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Abstract 

Allergic reactions occur when the immune system overreacts to generally harmless substances, leading to both acute 
and chronic diseases, which can be fatal. Mast cells are critical mediators of allergic reactions as they bind allergens 
and trigger the release of inflammatory mediators. In this study, we investigated the anti-allergic effects of the cou‑
marin derivative 3-bromo-4-(2-hydroxyethyl)-7-methoxy-2H-chromen-2-one in rat basophilic leukemia (RBL)-2H3 cells 
sensitized to dinitrophenyl (DNP)-immunoglobulin E (IgE) and human serum albumin (HSA). Our results demonstrated 
that 3-bromo-4-(2-hydroxyethyl)-7-methoxy-2H-chromen-2-one effectively reduces the release of β-hexosaminidase 
and histamine, inhibiting mast cell degranulation. Additionally, 3-bromo-4-(2-hydroxyethyl)-7-methoxy-2H-chromen-
2-one suppressed the production of allergy-related pro-inflammatory cytokines (IL-4, IL-13, and TNF-α) and inhibited 
key signaling pathways, including MAPK, AKT, and NF-κB. Furthermore, in a passive cutaneous anaphylaxis (PCA) 
mouse model, 3-bromo-4-(2-hydroxyethyl)-7-methoxy-2H-chromen-2-one reduced ear edema and Evans blue infiltra‑
tion, further confirming its anti-allergic effects. Collectively, these findings suggest that 3-bromo-4-(2-hydroxyethyl)-7-
methoxy-2H-chromen-2-one is a promising candidate for the development of anti-allergic therapeutics.
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Introduction
Allergies occur when the immune system identifies a 
normally harmless substance, including pollen, food, and 
animal hair, as a threat and overreacts to it [1–3]. Aller-
gic reactions lead to chronic conditions such as asthma, 
allergic rhinitis, and atopic dermatitis, as well as acute 
conditions like anaphylaxis, which can be life-threatening 
in severe cases [4, 5].

Allergens trigger a response primarily mediated by 
mast cells [6–8]. Mast cells play a critical role in the 
immune system and are predominantly found near the 
blood vessels, skin, and epithelial surfaces. While mast 
cells regulate immune and inflammatory responses, their 
excessive activation leads to allergic reactions [9, 10]. 
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When an allergen enters the body, antigen-presenting 
cells, such as dendritic cells or macrophages, present the 
allergen to naïve T cells. These T cells then proliferate 
and interact with the major histocompatibility complex 
(MHC) class II molecules on B cells to produce IL-4 and 
IL-13. This process induces a class switch recombination; 
it is the process by which B cells switch from IgM to IgE 
expression, and is a critical step in the allergic response. 
The secreted IgE binds to the allergen and attaches to the 
FcεRI receptors on mast cells. Allergen-IgE binding trig-
gers the activation of a cascade of intracellular signaling 
pathways (namely, the mitogen-activated protein kinase 
(MAPK) and AKT pathways) within the mast cell [7, 
11]. The MAPK pathway comprises three major classes: 
extracellular signal-regulated kinases (ERKs), c-Jun 
N-terminal kinases (JNKs), and p38 [12]. These pathways 
are key regulators of inflammation, cell proliferation, and 
differentiation [13]. The AKT pathway contributes to 
allergic reactions by activating the nuclear factor-kappa B 
(NF-κB) pathway, producing pro-inflammatory cytokines 
[14, 15]. These signaling cascades collectively produce 
cytokines such as IL-4, IL-13, and TNF-α, which initiate 
and amplify the allergic response [16–19]. The regula-
tion of these pathways is crucial in inhibiting the onset 
of allergic reactions and alleviating symptoms associated 
with allergic diseases.

Allergic diseases are often caused by immune dysfunc-
tions. To manage these conditions, patients typically use 
antihistamines or corticosteroids to target the affected 
tissue [20, 21]. However, these drugs are associated with 
side effects, including lethargy, skin atrophy, erythema, 
and, in severe cases, cardiotoxicity [22, 23]. Therefore, 
there is an urgent need to develop novel anti-allergic 
modulators that exert minimal side effects. Coumarin 
compounds exhibit significant anti-cancer, anti-inflam-
matory, anti-oxidant, and anti-allergic properties, and 
are generally associated with relatively few side effects 
[24–26]. However, the antiallergic effects of the coumarin 
derivative, 3-bromo-4-(2-hydroxyethyl)−7-methoxy-
2H-chromen-2-one, remain unknown. Therefore, in this 
study, we aimed to determine the anti-allergic effects of 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one.

Material & methods
Materials
(Minimum essential medium) alpha (α-MEM) and 
fetal bovine serum (FBS) were purchased from Corning 
(NY, USA). Penicillin–streptomycin-glutamine (PSQ) 
was purchased from Gibco (Waltham, MA, USA). Rea-
gents including 3-(4, 5-dimethylthiazol-2-yl)−2, 5-diphe 
nyltetrazolium bromide (MTT), dimethyl sulfoxide 
(DMSO), anti-dinitrophenyl antibody (anti-DNP-IgE), 

dinitrophenyl-human serum albumin (DNP-HSA), 
ketotifen, toluidine blue, 4-nitrophenyl N-acetyl-β-D-
glucosaminide, histamine, and o-phthalaldehyde were 
obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Dulbecco’s phosphate-buffered saline (DPBS) was pur-
chased from WELGENE Inc. (Gyeongsan, Korea). Prim-
ers for quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) were purchased from Macro-
gen (Seoul, Korea). Primary antibodies (p-ERK, p-JNK, 
p-p38, p-AKT, p-p65 and β-actin) were obtained from 
Cell Signaling Technology (Danvers, MA, USA). Sec-
ondary antibodies (goat anti-mouse and goat anti-rabbit 
IgG) were purchased from SeraCare (Gaith ersburg, MD, 
USA).

Cell line
Rat Basophilic Leukemia (RBL)−2H3 cells were pur-
chased from Korean Cell Line Bank (Seoul, Korea). RBL-
2H3 cells were cultured in α-MEM supplemented with 
1% PSQ and 10% fetal bovine serum (FBS) at 37 ℃ and 
5% CO2.

Animals
Male BALB/c mice (7  weeks old) were purchased from 
Koatech (Jinju, Korea). All mice were acclimated to 
their  surroundings 1  week prior to experimentation. 
The room temperature and humidity were maintained 
at 25 ± 2  ℃ and 55 ± 5%, respectively. The experimen-
tal protocol was approved by the Gyeongsang National 
University Institute of Animal Care and Use Committee 
(2022–064).

MTT assay
Cell viability was measured using the MTT assay. Briefly, 
RBL-2H3 cells were seeded in 96-well plates and allowed 
to stabilize for 17 h. The cells were incubated with various 
concentrations (25 µM, 50 µM, and 100 µM) of 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
and then treated with MTT (3-(4,5-dimethylthiazol-
2-yl)−2,5-diphenyltetrazolium bromide, dissolved in 
α-MEM to 1  mg/ml) for 2  h. Subsequently, the MTT 
solution was removed and DMSO was added to dis-
solve the formazan crystal. The absorbance was meas-
ured at 570 nm using a Varioskan LUX microplate reader 
(Thermo Fisher Scientific, Waltham, USA).

Beta‑hexosaminidase assay
RBL-2H3 cells (5 × 105 cells/well) were seeded into 
a 12-well plate and treated with anti- dinitrophenyl 
(DNP)-IgE (0.2  µg/ml) for 17  h. Following incuba-
tion, the cells were washed three times with PBS and 
treated with  3-bromo-4-(2-hydroxyethyl)−7-methoxy-
2H-chromen-2-one for 1  h. Then, DNP-HSA was 
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added to the 3-bromo-4-(2-hydroxyethyl)−7-methoxy-
2H-chromen-2-one or ketotifen-treated wells, and 
the cells were incubated for a further 6  h. The super-
natant was transferred into a  96-well plate and 1  mM 
β-hexosaminidase substrate (4-nitrophenyl N-acetyl-β-
D-glucosaminide dissolved in 0.2  M citrate buffer pH 
4.5) was added to each well. After incubation at 37 ℃ 
for 1 h 50 min, a stop solution (0.1 M Na2CO3/NaHCO3 
pH 10.0) was added to each well. Finally, absorbance 
was measured at 405  nm using a microplate reader 
(Varioskan LUX microplate reader).

Histamine assay
RBL-2H3 cells (5 × 105 cells/well) were seeded into a 
12-well plate and treated with anti-DNP-IgE (0.2  µg/
ml) in each well for 17  h. After incubation, the cells 
were washed three times with PBS and treated with 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one for 1  h. Then, DNP-HSA was added to the 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one or ketotifen-treated wells for 6  h. The superna-
tant was separated into Eppendorf tubes, and 0.1 N HCl 
and 60% percholic acid was added to the supernatant. 
After 20 min of centrifugation at 12,000 × g, 5 N NaOH, 
5  M NaCl, and n-butanol were added to the solution 
and the mixture was vortexed. The organic phase was 
collected, mixed with 0.1 N HCl and n-heptane, and 
vortexed. Histamine in the aqueous phase was added 
to a 96-well plate and assayed using o-phthalaldehyde 
(OPA). The fluorescence intensity (Ex: 360  nm, Em: 
440 nm) was measured using a fluorescent plate reader 
(Varioskan LUX microplate reader).

Toluidine blue staining
RBL-2H3 cells (5 × 105 cells/well) were seeded into 
12-well plate and sensitized with anti-DNP-IgE (0.2 µg/
ml) for 17  h to visualize the degranulation of mast 
cells. After IgE stimulation, the cells were washed 
three times with PBS and treated with 3-bromo-4-
(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
for 1  h. DNP-HSA was then added to 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one- and 
ketotifen-treated cells for 6  h. After the supernatant 
was removed, the cells were washed three times with 
PBS. Cells were fixed with absolute methanol for 
30  min. After fixation, cells were washed three times 
with PBS and stained with toluidine blue (0.1% w/v 
in 1% NaCl solution, pH 2.5) for 20  min. Cells were 
rewashed three times, and images of the stained cells 
were captured using an inverted microscope (IMT 
i-Solution, Inc, 400X).

qRT‑PCR assay
Total RNA was extracted using TRIzol solution. RBL-2H3 
cells (5 × 105 cells/well) were seeded into a 12-well plate 
and incubated with anti-DNP-IgE (0.2  µg/ml) for 17  h. 
After incubation, the cells were washed three times with 
PBS and treated with 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one for 1 h, and DNP-HSA for 
1 h. After treatment, the cells were washed 3 times with 
cold PBS and TRIzol solution was added and mixed via 
pipetting. After incubation for 5  min, chloroform as 
added, and the mixture was vortexed and incubated again 
for 2–3 min. Next, the cells were centrifuged for 15 min 
at 12,000 × g and 4 ℃. The aqueous phase was transferred 
to a new Eppendorf tube and isopropanol as added.After 
incubation for 10  min, cells were pelleted at 12,000 × g 
and 4 ℃ for 10  min. After centrifugation, the superna-
tant was discarded, and the cells were resuspended in 
75% ethanol. After brief vortexing, samples were centri-
fuged for 5 min at 12,000 × g and 4 ℃, and the superna-
tant was discarded. After air-drying for 5–10  min, the 
samples were resuspended in RNase-free water. To deter-
mine the RNA quantity, RNA samples were quantified 
using a NanoDrop (Thermo Fisher Scientific). To synthe-
size cDNA, samples were prepared using the amfiRivert 
cDNA Synthesis Platinum Master Mix (GenDEPOT). 
RNA denaturation and synthesis were performed using 
a Thermocycler (SimpliAmp Thermal Cycler (Applied 
Biosystems). cDNA samples were quantified using a Nan-
oDrop spectrophotometer (Thermo Fisher Scientific). 
qRT-PCR analysis was performed using a PowerUp™ 
SYBR™ Green Master Mix kit (Applied biosystems), 
according to the manufacturer’s instructions. The StepO-
nePlus Real-time PCR System (Applied biosystems). Rel-
ative mRNA expression was calculated using the ΔΔCt 
method.

Western blot
RBL-2H3 cells (2.7 × 106 cells/well) were seeded into a 
60  mm dish and sensitized with anti-DNP-IgE (0.2  µg/
ml) for 17 h. After sensitization, cells were treated with 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one for 1  h. Cells were treated with DNP-HSA for 
30 min. The cells were washed three times with cold PBS 
and collected in Eppendorf tubes using a cell scraper. To 
isolate total protein, cells were lysed with RIPA buffer 
(10  mM Tris pH 7.4, 150  mM NaCl, 1  mM EDTA, 1% 
Triton X-100), protease inhibitor (1  mM phenylmethyl-
sulfonyl fluoride (PMSF), 1  mg/ml aprotinin, leupeptin, 
and pepstatin), and phosphatase inhibitor (30  mM NaF, 
1.5  mM Na3VO4). Proteins were separated by SDS-
PAGE and transferred onto nitrocellulose (NC) mem-
branes. After blocking the membrane with 5% skim milk 
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in Tris-buffered saline (TBS) containing 0.1% Tween-20 
(TBS-T) for 30  min, the membrane was incubated with 
primary antibodies overnight at room temperature. The 
membranes were washed with TBS-T every 5  min for 
30  min. The membrane was then incubated with sec-
ondary antibodies for 1  h. After incubation, the mem-
branes were washed with TBS-T every 5 min for 30 min. 
Finally, the membrane was incubated with an ECL solu-
tion to detect signal intensity using a Chemidoc (iBright™ 
CL1500, Invitrogen).

Immunocytochemistry
RBL-2H3 cells (5 × 105 cells/well) were seeded into a 
12-well plate with cover glass and sensitized with anti-
DNP-IgE (0.2 µg/ml) for 17 h. After incubation, the cells 
were washed three times with PBS and treated with 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one for 1 h. The cells were washed again with PBS and 
treated with DNP-HSA for 30  min and 1  h. After incu-
bation, the coverslips were transferred onto new 12-well 
plates and washed with PBS. The cells were treated with 
4% paraformaldehyde for 20  min without light. Next, 
the cells were permeabilized with permeabilizing solu-
tion (0.2% Triton X-100, 0.1% Citrate in PBS) for 5 min, 
washed with PBS, and blocked with blocking solution 
(2% BSA in PBS) for 30 min with shaking. After blocking, 
the cells were treated with the primary antibody for 2 h at 
room temperature. After 2 h, the cells were washed thrice 
with PBS and incubated with a secondary antibody for 
1 h. After incubation, the cells were washed with PBS and 
treated with Hoechst solution for 2 min in the dark. Cells 
were washed with PBS every 15 min for 5 min, mounted 
on glass slides, and fluorescence intensity was measured 
using a fluorescence microscope (Zeiss, Germany).

Passive cutaneous anaphylaxis assay
To confirm the anti-allergic response of 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one in  vivo, 
passive cutaneous anaphylaxis (PCA) was performed. 
BALB/c mice (male, 8  weeks old) were intradermally 
injected with anti-DNP-IgE in their ears. After 24  h, 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one was intraperitoneally injected (PBS with control 
group), and 1  h later, mice were intravenously treated 
with 2% Evans blue containing DNP-HSA. After 30 min, 
the mice were sacrificed and ear thickness was measured 
using Vernier Calipers. Ear tissues were punched for 
Evans blue extraction. Punched ear tissues were soaked 
in 1 M KOH and a mixture of 0.6 N phosphoric acid and 
acetone solution, and incubated at 37  °C overnight. The 
supernatants were transferred to a 96-well plate and the 
absorbance was measured at 620 nm using a microplate 
reader (Varioskan LUX microplate reader).

Statistical analysis
Data are presented as mean ± standard deviation (SD) 
of three independent replicates. Differences between 
groups were analyzed using the Student’s t-test. Statisti-
cal significance was set at p < 0.05.

Results
3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chromen‑2‑
one is not cytotoxic to RBL‑2H3 cells
Prior to evaluating the anti-allergic effects of 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
(Fig. 1A), we assessed its potential cytotoxicity using the 
MTT assay. The assay was performed with various con-
centrations of 3-bromo-4-(2-hydroxyethyl)−7-methoxy-
2H-chromen-2-one (25 µM, 50 µM, 70 µM, and 100 µM). 

Fig. 1  Effects of 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one on RBL-2H3 viability. a Chemical structure of 3-bromo-4-(2-hydro
xyethyl)−7-methoxy-2H-chromen-2-one. b The cells were treated with 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one (0, 25, 50, 
75, and 100 µM) for 7 h, and cell viability was measured using MTT assay. The data are presented as the means of ± standard deviation (SD). The 
experiments were performed in triplicate, and representative data are presented
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As shown in Fig.  1B, cytotoxicity was not observed, 
regardless of dose. These results indicate that 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one does 
not induce cytotoxic effects, even at concentrations as 
high as 100 µM.

3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chromen‑2‑
one inhibits DNP‑IgE/human serum albumin(HSA)‑induced 
degranulation in RBL‑2H3
Upon allergen exposure, IgE-allergen complexes bind 
to FcεRI receptors on mast cells, triggering degranu-
lation and the release of various mediators, such as 
β-hexosaminidase, histamine, pro-inflammatory 
cytokines, and other inflammatory molecules, stored 
in their granules [27, 28]. Therefore, we conducted 
β-hexosaminidase and histamine release assays to 
evaluate the effect of 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one on DNP-IgE/HSA-induced 
degranulation in RBL-2H3 cells. Additionally, a tolui-
dine blue assay, which stains mast cell granules, was con-
ducted to visualize degranulation and further confirm 

the anti-allergic effect of 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one [29]. As shown in Fig.  2A, 
degranulation in the 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one treated group was lower 
than that in the DNP-IgE/HSA-treated group. Moreover, 
β-hexosaminidase and histamine release in the 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
group were significantly lower than that in the DNP-IgE/
HSA group (Fig. 2B and 2C). These findings indicate that 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one strongly inhibits β-hexosaminidase and histamine 
degranulation.

3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chrome
n‑2‑one suppresses mRNA pro‑inflammatory cytokine 
expressions in DNP‑IgE/HSA‑induced RBL‑2H3
During the allergic response, mast cells secrete inflam-
matory cytokines that intensify inflammation. Nota-
bly, the mRNA expression levels of cytokines such 
as IL-4, IL-13, and TNF-α are significantly increased 
[30–32]. Therefore, we evaluated the effect of 

Fig. 2  Effects of 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one in DNP-IgE/HSA-induced degranulation in RBL-2H3 RBL-2H3 
cells were seeded with anti-DNP/IgE (0.2 μg/mL) and incubated for 17 h. The cells were pretreated with 3-bromo-4-(2-hydroxyethyl)−7-meth
oxy-2H-chromen-2-one (0, 25, 50, 75, and 100 µM) or ketotifen, followed by DNP-HSA (0.4 µg/mL) treatment for 6 h. (a) Toluidine blue staining 
of RBL-2H3 cells. (b, c) β-hexosaminidase (b) and histamine release (c). Data are presented as means of ± standard deviation (SD). Three independent 
experiments were performed and representative data are presented. *p < 0.05
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3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one on the expression of pro-inflammatory cytokines. 
As shown in Fig. 3A–C, the DNP-IgE/HSA-treated group 
exhibited elevated levels of allergy-related pro-inflamma-
tory cytokines compared to the control group, whereas 
the 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-
chromen-2-one-treated group demonstrated a reduction 
in these cytokines relative to the DNP-IgE/HSA-treated 
group. These findings suggest that 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one exerts 
anti-allergic effects by inhibiting the expression of aller-
gic-inflammatory cytokines.

3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chromen‑2
‑one inhibits the phosphorylation of the MAPK and AKT 
pathways in DNP‑IgE/HSA‑induced RBL‑2H3 cells
MAPK signaling pathways, including ERK, JNK, and 
p38 MAPKs, are activated by external stimuli such as 
allergens. In mast cells and basophils, MAPK activation 
is triggered by IgE receptor (FcεRI) cross-linking upon 

allergen exposure. Therefore, inhibition of MAPK acti-
vation is crucial for preventing allergic reactions [13, 
33, 34]. Accordingly, we investigated whether 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
affects the MAPK pathway. As shown in Fig. 4A, MAPK 
phosphorylation in the 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one-treated group was lower 
than that in the DNP-IgE/HSA group. In mast cells and 
basophils, AKT phosphorylation is triggered by the cross-
linking of FcεRI upon allergen exposure, initiating down-
stream signaling cascades [35, 36]. Phosphorylated AKT 
promotes the release of granules containing histamine 
and other inflammatory mediators, while enhancing the 
production of cytokines such as IL-4 and IL-13, which 
intensify the allergic response [37, 38]. Accordingly, we 
investigated whether 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one decreases AKT phospho-
rylation, which was elevated by DNP-IgE/HSA exposure. 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one inhibited AKT phosphorylation (Fig.  4B). These 

Fig. 3  Effects of 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one on the mRNA expression of pro-inflammatory cytokines in DNP-IgE/
HSA-induced RBL-2H3 RBL-2H3 cells were seeded with anti-DNP/IgE (0.2 μg/mL) and incubated for 17 h. The cells were pretreated with 3-bromo-4-
(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one (100 µM), followed by treatment with DNP-HSA (0.4 µg/mL) for 1 h. (a) IL-4, (b) IL-13, and (c) TNF-α 
mRNA expression measured using qRT-PCR. *p < 0.05. Data are presented as mean ± standard deviation (SD). The experiments were performed 
in triplicate and representative data are presented.
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findings suggest that 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one may attenuate the IgE-
mediated activation of RBL-2H3 cells by modulating the 
MAPK and AKT signaling pathways.

3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chrome
n‑2‑one suppresses NF‑κB pathway phosphorylation 
in DNP‑IgE/HSA‑induced RBL‑2H3
Phosphorylation of p65, a key subunit of the NF-κB com-
plex, is a crucial step in activating the NF-κB signaling 
pathway. This activation promotes the transcription of 
pro-inflammatory cytokines and mediators central to the 
allergic response. Once phosphorylated, p65 translocates 
to the nucleus, where it drives the expression of cytokines 
such as IL-4, IL-13, and TNF-α, which play significant 
roles in the amplification of allergic inflammation [39–
41]. Therefore, we investigated the effects of 3-bromo-
4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one on 
p65 translocation and phosphorylation. As illustrated 
in Fig. 5A, the translocation of p65 to the nucleus in the 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one-treated group was lower than that in the DNP-IgE/

HSA-treated group. Furthermore, the phosphorylation 
of p65 was significantly attenuated in the 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one-treated 
group relative to that in the DNP-IgE/HSA-treated group 
(Fig. 5B).

3‑bromo‑4‑(2‑hydroxyethyl)−7‑methoxy‑2H‑chromen‑2‑
one inhibits DNP‑IgE‑HSA mediated PCA in BALB/c mice
The PCA mouse model extensively investigates the early 
stages of allergic reactions, including the activation of 
FcεRI, mast cell degranulation, and the associated inflam-
matory responses. Thus, this model is valuable for exam-
ining the underlying mechanisms of allergy and testing 
potential therapeutic agents [42, 43]. Therefore, we con-
ducted a PCA assay to determine whether 3-bromo-4-
(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one exerts 
the observed activity in  vivo. As shown in Fig.  6A, the 
DNP-IgE/HSA-treated group was stained with blue, indi-
cating that Evans blue infiltration occurred because of 
vascular dilation caused by mast cell activation. In con-
trast, the 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-
chromen-2-one-treated group exhibited reduced Evans 

Fig. 4  Effects of 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one on the phosphorylation levels of MAPK, AKT pathways in DNP-IgE/
HSA-induced RBL-2H3 RBL-2H3 cells were seeded with anti-DNP/IgE (0.2 μg/mL) and incubated for 17 h. The cells were pretreated with 3-bromo-4
-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one (100 µM), followed by treatment with DNP-HSA (0.4 µg/mL) for 30 min. (a) ERK, JNK, p38, and (b) 
AKT phosphorylation levels were measured by western blot analysis. Data are presented as mean ± standard deviation (SD). The experiments were 
performed in triplicate and representative data are presented.
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blue staining, suggesting the inhibition of mast cell acti-
vation. Furthermore, ear thickness in the 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one group 
was thinner than that in the DNP-IgE/HSA-treated group 
(Fig. 6B). In the Evans blue extraction (Fig. 6C), the DNP-
IgE/HSA-treated group showed a two-fold increase in 
infiltration compared to the control group. However, the 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one-treated group demonstrated a reduction in Evans 
blue infiltration, similar to that in the control group, indi-
cating that 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-
chromen-2-one may inhibit mast cell degranulation and, 
in turn, reduce immune cell infiltration. In this study, 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one reduced extravasation and alleviated allergic 
symptoms. These findings suggest that 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one exerts 
anti-allergic effects in vivo.

Discussion
Allergy is a immune system dysfunction triggered by nor-
mally non-hazardous substances such as pollen, food, and 
animal dander. Allergic reaction is primarily mediated by 
mast cells, which are activated by the interaction between 
allergens and allergen-specific IgE antibodies, leading to 
uncontrolled immune responses [1, 4, 44]. To mitigate 
allergic reactions, such as anaphylactic shock, antihista-
mines, corticosteroids, and epinephrine are commonly 
used; however, these medications are often associated 
with adverse side effects [45–47]. Consequently, there is 

a critical need for the development of novel therapeutic 
agents that offer effective treatment with reduced side 
effects.

In this study, we investigated the anti-allergic effects of 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one on RBL-2H3 cells using a PCA model. During 
an allergic response, mast cell degranulation releases 
granules containing histamine, β-hexosaminidase, pro-
inflammatory cytokines, and other inflammatory mol-
ecules, which subsequently triggers symptoms such as 
sneezing, itching, and vasodilation [48]. 3-Bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one reduced 
the release of β-hexosaminidase and histamine in DNP-
IgE-sensitized and HSA-stimulated RBL-2H3 cells. These 
findings suggest that 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one effectively inhibits mast 
cell degranulation.

The observed inhibition of mast cell degranulation 
underscores the potential anti-allergic mechanism of 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one. IL-4 and IL-13 are key mediators that drive 
inflammatory responses in allergic reactions, highlight-
ing the importance of suppressing these cytokines to 
mitigate allergic inflammation. To assess the effects 
of the compounds on pro-inflammatory cytokine 
expression, qRT-PCR was performed. The results 
showed that 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one significantly reduced the 
expression of IL-4, IL-13, and TNF-α, effectively attenu-
ating the allergic response. The results demonstrated 

Fig. 5  3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one inhibition of NF-κB translocation in DNP-IgE/HSA-induced RBL-2H3. RBL-2H3 
cells were seeded with anti-DNP/IgE (0.2 μg/mL) and incubated for 17 h. The cells were pretreated with 3-bromo-4-(2-hydroxyethyl)−7-m
ethoxy-2H-chromen-2-one (100 µM), followed by treatment with DNP-HSA (0.4 µg/mL) for 1 h. a p65 translocation was visualized using 
immunofluorescence. b p-p65 phosphorylation levels were measured by western blot analysis. Data are presented as mean ± standard deviation 
(SD). The experiments were performed. In triplicate and representative data are presented.
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that 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-
chromen-2-one significantly reduced the expression of 
IL-4, IL-13, and TNF-α, suggesting that the compound 
attenuates allergic responses through the modulation of 
allergic cytokines. The inhibition of MAPK pathways, 
including ERK, JNK, and p38, as well as the AKT sign-
aling pathway, activated through the cross-linking of 
IgE receptors (FcεRI) upon allergen exposure, is criti-
cal for preventing allergic reactions[49, 50]. To inves-
tigate this, we performed western blot analysis, which 
demonstrated that 3-bromo-4-(2-hydroxyethyl)−7-
methoxy-2H-chromen-2-one inhibited the phosphoryla-
tion of both MAPK and AKT pathways. These findings 
suggest that 3-bromo-4-(2-hydroxyethyl)−7-methoxy-
2H-chromen-2-one may attenuate IgE-mediated acti-
vation of RBL-2H3 cells by modulating the MAPK 
and AKT signaling pathways. NF-κB is a crucial tran-
scription factor that amplifies allergic inflammation by 
promoting the expression of cytokines such as IL-4, 
IL-13, and TNF-α [51, 52]. To evaluate the effects of 

3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one, we investigated its impact on the phosphoryla-
tion and nuclear translocation of p65, a key subunit of 
the NF-κB complex, in DNP-IgE/HSA-sensitized RBL-
2H3 cells. The results demonstrated that 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one inhibited 
the phosphorylation of p65 and reduced its translocation 
into the nucleus.

To evaluate the anti-allergic effects of 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one in  vivo, 
we performed a PCA assay in BALB/c mice, a model that 
enables the confirmation of allergic reactions in DNP-
IgE-sensitized tissues [53, 54]. The results showed that 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-
one inhibited vasodilation in anti-DNP-IgE-HSA-sensitized 
ear tissue, effectively reducing ear edema. Furthermore, its 
anti-allergic effects were validated using Evans blue dye 
extraction, which quantitatively measures dye penetration 
into tissues. These findings confirmed that 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one mediates 

Fig. 6  3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one inhibits passive cutaneous anaphylaxis in BALB/c mice. BALB/c mice (male, 
8 weeks old) were intradermally injected with anti-DNP-IgE into the ears. After 24 h, 3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-2-one 
was intraperitoneally injected with 25 mg/kg (PBS with control group), and 1 h later, mice were intravenously treated with 2% Evans blue containing 
DNP-HSA. After 30 min, the mice were sacrificed. a Images of Evans blue infiltration in the ears. b Ear thickness measured using Vernier Calipers. 
c Evans blue-stained ears were punched for infiltrated Evans blue extraction. Punched ear tissues were soaked in 1 M KOH and a mixture of 0.6 N 
phosphoric acid and acetone solution and incubated for Evans blue extraction at 37 °C overnight. The supernatants were transferred to a 96-well 
plate, and the absorbance was measured using a microplate reader.
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anti-allergic responses by suppressing allergic reactions 
in sensitized tissues. In anaphylactic shock, a severe acute 
hypersensitivity response occurs due to allergen-IgE reac-
tions. Epinephrine is used as the primary treatment, while 
bronchodilators, antihistamines, and glucocorticoids are 
administered as secondary treatments to relieve symptoms 
[47, 55]. Based on the results from our in vivo PCA model, 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one may have potential as a treatment for anaphylactic 
shock.

In conclusion, we demonstrated that 3-bromo-4-(2-
hydroxyethyl)−7-methoxy-2H-chromen-2-one exerts 
anti-allergic effects by inhibiting mast cell degranulation 
both in  vitro and in  vivo. These findings indicated that 
3-bromo-4-(2-hydroxyethyl)−7-methoxy-2H-chromen-
2-one is a potential candidate for the development of 
anti-allergic therapeutics.
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