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Kampo formulations and allergic inflammatory diseases
- Efficacy for murine IgE-mediated triphasic cutaneous reaction -
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We found that passive sensitization with anti-DNP IgE antibody followed by the challenge with DNFB to the mouse
ear can induce the triphasic cutaneous reactions (ear swelling) of immediate phase response (IPR), late phase response
(LPR) and very late phase response (VLPR), peaking at 1 h, 24 h and 8 days after the challenge, respectively. IPR was
absent in mast cell-deficient mice but LPR was sufficiently observed, and vL.PR was partly attenuated. LPR is a T cell-
independent response, while vLPR is almost completely absent in T cell-deficient nude mice. Thus, the third phase re-
sponse (VLPR) with massive infiltration of eosinophil actually represents an important inflammatory reaction mediated
by T cells and partially mast cells. In this model, some Kampo formulations and synthetic anti-allergic agents inhibited
the IgE-mediated triphasic cutaneous reaction. The inhibitory effects of the Kampeo formulations on the triphasic
cutaneous reaction were divided into several groups according to the efficacies for IPR/LPR/VLPR. For instance, the
group consisting of formulations such as Tokaku-joki-to (Tao-He-Cheng-Qi-Tang, #k#% % Xi5), Ji-zuso-ippo (Zhi-Tou-
Chuang-Yi-Fan, {53 —75), Sho-sei-ryu-to (Xiao-Qing-Long-Tang, /N %) and Sho-saiko-to (Xiao-Chai-Hu-Tang,
/NSEEA) significantly inhibited IPR, LPR and VLPR (i.e. +/+/+ group that showed inhibitory effects against the
triphasic response), similar to the effect of prednisolone as a positive control. Oral administration of Yokukan-san (Yi-
Gan-San, #IIT#), an anti-psychosis drug in Kampo medicine, attenuated the isolation stress-exacerbated triphasic skin
reactions in a dose-dependent manner, while it had almost no effect on the cutaneous reactions in the unstressed group-
housed mice. On the other hand, the i.p. administration of diazepam, a classic benzodiazepine receptor agonist, sup-
pressed the enhanced IPR and LPR in socially isolated mice, but surprisingly stimulated vLPR in both stressed and
unstressed mice, differing from the efficacy of Yokukan-san.

This article focuses on the anti-allergic properties of Kampo formulations and describes the effect of some Kampo
formulations on IgE-mediated triphasic skin reaction in group-housed or socially isolated mice. We also discuss the
mechanism of the inhibitory action and the importance of the formulation and the constituent drugs in determining the
efficacy.

Key words Kampo formulations, IgE-mediated triphasic cutaeous reaction, very late phase response, psychosocial
stress, harmonization effect, SHO (iE).

Abbreviations DNP, dinitrophenol; DNFB, dinitroflucrobenzene; IPR, immediate phase response; LPR, late phase re-
sponse; VLPR, very late phase response; mAb, monoclonal antibody; BSA, bovine serum albumin; DTH, delayed type hyper-
sensitivity.

and the difficulty of suppressing it without side effects by

Introduction

A recent increase of patients with chronic allergic dis-
eases, such as bronchial asthma, allergic rhinitis and atopic
dermatitis, has been reported."? However, the detailed
mechanism(s) of atopic dermatitis in response to environ-
mental factors has remained unclear. Allergen-induced reac-
tion in the skin and airway consists of two inflammatory
reactions: an immediate phase response (IPR) and a late
phase response (LPR) after antigen exposure (Figure 1).>®
IPR is primarily caused within 1 h after the antigen expo-
sure by IgE-dependent activation of mast cells, resulting in
release of proinflammatory mediators,” and is often fol-
lowed by an intense inflammatory reaction termed LPR.?
LPR appears 3 to 48 h after the elicitation and is considered
to be an important inflammatory reaction due to its similar-
ity to the clinical manifestation of chronic allergic diseases

anti-allergic drugs. An increase of mast cells is essentially
observed in IPR, while LPR is characterized by the accumu-
lation of inflammatory cells including neutrophils, mononu-
clear cells and eosinophils.”®

Although glucocorticoids and immunosuppressants
seem to be the most effective drugs for the improvement of
the symptoms of both IPR and LPR, they cause several un-
desirable effects, such as the decreased resistance to micro-
bial infections, digestive ulcers, diabetes mellitus, bone
fractures, and the dysfunction of the adrenal cortex.
Recently, several traditional herbal medicines have been re-
ported to experimentally and clinically suppress the allergic
reactions in bronchial asthma and atopic dermatitis without
any adverse effects.”!" Therefore, such herbal medicines
might contribute to meeting the clinical need for new thera-
peutic agents.

Pruritus is an unpleasant symptom of atopic dermatitis,
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Fig. 1 Mechanism of IgE-mediated allergic reaction
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Symptoms of allergic inflammation such as bronchial asthma, allergic rhinitis and atopic dermatitis involve an immediate phase reaction (IPR), which
consists of acute reactions of the permeability and broncho contraction induced by degranulation of mast cells, and a late phase reaction (LPR), which
is a chronic inflammatory reaction, accompanied by the infiltration of inflammatory cells to the lesional site and the induction of various chemical me-

diators and cytokines.

as well as other cutaneous diseases, and it accompanies sev-
eral visceral disorders such as chronic renal failure. Pruritus
produces scratching, worsening the condition of atopic pa-
tients.!>'? Therefore, improvement of pruritus is also im-
portant in the therapy of atopic dermatitis. However, the
physiological and pathological mechanisms of pruritus and
how pruritus is related to immunological mechanisms re-
main unknown, partly because of the lack of a reliable ani-
mal model.'® It has been reported that scratching with the
hind paws induced by subcutaneous injections of pruritogenic
agents such as compound 48/80 and substance P into the
rostal back in mice was likely an itch-associated behavior.'?

A model for IgE-mediated cutaneous dermatitis in
mice has been used to evaluate the efficacies of new anti-
allergic agents including plant materials and herbal
drugs.”'Y 1In this model (Figure 2), passive sensitization
with a murine monoclonal IgE antibody specific for the
dinitrophenyl group (anti-DNP IgE mAb) followed by a
challenge of dinitrofluorobenzene (DNFB) to mouse ears
can induce biphasic cutaneous reactions with IPR and
LPR.*® In the process of our study, we recently found a
third inflammatory phase response following LPR, tempo-
rarily named the "very late phase response (VLPR)".!9

We review here the effect of some Kampo formula-
tions and their constituent crude drugs on the IgE-mediated
triphasic cutaneous reaction in mice and scratching behavior
that is probably an itch-associated behavior after the chal-
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Fig. 2 Induction of skin reaction in mouse ears
BALB/c mice were actively or passively sensitized with 10 pg of DNP-
OVA plus 1mg of Alum or 1.0 ml of anti-DNP IgE mAb preparation, 2
weeks or 24 h before antigen challenge, respectively. Skin reaction was
elicited by applying 0.1% DNFB in 100% ethanol to the ear skin of the
actively and passively sensitized mice.

lenge, and the mechanism of inhibitory action of these
agents.

Induction of IgE-mediated triphasic cutaneous reaction
in mice.

BALB/c mice were actively or passively sensitized
with DNP-OVA or anti-DNP IgE mAb, respectively (Figure
2). In the passive sensitization model, mice were given an
i.v. injection of anti-DNP IgE mAb 24 h before the DNFB
challenge. For active sensitization, mice were immunized
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Fig. 3 IgE-mediated triphasic cutaneous reaction
vLPR in the triphasic cutaneous reaction was mainly mediated by T
cells, partially dependent on mast cells and/or IgE antibody, and obvi-
ously different from LPR. It led to intense ear swelling accompanied by
massive infiltration of eosinophils.

i.p. with DNP-OVA admixed with Alum 2 weeks before the
DNFB challenge. The reaction to DNFB was evaluated by
measuring ear thickness immediately before the challenge
and at appropriate intervals after. Figure 3 shows the time
course of the IgE-mediated cutaneous reaction in passively
sensitized mice. Passive sensitization with anti-DNP IgE
antibody followed by a challenge of DNFB to mouse ears
can induce triphasic cutaneous reactions of IPR, LPR and
VvLPR peaking at 1 h, 24 h and 8 days after antigen chal-
lenge, respectively.'” The third-phase inflammatory re-
sponse, named VLPR, was more intense for ear swelling
than LPR, and persisted for longer periods. vLPR was
markedly induced in actively sensitized mice as well as pas-
sively sensitized mice, but was only slightly observed in
non-sensitized mice. The triphasic cutaneous reactions ap-
peared as a result of injection of OVA in actively sensitized
mice, which indicates that VLPR may be due to an antigen
(hapten)-specific response in sensitized mice, but not spe-
cific for DNFB.

As shown in Figure 4, infiltration of inflammatory cells
was observed with edema of the dermis 1 day after chal-
lenge as compared with skin before the challenge.
Histopathological examination revealed massive infiltration
of eosinophils in VLPR at 8 days, suggesting that eosinophils
are responsible for the development of this reaction.
Epidermal proliferation was also observed in some lesions
of ears of passively sensitized mice at 8 days. However, no
marked increase of eosinophils in peripheral blood was ob-
served at the time of VLPR in passively sensitized mice
(data not shown). Although many studies have shown that
eosinophilic infiltration was observed in LPR at 24 h after
skin tests,”* % our present results indicated that the accumu-
lation of eosinophils in vLPR was more marked than that in
LPR in passively sensitized mice. This suggests that vLPR
with eosinophil infiltration actually represents an important
inflammatory reaction in allergic diseases (Figure 3). The
LPR seen in bronchial disease'”?” may be very similar to
the vLPR in our study. Especially, Hutson et al.'”) reported

8d (VLPR) 24d

Fig. 4 Histopathological analysis of skin reaction in passively sensitized
mice
One day after the challenge, infiltration of inflammatory cells was ob-
served with edema of the dermis as compared with skin before the chal-
lenge. No significant change was seen at 4 days after the DNFB
challenge, but then eosinophils infiltrated in conjunction with vLPR into
the challenged ear, and particularly around hair roots. Epidermal prolif-
eration was also observed in some lesions of ears of passively sensitized
mice at 8 days.

two delayed broncho-constrictor events including a peak re-
sponse at 17 h after challenge and a further response at 72
h with increased eosinophils in BAL from guinea pigs in an
asthma model. Also, VLPR is apparently different from the
post late phase reaction (pLPR), i.e., non-allergic hyperac-
tivity in bronchial asthma,?” because the third inflammation
continued for very long periods and more intensely than
LPR.

Studies using genetically mast cell-deficient WBB6F1-
W/Wv mice with mutation of the W/c-kit locus 229 revealed
that mast cells or mediators originating from them may be
required for the development of vVLPR and that the presence
of IgE antibody may enhance the development of vLPR
(Figure 3). On the other hand, both IPR and LPR were in-
duced after DNFB challenge in T cell-deficient BALB/c-
nu/nu mice passively sensitized with anti-DNP IgE
antibody, but vLPR was almost completely absent, in con-
trast to the effects in BALB/c mice. These results clearly
indicate that LPR is a T cell-independent response while
VvLPR is mainly mediated by T cells and factors derived
from them (Figure 3). Thus, vLPR might include two aller-
gic categories: an IgE-mediated response and delayed type
hypersensitivity (DTH), that is, the so-called "flare-up" in
the dermatology field.

Effect of Kampo formulations and anti-allergic drugs on
IgE-mediated triphasic cutaneous reaction in passively
sensitized mice

We examined the efficacy of 19 Kampo formulations
on a third phase response vLPR following IPR and LPR
(Figure 5). These formulations were used for HEAT-
symptom and COLD-symptom (E\GE, #E3F) according to
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IPR/LPR/VLPR __ _Kampo medicines Anti-allergic agents
+ + + Tokaku-joki-to BEERE Predonisolone (steroid)
Byakko-ka-ninjin-to HEMASE Y-24180 (PAF receptor antagonist)
Sho-seiryu-to NEES Cyclosporin A, FK-506
Ji-zuso-ippo TR —A
Sho-saiko-to INERRR
-+ o+ Shimotsu-to mE ONO-4057
Ogi-kenchu-to BEEghE (LT B4 receptor antagonist)
Toki-inshi LiRRF
- = + Juzen-taiho-to +2& KB
+ + - Shofu-san SHEBL Azel?‘nstige cabil
Hoc:hu-ekki-to HhESE ONO‘_;S};““ abilizer)
Toki-shakuyaku-san 4iRA53EEK (LTCA, D4, E4 receptor antagonist)
- ot Unsei-in BERR
+ Diphenhydramine, Terfenadine,
- 0= (H1 receptor antagonist)
AmlexanoXx (Membrane stabilizer)
- = = Inchin-ko-to o =%
Keigai-rengyo-to  FiFF:E8E
Rokumi-gan REEHL
Oren-gedoku-to HERER
Sho-kenchu-to INERE
Yoku-kan-san HEFAK

Fig. 5 Summary of the effect of Kampo formulations and anti-allergic agents on the triphasic cutaneous reaction
The effects were categirized into several groups according to the efficacies for IPR/LPR/VLPR (for example, +/+/+ or -/-/- groups).

the pathological condition and nature of the disease, as diag-
nosed by the system of Kampo medicine. For instance,
symptoms of the condition of HEAT include the feeling of
heat inside the body, hyperemia and local status of heat,
while symptoms of the condition of COLD include feeling
cold in the body, insufficient blood circulation and local
status of cold. Each Kampo formulation was given orally 2
h before and 2 to 6 days after DNFB challenge. As summa-
rized in Figure 5, the inhibitory effects of the Kampo formu-
lations on the triphasic cutaneous reaction were divided into
several groups according to the efficacies for IPR/LPR/
vLPR.?

The group consisting of Tokaku-joki-to (Tao-He-
Cheng-Qi-Tang, ®k# & X&), Ji-zuso-ippo (Zhi-Tou-
Chuang-Yi-Fan, /&8 —7), Sho-sei-ryu-to (Xiao-Qing-
Long-Tang, (/N&##%), Byakko-ka-ninjin-to (Bai-Hu-Jia-
Ren-Sheng-Tang, HEMAZ %) and Sho-saiko-to (Xiao-
Chai-Hu-Tang, /NE#AE) significantly inhibited IPR, LPR
and VLPR (i.e. +/+/+ group of IPR/LPR/VLPR), similar to
the effect of prednisolone as a positive control. Shofu-san
(Xiao-Feng-San, 7HJE &), Hochu-ekki-to (Bu-Zhong-Yi-Qi-
Tang, #H#E % %) and Toki-shakuyaku-san (Dang-Gui-
Shao-Yao-San, 4/% %73 #) were included in the +/+/-
group of IPR/LPR/VLPR. Oral administration of Inchinko-
to (Yin-Chen-Gao-Tang, BM#&#43), Keigai-rengyo-to (Jing-
Jie-Lian-Qiao-Tang, #i/+##%) and Rokumi-gan (Liu-
Wei-Wan, 7B #L) did not cause any inhibition of the
triphasic cutaneous reaction (-/-/- group). Thus, in this

study, there was no specific relationship between the effi-
cacy on the triphasic cutaneous reaction and the formula-
tions determined according to Kampo diagnosis based on
HEAT-symptom and COLD-symptom.*

We also found the differential effects of several syn-
thetic anti-allergic drugs with different mechanisms of ac-
tion on the IgE-mediated triphasic cutaneous reaction,*® and
the pattern of the effectiveness of these drugs was addition-
ally summarized in Figure 5. Platelet activating factor
(PAF) is known to be a potent chemotactic factor for
eosinophils to induce allergic inflammation,”” and have a
variety of biological properties such as vasodilation®™ and
broncho-constriction.?” It has also been reported to enhance
the adhesion of eosinophils to endothelial cells through the
up-regulation of cell adhesion molecules,’® degranulation of
eosinophils,*” and vascular permeability.’>*® Leukotriene
B4 (LTB4) has been reported to be produced mainly by
neutrophils, pulmonary alveoli macrophages and monocytes
and to have strong chemotactic activity against several types
of inflammatory cells, such as eosinophils, neutrophils and
macrophages.’® Since PAF receptor antagonist (Y-24180)
and LTB4 receptor antagonist (ONO-4057) were effective at
inhibiting the triphasic cutaneous reaction,*® Kampo formu-
lations in the +/+/+ and/or -/+/+ groups may show such anti-
PAF and LTB4 properties. Also, suppression of LTB4 and
PAF activities may be primarily important in downregulating
eosinophilic inflammation. Immunosuppressants (cyclosporin
A and FK-506) have been used with beneficial effects in the
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treatment of serious allergic diseases. They have been re-
ported to inhibit production of cytokines such as IL-4 and
IL-5 by Th2-type lymphocytes.*39 Cyclosporin A and FK-
506 inhibited the IgE-mediated triphasic skin reaction as did
prednisolone (Figure 5). Since VLPR essentially disap-
peared in T-cell deficient nude mice with passive sensitiza-
tion,'? the effect of these immuno-suppressants on vLPR
may also affect T cell-mediated inhibition. Interestingly,
the +/-/- group, which inhibited IPR only, included H1 re-
ceptor antagonists (terfenadine and diphenhydramine) and a
membrane stabilizer (amlexanox), whereas none of the
tested Kampo formulations were included in this group (+/-
/-).29
1) Sho-seiryu-to

Sho-seiryu-to is a representative Kampo formulation
for improving an unbalanced stasis of body fluids which is
referred to as WATER IMBALANCE (7K#), a concept
that includes overall water metabolism and various func-
tions such as the defense system, and is mainly used for res-
piratory diseases including bronchial asthma or rhinitis.*”*®
Figure 5 suggests that the Sho-seiryu-to (+/+/+ group) may
also be effective for patients with atopic dermatitis.

2) Tokaku-joki-to

Toki-shakuyaku-san (+/+/- group) and Tokaku-joki-to
(+/+/+ group) have been used to improve OKETSU (f81),
a state of insufficient blood-circulation and blood stasis re-
sulting in chronic autoimmune and allergic inflammatory,
and thrombopoietic diseases as diagnosed by the system of
Kampo medicine.”” Terasawa et al*” reported four cases of
atopic dermatitis successfully treated with Tokaku-joki-to.
Therefore, it may be of particular interest to investigate the
possible effects of other OKETSU-improving formulations
on the IgE-mediated triphasic cutaneous reaction. Oral ad-
ministration of Tokaku-joki-to resulted in a significant inhi-
bition of the murine triphasic cutaneous reaction in a dose-

dependent manner. Among the five crude drug constituents
in the Tokaku-joki-to formulation, the extracts of
Glycyrrhizae Radix (Kanzo, in Japanese) and Cinnamomi
Cortex (Keihi) significantly inhibited IPR, LPR and vLPR.
Persicae Sememn (Tonin) extract significantly inhibited
VLPR, but did not affect IPR or LPR. Natrii Sulfus (Bosho)
and Rubarb Rhizome (Daio) extract did not show any effect
on the triphasic skin reaction. Tokaku-joki-to as well as
diphenhydramine (an H1 receptor antagonist) significantly
inhibited scratching behavior (pruritus) in IPR.
3) Shimotsu-to

Shimotsu-to (Si-Wu-Tang, PA¥1#%5; -/+/+ group) is a
key formulation, which has been used in some Kampo
medicines such as Unsei-in (Wen-Qing-Yin, #i&#K) and
Juzen-taiho-to (Shi-Quan-Da-Bu-Tang, + 42 K##%}), and
consists of four crude drugs. Among the four constituents,
Cnidii Rhizoma (Senkyu, in Japanese) and Angelicae Radix
(Toki) have been used to improve OKETSU, and are con-
sidered to stimulate the circulation of KETSU (I, refers to
blood, hormones, autonomic nervous system and other regu-
latory functions of the body's internal environment) and KI
(X, a concept that encompasses mental nervous activity, es-
pecially the appetite for food and actual process of digesting
and absorbing nutrients) in Kampo medicine.

Shimotsu-to inhibited ear swelling in LPR and vLPR
after DNFB challenge in a dose-dependent manner, and
slightly diminished the scratching behavior considered to be
associated with pruritis in IPR (Figures 6 and 7).*® A vari-
ant formulation, Shimotsu-to without Cnidii Rhizoma
(Senkyu), decreased the inhibitory effect on triphasic skin
reaction as compared with intact Shimotsu-to (Figure 7).
The extract of Cnidii Rhizoma (Senkyu) markedly inhibited
LPR and vLPR as compared with Angelicae Radix (Toki),
Paeoniae Radix (Shakuyaku) or Rehmanniae Radix (Jio) in
the Shimotsu-to formulation. Cnidii Rhizoma (Senkyu) may

n=

Rehmanniae Radix (Kan-jio)

Cnidii Rhizoma (Senkyu)

Paeoniae Rix (hakuyaku)

Angelicae Radix (Toki)

Fig. 6 Effect of Shimotsu-to constituents on triphasic skin reaction and scratching behavior (pruritis) in passively sensitized mice
The inhibitory effect on LPR and vLPR was partly due to Cnidii Rhizoma (Senkyu) in the Shimotsu-to formulation, especially cnidilide. On the other
hand, Angelicae Radix (Toki) rather than Cnidii Rhizoma (Senkyu) in Shimotsu-to inhibited the scratching behavior, although it did not inhibit the ear

swelling in IPR.
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Fig. 7 Effect of Shimotsu-to and its variant formulation on IgE-mediated
triphasic skin reaction in passively sensitized mice
Mice received intravenous injection of 1.0 ml of anti-DNP IgE mAb
preparation 24 h before skin testing with 0.1% DNFB in 100% ethanol.
Each Kampo formulation was given orally 2 h before and 2 to 6 days
after DNFB challenge. Prednisolone was given intraperitoneally 2 h be-
fore and 4 to 6 days after the challenge. Each value represents mean
+ S.D. of 3 mice. *, p<0.005 by Mann-Whitney's U-test.

be primarily involved in the development of the Shimotsu-
to-mediated inhibition of the skin reaction. In addition, the
inhibitory effect by Cnidii Rhizoma (Senkyu) extract was
partly due to fraction 5, which contains cnidilide with a
small amout of butylphthalide, but not fraction 2, containing
butylidenphthalide with a little ligustilide (Figure 8).*> This
is clearly consistent with our observation that Angelicae
Radix (Toki), which contains abundant butylidenphthalide
and ligustilide,*” did not show any inhibitory effect on the
triphasic skin reaction. Interestingly, very small amounts of
cnidilide (50-200 mg/kg) in Fraction 5 of the Cnidii
Rhizoma (Senkyu) extract markedly inhibited both LPR and

Silicagel chromatography
. Wakogel C-200
Fraction

Fraction 2
main: Butylidene phthalide
other: Ligustilide

Fraction &

main: Cnidilide
other: Butyiphthalide

Fig. 8 Extraction and fractionation of Cnidium officinale

The materials were extracted with hexane to give a hexane extract. The
hexane extract was dissolved in diethyl ether and washed with IN
NaOH. Then the ether layer was concentrated and steam-distilled to
give an essential oil. This was subjected to silica gel column chromatog-
raphy using Wakogel C-200 to give ten fractions by thin layer chroma-
tography. Fraction 2 was mainly composed of butylidenphthalide with
a little ligustilide, and fraction 5 was mainly cnidilide with a bit of
butylidenphthalide.

vLPR as compared with 10 mg/kg prednisolone, but
butylphthalide in Fraction 5 did not inhibit them (Figure 9).

anti-DNP IgE mAb / 0.1%DNFB
2507 + Prednisolone 10 mg/kg
+ butylphthalide 50 pgkg

— 200" + butylphthalide 100 ugkg
€ + butylphthalide 200 pgkg
= 5
g’ 150° "B +cnidilide 50 pgikg
= o + ¢nidilide 100 pglkg
@ + cnidilide 200 pglkg
g 100 AN
[

_ *
S 5| a *

o

Anti-DNP IgE mAD I.v

Kampo medicines

& DNF B challenge

Prednisolone

Fig. 9 Effects of butylphthalide and cnidilide on triphasic skin reaction in passively sensitized mice

Mice received intravenous injection of 1.0 ml of anti-DNP IgE mAb preparation 24 hours before skin testing with 0.1% DNFB in 100% EtOH.
Prednisolone was given intraperitoneally 2 hours before challenge and 4 to 6 days after challenge. Butylphthalide and cnidilide were given orally 2
hours before challenge and 2 to 6 days after challenge. Each value represents the mean +8.D. of 3 mice and was statistically analyzed vs. each control
group (anti-DNP IgE mAb / 0.1% DNFB) by Mann-Whitney's U-test; *,p<0.05 **,p<0.005
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Anti-DNP IgE mAb/0.1%DNFB
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Fig. 10 Effect of variant formulations of Byakko-ka-ninjin-to on triphasic skin reaction in passively sensitized mice
Byakko-ka-ninjin-to and its variant formulations (without one crude drug) were given orally 2 h before and 2 to 6 days after DNFB challenge.
Prednisolone (10 mg/kg) was given intraperitoneally 2 h before and 4 to 6 days after the challenge. Each value represents mean = S.D. of 3 mice.

*, p<0.05, **, p<0.01 by Steel's test.

B Anti-DNP IgE MmAb/ 0.1%DNFB
+Prednisolone, 10 mg/kg
+Byakko-ka-ninjn-to, 1g/kg
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Fig. 11 Effect of a mixture of <Byakko-ka-ninjin-to without Sekko> and Sekko on triphasic skin reaction in passively sensitized mice
Byakko-ka-ninjin-to, <Byakko-ka-ninjin-to without Sekko>, or a mixture of <Byakko-ka-ninjin-to without Sekko> and Sekko were given orally 2 h

before and 2 to 6 days after DNFB challenge. Prednisolone was given intr:
resents the mean = S.D. of 3 mice. *,p<0.05, **, p<0.01 by Steel's test.

On the other hand, Angelicac Radix (Toki) rather than
Cnidii Rhizoma (Senkyu) in Shimotsu-to, inhibited the
scratching behavior, although it did not inhibit the ear swel-
ling in IPR.*> Shimotsu-to containing both crude drugs evi-
dently showed both inhibitory properties.
4) Byakko-ka-ninjin-to

Oral administration of Byakko-ka-ninjin-to inhibited

the IgE-mediated triphasic skin reaction in mice passively

aperitoneally 2 h before and 4 to 6 days after the challenge. Each value rep-

sensitized with anti-DNP IgE antibody (Figure 10).49
Variant formulations of Byakko-ka-ninjin-to without
Gypsum Fibrosum (Sekko, CaSOs * 2H:0), Glycyrrhizae
Radix (Kanzo) or Oryzae Semen (Kobei) exerted an attenu-
ated inhibitory effect as compared with intact Byakko-ka-
ninjin-to (Figure 10). The decreased effect of Byakko-ka-
ninjin-to without Kanzo was restored by the addition of
Kanzo extract to the variant formulations before oral
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Fig. 12 Summary of the effect of Byakko-ka-ninjin-to and its variant for-
mulations on IgE-mediated triphasic cutaneous reaction
Variant formulations of Byakko-ka-ninjin-to without Gypsum Fibrosum
(Sekko), Glycyrrhizae Radix (Kanzo) or Oryzae Semen (Kobei) showed
an attenuated inhibitory effect as compared with Byakko-ka-ninjin-to.
The decreased effect of Byakko-ka-ninjin-to without Kanzo was restored
by the addition of Kanzo to the variant formulations before oral admini-
stration, while the decreased effect of Byakko-ka-ninjin-to without
Sekko could not be restored by the addition of Sekko.

administration, because the Kanzo extract itself was active.
In contrast, the decreased effect of Byakko-ka-ninjin-to
without Sekko could not be restored by the addition of
Sekko extract, although the active Kanzo is part of this vari-
ant formulation (Figure 11). The above results using crude
drug extracts and variant formulations of Byakko-ka-ninjin-
to are summarized in Figure 12.

Since Kampo formulations are generally prepared from
the combination of many crude drugs, they may have com-
bined effects which differ from the sum of the effects of the
individual constituent crude drugs. They must have an ac-
ceptable efficacy and quality when used as therapeutic

w A c r

v 4 g \

Kampo formulations and allergic inflammatory diseases

medicines. Formulations prepared from crude drugs with
different qualities would have different biological activities
and efficacies. Therefore, it is necessary to control and con-
firm the quality of the formulations and their constituent
crude drugs, because their quality may vary with the origins
of crude drugs and the place of harvest, etc. HPLC pattern
analysis, the so-called "fingerprint" method, could provide a
useful means of identifying the crude drugs and preparing
batches of constant formulation.*? Although the many com-
pounds which have no UV absorbance can not be detected
by this method, the fingerprint similarity of the formulation
may be primarily useful in assessing the homogeneity of the
formulation, which should lead to constant efficacy.
Figures 13 and 14 summarized the HPLC profiles of
Byakko-ka-ninjin-to and its variant formulations without
one crude drug and their efficacies for the IgE-mediated
triphasic cutaneous reaction.

Disappearance of the peaks in the HPLC profile of
Byakko-ka-ninjin-to without Kanzo may, in part, be due to
the absence of Kanzo (peaks b, e, f, g, h-k, and 1 in Figure
13 and 14). Since elimination of Sekko from the Byakko-
ka-ninjin-to constituents attenuated the efficacy although
Sekko did not show any activity per se, mutual interaction
of Sekko with other constituents during the preparation
process may result in the production of new components.
These results may be related to the clinical observations that
Byakko-ka-ninjin-to containing increasing doses of Sekko
actually becomes successively more effective in terms of the
holistic patterns of individual pathogenic alterations, so-
called SHO (i), of patients with atopic dermatitis.*>*®

Byakko-ka-ninjin-to without Kobei or without Ninjin

i ____}]\A,_J\
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a : mangiferin-7-O-glucoside

Gle
¢ : mangiferin d : isomangiferin
Fig. 13 HPLC profile of Byakko-ka-ninjin-to and UV spectra.

A preparation of Byakko-ka-ninjin-to was extracted with H20-EtOH (9:1

the following conditions: column, TSK gel 80 Ts ODS (4.6 x 250 mm);

T wn e e FRaETTIaRN
0-Glc—Api
Ho Ho, o mec o.
HO 0 OH Ho o
0
GIcA-GlcA—0" X}

/\’\ J r/\ k

W e e W

N COOH

e : apioliquiritin o

f : liquiritin | : glycyrrhizin

, 200 ml), filtered and analyzed by HPLC (HP-1090, Hewlett-Packard) under

mobile phase, 10 mM phosphoric acid: CH3CN (linear gradient, 95:5—>20:

80, for 1 h); flow rate, 0.8 ml/min; oven temperature, 40°C; injection volume, 5 pl.

A: HPLC pattern analyzed by absorbance at 220 nm,
B: Contour plot of HPLC pattern by UV absorbance (190-420 nm),

C; UV spectra of main peaks. Origins of peaks {a: Anemarrhenae Rhizoma (mangiferin-7-O-glucoside), b: Glycyrrhizae Radix,
¢: Anemarrhenae Rhizoma (mangiferin), d: Anemarrhenae Rhizoma (isomangiferin), e: Glycyrrhizae Radix (apioliquiritin), f: Glycyrrhizae Radix
(liquiritin), g: Unknown, h-k: Glycyrrhizae Radix, I: Glycyrrhizae Radix (glycyrrhizin)
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HPLC profile (peaks)

Triphasic skin reaction
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Peaks g, j and k (shaded) were found in the HPLC profile of Byakko-ka-ninjin-to only when the five component crude drugs

were present during the decoction procedure.

Fig. 14 Summary of the efficacies of variant formulations of Byakko-ka-ninjin-to and HPLC profiles
Comparison of HPLC profiles of variant formulations lacking one crude drug with that of original Byakko-ka-ninjin-to revealed that some peaks could
be detected only when the five constituent crude drugs were simultaneously present during the preparation of the Byakko-ka-ninjin-to formulation.
Since elimination of Sekko from the Byakko-ka-ninjin-to constituents attenuated the efficacy although Sekko did not show any activity per se, mutual
interaction of Sekko with other constituents during the preparation may result in the production of new components.
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Fig. 15 "Harmonization effect" and "combination effect"
The effect of the Byakko-ka-ninjin-to formulation on cutaneous inflam-
matory disease may differ from the sum of the effect of the individual
constituents.

P [ Effective+

Combination effect

showed similar HPLC patterns to Byakko-ka-ninjin-to with-
out Sekko (Figures 13 and 14).*¥ Byakko-ka-ninjin-to with-
out Ninjin was still active in inhibiting the skin reaction,
although a slight reduction of its anti-allergic effect was ob-
served. In contrast, Byakko-ka-ninjin-to without Sekko had
a markedly reduced effect, suggesting that other compo-
nents in the Byakko-ka-ninjin-to without Ninjin, which can
not be detected by HPLC analysis, such as polysaccharides
and peptides, are responsible for the efficacy. However,
since Kobei was effective at inhibiting the skin reaction
(Figure 10), the marked decrease of the inhibitory effect by
Byakko-ka-ninjin-to without Kobei may be due to the ab-
sence of the active components of Kobei.

Peaks g, j and k in Figures 13 and 14 could not be

commonly found in the HPLC profiles of any of the variant
formulations, including Byakko-ka-ninjin-to without Sekko.
Therefore, these peaks may appear only when the five crude
drugs are simultaneously present and interact mutually dur-
ing the decoction preparation. Although further chemical
studies will be needed to examine this issue in detail, the ef-
fect of Byakko-ka-ninjin-to formulation on cutaneous in-
flammatory disease may differ from the sum of the effect of
the individual constituents (combination of the extract of in-
dividual crude drugs), which are referred to as the "harmoni-
zation effect” and "combination effect", respectively (Figure
15).

SHO (i, symptom and constitution) and HO-SHO-SO-
TAI (Ji i)

Pathogenic recognition by Kampo medicine is based
on the diagnosis of individual pathogenic alterations, so
called SHO, consisting of the symptom (SHOKO in
Japanese, AE{%) and constitution (responder/non-responder,
TAISHITSU in Japanese, £H) of patients with different
disease states (Figure 16). Therefore, Kampo medical doc-
tors must properly diagnose the SHO, in order to determine
the appropriate treatment modality with Kampo formula-
tions that is suitable for improving the state of individual pa-
tients. This is referred to as HO-SHO-SO-TAI in Japanese
(Figure 17).

There are two characteristics for the treatment modality
of Kampo medicines. In the diagnosis of Kampo medicine,
patients with the same disease, for instance, atopic dermati-
tis, can be treated with different Kampo formulations ac-
cording to the pathogenic alteration SHO such as KI-KYO
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Fig. 16 SHO.

Pathogenic recognition in Kampo medicine, is based on the diagnosis of
individual pathogenic alterations, so called SHO, consisting of symp-
toms (SHOKO in Japanese) and constitution (TAISHITSU in Japanese,
or responder/non-responder) of patients with different disease states.

SHIN-SHIN-ICHI-NYO

(L&—m

Mutually influence
(HWRELSBD)

Mind () <= Body &%

Mental behavior L Physiological
and emotion %__+ - ® body function
TR : (RO AL

Fig. 18 Mutual and intimate interaction between mental/emotional altera-
tion and biological/physiological organ function (SHIN-SHIN-ICHI-
NYO)

Besides the genetic factors underlying the development of the diseases,
environmental factors, including psychosocial stress, have also been sug-
gested to provoke and exacerbate the diseases.

(%), OKETSU, SUITAI (k##) illustrated by latitude in
the globe (Figure 17). In other words, if patients with the
same disease exhibit different SHO, i.e. different symptoms
and constitutions, they are given different Kampo formula-
tions. However, in Western medicine, these patients with
the same diseases would be primarily or actually treated
with similar or the same anti-allergic agents for atopic der-
matitis. In contrast, as shown by longitude in the globe
(Figure 17), patients with different diseases such as diabetic
retinopathy, rheumatoid arthritis, atopic dermatitis, and
menopausal syndrome can be treated with the same Kampo
formulation based on a common diagnosis of SHO, such as
OKETSU, a state of insufficient blood circulation and
blood stasis. Thus, the diagnosis in Kampo medicine is
markedly different from that of Western medicine with re-
spect to the determination of the disease name.

Kampo formulations and allergic inflammatory diseases

HO-SHO-SO-TAI »smasm
Determination of “SHO” (@EoR®)
-» Treatment modality (4#osRt )

-» Detaermination of Kampo formulation @asaoie)

Fig. 17 HO-SHO-SO-TAI (JftExt)

Kampo medical doctors firstly examine the Sho including symptoms and
constitution of patients, in order to determine the appropriate treatment
modality or Kampo formulations that are suitable for improving the state
of individual patients.

A summary of the difference of pathogenic recognition between
Western/modern medicine and Oriental/Kampo medicine is shown. As
illustrated in the globe, pathogenic recognition in Western medicine is
based on the diagnosis of the disease name, represented as longitude. In
contrast, pathogenic recognition in Kampo medicine, is based on the di-
agnosis of individual pathogenic alterations, so called SHO, consisting
of symptoms and constitution (responder/non-responder) of patients with
different disease states, represented as latitude. In Kampo medicine,
SHO parameters such as KI-KYO, OKETSU, SUITAI and so on are
used for the diagnosis, instead of the disease name.

Psychosocial stress enhances IgE-mediated triphasic
cutaneous reaction in mice: Antagonism by Yokukan-
san (Yi-Gan-San, fVIF#)

Besides the genetic factors underlying the development
of the diseases, environmental factors, including psychosocial
stress, have also been suggested to provoke and exacerbate
the diseases.*’*® Thus, mental and emotional alterations can
mutually and intimately influence biological and physiologi-
cal organ function, which is referred to as SHIN-SHIN-
ICHI-NYO (L:&—11) in Kampo medicine (Figure 18).

Increasing evidence has suggested the important im-
pact of psychosocial stress, such as the loss of an intimate
relationship, divorce, bereavement or other adverse life
events, on the subsequent onset or exacerbation of many
types of human diseases, such as depression, cardiovascular
diseases, cancer and atopic dermatitis.*”* Evidence in sup-
port of this hypothesis comes from clinical studies, includ-
ing stressful life events often preceding the exacerbation of
atopic dermatitis, and daily emotional stress (such as a rigid
family structure or negative communication with significant
others) predicting symptom severity in children and adults
with atopic dermatitis.”**> However, to our knowledge, few
experimental studies of the influence of psychosocial stress
on allergic cutaneous reactions in animals have been re-
ported.

Social isolation, i.e. individual housing of laboratory
animals, is a model of a lack of social interactions among
animals involving the anxiety emotion (Figure 19), and is
considered to be relatively comparable with the situation of
humans who feel isolated. In rodents, social isolation
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results in marked behavioral disturbances such as increased
aggressiveness, enhanced locomotive activity and elevated
morphine consumption as well as reduced pentobarbital-
induced sleeping time.’**® There are also physiological dis-
turbances including high levels of plasma corticosterone and
catecholamine and high activity of corticotropin releasing
factor (CRF) and attenuated immune functions.®? Qur
previous studies revealed that social isolation stress could
enhance liver metastasis and angiogenesis of colon carci-
noma cells, and suppress immune functions such as NK
cell- and macrophage-mediated cytotoxicity in mice.®%
Because of its inherently social nature, social isolation is

8d (VLPR)

-Group-housed!

ESocially isolated

Anti-DNP IgE mAb. i.v. DNFB chalienge

a0

Fig. 19 Induction of IgE-mediated skin reaction in mice under socially iso-
lated conditions
BALB/c mice were randomly assigned to be group-housed (n=3 per
cage: 24x17x12cm) or individually-housed in same-sized cages (n=1 per
cage: 24x17x12cm) for 2 weeks before starting skin testing. Mice were
given an i.v. injection of anti-DNP IgE mAb-containing fluid 24 h before
DNFB challenge. The skin reaction to DNFB was evaluated by measur-
ing ear thickness immediately before and at appropriate times after the
challenge.

viewed as a relatively natural and convenient model for con-
stituting psychosocial stress, and should be useful for inves-
tigating the modulatory role of psychosocial stress on
allergic inflammatory reactions in mice (Figure 19).

As shown in Figure 20, social isolation stress could ex-
acerbate the triphasic cutaneous reaction (IPR, LPR and
vLPR) in response to 0.01-0.05% DNFB in passively sensi-
tized mice. It is well known that complex alterations of the
autonomic nervous, immune and endocrine systems are
modulated by psychosocial stress. Psychological or physio-
logical stresses can stimulate the hypothalamic-pituitary ad-
renal axis (HPA), sympatho-adrenomedullary system and
sympathetic nervous system, but inhibit the hypothalamic-
pituitary-testicular axis***"69, CRH, which can be activated
by isolation stress, was observed to induce skin mast cell
degranulation and increase vascular permeability.t6® Tt is
known that mast cells are responsible for skin reactions, and
in particular IPR and vLPR in the triphasic cutaneous reac-
tion model.'> Therefore, isolation stress-induced exacerba-
tion of the skin reaction may be associated with increased
production of glucocorticoid and catecholamine, a decreased
testosterone level, over-activity of CRH, or a combination
of these alterations.

A Kampo formulation with anti-psychotic action,
Yokukan-san, has anti-convulsive, sedative and analgesic
properties, including preservation of emotional balance, and
is often used to improve oversensitive, quick-tempered and
restless symptoms in patients.®*’ It is currently adminis-
tered to small children with crying fits during the night, pa-
tients with convulsions due to fever, twitching and jerking

1h(IPR) 1d (LPR) 8d (VLPR)

isolated
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0 5 10 150 5 10 15 0 5 10 15 0 5 10 15

Days after DNFB challenge

Fig. 20 Effect of social isolation stress on IgE-mediated triphasic skin reaction in passively sensitized mice
BALB/c mice (4 weeks old, male) were group-housed or socially isolated (n=3) for 2 weeks before skin testing and throughout the experiment. Mice
received intravenous injection of 1.0 ml of anti-DNP IgE mAb preparation 24 h before skin testing with different doses of DNFB (0.01%, 0.025%,
0.05%, 0.1%) in 100% ethanol. Ear swelling was measured at 1 h, 24 h and 8 days following the DNFB challenge to evaluate IPR, LPR and vLPR,

respectively. Group-housed (O), socially isolated (@).
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Fig. 21 Effects of Yokukan-san on IgE-mediated triphasic skin reaction in
group-housed and socially isolated mice
Mice were group-housed or socially isolated for 2 weeks before skin
testing and throughout the experiment. Mice received intravenous injec-
tion of 1.0 ml of anti-DNP IgE mAb 24 h before skin testing with
0.025% DNFB in 100% ethanol. Yokukan-san was given orally 6 to 2
days before and 2 to 6 days after DNFB challenge. Each value represents
the mean=®S.D. of 3 mice. *: p<0.05,**: p<0.01,***: p<0.005 vs. vehi-
cle (control of each group), by Mann-Whitney's U-test.
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Fig. 23 Effects of Oren-gedoku-to on IgE-mediated triphasic skin reaction
in group-housed and socially isolated mice
Mice were group-housed or socially isolated for 2 weeks before skin
testing and throughout the experiment. Mice received intravenous injec-
tion of 1.0 ml of anti-DNP IgE mAb 24 h before skin testing with
0.025% DNFB in 100% ethanol. Oren-gedoku-to was given orally 6 to
2 days before and 2 to 6 days after DNFB challenge. Each value repre-
sents the mean=S.D. of 3 mice.

of muscles, mania, insomnia and neurological symptoms.
As shown in Figure 21, oral administration of Yokukan-san
dose-dependently inhibited the enhancement of IPR, LPR
and vLPR in socially isolated mice, although it did not show
any inhibition in the group-housed mice and belongs to the
group -/-/- in Figure 5. In contrast, a typical tranquilizer (di-
azepam), which acts on both central and peripheral
benzodiazepine receptors, reduces anxiety and inhibits the
stress-induced increase in the secretion of anterior pituitary
hormones, including ACTH, corticosterone, and behavior-
associated epinephrine.’"”’ Intraperitoneal administration
of diazepam dosc-dependently inhibited the enhancement of
IPR and LPR in socially isolated mice, but markedly exacer-
bated vLPR of both the group-housed and socially isolated
mice in a dose-dependent manner (Figure 22), and its effects
thus differed from the inhibitory effect of Yokukan-san on

Ant-ONP IgE mAD, Ly  DNFB challenge

Fig. 22 Effects of diazepam on IgE-mediated triphasic skin reaction in
group-housed or socially isolated mice
Mice were group-housed or socially isolated for 2 weeks before skin
testing and throughout the experiment. Mice received intravenous injec-
tion of 1.0 ml! of anti-DNP IgE mAb 24 h before skin testing with
0.025% DNFB in 100% ethanol. Diazepam was given intraperitoneally
6 to 2 days before and 2 to 6 days after DNFB challenge. Each value rep-
resents mean+S.D. of 3 mice.

vLPR.

In addition to the improvement of the exacerbated al-
lergic skin reaction by Yokukan-san and diazepam in so-
cially isolated mice, diazepam also showed an inhibitory
effect on both locomotive and aggressive behavior stimu-
lated by stress, while Yokukan-san exhibited a suppressive
effect on the former but not the latter.” Thus, Yokukan-san
and diazepam exhibited different patterns of inhibitory ef-
fect on isolation stress-enhanced triphasic cutaneous reac-
tions and stress-evoked behavioral disturbances. These
results suggest that Yokukan-san and diazepam antagonize
isolation stress-provoked cutaneous functions in part
through their sedative action on social isolation stress. The
mechanism underlying the inhibitory effects of Yokukan-
san and diazepam on triphasic cutaneous reaction in socially
isolated mice will still need to be examined in detail.

On the other hand, Oren-gedoku-to (Huan-Lian-Jie-
Du-Tang, & & &% #) did not affect the exacerbated
triphasic skin reaction in this isolation stress model or the
skin reaction in group-housed conditions (Figure 23).
According to the theory of the five elements; WOOD (K),
FIRE (X) , EARTH (1), METAL (%) and WATER
(’K) in Kampo medicine (GO-GYO theory in Japanese, f.
T4, Figure 24), everything in this world is represented by
five elements or symbols taken from nature, and various in-
teractions can be interpreted according to this theory. It is
also used as a guide for diagnosing pathological changes
and treating diseases. The organs related to these elements
show positive and/or negative influences on others, for in-
stance, a tonifying effect of the LIVER (/) on the
HEART (.L», arrow) or a sedating effect of the LIVER on
the SPLEEN (%, dotted arrow). Yokukan-san is used to
improve the symptoms related to the LIVER, such as
oversensitivity, quick-temperedness and restlessness, i.e.,
LIVER in a state of excess of WOOD. On the other hand,
Oren-gedoku-to is well known to improve some symptoms
related to the heart such as flushed face, irritable, easily
frightened, i.e., HEART in a state of excess of FIRE.
Yokukan-san was effective at improving the exacerbated
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skin reaction in this model but Oren-gedoku-to was not ef-
fective. Thus, social isolation may cause a change of SHO
in mice, in particular symptom of an enhanced state of the
LIVER in Kampo medicine, and induce psychological
stress, differing from the state of mice reared under group-
housing conditions.

[ Socially isolation stress ]
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Fig. 24 Theory of five elements (GO-GYO theory)

In Kampo medicine, everything in this world is represented by five ele-
ments (WOOD, FIRE, EARTH, METAL and WATER) or symbols
taken from nature, and various interactions can be interpreted by this the-
ory. The organs related to these elements show positive and/or negative
influences on others, for instance, a tonifying effect of the LIVER on the
HEART (arrow) or a sedating effect of the LIVER on the SPLEEN
(dotted arrow).
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Strain difference in IgE-mediated triphasic cutaneous
reaction in mice

Various strains of mice were actively or passively sen-
sitized with DNP-OVA or anti-DNP IgE mAb, respectively,
and then the skin reaction to DNFB was evaluated as shown
in Figure 2. Various degrees of IgE-mediated triphasic
cutaneous reaction were observed in the different strains of
mice (Figures 25 and 26). The DBA/2 and DBA/I strains
as well as the BALB/c strain showed markedly high activi-
ties of the triphasic cutaneous reaction. In contrast, SJL,
C57BL/6N and C3H/HeN strain mice exhibited lower re-
sponsiveness to DNFB, even under the same conditions of
sensitization and challenge. Interestingly, C57BL/6N strain
mice were lower responders than BALB/c mice, although
they showed a high level of serum IgE compared with other
strains of mice, including BALB/c mice. This may be partly
due to the difference in other allergy-related factors such as
Thl and Th2 cytokines. Thus, markedly different respon-
siveness in allergic skin reaction was observed in mice with
different genetic backgrounds. Strain differences in the al-
lergic skin reaction in mice may reflect differences of SHO,
especially of constitution (TAISHITSU shown in Figure
16) rather than symptoms (SHOKOQ). Further studies will
be needed to examine the differential anti-allergic effects of
Kampo medicines in various strains of mice.

Acknowledgments

I thank all the members in my laboratory in the

DBA/1

40

40

35
30

35

25

30

1h 24h 8d

Ear swelling (um)

14d 1h 24h

8d 14d

Time after DNFB challenge

Fig. 25 Strain difference in murine IgE-mediated triphasic cutancous reaction
Various strains of mice were actively or passively sensitized with DNP-OVA + Alum or anti-DNP IgE mAb, respectively, and then skin reaction to

DNFB was evaluated as shown in Figure 2.

NI | -El ectronic Library Service



and Pharmaceutical Society for WAKAN- YAKU

64 Kampo formulations and allergic inflammatory diseases
IgE titer L.
Strain 14dafter  |PR/LPR/VLPR Characteristics References
sensitization

BALB/c + ++ [+ [ ++ Th2 dominant immune response, J. Immunol., 136: 2348, 1986
High sensitivity against radiation

DBA/2 + ++ [ ++ [ ++ Model of IgE production by feeding protein  Eur. J. immunol., 27: 3427, 1997
Infectivity of malaria parasites infect. Immun., 63: 3702, 1995

in C5-deficientDBA/2 mice

DBA/1 + ++ [ ++ [ ++ High incidence of collagen-induced arthritis  Int. J. Inmunopharmac., 17:
Susceptible to tuberculosis infection 597, 1995

SJL + +/ +/+ Suppression of IgE Ab production J. Exp. Med., 143: 833, 1976

C57BL/6N + +/ +/+ Th1 dominant immune response, J. Immunol., 136: 2348, 1986
Low rate of spontaneous carcinogenesis
Antigen-induced pulmonary eosinophitia Immunology, 98: 345, 1999

C3H/HeN + +/ +/+ High activity for complement

BALB/c-nu + ++/ =]/ - T cell deficient athymic mice Nature, 217: 370, 1968

CBA/J + ] +]+ Induction of immunological tolerance
Mast cell dependence of DTH response J. Exp. Med., 157: 1604, 1983
Susceptible to S. pneumonia

MRL/lpr + +/ +]++ Induction of autoimmune disease J. Exp. Med., 149: 516, 1979

(SLE-like syndromes), Alteration of T cell
components with the appearance of disease

Fig. 26 Summary of IgE-mediated skin reaction and IgE production in high and low responder mice
Various strains of mice were actively or passively sensitized with DNP-OVA + Alum or anti-DNP IgE mAb, respectively, and then the skin reaction
to DNFB was evaluated as shown in Figure 2. Fourteen days after active sensitization with DNP-OVA, the DNP-specific IgE titer in sera was meas-

ured by ELISA.

Division of Pathogenic Biochemistry, Institute of Natural
Medicine and Department of Japanese Oriental (Kampo)
Medicine, Toyama Medical and Pharmaceutical University
for their extensive contributions to the above studies. I also
thank Professor Tadato Tani (Institute of Natural Medicine)
and Katsutoshi Terasawa (Project Leader for 215t Century
COE Program, Toyama Medical and Pharmaceutical
University) for his critical comments and support on this
manuscript. All Kampo formulations used in this study
were kindly provided from Tsumura & Co., Ltd., Tokyo.
This work was supported in part by Grant-in-Aids for
Cancer Research (No. 14030028), for CLUSTER (Coopera-
tive Link of Unique Science and Technology for Economy
Revitalization), and also for the 215t Century COE Program
from the Ministry of Education, Culture, Sports, Science
and Technology, Japan.

References

1) Radcliffe, M.J., Ashurst, P. and Brostoff, J.: Unexplained illness: the
mind versus the environment. J. Royal Soc. Med. 88, 678-679, 1995.

2) D'Amatao, G. and Spieksma, F.T.: Aerobiologic and clinical aspects
of mould allergy in Europe. Allergy 50, 870-877,1995.

3) Ray, M.C., Tharp, M.D., Sullivan, T.J. and Tigelaar, R.E.: Contact hy-
persensitivity reactions to dinitrofluorobenzene mediated by mono-
clonal IgE anti-DNP antibodys. J. Immunol. 131, 1096-1102, 1883.

4) Dolovich, J., Hargreave, F.E., Chalmers, R., Shier, K.J., Gauldie, J.
and Bienenstock, J.: Late cutaneous allergic responses in isolated IgE-

5)

6)

7

8)

9)

10)

11)

12)

13)

dependent reactions. J. Allergy Clin. Immunol. 52, 38-46, 1973.
Wieslander, E., Andersson, P. and Linden, M.: Important of particu-
late antigen for the induction of dual bronchial reaction in guinea pigs.
Agents Actions 16, 37-38, 1985.

Tijima, H., Ishii, M., Yamauchi, K. et al.: Bronchoalveolar lavage and
histologic characterization of late asthmatic response in guiea pigs.
Am. Rev. Respir. Dis. 136, 922-929, 1987.

Katayama, 1., Tanei, R., Yokozaki, H., Nishioka, K. and Dohi, Y.:
Induction of eczematous skin reaction in experimentally induced
hyperplastic skin of Balb/c mice by monoclonal anti-DNP IgE anti-
body: possible implications for skin lesion formation in atopic derma-
titis. Int. Arch. Allergy Appl. Immunol. 93, 148-154, 1990.

Nagai, H., Sakurai, T., Inagaki, N. and Mori, H.: An immunopharma-
cological study of the biphasic allergic skin reaction in mice. Biol.
Pharm. Bull. 18, 239-245, 1995.

Watanabe, C., Hase, K., Oku, T., Koizumi, F., Kadota, S., Nagai, H.,
Namba, T. and Saiki 1.: Effect of spikelets of Miscanthus sinensis on
IgE-mediated biphasic cutaneous reaction in mice. Planta Medica 64,
1-96, 1997.

Tahara, E., Satoh, T., Watanabe, C., Nagai, H., Shimada, Y.,
Terasawa, K. and Saiki, L: Effect of Kampo medicines on IgE-
mediated biphasic skin reaction in mice. J. Trad. Med. 15, 100-108,
1998.

Tsunematsu, M., Nakai, N., Inagaki, N. and Nagai, H.: Effect of
Chinese herbal medicine, Sho-fu-san, on IgE antibody-mediated
biphasic cutaneous reaction in mice. J. Trad. Med. 13, 66-72, 1996.
Behrendt, H. and Ring, L.: Histamne, antihistamines and atopic ec-
zema. Clin. Expt. Allergy. 20, 25-30, 1996.

Berth-Jones, J. and Graham-Brown, R.A.: Failure of terfenadine in re-
lieving the pruritus of atopic dermatitis. Brit. J. Dermatol. 121, 635-

NI | -El ectronic Library Service



Medi cal

and Phar maceuti cal

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

Soci ety for WAKAN- YAKU

J. Trad. Med. (Vol.21 No.2 2004)

637, 1989.

Kuraishi, Y., Nagasawa, T., Hayashi, K and Satoh, M.: Scratching be-
havior induced by pruritogenic but not algesiogenic agents in mice.
Eur. J. Pharmacol. 275, 229-233, 1995.

Tahara, E., Satoh, T., Watanabe, C., Shimada, Y., Ttoh, T., Nagai, H.,
Terasawa, K. and Saiki, I.: A third-phase cutaneous response (very
late phase response, VLPR) after elicitation with DNFB in passively or
actively sensitized mice. Allergology Int. 48, 265-273, 1999,

Sawada, K., Nagai, H., Basaki, Y. et al.: The expression of murine
cutaneous late phase reaction requires both IgE antibodies and CD4 T
cells. Clin. Exp. Allergy 27, 225-231, 1996.

De Monchy, J.G., Kaufmann, H.F. and Venge, P.: Broncho-alveolar
eosinophilia during allergen-induced late phase reactions. Am. Rev.
Respir. Dis. 131, 373-376, 1985.

Dunn, C.J., Elliott, G.A., Oostveen, J.A. and Richards, LM.:
Development of prolonged eosinophil-rich inflammatory leukocyte in-
filtration in guinea pig asthmatic response to ovalbumin inhalation.
Am. Rev. Respir. Dis. 137, 541-547, 1988.

Hutson, P.A., Church, M.K., Clay, T.P., Miller. P. and Holgate, S.T.:
Early and late-phase bronchoconstriction after allergen challenge of
nonanesthetized guinea pigs. 1.The association of disordered airway
physiology to leukocyte infiltration. Anm. Rev. Respir. Dis. 137, 548-
557, 1988.

Gundel, RH., Gerritsen, M.E., Gleich, J.G. and Wegner, C.D.:
Repeated antigen inhalation results in a prolonged airway eosinophilia
and airway hyper-responsiveness in primates. Am. J. Physiol. 68, 779-
786, 1990.

Kay, A.B.: Mediators and inflammatory cells. In: Kay AB, ed.
Asthma. Blackwell, Oxford, p1-10, 1986.

Galli, S.J., Geissler, E.N., Wershil, B.K., Gordon, J.R., Tsai, M. and
Hammel, 1.:, Insights into mast cell development and function derived
from analysis of mice carrying mutations at beige, W/c-kit or
SVSCF(c-kit ligand) loci. In: Kaliner M.A., Metcalfe, D.D., eds. The
role of the mast cell in health and disease. New York: Marcel Dekker,
pp-129-202, 1992.

Chabot, B., Stephenson, D.A, Chapman, V.M., Besmer, P. and Berstein,
A.: The proto-oncogene c-kit encoding a transmembrane tyrosine
kinase receptor maps to the mouse W locus. Nature 335, 88-89, 1998.
Geissler, E.N., Ryan, M.A. and Housman, D.E.: The dominant-white
spotting (W)locus of the mouse encoded the c-kit proto-oncogene.
Cell 55, 185-192, 1988.

Yamada, T., Tahara, E., Nagai, H., Terasawa, K., Tani, T., Nunome,
S. and Saiki I.: Effect of some Kampo medicines, including Tokaku-
joki-to (Tao-He-Cheng-Qi-Tang), on IgE-mediated triphasic skin reac-
tion in passively sensitized mice. J. Trad. Med. 17, 17-25, 2000.
Satoh, T., Tahara, E., Yamada, T., Watanabe, C., Itoh, T., Terasawa,
K., Nagai, H. and Saiki L.: Differential effect of anti-allergic drugs on
IgE-mediated cutaneous reaction in passively sensitized mice.
Pharmacology 60, 97-104, 2000.

Wardlaw, A.J., Mogbel, R., Cromwell, O. and Kay, A.B.: Platelet-
activating factor. A potent chemotactic and chemokinetic factor for
human eosinophils. J. Clin. Invest. 78, 1701-1706, 1986.

McMurtry, LF., and Morris, K.G.: Platelet-activating factor causes
pulmonary vasodilation in the rat. 4m. Rev. Respir. Dis. 134, 757-762,
1986.

Chan-Yeung, M., Lam, S., Chan, H., Tse, K.S. and Salari, H,: The re-
lease of platelet-activating factor into plasma during allergen-induced
broncho-constriction. J. Allergy Clin. Immunol. 87, 667-673, 1987.
Sano, H., Nakagawa, N., Nakajima, H., Yoshida, S. and Iwamoto, I:
Role of vascular cell adhesion molecule-1 and platelet-activating fac-
tor in selective cosinophil migration across vascular endothelial cells.
Int. Arch. Allergy Immunol. 107, 533-540, 1995

Kroegel, C., Yukawa, T., Dent, G., Venge, P., Chung, K.F. and
Barnes, P.J.: Stimulation of degranulation from human eosinophils by

32)

33)

34)

35)

36)

37

~

38)

39)

40)

41)

42)

43)

44)

45)
46)
47)

48)

49)

50)

51

~

65

platelet-activating factor. J. Immunol. 142, 3518-3526, 1989.

Qu, XF., Hayashi, M., Yamaki, K. and Oh-ishi, S.: Assessment of
vascular permeability increase in the mouse by dye leakage during
paw edema. Jpn. J. Pharmacol. 52, 500-503, 1990.

Qu, X.F., Yamaki , K., Oh-ishi, S.: Vascular permeability increase in
the mouse paw during the passive anaphylaxis reaction. Jpn. J.
Pharmacol. 57, 255-257, 1991.

Trocme, S.D., Gilbert, C.M., Allansmith, M.R., Bloch, K.J. and
Abelson, M.B.: Characteristics of the cellular response of the rat con-
junctiva to topically applied leukotriene B4. Ophthalmic Res. 21, 297-
302, 1989.

Andersson, J., Nagy, S., Groth, C.G. and Andersson, U.: Effects of
FK506 and cyclosporin A on cytokine production studied in vitro at a
single-cell level. Immunology 75, 136-142, 1992.

Mori, A., Suko, M., Nishizaki, Y., Kaminuma, O., Kobayashi, S.,
Matsuzaki, G., Yamamoto, K., Ito, K., Tsuruoka, N. and Okudaira, H.:
IL-5 production by CD4" T cells of asthmatic patients is suppressed
by glucocorticoids and the immunosuppressants FK506 and
cyclosporin A. Int. Immunol. 7, 449-457, 1995.

Terasawa, K.: KAMPO Japanese-Oriental Medicine; Insights from
clinical cases, Standard McIntyre, Tokyo. Japan, pp.286, 1993.
Baba, S. et al. (other 107 persons): Double-blind clinical trial of Sho-
seiryu-to (TJ-19) for perennial nasal allergy. Practica Otologica, 88,
389-405, 1995 (in Japanese).

Terasawa, K., Kita, T., Shimada, Y., Shibahara, N. and Ito, T.: Four
cases report of atopic dermatitis successfully treated with Tokaku-
joki-to. Jpn. J. Oriental Med. 46, 45-54, 1995.

Tahara, E., Satoh, T., Toriizuka, K., Nagai, H., Nunome, S., Shimada,
Y., Itoh, T., Terasawa, K. and Saiki, I.: Effect of Shimotsu-to (a
Kampo medicine, Si-Wu-Tang) and its constituents on triphasic skin
reaction in passively sensitized mice. J. Ethnopharmacol. 68, 219-228,
1999.

Mitsuhashi, H., Muramatsu, T., Nagai, U., Nakano, T. and Ueno, K.:
Studies on the constituents of Umbelliferae plants. VIII. Distribution
of alkylphthalides in Umbelliferae plants. Chem. Pharm. Bull. 11,
1317-1319, 1963.

Tahara, E.: Effect of Cnidii Rhizoma (Senkyu) on triphasic skin re-
sponse in passively sensitized mice. Incentive Award 2000, J. Trad.
Med. 18, 48-57, 2001.

Tatsumi, T., Yamada, T., Nagai, H., Terasawa, K., Tani, T., Nunome,
S. and Saiki, I.: A Kampo formulation: Byakko-ka-ninjin-to (Bai-Hu-
Jia-Ren-Sheng-Tang) inhibits IgE-mediated triphasic skin reaction in
mice: the role of its constituents in expression of the efficacy. Biol.
Pharm. Bull. 24, 284-290, 2001.

Saiki, I., Yamaura, T., Ohnishi, Y., Hayakawa, Y., Komatsu, Y. and
Nunome, S.: HPLC analysis of Juzen-taiho-to and its variant formula-
tions and their antimetastatic efficacies. Chem. Pharm. Bull. 47, 1170-
1174, 1999.

Terasawa, K.: KAMPO Japanese-Oriental Medicine; Insights from
clinical cases, Standard Mclntyre, Tokyo. Japan, pp.90-95, 1993.
Onda, H.: The treatment of atopic dermatitis by Kampo medicine. J.
Trad. Med., 14, 245-251, 1997 (in Japanese).

Warner, J.P.: Quality of life and social issues in older depressed pa-
tients. Int. Clin. Psycho. 13 s, 19-24, 1998.

Watson, S.L., Shively, C.A., Kapalan, J.R. and Line, S.W.: Effects of
chronic social separation on cardiovascular disease risk factors in fe-
male Cynomolgus monkeys. Atherosclerosis 137, 259-66, 1998.
Spiegel, D.: Psychosocial interaction in cancer. J. Natl. Cancer Inst.
85, 1198-1205, 1993.

Ginsberg, LH., Prystowsky, J.H., Kornfeld, D.S. and Wolland, I.: Role
of emotional factors in adults with atopic dermatitis. Int. J. Dermatol.
32, 656-60, 1993.

Faulstich, M.E. and Williamson, D.A.: An overview of atopic derma-
titis: towards a bio-behavioral integration. .J. Psychosom. Res. 29, 415-

NI | -El ectronic Library Service



Medi cal

and Phar maceuti cal

66

52)

53)
54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

Soci ety for WAKAN- YAKU

Kampo formulations and allergic inflammatory diseases

417, 1985.
King, R.M. and Wilson, G.V.: Use of a diary technique to investigate
psychosomatic relations in atopic dermatitis. J. Psychosom. Res. 35,
697-706, 1991.
Ametz, B.B., Fjellner, B. and Eneroth, P.: Endocrine and dermatological
concomitants of mental stress. Acta Derm. Venereol. 156, 9-12, 1991.
Koblenzer, C.S. and Koblenzer, P.J.: Chronic intractable atopic ec-
zema. Arch. Dermatol. 124, 1673-1677, 1988.
Jordan, JM. and Whitlock, F.A.: Emotions and the skin: the condi-
tioning of scratch responses in case of atopic dermatitis. Br. J.
Dermatol. 86, 574-85, 1972.
Qjima, K., Matsumoto, K., Tohda, M. and Watanabe, H.: Hyperactivity
of central noradrenergic and CRF systems is involved in social isola-
tion-induced decrease in pentobarbital sleep. Brain Res. 684, 87-94,
1995.
Thongparditchote, S., Matsumoto, K., Temsiririkkul, R., Tohda, M.,
Murakami, Y. and Watanabe, H.: Neuropharmacological actions of
Pluche indica Less root extract in socially isolated mice. Biol. Pharm.
Bull. 19, 379-83, 1996.
Consorti, D., Castellano, C., Oliverio, A. and Pavone, F.: Length of
social deprivation differently affects free choice morphine consump-
tion in C57BL/6 J mice. Functi. Neurolgy 7, 299-303, 1992.
Kim, J.W. and Kirkpatrick, B.: Social isolation in animal models of
relevance to neuropsychiatric disorders. Biol. Psychiartry 40, 918-22,
1996.
Pashko, S., Deyurck, K.H. and Vogel, W.H.: Use of the catheterized
rat in studies on social interaction and plasma catecholamine.
Pharmacol. Biochem. Behav. 13, 471-473, 1980.
Nguyen, T.T., Matsumoto, K., Yamasaki, K. and Watanabe, H.:
Majonoside-R2 reverses social isolation stress-induced decrease in
pentobarbital sleep in mice: possible involvement of neuroactive ster-
oids. Life Sci. 61, 395-402, 1997.
Shanks, N., Renton, C., Zalcman, S. and Anisman, H.: Influence of
change from grouped to individual housing on a T-cell-dependent im-
mune response in mice: antagonism by diazepam. Pharma. Biochem.
Behav. 47, 497-502, 1994.
Wu, W-J., Yamaura, T., Murakami, K., Murata, J., Matsumoto, K.,
Watanabe, H. and Saiki, I.: Social isolation stress enhanced liver me-
tastasis of murine colon 26-L5 carcinoma cells by suppressing im-
mune responses in mice. Life Sci. 66, 1827-1838, 2000.
Wu,W-J., Yamaura, T., Murakami, K., Ogasawara, M., Hayashi K.,
Murata, J. and Saiki, I.: Involvement of TNF-a in enhancement of in-
vasion and metastasis of colon 26-L5 carcinoma cells in mice by so-
cial isolation stress. Oncol. Res. 11, 461-469, 1999.
Wu, W-J., Murata, J., Murakami, K., Yamaura, T., Hayashi, K. and
Saiki I.: Social isolation stress augments angiogenesis by colon 26-L5
carcinoma cells in mice. Clin. Exp. Metastasis 18, 1-10, 2000.
Nyska, A., Leininger, J.R., Maronpot, R.R., Haseman, J.K. and
Hailey, J.R.: Effect of individual versus group caging on the incidence
of pituitary and leydig cell tumors in F344 rats: proposed mechanism.
Med. Hypotheses 50, 525-529, 1998.
Singh, L.K., Pang, X., Alexacos, N., Letourneau, R. and Theoharides,
T.C.: Acute immobilization stress triggers skin mast cell degranulation
via corticotropin releasing hormone, neurotensin, and substance P: A
link to neurogenic skin disorders. Brain Behav. Immun. 13, 225-239,
1999.
Theoharides, T.C., Singh, L., Boucher, W., et al.: Corticotropin-
releasing hormone induces skin mast cell degranulation and increased
vascular permeability, a possible explanation for its proinflammatory
effects. Endocrinology 139, 403-413, 1998.
Terasawa, K.: KAMPO Japanese-Oriental medicine; Insights from
clinical cases. Standard MclIntyre, Tokyo. Japan, pp 64-66, 1993.
Koshikawa, N., Imai, T., Takahashi, 1., Yamauchi, M., Sawada, S. and
Kansaku, K.: Effects of Hochu-ekki-to, Yoku-kan-san and Saiko-ka-

ryukotsu-borei-to on behavioral despair and acetic acid-induced writh-
ing in mice. Meth. Findings Exp. Clin. Pharm. 20, 47-51, 1998.
Wongwitdecha, N. and Marsden, C.A.: Social isolation increases ag-
gressive behavior and alters the effect of diazepam in the rat social in-
teraction test. Behav. Brain Res. 15, 27-32, 1996.

Irwin, M., Hauger, R.L. and Britton, K.: Benzodiazepines antagonize
central corticotropin releasing hormone-induced suppression of natu-
ral killer cell activity. Brain Res. 631, 114-118, 1993.

Wilson, M.A., Biscardi, R., Smith, M.D. and Wilson, S.P.: Effects of
benzodiazepine agonist exposure on corticotropin-releasing factor
content and hormonal stress responses: divergent responses in male
and ovariectomized female rats. J. Pharm. Exp. Ther. 278, 1073-1082,
1996.

Tahara, E., Wu, W-J., Satoh, T., Yamada, T., Kurosaki, 1., Nagai, H.,
Nunome, S., Terasawa, K. and Saiki, L.: Psychosocial stress enhances
IgE-mediated triphasic cutaneous reaction in mice: Antagonism by
Yokukan-san (a Kampo medicine) and diazepam. Allergology Int. 50,
211-222, 2001.

1)

72)

73)

74)

Japanese abstract

Fi DNP IgE HUATEZERIEL 12 = 7 X DFEATIC dinitro-
fluorobenzene (DNFB) 2%44 5 2 &ic kb, 185, 24
HiEs Lo 8 BHE -7 &9 2 HIEH (lmmediate phase
response, IPR), #E¥#H (late phase response, LPR) ¥ &
U#8BFH (very late phase response, vLPR) @ =#H¥ &
BRIGHHFEEI NS L2 RVHIL 7, IPR GIERHEEL
RIBLIz= o 2 TIRED 51T, LPR GHSpICEES N,
vLPR BEAHNTIET Lo LPR ITHI I IRK TR 72 G
MTH5H, —F, vLPR & THifaRIE <Y 2 TRIZIE5E
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B OIFREFR O EE A £V, FITHIKE & 589 TR
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KlomazhE i, IPR, LPR, vLPR icxt3 2% RicE D %,
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BEEE LA ST,

KRR TI, EHHBIORT LV F —IEHICERZ D T,
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