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ABSTRACT 

Background: The anti-inflammatory actions of Polygonum cuspidatum, Angelica gigas, 

Sophora flavescens and Arctium fruit are well known. Nonetheless, effects of herbal 

combination (PASA) or its fermentation by microorganisms (F-PASA) on the allergic 

response remain unknown. 

Purpose: We investigated whether PASA or F-PASA could inhibit IgE/antigen 

complex (IgE/Ag)-mediated allergic responses. 

Methods: To evaluate and compare anti-allergic actions of PASA and F-PASA, we 

performed cell viability, β-hexosaminidase activity, ELISA assays for cytokines and 

eicosanoids, immunoblot analysis, HPLC analysis and passive cutaneous anaphylaxis 

(PCA) models. 

Results: F-PASA had stronger anti-degranulation actions (IC50, 510.9 μg/ml) than 

PASA (IC50, 1,261 μg/ml) without cytotoxicity until 2,000 μg/ml in IgE/Ag-activated 

RBL-2H3 cells. Additionally, F-PASA inhibited formation of tumor necrosis factor-α 

(IC50, 147.4 μg/ml), interleukin-4 (IC50, 213.4 μg/ml), prostaglandin D2 (IC50, 42.40 

μg/ml) and leukotriene C4 (IC50, 157.9 μg/ml). Moreover, F-PASA dose-dependently 

inhibited the phosphorylation and expression of proteins that are related to the FcεRI 

and arachidonate cascades. Consistent with in vitro studies, F-PASA from 25 to 100 

mg/kg also suppressed IgE/Ag-induced PCA reaction more than PASA did in mice. In 

phytochemical analysis, using PASA and F-PASA, F-PASA showed a higher level of 

emodin-8-O-β-D-glucoside, whereas the level of arctiin, an artigenin glycoside, was 

reduced compared with that using PASA. 

Conclusion: These findings indicate that F-PASA, including both artigenin and emodin-

8-O-β-D-glucoside, possesses stronger anti-allergic properties. Therefore, F-PASA may 

be useful as a functional food or as a phytomedicine for allergic diseases. 

 

Key Words: allergic response; FcεRI; F-PASA; inflammatory mediators; mast cells; 

passive cutaneous anaphylaxis 
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List of abbreviations 

5-LO: 5-lipoxygenase 

Akt: protein kinase B 

COX-2: cyclooxygenase-2 

cPLA2: cytosolic phospholipase A2 

ERK: extracellular signal-regulated kinase 1/2 

Fyn: feline yes-related protein 

HSA: human serum albumin 

IgE: Immunoglobulin E 

IgE/Ag: IgE-antigen complex 

IL-4: interleukin-4 

JNK: c-Jun N-terminal kinase 1/2 

LTC4: leukotriene C4 

LTC4S: leukotriene C4 synthase 

Lyn: Src family protein kinase 

L-PGDS: lipocalin-type prostaglandin D synthase 

F-PASA: PASA fermented by L. rhamnosus 

PASA: aqueous extract of four medicinal plants 

PCA, passive cutaneous anaphylaxis 

PGD2: prostaglandin D2 

PKCδ: protein kinase Cδ 

PLCγ: phospholipase Cγ 

Syk: spleen tyrosine kinase 

TNF-α: tumor necrosis factor-α 
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1. Introduction 

Allergic diseases such as allergic rhinitis, asthma and atopic dermatitis are known as 

obstinate chronic diseases, and patients with allergic diseases are widely distributed 

across all ages worldwide. The generation and progression of allergic diseases are 

correlated with anaphylactic shock. The anaphylactic shock, a type 1 allergic response 

class (Uzzaman and Cho, 2012), is particularly important clinically because it 

aggravates a patient’s condition in a matter of minutes. Such anaphylactic shock is 

associated with the degranulation of immunoglobulin E/antigen complex (IgE/Ag)-

stimulated mast cells (Gilfillan and Tkaczyk, 2006). When IgE-sensitized mast cells are 

activated by antigens, the cells rapidly liberate various inflammatory mediators, 

including histamine, cytokines, leukotrienes and prostaglandins (Church and Levi-

Schaffer, 1997; Metcalfe et al., 1981). Consequently, the inflammatory mediators induce 

an acute inflammatory response in a wide region of tissues and organs (Theoharides and 

Kalogeromitros, 2006; Wedemeyer et al., 2000). Therefore, regulating the activation of 

IgE-sensitized mast cells is an important key point for the treatment or the prevention of 

allergic diseases. 

The combination of some herbs has been reported to have synergistic effects in 

various biological events such as anti-cancer, anti-diabetes and anti-inflammation 

(Adams et al., 2006; Gao et al., 2009; Yang et al., 2014; Zheng et al., 2012). In addition, 

the fermentation process of herbal medicines by microorganisms produces their 

metabolites and/or converts glycosylated compounds into aglycones, which are more 

active forms than glycosides (Yoo et al., 2016). Indeed, the fermentation process 

improves the beneficial effects of herbal medicines on various diseases such as allergy, 

arteriosclerosis, cancer and diabetes (Kim et al., 2015; Lee et al., 2015; Lee et al., 
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2014b; Yoo et al., 2016). Recently, our research group found that KIOM-MA containing 

Polygonum cuspidatum, Angelica gigas, Sophora flavescens and Arctium fruit, which 

possess anti-inflammatory actions in various tissues and organs (Bralley et al., 2008; 

Choi et al., 2000; Han and Wang, 2012; Knott et al., 2008; Lee et al., 2014a; Lee et al., 

2012; Shin et al., 2010; Zhang et al., 2012; Zhang et al., 2015), and its fermentation, 

KIOM-MA128, exerted anti-allergic actions, such as anti-asthma and anti-atopic 

dermatitis (Chung et al., 2012; Kim et al., 2012; Park et al., 2016). However, the 

industrialization and quality control of KIOM-MA128 are very difficult because it is 

composed of 18 species of medicinal herbs. Therefore, we were interested in the 

optimization of KIOM-MA128 by the selection of some herbs having strong anti-

allergic activity among the components of KIOM-MA128. Subsequently, we selected 

Polygonum cuspidatum, Angelica gigas, Sophora flavescens and Arctium fruit using 

IgE/Ag-activated RBL-2H3 cells. Furthermore, the effects of their combination (PASA) 

and its fermented form (F-PASA) on IgE/Ag-induced allergic reactions are still 

unknown. 

In this study, we first found that PASA possessed an anti-allergic effect on the 

IgE/Ag-mediated allergic reaction in RBL-2H3 cells. Furthermore, we hypothesized 

that the fermentation of PASA by Lactobacillus rhamnosus (L. rhamnosus) may 

enhance the anti-allergic action of PASA, and then examined the effects of F-PASA on 

IgE/Ag-mediated allergic responses in both in vitro and in vivo studies. To examine the 

anti-allergic roles of F-PASA in in vitro studies, degranulation was measured by β-

hexosaminidase activity, a degranulation biomarker, and the amounts of 

proinflammatory mediators, such as interleukin-4 (IL-4), tumor necrosis factor-α (TNF-

α), leukotriene C4 (LTC4) and prostaglandin D2 (PGD2), were measured using enzyme-
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linked immunosorbent assay (ELISA) and enzyme immunoassay (EIA) kits. To 

investigate cellular signaling transduction for the FcεRI cascade, the expression or the 

phosphorylation of FcεRI cascade-related proteins were analyzed using immunoblot 

analysis. To compare and identify active phytochemicals for the anti-allergic properties 

of PASA and F-PASA, both extracts were analyzed using a high-performance liquid 

chromatography (HPLC) system. Finally, to demonstrate the anti-allergic effects of F-

PASA on the in vivo system, the effects of PASA and F-PASA were evaluated using a 

passive cutaneous anaphylaxis (PCA) model, which is generally used as an allergic 

animal model (Inagaki et al., 1986). Herein, we report that F-PASA possesses anti-

allergic activities by inhibiting the activation of both FcεRI and eicosanoid cascades in 

IgE/Ag-stimulated mast cells and demonstrated such effects of F-PASA on the PCA 

reaction in IgE/Ag-exposed mice. The effects of F-PASA may offer further information 

for the application of herbal medicine in patients with allergic diseases. 
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2. Materials and Methods 

2.1. Reagents 

MEM-α medium, penicillin, streptomycin, fetal bovine serum (FBS) and 1× DPBS 

were obtained from GE Healthcare Life Sciences (HyClone
TM

, Logan, UT, USA). A 

specific antibody against phospho-feline yes-related protein (Fyn; orb128087) was 

procured from Biorbyt Ltd. (Cambridge, UK). Specific antibodies against phospho-

protein kinase B (Akt; #9271), phospho-cytosolic phospholipase A2 (cPLA2; #2831), 

phospho-extracellular signal-regulated kinase 1/2 (ERK; #9101), phospho-c-Jun N-

terminal kinase 1/2 (JNK; #9251), phospho-Src family protein kinase (Lyn; #2731), 

phospho-p38 (#9211), phospho-protein kinase Cδ (PKCδ; #2055), phospho-

phospholipase Cγ1/2 (PLCγ1/2; #2821 and #3871, respectively), phospho-spleen 

tyrosine kinase (Syk; #2710) and cyclooxygenase-2 (COX-2; #4842) were purchased 

from Cell Signaling Technology, Inc. (Beverly, MA, USA). Specific antibodies against 

leukotriene C4 synthase (LTC4S; sc-22564-R) and β-actin (sc-47778) were obtained 

from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Specific antibodies against 

lipocalin-type prostaglandin D synthase (L-PGDS; 160003) and phospho-5-

lipoxygenase (5-LO; 10007820), and EIA kits for LTC4 and PGD2 were purchased from 

Cayman Chemical Co. (Ann Arbor, MI, USA). Arctiin, decursin, decursinol, emodin-8-

O-β-D-glucoside, matairesinol and nodakenin were purchased from ChemFaces Co., 

Ltd. (Wuhan, China). ELISA kits for IL-4 and TNF-α were obtained from e-Bioscience, 

Inc. (Science Center Drive, San Diego, CA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT), 4-Nitrophenyl N-acetyl-β-D-glucosaminide (p-

NAG), dinitrophenyl-human serum albumin (DNP-HSA), DNP-IgE, and 

dexamethasone were purchased from Sigma-Aldrich Co. (St Louis, MO, USA). All 
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other chemicals were of analytical grade. 

 

2.2. Preparation of extracts of PASA and F-PASA 

PASA and F-PASA were prepared following a process reported previously (Yoo et 

al., 2016). The PASA mixture (1 kg) including Polygonum cuspidatum, Angelica gigas, 

Sophora flavescens and Arctium fruit (1, 1, 1, 1; w/w/w/w) were boiled in distilled 

water (10 liter) for approximately 3 h at 115°C. The aqueous extract was inoculated 

with L. rhamnosus (1 × 10
5
 – 10

7
 CFU/ml; KFRI 128, KCTC 2182), after it had been 

adjusted to pH 7.0 with 1N NaOH and was autoclaved for 5 min, and then incubated for 

48 h at 37°C. F-PASA was sifted through a nylon net filter (Aperture 60 μm; Millipore 

Co., Denver, MA, USA) and was then left. The supernatant was lyophilized, and then 

the dried pellet was kept in -20°C until use. The yields of PASA and F-PASA are 14.42 

and 14.10%, respectively. PASA and F-PASA were dissolved in 10% dimethyl sulfoxide 

(DMSO) solution for in vitro studies. 

 

2.3. High-performance liquid chromatography analysis 

HPLC analysis was performed according to a modified process reported previously 

(Chung et al., 2012). To analyze the major compounds in PASA and F-PASA, HPLC 

analysis was performed using an Elite lachrom analytical HPLC PDA system equipped 

with an HPLC pump (L-2130), an autosampler (L-2200), a column oven (L-2350), a 

diode array UV/Vis detector (L-2455) and EZchrom Elite software (Hitachi High 

Technologies America, Inc., San Jose, CA, USA) with an OptimaPak C18 column (4.6 

mm × 250 mm, 5 m; RS tech Co., Daejeon, Korea). The anti-allergic phytochemicals 

were eluted in a gradient system composed of solvent A (0.2% acetic acid in deionized 
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water) and solvent B (0.2% acetic acid in acetonitrile). The gradient was 10-50-10-10% 

of solvent B at the gradient time tG = 0-60-61-71 min, respectively. The temperature of 

column oven was 40°C, the flow rate was 1.0 ml/min, and an injection volume of 5 l 

was applied. The UV/Vis detector was set at the wavelength range of 280 nm. The 

standards of arctiin, decursin, decursinol, emodin-8-O-β-D-glucoside, matairesinol and 

nodakenin, as well as the sample solutions (2.5 mg/ml), were dissolved and diluted in 

methanol. The relative standard deviation of the measured concentrations was used to 

assess precision. A comparison of the mean measured concentration versus the 

corresponding nominal concentration was used to assess accuracy. 

 

2.4. Animals 

ICR mice, Swiss CD-1 mice (Schwartz et al., 1974) (male, 5 weeks and 25–30 g), 

were purchased from SAMTAKO BIO KOREA Inc. (Osan, Korea) and were housed in 

cages (5 mice per cage) under specific pathogen-free conditions (21–24°C and 40–60% 

relative humidity) with a 12-h light/dark cycle and were given free access to standard 

rodent food (Orientbio Inc., Sungnam, Korea) and water. All animal experiments were 

approved by the Animal Care and Use Committee of the KIOM (Daejeon, Korea) with a 

reference number (#D-16-001). Experiments were carried out following the guidelines 

of the Animal Care and Use Committee at KIOM. 

 

2.5. Passive cutaneous anaphylaxis 

IgE/Ag-mediated PCA response was performed following the method reported 

previously (Yoo et al., 2014b). ICR mice were subcutaneously injected through the ears 

with anti-DNP-IgE (100 ng) diluted in 1× PBS using an insulin syringe. The next day, 
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IgE-sensitized mice were orally administered PASA or F-PASA (0–100 mg/kg), and 

then, 1 h later, they were intravenously injected with 100 μg of DNP-HSA in 1× PBS 

including 0.5% Evans blue. After 30 min, the mice were sacrificed by CO2 gas and the 

ears were harvested and incubated with 1 ml of formamide for 2 h at 80°C. The extract 

was centrifuged for 10 min (17,000 ×g, 4°C). The absorbance at 620 nm was measured 

using a microplate reader (SpectraMax i3; Molecular Devices, Sunnyvale, CA, USA). 

 

2.6. Cell culture 

RBL-2H3 cells, a rat mast cell line (Siraganian et al., 1982), were purchased from the 

Korean Cell Line Bank (Seoul, Korea). The cells were cultured in MEM-α medium 

containing 10% (v/v) FBS and antibiotics at 37°C in a humidified atmosphere of 5% 

CO2. All of the experiments used a vehicle control group containing 0.1% DMSO. 

 

2.7. Cell viability assay 

Cell viability was evaluated according to a modification of the method reported 

previously (Song et al., 2015). IgE-sensitized RBL-2H3 cells were preincubated with 

PASA or F-PASA (0–2,000 μg/ml) in MEM-α medium containing 1% FBS for 1 h and 

then were stimulated by 0.1 μg/ml DNP-HSA for 2 h. The above cells were further 

incubated with 200 μl of culture media containing 500 μg/ml MTT reagent for 2 h. The 

supernatant was aspirated, 100 μl of DMSO was added to each well, and then the 96-

well plate was incubated for 15 min. The absorbance at 570 nm was measured using a 

microplate reader. 

 

2.8. β-Hexosaminidase activity assay 
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β-Hexosaminidase activity assay was performed following the previous method (Yoo 

et al., 2014a). IgE-sensitized RBL-2H3 cells were preincubated with PASA or F-PASA 

(0–2,000 μg/ml) for 1 h before DNP-HSA challenge. After 4 h, the supernatant (25 μl) 

was mixed with 50 μl of p-NAG (10 mM) in 0.1 M sodium citrate buffer (pH 4.5) and 

then incubated for 1 h at 37°C. The enzyme reaction was terminated by 0.1 M sodium 

carbonate buffer (pH 10.0). The absorbance at 405 nm was measured using a microplate 

reader. 

 

2.9. Enzyme-linked immunosorbent assay for IL-4 and TNF-α 

To measure the levels of IL-4 and TNF-α in cultured media, all the cultured media 

were centrifuged (17,000 × g at 4°C) for 10 min and then kept in -80°C until use. IL-4 

and TNF-α were determined using ELISA kits following the manufacturer’s instructions. 

 

2.10. Enzyme immunoassay analysis for LTC4 and PGD2 

To determine the amounts of LTC4 and PGD2 in cultured media, all cultured media 

were centrifuged and stored at -80°C until use. LTC4 and PGD2 were measured using 

EIA kits according to the manufacturer’s instructions. 

 

2.11. Immunoblotting analysis 

Immunoblotting analysis was performed according to the method reported previously 

(Yoo et al., 2016). PVDF membranes containing blotted proteins were visualized using 

a chemiluminescent reaction (ECL Plus kit, Bio-Rad, Hercules, CA, USA) and an 

imaging system (ChemiDoc Touch Imaging System, Bio-Rad, Hercules, CA, USA). 

The levels of target proteins were compared with the loading control proteins (β-actin) 
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and were measured using ImageJ software (version 1.50i for Windows; NIH, Bethesda, 

MD, USA). The results were expressed as a density ratio of each identified protein 

using a protein standard-size marker (BIOFACT, Daejeon, Korea). 

 

2.12. Statistical analyses 

The experimental results were reported as the mean ± SD and SEM. One-way 

analysis of variance (ANOVA) was used for multiple comparisons (GraphPad Prism 

version 5.03 for Windows, San Diego, CA, USA). The Dunnett test was applied for 

significant variations between the DNP-HSA-treated groups. Differences at the *P<0.05 

and **P<0.01 levels were considered statistically significant. 
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3. Results 

3.1. Inhibitory effects of PASA and F-PASA on the degranulation of IgE/Ag-

mediated RBL-2H3 cells: comparison between PASA and F-PASA 

To investigate the effects of PASA and F-PASA on the IgE/Ag-mediated allergic 

response in mast cells, IgE-sensitized RBL-2H3 cells were preincubated with various 

concentrations of PASA or F-PASA before antigen treatment (0.1 μg/ml DNP-HSA). F-

PASA (IC50 value, 510.9 μg/ml) showed stronger anti-degranulation action than PASA 

(IC50 value, 1,261 μg/ml), although both PASA and F-PASA dose-dependently 

inhibited degranulation in IgE/Ag-activated RBL-2H3 cells (Fig. 1a and 1b). In addition, 

PASA and F-PASA possessed no significant cytotoxicity at concentrations showing 

anti-degranulation action (Fig. 1c and 1d). These results indicated that F-PASA has a 

stronger anti-allergic action than PASA at non-cytotoxic concentrations. Therefore, the 

fermentation process for the above herbal medicine improves its inhibitory action on 

degranulation of IgE/Ag-activated mast cells. 

 

3.2. Inhibitory effects of F-PASA on the formation of proinflammatory mediators 

Because we showed more potent anti-degranulation action of F-PASA than of PASA, 

we further investigated the effects of F-PASA on the biosynthesis of proinflammatory 

mediators, such as cytokines, leukotrienes and prostaglandins, in IgE/Ag-activated mast 

cells. The proinflammatory mediators concerned with the initiation and/or progression 

of allergic diseases are produced and liberated from the above cells (Gilfillan and 

Tkaczyk, 2006). As shown in Fig. 2, F-PASA significantly reduced the production of 

TNF-α (IC50 value, 147.4 μg/ml), IL-4 (IC50 value, 213.4 μg/ml), PGD2 (IC50 value, 

42.40 μg/ml) and LTC4 (IC50 value, 157.9 μg/ml). Taken together, these results 
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suggested that F-PASA can inhibit allergic inflammatory responses by suppressing the 

formation of proinflammatory cytokines and eicosanoids in IgE/Ag-activated mast cells. 

As a result, F-PASA may inhibit the initiation and progression of allergic diseases. 

 

3.3. Regulatory effects of F-PASA on the activation of FcεRI and eicosanoid 

cascades 

We further investigated the actions of F-PASA on the activation of FcεRI and 

eicosanoid cascades, after F-PASA reduced the formation of proinflammatory mediators 

such as IL-4, TNF-α, LTC4 and PGD2 in IgE/Ag-activated mast cells. The reason for 

this is that the formation of the proinflammatory mediators is implicated in the 

activation of the FcεRI signaling cascade (Gilfillan and Tkaczyk, 2006). In late phase (4 

h), F-PASA significantly inhibited the phosphorylation of 5-LO and the expression of 

both L-PGDS and LTC4S (Fig. 3). Meanwhile, it partially suppressed the 

phosphorylation of cPLA2 and the expression of COX-2 (Fig. 3). In early phase (10 

min), F-PASA significantly reduced the phosphorylation of Lyn, Syk (Fig. 4a), 

PLCγ1/2, PKCδ (Fig. 4b), JNK, ERK, p38 and Akt (Fig. 4c) but not that of Fyn (Fig. 

4a). These findings suggested that F-PASA can regulate the activation of FcεRI 

signaling cascades by inhibiting Lyn, Syk, cPLA2, COX-2, 5-LO, L-PGDS and LTC4S 

in IgE/Ag-activated mast cells. 

 

3.4. Inhibitory effects of PASA and F-PASA on the IgE/antigen-mediated PCA 

reaction in mice: comparison between PASA and F-PASA 

We were interested in the anti-allergic action of F-PASA in the in vivo system 

because we revealed the anti-allergic mechanisms of F-PASA in IgE/Ag-activated mast 
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cells. Thus, we examined the anti-allergic actions of PASA and F-PASA in the PCA 

allergic animal model using mice (Inagaki et al., 1986). As shown in Fig. 5, when IgE-

sensitized ICR mice were orally administered PASA or F-PASA at various 

concentrations (0–100 mg/kg) for 1 h prior to antigen challenge, PASA dose-

dependently reduced the IgE/Ag-mediated PCA reaction in mice (Fig. 5a). Interestingly, 

F-PASA from 25 mg/kg suppressed IgE/Ag-mediated PCA reaction more than PASA 

did at a similar level of dexamethasone (Fig. 5b). This result indicated that F-PASA has 

stronger anti-allergic efficiency than PASA in the in vivo system. Therefore, it 

suggested that F-PASA has potentiality as an herbal medicine for the treatment of 

allergic diseases. 

 

3.5. Identification of active compounds in F-PASA: comparison between PASA 

and F-PASA 

To substantiate what is responsible for the anti-allergic actions of F-PASA, we 

analyzed and compared the phytochemical composition of PASA and F-PASA using an 

HPLC system. Arctiin, decursin, decursinol, emodin-8-O-β-D-glucoside, matairesinol 

and nodakenin are major compounds in Polygonum cuspidatum (Chu et al., 2005), 

Angelica gigas (Ahn et al., 2008), Sophora flavescens (Liu et al., 2011) and Arctium 

fruit (Yoo et al., 2016). Based on previous reports, we analyzed the amounts of 

phytochemicals in PASA and F-PASA. The retention times for the peaks of the 

nodakenin (1), decursinol (2), arctiin (3), matairesinol (4), emodin-8-O-β-D-glucoside 

(5), arctigenin (6) and decursin (7) standard were 16.63, 21.89, 24.62, 27.52, 28.02, 

33.42 and 51.13 min on the HPLC chromatogram, respectively (Fig. 6a). The major 

peaks were arctiin and emodin-8-O-β-D-glucoside, although the peaks of other 
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compounds were determined on the HPLC chromatograms of PASA (Fig. 6b) and F-

PASA (Fig. 6c). Thus, we further quantified the amounts of arctiin and emodin-8-O-β-

D-glucoside in PASA and F-PASA. Table 1 summarizes the amounts of arctiin and 

emodin-8-O-β-D-glucoside in PASA and F-PASA. These results suggested that the 

fermentation process by L. rhamnosus elevates the levels of arctigenin and emodin-8-O-

β-D-glucoside in F-PASA. Taken together, our findings indicated that the anti-allergic 

actions of F-PASA are associated with an increase in bioactive phytochemicals, such as 

arctigenin and emodin-8-O-β-D-glucoside, although some major unknown peaks remain. 

Therefore, F-PASA possesses the potential for use as a herbal medicine for the 

treatment or prevention of allergic diseases. 
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4. Discussion 

Polygonum cuspidatum (Bralley et al., 2008; Zhang et al., 2012), Angelica gigas 

(Choi et al., 2000; Shin et al., 2010; Zhang et al., 2015), Sophora flavescens (Han and 

Wang, 2012; Lee et al., 2014a) and Arctium fruit (Knott et al., 2008; Lee et al., 2012) 

are commonly used components of traditional medicine in Northeast Asia and have 

various beneficial properties, including anti-cancer, anti-inflammation, anti-microbial 

activity, and neuroprotection (Chan et al., 2011; He et al., 2015; Sarker and Nahar, 

2004; Zhang et al., 2013). Additionally, our research group recently found that KIOM-

MA128 containing the above four herbs exerted anti-allergic actions such as anti-

asthma and anti-atopic dermatitis (Chung et al., 2012; Kim et al., 2012; Yoo et al., 2016). 

The optimization of KIOM-MA128 is necessary because the industrialization and 

quality control of KIOM-MA128 as the herbal medicine are very difficult. Additionally, 

the fermentation process enhances the beneficial effects of herbal medicines (Kim et al., 

2015; Lee et al., 2015; Lee et al., 2014b; Yoo et al., 2016). Nonetheless, the effects of 

PASA and F-PASA on IgE/Ag-mediated allergic responses were not reported. 

In this study, we observed that PASA exerted anti-allergic actions on IgE/Ag-

activated mast cells. Furthermore, we hypothesized that F-PASA, the fermented form of 

PASA, may possess more potent anti-allergic properties than PASA, and we 

demonstrated stronger anti-allergic actions of F-PASA than of PASA in both in vitro 

and in vivo studies. In addition, we found that F-PASA had stronger anti-allergic effects 

than KIOM-MA128 (data not shown). Regarding the mechanisms responsible for the 

anti-allergic properties of F-PASA, one possible mechanism is related to the direct 

suppression of the FcεRI signaling cascade (Gilfillan and Tkaczyk, 2006). IgE/Ag-

activated mast cells activate the degranulation process and production of 
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proinflammatory mediators by activating the FcεRI signaling cascade because IgE-

sensitized mast cells are exposed to various antigens (Gilfillan and Tkaczyk, 2006). 

Moreover, the activation of Lyn or Syk as rate-limiting intermediate proteins in the 

FcεRI signaling cascade is closely correlated with the degranulation and formation of 

proinflammatory mediators in the cells (Gilfillan and Tkaczyk, 2006). Therefore, the 

regulation of Lyn or Syk activation is an important event for the anti-allergic actions of 

F-PASA. In support of this, F-PASA not only suppressed the phosphorylation of Lyn 

and Syk but also inhibited the phosphorylation of PLCγ1/2 and PKCδ, correlated with 

degranulation (Gilfillan and Tkaczyk, 2006), as well as that of Akt, ERK, JNK and p38, 

related to the formation of proinflammatory cytokines such as IL-4 and TNF-α (Jiang et 

al., 1998). Therefore, Lyn and/or Syk are important targets for the anti-allergic roles of 

F-PASA. 

Another possible mechanism for the anti-allergic roles of F-PASA may be correlated 

with suppressing the activation of eicosanoid pathways in IgE/Ag-activated mast cells. 

IgE-sensitized mast cells stimulated by antigens can produce numerous 

proinflammatory eicosanoids, such as PGD2 and LTC4, and can then release them 

(Theoharides and Kalogeromitros, 2006).  PGD2 and LTC4 in particular lead to chronic 

inflammation in allergic respiratory diseases such as allergic rhinitis and asthma 

(Theoharides and Kalogeromitros, 2006). Therefore, regulating the activation of the 

eicosanoid pathway in IgE/Ag-activated mast cells is another important event for the 

anti-allergic actions of F-PASA. In support of this, F-PASA not only reduced the 

formation of both PGD2 and LTC4 but also suppressed the activation of cPLA2 and 5-

LO, as well as the expression of COX-2, L-PGDS and LTC4S. cPLA2, 5-LO and COX-

2 are known to be rate-limiting enzymes in eicosanoid biosynthesis (Theoharides and 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 19 

Kalogeromitros, 2006). Moreover, L-PGDS and LTC4S are known to be directly 

concerned in the biosynthesis of PGD2 (Taketomi et al., 2013) and LTC4 (Cai et al., 

2003), respectively, in mast cells. Therefore, cPLA2, COX-2, 5-LO, L-PGDS and 

LTC4S are additional important targets for the anti-allergic actions of F-PASA. 

Finally, such anti-allergic actions of F-PASA may originate from arctigenin and/or 

emodin-8-O-β-D-glucoside, which are major components of PASA and F-PASA, 

because the level of arctiin, a glycosylated form of arctigenin, was decreased in F-PASA 

by approximately 26.2% compared with that in PASA, whereas the level of emodin-8-

O-β-D-glucoside was increased in F-PASA by approximately 139.9% compared with 

that in PASA. In support of this, artigenin and emodin-8-O-β-D-glucoside are known to 

have anti-allergic (Lee and Kim, 2010) and anti-inflammatory roles (Wang et al., 2007). 

Furthermore, when Arctium fruit is fermented by microorganisms, the artigenin level is 

elevated by the deglycosylation of arctiin (Yoo et al., 2016). Taken together, the 

improvement of the anti-allergic effects of F-PASA may be closely correlated with the 

higher levels of artigenin and emodin-8-O-β-D-glucoside in F-PASA than in PASA. In 

addition, the both chemicals may be useful to evaluate the quality of PASA and F-PASA. 
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5. Conclusions 

The present study demonstrated that F-PASA has more potent anti-allergic actions 

than PASA in IgE/Ag-induced allergic reactions through strongly suppressing the 

biosynthesis of allergic inducers in in vitro and in vivo systems. The findings revealed a 

novel feature of F-PASA in IgE/Ag-induced allergic responses. The mechanisms for its 

anti-allergic properties may include various targets such as Lyn, Syk, PLCγ1/2, PKCδ, 

Akt, ERK, JNK, p38, cPLA2, 5-LO, COX-2, L-PGDS and LTC4S in IgE/Ag-stimulated 

mast cells. Such effects may be related to elevated active phytochemicals such as 

arctigenin and emodin-8-O-β-D-glucoside converted by L. rhamnosus in F-PASA and 

provide the information for the development of herbal medicine or functional food for 

patients of allergic diseases. Furthermore, other studies are necessary to identify other 

unknown compounds and to confirm the anti-allergic actions of F-PASA in other animal 

studies such as asthma and atopic dermatitis. 
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Table 1. Composition of two glycosides of PASA and F-PASA 

Unit: mg/g dry weight 

 Glycoside compounds 

 Arctiin Emodin-8-O-β-D-glucoside 

PASA 60.140 ± 6.014 4.302 ± 0.430 

F-PASA 44.364 ± 4.436 6.018 ± 0.602 

The data were expressed as the mean ± SD values of triple determinations. 
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Figure Legends 

 

Figure 1. Effects of PASA and F-PASA on degranulation and cell viability in 

IgE/Ag-mediated RBL-2H3 cells. 

RBL-2H3 cells were seeded on a 24-well plate (1 × 10
5
 cells/well) or a 96-well plate (1 

× 10
4
 cells/well) in MEM-α with 10% FBS at 37°C overnight and were further 

incubated with DNP-IgE for 24 h. IgE-sensitized cells were preincubated with PASA or 

F-PASA (0–2,000 μg/ml) for 1 h and were then stimulated with DNP-HSA (0.1 μg/ml) 

for 4 h. β-Hexosaminidase activity and cell viability were determined as described in 

the Materials and Methods section. The data were expressed as the mean ± SD values of 

triple or octuplex determinations. **P < 0.01 versus the DNP-HSA-treated group. A and 

B, -Hexosaminidase; C and D, cell viability. 

 

 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 29 

Figure 2. Inhibitory effects of F-PASA on the formation of proinflammatory 

mediators. 

IgE-sensitized RBL-2H3 cells were preincubated with F-PASA for 1 h prior to antigen 

challenge. The amounts of TNF-α, IL-4, PGD2 and LTC4 were determined as described 

in the Materials and Methods section. The data were expressed as the mean ± SD values 

of triple determinations. **P < 0.01 versus the DNP-HSA-treated group. A, TNF-α; B, 

IL-4; C, PGD2; D, LTC4. 
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Figure 3. Effects of F-PASA on the phosphorylation or expression of rate-limiting 

enzymes in the arachidonate cascade. 

RBL-2H3 cells were seeded on a 6-well plate (5 × 10
5
 cells/well) in MEM-α with 10% 

FBS at 37°C overnight and were further incubated with DNP-IgE for 24 h. IgE-

sensitized RBL-2H3 cells were preincubated with F-PASA prior to antigen challenge. 

The above cells were washed with 1× DPBS and were lysed with cell lysis buffer. The 

expression of p-cPLA2, COX-2, p-5-LO, L-PGDS, LTC4S and β-actin was determined 

as described in the Materials and Methods section. Similar results were obtained in 

three independent experiments. *P < 0.05 and **P < 0.01 versus the DNP-HSA-treated 

group. 

 

 

Figure 4. Effects of F-PASA on the phosphorylation of intermediate signal proteins 
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in the FcεRI signaling cascade. 

IgE-sensitized RBL-2H3 cells were preincubated with F-PASA for 1 h and then 

stimulated with antigen for 10 min. The above cells were washed with 1× DPBS and 

lysed with cell lysis buffer. The expression of p-Syk, p-Fyn, p-Lyn, p-PLCγ1, p-PLCγ2, 

p-PKCδ, p-JNK, p-ERK, p-p38, p-Akt and β-actin was determined as described in the 

Materials and Methods section. Similar results were obtained in three independent 

experiments. *P < 0.05 and **P < 0.01 versus the DNP-HSA-treated group. A, p-Syk, 

p-Fyn and p-Lyn; B, p-PLCγ1/2 and p-PKCδ; C, p-JNK, p-ERK, p-p38 and p-Akt. 
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Figure 5. Inhibitory effects of PASA and F-PASA on IgE/Ag-mediated passive 

cutaneous anaphylaxis in mice. 

IgE-sensitized mice were orally administered with PASA, F-PASA (0–100 mg/kg) or 

dexamethasone (Dexa; 10 mg/kg) for 1 h and then intravenously injected with 100 μg 

DNP-HSA containing 0.5% Evans blue. After 30 min, the mice described above were 

euthanized, and then both ears of each mouse were excised. The extravasated dye in the 

ears was analyzed as described in the Materials and Methods section. The data were 

expressed as the mean ± SEM values of octuplex determinations. *P < 0.05 and **P < 

0.01 versus the DNP-HSA-treated group. A, PASA; B, F-PASA. 

 

 

 

 

 

 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 34 

Figure 6. HPLC chromatograms of PASA and F-PASA. HPLC chromatograms of a 

standard mixture of seven standards in PASA or F-PASA at 280 nm. Nodakenin (1), 

decursinol (2), arctiin (3), matairesinol (4), emodin-8-O-β-D-glucoside (5), arcartigenin 

(6) and decursin (7) were identified. HPLC analysis was described in the Materials and 

Methods section. A, Standard chromatogram; B, PASA chromatogram; C, F-PASA 

chromatogram. 
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