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새섬매자기 추출물의 Syk 억제를 통한 비만세포 매개성 알레르기
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Mast Cell-mediated Allergic Responses in vitro and in vivo
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Abstract − Scirpus planiculmis (SP) has been used for a long time as a traditional therapy to cure bronchiectasis, gynecopathy,

chest pain, and dyspepsia in Asian countries. However, the therapeutic effect of SP on allergic diseases remains to be deter-

mined. In this study, we observed the anti-allergic effect and its mechanism of SP in mast cells and mice. SP significantly sup-

pressed the degranulation and expression of tumor necrosis factor-α (TNF-α) and interleukin-4 (IL-4) in mast cells stimulated

by antigen, and its inhibition was reversible. Mechanistically, SP inhibited the activation of spleen tyrosine kinase (Syk) by anti-

gen and its downstream signaling proteins such as linker for activation of T cell (LAT), phospholipase Cγ (PLCγ), Akt, and

mitogen activated protein (MAP) kinases, including ERK, JNK, and p38, in a dose-dependent manner. In mice, SP significantly

inhibited the passive cutaneous anaphylaxis (PCA) reaction and degranulation of mast cells in ear tissue by antigen. Taken

together, SP suppressed the allergic response by antigen in mice via the inhibition of Syk activation in mast cells, which war-

rants further investigation for developing anti-allergic herbal medicine. 
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Immune responses in IgE-mediated hypersensitivity disorders

including asthma, atopic dermatitis, and food allergy are

exaggerated against innocuous environmental substances.1)

The prevalence of allergic disorders has been increasing

exponentially around the world for the last few decades.2)

The World Allergy Organization analysis indicates that hundreds

of millions of people suffer from allergic diseases in countries

around the world, and much of the increase is occurring in

children.3)

Mast cells are critical for various allergic diseases, especially in

IgE-mediated hypersensitive responses. Mast cells are mostly

distributed in human tissues adjacent to the external environment,

such as airways, internes, and skin.4) When antigen binds to

IgE-sensitized mast cells, they rapidly secrete not only

allergic mediators including histamine, but also cytokines,

such as tumor necrosis factor (TNF)-α, IL-6, IL-13, and

interleukin (IL)-4, which eventually leads to late phase

allergic responses.5) 

When mast cells are activated by antigen, the receptor-

proximal Src-family kinases (SFKs) including Lyn and Fyn

are initially activated.6) Cytosolic Syk is recruited subsequently

to the immunoreceptor tyrosine-based activating motifs

(ITAMs) of the FcεRIγ chain, where it becomes activated

and stimulates other critical downstream signaling proteins

that include linker for activated T cells (LAT) and phospholipase

C (PLC) γ for degranulation of mast cells.7) Mitogen-activated

protein (MAP) kinases are linked to the production of allergic

cytokines and chemokines in mast cells.8) Therefore, the activation

of Syk is essential for secretion of histamine, cytokines, and

other allergic mediators from mast cells, suggesting that Syk

could be an important therapeutic target protein for allergic
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diseases.

Several types of treatments are used to treat allergic disorders.

Pharmaceutical therapies, such as steroid and antihistamine

agents, can greatly relieve the symptoms of allergic disease.

However, they do not cure the diseases, and can cause

unwanted side effects. For example, antihistamine medicine

can induce sedation, dizziness, and lack of concentration.9)

Long-term administration of steroids can causes various side

effects such as Cushing’s syndrome, diabetes, osteoporosis, and

decrease in resistance to infection.10) As an alternative approach,

allergen-specific immunotherapy has recently been investigated

for allergic diseases.11) However, despite the fact that both

subcutaneous immunotherapy and sublingual immunotherapy

are helpful in reducing allergic symptoms, there are ongoing

controversies about the therapeutic efficacy of allergen-specific

immunotherapy for allergic diseases.12)

Therefore, many scientists are trying to find alternative

therapies, and herbal medicine has been suggested as an

option to avoid the severe side effects of drug treatments.13-15)

Traditional herbal medicines have a long history, and each

country has developed them over many centuries, based on

its own traditional usages. East Asian countries, such as Korea

and China, have especially tried to find new therapeutic

materials from traditional herbal medicines.16-19) Based on

such big efforts, some countries including the United States

of America have approved several herbal medicines for

diseases such as Alzheimer’s, hypercholesterolemia, bowel

syndrome, nausea, myocardial infarction, prostatic hyperplasia,

and depressive disorder.20,21) The US Food and Drug

Administration (FDA) approved VEREGEN® (sinecatechins), a

water extract of green tea leaves, as a topical medication

for the treatment of external genital and perianal warts in

2006.22,23) FULYZAQ® (MytesiTM, crofelemer), a traditional

medicine in the Amazon river area, was approved by the

US FDA in 2012 to treat diarrhea.24,25)

In the present study, we found for the first time the inhibitory

effect of Scirpus planiculmis (SP) on mast cell-mediated allergic

responses in vitro and in vivo. Our observations suggest that

SP could be a potential herbal medicine candidate to treat

allergic disorders.

Materials and Methods

Reagents −Monoclonal dinitrophenol (DNP)-specific IgE,

DNP-bovine serum albumin (BSA), PP2 (a typical tyrosine

kinase inhibitor, 1-tert-Butyl-3-(4-chlorophenyl)-1H-pyrazolo

[3,4-d]pyrimidin-4-amine), ionomycin, Evans blue, cetirizine,

and toluidine blue were purchased from Sigma-Aldrich (St.

Louis, MO). Antibodies for detection of phosphorylation

and protein expression of Syk, LAT, PLCγ1, ERK1/2, JNK,

p38, and Akt were purchased from Cell Signaling Technology

Inc. (Danvers, MA). Cell culture reagents, including minimal

essential medium (MEM) with Earle’s salts, Roswell Park

Memorial Institute (RPMI) 1640 medium, and fetal bovine

serum (FBS), were purchased from GIBCO/Life Technologies

Inc. (Rockville, MD).

Plant Extract − The SP extract (specimen number: 037-

059) was collected from Wando, Jeonnam in Korea on

November 3, 2009, and the extraction and storage of the SP

were conducted at the Plant Extract Bank (extract.kribb.re.kr)

in the Korea Research Institute of Bioscience and Biotechnology

(KRIBB, Daejeon, Korea). It was extracted with methanol

using the whole plant and dissolved in dimethyl sulfoxide

(DMSO). 

Animals−Five-week-old male BALB/c mice were obtained

from Orient Bio Experimental Animal Center (Gapyeong,

Gyeonggi-do, Korea). Mice were used for isolation of BMMCs

and in vivo passive cutaneous anaphylaxis (PCA) study. All

animal experiments were conducted in compliance with the

National Institute of Health’s Guide for the Care and Use

of Laboratory Animals after receiving approval from the

Institutional Animal Care and Use Committee (IACUC) at

Konkuk University (No. KU18127). 

Preparation of Mast Cells and Cell Culture−Rat basophilic

leukemia (RBL)-2H3 cells were provided by American Type

Culture Collection (ATCC) and were grown in MEM supplemented

with glutamine, antibiotics and 15% FBS. Bone marrow-derived

mast cells (BMMCs) from male BALB/c mice were grown

in complete RPMI 1640 medium supplemented with 4 mM

L-glutamine, 100 units/ml penicillin, 100 μg/ml streptomycin,

0.1 mM nonessential amino acids, 1 mM sodium pyruvate,

25 mM HEPES, 10% FBS, 0.05 mM β-mercaptoethanol and

10 ng/ml IL-3. After 4 - 6 weeks, BMMCs were used for in

vitro assays.

Measurement of β-Hexosaminidase Release in RBL-

2H3 Cells and BMMCs − Both RBL-2H3 and BMMC

cells were primed overnight with 20 ng/ml DNP-specific

IgE in 24-well plates (2.0×105 cells/well). Cells were washed

twice and resuspended in a final volume of 0.2 ml buffer

per well. Buffers used in the assay were as follows : 1,4-

piperazinediethanesulfonic acid (PIPES)-buffered medium (25

mM PIPES, pH 7.2, 119 mM NaCl, 5 mM KCl, 0.4 mM
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MgCl2, 1 mM CaCl2, 5.6 mM glucose, and 0.1% fatty acid-

free fraction V bovine serum albumin (BSA)) for RBL-2H3

cells and Tyrode buffer (20 mM HEPES, pH 7.4, 135 mM

NaCl, 5 mM KCl, 1.8 mM CaCl2, 1 mM MgCl2, 5.6 mM

glucose, and 0.1% BSA) for BMMCs. Cells were pretreated

with or without SP (10, 30, or 100 μg/ml) or PP2 (10 μM)

for 30 min, followed by stimulation with 25 ng/ml DNP-

BSA for 10min. Degranulation of mast cells was determined

by measuring the ratio of released β-hexosaminidase in

supernatants to total β-hexosaminidase in buffer and cell

lysates.26)

Western Blot Analysis − Cells were stimulated with 25

ng/ml antigen for the indicated times and chilled on ice to

stop the stimulation. Total protein extracts were prepared

according to Lee et al..27) In brief, cells were lysed for 30 min

in 100 μl lysis buffer (20 mM HEPES, pH 7.5, 150 mM NaCl,

1% Nonidet P-40, 10% glycerol, 60 mM octyl β-glucopyranoside,

10 mM NaF, 1 mM Na3VO4, 1 mM phenylmethylsulfonyl

fluoride, 2.5 mM p-nitrophenyl phosphate, 0.7 mg/ml pepstatin,

and a protease-inhibitor cocktail tablet) on ice. The protein

content of cellular extracts was quantified by Bradford assay

(absorbance at 595 nm). The lysates were denatured at 100 °C

for 5 min in 4× Laemmli buffer. For western blotting, proteins

were separated using sodium dodecyl sulfate-polyacrylamide

gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene

fluoride membranes (Bio-Rad Laboratories, Berkeley, California).

The membranes were blocked in 5% BSA-containing TBS-

T buffer for 1 h, and then were incubated with the indicated

primary antibodies. The membranes were washed and incubated

with horseradish peroxidase-labeled secondary antibodies.

Blots were processed using the ImageQuantTMLAS 4000

system (GE Healthcare Life Sciences; Piscataway, NJ).

Reverse Transcriptase-Polymerase Chain Reaction

(RT-PCR) − Total RNA was prepared from RBL-2H3 cells

using the Easy-spinTM Total RNA Extraction Kit (iNtRON

Biotechnology, Inc.), and was reverse transcribed using the

SuperScript first-strand synthesis system (Invitrogen, Carlsbad,

CA), according to the manufacturer’s protocol. PCR amplification

was performed for 30 cycles at 94°C for 45 s, 55°C for 45s,

and 72°C for 60 s. The following primers were used: rat

TNF-α forward 5’-CACCACGCTCTTCTGTCTACTGAAC-3’;

rat TNF-α reverse: 5’-CCGGACTCCGTGATGTCTAAGTACT-

3’; rat IL-4 forward 5’-ACCTTGCTGTCACCC TGTTC-3’;

rat IL-4 reverse 5’-T TGTGAGCGTGGACTCATTC-3’; rat

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) forward

5’-GTGGAGTCTA CTGGCGTCTTC-3’; rat GAPDH reverse

5’-CCAAGGCTGTGGGCAAGGTCA-3’.

Passive Cutaneous Anaphylaxis (PCA)−The procedures

for the PCA assay were as previously described.28) In brief,

mice were intradermally injected with 0.5 μg DNP-specific

IgE into the ear. After 24 h, either SP (100, 300, or 1000 mg/

kg) or cetirizine (20 mg/kg) was administered orally to the

mice. After 1 h, the mice were challenged with an i.v. injection

of 250 mg antigen (DNP-BSA) in 250 ml PBS that contained

4% Evans blue dye (Sigma-Aldrich, MO, USA). After 1 h,

the mice were euthanized and the ears were removed to measure

the amount of dye present. The dye was extracted from each

ear in 700 μl formamide at 63°C overnight. The absorbance

was measured at 620 nm with a microplate reader (Tecan,

Männedorf, Switzerland).

Statistical Analysis − The data are expressed as means ±

SEM from three or more independent experiments. Statistical

analysis was performed using one-way ANOVA and unpaired

Student’s t-tests. All statistical calculations were performed

using Sigma Stat software (Systat Software, Inc., Point Richmond,

CA, USA), with differences considered statistically significant

at p < 0.05.

Results

Effect of SP on Degranulation in Mast Cells − The

aggregation of high affinity IgE receptors (FcεRI) by antigen

releases allergic mediators from cytoplasmic granules in

mast cells to induce allergic responses. 8,29) We have screened

many plant extracts at a concentration of 100 mg/ml to find

herbal anti-allergic medicinal candidates using a degranulation

assay in mast cells. Among them, we found that the extract

of the whole plant of SP showed the greatest inhibitory effect

(approximately 93.7%). To verify further the effect of SP

on degranulation by antigen in mast cells, we checked it in

RBL-2H3 cells and BMMCs. We observed that the degranulation

was inhibited by SP in a dose-dependent manner (IC50, 17.5

mg/ml for RBL-2H3 cells; 23.5 mg/ml for BMMCs) (Fig.

1A). Notably, this inhibitory effect of SP was eliminated by

washing the cells after the treatment of SP for 30 min, indicating

that the effect of SP was reversible (Fig. 1B).

Effects of SP on the Production of Cytokines in Mast

Cells − The stimulation of mast cells by antigen activates

the expression and secretion of cytokines, such as IL-4 and

TNF-α, which are critical to induction of the late phase

allergic responses.30) We thus examined whether SP inhibited

the production of cytokines in antigen-stimulated mast cells.
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Treatment with SP significantly suppressed antigen-stimulated

production of TNF-α and IL-4 in a dose-dependent manner

(Fig. 2A). The inhibitory potency of SP at 100 mg/ml was

almost equivalent to that of PP2, a typical Src-family kinase

inhibitor (Fig. 2B). 

Effect of SP on the Activation of Syk and Its Downstream

Signaling Proteins by Antigen in Mast Cells − The

aggregation of FcεRI’s by antigen activates Syk kinase, an

essential signaling protein for the activation of mast cells,

subsequently activating many downstream signaling proteins.31,32)

Our results show that SP significantly inhibited activations

of Syk, LAT, PLCγ1, and Akt by antigen in RBL-2H3 cells

and in BMMCs (Fig. 3). MAP kinases (e.g., ERK1/2, JNK,

and p38) are critical for the production of TNF-α and IL-4.33)

The activations of ERK1/2, JNK, and p38 were suppressed

by SP in a dose-dependent manner (Fig. 3B). These results

indicate that SP suppresses mast cells via inhibition of

activation of Syk and the Syk-dependent proteins, LAT,

PLCγ1, Akt, and MAP kinases.

Effect of SP on Antigen-induced Passive Cutaneous

Anaphylaxis (PCA) in Mice − We used PCA mouse to

measure the anti-allergic effect of SP in vivo. PCA has been

reported as a mast cell-mediated allergic mouse model.16,34)

In our study, the PCA reaction was suppressed by SP in a

dose-dependent manner (Fig. 4A and B). This inhibitory potency

of SP at a dose of 1,000 mg/kg was similar to that of cetirizine

(20 mg/kg), an anti-allergic medicine, suggesting that SP could

also be used as an anti-allergic herbal medicine. In histology

examinations, we further observed that SP also inhibited

Fig. 1. Scirpus planiculmis (SP) reversibly inhibits degranula-

tion in antigen (Ag)-stimulated mast cells. (A) The amount of

β-hexosaminidase released from RBL-2H3 cells and BMMCs

was determined. (B) RBL-2H3 cells were washed 3 times

after pre-incubation with or without SP (100 μg/ml) or PP2, a

typical tyrosine kinase inhibitor, for 30 min. The cells were

stimulated with 25 ng/ml Ag for 10 min. β-hexosaminidase

release was measured at 450 nm. The values are means ±

SEM from three independent experiments. Significant differ-

ences compared to Ag-only groups are indicated, *p < 0.05

and **p < 0.01.

Fig. 2. SP inhibits gene expression of TNF-α and IL-4. RT-

PCR was performed for (A) TNF-α and IL-4. (B) Densitomet-

ric values (mean ± SEM) for three independent experiments are

shown. Significant differences compared to Ag-only groups

are indicated, *p < 0.05 and **p < 0.01.



Vol. 55, No. 4, 2024 251

Fig. 3. SP inhibits phosphorylation of Syk and downstream molecules in mast cells. Representative (A) immunoblotting images

and (B) band densities for phosphorylation of signaling proteins. The cell lysates were subjected to western blot analysis. Signifi-

cant differences compared to Ag-only groups are indicated, *p < 0.05 and **p < 0.01.

Fig. 4. SP inhibits the passive cutaneous anaphylaxis (PCA) reaction and degranulation of mast cells in vivo. Mice were intrader-

mally injected with DNP-specific IgE (50 ng) in their ear. After 12 hours, they were orally administered with SP or cetirizine serv-

ing as a reference drug. One hour later, DNP-HSA with Evans Blue was administered by intravenous injection. (A) Representative

photographs of ears and (B) quantification of extracted Evans blue dye. (C) Representative images for histological examination of

ears. Black arrow, resting mast cells; Red arrow, degranulated mast cells. (D) Percentage of degranulated-mast cells was measured

in the ear. Data are presented as the mean ± SEM obtained from 3 individual experiments. n = 5 mice per group. Significant dif-

ferences compared to Ag-only groups in degranulation are indicated, *p < 0.05. and **p < 0.01. CZ, cetirizine. 



252 Kor. J. Pharmacogn.

degranulation of mast cells in the ear tissues of antigen-induced

PCA mice (Fig. 4C and D).

Discussion

Although the number of allergic patients has increased in

past decades, current therapeutic approaches are not ideal.

Recently, alternative and complementary herbal medicines

have been suggested as additional therapeutic options for allergic

disorders. Particularly, some traditional herbal extracts offer

important advantages for drug development due to their low

side effects. For example, the herbal extract medicines, Stillen

(Donga Pharmaceutical Co., Ltd., Korea) and Joins (SK

Chemicals, Korea), have been used as treatments for gastric

ulcers and arthritis in the market, respectively.

SP, which belongs to the Poales order and Cyperaceae

family, mainly grows in coastal wetlands; SP is widely found

in Northeast Asia, including Korea, Japan, and China. SP

has long been used to treat bronchiectasis, dysmenorrhea, chest

pain, and dyspepsia as traditional folk remedies.35,36) However,

its pharmacological effects and its mechanisms of action,

especially on allergic responses, have not been investigated.

The activation of IgE-labeled mast cells by antigen plays

a pivotal role to induce allergic responses. When mast cells

are stimulated by antigen, the cells rapidly release stored chemical

mediators within cytosolic granules, including histamines,

tryptases, chemokines, and pro-inflammatory cytokines, which

leads to allergic responses.5) Our results showed that SP

inhibited degranulation of mast cells by antigen in vitro and

also suppressed allergic response in PCA mice (Fig. 1 and

4). Notably, the inhibition by SP of mast cell degranulation

was reversible (Fig. 1B). Based on these results, SP could be

a good candidate as an anti-allergic herbal medicine.

When mast cells are stimulated with antigen, Src family

kinases (SFKs) are initially activated. Syk is then activated,

followed by LAT, PI3K/Akt, and MAP kinase activation, and

the mobilization of intracellular Ca2+, to stimulate degranulation

and the release of cytokines and another allergic mediators,

eicosanoids.31,33,34,37) Therefore, Syk inhibitors could be

good therapeutic approaches to treat allergic disorders.38,39) In

this study, SP inhibited activation of Syk in antigen-stimulated

mast cells (Fig. 3), suggesting that SP exerts its anti-allergic

effect in vitro and in vivo through suppressing Syk in mast cells.

Upon antigen stimulation, Syk undergoes activation through

two distinct phosphorylation mechanisms One mechanism

is that Syk is phosphorylated and activated by upstream

Src-family kinases such as Lyn or Fyn. Another mechanism

is the Syk's auto-phosphorylation. Therefore, further studies

are needed to determine by which of these two mechanisms

SP inhibits to suppress the phosphorylation of Syk. 

The activations of MAP kinases, such as ERK, JNK, and

p38, are essential for the production of cytokines.8,37,40-43) The

cytokines (e.g., TNF-α and IL-4) are very closely associated

with the pathogenesis of allergic inflammation.44,45) SP suppressed

expression levels of TNF-α and IL-4 (Fig. 2) and activation

of the three MAP kinases, ERK1/2, JNK, and p38 (Fig. 3).

These results suggest that SP can suppress cytokine-mediated

late-phase allergic responses in the progression of allergic

diseases by inhibiting MAP kinases.

In humans, when an allergen enters the body, B cells produce

IgE under atopic conditions. The IgEs subsequently bind to

FcεRI receptors on mast cells located in peripheral tissues.

The same allergen then binds to FcεRI on mast cells, inducing

the secretion of granules and allergic mediators. PCA has been

used as a standard model for mast cell-mediated type I

hypersensitivity reaction in mice.46) In our results, SP effectively

suppressed the PCA reaction in a dose-dependent manner (Fig.

4), suggesting that SP has an inhibitory effect on allergic

responses by suppressing mast cell degranulation in vivo.

Conclusions

We observed for the first time that SP inhibited degranulation

and allergic cytokine production (i.e., TNF-α and IL-4) in

Fig. 5. A hypothetical scheme for the mechanism by which

SP inhibits the activation of mast cells. Phosphorylation of

Syk by Ag stimulation leads to activation of downstream sig-

naling molecules, such as LAT, PLC-γ, leading to Ca2+ mobi-

lization, and MAP kinases. The inhibitory effect of SP on

mast cell activation is due to the inhibition of Syk activation.
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mast cells in vitro and in vivo by suppressing activation of

Syk and Syk-mediated signaling cascade (Fig. 5). Although

further research is needed to identify which substances within

the extract exhibit anti-allergic activity, our results suggest that

SP could be useful for IgE-mediated allergic diseases such

as allergic rhinitis, asthma, and atopic dermatitis.
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