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The discovery of drugs for the treatment of allergic disease is an
Important subject In human health. The Artemisia iwayomogi
(Composltae) (AlE) has been used as a traditional medicine in
Korea and Is known to have an anti-Inflammatory effect.
However, Its specific mechanism of action Is stili unknown. In
this report, we Investigated the effect of AlE on the mast cell-
mediated allergy model and studied the possible mechanism of
action. AlE Inhibited compound 481So-lnduced systemic reac-
tions and plasma histamine release In mice. AlE decreased
Immunoglobulin E (lgE)-mediated local allergic reaction, pas-
sive cutaneous anaphylaxis (PCA) reaction. AlE dose depend-
ently attenuated histamine release from rat peritoneal mast cells
activated by compound 4S/SO or IgE. AlE decreased the
compound 481So-lnduced Intracellular Ca2

'. Furthermore, AlE
decreased the phorbol 12-myrlstate 13·acetate (PMA) plus
calcium lonophore A231S7-stlmulated tumor necrosis factor-a
and Interleukln-6 gene expression and production In human
mast cells. The Inhibitory effect of AlE on the prolnflammatory
cytoklne was p3S mitogen-activated protein kinase (MAPK) and
nuclear factor-KB (NF-KB) dependent. AlE attenuated PMA plus
A231S7·lnduced degradation of IKBCL and nuclear translocation
of NF-KB and specifically blocked activation of p3S MAPK but
not that of c-jun N-termlnal kinase and extracellular signal-
regulated kinase. Our findings provide evidence that AlE Inhibits
mast cell-derlved Immediate-type allergic reactions and Involve-
ment of intracellular Ca2+, prolnflammatory cytoklnes, p3S
MAPK, and NF-KB In these effects. Exp Bioi Mad 230:82-88,2005
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T
he extract of Artemisia iwayomogi (Compositae)
(AlE) has been used for centuries as an oriental
traditional medicine. This crude drug is used for the
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treatment of various liver diseases. It has contents of
esculetin-6-methylether, camphor, borneol, p-cymene, car-
yophyllene, methyleugenol. and bornyl acetate (I, 2).

Mast cells, which are constituents of virtually all organs
and tissue, are important mediators of inflammatory
responses such as allergy and anaphylaxis. Anaphylaxis is
mediated by histamine released in response to antigen cross-
linking of immunoglobulin E OgE) bound to FCERI on mast
cells. Mast cell activation causes the process of degranula-
tion that result in releasing of mediators, such as histamine
and an array of inflammatory cytokines (3-5). Among the
inflammatory substances released from mast cells, histamine
remains the best-characterized and most potent vasoactive
mediator implicated in the acute phase of immediate
hypersensitivity (6). Mast cell degranulation also can be
elicited by the synthetic compound 48/80. and it has been
used as a direct and convenient reagent to study the
mechanism of anaphylaxis (7).

The signaling pathway leading to degranulation of mast
cells has been extensively characterized (8, 9). Activation of
mast cells leads to phosphorylation of tyrosine kinase and
mobilization of internal Ca 2t

• This is followed by activation
of protein kinase C, mitogen-activated protein kinases
(MAPKs), and nuclear factor-xb (NF-KB) and releasing of
inflammatory cytokines. Activated mast cells can produce
histamine, as well as a wide variety of other inflammatory
mediators, such as eicosanoids, proteoglycans, proteases,
and several prointlammatory and chemotactic cytokines
such as tumor necrosis factor (TNF)-tX, interleukin (ll)-6,
Il-4, Il-13, and transforming growth factor-B (10-12).
Mitogen-activated protein kinases and transcription factor
NF-KB have important activities as mediators of cellular
responses to extracellular signals. Some of the MAPKs
important to mammalian cells include extracellular signal-
regulated kinase, c-jun N-terminal kinase, and p38. p38
MAPK and NF-KB are thought to play an important role in
the regulation of proinflammatory molecules 011 cellular
responses, especially TNF-':t, Il-10. and Il-6 (13-15). The
aim of this study is to evaluate the anti-allergic effect of AlE
and to understand the mechanism of effect.
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Materials and Methods
Culture of HMC-1 Cells. HMC-I cells, a human

mast cell line, were grown in Iscove 's media supplemented
with 10% FCS and 2 mM glutamine.

Animals. The original stock of male ICR mice and
male Sprague-Dawley rats were purchased from Dae-Han
Experimental Animal Center (Daejeon, Korea), and the
animals were maintained in the College of Pharmacy,
Woosuk University. The animals were housed 5-10 per
cage in a laminar airflow room maintained at a temperature
of 22 ::t 2°C and relative humidity of 55 ::t 5% throughout
the study. The care and treatment of the mice were in
accordance with the guidelines established by the Public
Health Service Policy on the Humane Care and Use of
Laboratory Animals and were approved by the Institutional
Animal Care and Use Committee.

Reagents. Compound 48/80, anti-DNP IgE, DNP-
human serum albumin (HSA), o-minimal essential medium
(ct-MEM), o-phthaldialdehyde, phorbol 12-myristate 13-
acetate (PMA), calcium ionophore A23187, pyrrolidine
dithiocarbamate (PDTC), and metrizamide were purchased
from Sigma Chemical Co. (St. Louis, MO). SB 203580 was
purchased from Calbiochem (La Jolla, CAl.

Preparation of AlE. The plants of Artemisia iwayo-
mogi were purchased from the Bohwa Dang (Jeonbuk,
Korea). A voucher specimen (number WSP-03-01) was
deposited at the Herbarium of the College of Pharmacy,
Woosuk University. The plant sample was extracted with
purified water at 70°C for 5 hrs. The extract was filtered and
lyophilized. The dried extract was dissolved in saline or
Tyrode buffer A (10 mM HEPES, 130 mM NaC!, 5 mM
KCI, 1.4 mM CaCI 2, I mM MgCI 2, 5.6 mM glucose, 0.1 %
bovine serum albumin) before use.

Compound 48/80-lnduced Systemic Reac-
tion. Compound 48/80-induced systemic reaction was
carried out as previously described (16). Briefly, the mice
were given an intraperitoneal injection of 8 mg/kg body
weight (BW) of the mast cell degranulator, compound 48/80.
AlE was dissolved in saline and administered intraperito-
neally at doses 01'0.00 I-I g/kg BW I hrbefore the injection of
compound 48/80 (n = IO/group). In the time-dependent
experiment, AlE (I g/kg) was administered 5, 10, and 20 mins
after injection of compound 48/80 (n = 10/group). Mortality
was monitored for I hr after induction of anaphylactic shock.

Preparation of Plasma and Histamine Determi-
nation. The blood was centrifuged at 400 ~ for 10 mins.
The plasma was withdrawn, and histamine content was
measured by the o-phthaldialdehyde spectrofluorometric
procedure of Shore et al. (17). The fluorescence intensity
was measured at emission 438 nm and excitation 353 nm
using spectrofluorometer (Shimadzu, RF-5301 PC, Japan).

PCA Reaction. The mice were injected intradermally

with 0.5 ug of anti-DNP IgE. After 48 hI'S, each mouse was
received an injection of I ug of DNP-HSA in PBS
containing 4% Evans blue (I :4) via tail vein. AlE (0.01-1

g/kg BW) was administered I hr before the challenge.
Thirty minutes after the challenge, the mice were killed. and
the dorsal skin was removed for measurement of the
pigment area. The amount of dye was determined colori-
metrically after extraction with I ml of I M KOH and 9 ml
of a mixture of acetone and phosphoric acid (5: 13). The
intensity of absorbent was measured at 620 nm in a
spectrophotometer (UV -120 I, Shimadzu, Kyoto, Japan).

Preparation of RPMC. Mast cells were separated
from rat peritoneal cavity cells according to the method
described by Yurt et al. (18). In brief, peritoneal cells were
suspended in Tyrode buffer, layered on 2 ml of metrizamide
(22.5 w/v%), and centrifuged for 15 mins at 400~. The cells
remaining at the buffer-metrizamide interface were aspirated
and discarded; the cells in the pellet were washed and
resuspended in I ml of Tyrode buffer. Mast cell preparations
were about 95% pure as assessed by toluidine blue staining.
More than 95% of the cells were viable as judged by trypane
blue uptake.

Inhibition of Histamine Release. Purified RPMC
were resuspended in Tyrode buffer for the treatment with
compound 48/80. The RPMC suspensions (2 X 105 cells/ml)
were preincubated for 10 min at 37°C before the addition of
compound 48/80 (5 ug/ml). The cells were pre incubated with
the AlE (0.001-1 mg/ml) preparations and incubated for 10
mins with compound 48/80. The RPMC suspensions (2 X

105 cells/m\) were sensitized with anti-DNP IgE (10 ug/ml)
for 16 h. The cells were preincubated with the AlE (0.001-1
mg/ml) at 37°C for 10 mins prior to the challenge with DNP-
HSA (I ug/ml). The cells were separated from the released
histamine by centrifugation at 400 g for 5 mins at 4°C.

Intracellular Ca2+. Fura-2/AM (2 ~LM, Molecular
Probes, Eugene, OR) was used to determine the intracellular
Ca 2+ following the manufacturer's protocol briefly described
as following. The RPMC were pre incubated with Fura-2/AM
for 30 mins at 37°C. After washing the dye from the cell
surface, AlE was pretreated 10 mins prior to the compound
48/80 treatment. The fluorescent intensity was recorded
using fluorescent plate reader (Molecular Devices, Sunny-
vale, CAl at excitation of 340 nm and emission of 500 nm.

Analysis of Cytokine mRNA Expression. Re-
verse-transcriptase polymerase chain reaction (RT-PCR)
was used to analyze the expression of mRNA for TNF-(X,
IL-6, and p-actin (intemal control). The condition for
reverse transcription and PCR steps were performed as
previously reported (19). The respective primer scts were
chosen by Primer.i program (Whithead Institute, Cam-
bridge, MA). Optimization of cycle number was performed
to ensure that product accumulation was in the linear range.
Amplified products were separated by electrophoresis on
2'/0 agarose gel containing ethidium bromide. The gels were
documented using a Kodak DC 290 digital camera (Eastman
Kodak, Rochester, NY) and digitized using UN-SCAN-IT
software (Silk Scientific, Orem, UT).

Western Blot Analyses. Samples of protein were
electrophoresed using 8%-12o/c sodium dodecyl sulfate-
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polyacrylamide gel electrophoresis, as described elsewhere

(20), and then transferred to nitrocellulose membrane. The

TNF-Ct and IL-6 were assayed using anti-TNF-Ct and anti-

IL-6 antibody (R&D Systems Inc., Minneapolis, MN). The

p38 MAPK, ERK, and JNK activation was determined

using anti-phospho-p38, -ERK, and -ERK antibodies (Cell

Signaling, Beverly, MA). The nucleus and cytosolic p65

NF-KB was assayed using anti-Nf'-xfl (p65) antibody

(Santa Cruz Biotech, Santa Cruz, CA). Immunodetection

was done using enhanced chemiluminescence detection kit

(Amersham Pharmacia, Piscataway, NJ).

Statistical Analysis. Statistical analyses were per-

formed using SAS statistical software (SAS Institute, Cary,

NC). Treatment effects were analyzed using one-way

ANOYA, followed by Duncan's multiple range tests, and

P < 0.05 was used to indicate significance.

Results

Effect of AlE on Compound 4S/SQ-lnduced

Systemic Anaphylaxis. To determine the effect of AlE

on allergic reaction, an in vivo model of systemic reaction

was used. Compound 48/80 (8 mg/kg BW) was used as a

model of induction of a systemic fatal allergic reaction.

After the intraperitoneal injection of compound 48/80, the

mice were monitored for I hr, after which the mortality rate

was determined. As shown in Table I, injection of

compound 48/80 into mice induced fatal shock in 100%

of animals. When AlE was intraperitoneally administered at

concentrations ranging from 0.001 to I g/kg BW for I hr,

the mortality with compound 48/80 was dose-dependently

reduced. In addition, the mortality of mice administered

Table 1. Effect of Artemisia iwayomogi (Compositae)
(AlE) on Compound 48/8Q-lnduced Systemic

Anaphytaxis"

AlE treatment Compound 48/80
(gll<g BW) (8 mg/kg BW) Mortality (%)

None (saline) + 100

0.01 + 100

0.05 + 80

0.1 + 20

0.5 + a

+ a

a
8 BW, body weight. Groups of mice (n = 10/group) were intra-
peritoneally pretreated with 200 ~I ofsalineor AlE at variousdoses 1 h
before the intraperitoneal injection of compound 48/80. Mortality (%)
within 1 hr following compound 48/80 injection is represented as the
number of dead mice x 100/total number of experimental mice.

Table 2. Time-Dependent Effect of Artemisia
iwayomogi (Compositae) (AlE) on Compound

48/80-lnduced Systemic Anaphylaxis"

AlE treatment Compound 48/80
(g/kg BW) (8 mg/kg BW) Time (mins) Mortality (%)

None (saline) + 100

+ a a

+ 5 20

+ 10 80

+ 20 100

B BW, body weight. Mice (n = 10/group) were intraperitoneally
pretreated with 200 ~I of saline or AlE. AlE (1 g/kg) was given 5,10.
and 20 mins after the intraperitoneal injection of compound 48/80.
Mortality (%) within 1 hr following compound 48/80 injection is
represented as the number of dead mice x 100/total number of
experimental mice.

with AlE (I g/kg) 5, 10, and 20 mins after compound 48/80

injection increased time dependently (Table 2).

Effect of AlE on Compound 4S/SD-lnduced
Plasma Histamine Release. The effect of AlE on
compound 48/8(~induced plasma histamine release was

investigated. AlE was given at concentrations ranging from

0.01 to I g/kg BW I hr before (n = IO/group) compound 4~/

80 injection. The correlative results with those of the
mortality test were shown when their plasma histamine
contents were measured (Fig. I). The inhibition rate due to

treatment with AlE was significant at doses of 0.1-1 g/kg,

Effect of AlE on peA Reaction. Another way to
test anaphylaxis is to induce PCA. As described in
experimental procedures, local extravasation was induced
by a local injection of IgE followed by an antigenic

Figure 1. Effect of Artemisia iwayomogi (Compositae) (AlE) on
compound48/8o-induced plasma histaminerelease. Groups of mice
(n = 10/group) were intraperitoneally pretreated with 200 ~t1 of saline
or AlE. AlE was givenat variousdoses 1 hr before the intraperitoneal
injection of compound48/80. Each bar represents the mean :!: SEM
of three independent experiments."P < 0.05 (significantly different
from the saline value).
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Figure 2. Effect of Artemisia iwayomogi (Compositae) (AlE) on the
48-hr PCA. AlE was intraperitoneally administered 1 hr prior to the
challenge with antigen. Each bar represents the mean ::':: SEM of
three independent experiments. * P < 0.05 (significantly different from
the saline value).

challenge. Administration of AlE (0.1 and I g/kg) showed a
marked inhibition in PCA reaction (Fig. 2).

Effect of AlE on Histamine Release from
RPMC. The inhibitory effect of AlE on compound 48/
80-induced or IgE-mediated histamine release from RPMC
is shown in Figure 3. AlE inhibited compound 48/80-
induced or IgE-mediated histamine release from RPMC in a
dose-dependent manner. AlE significantly inhibited the
compound 48/80-induced or IgE-mediated histamine
release at concentrations of IDO-I000 ug/ml.

Effect of AlE on Intracellular Ca2+. Calcium
movements across membranes of mast cells are critical to
histamine release (8). To investigate the mechanisms of AlE
on the reduction of histamine release, we assayed the

Figure 3. Effect of Artemisia iwayomogi (Compositae) (AlE) on
compound 48/80- or IgE-induced histamine release from RPMC. The
cells (2 x 105 cells/ml) were preincubated with AlE at 37°C for 10
mins prior to incubation with compound 48/80 or DNP-HSA. All data
represent the mean ::':: SEM of three independent experiments. *P <
0.05 (significantly different from the saline value).

Figure 4. Effect of Artemisia iwayomogi (Compositae) (AlE) on the
intracellular Ca2+ levels in RPMC. Cells were preincubated 10 mins
with AlE (0.1 mg/ml) before adding compound 48/80 (2 pg/ml) and
then another 10 rnins with compound 48/80. Each bar represents the
mean ::':: SEM of three independent experiments. * P < 0.05
(significantly different from the compound 48/80 value).

intracellular Ca2+. Figure 4 shows the stimulation of
intracellular Ca2+ when the RPMC are treated with
compound 48/80 (2 ~lg/ml). Preincubation of AlE (100
Ilg/ml) with RPMC decreased compound 48/80-induced
intracellular Ca2

+ levels.

Figure 5. Effect of Artemisia iwayomogi (Compositae) (AlE) on the
TNF-(X and IL-6 expression (A) and production (B). HMC-1 cells were
pretreated with AlE for 30 mins and stimulated by PMA (20 nM) plus
A23187 (1 ~1M) for 4 hrs for mRNA and 16 hrs for protein. TNF-:l! and
IL-6 mRNA expression was quantified by RT-PCR. Extracts of cells
(25 pg) were analyzed by Western blot.
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cytokine activation pathway (21). Stimulation of HMC-I
cells with PMA (20 nM) plus A23187 (111M) during 4 hrs
induced the gene expression of both cytokines. Pretreatment
of AlE dose dependently inhibited PMA plus A23187-
induced TNF-Cl and IL-6 gene expression (Fig. 5A).
Pretreatment of AlE (100 ug/ml) also decreased PMA plus
A23187-induced TNF-Cl and IL-6 production in HMC-l at
16 hrs (Fig. 5B).

Effect of AlE on MAPKs Activation and Trans-
location of NF-KB. Stimulation of HMC-I cells with
PMA plus A23187 resulted in increased phosphorylation of
all three MAPKs peaked at 15-30 mins (data not shown).
Treatment of AlE attenuated the PMA plus Anl87-induced

p38 MAPK activation but did not affect the phosphorylation
of ERK and JNK (Fig. 6A). Stimulation of HMC-l cells
with PMA plus A23l87 induced the degradation of IKBcx
and nuclear translocation of p65 NF-KB after 4 hrs of
incubation. AlE inhibited the PMA plus A23187-induced
degradation of IKBcx and nuclear translocation of p65 NF-
KB (Fig. 6B). Treatment of cells with specific p38 MAPK
inhibitor, SB 203580 (5 11M), and NF-KB inhibitor, PDTC
(\0 11M) decreased PMA plus A23187-induced TNF-cx and
IL-6 production.

Figure 6. Effect of Artemisia iwayomogi (Compositae) (AlE) on the
MAPKs and NF-I(B. After pretreatment of AlE (100 ~glml) for 30
mins, HMC-1 cells were stimulated by PMA (20 nM) plus A23187 (1
~M) for 15 mins for MAPKs activation or 4 hrs for NF-I(B activation.
(A) Phosphorylation of MAPKs was analyzed by Western blot. (B)
Cell extract was analyzed by Western blot for II(B~ in cytoplasmic
and translocation of NF-J(B in nuclear extracts. (C) HMC·1 cells were
pretreated with SB 203580 (5 ~M) or PDTC (10 ~M) for30 minsprior
to PMA plus A23187stimulation. Production of TNF-~ and IL·6 was
analyzed by Western blot.

Effect of AlE on Prolnflammatory Cyto-
kines. We examined whether AlE could regulate proin-
f1ammatory cytokines such as TNF-ex and IL-6 in HMC-I

cells. The HMC-I cell line is a useful cell for studying the

Discussion

Anaphylaxis is a life-threatening syndrome induced by
the sudden systemic release of inflammatory mediators,
such as histamine, heparin. and various cytokines, from
mast cells. Mast cells are located throughout the human
body, and on allergen exposure, they are stimulated via the
IgE receptor (22). The results of this study demonstrated
that AlE has anti-allergic properties. AlE inhibited com-
pound 48/80-induced systemic allergic reaction and IgE-
mediated local allergic reaction. AlE attenuated compound
48/80-induced or IgE-mediated histamine release from
RPMC. These results indicate that mast cell-mediated
immediate-type allergic reactions are inhibited by AlE.

Numerous reports established that stimulation of mast
cells with compound 48/80 or IgE initiates the activation of

signal-transduction pathway. which leads to histamine
release. Several recent studies have shown that compound

48/80 and other polybasic compounds arc able, apparently
directly, to activate G-proteins (23). Compound 48/80
increases the permeability of the lipid bilayer membrane
by causing a perturbation in the membrane. This result
indicates that the increase in membrane permeability may be
an essential trigger for the release of the mediator from mast
cells. In this sense, anti-allergic agents having a membrane-
stabilizing action may be desirable. AlE might stabilize the
lipid bilayer membrane, thus preventing the perturbation
being induced by compound 48/80.

The intracellular calcium pathways are critical to the

degranulation of mast cells. Agents that stimulate an
intracellular calcium level have been shown to inhibit mast
cell degranulation (24). Calcium movements in mast cells



ANTI-ALLERGIC EFFECTS OF ARTEMISIA IWA YOMOGI 87

represent a major target for effective anti-allergic drugs, as
this is an essential events linking stimulation to secretion
(9). The transduction pathways modulating intracellular
Ca2+ are modified by ADP-rybosylates G-protein binding
protein (25). Our results showing an attenuation of
compound 48/80-induced intracellular Ca2+ in mast cells
with AIE treatment is consistent with other reports. From
these observations, we strongly speculate that the decreased
intracellular Ca2

+ is involved in the inhibitory effect of AlE
on histamine release, and AlE might have membrane-
stabilizing activity through G-protein.

Mast cell-derived proinftammatory cytokines, espe-
cially TNF-!). and IL-6, have a critical biological role in
the allergic reaction. Mast cells are a principal source of
TNF-a in human dermis, and degradation of mast cells in
the dermal endothelium is abrogated by the anti-TNlt-«
antibody (26). IL-6 is also produced from mast cells, and its
local accumulation is associated with a PCA reaction (27).
These reports indicate that reduction of prointlammatory
cytokines from mast cells is a one of the key indicators of
reduced allergic symptoms. In our present study, AIE
inhibited the gene expression and production of TNF-(X and
IL-6 in PMA plus A23187-stimulated HMC-I cells. This
result suggests that the anti-allergic effect of AIE results
from its reduction of TNF-a and IL-6 generation from mast
cells. Intracellular Ca21 plays an important role in the
expression of TNF-a and IL-6. Depletion of intracellular
Ca2+ blocked the IgE-induced TNF-a and IL-6 expression
through the NF-KB signaling pathway in RBL-2H3 mast
cells (28). Because of the reducing effect of AlE on the
intracellular Ca2 t

, we suggest that one possible pathway of
the inhibitory effect of AlE on the TNF-a and IL-6
expression is mediated by the reduction of intracellular
Ca2 t in HMC-I cells.

To evaluate the mechanisms of effect of AlE on the
proinflammatory cytokine expression, we examined the
effect of AlE on the MAPKs activation. The MAPK cascade
is one of the important signaling pathways in immune
responses. The exact signaling pathways among three types
of MAPKs, such as p38, ERK, and JNK, are still unclear;
however, p38 MAPK is thought to play an important role in
regulation of intlammatory responses. Phosphorylation of
p38 MAPK is essential for the expression of the
prointlammatory cytokines (29, 30). According to the
present results, PMA plus A23187 simultaneously activated
all three MAPKs in HMC-I cells. Among the MAPKs, AlE
inhibited the activation only of p38 MAPK but not of ERK
or JNK. Furthermore, the specific p38 MAPK inhibitor, SB
203580, decreased TNF-(X and IL-6 production. These data
suggest that AlE has the inhibitory activity on p38 MAPK
activation and downstream TNF-a and IL-6 production.
Expression of TNF-a and IL-6 gene is also dependent on the
activation of transcription factor NF-KB. Activation of NF-
KB requires phosphorylation and proteolytic degradation of
the inhibitory protein IKBa (IS). In PMA and A23187-
stimulated mast cells, AlE decreased the degradation of

IKBIl! and nuclear translocation of p65 NF-KB. Additionally,
the specific NF-KB inhibitor, PDTC, reduced PMA plus
A23l87-induced TNF-a and IL-6 production. These data
demonstrate that AlE attenuates activation of NF-KB and
downstream TNF-Il! and IL-6 production.

In the present study, we used the whole water extract of
Artemisia iwayomogi; hence, the active components that are
responsible for the biological effects are not clear at this
time. The effort to identify active components from AlE in
the immediate-type allergic reaction is ongoing in our
laboratory. It has been reported that Artemisia iwayomogi
has an inhibitory effect on nitric oxide synthase. Recently
active components of Artemisia iwavomogi, such as
genkwanin, jaceosidin, and quebrachitol, have been shown
to have an ONOO- scavenging property (31). Additionally
several essential oils, such as camphor, borneol, caryophyl-
lene, and eugenol, have been identified from Artemisia
iwayomogi (32). It has been reported that the derivative of
eugenol, methyeugenol, suppresses compound 48/XO-in-
duced histamine release from mast cells and inhibits the
gene expression of i.-histidine decarboxylase,which cata-
lyzes the formation of histamine from its precursor (33).

PCA is one of the most important in vivo models of
anaphylaxis in local allergic skin reaction. The mice
receiving AIE were protected from IgE-mediated PCA.
This finding suggests that AlE might be useful in the
treatment of allergic skin reactions. In conclusion, the
results obtained in the present study provide evidence that
AIE contributes importantly to the prevention or treatment
of mast cell-mediated allergic diseases.

This work was supported, in pari. by grants from the Ministry of
Science and Technology, Korea and the Korea Science and Engineering
Foundation through the Research Center for Resistant Cells (R13-2(XlJ-
(09).

I. Lee KR, 'lee or, Kwak JH. Kim YS. Park HK. Koo KA. Youn I1J.The
polysaccharide fractions of Artemisia species. Kor J Phannacogn
24:2X9-295. 1993.

2. Kang CK. Yook CS. Han DR. Studies on the constituents of herbs,
roots and flowers in Artemisia iwavomogi. Bull Phann Sci 21:39-43.
1993.

3. Church MK, Levi-Schaffer F. The human mast cell. J Allergy Clin
lmmunol 99: 155-160. 1<)97.

4. Metcalfe DO. Kalincr M. Donlon MA. The mast cell. Crit Rev
Immunol 3:23-74, 19X I.

5. Miyajima I. Dombrowicz D. Martin TR. Ravetch JV. Kinet Jp. Galli.
SJ. Systemic anaphylaxis in the mouse can he mediated largely through
(gO I and Fe gammaRIIl: assessment of the cardiopulmonary changes.
mast cell degranulation, and death associated with active or (gE- or
IgOI-dependent passive anaphylaxis. J Clin Invest 99:901-914. (9<)7.

6. Petersen LJ. Mosbech H, Skov PS. Allergen-induced histamine release
in intact human skin in vivo assessed by skin microdialysis technique:
characterization of factors influencing histamine release ability. J
Allergy Clin lrnmunol 97:672-679. 1996.

7. Ennis M. Pearce FL. Weston PM. Some studies on the release of
histamine from mast cells stimulated with polylysinc, Br J Pharmacol
70:329-334. 19XO.



88 KIM ET AL

8. Beaven MA. Metzger H. Signal transduction by Fe receptors: the Fe
epsilon RI case. Immunol Today 14:222-226. 1993.

9. Beaven MA. Rogers J. Moore JP. Hesketh TR. Smith GA. Metcalfe Jc.
The mechanism of the calcium signal and correlation with histamine
release in 2H3 cells. J Bioi Chern 259:7129-7136. 1984.

10. Bradding P. Feather IH. Wilson S. Bardin PG. Heusser CH. Holgate
ST, Howarth PH. Immunolocalization of cytokines in the nasal mucosa
of normal and perennial rhinitic subjects: the mast cell as a source of
1L-4. IL-5. and IL-6 in human allergic mucosal inflammation. J
Immunol 151:385J--3865. 1993.

I I. Burd PR, Rogers HW. Gordon JR. Martin CA. Jayaraman S. Wilson
SO. Dvorak AM. Galli SJ. Dorf ME. Interleukin 3-dependent and
-independent mast cells stimulated with IgE and antigen express
multiple cytokines. J Exp Med 170:245-257, 1989.

12. Plaut M. Pierce JH, Watson CJ. Hanley-Hyde J, Nordan RP, Paul WE.
Mast cell lines produce Iymphokines in response to cross-linkage of Fe
epsilon RI or to calcium ionophores. Nature 339:64-67. 1989.

13. Baldassare 11. Bi Y. Bellone CJ. The role of p38 mitogen-activated pro-
tein kinase in IL-I beta transcription. J ImmunoI162:5367-5373, 1999.

14. Beyaert R. Cuenda A, Vanden Berghe W, Plaisance S. Lee JC,
Haegeman G, Cohen P. Fiers W. The p38/RK mitogen-activated
protein kinase pathway regulates interleukin-6 synthesis response to
tumor necrosis factor. EMBO J 15:1914-1923.1996.

15. Azzolina A. Bongiovanni A, Lampiasi N. Substance P induces TNF-
alpha and IL-6 production through NF kappa B in peritoneal mast cells.
Biochim Biophys Acta 1643:75-83. 2003.

16. Shin TY. Kim SH. Choi CH, Shin HY. Kim HM. !sodon japonicus
decreases immediate-type allergic reaction and tumor necrosis factor-
alpha production. Int Arch Allergy Immunol 29:17-23, 2004.

17. Shore PA, Burkhalter A. Cohn VH Jr. A method for the f!uorometric
assay of histamine in tissues. J Pharmacol Exp Ther 127:182-186. 1959.

18. Yurt RW. Leid RW Jr. Austen KF. Native heparin from rat peritoneal
mast cells. J BioI Chern 252:518-521.1977.

19. Kim SH. Sharma RP. Mercury-induced apoptosis and necrosis in
murine macrophages: role of calcium-induced reactive oxygen species
and p3K mitogen-activated protein kinase signaling. Toxicol Appl
Pharmacol 196:47-57, 2004.

20. Kim SH. Johnson VJ, Shin TY, Sharma RP. Selenium attenuates
lipopolysaccharide-induced oxidative stress responses through modu-
lation of p3K MAPK and NF-kappaB signaling pathways. Exp Bioi
Med 229:203-213, 2004.

21. Sillaber C. Bevec D. Butterfield JH. Heppner C. Valenta R. Scheiner O.

Kraft D. Lechner K. Bettelheim P. Valent P. Tumor necrosis factor
alpha and interleukin-I heta mRNA expression in HMC-I cells:
differential regulation of gene product expression by recombinant
interleukin-4. Exp HematoI21:1271-1275, 1993.

22. Kemp SF, Lockey RF. Anaphylaxis: a review of causes and
mechanisms. J Allergy Clin Immunol 110:341-348.2002.

23. Mousli M, Bronner C. Landry Y. Bockaert J. Rouot B. Direct activation
of GTP-binding regulatory proteins (G-proteins) by substance P and
compound 48/KO. FEBS Lett 259:260-262. 1990.

24. Tasaka K. Mio M. Okamoto M. Intracellular calcium release induced
by histamine releasers and its inhibition by some antiallergic drugs.
Ann Allergy 56:464-469, 19K6.

25. Alfonso A, Cabado AG. Vieytes MR. Botana LM. Functional
compartments in rat mast cells for cAMP and calcium on histamine
release. Cell Signal 12:343-350.2000.

26. Walsh U. Trinchieri G. Waldorf HA, Whitaker D. Murphy GF. Human
dermal mast cells contain and release tumor necrosis factor alpha.
which induces endothelial leukocyte adhesion molecule I. Proc Natl
Acad Sci USA 88:4220-4224, 1991.

27. Mican JA. Arora N. Burd PRo Metcalfe DO. Passive cutaneous
anaphylaxis in mouse skin is associated with local accumulation of
interleukin-6 mRNA and immunoreactive interleukin-6 protein. J
Allergy Clin Immunol 90:815-K24. )992.

28. Jeong HJ. Hong SH, Lee DJ. Park JH. Kim KS. Kim HM. Role of
Ca(2+) on TNF-alpha and IL-6 secretion from RBL-2H3 mast cells.
Cell Signal 14:633-639. 2002.

29. Manthey CL. Wang SW, Kinney SD. Yao Z. SB202190, a selective
inhibitor of p38 mitogen-activated protein kinase. is a powerful
regulator of LPS-induced mRNAs in monocytes. J Leukoc Bioi
64:409-417. 1998.

30. Shapiro L. Dinarello CA. Osmotic regulation of cytokine synthesis in
vitro. Proc Natl Acad Sci USA 92:12230-12234, 1995.

31. Kim AR, Zou YN. Park TH, Shim KH. Kim MS, Kim ND, Kim JD.
Bae SJ, Choi JS. Chung HY. Active components from Artemisia
iwayomogi displaying ONOO(-) scavenging activity. Phytolher Res
18:1-7.2()(J4.

32. Yu HH. Kim YH. Kil BS. Kim KJ. Jeong SI. You YO. Chemical
composition and antibacterial activity of essential oil or Artemisia
iwayomogi. Planta Med 69: 1159-1162, 2003.

33. Shin BK, Lee EH. Kim HM. Suppression of L-histidine decarhoxylase
mRNA expression by methyleugenol. Biochcm Biophys Res Commun
232:) 88-191. 1997.


