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Abstract: To define the anti-allergic components in Saiboku-To,
a herbal medicine for bronchial asthma, we examined the ef-
fects of 11 compounds found in post-administrative urine of
Saiboku-To on concanavalin A-induced human lymphocyte blas-
togenesis in vitro and picryl chloride (PC)-induced mouse ear
swelling in vivo. The urinary products of Saiboku-To were flavo-
noids and lignans derived from the constitutional herbs and
their hydrogenated metabolites. Medicarpin derived from Gly-
cyrrhiza glabra, magnolol and 8,9-dihydroxydihydromagnolol
from Magnolia officinalis, baicalein, wogonin and oroxylin A
from Suctellaria baicalensis inhibited lymphocyte blastogenesis
in dose-dependent fashion with 1Cs, values ranging from 3.0 to
7.7 ug/mL, which corresponded to 20-100 times that of predni-
solone IG5, (0.08 ug/mL). Davidigenin, dihydrowogonin and di-
hydrooroxylin A, which are hydrogenated metabolites of liquiri-
tigenin, wogonin and oroxylin A, respectively, had no or little
effects on lymphocyte blastogenesis. Oral administration of Sai-
boku-To, medicarpin, baicalein, magnolol and baicalin (100 mg/
kg), inhibited PC-induced ear swelling significantly by 23.5,
40.1, 30.5, 23.6 and 20.9%, respectively, though the effects
were weaker than that of 5 mg/kg of prednisolone (52.9%). The
results suggested that flavonoids and lignans tested in the pres-
ent study were implicated in anti-asthmatic effect of Saiboku-
To through suppression of type IV allergic reaction.
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Introduction

Bronchial asthma has been widely recognized as a chronic in-
flammatory disorder of the airways. Airway inflammation in-
volves activation of many types of cells such as lymphocytes,
mast cells and eosinophils. The participation of these cells in
the inflammation causes airways to be hyper-responsive. In
particular, T lymphocytes play important roles in developing
allergic inflammation by helping IgE production and stimulat-
ing eosinophils at the airway endothelium. Suppression of T

Planta Medica 66 (2000) 607 -611
© Georg Thieme Verlag Stuttgart - New York
ISSN: 0032-0943

lymphocyte action is, therefore, an effective aim in the relief
of asthma symptoms (1), (2). Glucocorticoids (GC), strong an-
ti-inflammatory drugs, are influencing both mediator release
from peripheral blood mononuclear cells (PBMCs) (3) and T
lymphocyte activation (4) and are used for severe bronchial
asthma. However, it is desirable to reduce the GC dose with-
out exacerbation of the asthma symptoms, thus minimizing
the side effects.

Saiboku-To, a Kampo medicine (traditional Chinese remedy)
comprising ten kinds of herbal extracts, has been used in Ja-
pan for GC-dependent asthmatic patients with the aim of re-
ducing GC dose (5). The anti-allergic action of Saiboku-To
based on the suppression of type I and IV allergic reaction has
been confirmed in animal experiments of passive cutaneous
anaphylaxis and picryl chloride (PC)-induced contact derma-
titis (6). In addition, Saiboku-To enhances serum prednisolone
concentrations by inhibiting a metabolic enzyme, 113-hydroxy-
steroid dehydrogenase (7). These pharmacological activities
may lead to GC sparing in the treatment of bronchial asthma;
however, the active ingredients have not been clarified yet.

As the active candidates, we found 8 phenolic compounds (li-
gnans and flavonoids) in the urine of patients receiving Saibo-
ku-To (8). Recently, we further identified the metabolites in
the urine, which were produced by bacterial hydrogenation in
the intestine (9). In the present study, to confirm the anti-al-
lergic activities of the phenolic compounds (Fig.1), we carried
out in vitro and in vivo experiments in respect to type IV aller-
gic reactions, focusing on concanavalin A induced human
lymphocyte blastogenesis and the PC-induced contact derma-
titis in mice, respectively.

Materials and Methods
Materials

Saiboku-To (TJ-96, Tsumura Co., Tokyo, Japan) used in this
study is a granule formulation. Magnolol, baicalin, baicalein,
and wogonin were purchased from Wako Chemicals (Osaka,
Japan). Oroxylin A was contributed by Tsumura Co. Medicar-
pin was synthesized in our laboratory according to the meth-
od of Miller et al. (10). 8,9-Dihydroxydihydromagnolol was
prepared by us from magnolol by osmic acid oxidation (11).
Liquiritigenin was isolated from Glycyrrhiza glabra according
to Shibata and Saitoh (12). Davidigenin was synthesized by
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Fig.1 Chemical structure of urinary products of Saiboku-To. Liquiritigenin, medicarpin, baicalein, wogonin, oroxylin A, baicalin, magnolol
and dihydroxydihydromagnolol were found in both constitutional herbal extracts and post-administrative urine of Saiboku-To. The metabo-
lites, davidigenin, dihydrowogonin and dihydrooroxylin were found only in post-administrative urine of Saiboku-To.

hydrogenation of isoliquiritigenin, which was prepared by al-
dol condensation of 2’4’-dihydroxyacetophenone and p-hy-
droxybenzaldehyde according to the method of Miura et al.
(13). Dihydrowogonin and dihydrooroxylin A were isolated in
pure form from the urine samples collected from a subject re-
ceiving Saiboku-To by HPLC (9). All test compounds gave a
single peak in HPLC analysis. Prednisolone was purchased
from Sigma Chemical Co. (St. Louis, MO, USA).

Lymphocyte culture

Peripheral blood mononuclear cells (PBMCs) were separated
from heparinized venous blood collected from 12 healthy vol-
unteers (9 males and 3 females), as described previously (14).
The PBMCs were suspended in 10% fetal bovine serum (Bio-
Cell, CA, USA) containing RPMI-1640 medium (Gibco BRL, NY,
USA) to prepare a cell density of 1 x 108 cells/mL. Two hun-
dred microliters of this suspension were placed into each well

of 96-well flat-bottomed plates. Concanavalin A (Seikagaku
Kogyo, Tokyo, Japan), a T-cell mitogen, was added to each well
at a concentration of 5ug/mL. Subsequently, each test com-
pound or prednisolone dissolved in ethanol was added at the
final concentrations of 0.01, 0.1, 1.0, or 10 ug/mL. After incu-
bating for 4 days in 5% CO,/air at 37 °C, the cells were pulsed
with 18.5 kBg/well of [3H]thymidine (New England Nuclear
Co., USA) and were further incubated for 16 h. The cells were
collected on glass-fiber filter paper using a multiharvester de-
vice and the radioactivity retained on the fiber was measured
by a liquid scintillation counter. The mean of the counts of
triplicate measurement for each test sample was determined.
The concentration giving 50% inhibition of [3H]thymidine in-
corporation (ICsy) was determined from the dose-response
curve. The influence of the test compounds at the concentra-
tion of 10 ug/mL on cell viability was determined by a trypan
blue dye exclusion test.
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Ear swelling assay

Mouse ear swelling assay was conducted according to the
method of Asherson and Ptak (15). Male ddY mice (Tokyo Ex-
perimental Animal Co., Tokyo, Japan), 7 weeks old, were used
throughout the experiment. They were housed in our animal
facilities and provided food and water ad libitum. After shav-
ing the ventral surface, 0.1 mL of 7% PC (Nacalai Tesque, Inc.,
Kyoto, Japan) dissolved in ethanol was applied to the surface.
On day 6 after induction with PC, mice were challenged by ap-
plying 0.02 mL of 1% PC dissolved in an olive oil on each side
of the ear. Suspension of the test compounds and Saiboku-To
granules in 1.5% gum Arabic (Sigma Chemical Co., St. Louis,
MO, USA) aqueous solution were orally administered to the
animals at the dose of 100 mg/kg, just before and 16 h after
the PC challenge. Prednisolone as a positive control was ad-
ministered at the dose of 5 mg/kg. Ear thickness was meas-
ured with dial thickness gauge (Ozaki MFG. Co. LTD., Tokyo,
japan) at 24h after the challenge. Percent swelling was calcu-
lated according to the following formula:

(Thickness of the ear after challenge) -
(Thickness of the ear before challenge)

% Swelling = x 100

(Thickness of the ear before challenge)

Glycyrrhiza glabra
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Statistics

Statistical significance of the data was examined by Mann-
Whitney's U-tests. The p values less than 0.05 were consid-
ered to be significant.

Results

Effects of phenolic compounds and prednisolone on lympho-
cyte blastogenesis

Dose-response curves of phenolic compounds and predniso-
lone on concanavalin A-induced blastogenesis of PBMCs from
4-12 healthy subjects were shown in Figure 2. Medicarpin
derived from G. glabra, magnolol and 8,9-dihydroxydihydro-
magnolol from M. officinalis, baicalein, wogonin and oroxylin
A from S. bicalensis suppressed the blastogenesis dose-de-
pendently. Their IC5, values ranged from 3.0 to 7.7 ug/mL,
which were 40-100 times greater than that of prednisolone
(ICso = 0.08 ug/mL). Liquiritigenin from G. glabra, and baicalin
(baicalein glucuronide) from S. bicalensis, exhibited 10-40%
inhibition at the concentration of 10 ug/mL in several PBMCs.
Davidigenin, dihydrowogonin and dihydrooroxylin A, had no
effect on concanavalin A-induced T lymphocyte proliferation
(ICso>10ug/mL). The results were summarized in Table 1.
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Fig.2 Effects of urinary products of Saiboku-To and prednisolone on concanavalin A stimulated PBMCs obtained from healthy subjects (n =

4212).
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Cell viability examined by a trypan blue dye exclusion test at
a concentration of 10 ug/mL was more than 92% for all com-
pounds, suggesting that the influence of the test compounds
on PBMCs was not caused by cytotoxicity.

Effects of phenolic compounds, Saiboku-To and prednisolone
on ear swelling in PC-induced dermatitis

Control mice treated by the vehicle alone exhibited erythema
and edema on an ear 24 h after challenge. The ear thickness in
PC-sensitized mice was significantly increased by the 2nd PC
challenge compared with that in non PC-sensitized mice (53.2
+3.1vs.38.0 # 1.8 mm x 102, p < 0.001). Pre-treatment of the
test compounds or Saiboku-To reduced the ear thickness in
the PC-sensitized mice. The percent inhibition of ear swelling
for seven phenolic compounds, Saiboku-To and prednisolone
are compared in Figure 3. Prednisolone (5 mg/kg), a positive
control, inhibited ear swelling by 52.9%. Saiboku-To (100 mg/
kg) produced 23.5% inhibition (p < 0.05), which was almost
equivalent to previous reports (6). Medicarpin, baicalein,
magnolol and baicalin (100 mg/kg) significantly inhibited ear
swelling by 40.1, 30.5, 23.6, and 20.9%, respectively (p > 0.05).
Other phenolic compounds, wogonin, liquiritigenin and davi-
digenin were less effective.

Discussion

Pharmacokinetic study of herbal medicine is an important ap-
proach to identify the active ingredients and to clarify how a
medicine works on a particular disease. The phenolic com-
pounds, including human metabolites, tested in the present
study are actually absorbed into the body and achieved phar-
macokinetically appropriate urine concentration after adminis-
tration of Saiboku-To (8). Our interest, therefore, was focused
on how these compounds contribute to anti-asthmatic effects
of Saiboku-To, such as inhibition of type IV allergic reaction.

It is generally accepted that concanavalin A selectively stimul-
ates human T cells (16) and that activated T cells play an im-
portant role for type IV allergic reaction (6). Six phenolic com-
pounds showed apparent inhibitory effects on concanavalin

Table 1 Effects of urinary products of Saiboku-To and prednisolone
on lymphocyte blastogenesis in vitro.

ICs pg/mL
Compound n median range
Liquiritigenin 11 >10 6.5 ~>10
Medicarpin 12 33 23 ~>10
Magnolol 10 7.7 0.8 ~>10
Dihydoxydihydromagnolol 6 43 2.5~>10
Baicalein 12 3.0 23 ~4.1
Wogonin 12 3.7 2.8 ~438
Oroxylin A 12 43 20~6.5
Baicalin 10 >10 4.4 ~>10
Davidigenin 11 >10 -
Dihydrowogonin 6 >10 -
Dihydooroxylin A 4 >10 -
Prednisolone 7 0.08 <0.01 ~>1.0
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Inhibition of ear swelling (%)

100 mg/kg

Fig.3 Inhibitory effect of Saiboku-To, urinary products of Saiboku-
To and prednisolone on ear swelling in PC-induced dermatitis mice.
PSL: Prednisolone, TJ-96: Saiboku-To, MP: Medicarpin, BL: Baicalein,
MG: Magnolol, B: Baicalin, WG: Wogonin, LG: Liquiritigenin, DG: Da-
vidigenin. The bar of each group indicates mean + SD of seven
mice. Statistical significance based on the control group: *p < 0.05;
**p < 0.01.

A-induced lymphocytes proliferation. The most effective com-
pound being baicalein from S. baicalensis. Other flavonoids
from S. baicalensis, wogonin and oroxylin A, also showed an
inhibitory effect with similar ICs5, values compared to baica-
lein. However, dihydrowogonin and dihydrooroxylin A, hydro-
genated metabolites of wogonin and oroxylin A, respectively,
had no effects on lymphocyte proliferation. This observation
suggests that hydrogenation was a deactivation process for
wogonin and oroxylin A in terms of anti-lymphocyte activity.
Medicarpin from G.glabra, dihydroxydihydromagnolol and
magnolol from M. officinalis, also showed significant suppres-
sion on lymphocyte proliferation, though the activities were
weaker than flavonoids from S. baicalensis. Anti-lymphocyte
activity of medicarpin and dihydroxydihydromagnolol was
confirmed for the first time in the present investigation. Mag-
nolol and dihydroxydihydromagnolol, which is partly pro-
duced from magnolol in the body (11), showed almost equal
anti-lymphocyte activity. These results suggested that several
urinary products of Saiboku-To possess similar activity with
prednisolone in terms of suppression of activated T-cells.

We further examined the effects of seven phenolic com-
pounds on type IV allergic reaction by using the ear swelling
test on PC-sensitized mice. Each compound was used at the
dose of 100 mg/kg, which corresponded to 20 times that of
prednisolone (5 mg/kg), because the inhibitory effects of phe-
nolic compounds on PBMC proliferation in vitro were 20-100
times weaker than prednisolone. In agreement with previous
reports, PC-induced ear swelling was suppressed by oral ad-
ministration of Saiboku-To (6). The phenolic compounds, bai-
calein, magnolol, and medicarpin, which showed inhibitory
effects on lymphocyte proliferation in vitro, suppressed the
ear swelling significantly. Wogonin also showed suppressive
activity on ear swelling, though the effect was not significant.
On the other hand, liquiritigenin and davidigenin, which did
not show any effect in vitro, were also inactive in the PC-in-
duced ear swelling. These observations both in vitro and in
vivo suggested that the effects of the phenolic compounds on
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PC-induced ear swelling, at least partly, resulted from sup-
pression of T lymphocyte activation. Baicalin (baicalein glu-
curonide) was ruled out, because it showed significant effects
on the ear swelling even though the inhibitory effects on lym-
phocyte proliferation were weak. Baicalin may be hydrolyzed
to active baicalein by intestinal bacteria enzymes (17), which
strongly inhibits both PBMC proliferation and PC-induced ear
swelling.

Since the number of eosinophils has been known to increase
in the inflammatory site at 24 h after PC challenge (18) in this
animal model, it is reasonable to consider that the phenolic
compounds tested in the present study suppress the ear swel-
ling by inhibition of the eosinophilia, releasing strong bron-
choconstrictors, cysteinyl-containing leukotriene (LT) and
platelet-activating factor. In the previous study, we observed
that baicalein, medicarpin and magnolol strongly inhibited
LTB, and LTC, release from human PBMCs stimulated with
calcium ionophore A23187 (19). Taken together, it is suggest-
ed that baicalein, medicarpin and magnolol are implicated in
the suppressive effect of Saiboku-To on type IV allergic ear
swelling through inhibition of both lymphocyte proliferation
and chemical mediators released from PBMCs.
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