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The present study was performed to investigate the anti-allergy potentials of glycoprotein (90 kDa) iso-
lated from Opuntia ficus-indica var. saboten MAKINO (OFI glycoprotein) in vivo (ICR mice) and in vitro
(RBL-2H3 cells). At first, to know whether the OFI glycoprotein has an inhibitory ability for allergy
in vivo, we evaluated the activities of allergy-related factors such as histamine and B-hexosaminidase
release, lactate dehydrogenase (LDH), and interleukin 4 (IL-4) in compound 48/80 (8 ml/kg BW)-treated
ICR mice. After that, we studied to found the effect for anti-allergy in vitro such as nuclear factor kappa B
(NF-xB) and inducible nitric oxide synthase (iNOS), extracellular signal-regulated kinase (ERK) 1/2, ara-
chidonic acid, and cyclooxygenase-2 (COX-2) in compound 48/80 (5 pg/ml)-treated RBL-2H3 cells. Our
results showed that the OFI glycoprotein (5 mg/kg) inhibited histamine and B-hexosaminidase release,
lactate dehydrogenase (LDH), and interleukin 4 (IL-4) in mice serum. Also OFI glycoprotein (25 pg/ml)
has suppressive effects on the expression of MAPK (ERK1/2), and on protein expression of anti-allergic
proteins (iNOS and COX-2). Thus, we speculate that the OFI glycoprotein is an example of natural com-

pound that blocks anti-allergic signal transduction pathways.

© 2010 Published by Elsevier Inc.

1. Introduction

Allergy is a disorder of the immune system and it can cause a
runny nose, sneezing, itching, rashes, swelling or asthma. From a
long time ago, allergic diseases are rapidly increasing chronic
health problem in most countries [1]. It is increasing in prevalence
and severity and has a rising mortality despite a substantial in-
crease in treatment solutions. Allergic reactions which are caused
by the release of histamine, pharmacological mediator, from mast
cells occur after exposures to environmental substances known as
allergens.

Mast cells and blood basophils are well-known as a critical par-
ticipant in allergic diseases [2]. Activated mast cells can produce a
wide variety of mediators such as histamine, leukotrienes, prosta-
glandins, proteases and chemotactic cytokines such as IL-4 [3].
Also, it starts the process of degranulation which results in the
releasing of mediators, such as products of arachidonic acid metab-
olism [4-6]. Among these substances, histamine is the best charac-
terized and most potent vasoactive mediator implicated in the
acute phase of immediate hypersensitivity [7]. Also it is usually
considered as a degranulation marker in experiments on immedi-
ate allergic reaction in vivo and in vitro. Mast cell degranulation
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can be elicited by a number of positively charged substances,
known as the basic secretagogues of mast cells [8,9]. The synthetic
compound 48/80 is known to be one of the most potent secreta-
gogues, so an appropriate amount of compound 48/80 has been
used as a direct and convenient reagent to study the mechanism
of anaphylaxis [10,11]. It strongly activates cellular exocytosis,
inducing a rapid release of allergic mediators including such as his-
tamine. At that reason, compound 48/80 has been used as a direct
reagent to study the mechanism of allergy and anaphylaxis [12].
And B-hexosaminidase is also stored in secretory granules of mast
cells and is released concomitantly with histamine when mast cells
are immunologically activated [13,14].

Nuclear factor (NF)-xB is a transcription factor that represents a
potential target for pharmacologic intervention [15]. NF-kB gener-
ally exists as a heterodimer comprised of p50 and p65 in the cyto-
sol that is bound to the protein that makes up the IxB-a, IkB-b, and
IkB-c subunits [16]. NF-xB activation is accomplished by phos-
phorylation and degradation of IkB-a though the ubiquitin
pathway, followed by translocation of NF-xB to the nucleus.
Mitogen-activated protein kinases (MAPKs) are a widely conserved
family of serine/threonine protein kinases involved in many cellu-
lar programs such as cell proliferation, differentiation, motility and
death. Extracellular signal-regulated kinase (ERK) play a critical
role in the signaling of cytokine expression [17-19]. For this
reason, inhibition of NF-xB and MAPKs activation is an important
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target of anti-allergic treatment [20]. Cyclooxygenase (COX) is the
key enzyme responsible for the conversion of arachidonic acid via
oxygenation to prostaglandins (PGs), which are pleiotropic media-
tors of immune responses [21]. It exists in two isoforms (COX-1
and COX-2), with different physiological functions. COX-2 is induc-
ible and plays a role in inflammatory cells, such as macrophages,
fibroblasts, and endothelial cells. Like COX-2, inducible nitric oxide
synthase (iNOS) is also strongly induced by bacterial endotoxin
and inflammatory cytokines. It has been reported that the expres-
sion of COX-2 and iNOS under inflammatory circumstances is ele-
vated through the activation of transcriptional factors in response
to pro-inflammatory cytokines and ROS [22,23].

1.1. Opuntia ficus-indica var. saboten

MAKINO (OFI) has been used to advance nutritional level and to
protect various diseases in South Korea [24]. For instance, it has
been widely used traditional herbal medicine for asthma, sores,
diarrhea, allergy and inflammation. According to clinical reports,
especially, it has been used in Korea for treatment of chronic bron-
chitis, asthma, chronic hepatitis and coronary heart disease. Previ-
ous studies have shown that the roots of OFI have various effects,
including anti-oxidation, anti-inflammation, antibacterial activity,
apoptosis modulator properties, and anti-tumor activities.

The result of preliminary experiment for screening of biological
activities was brought about that ethanol extract of OFI has a po-
tent anti-allergic inflammatory activity in mast cell-mediated reac-
tion. It is very important to study allergic responses using RBL-2H3
cells, investigating inflammation-related cytokines in the molecu-
lar signaling pathways [25,26]. Also, the passive cutaneous ana-
phylaxis (PCA) animal model is one of the most important on the
mast cell-mediated allergic reactions in vivo [27]. The degranula-
tion from the mast cells also can be induced by the synthetic com-
pound 48/80, and it has been used to study the mechanism of
allergic reaction [28].

We figured out that most glycoproteins originated from plants
have a character of modulation for inflammation-, immunity-,
and allergy-related factors. Thus, we assume that OFI glycoprotein
can also contribute to inhibit allergy-related factors and activity of
allergy-mediated inflammation cytokines caused by compound 48/
80. Therefore, this study was firstly evaluated allergy-related fac-
tors such as mortality, IL-4 and histamine in ICR mice serum, be-
cause the compound 48/80 cannot stimulate any cytokines in the
mast cells. After that it was evaluated allergy-related factors
(COX-2, NF-xB, and ERK) in RBL-2H3 cells.

2. Materials and methods
2.1. Chemicals

All the plastic materials were purchased from Falcon Labware
(Becton-Dickinson, Franklin Lakes, NJ, USA). N-methyl-p-methoxy-
phenethylamine, penicillin G, streptomycin, and trypsin were from
Sigma (St. Louis, MO, USA). Cell culture reagents, including Dul-
becco’s modified essential medium (DMEM) and fetal bovine ser-
um (FBS) were purchased from Gibco BRL (Grand Island, NY,
USA). The other chemicals and reagents were of the highest quality
available.

2.2. Preparation of OFI glycoprotein

The Opuntia ficus-indica var. saboten MAKINO (OFI) were col-
lected from Naju traditional market in the Chonnam province of
South Korea, and OFI glycoprotein was isolated from it as described
previously [29]. The purity of OFI glycoprotein is more than 95%.

The dried sample (4.5 mg, 0.05% from the original sample) was
stored at —20 °C during the experimental period. We used OFI gly-
coprotein with a molecular weight of 90 kDa in this study.

2.3. Animals and treatments

Male ICR mice, aged 5 weeks, were purchased from Daehan Lab.
(Animal Research Center Co., Ltd., Dae Jeon, Korea) and housed
according to the animal care guidelines approved by the Animal-
care Committee of the American Society of Mammalogists at the
Experimental Animal Room of Veterinary College of Chonnam Na-
tional University. All mice were fed a commercial diet and water ad
libitum, and kept for at least 1 week prior to the experiments. Mice
were divided into the following five study groups:

(1) Control (n = 6).

(2) Compound 48/80 (8 mg/kg) (n =6).

(3) Compound 48/80 + OFI glycoprotein (5 mg/kg, BW) (n = 6).

(4) Compound 48/80 + OFI glycoprotein (10 mg/kg, BW) (n = 6).

(5) OFI glycoprotein was dissolved in PBS and then adminis-
tered orally with 5 and 10 mg/kg body weight.

OFI glycoprotein was orally administrated into mice once a day
for 3 days. One hour after the final treatment, mice were treated
with compound 48/80 at a dose of 8 mg/kg, body weight (BW)
intraperitoneally dissolved in saline. At 24 h after compound 48/
80 administration, the mice of each group were anesthetized with
ether and the blood drawn by cardiac puncture. Blood samples
were collected from anesthetized mice by orbital sinus or maxil-
lary vein-puncture. Samples were collected into 1.5 ml centrifuge
tubes, allowed to clot, and centrifuged at 10,000 rpm at 4 °C for
5 min. The serum was transferred to a new tube and stored at
—20 °C until testing. The samples were centrifuged and the plasma
was isolated and stored at —70 °C to use for future experiments of
lactate dehydrogenase (LDH) assay, histamine release assay, p-hex-
osaminidase secretion assay, and IL-4 expression. Mice were
weighed before and after the defined treatments for each group.

2.4. Cell culture

RBL-2H3 cells were incubated in DMEM containing 10% FBS,
100 U/ml penicillin, and 100 pig/ml streptomycin at 37 °C and 5%
CO, atmosphere. The medium was renewed twice a week. The
number of cells (1 x 10° cells/ml) was divided into 35-mm culture
dishes or 96-well flat bottom plates. Here, it notes that RBL-2H3
cells were co-treated with the compound 48/80 (5 pg/ml) for
15 min to detect activity of ERK1/2, for 1 h to detect revelation of
NF-kB, for 2 h to detect activity of Cox-2, iNOS. Additionally, the
OFI glycoprotein was pre-treated at appropriate concentration for
30 min prior to compound 48/80 addition into culture media in
all experiments.

2.5. Compound 48/80-induced systemic reaction

ICR mice were given an intraperitoneal injection of 0.008 g/kg
body weight (BW) of compound 48/80 for test the mast cell
degranulator. OFI glycoprotein was dissolved in saline and admin-
istered orally at doses ranging from 5 to 10 mg/kg BW 1 h before
the injection of compound 48/80 (n = 6/group). The responses in
the compound 48/80 experiments were represented in anaphylaxis
and death rate, because it could not detect pain or discomfort
which are appropriate indicators for measurement of physiological
condition. Such responses (pain or discomfort) were appeared too
quickly in short period time after injection of compound 48/80.
Therefore, we did not measure and represent the data of pain
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and discomfort responses in this study. Mortality was monitored
for 1 h after induction of anaphylactic shock.

2.6. Lactate dehydrogenase assay

For measurement of the LDH level of mouse plasma, plasma
samples (35 pl) were mixed with reaction mixture containing
0.6 mM pyruvate in 48 mM potassium phosphate buffer (pH 7.5),
and the final volume of the reaction mixture was brought up to
3.15 ml. The reaction was initiated by the addition of 0.18 mM
B-NADH and LDH activity was measured as the rate of loss of
B-NADH absorption at 340 nm for 2 min. Data were represented
as relative percentages, compared with the control value.

2.7. Histamine release and -hexosaminidase secretion assay

The amount of histamine from mice serum or supernatant of
cell culture medium was assayed using a fluorometric assay [30].
To determine the amounts of total cellular histamine, RBL-2H3
cells (1 x 10° cells) were suspended and sonicated in a Tyrode buf-
fer. Then, the cell lysates were centrifuged at 10,000g for 10 min
and the supernatants were harvested. Afterwards, 2 ml of the
supernatant was mixed with 0.75g of NaCl and 0.5ml of 1N
NaOH, 5 ml of the 3:2 (v/v) mixture of n-butanol and 1.5 ml of
0.1 N HCl. After centrifugation at 300 g for 5 min, 1 ml of the lower
HCl layer was recovered, mixed with 0.15 ml of 1 N NaOH and the
subsequent product was added to 0.1 ml of 0.2% o-phthalaldehyde
dissolved in methanol for 5 min at room temperature to yield a
fluorescent product. The reaction was terminated by adding
0.14 ml of 0.5 N H,SO,4 and fluorescence intensity was measured
using a fluorescent microplate reader (Dual Scanning SPECTRAmax,
Molecular Devices Corporation, Sunnyvale, CA, USA) with the exci-
tation set at 360 nm and the emission set at 440 nm. Histamine
content was quantified by comparison to a standard curve gener-
ated by coupling histamine dihydrochloride to o-phthalaldehyde.
B-hexosaminidase in the supernatant was measured using a previ-
ously reported method [31]. Cells were treated with 5 pg/ml com-
pound 48/80 in the absence or presence of OFI glycoprotein (25, 50
and 100 pg/ml) for 30 min. After 30 min, degranulation was termi-
nated by placing the cells on ice. To determine the amount of -
hexosaminidase activity released by the cells, 20 pl of each sample
was incubated with 20 pl of 1 mM p-nitrophenyl-N-acetyl-p-p-glu-
cosaminide dissolved in a 0.1 M citrate buffer, pH 4.5, in a 96-well
microtiter plate at 37 °C for 1 h. The reaction was terminated with
200 pl/well of 0.1 M carbonated buffer, pH 10.0. Absorbance was
measured at 410 nm with a MicroReader (Hyperion, Inc., USA).

2.8. Enzyme-linked immunosorbent assay (ELISA)

From mice serum, the amount of IL-4 was determined by sand-
wich ELISA using monoclonal antibodies specific to IL-4 (BD Biosci-
ences, San Diego, SA, USA). ELISA plates were coated with rat anti-
mouse IL-4. After coating, serially diluted serum was added to the
plates and incubated overnight at 4 °C. IL-4 was used as a standard
for the quantization of IL-4 in the ICR mice serum. After washing,
biotinylated anti-mouse IL-4 were added. The plates were washed
and streptavidin-horseradish peroxidase was added. After addi-
tional washes, TMB solution was added and developed for
10 min. The OD was determined at 405 nm in a Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA).

2.9. Preparations of protein extracts (whole and nuclear)
For immunoblotting of inflammatory-related proteins, protein

extracts were prepared as described previously [32]. The cells were
treated with 5 pg/ml compound 48/80 in the presence of the OFI

glycoprotein (25-100 pg/ml). For the immunoblotting of ERK, the
treated cells were rinsed twice with PBS after removing the med-
ium and scraped in 300 pl of buffer A (20 mM HEPES, pH 7.9,
0.4 M NacCl, 0.2 mM EDTA, 1 mM DTT, 1 mM PMSF, 1.5 mM MgCl,,
0.5% NP40, 25% glycerol) containing a protease inhibitor cocktail.
After lysis, the cells were centrifuged at 14,000g for 30 min. The
supernatant was collected and used as whole cell lysates. To sepa-
rate the cytosolic and nucleic protein extracts, the cells were
scraped in 500 ml of buffer B (10 mM HEPES, pH 7.9, 10 mM KCl,
0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF, 1.5 mM
MgCl,, 0.5% NP-40), followed by centrifugation at 3000g for
5 min. The supernatant and pellet were designated as nucleic pro-
tein extracts separately. The isolated nucleic protein extracts for
the immunoblotting of NF-xB were then re-suspended in 200 pl
of buffer C (20 mM HEPES, pH 7.9, 0.4 M NaCl, 0.1 mM EDTA,
1 mM EGTA, 1 mM DTT, 1 mM PMSF, 1.5 mM MgCl,, 0.5% NP-40)
containing a protease inhibitor cocktail (Boehringer, Mannheim,
Germany) and centrifuged at 12,000g for 15 min. The amounts of
proteins were measured using the Lowry method [33]. The sam-
ples of protein were stored at —70 °C.

2.10. Immunoblot analysis for NF-kB, ERK, COX-2, and iNOS

Intracellular protein extracts were analyzed on 10% polyacryl-
amide mini-gel electrophoresis at 100V for 2 h for at room tem-
perature using a Mini-PROTEIN II electrophoresis cell (Bio-Rad).
After transfer onto nitrocellulose membranes (Millipore, Bedford,
MA), the membrane was incubated for 1 h at room temperature
in TBS-T solution (10 mM Tris-HCI, pH 7.6, 150 mM Nacl, and
0.1% Tween-20) containing 5% non-fat dry milk. The membranes
were subsequently incubated for 2 h at room temperature with a
1:3000 dilution of rabbit polyclonal antibodies [NF-kB (p50 and
p65), ERK1/2, COX-2, and iNOS] in TBS-T solution. After three
washes with TBS-T, the membranes were incubated for 1 h at room
temperature with horseradish peroxidase-conjugated goat anti-
rabbit IgG (1:10,000; Cell Signaling, Beverly, MA) in TBS-T buffer.
The protein bands were visualized by enhanced chemilumines-
cence (Amersham Pharmacia Biotech, Buckinghamshire, UK). The
results obtained from immunoblot assay were calculated using
Scion imaging software (Scion Image Beta 4.02, Frederick, MD) as
the relative intensity.

2.11. Arachidonic acid release assay

The [>H] AA release experiments were performed using a mod-
ification of the method reported by according to the method of
Xing et al. [34]. RBL-2H3 cells were incubated for 24 h in DMEM
containing 0.5 pCi/ml [>H] AA. The cells were then washed three
times with DMEM and incubated at 37 °C for 0-24 h in incubation
medium. At the end of the incubation period, the culture medium
was transferred to ice-cold tubes containing 100 pl of 55 mM EGTA
and EDTA (final concentration, 5 mM each). The culture medium
was then centrifuged at 12,000g to eliminate the cell debris. The le-
vel of radioactivity in the supernatant was determined by placing
samples in scintillation vials containing scintillation fluid and mea-
suring the radioactivity using a liquid scintillation counter (LS
6500, Beckman Instruments, Fullerton, CA).

2.12. Statistical analysis

All experiments were carried out in triplicate separately, and
data were expressed as means SE. One-way analysis of variance
(ANOVA) and the Duncan test were carried out to determine signif-
icant differences of multiple comparisons (SPSS program, ver.
11.0).
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3. Results
3.1. Mortality and LDH assay

After the intraperitoneal injection of compound 48/80 (0.008 g/
kg, BW), the mice were monitored for 1 h, and then the mortality
rate was determined. As shown in Table 1and 100% of the mice in-
jected with compound 48/80 underwent a fatal shock. However,
when the OFI glycoprotein was pre-administered orally at concen-
tration (5-10 mg/kg, BW) 1 h prior to compound injection, the
mortality rate after treatment with compound 48/80 was reduced
in a dose-dependent manner.

In the LDH assay, the amount of LDH was 1.7-fold after treat-
ment with compound 48/80 alone, compared to the control as
shown in Fig. 1. However, when the mice were orally pre-adminis-
tered with the OFI glycoprotein prior to the injection of compound
48/80, amounts of LDH decreased by 0.11- and 0.35-fold at 5 mg/
kg and10 mg/kg (BW) of OFI glycoprotein in the presence of com-
pound 48/80, compared to the compound 48/80 treatment alone.

3.2. Inhibitory effects of the OFI glycoprotein on histamine release in
the compound 48/80-induced ICR mice and RBL-2H3 cells and p-
hexosaminidase by compound 48/80 in the ICR mice

Histamine release of mice serum and RBL-2H3 cells increased
after treatment with compound 48/80 alone compared to the con-

Table 1
Effect of OFI glycoprotein on compound 48/80-induced systemic reaction.
OFI glycoprotein treatment Compound 48/80 Mortality
(mg/kg BW) (8 mg/kg BW) (%)
None (Saline) - 0
None (Saline) + 100.0
5 + 50.0
10 + 16.6

Groups of mice (n = 6/group) were orally administered with either 100 pl saline or
OFI glycoprotein. OFI glycoprotein was orally administrated to mice in various
doses (5-10 mg/kg) 1 h prior to the injection of compound 48/80. The compound
48/80 solution was intraperitoneally injected to the mice in each group. Mortality
(%) within 1 h after compound 48/80 injection was calculated as following equa-
tion: (the number of dead mice/total number of mice) x 100 obtained from in
triplicate experiments, separately. BW, body weight.
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Fig. 1. Inhibitory effect of OFI glycoprotein on LDH activity in compound 48/80-
treated ICR mice serum. OFI glycoprotein was orally administrated into mice once a
day for 3 days. One hour after the final treatment, mice were treated with
compound 48/80 at a dose of 8 mg kg, body weight (BW) intraperitoneally
dissolved in saline. From mice serum after pretreatment with OFI glycoprotein (5,
10 mg/kg, BW), LDH activity by compound 48/80 (8 mg/kg, BW) was evaluated and
each bar represents the means + SE from triplicate separately (n = 6). # represents a
significant difference between compound 48/80 treatment alone and control,
P<0.05. * and ** represent a significant difference between compound 48/80
treatment alone and OFI glycoprotein treatment in the presence of compound 48/
80, P<0.05.

trol. However, in the mice that were pre-administered with the OFI
glycoprotein in the presence of compound 48/80, histamine release
decreased significantly after treatment with compound 48/80 in
the presence of OFI glycoprotein (50 and 100 pg/ml) in a dose-
dependent manner. For instance, the amount of releasing hista-
mine and B-hexosaminidase were increased by 1.52- and 1.95-fold
compared with the control. However, histamine release decreased
0.25- and 0.26-fold after the treatment with compound 48/80 in
the presence of OFI glycoprotein (5 and 10 mg/kg, BW) (Fig. 2A),
while the release of p-hexosaminidase decreased 0.17- and 0.45-
fold after the treatment with compound 48/80 in the presence of
OFI glycoprotein (5 and 10 mg/kg) (Fig. 2B).

For histamine release from RBL-2H3 cell, the cells were treated
with compound 48/80 5 pg/ml for 30 min. As shown in Fig. 2C,
when RBL-2H3 cells were exposed to compound 48/80, the amount
of releasing histamine was increased by 1.36-fold compared with
the control. However, the cells treated with the OFI glycoprotein
inhibited the release of histamine in the presence of compound
48/80, dose-dependently. For instance, when the cells were treated
with 50 and 100 pg/ml OFI glycoprotein, the values of the release
of histamine decreased 0.22- and 0.27-fold compared with the
compound 48/80 treatment alone.

3.3. Inhibitory effect of OFI glycoprotein on the expression of IL-4 in
compound 48/80-stimulated ICR mice

Levels of IL-4 production increased after treatment with com-
pound 48/80 alone compared to the control. However, when the
mice were orally pre-administered with the OFI glycoprotein in
the presence of compound 48/80, levels of IL-4 production after
treatment with compound 48/80 decreased significantly in the pres-
ence of OFI glycoprotein in a dose-dependent manner. For instance,
the amount of IL-4 was 1.99-fold after treatment with compound 48/
80alone,as showninFig. 3. However, when the mice were orally pre-
administered with the OFI glycoprotein prior to the injection of com-
pound 48/80, amounts of IL-4 decreased by 0.45-fold at 10 mg/kg
(BW) of OFI glycoprotein in the presence of compound 48/80, com-
pared to the compound 48/80 treatment alone.

3.4. Inhibitory activity of the OFI glycoprotein on activity of NF-kB and
iNOS in compound 48/80-stimulated RBL-2H3 cells

We investigated whether or not OFI glycoprotein has inhibitory
effect on the activation of NF-kB in compound 48/80-stimulated
RBL-2H3 cells. As shown in Fig. 4, when the RBL-2H3 cells were
treated with 5 pg/ml compound 48/80, NF-kB activity was mark-
edly increased compared with control. However, its activity (p50
and p65) was decreased at the treatment with the OFI glycoprotein
(50-100 pg/ml) in the presence of 5 pg/ml compound 48/80. For
instance, the relative intensities of NF-kB was augmented by
1.62 for p50 and 1.86 for p65 at treated with 5 pg/ml compound
48/80, compared with the control. However, the activity (p50)
was diminished by 0.90- and 0.91-fold at the treatment with OFI
glycoprotein (50-100 pg/ml), while the activity (p65) was dimin-
ished by 0.47- and 0.80-fold at the treatment with OFI glycoprotein
(50-100 pg/ml) in the presence of compound 48/80, compared
with compound 48/80 treatment alone (Fig. 4A). In addition, we
further examined whether OFI glycoprotein modulates an expres-
sion of pro-inflammatory proteins (iNOS) in compound 48/80-
stimulated RBL-2H3 cells (Fig. 4B). As expected, the relative level
of iNOS was significantly increased after exposed to 5 pig/ml com-
pound 48/80 for 2 h, whereas when the cells were pre-treated with
OFI glycoprotein in presence of the compound 48/80, the relative
levels were attenuated by 0.55 and 0.85 at 50 and 100 pg/ml of
OFI glycoprotein, respectively, compared to the compound 48/80
treatment alone (Fig. 4B).
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Fig. 2. Inhibitory effects of OFI glycoprotein on histamine release and p-hexosaminidase in the compound 48/80-treated in mice serum. Mice were treated with 8 mg/kg of
compound 48/80 in the presence of the various concentrations of OFI glycoprotein (5, 10 mg/kg, BW) for 30 min. Release of histamine in ICR mice serum was measured at
with the excitation set at 360 nm and the emission set at 440 nm (A). For B-hexosaminidase, the absorbance was measured with a microplate reader (Molecular Devices,
Sunnyvale, CA) at 405 nm (B). RBL-2H3 cells were treated with 5 pg/ml compound 48/80 in the presence of the various concentrations of OFI glycoprotein (25, 50 and 100 ng/
ml) for 30 min. Release of histamine in RBL-2H3 cells was measured at with the excitation set at 360 nm and the emission set at 440 nm (C). Each bar represents the
means + SE from triplicate separately. * represents a significant difference between compound 48/80 treatment alone and control, P < 0.05. * and **represent a significant
difference between compound 48/80 treatment alone and OFI glycoprotein treatment in the presence of compound 48/80, P < 0.05.
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Fig. 3. Inhibitory effect of OFI glycoprotein on amount of IL-4 in the compound 48/
80-treated in mice serum. Mice were treated with 8 mg/kg of compound 48/80 in
the presence of the various concentrations of OFI glycoprotein (5 and 10 mg/kg,
BW). Amount of IL-4 was measured at with the excitation set at 360 nm and the
emission set at 440 nm. Each bar represents the means +SE from triplicate
separately. # represents a significant difference between compound 48/80 treat-
ment alone and control, P<0.05. * represents a significant difference between
compound 48/80 treatment alone and OFI glycoprotein treatment in the presence of
compound 48/80, P < 0.05.

3.5. Inhibitory effects of the OFI glycoprotein on phosphorylations of
ERK1/2 MAPK in compound 48/80-stimulated RBL-2H3 cells

We further studied whether or not OFI glycoprotein has inhib-
itory effect on phosphorylation of ERK 1/2 in compound 48/80-
stimulated in RBL-2H3 cells (Fig. 5). The results revealed that the
phosphorylation of ERK 1/2 significantly increased 2.02-fold at

15 min after treatment with compound 48/80 (5 pg/ml), compared
to the control (Fig. 5, lane 2). To know inhibitory effect of OFI gly-
coprotein, RBL-2H3 cells were treated with compound 48/80 in the
presence of OFI glycoprotein. For instance, when the cells were
treated with compound 48/80 in presence of OFI glycoprotein
(100 pg/ml), the expression of phosphor-ERK1/2 decreased by
0.78-fold, compared to the compound 48/80 treatment alone
(Fig. 5, lane 4), although total expressions of ERK 1/2 was not
changed.

3.6. Inhibitory effect of OFI glycoprotein on activation of arachidonic
acid and COX-2 in compound 48/80-stimulated RBL-2H3 cells

To examine the activities of arachidonic acid and COX-2 pro-
teins, radio activity of [*H] AA and Western blot analysis were car-
ried out in whole cell protein extracts. As shown in Fig. 6, OFI
glycoprotein inhibited activities of arachidonic acid and COX-2 in
compound 48/80-stimulated RBL-2H3 cells. For instance, in cells
that were treated with compound 48/80 (5 pig/ml), the activity of
arachidonic acid and COX-2 were markedly increased compared
to the control. However, when the cells were treated with com-
pound 48/80 in the presence of OFI glycoprotein (50 and 100 g/
ml), such activity decreased significantly in a dose-dependent
manner. For instance, the relative intensities of arachidonic acid
and COX-2 were augmented 2.34- and 3.38-fold after treatment
with 5 pg/ml compound 48/80, compared to the control (Fig. 6).
However, such activity was diminished 0.24- and 0.81-fold for ara-
chidonic acid and COX-2 after the treatment with compound 48/80
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Fig. 4. Inhibitory effect of the OFI glycoprotein on expression of NF-kB and iNOS in the compound 48/80-stimulated RBL-2H3 cells. RBL-2H3 cells were pre-treated with OFI
glycoprotein (25, 50, and 100 pg/ml) in the presence of compound 48/80 (5 pg/ml) and then it was evaluated the activities of NF-kB (A) and iNOS (B). Lane 1, cont.; lane 2,
compound 48/80; lane 3, OFI glycoprotein (25 pg/ml) in the presence of compound 48/80; lane 4, OFI glycoprotein (50 pg/ml) in the presence of compound 48/80; lane 5, OFI
glycoprotein (100 pg/ml) in the presence of compound 48/80. Each bar represents the means + SE from triplicate separately. * represents a significant difference between
compound 48/80 treatment alone and control, P < 0.05. * and ** represent a significant difference between compound 48/80 treatment alone and OFI glycoprotein treatment

in the presence of compound 48/80, P < 0.05. C, control.

in the presence of OFI glycoprotein (100 pg/ml) separately, com-
pared to compound 48/80 treatment alone (Fig. 6A and B).

4. Discussion

Allergy is an adaptive immune response directed against non-
infectious environment agents called allergens, including some
non-infectious components of certain infectious organisms. Aller-
gic skin disorders, such as urticaria, angioedema, contact dermati-
tis and atopic dermatitis, are clinically important. Their
pathogenesis varies from local to systemic effects depending upon
contacts with specific allergens that elicit allergic reactions in the
skin [35]. In allergic diseases, immediate-type hypersensitivity
reactions are mediated by mast cells either in response to IgE-
dependent or IgE-independent stimuli.

Compound 48/80 is a well-known activator of mast cells via
phospholipase D and heterotrimeric GTP-binding proteins
[36,37]. After activation with allergen and compound 48/80, mast
cells and basophils can produce pro-inflammatory mediators,
including certain cytokines. Cytokines and chemokines cause aller-
gic diseases and other physiological effects. Also, compound 48/80
is a member of the family of polybasic mast cell secretagogues that
are known to activate trimeric G proteins, primarily those of the Gi
and Go categories [38,39]. In vitro, compound 48/80 stimulates
only certain subtypes of mast cells, such as rat peritoneal mast
cells, to induce the rapid release of inflammatory mediators. Rat
mucosal mast cells and RBL-2H3 cells are not activated by the
compound.

The results obtained from this study showed that OFI glycopro-
tein protects from mortality caused by compound 48/80 in BALB/c
mice in a dose-dependent manner (Table 1). Considering the inhib-
itory effect of OFI glycoprotein on LDH release, we speculated that
OFI glycoprotein is one of non-toxic substances that has chemopre-

ventive potential on immune disorder, because the high level of
LDH associates with a number of different diseases and raised from
any damage to cells in the mice blood. Degranulation of mast cells
results in the release of various mediators, such as histamine and
pro-inflammatory cytokines. Mast cells are derived from hemato-
poietic progenitor cells that enter nearly all vascularized tissues,
where they complete their maturation. Therefore, the organ tissues
targeted by allergens are particularly enriched in mast cells. As
shown in Fig. 1, degranulation in RBL-2H3 cells was induced by
compound 48/80, with a maximal response of approximately 17%
for 15 min.

To further understand the inhibition mechanism associated
with the OFI glycoprotein, the activities of allergy-related signals
were evaluated using Western blot analysis. It has been postulated
that RBL-2H3 cells participate in allergic diseases and inflamma-
tory disorders, and that histamine release from mice serum or
RBL-2H3 cells, and B-hexosaminidase assay have been widely used
to assess the degranulation of mast cells. As shown Fig. 2, the re-
sults indicated that OFI glycoprotein suppresses histamine release
and B-hexosaminidase (degranulation) in BRL-2H3 cells treated by
compound 48/80 in a dose-dependent manner.

It has been reported that the mast cell-mediated allergy reac-
tion is associated with an increase in Th2 cytokines and produc-
tion of IL-4. IL-4 (one of the Th2 cytokines) promotes B cell
differentiation to plasma cells that secrete IgE, and also contrib-
utes to the proliferation of mast cells. Interestingly, it has been
reported that RBL-2H3 cells are useful cells for studying cytokine
activation pathways. However, they cannot be expressed pro-
inflammatory cytokines by compound 48/80 in the RBL-2H3
cells, specifically. The results from this study provide in vivo evi-
dence that OFI glycoprotein effectively attenuates immediate-
type allergic reactions in ICR mice and inhibits expression of
IL-4 from mice serum (Fig. 3). Therefore, we suggest that OFI
glycoprotein has the potential for anti-allergic effects that is be-
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Fig. 5. Inhibitory effect of OFI glycoprotein on the phosphorylation of ERK1/2 in the
compound 48/80-stimulated RBL-2H3 cells. RBL-2H3 cells were exposed to the
compound 48/80 (5 png/ml) for 30 min in the absence or presence of OFI glycopro-
tein (25, 50, and 100 pg/ml). Detection of ERK1/2 was performed by Western
blotting using anti-ERK1/2 and -phospho-ERK1/2 polyclonal antibody. Lane 1, cont.;
lane 2, compound 48/80; lane 3, OFI glycoprotein (25 pg/ml) in the presence of
compound 48/80; lane 4, OFI glycoprotein (50 pg/ml) in the presence of compound
48/80; lane 5, OFI glycoprotein (100 pg/ml) in the presence of compound 48/80. The
relative intensities of ERK1/2 bands was quantified using Scion Imaging Software
(Scion Image Beta 4.02, Maryland, USA). Data were represented the means + S.E
from triplicate separately. # represents significant difference between compound
48/80 treatment alone and control, P < 0.05. * and ** indicate significant difference
between compound 48/80 treatment alone and OFI glycoprotein treatments in the
presence compound 48/80, P < 0.05. C, control.
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lieved to have advantages in pharmaceutical use for anti-allergic
responses.

In the allergy-related signal proteins (NF-xB, iNOS, ERK, and
COX-2), NF-kB is one of the transcription factors for the expression
of inflammation-related genes including COX-2 and is frequently
composed of a p50 and a p65 subunit. Under basal conditions, it
is retained in the cytoplasm bound to an inhibitory subunit [kB.
During a response to inflammatory stimulators, the p65 subunit
dissociates from the IkB subunit and translocates from the cyto-
plasm to the nucleus, where it dimerizes with the p50 subunit
and interacts with specific target genes, such as COX-2 leading to
increased inflammatory processes. Because of its central role in
regulating inflammatory responses, a pharmacological inhibition
of NF-kB activation could be beneficial in the treatment of inflam-
mation. The free radical NO, which is produced by iNOS during
conversion of L-arginine to L-citrulline is considered to be associ-
ated with occurrences of the pro-inflammatory events. The results
in this study indicated that OFI glycoprotein inhibited expression
of NF-xB (P50 and P65) and iNOS (Fig. 4). MAPKs (ERK, JNK, and
p38) regulate the expression of many immune- and inflamma-
tory-related genes and are critical factors of the important signal-
ing pathways in immune response. The expression of inflammatory
cytokines is regulated by MAPKs which are divided into three
types, such as p38, extracellular signal-regulated kinase (ERK),
and c-jun N-terminal kinase (JNK). In particular, ERK is known to
be necessary to express pro-inflammatory cytokines. Recent stud-
ies have suggested that the NF-kB activation needs to activate p38
MAPK in RBL-2H3 cells [40,41]. The results in this study indicated
that OFI glycoprotein also inhibited expression of ERK (Fig. 5).

The availability of arachidonic acid (AA) liberated from mem-
brane phospholipid (PL) is rate-limiting for the synthesis of the
2-series of prostaglandin (PGs). n-3 PUFAs such as eicosapentae-
noic acid (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3,
DHA) may inhibit AA-dependent PG-production by directing n-3
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Fig. 6. Inhibitory effects of OFI glycoprotein on expression of arachidonic acid and COX-2 in the compound 48/80-stimulated RBL-2H3 cells. RBL-2H3 cells were pre-treated
with OFI glycoprotein (25, 50, and 100 pg/ml) in the presence of compound 48/80 (5 pg/ml) and then it was evaluated expression of arachidonic acid (A) and COX-2 (B). Lane
1, cont.; lane 2, compound 48/80; lane 3, OFI glycoprotein (25 pg/ml) in the presence of compound 48/80; lane 4, OFI glycoprotein (50 pg/ml) in the presence of compound
48/80; lane 5, OFI glycoprotein (100 pg/ml) in the presence of compound 48/80. * represents a significant difference between compound 48/80 treatment alone and control,
P <0.05.* and ** represent a significant difference between compound 48/80 treatment alone and OFI glycoprotein treatment in the presence of compound 48/80, P < 0.05. C,

control.
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PUFA into cell membrane phospholipids with a concomitant inhi-
bition of phospholipase A, (PLA;) rendering less AA available as a
substrate for COXs. With respect to the COX-2 expression, our find-
ing indicated that the OFI glycoprotein has an inhibitory effect on
the expression of COX-2. Generally, COX exits as two isoforms
(constitutive COX-1 and inducible COX-2) and COX-2 relates to
inflammation and pain. Specifically, COX-2 is barely detectable un-
der normal physiological conditions, but is rapidly and transiently
induced by pro-inflammatory mediators. Also, COX-2 is an impor-
tant factor for anaphylactic reactions induced by compound 48/80.
Activation of arachidonic acid and COX-2 was occurred after treat-
ment with compound 48/80 in the RBL-2H3 cells. However, their
activities were diminished after treatment with OFI glycoprotein
in the presence of compound 48/80 (Fig. 6).

In conclusion, our results showed that the OFI glycoprotein
(5 mg/kg) inhibited histamine and p-hexosaminidase release, lac-
tate dehydrogenase (LDH), and interleukin 4 (IL-4) in the com-
pound 48/80-treated ICR mice serum. Also, OFI glycoprotein
(25 pg/ml) has suppressive effects on the expression of MAPK
(ERK1/2), and on protein expression of anti-allergic proteins (iNOS
and COX-2) in the compound 48/80-treated RBL-2H3 cells. How-
ever, it still remains to elucidate its mechanism of action and active
components of OFI glycoprotein on the cell membrane. The results
obtained from this study suggest that it will give an insight into the
prevention or treatment of mast cell-dependent allergic diseases.
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