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Abstract: Allergic rhinitis is a common disease which has affected more than 500 million people
worldwide over the last 20 years. Though not a severe disease, it has significant impacts on lowering
quality of life due to its co-occurring symptoms like headache, asthma and sinusitis. Faced with this
problem, scientists all over the world are constantly in search of active substances from natural sources
to find the candidates for functional food materials. In this study, we focused on the anti-allergic effect
of cloves; one of the spices used worldwide. Clove extract in 70% ethanol suppressed degranulation
of rat basophilic leukemia cell line, RBL-2H3 cells. In addition, the elevation of intracellular Ca?
concentration induced by antigen stimulation was obviously suppressed by clove extract. Cloves can
thus be a good candidate for the food and pharmaceutics industries.
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1. Introduction

The rapid growth in the prevalence, severity, and complexity of allergic diseases in modern
population has been of significant health concern. This is due to the burden they impose on patient’s
quality of life by displaying various symptoms such as asthma, chronic urticaria, allergic rhinitis,
conjunctivitis and angioedema to life-threatening anaphylaxis [1-3]. Allergic rhinitis is a type I allergic
disease induced by an immunoglobulin E (IgE) that has affected more than 500 million people
worldwide over the last 20 years. Development of the disease commences with sensitisation to allergen,
which elicits the predominant production of IgE by B cells [4]. The high-affinity IgE receptor (FceRI) is
expressed on mast cells and basophils. An allergic reaction is provoked by cross-linking of allergens to
IgE bound on FceRl, leading to FceRI aggregation. Aggregation of FceRI is followed by a rise in
intracellular Ca?" concentration and the degranulation of mast cells. Chemical mediators including
histamine, 3-hexosaminidase and inflammatory mediators such as prostaglandins are released from
intracellular granules during mast cell degranulation [1,5]. Released chemical mediators are responsible
for the nasal itching, and sneezing symptoms of allergic rhinitis. Thus prevention of degranulation of
mast cells and basophils is one of the most effective approaches to attenuate allergic symptoms.

The drugs used to treat allergic diseases are usually, anti-histamine, mast cell stabilizer and
leukotriene receptor antagonists. However, anti-histamine drugs have undesirable side effects, most
notably drowsiness, dry mouth etc. The use of functional food has become more popular in recent years,
a safe and effective management of allergic rhinitis and other atopic diseases through food resources
has received much attention [6-8]. Grape seed, jujube fruits, citrus species, passion fruit seeds, mango
peels [6,9-12] and many others, have been shown to possess anti-allergic and anti-anaphylactic
activities. In addition, many other spices such as rosemary, cinnamon and ingredients such as Aster
yomena and Ocimum tenuiflorum [3,5,13-14], have also been shown to stabilize mast cell and cause
inhibition of the allergic markers such as histamine, IL-4, and (-hexosaminidase in IgE-mediated
allergic reaction.
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Clove (Syzygium aromaticum) is a spice widely used to add flavour to food preparations [15]. It
is indigenous to east Africa and Asian countries like Indonesia, and it has been reported to have many
therapeutic uses. Clove oil has been experimentally shown to have potent antimicrobial activity against
dental caries-causing microorganisms promoting their use as antimicrobial agents in dentistry [16]. It
is also used to relieve pain, to control nausea and vomiting, stomach distension and gastrointestinal
spasm [16-18]. However the anti-allergic effects of cloves have not yet been revealed. This study was
therefore aimed at analysing the potentials of clove in suppressing the development of allergic
responses in mice cells.

2. Materials and Methods

2.1. Reagents

Dulbecco's modified Eagle's medium (DMEM), penicillin, streptomycin, bovine serum albumin
(BSA), fetal bovine serum (FBS), mouse anti-dinitrophenol (DNP) monoclonal IgE, DNP-human serum
albumin (HSA) conjugate, and Triton X-100 were products of Sigma-Aldrich (St. Louis, MO, USA).All
other chemicals were purchased from Wako Pure Chemical Industries (Osaka, Japan) or Nacalai Tesque
(Kyoto, Japan) unless otherwise noted.

2.2. Sample preparation

Clove seed powder was provided by S&B Foods Inc. (Tokyo, Japan). The powder was suspended
in 70% ethanol at 0.05g/ml and extracted at 12°C for 24 h. The solution was then centrifuged at 4°C,
15,000 = g for 20 min to remove insoluble materials. The supernatant was filtered through a 0.22 um
membrane filter, and concentrated using an evaporator and a freeze-drier. The final concentration was
adjusted to 70mg/mL with 70% ethanol. It was sterilized by filtration through a 0.22 pm membrane
filter and the ethanol extract of clove (EEC) was used for the experiments described below.

2.3. Cell and cell culture

RBL-2H3 cells (rat basophilic leukemia cells) were obtained from American Type Culture
Collection (Rockville, MD, USA) and cultured in DMEM supplemented with 100 U/mL of penicillin,
100 pg/mL of streptomycin, and 5% FBS at 37°C under humidified 5% COx.

2.4. B-Hexosaminidase release assay

The assay was performed using the method of Nishi ef al. and Hwang et al. [1,8] with some
modifications. RBL-2H3 cells were seeded at 4.0 x 105 cells/well into a 96-well plate (Corning, Corning,
NY, USA) and sensitized with 50 ng/mL of anti-DNP IgE diluted in 5% FBS-DMEM for 24 h at 37°C.
After washing with the modified Tyrode's (MT) buffer (20 mM HEPES, 135 mMNaCl, 5 mMKCl, 1.8
mM CaClz, 1 mM MgClz, 5.6 mM glucose, and 0.05% BSA, pH 7.4), the cells were treated with 120 pL
of various concentrations of EEC diluted in MT buffer for 10 min at 37°C. The cells were subsequently
challenged for 30 min at 37°C by adding 10 uL of DNP-HSA diluted in MT buffer at the final
concentration of 0.625 pg/mL. After the collection of supernatant, cells were sonicated in 130 pL of MT
buffer containing 0.1% Triton X-100 for 5 sec on ice. Both supernatant and cell lysate were transferred
into a new 96-well microplate at 50 uL/well and incubated for 5 min at 37°C. Then, 100 uL of 3.3 mM
4-nitrophenyl 2-acetamido-2-deoxy-B-D-glucopyranoside (Wako Pure Chemical Industries) dissolved
in 0.1 M citrate buffer (pH 4.5) was added to each well and incubated at 37°C for 25 min. The enzyme
reaction was terminated by the addition of 100 uL of 2 M glycine buffer (pH 10.4), and the absorbance
was measured at 415 nm using a microplate reader. The [3-hexosaminidase release rate was calculated
as:

100 x ODsupemzmnl - ODbIawk of supernatant (1)
{(ODmpernz\lanl - ODblanko(supemaAz\m) + (ODmll lysate — ODb]ankof:sI] lysa!s)}
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2.5. Cell viability assay

The cytotoxicity of EEC to RBL-2H3 cells was examined using Cell Count Reagent SF (Nacalai
Tesque). RBL-2H3 cells were seeded, sensitized with anti-DNP IgE, treated with various concentrations
of EEC, and challenged with DNP-HSA as described above. After the cells were washed with
phosphate-buffered saline (PBS, pH 7.4) once, 100 uL of DMEM containing 10 uL of WST-8 solution
was added to each well of the cell culture plate and incubated for 45 min at 37°C. The absorbance was
then measured at 450 nm and 655 nm using a microplate reader.

2.6. Measurement of intracellular Ca** concentration

The intracellular Ca* concentration ([Ca?]i) was measured using a Calcium KitFluo 3(Dojindo
Laboratories, Kumamoto, Japan) as reported by Nishi ef al. [1], with some modifications. RBL-2H3 cells
were seeded in a black 96-well culture plate and sensitized with anti-DNP IgE as described above for
-hexosaminidase assay. After washing with warm PBS twice, the IgE-sensitized cells were incubated
with 100 pL of Fluo-3 AM for 1 h. The cells were then washed with PBS, and treated with 100 pL of
various concentrations of EEC for 10 min. Basal reading was taken for 2 sec. Then, the cells were
stimulated by the addition of 10uL of DNP-HSA diluted in MT buffer at the final concentration of 0.625
ug/mL, and the fluorescence intensity was immediately monitored for the next 120 sec with an
excitation wavelength of 485 nm and an emission wavelength of 530 nm using a fluorescence microplate
reader.

2.7. Statistical analysis

Data obtained were expressed as mean =+ standard deviation. One way ANOVA followed by
Tukey-Kramer test as used to assess the statistical significance of the difference. Values with “p < 0.05
or “p < 0.01 were considered statistically significant.

3. Results

3.1. Effect of EEC on the rate of B-hexosaminidase released

Mast cells are known to undergo degranulation upon sensitization with IgE and activation with
allergens. In order to determine the effect of EEC on mast cell degranulation, RBL-2H3 cells were
sensitized with anti-DNP IgE and challenged with DNP-HSA. The rate of degranulation was measured
by the percentage of 3-hexosaminidase release with or without pre-treatment of the cells with different
concentrations of EEC. As shown in Figure 1, treatment of RBL-2H3 cells with EEC suppressed the
amount of B-hexosaminidase released in a dose dependent manner.
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Figure 1. Effect of EEC on degranulation of RBL-2H3 cells stimulated with antigen. Anti-DNP IgE-
sensitized RBL-2H3 cells were treated with various concentrations of EEC or 0.07% ethanol (blank
and control). Degranulation was induced by the addition of DNP-HSA diluted in MT buffer. Blank
cells were treated with MT buffer alone. Released -hexosaminidase was used as a marker of
degranulation. Experiments were performed in triplicate, and error bars indicate standard
deviation. **p< 0.01 against control by Tukey-Kramer test.

3.2. Effect of EEC on the cell viability of RBL2H3 cells

Cell viability assay using the WST-8 kit (Cell Count Reagent SF) revealed that the relative viability
of RBL-2H3 cells after pre-treatment with various concentrations of EEC was not significantly different
from the control (Figure 2), indicating that EEC was not toxic to the cells.
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Figure 2. Effect of EEC on [Ca*]i in RBL-2H3 cells stimulated with antigen. Anti-DNP IgE-
sensitized RBL-2H3 cells were treated with various concentrations of EEC or 0.07% ethanol
(control). Cell viability was measured using a WST-8 kit after stimulation with DNP-HSA.
Experiments were performed in triplicate, and error bars indicate standard deviation. Tukey-
Kramer test was used to assess the statistical significance of the difference against control.
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3.3. Effect of EECon the intracellular Ca**concentration

Various cellular responses leading to mast cell degranulation are activated by the increase in
intracellular Ca?* concentration ([Ca*]i). To find out if the suppressive effect of EEC on mast cell
degranulation is due to an inhibition of the elevation levels of intracellular Ca?, the [Ca %]i in RBL-2H3
cells stimulated with antigen was measured using Fluo-3 AM. As shown in Figure 3, EEC inhibited the
amount of intracellular Ca?" in stimulated RBL-2H3 cells as compared with the control.
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Figure 3. Effect of EEC on [Ca?]i in RBL-2H3 cells stimulated with antigen. After anti-DNP IgE-
sensitized RBL-2H3 cells were incubated with Fluo-3 AM, the cells were treated with various
concentrations of EEC or ethanol as control. Fluorescence intensity was measured immediately after
inducing degranulation by treating with DNP-HSA. Closed circle, ethanol-treated cells not
stimulated with DNP-HSA; closed square, ethanol-treated cells stimulated with DNP-HSA; open
circle, 18 ug/ml of EEC-treated cells stimulated with DNP-HSA; open square, 35 ug/ml of EEC-
treated cells stimulated with DNP-HSA; closed diamond, 70 ug/ml of EEC-treated cells stimulated
with DNP-HSA. Experiments were performed in triplicate, and error bars indicate standard
deviation.

4. Discussion

Screening in search of candidates for functional food materials revealed that EEC could have a
significant effect in alleviating allergic symptoms. The release of the enzyme (3-hexosaminidase which
together with histamine is considered a major mediator of the acute inflammation and early
hypersensitivity responses in allergic rhinitis was dose-dependently suppressed by EEC. Moreover, the
relative viability of RBL-2H3 cells was not affected by all concentrations of EEC tested, indicating that
the suppressive effect of EEC on degranulation of RBL-2H3 cells was not caused by cytotoxicity. Amit
et al. [3], found similar results with the spice cinnamon. Our results also showed that there was a
decrease in intracellular calcium concentration after treatment with EEC. It is known that intracellular
calcium mobilization precedes mast cell degranulation. Also, the measurement of intracellular calcium
serves as an important marker for mast cell activation and it has been shown to be inhibited in many
other anti-allergic foodstuffs [1,5].

5. Conclusions

This study reveals that EEC inhibits mast cell allergic reactions by suppressing degranulation.
However, the effect of EEC on degranulation in vivo and its effect on intracellular signaling pathways
involved in degranulation process have not yet been clarified. Such experiments will be performed in
the future.
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