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Cell-Mediated Allergic Reaction and
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In this study, we investigated the effect of aqueous extract of
Prunella vulgaris (Labiatae; PVAE) on the mast cell-mediated
allergy model. We found that PVAE (0.001-0.1 g/kg) dose
dependently inhibited compound 48/80-induced systemic ana-
phylaxis and serum histamine release in mice. PVAE decreased
the IgE-mediated local allergic reaction, passive cutaneous
anaphylaxis. In addition, PVAE attenuated phorbol 12-myristate
13-acetate (PMA) and calcium ionophore A23187-stimulated
TNF-o, IL-6, and IL-8 secretion in human mast cells. The
inhibitory effect of PVAE on proinflammatory cytokines was
nuclear factor-kB (NF-kB) dependent. PVAE suppressed PMA
and A23187-induced NF-kB/DNA binding activity and NF-kB—
dependent gene reporter assay. Our findings provide evidence
that PVAE inhibits mast cell-derived immediate-type allergic
reactions and involvement of proinflammatory cytokines and
NF-kB in these effects. Exp Biol Med 232:921-926, 2007
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Introduction

The Prunella vulgaris var. lilacina Nakai (Labiatae) is a
perennial herb that is widely distributed throughout Korea,
Japan, and China. The herb has been used as a traditional
oriental medication for the treatment of scrofula, goiter,
dermatosis, and skin allergy diseases in South Korea (1-3).

The primary effector cell in immediate-type allergic
reactions is the mast cell. Mast cells are important mediators
for inflammatory responses, such as allergy and anaphy-
laxis. Mast cell degranulation can be elicited by a number of
positively charged substances collectively known as the
basic secretagogues of mast cells (4). Compound 48/80 is
best known as a potent inducer of degranulation and of the
release from mast cells of histamine and other chemical
mediators that are responsible for anaphylaxis (5).

The signaling pathway leading to the activation of mast
cells has been extensively characterized (6-8). The
activation of mast cells leads to the phosphorylation of
tyrosine kinase and the mobilization of internal Ca>". This is
followed by the activation of protein kinase C, nuclear
factor-kB (NF-xB), and the release of inflammatory
cytokines. Activated mast cells can produce a wide variety
of inflammatory mediators, such as eicosanoids, proteogly-
cans, proteases, and several proinflammatory and chemo-
tactic cytokines, such as tumor necrosis factor-oo (TNF-a),
interleukin (IL-6), IL-8, IL-4, IL-13, and transforming
growth factor-f (9-11). The transcriptional NF-xB is
important as a mediator of cellular response to extracellular
signals. NF-xB is thought to play an important role in the
regulation of proinflammatory molecules of cellular re-
sponses, especially TNF-o, IL-6, and IL-8 (12).

Anal therapy is a drug delivery system through the
anus. It is used in patients who have difficulty with oral
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administration. Absorbing a drug in the rectum avoids the
first-pass effect in the liver and allows the drug to circulate
directly in the whole body. The absorption rate in the rectum
is faster than that in the gastrointestinal tract. The rate and
total amount absorption through the rectum are not very
different from those with venous administration (13). Thus,
anal therapy is expected to have a better effect than oral
therapy due to the increased absorption rate and the strong
medical action. In this study we used anal therapy to
enhance the effects of P. vulgaris (PVAE). The aim of this
study was to evaluate the antiallergic effect of aqueous
extract of PVAE and to understand the mechanism of its
effects.

Materials and Methods

Animals. The original stock of male ICR mice, 6 wks
of age and with an average body weight of 25 g, was
purchased from the Dae-Han Experimental Animal Center
(Daejeon, Korea). The animals were maintained in the
College of Pharmacy of Woosuk University. The animals
were housed 5-10 per cage in a laminar air flow room
(conventional condition) and were maintained at a temper-
ature of 22°C = 2°C with a relative humidity of 55% = 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 Institu-
tional Animal Care and Use Committee.

Reagents and Cell Culture. Compound 48/80,
antidinitrophenyl (DNP) IgE, DNP—human serum albumin
(HSA), o-phthaldialdehyde, phorbol 12-myristate 13-acetate
(PMA), and calcium ionophore A23187 were purchased
from Sigma Chemical Co. (St. Louis, MO). Recombinant
TNF-a, rIL-6, and rIL-8, and anti-TNF-o, anti—IL-6, and
anti-IL-8 antibodies were purchased from R&D Systems
Inc. (Minneapolis, MN). The human mast cell line (HMC-1)
was grown in Iscove’s media (Life Technologies, Grand
Island, NY) supplemented with 10% fetal bovine serum and
2 mM glutamine at 37°C in 5% CO,.

Preparation of PVAE. The plants of P. vulgaris
were collected in Wanju, South Korea, on the July 19, 1999.
The plant was identified by D.K. Kim (College of
Pharmacy, Woosuk University), and the voucher specimen
(WSP-99-36) was deposited at the Herbarium of the College
of Pharmacy, Woosuk University. P. vulgaris was ground
(400 g, 30 secs) at room temperature using a Micro Hammer-
Cutter Mill (Culatti Co., Zurich, Switzerland). The particle
size was 0.5-2 mm after grinding. The plant sample was
extracted with distilled water at 70°C for 5 hrs (two times).
The extract was filtered through Whatman No. 1 filter paper
(Whatman, Florham Park, NJ) and the filtrate was lyophilized
using a 0.45-pum syringe filter. The yield of dried extract from
starting crude materials was about 10.1%. The dried extract
was dissolved in saline for in vitro experiments and in Tyrode
buffer for in vivo experiments before use.

Compound 48/80-Induced Systemic Anaphy-
lactic Reaction. Compound 48/80—induced systemic
reaction was carried out as previously described (14).
Briefly, the mice were given an intraperitoneal injection of
0.008 g/kg body wt (BW) of the mast cell degranulator,
compound 48/80. PVAE was administered anally using an
18-gauge feeding needle at doses of 0.001-0.1 g/kg BW 1
hr before the compound 48/80 injection (n = 10 per group).
In the time-dependent experiment, PVAE (0.1 g/kg) was
administered 5, 10, and 20 mins after compound 48/80
injection (7 = 10 per group). Mortality was monitored for 1
hr after induction of anaphylactic shock.

Preparation of Serum and Histamine Determi-
nation. After 1 hr of compound 48/80 injection, blood was
harvested and centrifuged at 400 g for 10 mins. The serum
was withdrawn, and histamine content was measured by the
o-phthaldialdehyde spectrofluorometric procedure (15). The
fluorescence intensity was measured at emission 438 nm
and excitation 353 nm using a spectrofluorometer (RF-5301
PC; Shimadzu, Kyoto, Japan).

Passive Cutaneous Anaphylaxis (PCA). The
mice were injected intradermally with 0.5 pg anti-DNP
IgE. After 48 hrs, each mouse received an injection of 1 pg
DNP-HSA in phosphate-buffered saline containing 4%
Evans blue (1:4) via tail vein. PVAE (0.001-0.1 g/kg
BW) was administered anally 1 hr before the challenge. At
30 mins after the challenge, the mice were killed using CO,
and the dorsal skin (diameter, 1 cm) was removed in order
to measure 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). The intensity of the absorbent was measured at
620 nm in a spectrophotometer (UV-1201; Shimadzu).

Assay of TNF-q, IL-6, and IL-8 Secretion. Secre-
tion of TNF-a, IL-6, and IL-8 was measured by modifica-
tion of an enzyme-linked immunosorbent assay (ELISA).
HMC-1 cells were sensitized with PMA (20 nM) and
A23187 (1 uM) for 8 hrs in the absence or presence of
PVAE. The ELISA was performed by coating 96-well plates
with 6.25 ng/well of monoclonal antibody with specificities
for TNF-a, IL-6, and IL-8. For the standard curve, rTNF-a,
rIL-6, and rIL-8 were added to the serum, which was
previously determined to be negative to endogenous TNF-a,
IL-6, and IL-8. After exposure to the medium, the assay
plates were exposed sequentially to biotinylated anti-human
TNF-a, IL-6, or IL-8 and 2,2'-azino-bis(3-ethylbenzthiazo-
line-6-sulfonic acid) tablet substrates. Optical density read-
ings were made within 10 mins of the addition of the
substrate with a 405-nm filter.

Electrophoretic Mobility Shift Assays (EM-
SA). Nuclear protein (10 pg) was incubated for 20 mins
at room temperature with 20 pg bovine serum albumin, 2 pg
poly(dI-dC) from Pharmacia (Uppsala, Sweden), 2 pl buffer
C (20 mM HEPES/KOH, 20% glycerol, 100 mM KCl, 0.5
mM phenylmethylsulfonyl fluoride, pH 7.9), 4 pl buffer F
(20% ficoll-400, 100 mM HEPES/KOH, 300 mM KClI, 10
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Table 1. Effect of PVAE on Compound 48/80— Table 2. Time-Dependent Effect of PVAE on Com-
Induced Systemic Anaphylaxis? pound 48/80-Induced Systemic Anaphylaxis?

PVAE treatment Compound 48/80 Mortality =~ PVAE treatment Compound 48/80 Time Mortality

(g/kg BW) (0.008 g/kg BW) (%) (g/kg BW) (0.008 g/kg BW) (min) (%)
None (saline) + 100 None (saline) + — 100
0.001 + 100 0.1 + 0 0
0.005 + 80 0.1 + 5 0
0.01 + 50 0.1 + 10 50
0.05 + 20 0.1 + 20 100
0.1 + 0
0.1 - 0

@ Groups of mice (n= 10 per group) were anally pretreated with 200 pl
PVAE at various doses 1 hr 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.

mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride,
pH 7.9), and 20,000 cpm of a *’P-labeled probe that
encoded the kB consensus sequence (5'-CAG AGG GGA
CTT TCC GAG AG-3’) in a final volume of 20 pl. DNA-
protein complexes were resolved at 180 V for 4 hrs in a
native 4% polyacrylamide gel, dried, and visualized (with
autography using a Fuji x-ray film [Seoul, Korea]).

Transient Transfection and Luciferase Activity
Assay. For transient transfections, HMC-1 cells were
seeded at 2 X 10° in a six-well plate 1 day before transient
transfection. The expression vector containing the NF-kB
luciferase reporter construct (pNF-xB-LUC, plasmid con-
taining NF-xB binding site; Stratagen, Grand Island, NY) or
empty vector was transfected with serum- and antibiotic-free
Iscove’s medium containing 8 pl Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA). After 5 hrs of
incubation, medium was replaced with Iscove’s medium
containing 10% fetal bovine serum and antibiotics. Cells
were allowed to recover at 37°C for 20 hrs and were
stimulated subsequently as indicated. Cell lysates were
prepared and assay for luciferase activity using Luciferase
Assay System (Promega, Madison, WI), according to the
manufacturer’s instructions.

Statistical Analysis. Statistical analyses were per-
formed using SAS statistical software (SAS Institute, Cary,
NC). Treatment effects were analyzed using one-way
ANOVA, followed by Duncan multiple range tests. P <
0.05 was used to indicate significance

Results

Effect of PVAE on Systemic and Local Ana-
phylactic Reaction. Initial experiments examined the
effects of PVAE on compound 48/80—induced systemic
anaphylactic reaction. Compound 48/80 (0.008 g/kg) was
used as a model of induction for a systemic fatal allergic
reaction. After the intraperitoneal injection of compound 48/
80, the mice were monitored for 1 hr, after which the
mortality rate was determined. When PVAE was anally

@ Mice (n= 10 per group) were anally pretreated with 200 pl PVAE.
PVAE (0.1 g/kg) was given 5, 10, and 20 mins after the intra-
peritoneal 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.

pretreated at concentrations ranging from 0.001 to 0.1 g/kg
for 1 hr, the mortality with compound 48/80 was dose
dependently reduced (Table 1). PVAE completely inhibited
anaphylactic reaction at a dose of 0.1 g/kg. In addition, the
mortality of mice administered with PVAE (0.1 g/kg) at 5,
10, and 20 mins after compound 48/80 injection increased
time dependently (Table 2). We evaluated the effect of
PVAE treatment on compound 48/80-induced serum
histamine release. PVAE dose dependently decreased the
compound 48/80—induced serum histamine release (Fig. 1).

Another way to test allergic reaction is to induce
passive cutaneous anaphylaxis (PCA). A local extravasation
was induced by a local injection of IgE followed by an
antigenic challenge. When PVAE (0.001-0.1 g/kg) was

80 7

60 1

40 1

Inhibition (%)

20 1

0.001

0.01 0.1

PVAE (g/kg)

Figure 1. Effect of PVAE on compound 48/80—-induced serum
histamine release. Groups of mice (n = 10 per group) were anally
pretreated with 200 pl PVAE. PVAE was given at various doses 1 hr
before the injection of compound 48/80. The compound 48/80
solution was given intraperitoneally to the group of mice. Each bar
represents the mean = SEM of two independent experiments.
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Figure 2. Effect of PVAE on the 48 hrs of PCA. PVAE was anally
administered 1 hr prior to the challenge with antigen. Each bar
represents the mean = SEM of three independent experiments.

given anally to mice, PVAE dose dependently inhibited
PCA (Fig. 2).

Effect of PVAE on Secretion of TNF-«, IL-6, and
IL-8 from HMC-1 Cells. TNF-o, IL-6, and IL-8 are
important inflammatory cytokines released from mast cells.
The HMC-1 cell line is a useful cell for studying the
cytokine activation pathway (16). Therefore, we tested the
effects of PVAE on the secretion of TNF-a, IL-6, and IL-8
from HMC-1 cells. Culture supernatants were assayed for
each cytokine level by ELISA. As shown in Table 3, PVAE
inhibited the secretion of TNF-a, IL-6, and IL-8 in PMA
and A23187 (PMACI)-stimulated HMC-1 cells. No sig-
nificant cytotoxicity of PVAE on the culture was observed
in the concentrations used in the experiments, as assessed by
Trypan blue exclusion.

Effect of PVAE on NF-kB Activation. To evaluate
the mechanisms of effect of PVAE on cytokine secretion,
we examined the effect of PVAE on NF-xB activation.
Expression of proinflammatory cytokines, such as TNF-a,
IL-6, and IL-8, is regulated by a transcription factor, NF-xB.

We previously showed that NF-xB regulates PMACI-
induced secretion of TNF-o, IL-6, and IL-8 in HMC-1 cells
(17, 18). We used PDTC, a potent inhibitor of NF-kB, as a
positive control. Cells pretreated with either PVAE or
PDTC (10 uM) were subsequently stimulated with PMACI,
and the effect of PVAE and PDTC on binding activity of
NF-kB was examined. Treatment of PMACI caused a
significant increase in the DNA binding activity of NF-kB
within 4 hrs (Fig. 3A). PVAE markedly suppressed PMACI-
induced NF-«B/DNA binding activity. To confirm the
inhibitory effect of PVAE on NF-kB activation, we
examined the effect of PVAE on the NF-kxB—dependent
gene reporter assay. HMC-1 cells were transiently trans-
fected with NF-kB-luciferase reporter construct or empty
vector. Exposure of cells to PMACI increased the luciferase
activity in the cells transfected with the NF-kB—luciferase
reporter construct (Fig. 3B). PVAE significantly reduced
PMACT-induced luciferase activity.

Discussion

The results of this study showed that PVAE has some
antiallergic properties. PVAE inhibited compound 48/80-
induced systemic allergic reaction and serum histamine
release in mice. These results indicate that mast cell-
mediated immediate-type allergic reactions are inhibited by
PVAE. In addition, the PVAE-administered mice were
protected from IgE-mediated PCA, which is one of the most
important in vivo models of anaphylaxis in a local allergic
reaction. This finding suggests that PVAE might be useful
in the treatment of allergic skin reactions.

Numerous reports have 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 are able
(apparently directly) to activate G proteins (19). 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, antiallergic agents having a
membrane-stabilizing action may be desirable. PVAE might

Table 3. Effect of PVAE on the Secretion of Proinflammatory Cytokines?®

Treatment TNF-o (ng/ml) IL-6 (ng/ml) IL-8 (ng/ml)
None (saline) 0.618 = 0.16 0.15 = 0.03 2.37 = 0.49
PMA + A23187 2.116 £ 0.41 0.70 = 0.07 7.21 = 2.63
PMA + A23187 + PVAE, 0.01 mg/ml 1.860 = 0.55 (17.0%) 0.56 = 0.03 (26.9%)* 6.81 = 2.12 (8.2%)
PMA + A23187 + PVAE, 0.1 mg/ml 1.495 = 0.69 (41.4%)* 0.48 = 0.05 (41.2%)* 5.62 += 1.64 (32.8%)"

PMA + A23187 + PVAE, 1 mg/ml

0.904 + 0.22 (80.9%)*

0.20 = 0.08 (91.5%)* 3.98 = 0.77 (66.5%)*

4 PMA (20 nM) and A23187 (1 uM)—stimulated HMC-1 cells were incubated for 8 hrs in the absence or presence of PVAE. TNF-a, IL-6, and IL-8
secreted into the medium are presented as the mean = SEM of the three independent experiments. Percentages in parentheses indicate the

percent change from the PMA + A23187 value.

* Statistically significant from the PMA and A23187 value at P < 0.05.
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Figure 3. Effect of PVAE on the activation of NF-xB. HMC-1 cells
were pretreated with PVAE or PDTC (10 pM) for 30 mins prior to
PMA (20 nM) and A23187 (1 uM) stimulation. (A) Nuclear extracts
prepared and incubated with 2P-labeled oligonucleotides corre-
sponding to NF-kB were analyzed by EMSA. (B) Cells were
transiently transfected with NF-xB—luciferase reporter construct or
empty vector. Then, the cells were incubated with PMA and A23187
with or without PVAE. NF-kB—dependent transcriptional activity was
determined by luciferase activity assay. *Statistically significant from
the PMA and A23187 value at P < 0.05.

stabilize the lipid bilayer membrane, thus preventing the
perturbation being induced by compound 48/80.

The HMC-1 cell line is a useful cell for studying
cytokine activation pathways (16). The spectrum of
cytokines produced by HMC-1 cells with PMACI stim-
ulation supports the well-recognized role of mast cells in
immediate-type hypersensitivity. Proinflammatory cyto-
kines, including TNF-a, IL-6, and IL-8, play a major role
in triggering and sustaining the allergic inflammatory
response in mast cells (20-22). 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—
TNF-o antibody (21). IL-6 also is produced from mast cells,
and its local accumulation is associated with PCA reaction
(20). IL-8 from mast cells acts on surrounding cells, such as
neutrophils, T lymphocytes, and eosinophils, and plays a
role in activation of inflammatory effector cells (23). These
reports indicate that the reduction of proinflammatory
cytokines from mast cells is one of the key indicators of
reduced allergic symptom. In our present study, PVAE
inhibited the secretion of TNF-a, IL-6, and IL-8 in PMACI-
stimulated HMC-1 cells. This result suggests that the
antiallergic effect of PVAE results from its reduction of
TNF-a, IL-6, and IL-8 generation from mast cells.
Expression of TNF-a, IL-6, and IL-8 genes is dependent
on the activation of transcription factor NF-xkB (24). In
PMACI-stimulated mast cells, PVAE inhibited DNA bind-
ing of NF-xB and NF-kB-dependent gene expression.
These data demonstrate that PVAE attenuates activation of
NF-kB and downstream TNF-o, IL-6, and IL-8 production.

Because we used a whole-water extract of P. vulgaris
and not a purified component, the active components that
are responsible for the biologic effect are not clear at this
time. The effort to identify active components from P.
vulgaris in the immediate-type allergic reaction is ongoing
in our laboratory. Recently, the antioxidative, antimicrobial,
and antiviral effects of extracts of P. vulgaris have been
reported (25-27). Ryu et al. (28) reported that dihyroxy-
ursolic acid, a triterpene from P. vulgaris, inhibited the
release of beta-hexosaminidase, one of the indicators of
mast cell degranulation, from RBL-2H3 mast cells. In
addition, rosmarinic acid, a phenolic acid component from
P. vulgaris, decreased UV-induced reactive oxygen species
production and lipid peroxidation in human keratinocytes
(25). In the present report we provided evidence that PVAE
inhibits a model of mast cell-mediated allergic reactions and
their possible mechanisms, such as NF-kB and downstream
proinflammatory cytokines. The results obtained in the
present study show that PVAE contributes to the prevention
or treatment of mast cell-mediated allergic diseases.

1. Zhu YP. Chinese Materia Medica. Amsterdam: Harwood Academic
Publishers, pp120-122, 1998.

2. Kimura T, But PPH, Guo JX, Sung CK, Han BH. International
Collation of Traditional and Folk Medicine (1). Hackensack, NJ: World
Scientific, p141, 1966.

3. Lee SJ. Korean Folk Medicine. Seoul, Korea: Publishing Center of
Seoul National University, pp121-123, 1966.

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

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

6. 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.

7. Beaven MA, Rogers J, Moore JP, Hesketh TR, Smith GA, Metcalfe JC.



926

10.

12.

14.

15.

16.

The mechanism of the calcium signal and correlation with histamine
release in 2H3 cells. J Biol Chem 259:7129-7136, 1984.

. Beaven MA, Metzger H. Signal transduction by Fc receptors: the Fc

epsilon RI case. Immunol Today 14:222-226, 1993.

. 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
IL-4, IL-5, and IL-6 in human allergic mucosal inflammation. J
Immunol 151:3853-3865, 1993.

Burd PR, Rogers HW, Gordon JR, Martin CA, Jayaraman S, Wilson
SD, 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.

. Plaut M, Pierce JH, Watson CJ, Hanley-Hyde J, Nordan RP, Paul WE.

Mast cell lines produce lymphokines in response to cross-linkage of Fc
epsilon RI or to calcium ionophores. Nature 339:64-67, 1989.
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.

. Shin TY, Kim SH, Suk K, Ha JH, Kim I, Lee MG, Jun CD, Kim SY,

Lim JP, Eun JS, Shin HY, Kim HM. Anti-allergic effects of Lycopus
lucidus on mast cell-mediated allergy model. Toxicol Appl Pharmacol
209:255-262, 2005.

Kim SH, Shin TY. Amomum xanthiodes inhibits mast cell-mediated
allergic reactions through the inhibition of histamine release and
inflammatory cytokine production. Exp Biol Med (Maywood) 230:
681-687, 2005.

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) 230:82-88, 2005.

Kim SH, Jun CD, Suk K, Choi BJ, Lim H, Park S, Lee SH, Shin HY,
Kim DK, Shin TY. Gallic acid inhibits histamine release and pro-
inflammatory cytokine production in mast cells. Toxicol Sci 91:123—
131, 2006.

. Lee DH, Kim SH, Eun JS, Shin TY. Mosla dianthera inhibits mast cell-

mediated allergic reactions through the inhibition of histamine release
and inflammatory cytokine production. Toxicol Appl Pharmacol 216:
479484, 2006.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

KIM ET AL

Shin HY, Kim SH, Jeong HJ, Kim SY, Shin TY, Um JY, Hong SH,
Kim HM. Epigallocatechin-3-gallate inhibits secretion of TNF-alpha,
IL-6 and IL-8 through the attenuation of ERK and NF-kappaB in HMC-
1 cells. Int Arch Allergy Immunol 142:335-344, 2006.

. Mousli M, Bronner C, Bockaert J, Rouot B, Landry Y. Interaction of

substance P, compound 48/80 and mastoparan with the alpha-subunit
C-terminus of G protein. Immunol Lett 25:355-357, 1990.

Mican JA, Arora N, Burd PR, Metcalfe DD. Passive cutaneous
anaphylaxis in mouse skin is associated with local accumulation of
interleukin-6 mRNA and immunoreactive interleukin-6 protein. J
Allergy Clin Immunol 90:815-824, 1992.

Walsh LJ, 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 1. Proc Natl
Acad Sci U S A 88:4220-4224, 1991.

Mullarkey MF, Leiferman KM, Peters MS, Caro I, Roux ER, Hanna
RK, Rubin AS, Jacobs CA. Human cutaneous allergic late-phase
response is inhibited by soluble IL-1 receptor. J Immunol 152:2033—
2041, 1994.

Sengupta B, Banerjee A, Sengupta PK. Investigations on the binding
and antioxidant properties of the plant flavonoid fisetin in model
biomembranes. FEBS Lett 570:77-81, 2004.

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 10:1498-1506, 1990.

Psotova J, Svobodova A, Kolarova H, Walterova D. Photoprotective
properties of Prunella vulgaris and rosmarinic acid on human
keratinocytes. J Photochem Photobiol B 84:167-174, 2006.

Psotova J, Chlopcikova S, Miketova P, Simanek V. Cytoprotectivity of
Prunella vulgaris on doxorubicin-treated rat cardiomyocytes. Fitoter-
apia 76:556-561, 2005.

Psotova J, Kolar M, Sousek J, Svagera Z, Vicar J, Ulrichova J.
Biological activities of Prunella vulgaris extract. Phytother Res 17:
1082-1087, 2003.

Ryu SY, Oak MH, Yoon SK, Cho DI, Yoo GS, Kim TS, Kim KM.
Anti-allergic and anti-inflammatory triterpenes from the herb of
Prunella vulgaris. Planta Med 66:358-360, 2000.



