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 Effect of  Dracocephalum argunense  on 
Mast-Cell-Mediated Hypersensitivity 
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IL-6 gene expression and production in human mast cells 
stimulated by phorbol-12-myristate-13-acetate (PMA) 
plus calcium ionophore A23187. The inhibitory effect of 
DAAE on the TNF- �  and IL-6 expression was NF- � B de-
pendent.  Conclusion:  Our fi ndings provide evidence that 
DAAE inhibits mast-cell-derived immediate-type hyper-
sensitivity. Taken together, the anti-allergic effect of 
DAAE in vivo and in vitro suggests a possible clinical use 
of this agent in immediate-type hypersensitivity. 
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 Introduction 

 Mast cells, which are constituents of virtually all organs 
and tissues, are important mediators of infl ammatory re-
sponses such as allergy and hypersensitivity. Immediate-
type hypersensitivity (anaphylaxis) is an acute and life-
threatening allergic reaction that occurs massively and 
systemically. Anaphylaxis is mediated by histamine re-
lease in response to antigen cross-linking of immunoglob-
ulin E (IgE) bound to Fc � RI on mast cells. Mast cell acti-
vation both by IgE-dependent and IgE-independent stim-
uli brings about the process of degranulation that results 
in the fusion of the cytoplasmic membranes with the plas-
ma membrane. This is accompanied by both the fast ex-
ternal release of granule-associated stored mediators (his-
tamine, chemotactic factors, neutral proteases, proteogly-
cans, cytokines, etc.) as well as by the generation and 
release of newly generated mediators, such as products of 
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  Abstract 
  Background:  Stimulation of mast cells starts the process 
of degranulation resulting in release of mediators such 
as histamine and an array of infl ammatory cytokines. In 
this report, we investigated the effect of an aqueous ex-
tract of  Dracocephalum argunense  Fisch. (Labiatae) 
(DAAE) on immediate-type hypersensitivity and studied 
its possible mechanisms of action, focusing on hista-
mine release and proinfl ammatory cytokine expression 
in mast cells.  Methods:  An in vivo model of systemic and 
local allergic reaction was investigated. Compound 
48/80- or IgE-induced histamine release from mast cells 
was measured. The expression of proinfl ammatory cy-
tokines such as TNF- �  and IL-6 was measured by RT-PCR 
and ELISA. The level of intracellular calcium was mea-
sured by spectrofl uorometry. NF- � B activation was mea-
sured by Western blot, EMSA and luciferase assay.  Re-

sults:  DAAE inhibited systemic anaphylaxis, local allergic 
reactions, and serum histamine release in a dose-depen-
dent manner in mice. DAAE dose-dependently reduced 
histamine release from mast cells activated by com-
pound 48/80 or IgE. The inhibitory effect of DAAE on his-
tamine release was mediated by the modulation of intra-
cellular calcium. In addition, DAAE decreased TNF- �  and 
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arachidonic acid metabolism and, at later times, by the 
production and release of an array of cytokines  [1, 2] . 

 Among the infl ammatory substances released from 
mast cells, histamine remains the best-characterized and 
most potent vasoactive mediator implicated in the acute 
phase of immediate hypersensitivity  [3] . Mast cell de-
granulation can be elicited by nonimmunologic stimula-
tors such as neuropeptides, basic compounds, comple-
ment components, and certain drugs  [4] . Compound 
48/80 and polymers of basic amino acids, such as sub-
stance P, are some of the most potent stimulators of mast 
cells  [5] . Compared with the natural process, a high con-
centration of compound 48/80 induces almost 90% re-
lease of histamine from mast cells. Thus, an appropriate 
amount of compound 48/80 has been used as a direct and 
convenient reagent to study the mechanism of anaphy-
laxis. Immunologic stimulators can also activate mast 
cells. Mast cell activation is initiated by interaction of 
multivalent antigen with its specifi c IgE antibody at-
tached to the cell membrane via the high-affi nity receptor 
Fc � RI  [6, 7] . Anti-dinitrophenyl (DNP) IgE antibody has 
been established to induce passive cutaneous anaphylax-
is (PCA) reactions as a typical in vivo model for immedi-
ate hypersensitivity. 

 The signaling pathway leading to degranulation of 
mast cells after engagement of the Fc � RI receptor has 
been extensively characterized  [2, 8] . Activation of mast 
cells leads to phosphorylation of tyrosine kinase and mo-
bilization of internal calcium. This is followed by activa-
tion of protein kinase C, mitogen-activated protein ki-
nase (MAPK), nuclear factor- � B (NF- � B), and releasing 
of infl ammatory cytokines. Although mast cells also store 
small amounts of cytokines in their granules, these cells 
dramatically increase the production of tumor necrosis 
factor- �  (TNF- � ), interleukin (IL)-6 and other cytokines 
within 30 min after their surface Fc � RI is cross-linked 
with specifi c antigen  [9–12] . The fi nding that activated 
mast cells are also a source of several cytokines suggests 
an additional role of mast cells in late-phase reactions and 
other persistent infl ammatory processes. 

  Dracocephalum argunense  Fisch. (Labiatae) has been 
used for centuries in traditional oriental medicine. This 
crude drug is used for the management of pulmonary 
phthisis, abdominal phthisis, hepatitis and gastritis  [13] . 
In this study, we evaluated the effect of DAAE on sys-
temic reactions, IgE-induced local allergic reactions, and 
histamine release from mast cells induced by compound 
48/80. The intracellular calcium content was investigated 
to clarify the mechanism by which DAAE inhibited his-
tamine release from mast cells. In addition, the effect of 

DAAE on TNF- �  and IL-6 expression induced by phor-
bol-12-myristate-13-acetate (PMA) plus calcium iono-
phore A23187 and the role of NF- � B in this effect were 
investigated in human mast cells (HMC-1). 

 Materials and Methods 

 Reagents and Cell Culture 
 Compound 48/80, anti-DNP IgE, DNP-human serum albumin 

(HSA),  o- phthaldialdehyde, PMA, calcium ionophore A23187, me-
trizamide, and pyrrolidine dithiocarbamate (PDTC) were pur-
chased from Sigma (St. Louis, Mo., USA). rTNF- �  and rIL-6 were 
purchased from R&D Systems Inc. (Minneapolis, Minn., USA). 
The human mast cell line (HMC-1) was grown in Iscove’s media 
(Life Technologies, Grand Island, N.Y., USA) supplemented with 
10% FBS and 2 m M  glutamine at 37   °   C in 5% CO 2 . The passage 
ranging 4–8 of HMC-1 cells was used throughout the study. 

 Animals 
 The original stock of male ICR mice and male Sprague-Dawley 

rats was purchased from Dae-Han Experimental Animal Center 
(Daejeon, Korea). The animals were housed 5 per cage in a laminar 
air fl ow room maintained under a temperature of 22  8  2   °   C and a 
relative humidity of 55  8  5% throughout the study. The care and 
treatment of the mice were in accordance with the guidelines estab-
lished by the Public Health Service Policy on the Humane Care and 
Use of Laboratory Animals and were approved by the Institution-
al Animal Care and Use Committee. 

 Preparation of D. argunense Aqueous Extract 
 The plants of  D. argunense  Fisch. were collected in Jeonju, Jeon-

buk, South Korea, on the 21th of September, 2004. A voucher spec-
imen (No. WSP-00-40) was deposited at the Herbarium of the Col-
lege of Pharmacy, Woosuk University. The plant sample was ex-
tracted with purifi ed water at 70   °   C for 5 h. The extract was fi ltered 
through Whatman No. 1 fi lter paper, and the fi ltrate was lyophi-
lized. The yield of dried extract from starting crude materials was 
about 20.6%. The dried extract was dissolved in saline or Tyrode 
buffer (10 m M  HEPES, 130 m M  NaCl, 5 m M  KCl, 1.4 m M  CaCl 2 , 
1 m M  MgCl 2 , 5.6 m M  glucose, 0.1% bovine serum albumin) before 
use. 

 Compound-48/80-Induced Systemic Reaction 
 Mice were given an intraperitoneal injection of 8 mg/kg, body 

weight (BW) of the mast cell degranulator, compound 48/80.
 D. argunense  aqueous extract (DAAE) was dissolved in saline and 
administered 1 h before the injection of compound 48/80 (n = 10/
group). Mortality was monitored for 1 h after induction of anaphy-
lactic shock. After the mortality test, blood was obtained from the 
heart of each mouse to measure serum histamine content. 

 PCA Reaction 
 An IgE-dependent cutaneous reaction was examined as previ-

ously described  [14] . The PCA reaction was generated by sensitiz-
ing skin with an intradermal injection of anti-DNP IgE followed 
48 h later with an injection of DNP-HSA into the mouse tail vein. 
The mice were injected intradermally with 0.5  � g of anti-DNP IgE. 
After 48 h, each mouse received an injection of 1  � g of DNP-HSA 
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containing 4% Evans blue (1:   4) via the tail vein. 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 colorimetrically after extraction with 1 ml of 1  M  
KOH and 9 ml of a mixture of acetone and phosphoric acid (5:   13) 
based on the method of Katayama et al.  [15] . The intensity of ab-
sorbance was measured at 620 nm in a spectrophotometer (Shi-
madzu, UV-1201, Kyoto, Japan). 

 Preparation of Rat Peritoneal Mast Cells  
 Rat peritoneal mast cells (RPMC) were isolated as previously 

described  [16] . In brief, the peritoneal cells were suspended in Ty-
rode buffer, layered on 2 ml of metrizamide (22.5 w/v%), and cen-
trifuged for 15 min at 400  g . The cells that remained at the buffer-
metrizamide interface were aspirated and discarded; the cells in the 
pellet were washed and resuspended in 1 ml of Tyrode buffer. Mast 
cell preparations 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 
 Histamine content of serum and RPMC was measured by the 

 o- phthaldialdehyde spectrofl uorometric procedure  [17] . The blood 
from the mice was centrifuged at 400  g  for 10 min and the serum 
was withdrawn to measure histamine content. RPMC were prein-
cubated with DAAE, and then incubated for 10 min with com-
pound 48/80 (5  � g/ml). RPMC suspensions were also sensitized 
with anti-DNP IgE (10  � g/ml) for 16 h. The cells were preincu-
bated with DAAE at 37   °   C for 10 min prior to the challenge with 
DNP-HSA (1  � g/ml). The cells were separated from the released 
histamine by centrifugation at 400  g  for 5 min at 4   °   C. 

 Intracellular Calcium 
 Fura-2/AM (2  �  M , molecular probes, Eugene, Oreg., USA) was 

used to determine the intracellular calcium following the manufac-
turer’s protocol briefl y described as follows: RPMC were preincu-
bated with Fura-2/AM for 30 min at 37   °   C. After washing the dye 
from the cell surface, DAAE was pretreated 10 min prior to the 
compound 48/80 treatment. The fl uorescent intensity was recorded 
using a fl uorescent plate reader (Molecular Devices, Sunnyvale, 
Calif., USA) at an excitation of 340 nm and an emission of 
500 nm. 

 RNA Extraction and mRNA Expression 
 The total cellular RNA was isolated from the cells (1  !  10 6 /well 

in 24-well plate) after stimulation of PMA plus A23187 with or 
without DAAE using a TRI reagent (Molecular Research Center, 
Cincinnati, Ohio, USA) according to the manufacturer’s protocol. 
The fi rst strand complementary DNA (cDNA) was synthesized us-
ing the Superscript II reverse transcriptase enzyme (Life Technolo-
gies). A reverse-transcriptase polymerase chain reaction (RT-PCR) 
was used to analyze the expression of mRNA for TNF- � , IL-6 and 
 � -actin (internal control). The conditions for the reverse transcrip-
tion and PCR steps were similar to those previously described  [18] . 
The primer sets were chosen by the Primer3 program (Whithead 
Institute, Cambridge, Mass., USA). The cycle number was opti-
mized in order to ensure product accumulation in the exponential 
range. The amplifi ed products were separated by electrophoresis on 
2% agarose gel containing ethidium bromide, documented using a 
Kodak DC 290 digital camera. 

 Assay of TNF- �  and IL-6 Secretion 
 TNF- �  and IL-6 secretion were measured by modifi cation of an 

enzyme-linked immunosorbent assay (ELISA). HMC-1 cells were 
sensitized with PMA (20 n M ) plus A23187 (1  �  M ). The ELISA was 
performed by coating 96-well plates with 6.25 ng/well of monoclo-
nal antibody with specifi city for TNF- �  and IL-6, respectively. Be-
fore use and between subsequent steps in the assay, the coated 
plates were washed twice with PBS containing 0.05% Tween-20 and 
twice with PBS alone. For the standard curve, rTNF- �  and rIL-6 
were added to the serum which was previously determined to be 
negative to endogenous TNF- �  and IL-6. After exposure to the me-
dium, the assay plates were exposed sequentially to biotinylated 
anti-human TNF- �  or IL-6, and IL-6, 2,2�-azino-bis(3-ethylbenz-
thiazoline-6-sulfonic acid) (ABTS) tablet substrates. Optical den-
sity was read within 10 min of the addition of the substrate with a 
405 nm fi lter. 

 Western Blot Analysis 
 Samples of protein were electrophoresed with 8% SDS-PAGE 

gel and transferred to nitrocellulose membrane. The nucleus and 
cytosolic p65 NF- � B, and I � B �  was assayed using anti-NF- � B (p65) 
and anti-I � B �  antibodies (Santa Cruz Biotech, Santa Cruz, Calif., 
USA). Immunodetection was done using an enhanced chemilumi-
nescence detection kit (Amersham). 

 Electrophoretic Mobility Shift Assay  
 Nuclear protein (10  � g) was incubated for 20 min at room tem-

perature with 20  � g of BSA, 2  � g of poly (dI-dC) from Pharmacia 
(Uppsala, Sweden), 2  � g of buffer C (20 m M  HEPES, 20% glycerol, 
100 m M  KCl, 0.5 m M  PMSF), 4  � g of buffer F (20% Ficoll-400, 
100 m M  HEPES, 300 m M  KCl, 10 m M  DTT, 0.5 m M  PMSF), and 
20,000 cpm of a  32 P-labeled probe encoding the  � B consensus se-
quence (5 � -GAT CTC AGA GGG GAC TTT CCG AGA AGA-3 � ) 
in a fi nal volume of 20  � l. DNA-protein complexes were resolved 
at 120 V for 2 h in a 5% polyacrylamide gel, dried, and visual-
ized. 

 Transient Transfection and Luciferase Activity Assay 
 For transient transfections, HMC-1 cells were seeded at 2  !  10 6  

in a 6-well plate 1 day before transient transfection. The expres-
sion vector containing NF- � B luciferase reporter construct (pNF-
 � B-LUC, plasmid containing NF- � B binding site; Stantagen, 
Grand Island, N.Y., USA) were transfected with serum- and 
 antibiotic-free Iscove’s medium containing 8  � l of Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, Calif., USA). After 5 h of 
 incubation, medium was replaced with Iscove’s medium contain-
ing 10% FBS and antibiotics. Cells were allowed to recover at 
37   °   C for 20 h and subsequently were stimulated as indicated. For 
the luciferase activity assay, cell lysates were prepared and assayed 
for luciferase activity using Luciferase Assay System (Promega, 
Madison, Wisc., USA), according to the manufacturer’s instruc-
tions. 

 Statistical Analysis 
 Statistical analyses were performed using SAS statistical soft-

ware (SAS Institute, Cary, N.C., USA). Treatment effects were an-
alyzed using one-way analysis of variance followed by Duncan’s 
Multiple Range test. A value of p  !  0.05 was used to indicate sig-
nifi cant differences. 
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 Results 

 DAAE Inhibits Anaphylactic Reactions Mediated by 
Immunologic and Nonimmunologic Stimulations  
 The in vivo model of systemic immediate-type hyper-

sensitivity was fi rst used in order to assess the contribu-
tion of DAAE in anaphylactic reactions. Compound 
48/80 was used as a model of induction of systemic fatal 
allergic reactions. After the intraperitoneal injection of 
compound 48/80, the mice were monitored for 1 h, after 
which the mortality rate was determined. Compound 
48/80 (8 mg/kg BW) induced fatal shock in 100% of ani-
mals ( table 1 ). When DAAE was intraperitoneally admin-
istered at concentrations ranging from 0.01 to 1 g/kg BW 
for 1 h, the mortality induced by compound 48/80 was 
dose-dependently reduced. DAAE 0.5 g/kg BW complete-
ly inhibited the fatal shock induced by compound 48/80.  
In addition, the mortality of mice administered DAAE 
(1 g/kg, BW) 5, 10, 20 or 30 min after compound 48/80 
injection increased time dependently ( table 2 ). 

 The effect of DAAE on serum histamine release in-
duced by compound 48/80  was investigated as well. DAAE 
was administered at concentrations ranging from 0.01 to 
1 g/kg BW 1 h before injection of compound 48/80. Injec-
tion of compound 48/80 markedly caused a marked in-
crease in serum histamine release which was inhibited by 
DAAE treatment in a dose-dependent manner ( fi g. 1 a). 

 Another way to test the anaphylactic reactions is to 
induce PCA. Local extravasation is induced by a local 
injection of anti-DNP IgE followed by an intravenous 
antigenic challenge. Anti-DNP IgE was injected into the 

right dorsal skin. As a control, the left dorsal skin of these 
mice was injected with saline alone. After 48 h, all ani-
mals were injected intravenously with DNP-HSA plus 
Evans blue dye. DAAE was administered intraperitone-
ally 1 h prior to the challenge with antigen. The adminis-
tration of DAAE (0.001–1 g/kg BW) showed a dose-de-
pendent inhibition in the PCA reaction ( fi g. 1 b). 

 DAAE Decreases Histamine Release from RPCM 
and Intracellular Calcium Levels of RPMC Mediated 
by Immunologic and Nonimmunologic Stimulation 
 We evaluated the activity of DAAE on compound-

48/80-induced or IgE-mediated histamine release from 
RPMC. The level of released histamine was hardly detect-
able in unstimulated cells; however, RPMC released a 
high level of histamine when stimulated with compound 
48/80 (5  � g/ml) or anti-DNP IgE (10  � g/ml) sensitizing 
and DNP-HSA (1  � g/ml) challenge ( fi g. 2 a). DAAE dose-
dependently inhibited both compound-48/80- and IgE-
mediated histamine release in a dose-dependent manner. 
The concentration and duration of DAAE treatment used 
in these studies had no signifi cant effect on the viability 
of RPMC (data not shown). To investigate the possible 
mechanism of DAAE on the reduction of histamine re-
lease, we assayed the level of intracellular calcium. Cal-
cium movements across membranes of mast cells are crit-
ical to histamine release  [19] .  Figure 2 b shows the stimu-
lation of intracellular calcium when the RPMC were 
treated with compound 48/80 (5  � g/ml). Preincubation 
of DAAE (1 mg/ml) with RPMC decreased the intracel-
lular calcium level induced by compound 48/80. 

Table 1. Effect of DAAE on systemic reaction induced by com-
pound 48/80

DAAE treatment
g/kg BW

Compound 48/80
8 mg/kg BW

Mortality
%

None (saline) + 100
0.01 + 100
0.05 + 60
0.1 + 20
0.5 + 0
0.5 – 0

Groups of mice (n = 10/group) were intraperitoneally treated 
with 200 �l of saline or DAAE at various doses 1 h before the intra-
peritoneal injection of compound 48/80 (8 mg/kg). Mortality (%) 
within 1 h following compound 48/80 injection is represented as the 
number of dead mice ! 100/total number of experimental mice.

Table 2. Time-dependent effect of DAAE on systemic reaction in-
duced by compound 48/80 

DAAE treatment
g/kg BW

Time
min

Compound 48/80
8 mg/kg BW

Mortality
%

None (saline) + 100
1 5 + 0
1 10 + 10
1 20 + 80
1 30 + 100

Groups of mice (n = 10/group) were intraperitoneally treated 
with 200 �l of saline or DAAE. DAAE (1 g/kg) was given at 5, 10, 
20, or 30 min after intraperitoneal injection of compound 48/80. 
Mortality (%) within 1 h following injection of compound 48/80 is 
represented as the number of dead mice ! 100/total number of 
experimental mice.
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 DAAE Attenuates Proinfl ammatory Cytokine 
Expression and Production through the Inhibition of 
NF- � B Activation in HMC-1 Cells 
 We examined whether DAAE could regulate proin-

fl ammatory cytokines such as TNF- �  and IL-6 in HMC-1 
cells. TNF- �  and IL-6 play a major role in triggering 
and sustaining the allergic response in mast cells. The 
HMC-1 cell line is useful for studying the cytokine acti-
vation pathway  [20] . Stimulation of HMC-1 cells with 
PMA (20 n M ) plus A23187 (1  �  M ) during 4 h induced 

the gene expression of both cytokines ( fi g. 3 a). DAAE 
(0.01–1 mg/ml) dose-dependently inhibited TNF- �  and 
IL-6 gene expression induced by PMA plus A23187. In 
contrast to TNF- �  and IL-6, the level of  � -actin mRNA 
expression remained the same under these conditions. 
To confi rm the correlation of mRNA expression with pro-
tein production, we measured the TNF- �  and IL-6 pro-
duction by ELISA. Stimulation of HMC-1 cells with PMA 
(20 n M ) plus A23187 (1  �  M ) during 16 h induced the 
production of both cytokines ( fi g. 3 b). Treatment with 
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tions.  a  Groups of mice (n = 10/group) were intraperitoneally treat-
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intraperitoneal injection of the compound 48/80 (8 mg/kg). The 
blood was obtained from the heart of each mouse and histamine 
content was measured by spectrofl uorometry.  b  DAAE was admin-
istered 1 h prior to the challenge with antigen. Each amount of dye 
was extracted as described in Materials and Methods and measured 
by spectrophotometry. * p  !  0.05, statistically signifi cant. 
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DAAE also dose-dependently reduced TNF- �  and IL-6 
production induced by PMA plus A23187. A potent NF-
 � B inhibitor, PDTC (50  �  M ), almost completely blocked 
TNF- �  and IL-6 expression and production induced by 
PMA plus A23187. 

 NF- � B is an important transcriptional regulator of in-
fl ammatory cytokines and plays a crucial role in immune 
and infl ammatory responses. To investigate the intracel-
lular mechanism responsible for the inhibitory effect of 
DAAE on TNF- �  and IL-6 expression, we examined the 
effect of DAAE on NF- � B activation using Western blot, 
electrophoretic mobility shift assay (EMSA) and lucifer-
ase reporter assay. We used PDTC as a positive control. 
Stimulation of HMC-1 cells with PMA plus A23187 for 
2 h induced the degradation of I � B �  and nuclear translo-
cation of p65 NF- � B ( fi g. 3 c). DAAE inhibited the degra-
dation of I � B �  and nuclear translocation of p65 NF- � B 
induced by PMA plus A23187. In order to investigate 
whether NF- � B/DNA binding was inhibited by DAAE, 
we performed EMSA. Cells pretreated with either DAAE 
or PDTC (50  �  M ) were subsequently stimulated by PMA 
plus A23187, and the effect of DAAE and PDTC on bind-
ing activity of NF- � B was examined. Treatment of PMA 
plus A23187 caused a signifi cant increase in the DNA-
binding activity of NF- � B within 4 h ( fi g. 3 d). In the pres-
ence of DAAE, NF- � B/DNA binding induced by PMA 
plus A23187was markedly suppressed. To further con-
fi rm the inhibitory effect of DAAE on NF- � B activation, 
we examined the effect of DAAE on the NF- � B-depen-
dent gene reporter assay. HMC-1 cells were transiently 
transfected with a NF- � B-luciferase reporter construct or 
the empty vector. Exposure of cells to PMA plus A23187 
increased the luciferase activity in the cells transfected 
with the NF- � B-luciferase reporter construct ( fi g. 3 e). 
DAAE signifi cantly reduced the luciferase activity in-
duced by PMA plus A23187. 

 Discussion 

 Numerous reports established that stimulation of mast 
cells with compound 48/80 or IgE initiates the activation 
of the signal-transduction pathway which leads to hista-
mine release. Several studies have shown that compound 
48/80 and other polybasic compounds are able, appar-
ently directly, to activate G-proteins  [21, 22] . Tasaka et 
al.  [23]  reported that compound 48/80 increases the per-
meability of the lipid bilayer membrane by causing a per-
turbation of the membrane. These reports indicate that 
the increase in membrane permeability may be an essen-

tial trigger for the release of the mediator from mast cells. 
In this sense, anti-allergic agents having a membrane-sta-
bilizing action may be desirable. The results of our study 
demonstrated that DAAE has anti-allergic properties. 
DAAE signifi cantly inhibited the systemic allergic reac-
tion induced by compound 48/80. DAAE also inhibited 
histamine release from mast cells induced by compound 
48/80 or mediated by IgE. These results indicate that 
mast-cell-mediated immediate-type allergic reactions are 
inhibited by DAAE. Taken together, we could speculate 
that DAAE might stabilize the lipid bilayer membrane, 
thus preventing the perturbation induced by compound 
48/80. In addition, mice administered DAAE are pro-
tected from IgE-mediated PCA, one of the most impor-
tant in vivo models of anaphylaxis in local allergic reac-
tions. This fi nding suggests that DAAE might be useful in 
the treatment of allergic skin reactions. 

 Intracellular calcium is critical to the degranulation of 
mast cells. Calcium movements across membranes of 
mast cells represent a major target for effective anti-al-
lergic drugs, as these are essential events linking stimula-
tion to secretion  [8] . The transduction pathways modulat-
ing intracellular calcium is modifi ed by ADP-ribosylate 
G-protein binding protein  [24] . Our results showing an 
attenuation of intracellular calcium in mast cells follow-
ing DAAE treatment are consistent with other reports. 
According to these observations, we strongly speculate 
that decreased intracellular calcium might be involved in 
the inhibitory effect of DAAE on histamine release. 

 HMC-1 cell line is a useful cell for studying cytokine 
activation pathways  [20, 25] . The spectrum of cytokines 
produced by HMC-1 cells with PMA plus A23187 stimu-
lation supports the well-recognized role of mast cells in 
immediate-type hypersensitivity. TNF- �  and IL-6, play 
a major role in triggering and sustaining the allergic in-
fl ammatory response in mast cells. TNF- �  promotes in-
fl ammation, leukocyte infi ltration, granuloma formation 
and tissue fi brosis and is thought to be an initiator of cy-
tokine-related infl ammatory states by stimulating cyto-
kine production in other types of cells  [26, 27] . Mast cells 
are a principal source of TNF- �  in human dermis, and 
degradation of mast cells in the dermal endothelium is 
abrogated by the anti-TNF- �  antibody  [28] . IL-6 is also 
produced from mast cells and its local accumulation is 
associated with PCA reaction  [29] . These reports indicate 
that reduction of TNF- �  and IL-6 from mast cell is a one 
of the key indicators of reduced allergic symptoms. DAAE 
inhibited the gene expression and production of TNF- �  
and IL-6 in PMA plus A23187-stimulated HMC-1 cells. 
Expression of TNF- �  and IL-6 gene is dependent on the 
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activation of transcription factor NF- � B  [30] . To evaluate 
the mechanisms of the effect of DAAE on the TNF- �  and 
IL-6 expression, we examined the effect of DAAE on the 
NF- � B activation. Activation of NF- � B requires phos-
phorylation and proteolytic degradation of the inhibitory 
protein I � B � , an endogenous inhibitor that binds to NF-
 � B in the cytoplasm  [31] . In our present study, DAAE 
blocked the NF- � B pathway in human mast cells stimu-
lated by PMA and A23187. In addition, PDTC, a potent 
inhibitor of NF- � B, reduced TNF- �  and IL-6 expression 
and production induced by PMA plus A23187. These 
data demonstrate that DAAE attenuates the activation of 
NF- � B and downstream TNF- �  and IL-6 production. 

 Several reports show the relation of intracellular cal-
cium and infl ammatory cytokine production from mast 
cells  [32, 33] . Depletion of intracellular calcium with var-
ious calcium blockers inhibits IgE-induced TNF- �  and 
IL-6 production in mast cells. The NF- � B pathway medi-
ates these effects. In this study, DAAE decreased the el-
evated intracellular calcium levels and inhibited the gene 
expression and protein production of TNF- �  and IL-6 in 

mast cells. These data suggest that inhibition of intracel-
lular calcium level by DAAE may modulate the infl am-
matory cytokine production. 

 Because we used the whole water extract of  D. argu-
nense  rather than a purifi ed component, the active com-
ponents that are responsible for the biological effect are 
not clear at this time. The effort for identify active com-
ponents from DAAE in the immediate-type hypersensi-
tivity is ongoing in our laboratory. However, the results 
presented in this report give an insight into the mecha-
nism responsible for the anti-allergic activity of DAAE 
and evidence that DAAE could contribute to the treat-
ment of mast cell-mediated allergic diseases. 

 Acknowledgement 

 This work was supported by the Regional Research Centers Pro-
gram of Korean Ministry of Education & Human Resources De-
velopment through Center for Healthcare Technology Develop-
ment. 

 References 

  1 Church MK, Levi-Schaffer F: The human mast 
cell. J Allergy Clin Immunol 1997;   99:   155–
160. 

  2 Metcalfe DD, Kaliner M, Donlon MA: The 
mast cell. Crit Rev Immunol 1981;   3:   23–74. 

  3 Petersen LJ, Mosbech H, Skov PS: Allergen-
induced histamine release in intact human 
skin in vivo assessed by skin microdialysis 
technique: characterization of factors infl uenc-
ing histamine releasability. J Allergy Clin Im-
munol 1996;   97:   672–679. 

  4 Lagunoff D, Martin TW, Read G: Agents that 
release histamine from mast cells. Annu Rev 
Pharmacol Toxicol 1983;   23:   331–351. 

  5 Ennis M, Pearce FL, Weston PM: Some studies 
on the release of histamine from mast cells 
stimulated with polylysine. Br J Pharmacol 
1980;   70:   329–334. 

  6 Metzger H, Alcaraz G, Hohman R, Kinet JP, 
Pribluda V, Quarto R: The receptor with high 
affi nity for immunoglobulin E. Annu Rev Im-
munol 1986;   4:   419–470. 

  7 Alber G, Miller L, Jelsema CL, Varin-Blank N, 
Metzger H: Structure-function relationships in 
the mast cell high affi nity receptor for IgE. Role 
of the cytoplasmic domains and of the beta 
subunit. J Biol Chem 1991;   266:   22613–
22620. 

  8 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 Biol Chem 1984;   259:  

 7129–7136. 

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

 10 Galli SJ, Gordon JR, Wershil BK: Cytokine 
production by mast cells and basophils. Curr 
Opin Immunol 1991;   3:   865–872. 

 11 Plaut M, Pierce JH, Watson CJ, Hanley-Hyde 
J, Nordan RP, Paul WE: Mast cell lines pro-
duce lymphokines in response to cross-linkage 
of Fc epsilon RI or to calcium ionophores. Na-
ture 1989;   339:   64–67. 

 12 Bradding P, Feather IH, Wilson S, Bardin PG, 
Heusser CH, Holgate ST, Howarth PH: Im-
munolocalization of cytokines in the nasal mu-
cosa of normal and perennial rhinitic subjects. 
The mast cell as a source of IL-4, IL-5, and IL-
6 in human allergic mucosal infl ammation. J 
Immunol 1993;   151:   3853–3865. 

 13 Yook CS: Medical Plants of Korea. Seoul, Jin-
myeong Pubishing, 1981, pp 337–338. 

 14 Kim SH, Choi CH, Kim SY, Eun JS, Shin TY: 
Anti-allergic effects of  Artemisia iwayomogi  on 
mast cell-mediated allergy model. Exp Biol 
Med (Maywood) 2005;   230:   82–88. 

 15 Katayama S, Shionoya H, Ohtake S: A new 
method for extraction of extravasated dye in 
the skin and the infl uence of fasting stress on 
passive cutaneous anaphylaxis in guinea pigs 
and rats. Microbiol Immunol 1978;   22:   89–
101. 

 16 Shin TY, Kim SH, Choi CH, Shin HY, Kim 
HM:  Isodon japonicus  decreases immediate-
type allergic reaction and tumor necrosis fac-
tor-alpha production. Int Arch Allergy Immu-
nol 2004;   135:   17–23. 

 17 Shore PA, Burkhalter A, Cohn VH Jr: A meth-
od for the fl uorometric assay of histamine in 
tissues. J Pharmacol Exp Ther 1959;   127:   182–
186. 

 18 Kim SH, Sharma RP: Mercury-induced apop-
tosis and necrosis in murine macrophages: 
Role of calcium-induced reactive oxygen spe-
cies and p38 mitogen-activated protein kinase 
signaling. Toxicol Appl Pharmacol 2004;   196:  

 47–57. 
 19 Beaven MA, Metzger H: Signal transduction 

by Fc receptors: The Fc epsilon RI case. Im-
munol Today 1993;   14:   222–226. 

 20 Sillaber C, Bevec D, Butterfi eld JH, Heppner 
C, Valenta R, Scheiner O, Kraft D, Lechner K, 
Bettelheim P, Valent P: Tumor necrosis factor 
alpha and interleukin-1 beta mRNA expres-
sion in HMC-1 cells: differential regulation 
of gene product expression by recombinant 
interleukin-4. Exp Hematol 1993;   21:   1271–
1275. 

 21 Mousli M, Bronner C, Landry Y, Bockaert J, 
Rouot B: Direct activation of GTP-binding 
regulatory proteins (G-proteins) by substance 
P and compound 48/80. FEBS Lett 1990;   259:  

 260–262. 



 Anti-Allergic Effect of  Dracocephalum 
argunense  

 Int Arch Allergy Immunol 2006;139:87–95 95

 22 Chahdi A, Fraundorfer PF, Beaven MA: Com-
pound 48/80 activates mast cell phospholipase 
D via heterotrimeric GTP-binding proteins. J 
Pharmacol Exp Ther 2000;   292:   122–130. 

 23 Tasaka K, Mio M, Okamoto M: Intracellular 
calcium release induced by histamine releasers 
and its inhibition by some antiallergic drugs. 
Ann Allergy 1986;   56:   464–469. 

 24 Alfonso A, Cabado AG, Vieytes MR, Botana 
LM: Functional compartments in rat mast cells 
for cAMP and calcium on histamine release. 
Cell Signal 2000;   12:   343–350. 

 25 Moller A, Henz BM, Grutzkau A, Lippert U, 
Aragane Y, Schwarz T, Kruger-Krasagakes S: 
Comparative cytokine gene expression: Regu-
lation and release by human mast cells. Immu-
nology 1998;   93:   289–295. 

 26 Hide I, Toriu N, Nuibe T, Inoue A, Hide M, 
Yamamoto S, Nakata Y: Suppression of TNF-
alpha secretion by azelastine in a rat mast 
(RBL-2H3) cell line: evidence for differential 
regulation of TNF-alpha release, transcription, 
and degranulation. J Immunol 1997;   159:  

 2932–2940. 

 27 Jeong HJ, Koo HN, Na HJ, Kim MS, Hong 
SH, Eom JW, Kim KS, Shin TY, Kim HM: 
Inhibition of TNF-alpha and IL-6 production 
by Aucubin through blockade of NF-kappaB 
activation RBL-2H3 mast cells. Cytokine 
2002;   18:   252–259. 

 28 Walsh LJ, Trinchieri G, Waldorf HA, Whita-
ker D, Murphy GF: Human dermal mast cells 
contain and release tumor necrosis factor al-
pha, which induces endothelial leukocyte ad-
hesion molecule 1. Proc Natl Acad Sci USA 
1991;   88:   4220–4224. 

 29 Mican JA, Arora N, Burd PR, Metcalfe DD: 
Passive cutaneous anaphylaxis in mouse skin 
is associated with local accumulation of inter-
leukin-6 mRNA and immunoreactive interleu-
kin-6 protein. J Allergy Clin Immunol 1992;  

 90:   815–824. 

 30 Collart MA, Baeuerle P, Vassalli P: Regulation 
of tumor necrosis factor alpha transcription in 
macrophages: involvement of four kappa B-
like motifs and of constitutive and inducible 
forms of NF-kappa B. Mol Cell Biol 1990;   10:  

 1498–1506. 
 31 Azzolina A, Bongiovanni A, Lampiasi N: Sub-

stance P induces TNF-alpha and IL-6 produc-
tion through NF kappa B in peritoneal mast 
cells. Biochim Biophys Acta 2003;   1643:   75–
83. 

 32 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 2002;   14:   633–639. 

 33 Tanaka S, Mikura S, Hashimoto E, Sugimoto 
Y, Ichikawa A: Ca 2+  infl ux-mediated hista-
mine synthesis and IL-6 release in mast cells 
activated by monomeric IgE. Eur J Immunol 
2005;   35:   460–468. 

  




