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Short Communication

Shishihakuhito, a traditional Chinese medicine for
atopic dermatitis, inhibits IgE-mediated histamine
release from rat RBL-2H3 basophilic leukocyte cells
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Abstract

Shishihakubhito is a traditional Chinese medicine that is effective in the treatment of pruritic skin diseases of the eld-
erly and atopic dermatitis. However, the molecular mechanism of such a beneficial action of shishihakuhito on the
dermatologic disorders is unknown. In the present study, we for the first time examined whether shishihakuhito ex-
tract exhibits the inhibitory action on IgE-mediated histamine release from the rat basophilic leukocyte cell line, RBL-
2H3 cells. The extract decreased IgE-mediated histamine release at 30 pg/ml, and more potently inhibited the
histamine release at the concentrations of more than 100 pg/ml, with almost abolishing it at 200-400 pg/ml.
Shishihakuhito consists of Gardenia Fruit, Phellodendron Bark and Glycyrrhiza. Next, to address the question of
which crude drug components of shishihakuhito are responsible for the inhibitory action on IgE-mediated histamine
release from RBL-2H3 cells, the activity of the Kampo preparations excluding each bulk extract of the shishihakuhito
to inhibit the histamine release from RBL-2H3 cells was examined. The Kampo preparations without Gardenia Fruit
or Glycyrrhiza at 100 pg/ml still prevented the histamine release, whereas that without Phellodendron Bark failed to
inhibit the histamine release, demonstrating that Phellodendron Bark extract is mainly involved in the inhibitory ac-
tion of shishihakuhito extract. In addition, shishihakuhito extract and the Kampo preparations excluding each bulk ex-
tract of the Kampo medicine inhibited lipopolysaccharide (LPS)-induced stimulation of NF-kB-dependent
transcription in C6 rat glioma cells. These results suggest that shishihakuhito may exhibit the in vivo antagonistic ac-
tion on allergic inflammation by inhibition of histamine release as well as LPS-induced stimulation of NF-kB-
dependent transcription.
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Introduction

Mast cells are distributed widely throughout the
body and are important in the development of acute in-
flammation and allergic disorders such as asthma.”
Histamine is an important chemical mediator of allergic
inflammation, and is produced and stored in cytoplasmic
granules in tissue mast cells and basophils.? Within sec-
onds to minutes of activation, mast cells release hista-
mine and other mediators, including enzymes and
chemotactic factors, from their secretory granules.
Released histamine increases vascular permeability and
recruits inflammatory leukocytes.” Therefore, the sup-
pression of histamine release from mast cells is a critical
step in clinically regulating of allergic inflammation.

In addition to histamine, prostaglandins (PGs),
arachidonic acid metabolites of the cyclooxygenase
(COX) pathway, are also known to act as major media-
tors in the regulation of inflammation. COX is the rate-
limiting enzymes in the production of PGs. Inducible
COX (COX-2) gene is an early inducible gene in re-
sponse to many inflammatory cytokines, including IL-1,”
TNFa.® and bacterial wall protein, lipopolysaccharide
(LPS),” through nuclear factor-kB (NF-kB). Similarly,
NF-kB serves as a central regulator of the transcription
of inflammatory cytokines, including IL-1, -2, -6, and -
8, TNFa, and inducible nitric oxide synthase (iNOS).?
Accordingly, it has been suggested that clinical control
of NF-kB-mediated transcription appears to be benefi-
cial to patients with inflammatory conditions.

Shishihakuhito has been used as the traditional
Chinese medicine for the treatment of facial eczema ac-
companied by inflammation from many years ago.
Recently, the extract of the traditional Chinese medicine
has been also revealed to be beneficial to patients with
pruritic skin diseases of the elderly and atopic dermati-
tis.> 10

shishihakuhito extract inhibits IgE-mediated histamine

Here we provide the first evidence that

release from rat RBL-2H3 basophilic leukocyte cells
(RBL-2H3 cells), and that all of the Kampo preparations
excluding each bulk extract prevent lipopolysaccharide-
induced stimulation of NF-kB-dependent transcription
as potently as shishihakuhito in C6 rat glioma cells.

Materials and Methods

Materials: Shishihakuhito consists of three crude drugs:
Gardenia Fruit 3.0 g, Phellodendron Bark 2.0 g, and
Glycyrrhiza 1.0 g. Shishihakuhito extract and the three
kinds of the Kampo preparations excluding each bulk
extract of the traditional Chinese medicine employed in
the present study were imported from China and kindly
supplied from Kotaro Pharmaceutical Co., Ltd (Osaka,
Japan). Shishihakuhito extract and other Kampo prepa-
rations excluding each bulk extract of the Kampo medi-
cine were dissolved in dimethylsulfoxide (DMSO) and
diluted with the PIPES buffer for the assays. The final
concentration of DMSO used as a vehicle was adjusted
to 0.2% (v/v) in all experiments.

Fetal bovine serum (FBS) for RBL-2H3 cells, FBS
for C6 rat glioma cells, Eagle's minimum essential me-
dium (MEM), and horse serum and Ham’s F-10 medium
were purchased from MP Biomedicals Inc. (Irvine, CA),
JRH Biosciences (Lenexa, KS), Nissui Pharmaceutical
(Tokyo, Japan), and GIBCO (invitogene, Carlsbad, CA),
respectively. Anti-14-3-3f and anti-IkB antibodies were
obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). EndoFree Plasmid Maxi Kit, and phRG-TK vector
and Dual-Luciferase® Reporter Assay System were pur-
chased from QIAGEN K.K. (Tokyo, Japan) and
Promega (Madison, WI), respectively. Dinitrophenylated-
human serum albumin (DNP-HSA) was purchased from
Sigma-Aldrich (St Louis, MO, U.S.A) and anti-DNP
IgE-producing hybridoma were gifts from Dr. Kazutaka
Maeyama (Ehime University, Ehime, Japan).

Cell culture: The RBL-2H3 cells were cultured in
MEM with 15% of FBS and 0.7% of penicillin-
streptomycin solution (Sigma-Aldrich, St Louis, MO,
U.S.A) in a flask at 37°C in a humidified atmosphere of
5% of COa in air, as described previously.') C6 rat
glioma cells were also grown in Ham’s F-10 medium
containing 15% horse serum and 2.5% fetal bovine
serum in a 37°C humidified incubator in an atmosphere
of 5% C02-95% air, as described previously.'?

Treatment of cultured cells with agents and hista-
mine release assay: For histamine release experiment,
RBL-2H3 cells were seeded in 24-well culture plates (5
x 10° cells/well) and sensitized with approximately 0.2
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pg/ml of monoclonal IgE overnight. The medium was
replaced with 0.18 ml of PIPES buffer (25 mM PIPES,
119 mM NaCl, 5 mM KCl, 5.6 mM glucose, 0.4 mM
MgCL, 1 mM CaCl,, 40 mM NaOH, 0.1% BSA,
pH7.2), 1-400 ng/ml of shishihakuhito extract and the
same buffer including other Kampo preparations ex-
cluding each bulk extract, and then preincubated at 37
°C for 10 min. Cells were finally stimulated with 100
ng/ml of DNP-HSA as an antigen for 30 min. Released
histamine in the supernatants was measured by HPLC-
fluorometry as described previously.')

DNA transfection and luciferase assay: For transcrip-
tion activity assay, C6 cells were plated into 48-well
plates coated with poly-L-lysine at the density of 1.2 x
10* cells per well. After 48 h, cells were transfected with
0.19 g of pNF-«xBs-Luc firefly luciferase reporter con-
struct containing five repeated NF-kB-responsive ele-
ments provided kindly by Dr. J. Fujisawa, as previously
described.'? Cells were co-transfected with 0.01 pg of
phRG-TK plasmid to normalize transfection efficiency.
Thirteen h later, cells were preincubated in the presence
or absence of the tested Kampo preparations including
shishihakuhito extract for 3 h and were incubated with
or without 1 pg/ml LPS for 8 h. Luciferase activity was
determined as previously described.!>!®
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Statistical analyses: Statistical analysis was performed
using Student’s #-test. A level of p < 0.05 was consid-
ered statistically significant.

Results and Discussion

The rat basophlic leukemia cells line, RBL-2H3, is
a cultured analogue of mucosal mast cells,'¥ where the
aggregation of IgE receptors initiates the hydrolysis of
inositol phospholipids, thereby increasing intracellular
calcium concentration to induce histamine release.!>!®
Since this cell line is thus an excellent model system
suitable for examining whether chemical agents, includ-
ing traditional Chinese medicines, are capable of inhib-
iting histamine release, we first examined the effects of
shishihakuhito extract on IgE-mediated histamine re-
lease from RBL-2H3 cells. The extract at 30 pug/ml was
observed to prevent significantly IgE-mediated histamine
release in RBL-2H3 cells, and more potently suppressed
it at the concentration of more than 100 pg/ml (Fig. 1B),
with almost completely inhibiting the histamine release
at 200-400 pg/ml (Fig. 1A). In addition, shishihakuhito
extract at 400 pg/ml appeared to increase significantly
the of histamine release (Fig. 1A).
Furthermore, shishihakuhito extract showed few effects
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Fig. 1 Concentration-dependent inhibitory effects of shishihakuhito extract on IgE-mediated histamine release in RBL-2H3 cells.
RBL-2H3 cells were seeded in 24-well culture plates and sensitized with approximately 0.2 pg /ml of anti-DNP IgE overnight.
Thereafter, cells were preincubated for 10 min in the presence of shishihakuhito extract at the concentrations of 0, 200, 300, and 400
pg/ml (A) or 0, 10, 30 and 100 pg/ml (B), and then stimulated with 100 ng/ml DNP-HSA for 30 min. Histamine release was expressed
as a percentage of the histamine content of cells untreated with DNP-HSA. Each column represents the mean = S.E.M. (n = 3).
#p < 0.01 compared with cells treated without DNP-HSA and shishihakuhito extract. *p < 0.05, **p < 0.01 compared with cells treated
with DNP in the absence of shishihakuhito extract. 1p < 0.05 compared with cells treated without DNP-HSA and shishihakuhito ex-

tract. DNP: DNP-HSA.
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on the cell viability of RBL-2H3 cells, as determined by
MTT assay after treatment with the extract at the con-
centrations ranging from 10 to 1,000 pg/ml for 24 h
(data not shown). These results thus suggest that
shishihakuhito extract inhibits IgE-mediated histamine
release in a concentration-dependent manner in RBL-
2H3 cells, with no effects on the cell viability. Next, to
examine which component of shishihakuhito are in-
volved in the inhibitory action on IgE-mediated hista-
mine release from RBL-2H3 cells, we assayed the
activity of the Kampo preparations excluding each bulk
extract of the shishihakuhito to inhibit the IgE-mediated
histamine release from RBL-2H3 cells. The Kampo
preparations without Gardenia Fruit or Glycyrrhiza ex-
tracts at the concentration of 100 pg/ml still showed the
activity to inhibit the IgE-mediated histamine release,
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Fig. 2 Effects of shishihakuhito extract and the Kampo prepara-
tions excluding each bulk extract of the traditional Chinese
medicine on IgE-mediated histamine release in RBL-2H3 cells.
RBL-2H3 cells were seeded in 24-well culture plates and sen-
sitized with approximately 0.2 pg/ml of anti-DNP IgE over-
night. Thereafter, cells were preincubated for 10 min in the
presence of the Kampo preparations excluding each bulk ex-
tract of the traditional Chinese medicine at the indicated con-
centrations and then stimulated with 100 ng/ml DNP-HSA for
30 min. Histamine release was expressed as a percentage of
histamine content of cells untreated with DNP-HSA. Each col-
umn represents the mean £ S.E.M. (n = 3). #p < 0.01 com-
pared with cells treated without DNP-HSA and the Kampo
preparations excluding each bulk extract of the traditional
Chinese medicine. **p < 0.01 compared with cells treated with
DNP-HSA in the absence of the Kampo preparations excluding
each bulk extract of the traditional Chinese medicine. DNP:
DNP-HSA; Gardenia Fruit (-): Shishihakuhito extract without
Gardenia Fruit one; Phellodendron Bark (-): Shishihakuhito
extract without Phellodendron Bark one; Glycyrrhiza (-):
Shishihakuhito extract without Glycyrrhiza one.

and in contrast that without Phellodendron Bark extract
failed to prevent the histamine release at the same con-
centration (Fig. 2), demonstrating that among three
crude drug components, Phellodendron Bark is in large
involved in the inhibitory action of shishihakuhito on
the IgE-mediated histamine release from RBL-2H3
cells.

COX-2 gene is an early inducible gene in response
to many inflammatory cytokines, including IL-1,%
TNFa® and LPS,” through NF-kB activation, suggest-
ing that clinical control of NF-kB-mediated transcrip-
tion appears beneficial to patients with inflammatory
conditions. C6 rat glioma cells are well-known as an in
vitro system suitable for studying of molecular mecha-
nism of inflammation and have been documented to in-
crease NF-kB-dependent transcription in response to
LPS treatment.'>'Y Recently, we have reported that
shishihakuhito inhibits LPS-induced NF-kB-dependent
transcription in a concentration-dependent manner and
prevents LPS-induced activation of COX-2 gene tran-
scription in C6 rat glioma cells.!” Therefore, to examine
which crude drug components of shishihakuhito are in-
volved in the inhibitory action of the traditional Chinese
medicine on LPS-induced NF-xB-dependent transcrip-
tion activity in C6 cells, we further performed transient
transfection of C6 cells with pNFkB-Luc, an NF-kB-
dependent luciferase reporter plasmid, and then treated
with vehicle, 10-200 pg/ml of shishihakuhito extract or
50 and 100 pg/ml of the Kampo preparations excluding
each bulk extract of shishihakuhito in the absence or
presence of LPS to assay the luciferase activity.
Consistent with our previously reported results,'”
shishihakuhito inhibited LPS-induced NF-kB-dependent
transcription activity at the concentrations of more than
30 pg/ml, but without concentration-dependently inhibi-
tory effects at the tested concentrations ranging from 30
to 200 pg/ml (Fig. 3). Also, it was revealed that all of
the tested Kampo preparations excluding each bulk ex-
tract of shishihakuhito still showed such inhibitory ef-
fects on LPS-induced NF-kB-dependent transcription
(Fig. 3), raising the possibility that each component of
shishihakuhito may co-operatively inhibit LPS-induced
NF-kB-dependent transcription in C6 cells, although
Phellodendron Bark alone appears to be capable of
moderately preventing LPS-induced NF-kB-dependent
transcription at the concentrations of 100 pug/ml in the
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Fig. 3 Effects of shisihakuhito extract and the Kampo prepara-
tions excluding each bulk extract of traditional Chinese medi-
cine on LPS-induced NF-kB dependent transcription in C6 rat
glioma cells.
C6 cells were plated at a density of 1.2 x 10* cells/well were
cultured for 48 h. Cells were transfected with 0.19 pg of pNF-
kB-Luc reporter plasmid and 0.01 pg of pRG-TK plasmid for
13 h. After treatment with shisihakuhito extract and the Kampo
preparations excluding each bulk extract of the traditional
Chinese medicine at the indicated concentrations for 3 h, cells
were stimulated with 1pg/ml LPS for 8 h. Cells were harvested
to determine each luciferase activity. Luciferase activity was
determined as described in the experimental procedures, and
relative luciferase activity was calculated as the ratio of firefly
luciferase activity to Renilla luciferase one. Each column rep-
resents the mean = S.EM (n = 4). #p < 0.01 compared with
cells treated without LPS and the Kampo preparations exclud-
ing each bulk extract of the traditional Chinese medicine.
*» <0.01, **p < 0.001, compared with cells with LPS in the ab-
sence of shisihakuhito extract and the Kampo preparations ex-
cluding each bulk extract of the traditional Chinese medicine.
Gardenia Fruit (-): Shishihakuhito extract without Gardenia
Fruit one; Phellodendron Bark (-): Shishihakuhito extract with-
out Phellodendron Bark one; Glycyrrhiza (-): Shishihakuhito
extract without Glycyrrhiza one.

same cell line, as reported previously.!”

The most important finding of the present study is
that shishihakuhito extract has indeed the pharmacologi-
cal activity to prevent IgE-mediated histamine release
from RBL-2H3 cells and raise the possibility that
Phellodendron Bark can serve as the crude drug compo-
nent which is responsible for the inhibitory action of the
traditional Chinese medicine extract on the IgE-
mediated histamine release from RBL-2H3 cells, sug-
gesting that shishihakuhito may suppress histamine
release from mast cells, thereby exhibiting the therapeu-
tic action on atopic dermatitis in vivo.

In conclusion, to our knowledge, this study is the

first to demonstrate that the mechanism underlying the
therapeutic effects of shishihakuhito on pruritic skin dis-
eases of the elderly and atopic dermatitis may involve
suppression of IgE-mediated histamine release from
mast cells and that each component of the traditional
Chinese medicine appears to co-operatively act to pre-
vent LPS-induced activation of NF-kB-dependent tran-
scription, which controls the expression of inflammatory
genes, including COX-2 gene, in C6 cells. These find-
ings at least in part account for the preventive action of
shishihakuhito on allergic inflammation in vivo.
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