported [30]. Additionally,
allergic diarrhea was completely blocked by mast cell de-
pletion and in FceRI-deficient mice [30]. Thus, degranu-
lation of mast cells is critical in the development of FA
symptoms. We also found that the number of mucosal
mast cells in the small intestine was higher in mice with
FA than those in control mice. Both FAHF-2 [6] and kak-
konto [9] were previously shown to reduce the number of
mast cells in the intestines. Thus, we expected EJ T-treated
mice to be protected from infiltrating mast cells in the in-
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testines; however, the number of mast cells in the intes-
tines was not different between FA and EJT-treated mice.
In contrast, EJT treatment led to a decrease in plasma
mMcptl levels in EJT-treated mice. mMcpt1 is one of the
mast cell proteases found in mucosal mast cells, and pre-
vious studies showed that plasma mMcpt1 levels were sig-
nificantly increased in mice with FA [9, 30]. These find-
ings raise the possibility that EJT might suppress plasma
mMcptl levels without affecting mucosal mast cell num-
bers, thus controlling their function and suppressing de-
granulation. Therefore, we further evaluated the treat-
ment effect of EJT in both an active anaphylaxis model
and a passive cutaneous anaphylaxis model by determin-
ing whether EJT could suppress mast cell degranulation,
and confirmed that EJT suppressed degranulation in both
models. These data suggest that EJT suppresses mucosal
mast cell degranulation without affecting infiltration into
intestines of those.

Eppikajutsuto Protects against Food
Allergy

EJT is extracted from 6 species of medical herbs, in-
cluding Zingiberis rhizoma, Zizyphi fructus, Glycyrrhizae
radix, Atractylodis lanceae rhizoma, Gypsum fibrosum,
and Ephedrae herba. Some medical herbs have compo-
nents that alleviate allergic symptoms [31, 32]; thus, it is
important to evaluate the effect of each anti-inflammato-
ry herb and component to determine their efficacy. Con-
versely, TJKMs are considered to exert their effects via the
integrated and synergistic actions of these components.
Therefore, we first investigated individual TJKMs in de-
tail. Gypsum fibrosum and Ephedrae herba were the only
herbs containing EJT among 18 TJKMs included in this
study; therefore, these herbs might be important for the
efficacy of EJT. Zingiberis rhizoma is also included in
FAHF-2 that is extracted from 9 species of medical herbs,
whereas Z. rhizoma, Z. fructus, G. radix, and E. herba are
found in kakkonto. Importantly, Z. rhizoma is found in
FAHF-2, kakkonto, and EJT. While no sole medical herb
was as effective as FAHF-2 for the treatment of peanut-
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induced anaphylaxis, Z. rhizoma was previously reported
as one of the medical herbs that reduced Th2 cytokine
production in splenocytes restimulated by crude peanut
extract [33]. Therefore, Z. rhizoma might be the key med-
ical herb in EJT that reduces the expression of IL-4.
Among 6 medical herbs in EJT, A. lanceae rhizoma was
shown to inhibit -hexosaminidase release from mast
cell-like rat basophil leukemia cells [34]. Thus, A. lanceae
rhizoma might be the major medical herb to suppress
plasma mMcptl levels in our study.

In summary, we herein showed that administration of
EJT for 28 days led to alleviation of FA symptoms in mice.
Our findings also suggest that EJT exerted these effects
through the suppression of IL-4 and inhibition of muco-
sal mast cell degranulation. There are currently no pre-
ventative or curative treatments for FA. Our findings sug-
gest that EJT, a TJKM, should be considered as a new
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Supplemental figure 2




Supplemental figure 1

Eppikajutsuto (1.0 g) was extracted with methanol (20 mL) under ultrasonication and was
centrifuged. The supernatant was filtered and then analyzed by high-performance liquid

chromatography.

Supplemental figure 2

Small and large intestines of control, food allergy (FA), and eppikajutsuto (EJT)-treated mice were
collected after the evaluation of FA symptoms elicited by the administration of 50 mg ovalbumin
(OVA). Mast cells were identified by naphthol AS-D chloroacetate esterase staining. Representative
histology of small intestinal specimens from control (A), FA (B), and EJT-treated FA (C) mice are

shown. Scale bar represents 50 um.
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