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Phil-Dong Moon, Ho-Jeong Na, Hyun-Ja Jeong, Seung-Heon Hong

College of Pharmacy, Wonkwang University, |ksan, Jeonbuk, South Korea; Department of Pharmacology, College of Orien-
tal Medicine, Kyung Hee University, 1 Hoegi-Dong, Dongdaemun-Gu, Seoul, South Korea

Su-Jin Kim

College of Oriental Medicine, Kyung Hee University, Hoegi-Dong, Dongdaemun-Gu, Seoul, South Korea; Division of Biolog-
ical Sciences, College of Natural Science, Chonbuk National University, Jeonju, Jeonbuk, South Korea

Han-Jung Chae

Department of Pharmacology and CardioVascular Research Institute, Chonbuk National University School of Medicine,
Jeonju, Jeonbuk, South Korea

Hyung-Ryong Kim

Department of Dental Pharmacology and Nano Science & Technology Research Institute, School of Dentistry, Wonkwang
University, lksan, Jeonbuk, South Korea

Jeong-On Choi, Si-Hyeong Lee, Jo-Young Shin

College of Oriental Medicine, Wonkwang University, Iksan, South Korea

Hyung-Min Kim

College of Oriental Medicine, Kyung Hee University, Hoegi-Dong, Dongdaemun-Gu, Seoul, South Korea

Received 19 November 2004, Revised 18 January 2005, Accepted 3 February 2005, Published 15 April 2005

extract was given as pretreatment at concentrations
ranging 0.01-1 mg/ml, the histamine release from rat
peritoneal mast cells induced by compound 48/80 was
reduced in a dose-dependent manner. GBIT extract
also inhibited passive cutaneous anaphylaxis activated
by anti-dinitrophenyl IgE. In addition, GBIT extract

improves ovarian functions by regulating both endo- ;/ipited phorbol 12-myristate 13-acetate + A23187-
crine and metabolic activities. However, it has not

Abstract Purpose: Gamibojungikgitang (GBIT) is an
Oriental herbal prescription medication, which has
been commonly used to treat allergic rhinitis in far
Eastern countries including Korea, China, and Japan.
Additionally, GBIT effectively treats ovarian cysts and

induced interleukin-6 secretion from human mast cell
line HMC-1 cells. Conclusion: These results suggest a
potential role for GBIT extract as a source of anti-ana-
phylactic agents for allergic disorders.

been cleared how it prevents allergic diseases in experi-
mental model. Here we report the effect of GBIT on
mast cell-mediated allergic reactions. Methods: The
anti-anaphylactic effect of GBIT extract was studied
against compound 48/80-induced systemic anaphylac-

tic shock model in mice. Rat Peritoneal Mast Cells INTRODUCTION

(RPMCs) were uéed to inve'stigate the effect of GBIT Gamibojungikgitang (GBIT) is an Oriental herbal pre-
extract on histamine release induced by compound 48/ scription medication, which has been commonly used

80. Passive cutaneous anaphylaxis activated by anti- (o treat allergic rhinitis in far Eastern countries includ-
dinitrophenyl IgE was used to know the effect of ing Korea, China, and Japan. Additionally, GBIT effec-
GBIT extract. In addition, human mast cell line HMC- tively treats ovarian cysts and improves ovarian
1 cells culture supernatants that GBIT extract pre-  fynctions by regulating both endocrine and metabolic
treated were assayed for IL-6 protein levels by enzyme-  5ctivities (1, 2). However, it has not been cleared how

linked immunosorbent assay method. Results: GBIT prevents allergic diseases in experimental model.
extract dose dependently inhibited compound 48/80-

induced systemic anaphylactic shock. When GBIT 1y general, immediate-type hypersensitivity reactions
that involve urticaria, allergic rhinitis and asthma are
mediated by various chemical mediators released from
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tions among the substances released on degranulation
of mast cells (4, 5). Compound 48/80 is well-known
histamine releaser (6).

The secretory responses of mast cells can be induced
by aggregation of their cell surface-specific receptors
for immunoglobulin E (IgE) by the corresponding
antigen (7-9). It has been established that the anti-IgE
antibody induces passive cutaneous anaphylaxis (PCA)
as a typical iz vivo model for immediate-type hyper-
sensitivity reactions in anaphylactic reactions. Rat’s

skins are useful sites for studying PCA (10).

Activated mast cells can produce histamine as well as a
wide variety of other inflammatory mediators and sev-
eral proinflammatory and chemotactic cytokines such
as tumor necrosis factor-alpha (TNF-a), interleukin
(IL)-1, IL-4, IL-6, IL-8, and IL-13 (11-14). Modulation of
these cytokines secretion from mast cells can provide
us with a useful therapeutic strategy for allergic inflam-
matory disease. Recent studies have demonstrated that
IL-6 up-regulates histamine production rather than
increases its storage and is an important inducing fac-
tor for the expression of immunoglobulin E Fc epsilon
RI (15). And Kikuchi et al. announced that IL-6
enhances IgE-dependent histamine release from human
peripheral blood-derived cultured mast cells (16). Also,
inflammatory cytokines (IL-6, IL-8, and TNF-a) pro-
duction was induced via evoking of HIF-1 and NF-xB
response under hypoxic condition on HMC-1 cells
(17).

Present study has evaluated the effect of GBIT extract
on the compound 48/80-induced systemic anaphylactic
shock, histamine release from rat peritoneal mast cells
(RPMCs), and anti-dinitrophenyl (DNP) IgE antibody-
induced PCA. We also investigated the effect of GBIT
extract on phorbol 12-myristate 13-acetate (PMA) +
A23187-induced IL-6 secretion from human mast cell
line HMC-1 cells.

MATERIALS AND METHODS
Materials

Compound 48/80, anti-DNP IgE, DNP-human serum
albumin (HSA), metrizamide, PMA, A23187, o-phthal-
dialdehyde (OPA), and evans blue were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). The

a-minimal essential medium was purchased from Flow

Laboratories (Irvine, UK). Fetal bovine serum was pur-
chased from Life Sciences (Grand Island, NY, USA).
Recombinant IL-6, biotinylated IL-6, anti-human IL-6
was purchased from BD PharMingen (Torreyana
Road, San Diego, CA, USA).

Animals

The original stock of male ICR mice (4 week old) and
male Wistar rats (7 week old) were purchased from the
Dae-Han Experimental Animal Center (Eumsung,
Chungbuk, South Korea), and the animals were main-
tained at the College of Pharmacy, Wonkwang Univer-
sity. The rats were housed five to ten per cage in a
laminar air-flow room maintained at a temperature of
22+1°C and relative humidity of 55+1% throughout
the study. No animal was used more than once. The
research was conducted in accordance with the interna-
tionally accepted principles for laboratory animal use
and care as found in the US guidelines (NIH publica-
tion #85-23, revised in 1985).

Preparation of GBIT extract

GBIT extract which is a mixture of ten traditional
drugs as shown in Table 1 was obtained from the Ori-
ental drug store, Daehak Oriental Drugstore (Iksan,
South Korea) and classified and identified by local
experts. Amounts of the ten traditional drugs studied
in this work were shown in Table 1. The ratios for
combining were based on the previous report (2).
Extract of GBIT was prepared by decocting the dried
prescription of herbs with boiling distilled water
(GBIT: water = 1 : 5). The extraction decocted for
approximately 3 h has been filtered, lyophilized, and
kept a 4°C. Dilutions were made in saline then filtered
through 0.45-um syringe filter.

Table 1: The ratio of the component in GBIT extract.

Components Ratio
1. Ginseng Radix (Panax ginseng C.A. Meyer) 10
2. Astragali Radix (Astragalus membrannaceous Bunge) 10
3. Angelicae gigantis Radix (Angelica gigas NAKAI) 10
4. Pinelliae Rhizoma (Pinellia ternate Breitenbach) 10
5. Atractylodis Rhizoma alba (Atractylodes macrocephala Koidzumi) 333
6. Glycyrrhizae Radix (Glycyrrhiza uralensis Fischer et De Candolle) 3.3
7. Bupleuri Radix (Bupleurum falcatum Linne) 33

8. Cimicifugae Rhizoma (Cimicifung heracleifolia Komorov) 1.1
9. Aurantii nobilis pericarpium (Citrus tangerina Hort. et Tanaka) 2
10. Poria (Poria cocos) 17

Basis for selection of dose

The Amounts of GBIT for adult Korean (average body
weight 60 kg) are about 100-150 g. The yield of pow-
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dered extraction is commonly about 5% (w/w). There-
fore, the basis for selection of dose is as follows.

100-150g % 5% = 5-7.5 g — An adult Korean (average
body weight 60 kg) takes 5-7.5 g at one time. = 5-7.5 g
/ 60 kg = 0.08-0.13 g/kg — about 0.1 g/kg. Thus, the
dose of GBIT for an adult person can be 0.1 g/kg. The
dose range of 0.01-1 g/kg was chosen to see the dose-
dependency.

Compound 48/80-induced systemic anapbylactic
reaction

Mice (n=3) were given an intraperitoneal injection of
the mast cell degranulator compound 48/80 (8 mg/kg).
GBIT extract was dissolved in saline and administered
orally with sonde 1 h before the injection of com-
pound 48/80. The period for observation of mortality
was based on the control mice that had died in 18 min
by compound 48/80. Mortality was monitored for 18
min after induction of anaphylactic reaction.

Preparation of RPMCs

RPMCs were isolated as previously described (18). In
brief, rats were anesthetized by ether, and injected
with 20 ml of Tyrode buffer B (NaCl, glucose,
NaHCO,;, KCL, NaH,PO,) containing 0.1% gelatin
(Sigma) into the peritoneal cavity; the abdomen was
gently massaged for about 90 sec. The peritoneal cavity
was carefully opened, and the fluid containing perito-
neal cells was aspirated by Pasteur pipette. Then the
peritoneal cells were sedimented at 150 x g for 10 min
at room temperature and resuspended in Tyrode buffer
B. Mast cells were separated from the major compo-
nents of rat peritoneal cells (i.e. macrophages and small
lymphocytes) according to the method described by
Yurt et al. (19). In brief, peritoneal cells suspended in 1
ml of Tyrode buffer B were layered onto 2 ml of 2.25 x
10 mg/ml metrizamide (density 1.12 g/ml; Sigma) and
centrifuged at room temperature for 15 min at 400xg.
The cells remaining at the buffer-metrizamide interface
were aspirated and discarded; the cells in the pellet
were washed and resuspended in 1 ml of Tyrode buffer
A (10 mM HEPES, 130 mM NaCl, 5 mM KCI, 1.4 mM
CaCl,, 1 mM MgCl,, 5.6 mM glucose, 0.1% bovine
serum albumin) containing calcium. Mast cell prepara-
tions were about 95% pure as assessed by toluidine
blue staining. More than 97% of the cells were viable as
judged by trypan blue uptake.

Histamine assay

Purified RPMCs were resuspended in Tyrode buffer
containing calcium for the treatment with compound
48/80. RPMC suspensions (2 x 10° cells/ml) were pre-
incubated for 10 min at 37°C before the addition of
compound 48/80 for stabilization. The cells were pre-
incubated with the GBIT extract (0.01-1 mg/ml) for 30
min, and then incubated for 20 min with compound
48/80 (6 ng/ml). The reaction was stopped by cooling
the tubes in ice. The cells were separated from the
released histamine by centrifugation at 400xg for 5 min
at 4°C. Residual histamine in the cells was released by
disrupting the cells with perchloric acid and centrifuga-
tion at 400xg for 5 min at 4°C. The histamine content
was measured by the OPA spectrofluorometric proce-
dure of Shore et al. (20). The fluorescent intensity was
measured at 440 nm (excitation at 360 nm) in spectrof-
luorometer. The inhibition percentage of histamine
release was calculated using the following equation:

% inhibition = (A - B) x100/ A4

where A is histamine release without GBIT extract and
B is the histamine release with GBIT extract.

PCA reaction

IgE-dependent cutaneous reaction was generated by
sensitizing the skin with an intradermal injection of
anti-DNP IgE followed 48 h later with an injection of
DNP-HSA into the mice tail vein. The DNP-HSA was
diluted in phosphate-buffered saline (PBS). The mice
were injected intradermally with 100 ng of anti-DNP
IgE into each of three dorsal skin sites that had been
shaved 48 h earlier. The sites were outlined with a
water-insoluble red marker. Forty-eight hours later,
each mouse received an injection of 200 ml of the 1:1
mixture of 1 mg/ml DNP-HSA in PBS and 4% Evans
blue via the tail vein. One hour before this injection,
GBIT extract was administered orally.

The mice were sacrificed 40 min after the intravenous
challenge. The dorsal skin of the mouse was removed
for measurement of the pigment area. The amount of
dye was then determined colorimetrically after extrac-
tion with 0.5 ml of 1.0 mol/l KOH and 4.5 ml of a
mixture of acetone and phosphoric acid (with the ratio
of 5:13), based on the method of Katayama ez al. (21).
The absorbent intensity of the extraction was mea-
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sured at 620 nm in a spectrofluorometer, and the
amount of dye was calculated with the Evans blue mea-
suring-line.

IL-6 assay

Human mast cell line (HMC-1) was grown in IMDM
(Gibco BRL, USA) with 10% FBS (JRH Bioscience,
USA) at 37°C in 5% CO, and 95% humidity. HMC-1
cells were pretreated with various concentration of
GBIT extract (0.01-1 mg/ml) for 30 min prior to PMA
+ A23187 stimulation. Culture supernatants were
assayed for IL-6 protein levels by enzyme-linked
immunosorbent assay (ELISA) method. Cytokines
were measured by a modified ELISA method as
described (22). Sandwich ELISA for IL-6 was carried
out in duplicate in 96-well ELISA plates (Nunc, Den-
mark) coated with each of 100 pl aliquots of mouse
anti-human IL-6 monoclonal antibodies (BD PharMin-
gen, Torreyana Road, San Diego, California, USA) at
1.0 pg/ml in PBS at pH 7.4 and was incubated over-
night at 4°C. The plates were washed with PBS con-
taining 0.05% Tween-20 (Sigma, St. Louis, MO, USA)
and blocked with PBS containing 1% BSA, 5% sucrose
and 0.05% NalN; for 1 h.

After additional washes, sample or recombinant IL-6
standards were added and incubated at 37°C for 2 h.
After 2 h of incubation at 37°C, the wells were washed
and then each of 0.2 pg/ml of biotinylated anti-human
IL-6 were added and incubated at 37°C for 2 h. After
washing the wells, avidin-peroxidase was added and
plates were incubated for 30 min at 37°C. Wells were
again washed and ABTS substrate (Sigma) was added.
Color development was measured at 405 nm using an
automated microplate ELISA reader. A standard curve
was run on each assay plate using recombinant human

IL-6 (BD PharMingen) in serial dilutions.

Statistical analysis

The results were expressed as mean + S.E.M. for the
number of experiments. Statistical analysis was per-
formed by the Student’s z-test to express the difference
from control group.

RESULTS

Effect of GBIT extract on compound 48/80-induced
systemic anaphylaxis

To assess the contribution of GBIT extract in anaphy-
lactic reactions, we first used the iz vivo model of sys-
temic anaphylaxis.

As shown in Table 2, an oral administration of saline
as a control induced a fatal reaction in 100% of each
group. When the GBIT extract was orally adminis-
tered at concentrations of 0.01-1 g/kg 1 h before com-
pound 48/80 injection, the mortality was dose-
dependently reduced (Table 2).

Table 2: Effect of GBIT extract on compound 48/80-
induced systemic anaphylactic reaction in mice.

GBIT extract dose ~~ Compound 48/80 Mortality

(gke)" (8 mg/kg)® %)
None (saline) 100.00
0.01 + 50.00+9.62*
0.1 + 33.34+£19.25*
1 + 33.33+0.00
1 - 0.00

“The groups of mice (n=3/group) were orally pretreated with

200 Wl of saline or GBIT extract was given at various doses 1
h before the compound 48/80 injection.

bThe compound 48/80 solution was intraperitoneally given to
the groups of mice.

“Mortality (%) is presented as the ‘number of dead mice x 100
/ Total number of experimental mice’. Each datum represents

the mean£S.E.M. of four independent experiments. *P<0.05;

significantly different from the control value.

Effect of GBIT extract on histamine release from
RPMCs

The inhibitory effect of GBIT extract on compound
48/80-induced histamine release from RPMCs
shown in Figure 1. GBIT extract dose-dependently
inhibited compound 48/80-induced histamine release
at concentrations of 0.01-1 mg/ml. At the concentra-
tion of 1 mg/ml, the inhibition rate reached up to
67.97%. In particular, GBIT extract significantly inhib-
ited the compound 48/80-induced histamine release at
concentrations of 0.1 and 1 mg/ml. The histamine
intensity at the doses of 0.01-1 mg/ml was 11.16+1.36,
8.26+0.63, and 6.04+0.89, respectively. Control and
spontaneous values were 13.34+1.16 and 2.31+0.51.

1s
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Figure 1: Effect of GBIT extract on compound 48/80-
induced histamine release from RPMCs. RPMCs (2x10°
cells) were preincubated with various concentrations of
GBIT extract at 37°C for 10 min prior to incubation with
compound 48/80. Each datum represents the
mean+S.E.M. of three independent experiments.
**P<0.01; significantly different from the control value.
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Figure 2: Effect of GBIT extract on 48 h PCA in mice.
GBIT extract was administered orally 1 h prior to the
challenge with antigen (DNP-HSA). Each datum
represents the mean+S.E.M. of three independent
experiments. ¥*P<0.05, ***P<0.001; significantly different
from the control value.

Effect of GBIT extract on PCA

PCA is one of the most important in vivo models of
anaphylaxis in local allergic reactions (23). When GBIT
extract was orally administered to the mouse, the PCA
reaction was inhibited in a dose-dependent manner
(Figure 2). The best result was obtained at the dose of 1
g/kg. Amount of dye at the dose of 0.01-1 g/kg was
1.14+0.11, 1.01+0.05, and 0.68+0.02, respectively.
The amount of dye in control mice was 1.14+0.02.

Effect of GBIT extract on IL-6 secretion from HMC-1
cells

Our results showed that pretreatment of the cells with
GBIT extract resulted in inhibition of IL-6 secretion.
Inhibitory effect of GBIT extract was significant at the
dose of 0.01 and 1 mg/ml (Figure 3). IL-6 production
value at the doses of 0.01-1 mg/ml was 15.114+0.24,
15.08+0.66 and 14.17+0.27, respectively. Control and
spontaneous values were 16.41+0.40 and 0.46+0.20.

Inhibition (%)
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' 1
_{

2 -

0 _I_ : : ' |

Control  0.01 0.1 1
Dose (mg/ml)

Figure 3: Effect of GBIT extract on PMA + A23187-
stimulated IL-6 secretion from HMC-1 cells. IL-6 levels in
supernatant were measured using ELISA method. Each
datum represents the mean+S.E.M. of three independent
experiments. *P<0.05, **P<0.01; significantly different
from the control value.

DISCUSSION AND CONCLUSION

Stimulation of mast cells with compound 48/80 is
believed to initiate the activation of a signal transduc-
tion pathway, which leads to histamine release. There
have been some reports that compound 48/80 is able
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to activate G proteins (24-26). Chadi et al. announced
that compound 48/80 activates mast cell phospholipase
D (PLD) via heterotrimeric GTP-binding proteins
(27). They identified recombinant GB,y, subunit mark-
edly synergized PLD activation by compound 48/80 in
permeabilized RBL-2H3 cells. Murine mast cells are a
good experimental model for the study on compound
48/80-induced histamine release (28). The report that
compound 48/80 increased the permeability of the
lipid bilayer membrane by causing a perturbation of
the membrane (29) indicates that the membrane per-
meability increase may be an essential trigger for the
release of mediators from mast cells. Our results
showed that GBIT extract pretreatment profoundly
affected compound 48/80-induced systemic anaphy-
laxis and histamine release (Table 2, Figure 1). Thus, it
is possible to hypothesize that GBIT extract might act
on the lipid bilayer membrane affecting the prevention
of the perturbation induced by compound 48/80 and
regulate the degranulation of the mast cells in mouse
skin by stabilizing membrane fluidity.

GBIT extract-administered mouse was protected from
IgE-mediated local allergic reaction. The mechanism of
the protection against anti-DNP IgE may be suggested
only in some particular conditions. It is conceivable
that GBIT extract inhibits the initial phase of immedi-
ate type allergic reactions, probably through interfer-
ence with the degranulation system.

HMC-1 cell line was a useful cell for studying cytokine
activation pathways (30). Our data demonstrated that
GBIT extract inhibited PMA + A23187-induced IL-6
secretion from HMC-1 cells. The effects of GBIT
extract on mast cell cytokine secretion iz vivo and the
relative importance of mast cell as a source of chemot-
actic factor IL-6 during inflaimmatory and immune
response are important areas for future studies. The
amounts of GBIT extract that have been used (in vivo
or in vitro) in this study are large, raising the possibil-
ity that the active agents in the extract represent a
small component of the total mass.

GBIT is a complex prescription that is known to
enhance spleen and stomach-qi on the basis of Oriental
medicine theory (1). As a result of reinforcement of
spleen and stomach-qi, GBIT can also reinforce wei-qi
which guards the surface of the body against exopatho-
gen (31,32). The main components of GBIT are known

in the previous reports. Ginseng radix includes ginse-
noside-Rb1 (G-Rb1), G-Rgl, and G-Ro (33), Astragali
radix includes calycosin (34), Angelicae gigantis radix
includes decursin (35), Pinelliae rhizoma includes beta-
sitosterol (36), Atractylodis rhizoma alba includes
atractylenolide I (37), Glycyrrhizae radix includes gly-
cyrrhizin (38), Bupleuri radix includes saikosaponin a
(39), Cimicifugae rhizoma includes acetylshengmanol
xyloside and cimicifugoside H-1 (40), Aurantii nobilis
pericarpium includes obacunone glucoside and nomi-
lin glucoside (41), and Poria includes pachyman (42),
respectively. It was, however, difficult to identify and
separate specific compound through HPLC system
from GBIT extract that consists of above ten tradi-
tional drugs.

In conclusion, the results obtained in the present study
provide evidence that GBIT extract inhibited the mast
cell-mediated anaphylactic reactions and inflamma-
tory cytokines secretion. We believe that administra-
tion of GBIT extract may have a clinical applicability
to the allergic disorders. However, further studies
about active compounds of GBIT are needed.
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