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Ripe fruit of Rubus coreanus inhibits
mast cell-mediated allergic inflammation
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Abstract. In this study, we investigated the effect of a water
extract of the ripe fruits of Rubus coreanus Miq. (Rosaceae)
(RFRC) on mast cell-mediated allergic inflammation
and studied the possible mechanism of action. Mast cell-
mediated allergic disease is involved in many diseases such
as anaphylaxis, rhinitis, asthma and atopic dermatitis. RFRC
dose-dependently inhibited compound 48/80-induced systemic
anaphylaxis and serum histamine release in mice. RFRC
reduced the immunoglobulin E (IgE)-mediated local allergic
reaction, passive cutaneous anaphylaxis. RFRC attenuated
histamine release from rat peritoneal mast cells and human
mast cells by the reduction of intracellular calcium. RFRC
decreased the phorbol 12-myristate 13-acetate (PMA) and the
calcium ionophore A23187 (PMACI)-stimulated expression
and secretion of pro-inflammatory cytokines in human mast
cells. The inhibitory effect of RFRC on cytokine production
was nuclear factor (NF)-kB- and mitogen-activated protein
kinase (MAPK)-dependent. In addition, RFRC suppressed
the activation of caspase-1. Our findings provide evidence that
RFRC inhibits mast cell-derived allergic inflammatory reac-
tions, and for the involvement of calcium, NF-xB, MAPKSs and
caspase-1 in these effects. Furthermore, in vivo and in vitro
anti-allergic inflammatory effects of RFRC provide affirma-
tive proof of a possible therapeutic application of this agent in
allergic inflammatory diseases.
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Introduction

Mast cells are effector cells displaying various functions
during immune responses and regulators of allergic inflam-
mation such as asthma, atopic dermatitis, and sinusitis.
Allergen provocation, cross linkage of immunoglobulin E
(IgE) bound on mast cells, via the high-affinity receptors trig-
gers the release of allergic inflammatory mediators including
histamine, eicosanoid, and pro-inflammatory cytokines (1-4).
Using these products mast cells regulate not only immediate
type hypersensitivity but also late reaction, like inflammatory
responses.

The signaling pathway leading to degranulation of mast
cells has been extensively characterized. Cross-linking of
FceRI leads to phosphorylation of Src family kinases (Lyn,
Syk and Fyn) (5). Calcium mobilization occurs after phos-
phorylation of Lyn and phospholipase C-y induces mast cell
degranulation through the granule membrane fusion (6).
This is followed by activation of protein kinase C, mitogen-
activated protein kinase (MAPKs), nuclear factor (NF)-«B,
and the release of inflammatory cytokines such as tumor
necrosis factor (TNF)-a, interleukin (IL)-1p, and IL-6 (3,7).
By the release of pro-inflammatory mediators, mast cells also
affect on late phase responses of an allergic inflammation (5).
Caspase-1 plays a crucial role in the regulation of cytokines.
Caspase-1, a member of cysteine protease also known as an
IL-1B converting enzyme, is found predominantly in the cyto-
plasm of cells, where it proteolytically converts pro-IL-1f into
the mature form involved in inflammation (8).

Anal therapy is a drug delivery system through the anus
and is utilized in patients who have difficulty with oral admin-
istration. Absorbing a drug in the rectum avoids the first-pass
effect in the liver and allows it to circulate directly in the
whole body (9,10). Thus, anal therapy is expected to have a
better effect than oral therapy due to the increased absorption
rate and potent medical action.

Rubus coreanus Miq. (Rosaceae) is a family of black
raspberry. The dried unripe fruits of R. coreanus, more popu-
larly known as Bokbunja in South Korea, are widely used as
traditional medicines for spermatorrhea, enuresis and have
stomachic and tonic actions (11,12). We previously reported
the anti-allergic effect of unripe fruits of R. coreanus (13).
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However, the anti-allergic inflammatory effect of ripe fruits
of R. coreanus (RFRC) has not been studied. In this study, we
evaluated the effects of RFRC on the systemic/local allergic
reaction, and histamine release. The intracellular calcium was
investigated to clarify the mechanism by which RFRC inhib-
ited histamine release from mast cells. In addition, the effect
of RFRC on the expression of pro-inflammatory cytokines
and underlying mechanisms such as NF-kB, MAPKs, and
caspase-1 were investigated in mast cells.

Materials and methods

Animals. The original stock of male Imprinting Control Region
(ICR) mice (6 weeks) and male Sprague-Dawley rats (8 weeks)
were purchased from the Dae-Han Experimental Animal
Center (Daejeon, Korea). The animals were housed 5 per cage
in a laminar air flow room maintained under a temperature
of 22+2°C and 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 Institutional Animal Care and Use
Committee.

Reagents and cell culture. Compound 48/80, anti-dinitrophenyl
(DNP) IgE, DNP-human serum albumin (HSA), phorbol
12-myristate 13-acetate (PMA), and calcium ionophore
A23187 were purchased from Sigma (St. Louis, MO, USA).
The human mast cell line (HMC-1) was grown in Iscove's
media (Life Technologies, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (FBS) and glutamine
2 mM at 37 °C in 5% CO,. HMC-I cells at passages ranging
from 4 to 8 were used throughout the study.

Preparation of RFRC. The ripe fruits of R. coreanus were
provided from the Black Raspberry Experiment Station,
Gochang Agricultural Extension Center (Jeonbuk, Korea).
The ripe fruits of R. coreanus were ground (400 x g, 30 sec) 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 (60 g) was extracted twice with puri-
fied water (500 ml) at 70°C for 5 h in a water bath. The extract
was filtered through Whatman no. 1 filter paper and the filtrate
was lyophilized using a 0.45 ym syringe filter. The yield of dried
extract from crude materials was about 11.5%. The dried extract
was dissolved in saline or Tyrode buffer A (HEPES 10 mM,
NaCl 130 mM, KC1 5 mM, CaCl, 1.4 mM, MgCl, 1 mM, glucose
1.4 mM, 0.1% bovine serum albumin) before use.

Compound 48/80-induced systemic anaphylaxis. Mice were
given an intraperitoneal injection of 8 mg/kg body weight
(BW) of the mast cell degranulator, compound 48/80. RFRC
was dissolved in saline and administered anally at a dose of
10-1000 mg/kg BW 1 h before the injection of compound
48/80 (n=10/group). In the time-dependent experiment,
RFRC (1000 mg/kg, BW) was injected at 5, 10 and 20 min
after compound 48/80 injection (n=10/group). Mortality was
monitored for 1 h after induction of anaphylactic shock. After
the mortality test, blood was obtained from the heart of each
mouse to measure serum histamine contents.
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Passive cutaneous anaphylaxis (PCA). An IgE-dependent
cutaneous reaction was carried out as described previously
(14). The PCA reaction was generated by sensitizing 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 ug of anti-DNP
IgE. After 48 h, each mouse received an injection of 1 ug of
DNP-HSA containing 4% Evans blue (1:4) via the tail vein.
Thirty minutes after the challenge, the mice were sacrificed
and the dorsal skin (diameter, 1 cm) was removed for measure-
ment of the pigmented area. The amount of dye was determined
colorimetrically after extraction with 1 ml of 1 mM KOH and
9 ml of mixture of acetone and phosphoric acid (5:13). The
intensity of absorbance was measured at 620 nm in a spectro-
photometer (Shimadzu, UV-1201, Kyoto, Japan).

Preparation of peritoneal mast cells (RPMC). RPMC were
isolated as previously described (15). In brief, rats were
anesthetized with carbon dioxide and injected with 20 ml
of Tyrode buffer B (137 mM NacCl, 5.6 mM glucose, 12 mM
NaHCO;,2.7 mM KCl, 0.3 mM NaH,PO, and 1% gelatin), into
the peritoneal cavity and the abdomen was massaged for about
90 sec. The peritoneal cavity was carefully opened, and the
fluid containing peritoneal cells were aspirated by a Pasteur
pipette. The peritoneal cells were sedimented at 150 x g
for 10 min at room temperature and resuspended in Tyrode
buffer B. Peritoneal cells were suspended in 1 ml Tyrode
buffer B, layered on 2 ml metrizamide (22.5% w/v), and centri-
fuged at 400 x g for 15 min at 4°C. The cells remaining at the
buffer-metrizamide interface were aspirated and discarded;
the cells in the pellet were washed and resuspended in 1 ml
Tyrode buffer A. Mast cell preparations were ~95% pure as
assessed by toluidine blue staining. More than 97% of the cells
were viable as judged by trypan blue exclusion.

Preparation of serum and histamine determination. Preparation
of serum and determination of histamine contents were exam-
ined as previously described (9). Briefly, serum was withdrawn
and the histamine contents were measured by the o-phthal-
dialdehyde spectrofluorometric procedure. The fluorescence
intensity was measured at an emission wavelength of 438 nm
and an excitation wavelength of 353 nm using a spectrofluorom-
eter (Shimadzu).

Determination of intracellular Ca**. The intracellular
calcium was measured with the use of the fluorescence
indicator Fluo-3/AM (Molecular Probes, Eugene, OR, USA).
HMC-1 cells were pre-incubated with Fluo-3/AM for 30 min
at 37°C. After washing the dye from the cell surface, RFRC
was pretreated 10 min prior to treatment with PMA and the
calcium ionophore A23187 (PMACI). The fluorescence inten-
sity was recorded using a fluorescence plate reader (Molecular
Devices, Sunnyvale, CA, USA) at an excitation of 488 nm
and an emission of 515 nm and visualized with a fluorescence
microscope (Olympus BX51, Center Valley, PA, USA).

RNA extraction and mRNA detection. The total cellular RNA
was isolated from the cells (1x10%well in a 24-well plate) after
stimulation with PMA (20 nM) and A23187 (1 uM) with or
without RFRC for 2 h using TRI reagent (Molecular Research
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Table I. Effects of RFRC on compound 48/80-induced sys-
temic anaphylaxis.
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Table II. Time-dependent effects of RFRC on compound
48/80-induced systemic anaphylaxis.

RFRC treatment Compound 48/80 Mortality =~ RFRC treatment Compound 48/80  Time  Mortality
(mg/kg, BW) (8 mg/kg, BW) (%) (mg/kg, BW) (8 mg/kg, BW) (min) (%)
None (saline) + 100 None (saline) + - 100
10 + 100 1000 + 0 0
50 + 70 1000 + 5 40
100 + 10 1000 + 10 60
500 + 10 1000 + 20 100
1000 + 0
1000 _ 0 Groups of mice (n=10/group) were anally pretreated with 200 pl of

Groups of mice (n=10/group) were anally pretreated with 200 u1 of
saline or RFRC at various doses 1 h before intraperitoneal injection
of compound 48/80. Mortality (%) within 1 h following compound
48/80 injection is represented as the number of dead mice x 100/total
number of experimental mice.

Center, Cincinnati, OH, USA) according to the manufacturer's
protocol. The first strand complementary DNA (cDNA) was
synthesized using the SuperScript II reverse-transcriptase
(Invitrogen, Carlsbad, CA, USA). A reverse-transcriptase
polymerase chain reaction (RT-PCR) was used to analyze
the expression of mRNA for TNF-a, IL-6, IL-1f3, and -actin
(internal control). The conditions for the reverse transcription
and PCR steps were similar to those described previously (16).
The amplified products were separated by electrophoresis on
2% agarose gel containing ethidium bromide, documented
using a Kodak DC 290 digital camera and digitized with the
UN-SCAN-IT software (Silk Scientific, Orem, UT, USA). The
band intensity was normalized to that of B-actin in the same
sample.

Enzyme-linked immunosorbent assay (ELISA). The secretion
of TNF-a and IL-6 was measured by the modification of an
enzyme-linked immunosorbent assay (ELISA) as described
previously (17). The cells were sensitized with PMACI for 8 h in
the absence or presence of RFRC. The ELISA was performed
by coating 96-well plates with 6.25 ng/well of monoclonal anti-
body with specificity for TNF-a and IL-6 respectively.

Caspase-1 activity assay. The enzymatic activity of caspase-1
was measured according to the manufacturer's specification
using a caspase assay kit (R&D Systems). The cell lysate was
centrifuged at 14,000 rpm for 5 min. The protein supernatant
was incubated with 50 pl reaction buffer and 5 ul substrates
(WEHD-pNA) at 37°C for 2 h. The absorbance was measured
using a plate reader at a wavelength of 405 nm. Equal amounts
of the total protein from each lysate were quantified using a
bicinchoninic acid protein quantification kit (Sigma).

Western blot analysis. HMC-1 cells were washed 3 times with
PBS and resuspended in lysis buffer. Samples were electropho-
resed using 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, as described elsewhere (18), and then trans-
ferred to a nitrocellulose membrane. Immunodetection was

saline or RFRC. RFRC (1000 mg/kg) was given 5, 10 and 20 min
after the intraperitoneal injection of compound 48/80. Mortality (%)
within 1 h following compound 48/80 injection is represented as the
number of dead mice x 100/total number of experimental mice.

performed using an enhanced chemiluminescence detection
kit (Amersham Pharmacia, Piscataway, NJ, USA).

Transient transfection and luciferase activity assay. For
transient transfection, HMC-1 cells were seeded at 2x10°
in a 6-well plate 1 day before transient transfection. The
expression vectors containing the NF-xB luciferase reporter
construct (pNF-kB-LUC, plasmid containing NF-kB binding
site; Stratagen, Grand Island, NY, USA) were transfected
with serum- and antibiotics-free Iscove's medium containing
8 ul Lipofectamine 2000 reagent (Invitrogen). After 5 h of
incubation, the medium was replaced with Iscove's medium
containing 10% FBS and antibiotics. Cells were allowed to
recover at 37°C for 30 h and subsequently were stimulated as
indicated. Cell lysates were prepared and assayed for lucif-
erase activity using the Luciferase Assay system (Promega,
Madison, WI, USA), according to the manufacturer's instruc-
tions.

Statistical analysis. Statistical analyses were performed using
SAS statistical software (SAS Institute, Cary, NC, USA).
Treatment effects were analyzed using analysis of variance,
followed by the Duncan's multiple range tests. P<0.05 was
considered to indicate significant differences.

Results

RFRC inhibits compound 48/80-induced systemic allergic
reaction. To determine the effect of RFRC on allergic reac-
tions, an in vivo model of a systemic anaphylaxis was used.
Compound 48/80 (8 mg/ml) was used as a model of induction of
asystemic allergic reaction. After the intraperitoneal injection of
compound 48/80, the mice were monitored for 1 h, after which
the mortality rate was determined. As shown in Table I, injec-
tion of compound 48/80 into mice induced fatal shock in 100%
of the animals. When mice were anally pretreated with RFRC
at doses ranging from 10 to 1000 mg/kg for 1 h, the mortality
with compound 48/80 was dose-dependently reduced. RFRC
completely inhibited compound 48/80-induced fatal shock at
1000 mg/kg. In addition, the mortality of mice administered
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Figure 1. Effects of RFRC on serum histamine and PCA reactions. (A) Groups
of mice (n=10/group) were anally pretreated with 200 ul of saline or RFRC.
RFRC was given at various doses 1 h before the injection of compound 48/80.
The compound 48/80 was given intraperitoneally to the group of mice. The
blood was obtained from the heart of each mouse and histamine content was
measured by a spectrofluorometer. (B) RFRC was anally administered 1 h
prior to the challenge with antigen. Each amount of dye was extracted as
described in Materials and methods and measured by spectrophotometry.
Each bar represents the mean + SEM of three independent experiments.
“Significant difference at p<0.05.

RFRC (1000 mg/kg) 5, 10 and 20 min after compound 48/80
injection time-dependently increased (Table II). The effect
of RFRC on the compound 48/80-induced serum histamine
release was investigated. The increase of serum histamine
caused by compound 48/80 was inhibited by RFRC in a
dose-dependent manner (Fig. 1A). To confirm the anti-allergic
effects of RFRC, we used an IgE-mediated passive cutaneous
anaphylaxis (PCA) model. PCA is one of the most important
in vivo models of local allergic reaction. A local extravasation
was induced by a local injection of IgE following an antigenic
challenge. To compare the amount of dye with control, the
left dorsal skin of these mice was injected with saline alone.
RFRC was anally administered 1 h prior to the challenge with
antigen. Anal injection of RFRC dose-dependently inhibited
the PCA reaction (Fig. 1B).

RFRC reduces histamine release and intracellular calcium
levels on mast cells. We evaluated the ability of RFRC to
induce histamine release in compound 48/80-induced RPMC
cells and PMACI-induced HMC-1 cells. Mast cells released
a high level of histamine when stimulated with compound
48/80 or PMACI (Fig. 2). RFRC dose-dependently inhibited
compound 48/80-induced histamine release from RPMC. In
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Figure 2. Effects of RFRC on histamine release from mast cells. (A) RPMC
cells (2x10° cells/ml) were pre-incubated with RFRC for 10 min prior to
incubation with compound 48/80 (5 ug/ml). (B) HMC-1 (1x10° cells/ml) were
pre-incubated with RFRC 30 min prior to incubation with PMA (20 nM)
and the calcium ionophore A23187 (1 uM) (PMACI). Each bar represents
the mean + SEM of three independent experiments. “Significant difference
at p<0.05.

Medium PMACI PMACIH+HRRCM

B 60
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Figure 3. Effects of RFRC on intracellular calcium levels in HMC-1 cells.
Cells (1x10°cells/ml) were pre-incubated with RFRC at 37°C for 30 min prior
to incubation with PMA (20 nM) and calcium ionophore A23187 (1 uM)
(PMACI). Intracellular calcium was detected by fluorescence microscope
(A) and fluorescence plate reader. (B) Each bar represents the mean + SEM
of three independent experiments. “Significant difference from PMACI value
at p<0.05.
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Figure 4. Effects of RFRC on the gene expression and secretion of pro-
inflammatory cytokines in HMC-1 cells. Cells were treated with RFRC for
30 min before being stimulated with PMA (20 nM) and ionophore A23187
(1 uM) (PMACI). (A). Extraction and analysis of mRNA was performed as
described in Materials and methods. The gene expression of TNF-a, IL-6
and IL-1f were determined by RT-PCR. (B) The level of TNF-o and IL-6
in supernatant was measured using ELISA and represented as the mean +
SEM of three independent experiments. “Significant difference from PMACI
value at p<0.05.

addition, RFRC inhibited PMACI-induced histamine release
from HMC-1 in a dose-dependent manner. The concentration
and duration of RFRC treatment used in these studies had no
significant effect on the viability of RPMC and HMC-1 (data
not shown). To further investigate the mechanisms of RFRC
on the inhibition of histamine release, we assayed the intracel-
lular calcium levels. Calcium movements across membranes of
mast cells are critical to histamine release (19). Fig. 3 shows
the elevation of intracellular calcium when HMC-1 cells were
stimulated with PMACI. Pre-treatment with RFRC (100 p#g/ml)
decreased the intracellular calcium levels induced by PMACI.

RFRC inhibits gene expression and secretion of pro-inflam-
matory cytokines. We assessed the effect of RFRC on the
expression of pro-inflammatory cytokines such as TNF-a,
IL-1p and IL-6 in HMC-1. The HMC-1 cell line is a useful cell
for studying cytokine activation pathway (10,20). We previ-
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Figure 5. Effects of RFRC on PMACI-induced capase-1 activation in HMC-1
cells. Cells were pretreated with RFRC for 30 min prior to PMA (20 nM) and
A23187 (1 uM) (PMACI) stimulation for 2 h. (A) The level of pro-caspase-1
was assayed by Western blotting. (B) The enzymatic activity of caspase-1
was confirmed by colorimetric assay. Each bar represents the mean + SEM
of three independent experiments. “Significant difference from PMACI value
at p<0.05.

ously reported that gene expression of TNF-a, IL-1f and IL-6
peaked at 4 h after treatment of PMACI (21). Therefore, stimu-
lation of HMC-1 with PMACI was induced during 4 h, and the
cells were pretreated with RFRC for 30 min. RFRC inhibited
the gene expression of all cytokines (Fig. 4A). To confirm the
correlation of mRNA expression with protein production, we
measured the secretion of TNF-a and IL-6. Culture superna-
tants were assayed for TNF-a and IL-6 levels by ELISA. The
stimulation of cells with PMACI for 8 h induced the secretion
of cytokines. RFRC inhibited the secretion of TNF-o and IL-6
in PMACI-stimulated HMC-1 (Fig. 4B).

RFRC reduces activation of caspase-1. Caspase-1 activates
the inactive precursors of IL-1f, IL-6, and TNF-a cytokines
involved in immune responses (22,23). We investigated the
effect of RFRC on caspase-1 activation. HMC-1 cells were
pretreated with RFRC for 30 min and then treated with PMACI
for 2 h. The level of pro-caspase-1 was decreased, after stimu-
lation with PMACI (Fig. 5A). However, pro-caspase-1 was
significantly increased by the treatment of RFRC. To confirm
the attenuation of caspase-1, we measured the caspase-1
activity. The enhanced caspase-1 activity by PMACI was
markedly decreased by RFRC (Fig. 5B).

RFRC inhibits the activation of NF-xB and of MAPKs. In order
to evaluate the mechanism of the RFRC effect on cytokine
expression, we examined the effect of RFRC on the activation
of the transcription factors, NF-xB and MAPKs. NF-kB is an
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Figure 6. Effects of RFRC on the activation of NF-kB in HMC-1. Cells were
pretreated with RFRC for 30 min prior to PMA (20 nM) and A23187 (1 uM)
(PMACI) stimulation for 2 h. (A) Nuclear translocation of NF-xB and IkBa
degradation were assayed by Western blotting (N-NF-kB, nuclear NF-«B;
C-NF-«B, cytoplasmic NF-kB). (B) Cells were transiently transfected with
the NF-kB-luciferase reporter construct or empty vector. Then, the cells were
incubated with PMA and A23187 with or without RFRC. NF-kB-dependent
transcriptional activity was determined by luciferase activity assay. Each bar
represents the mean + SEM of three independent experiments. “Significant
difference from PMACI value at p<0.05.

important transcriptional regulator of inflammatory cytokines
and plays a crucial role in immune and inflammatory responses.
Stimulation of HMC-1 cells with PMACI induced the nuclear
translocation of p65 NF-kB and degradation of IxBa after 2 h
of incubation (Fig 6A). RFRC inhibited the PMACI-induced
nuclear translocation of NF-xB and degradation of IxBa.
To confirm the inhibitory effect of RFRC on NF-«xB activa-
tion, we examined the effect of RFRC on NF-kB-dependent
gene reporter assay. HMC-1 were transiently transfected with
a NF-kB-luciferase reporter construct or an empty vector.
Exposure of cells to PMACI increased the luciferase activity in
the cells transfected with NF-kB-luciferase reporter construct
(Fig. 6B). RFRC significantly reduced PMACI-induced lucif-
erase activity.

MAPKSs also play a crucial role in the regulation of pro-
inflammatory molecules on cellular responses (24). To evaluate
the mechanisms of the effect of RFRC on pro-inflammatory
cytokine expression, we examined the effect of RFRC on the
phosphorylation of MAPKs. Previously we documented that
PMACT activates all three types of MAPKSs such as p38, JNK,
and ERK at 15-30 min in HMC-1 cells (25). Stimulation of
cells with PMACI induced the phosphorylation of MAPKs
(Fig. 7). RFRC markedly attenuated the PMACI-induced
activation of all three types of MAPKs.
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Figure 7. Effect of RFRC on phosphorylation of MAPKs in HMC-1. Cells
were pretreated with RFRC for 30 min prior to PMA (20 nM) and A23187
(1 uM) (PMACI) stimulation for 30 min, and phosphorylation of p38,
JNK.,and ERK was assayed by Western blotting.

Discussion

Anaphylaxis is a life-threatening syndrome induced by the
sudden systemic release of inflammatory mediators such as
histamine, various cytokines and lipid-derived mediators (26).
Using in vitro and in vivo models, we showed that RFRC reduces
mast cell-derived allergic inflammatory responses. RFRC
inhibited compound 48/80-induced systemic anaphylaxis
and histamine release from mast cells. RFRC administered
mice are protected from IgE-mediated local allergic reaction,
PCA, which is one of the most important in vivo models of
anaphylaxis. These results indicate that RFRC inhibited mast
cell-mediated allergic reactions. In addition, RFRC decreased
PMACT-stimulated expression of pro-inflammatory cytokines.
These results suggest that RFRC might be useful in the treat-
ment of allergic inflammatory diseases.

Histamine was originally considered as a mediator of acute
inflammatory and immediate hypersensitivity responses.
Recently, it has been reported that histamine affects chronic
inflammation and regulates several essential events of immune
response such as immune cell maturation, polarization, and
lymphocyte responsiveness (27). Histamine also induces actin
polymerization and chemotaxis (28). Compound 48/80, the
synthetic mast cell stimulator, increases the permeability of
the lipid bilayer membrane by perturbation in the membrane.
These reports indicate that the increase of membrane perme-
ability may be an essential element for the release of the
mediator from mast cells. In our study, RFRC dose-dependently
reduced compound 48/80-induced histamine release from
mast cells. Therefore, we speculate that RFRC might stabilize
the actin polymerization of the membrane, thus preventing the
compound 48/80-induced membrane perturbation.

Mobilization of calcium plays a critical role in the degran-
ulation and release of histamine in mast cells (29). Calcium
movements across membranes of mast cells represent a major
target for effective anti-allergic drugs, as these are essential
events linking stimulation to secretion. Our results showing an
attenuation of intracellular calcium in mast cells with RFRC
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treatment suggest the decreased intracellular calcium might be
involved in the inhibitory effect of RFRC on histamine release.

HMC-1 stimulated by PMACI produce wide range of
cytokines and supports the well-recognized role of mast cells
in immediate-type hypersensitivity (3). Pro-inflammatory
cytokines such as TNF-a and IL-6 are major mediators in trig-
gering and sustaining the allergic inflammatory response in
mast cells. TNF-a promotes inflammation, granuloma forma-
tion and tissue fibrosis and is an initiator of cytokine related
inflammatory responses by stimulating cytokine production
(30). IL-6 is also produced from mast cells and its accumula-
tion is associated with the PCA reaction (31). These reports
show that reduction of TNF-a and IL-6 from mast cells is one
of the major indicators of relief from allergic symptoms. In
this study, RFRC dose-dependently reduced the expression of
TNF-a and IL-6. These results suggest that RFRC has anti-
allergic inflammatory effect by controlling pro-inflammatory
cytokines in mast cells.

NF-«B regulates the expression of multiple inflammatory
and immune genes and plays a critical role in chronic inflam-
matory diseases. The role of NF-«xB activation and regulation
of cytokine production in allergic inflammatory processes
have been characterized (32). Activation of NF-kB required
phosphorylation and proteolytic degradation of the inhibitory
protein IkBa, an endogenous inhibitor that binds to NF-xB in
the cytoplasm (33). In PMACI-stimulated mast cells, RFRC
decreased the degradation of IxBa and the nuclear translo-
cation of p65 NF-«kB. These results demonstrate that RFRC
attenuates the activation of NF-kB and downstream expression
of TNF-a and IL-6.

The MAPK cascade is an important signaling pathway in
immune responses. The MAPK signaling cascades regulate
important cellular processes including gene expression, cell
proliferation, cell survival and death, and cell mobility (24).
The precise signaling pathways among the three types of
MAPKSs,i.e.,ERK,JNK and p38 are still unclear. However, the
induction of inflammatory cytokine genes requires activation
of all three types of MAPKs. In this study, PMACI-induced
activation of all three types of MAPKs was reduced by RFRC.
The data suggest that RFRC has an inhibitory activity on the
all three of MAPKs and downstream cytokine production.

Inflammasomes are cytoplasmic multi-molecular protein
complexes that mediate the activation of inflammatory
caspase-1 (34). The activation of caspase-1 regulates the inflam-
matory reactions via production of inflammatory cytokines
and recruitment of neutrophils (35). A previous report showed
that stimulation of caspase-17- mice with lipopolysaccharide
inhibited the production of pro-inflammatory cytokines, such
as TNF-a, IL-6, and IL-1f (36).

The protein kinase receptor-interacting protein (RIP)-2
is a member of the CARD protein family (caspase activation
and recruitment domain, also known as CARD3, RIPK?2,
CARDIAK, RICK, and CCK) and has been shown to be an
activator of NF-kB (37). RIP-2 promotes NF-kB activation
as well as activation of the MAPKs, and transcription of
inflammatory-related genes, such as IL-1f, IL-6, and TNF-a.
RIP-2 knockout inhibited the secretion of pro-inflammatory
cytokines such as TNF-a and IL-6 (22,23). RIP-2 is a specific
adaptor molecule and regulates the activation of caspase-1
(38,39). These studies suggest that the activation of RIP-2/
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caspase-1 is an attractive target for the treatment of inflamma-
tory diseases. Accordingly, we postulated that RFRC mediates
its effects at least partly through the suppression of RIP-2/
caspase-1. In this study, we confirmed that RFRC inhibited
PMACI-induced caspase-1 activation in HMC-1 cells. This
result suggested that the suppressive effects of RFRC on the
production of cytokines may be derived through the regula-
tion of PMACI-induced caspase-1 activation. However, further
studies will be needed in order to clarify the function of RFRC
on the RIP-2/caspase-1 pathway.

Recently changes of the metabolic profiles of fruits of
R. coreanus during maturation were reported (40). Sucrose,
most of the amino acids, and organic acids were decreased,
whereas fructose, glucose, and cyanidins were increased
according to maturation. This report suggests that the matura-
tion stage of fruits of R. coreanus may have result in different
biological effects. Because we used the whole water extract
of ripe fruits of R. coreanus not a purified single compound,
the specific active components that are responsible for the
biological effect are not clear at this time. The effort to identify
the active components of RFRC in allergic inflammation is
ongoing in our laboratory. However, the results of this study
show that the mechanism responsible for the anti-allergic
inflammatory effects of RFRC and RFRC contribute to the
prevention or treatment of mast cell-mediated allergic inflam-
mation.
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