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Background: The prevalence of food allergy has increased dramatically during the last three decades, but cur-
rently there was no effective therapy except avoidance of allergen. This study aimed to investigate the effect
of a modified Chinese herbal formula, Formula-3, on mast cell degranulation and the anti-allergic activity in
both animal and cell models.
Methods: With OVA-sensitized food allergic model in Brown–Norway rats, we checked tissue injury in the
small intestines by H&E staining. The Th2 cytokine levels and IgE production in serum or supernatant of
the intestinal mucosa homogenates were analyzed by ELISA. Meanwhile, rat peritoneal mast cell activation
and degranulation were examined by Toluidine Blue Stain and the release of histamine was measured. Fur-
thermore, the regulation of Formula-3 on Ca2+ mobilization was investigated by probing intracellular Ca2+

with fluo-4 fluorescence. The direct effect of Formula-3 on mast cell stabilization was also studied in
RBL-2H3 cell line.
Results: In vivo Formula-3 administration significantly reduced tissue damage in the small intestines of rat

and suppressed Th2 cytokine secretion and IgE production. We demonstrated that Formula-3 treatment sig-
nificantly suppressed FcεR1-mediated mast cell degranulation no matter in OVA-challenged allergic rats or
IgE-sensitized RBL-2H3 cell line. Furthermore, Formula-3 significantly decreased Ca2+ influx through
store-operated calcium channels (SOCs) evoked by dinitrophenyl-BSA or thapsigargin in mast cells.
Conclusion: Taken together, our data indicate that Formula-3 stabilizes mast cells by suppressing FcεR1-
induced Ca2+ mobilization mainly through inhibiting Ca2+ entry via SOCs, thus exerting a protective effect
against OVA-sensitized food allergy.
© 2013 Published by Elsevier B.V.
1. Introduction

Food allergy, mediated by IgE or non-IgE reaction [29], is an
adverse health effect arising from a specific immune response that
occurs reproducibly on exposure to a given food [5]. During the last
several decades, the prevalence of food allergies has increased
dramatically worldwide [14,27,31]. The prevalence of food allergy to
milk, eggs and peanuts is reported to be around 6–8% of children
under the age of three [13,34], while it is less common in adult pop-
ulation with a percentage of about 4% [43]. Although any food can
trigger an allergic response and more than 170 foods have been
reported to cause IgE-mediated reaction, 90% of food allergy is caused
by the “eight big food allergens”, including peanut, tree nuts, egg,
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milk, fish, crustacean shellfish, wheat, and soy [4]. IgE-mediated reac-
tions are characterized by an acute onset of symptoms generally
within 2 h after ingestion of or exposure to the trigger food [5].

At the present time, unfortunately, there were no effective thera-
pies for IgE-mediated food allergies and avoidance of allergen may
be the only way for these patients. Taken in consideration of the
side effect from “lifelong” nature of allergy and chronic use of current
drugs, around 30% of adults and 60% of children seek to use comple-
mentary and alternative medicine (CAM) treatment for a variety of
diseases, including asthma [36]. For example, it has been reported
that Ganoderma tsugae supplementation could attenuate airway
inflammation and Th2 response in allergic asthma in the murine
model [7]. Compound K, one main metabolite from Panax ginseng,
has been demonstrated to have potent inhibitory activity on
β-hexosaminidase release from RBL-2H3 cells and on the passive cu-
taneous anaphylaxis (PCA) reaction [9]. Angelica acutiloba inhibited
mast cell-derived allergic reactions by inhibiting the release of hista-
mine and the production of pro-inflammatory cytokines, which is de-
pendent on the phosphorylation of ERK and JNK [22]. Ginger can
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Fig. 1. Protocol of OVA sensitization/challenge and PD treatment. Rats were sensitized
with OVA (1 mg/ml × 1 ml daily per rat) intragastrically for 48 days. For PD treatment
group, the rats were orally treated with PD (30 mg/ml × 1 ml daily) from Day 49 to 52
after OVA sensitization.
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suppress Th2-mediated immune responses and serum IgE levels in a
mouse model with airway inflammation [1]. Li et al. have recently
reported that Chinese herbal Formula-2 [25] and -1 [26] could reverse
IgE-mediated allergic hypersensitivity associated with reduction of
Th2 responses in a murine model of allergic asthma or peanut allergy
respectively. However, the underlying mechanism concerning Chinese
herbal medicine therapy on food allergy remains unknown.

In the present study, we for the first time investigated the thera-
peutic effect of a modified Chinese herbal medicine, Formula-3, on
the treatment of OVA-mediated food allergy in rats. Furthermore,
we found that the underlying mechanism was related to mast cell de-
granulation and Ca2+ mobilization through store-operated calcium
channels (SOCs).

2. Materials and methods

2.1. Formula-3 preparation

Modified Chinese herbal medicine, Formula-3, consists of 6 herbs
(Table 1). The daily human adult dosage (96.0 g; Table 1) of this for-
mula was decocted (water-extracted) as previously reported [26].
Briefly, all the components were boiled for 2 h, and the decoction
was filtered and lyophilized. Through use of a conversion table of
equivalent effective dose ratios from human beings to animals based
on body surface area [26], 150 mg per rat of lyophilized decoction in
1 ml was administered to each rat daily.

2.2. Animals

Four week old female Brown–Norway (BN) rats were purchased
from Vital River Laboratories (Beijing, China) and housed in groups of
four per cage in a controlled environment with a photoperiod of 12 h
light–12 h dark and a temperature of 20 ± 2 °C. Sanitary controls
were performed for all major rodent pathogens, and the results of
these tests were uniformly negative. All the animal experimental proce-
dures were approved by the Animal Care and Use Committee of
Shenzhen University and carried out in accordance with the Guide for
the Care andUse of LaboratoryAnimals published by theUSNational In-
stitutes of Health (NIH publication no. 85-23, revised 1996).

Forty-eight BN rats were randomly divided into four groups: con-
trol group, ovalbumin (OVA) group, OVA + Formula-3 group and
Formula-3 group. Each group received PBS, OVA, or Formula-3 as
shown in Fig. 1 [21]. Control group received 1 ml PBS (0.1 M) daily
by gavage administration for 13 weeks, while OVA group was orally
treated with 1 ml OVA (1 mg/ml) for the first 6 weeks and the 7th,
9th, 11th, and 13th weeks, and the mice were given with 1 ml PBS
(0.1 M) in 8th, 10th, and 12th weeks. OVA + Formula-3 group re-
ceived Formula-3 (150 mg/ml × 1 ml daily per rat) oral treatment
daily from Week 7 to 13. Formula-3 group was not sensitized by
OVA. All groups of rats were stimulated by 100 mg/ml OVA for 24 h
at the end of 13th week and then sacrificed for the following
experiments.
Table 1
The recipes of modified Chinese herbal medicine, Formula-3.

TCM materia
medica
(pinyin)

Equivalent pharmaceutical
name

Amount
(g)

Part used

1 Ling zhi Ganoderma lucidum 30 Fruiting body
2 Wu mei Fructus pruni mune 30 Fruit
3 Huang lian Rhizoma coptidis 9 Root
4 Gan jiang Rhizoma zingiberis officinalis 9 Root
5 Ren shen Radix ginseng 9 Root
6 Dang gui Corpus radix angelicae sinensis 9 Root
Total 96

References: Li [25,26].
2.3. H&E staining in the small intestine tissue

The intestinum jejunum part of the small intestine was isolated
from rats and embedded with paraffin. 7 μm sections were prepared
and subjected to H&E staining as previously reported [8].

2.4. Toluidine Blue Stain

Typical mast cells in rat small intestine tissue or peritoneal lavage
solution (RPLS) were stained with Toluidine Blue Stain as previously
described [12]. Briefly, 200 μl peritoneal lavage fluids were dried in
the air on cromolyn sodium pretreated slides and then covered with
several drops of staining solution (Toluidine Blue Stain dissolved in
70% ethanol). After 90 s, the staining solutions were washed away
quickly with running tap water and the stained cells were examined
and counted under light microscope (Olympus, Japan).

2.5. Enzyme-linked immunosorbent assay (ELISA)

The contents of interleukin-4 (IL-4), interleukin-10 (IL-10), and his-
tamine in rat RPLS and serum were assayed by commercial ELISA kits
using paired antibodies according to the manufacturer's instructions.
The kits for detecting IL-4 and IL-10 were bought from eBioscience
(USA) and the kit for histamine was bought from R&D Inc. (USA).
Serum IgE levels were also checked using a commercial ELISA kit (BD
Pharmingen, USA) following the manufacturer's instructions.

2.6. Rat peritoneal mast cell isolation

The BN rats were sacrificed after anesthetizing by inhalation of
ether in air. Rat peritoneal mast cells (RPMCs) were obtained by peri-
toneal lavage and purified by density gradient fractionation as de-
scribed previously [42,44]. Isolated RPMC preparations contained
N98% mast cells and at least 98% of these cells were viable as checked
by metachromatic staining in 0.05% Toluidine Blue.

2.7. Ca2+ imaging by confocal microscope

Intracellular Ca2+ signal wasmeasured as described previouslywith
minor modification [10]. RPMCs or RBL-2H3 cells were incubated with
5 μmol/l Ca2+ fluorescent probe fluo-4 AM (Invitrogen, CA, USA) for
30 min at room temperature. After washing with Tyrode's buffer three
times, the dye inside the cells was allowed to deesterify for 30 min at
37 °C. It has been determined that nearly 95% of the fluorescent dye
was retained in the cytoplasm. Fluorescent images of Ca2+ were
obtained using an Olympus 1000 confocal microscope with 40× oil im-
mersion lens (NA 1.3) (Olympus, Japan). Fluo-4 signal was excited at
488 nm and emitted at N505 nm. Frame-scan images were acquired
at sampling rate of 15 ms per frame and 20 s per interval.

Image data were analyzed off-line using the FV10-ASW 2.1 soft-
ware. A selected image from each image set was used as a template
for designating the region of interest (ROI) within each cell. The



Fig. 2. Formula-3 attenuated tissue injury in the small intestine caused by OVA sensitization. Morphology of intestinum jejunum was analyzed by H&E staining. Representative im-
ages from three independent experiments are shown. Magnification, 400×. OVA, ovalbumin; F, Formula-3.
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integrated intracellular Ca2+ concentration was determined by calcu-
lating ΔF/F0. F0 was defined as the mean basal fluorescence intensity
of the dye recorded during the first 5–10 scanning frames, when the
cells were under rest conditions. ΔF denotes (F–F0), where F is the
temporal fluorescence intensity. The ΔF/F0 values within each ROI
were plotted as a function of time (see Fig. 5 for typical time-
courses of Ca2+ response to thapsigargin (TG) or dinitrophenyl
(DNP)-BSA stimulation in single RBL-2H3 cell). The amplitude of the
Ca2+ response within each cell was quantified as the highest ΔF/F0
level reached during the measurement period, which was averaged
over all cells within each group.

2.8. Cell viability assays

RBL-2H3 cell viability was assayed by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT, Roche Applied Science) as
described previously [45]. The cells were incubated with 0.5 mg/ml
MTT for 4 h, and the absorbances at 490 nm were measured.
Fig. 3. Formula-3 suppressed Th2 cytokine levels and IgE production in OVA-allergic rats. A, T
IgE in serum, which was collected from allergic rats administered with or without Formula-
OVA, ovalbumin; F, Formula-3.
2.9. Degranulation assay

Degranulation was monitored by the release of β-hexosaminidase,
as previously described [17]. Briefly, cultured RBL-2H3 cells in 96-well
plates (2 × 104 cells/well) were sensitized overnight with 0.5 μg/ml
DNP-specific IgE (Sigma Aldrich, USA). The cells were subsequently
washed twice with PBS and stimulated with 250 ng/ml of DNP-BSA
(Sigma) in Tyrode's buffer at 37 °C for 30 min, and mixed with an
equal volume of substrate solution (p-nitrophenyl-N-acetyl-β-D-
glucosaminide, 2 mM in 0.1 M citrate, pH 4.5) and incubated for 1 h
at 37 °C. The reactionwas then terminated by adding 200 μl of stopping
buffer (0.1 M Na2CO3/NaHCO3, pH 10.0) and the absorbance was mea-
sured with a microplate reader (BioRad Company, USA). Cell was lysed
with 0.1% Triton X-100, and the β-hexosaminidase activity of the ex-
tracts was measured (total). Percentage degranulation to each stimula-
tion was calculated as a portion of β-hexosaminidase release in the
culture medium to the whole β-hexosaminidase release in the culture
medium and in the cell lysate.
he cytokine levels in RPLS were analyzed by ELISA. B, Statistical analysis of OVA-specific
3. N = 8. *, P b 0.05; **, P b 0.01 vs PBS group. #, P b 0.05; ##, P b 0.01 vs OVA group.

image of Fig.�2
image of Fig.�3
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2.10. Statistics

Data are presented asmeans ± SEM.When two comparisonswere
obtained, Student's unpaired two tailed t test was used. When multi-
ple comparisons were obtained, the analyses consisted of one-way
ANOVA for repeated measures and Student–Newman–Keuls multiple
comparison test. A value of P b 0.05 was considered to be statistically
significant.
Fig. 4. Formula-3 therapy reduced mast cell degranulation and activation. The mast cells in i
400×. Mast cells were considered degranulated if at least 5 granules appeared outside the ce
panel) or RPLS (right panel) were counted from at least 200 total cells and the percentage o
histamine in serum (left panel) or RPLS (right panel) was measured by ELISA. n = 8. *, P b
3. Results

3.1. Formula-3 attenuated OVA-challenge-caused tissue damage in the
small intestine of rats

In the present study, we used 1 mg OVA oral sensitization to es-
tablish food allergic model in BN rats as previously reported [18,21].
The tissue damage in the intestine was checked by H&E staining as
ntestinal mucosa (A) or RPLS (B) were identified by Toluidine Blue Stain. Magnification,
ll body. Arrows indicate mast cell. C, Degranulated mast cells in intestinal mucosa (left
f degranulation was calculated as degranulated cells against total cells. D, The release of
0.05; **, P b 0.01 vs PBS group. #, P b 0.05; ##, P b 0.01 vs OVA group.

image of Fig.�4


Fig. 4 (continued).
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shown in Fig. 2. The results showed that the intestinal mucosa was se-
verely injured, the organization of intestinal villus was in a mess and
the numbers of intestinal villus were significantly reduced in OVA
group, which was attenuated by Formula-3 treatment. Administra-
tion of Formula-3 also reduced inflammatory cell infiltration into
the mucosa and the increase of submucosa thickness.

3.2. Treatment with Formula-3 decreased Th2 cytokine levels and
attenuated IgE and histamine release in OVA-sensitized group

The cytokine levels in the supernatant of the intestinal mucosa
were measured by ELISA. The results showed that type Th2 cytokines,
including IL-4 and IL-10 in OVA-challenged group were significantly
higher than those in control group (IL-4, 48.79 ± 6.65 vs Ctrl
28.67 ± 2.54 pg/ml; IL-10, 223.83 ± 36.57 vs 93.00 ± 3.54 pg/ml)
(Fig. 3A). Treatment with Formula-3 reduced the enhancement of
IL-4 and IL-10 by 32% and 43% respectively. Meanwhile, ELISA analy-
sis showed that the concentration of OVA-specific IgE in serum was
enhanced by 1.3 fold in OVA group and Formula-3 therapy reversed
it to normal level (Fig. 3B).

3.3. Formula-3 reduced mast cell activation and degranulation in the
small intestine

Mast cell degranulation and histamine release are major events in
food allergy. The number and morphology of the mast cells in rat
small intestine tissues (Fig. 4A) or RPLS (Fig. 4B) were examined by
Toluidine Blue Stain. In OVA group, the number of mast cells was signif-
icantly increased and the cell size was much bigger, with more shrink
on the cell membrane, bubbles in the cytoplasm, and degranulation of
vesicles around the cells. In vivo administration with Formula-3 for
6 weeks reversed OVA-challenge-induced damage in mast cells. The
ratio of mast cell degranulation as indicated by vesicles (at least five)
around the cells was dramatically increased in OVA group by 5.7 fold
and fell down by 65% after Formula-3 treatment (Fig. 4B). Formula-3
mediated attenuation of mast cell degranulation was further confirmed
by decreased histamine levels (Fig. 4D). It has been found that hista-
mine release in both serum and RPLS was significantly increased in
OVA-induced food allergic group, which was attenuated by Formula-3
therapy by ~15% and 22% respectively.

3.4. Formula-3 reduced Ca2+ entry through SOCs in food allergic
mast cells

It has been suggested that an increase in intracellular Ca2+

through SOCs is essential for mast cell degranulation [11]. We have
previously found that food allergen-induced mast cell activation is re-
lated to stimulation of Ca2+ mobilization as well (data not pub-
lished). To explore the direct effects of Formula-3 on Ca2+ entry
through SOCs, we used a standard Ca2+ add-back assay, in which
intracellular Ca2+ stores were depleted by TG, a sarcoplasmic/
endoplasmic reticulum calcium ATPase (SERCA) (Ca2+ pump) blocker,
in Ca2+-free extracellular solution, after which the extracellular Ca2+

concentrationwas returned to 2 mM[2]. Using this protocol, TG elicited
two Ca2+ peaks, where the first one represented the ER Ca2+ release
and the second represented Ca2+ entry through activated SOCs. As
shown in the first peaks in Fig. 5A–D, when the cells were in Ca2+-free
solution, the TG-evoked Ca2+ amplitude was similar in all the groups,
suggesting that the amounts of Ca2+ released from ER are nearly the
same. In the presence of 2 mM extracellular Ca2+, the TG-evoked
Ca2+ influx was dramatically enhanced in OVA-sensitized RPMC by
1.5 fold, while Formula-3 treatment reduced the Ca2+ entry to normal
level. The results indicate that Formula-3 attenuated OVA-induced
Ca2+ influx elevation through SOCs.

3.5. Formula-3 inhibited DNP-IgE sensitized RBL-2H3 cell degranulation

In order to test whether mast cells are the main and direct effectors
contributing to Formula-3 mediated attenuation of food allergy in BN
rats, cultured mast cells are introduced in the following study. RBL-
2H3 is a basophilic leukemia cell line, which has been extensively
used to study mast cell activation and degranulation, FcεR1 structure



Fig. 5. Formula-3 reduced Ca2+ entry through SOCs in food allergic mast cells. RPMCs were isolated from BN rat treated with or without Formula-3. Intracellular Ca2+ was indicated
by fluo-4 fluorescence. Total cell numbers are 40–50 for each group, and the cells were from four independent experiments. Typical responses of TG-evoked Ca2+ entry through
SOCs in RPMCs are shown in A (PBS group), B (OVA group), C (OVA + Formula-3 group), and D (Formula-3 group). E, Averaged peak amplitude of Ca2+ entry (second peak) as
recorded in each group. **, P b 0.01 vs PBS group. #, P b 0.05 vs OVA group. F, Formula-3.
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and the biochemical pathways [16].β-hexosaminidase release is a liable
marker formast cell degranulation. It was demonstrated that Formula-3
did not have effect on β-hexosaminidase release in RBL-2H3 cell under
basal condition (data not shown). For the following investigation, the
RBL-2H3 cells were sensitized with DNP-specific IgE overnight in
1.0 ml of DMEM, and varying doses of Formula-3 [38] were added to
the culture medium for 0.5 h or 12 h and challenged with DNP-BSA to
induce mast cell degranulation before supernatants were collected. As
shown in Fig. 6A, at 0.5 h, treatment with 0.05 mg/ml, 0.2 mg/ml or
0.8 mg/ml Formula-3 significantly reduced β-hexosaminidase release
by 15%, 30% and 35% in RBL-2H3 cells, while it attenuated by 25%,
50%, and 60% at 12 h. In consistent with the results in OVA-induced
food allergic model, Formula-3 therapy suppressed Th2 cytokine levels
in IgE-sensitized RBL-2H3 cells. The cytokine levels in the culture
medium of RBL-2H3 cells were measured by ELISA. The results showed
that type Th2 cytokines, including IL-4 and IL-10, in positive group
(RBL-2H3 cells sensitized with DNP-IgE and challenged with
DNP-BSA) were significantly higher than those in control group (IL-4,
18.66 ± 0.19 vs Ctrl 6.82 ± 0.77 pg/ml; IL-10, 63.28 ± 16.69 vs
20.71 ± 1.99 pg/ml). Pretreatment with Formula-3 for 0.5 h signifi-
cantly decreased Th2 cytokines by 40% in IL-4 and 50% in IL-10
(Fig. 6B). To determine whether Formula-3 suppression of mast cell
degranulation was due to cytotoxicity, we investigated the effects
of Formula-3 on cell viability using an MTT assay. The results re-
vealed that treatment with Formula-3 in three dosages (0.05 mg/ml,
0.2 mg/ml, 0.8 mg/ml) for 0.5 h or 12 h had no significant effect on
cell viability (Fig. 6C), indicating that Formula-3 suppression of mast
cell degranulation could not be attributed to toxicity.

3.6. Formula-3 attenuated Ca2+ entry through SOCs in activated
RBL-2H3 cells

Mast cell activation is dependent on an increase in cytosolic Ca2+

concentration,which is associatedwith release from intracellular stores
and influx of external Ca2+ through SOCs. The effect of Formula-3 on in-
tracellular calciummobilization in RBL-2H3 cells was studied by moni-
toring intracellular Ca2+ fluorescence intensity. In the presence of
2 mM extracellular Ca2+, when the Ca2+ store was actively depleted
byDNP-BSA, DNP-IgE sensitization induced intracellular Ca2+ elevation
(ΔF/F0) was significantly reduced by 35% by treatment with 0.2 mg/ml
Formula-3 in RBL-2H3 cells (Fig. 7A and C).Meanwhile, the time to peak
of intracellular Ca2+ concentration was remarkably extended in
Formula-3 treated group (28 ± 5.01 vs Ctrl 12.5 ± 2.05 s) (Fig. 7B
and D).

image of Fig.�5


Fig. 6. Formula-3 inhibited β-hexosaminidase release and reduced Th2 cytokine secretion from sensitized RBL-2H3 cells. A, The effects of different doses of Formula-3 on mast cell
degranulation. Mast cell degranulation was assessed by measuring the relative release of β-hexosaminidase in IgE sensitized RBL-2H3 cells. B, The suppressive effect of Formula-3
on Th2 cytokine secretion from IgE-sensitized RBL-2H3 cells. C, The effects of different doses of Formula-3 on cell viability by the MTT assay. N = 8. *, P b 0.05; **, P b 0.01 vs Ctrl or
positive group. F, Formula-3.
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The direct effect of Formula-3 on Ca2+ entry in RBL-2H3 cells was
investigated by using a standard Ca2+ add-back assay as described in
Section 3.4. Formula-3 pretreatment significantly decreased the am-
plitude of Ca2+ entry by 36% (Fig. 7G and H), from 1.81 ± 0.16
(n = 45) in the control to 1.15 ± 0.37 (n = 52) in Formula-3 treat-
ed group. This result indicated that Formula-3 had a direct suppres-
sive effect on SOC activity.

4. Discussion

There are two major findings in the present study. First, we identi-
fied Formula-3 as a novel mast cell stabilizer, exerting therapeutic ef-
fects against food allergy by decreasing antigen-stimulated mast cell
degranulation. Second, we demonstrated that Formula-3 suppressed
FcεR1-mediated Ca2+ mobilization by inhibiting Ca2+ entry through
SOCs, which were the major contributors to Formula-3-induced mast
cell stabilization.

Food allergy is an immunological adverse reaction caused by food,
which encompasses a range of disorders including IgE-mediated ana-
phylaxis, food protein-induced enterocolitis syndrome, and food-
induced eosinophilic gastrointestinal disorders. Allergen from egg is
one of the most frequent causes of food allergic reaction as reported
[32]. In this study, food allergic model was established in rats by OVA
oral sensitization. The allergic animal exhibited enhanced Th2 cytokine
levels, OVA-specific IgE concentration and mast cell activation and
degranulation.

Emerging data suggest that Chinese herb medicines have potent
effects on the treatment of allergic diseases, including asthma
[6,15,24], food allergy [33,38–40], allergic rhinitis, and atopic derma-
titis. In the present study, Formula-3 which consists of six Chinese
herbal medicines reversed OVA-sensitized allergic conditions in
both BN rats and RBL-2H3 cell lines. Following administration with
Formula-3, the rats did not have apparent anaphylactic symptoms
(data not shown) and had a marked decrease in Th2 responsiveness
after oral challenge with OVA. We have found that Formula-3 signifi-
cantly reduced IgE production by inhibiting Th2 cytokine release. On
the other hand, Formula-3 showed potential to block mast cell de-
granulation by decreasing Ca2+ influx via SOC channel.

Mast cells are the main effector cells in the pathogenesis of multi-
ple allergic diseases, including asthma, allergic rhinitis, gastrointesti-
nal allergy, and cutaneous anaphylaxis. The majority of mast cell
studies have addressed their predominant role in acute allergic reac-
tions (immediate hypersensitivity) and, more recently, their roles in
late-phase allergic reactions [41,45]. Therefore, developing new
drugs capable of stabilizing mast cells would be valuable for treating
diseases attributable to type I hypersensitivity reactions. Using
RBL-2H3 cell line, intensive researches have been focused on looking
for promising drugs to inhibit mast cell activation and degranulation,
among which Formula-1 [19], -2 [20,33] and some of their individual
recipes [33] have latent effects. For example, a Chinese herbal formula,
Food Allergy Herbal Formula-2 composed of nine herbs, blocked
peanut-induced anaphylaxis in a murine model [20]. In the present
study, we found that modified Chinese herbal medicine, Formula-3,
strongly suppressed IgE-mediatedmast cell degranulation, suggesting
potential therapeutic application of Formula-3 for treating allergic dis-
eases. This findingwas confirmed by using amast cell-dependent food
allergic rat model, in which Formula-3 administration inhibited
OVA-sensitized mast cell activation and degranulation. Moreover, it
was demonstrated in this study that application with Formula-3 at a
high concentration (0.8 mg/ml, which is 4 times of that for mast cell
stabilization) did not show cytotoxicity on RBL-2H3 cells. This finding
may shed some light that Formula-3 is a good candidate for in vivo
treatment of allergic diseases.

The importance of calcium influx inmast cell activation and degran-
ulation has been well recognized [3]. The degranulation of mast cell is
Ca2+ dependent and an increase in intracellular Ca2+ characterized
by Ca2+ entry through SOCs is essential for granule release [11,28,35].
In this study, we found that Formula-3 treatment significantly

image of Fig.�6
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FcεRI-induced Ca2+ increase in both groups. The amplitude of the Ca2+ responsewas represented as the highest observed level ofΔF/F0. D, Statistical analysis of the time needed to reach
the highest concentration of intracellular Ca2+ in both groups. E–F, Typical time course of the Ca2+ response following TG stimulation with Ca2+ add-back in control (E) and
Formula-3-treated cells (F). The first Ca2+ peak was stimulated by TG under 0 mM Ca2+, which represents the ER Ca2+ release. The second Ca2+ peak was elicited with 2 mM Ca2+

added back in the presence of TG,which represents Ca2+ entry through SOCs. G–H, The average amplitude of thefirst (G) and second (H) Ca2+ increases in control and Formula-3 groups.
*, P b 0.05 vs Ctrl.
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attenuated FcεRI-elicited intracellular Ca2+ increase, indicating that
Formula-3 stabilizes mast cell by suppressing Ca2+ mobilization.
Furthermore, we found that Formula-3 inhibited Ca2+ entry through
SOCs. Multiple mechanisms are involved in the regulation of SOC
activity: 1) stimuli that release Ca2+ from the ER, including receptors
that activate phospholipase C (PLC) to produce inositol 1,4,5-trisphos-
phate (IP3) and activate IP3 receptors; and 2) direct regulation on the
two respective limiting components, STIM1 and Orai [23,30]. It has re-
cently been discovered that the two subunits, STIM1 and Orai1, play
vital roles in both the signaling and the permeation mechanisms for
Ca2+ influx through SOCs. Overexpression of STIM1 together with
Orai1 caused a dramatic increase in store-operated Ca2+ entry in RBL
cells [37]. Themechanismunderlying Formula-3 inhibition of SOC activ-
ity remains unknown.
In summary, the present study established Formula-3 as a novel
mast cell stabilizer, with the capacity for preventing pathogenesis of
food allergy and perhaps other mast cell-dependent allergic diseases
through stabilizing mast cells. The underlying mechanism for
Formula-3 induced stabilization of mast cells is related to inhibition
of Ca2+ mobilization upon FcεR1 activation.
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