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Petasites japonicus (PJ, family Asteraceae) was fermented with lactic acid bacteria
(LAB), Bifidobacterium breve (BB) or Lactobacillus acidophilus (LA), and its
allergic effect was investigated. LAB-fermented PJs more potently inhibited
IgE�antigen-stimulated degranulation of RBL-2H3 cells than non-fermented PJ,
with BB-fermented PJ more potent than LA-fermented PJ. Fermented PJ more
potently inhibited TNF-a and IL-4 cytokine expression and transcription factor
NF-kB activation in IgE-induced RBL-2H3 cells. PJ and BB-fermented PJ also
inhibited IgE�antigen-induced passive cutaneous anaphylaxis (PCA) reactions as
well as compound 48/80-induced scratching behaviours in mice, with fermented
PJ more potent than non-fermented PJ. These findings suggest that PJ may show
anti-allergic effects by inhibiting degranulation, and TNF-a and IL-4 expression
and its anti-allergic effects can be enhanced by LAB fermentation.

Keywords: Petasites japonicus; fermentation; passive cutaneous anaphylaxis
reaction; itching; lactic acid bacteria

Introduction

Fermentation produces beneficial products for humans. These processes are

mostly performed by lactic acid bacteria (LAB), such as Bifidobacterium sp. and

Lactobacillus sp., and some moulds, such as Saccharomyces sp. (Nyman, 1995;

Steinkraus, 1983). These microbes transform food components and can convert

sugars to alcohol and lactic acid. For example, LAB fermentation of ginseng

produces lactic acid and compound K, which is transformed from ginsenoside Rb1,

Rb2 and Rc and exhibits potent cytotoxicity against tumour cells and anti-allergic

effect (Bae, Kim, Han, Choo, & Kim, 2000; Choo, Park, Han, & Kim, 2003; Shin,

Bae, Kim, Lee, & Kim, 2005).

Petasites japonicus (PJ, family Compositae) is frequently used in Korea, China

and Japan as a vegetable, herbal medicine and Kimchi ingredient. Its leaves contain

the flavonoid glycoside and petasiphenol, which inhibit DNA polymerase lambda

activity (Matsubara, Mori, & Mizushina, 2004; Mizushina et al., 2003), petasligno-

lide A, which is neuroprotective against oxidative stress induced by kainic acid in

the brains of mice (Cui, Kim, & Sok, 2005), and furofuran lignan, which exhibits

anti-oxidant and anti-seizure activities (Min, Cui, Lee, Sok, & Kim, 2005). However,
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the inhibitory effects of PJ leaves with and without LAB fermentation against

allergic reactions have not been studied.

In preliminary experiments, PJ leaves fermented with LAB, Bifidobacterium breve

(BB) and Lactobacillus acidophilus (LA), inhibited antigen�IgE complex-induced

degranulation of RBL-2H3 cells, with BB-fermented PJ more potent. Here, we

investigated the inhibitory effects of BB-fermented PJ leaves on the passive

cutaneous anaphylaxis (PCA) reaction and scratching in mice.

Materials and methods

Materials

Betamethasone, 12-O-tetradecanoylphorbol-13-acetate (TPA), lipopolysaccharide

(LPS), compound 48/80, egg albumin, p-nitrophenyl-N-acetyl-b-D-glucosaminide,

anti-dinitrophenol (DNP)-IgE, DNP-human serum albumin (HSA) and Evans blue

were purchased from Sigma Co. (USA). The Griess reagent was purchased from

Promega Co. (USA).

Extraction of Petasites japonicus (PJ) and Bifidobacterium breve (BB)-fermented
Petasites japonicus (PJ)

The fresh leaves of PJ (0.2 kg), artificially cultured at Yang-Yang, Kangwondo,

Korea, were dried in a room temperature, extracted with water 1 L for 2 h in

boiling water bath, concentrated under a vacuum and freeze dried. The freeze-

dried powder (5 g) was fermented with 1�1011 cells of LAB, such as Bifidobacter-

ium breve KCCM1097 (BB) or Lactobacillus acidophilus KCTC3164 (LA), at 378C
for 48 h. The LAB-fermented PJ were then extracted with 0.5 L of ethyl acetate:

yields fermented with and without BB or LA were 1.7%, 2.8% and 2.4%,

respectively.

Assay of degranulation�inhibitory activity against RBL-2H3 cells

The inhibitory activity of test agents against the release of b-hexosaminidase from

RBL-2H3 cells was evaluated according to Choo et al. (2003). RBL-2H3 cells were

grown in Dulbecco’s modified Eagle’s medium supplemented with 10% foetal bovine

serum and L-glutamine. Cells were dispensed into 24-well plates at 5�105 cells per

well in medium containing 0.5 mg/mL of mouse monoclonal IgE, the cells were

sensitised by incubation overnight at 378C in 5% CO2. They were then washed with

500 mL of Siraganian buffer (pH 7.2, 119 mM NaCl, 5 mM KCl, 0.4 mM MgCl2,

25 mM PIPES and 40 mM NaOH) and incubated in 160 mL Siraganian buffer

containing 5.6 mM glucose, 1 mM CaCl2 and 0.1% BSA for an additional 10 min at

378C. The cells were exposed to 40 mL of test agents for 20 min, and then treated with

20 mL of antigen (DNP-HSA, 1 mg/mL) for 10 min at 378C to activate cells and to

evoke allergic reactions. The reaction was stopped by cooling in an ice bath for

10 min. The reaction mixture was centrifuged at 2000�g for 10 min, and then 25 mL

aliquots of the supernatant were transferred to 96-well plates and incubated with

25 mL of substrate (1 mM p-nitrophenyl-N-acetyl-b-D-glucosaminide) for 1 h at

378C. The reaction was stopped by adding 200 mL of 0.1 M Na2CO3/NaHCO3.
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Absorbance was measured by using an enzyme-linked immunosorbent assay

(ELISA) reader at 405 nm.

Immunoblot

The inhibitory effects of the test agents against the degranulation of RBL-2H3 cells

were measured according to Choo et al. (2003). Assay of IL-4 and TNF-a in RBL-

2H3 cells stimulated by IgE�antigen complex was performed by ELISA. RBL-2H3

cells (5�105 cells), previously cultured in DMEM (Sigma Co., USA), were treated

with 0.5 mg/mL of mouse monoclonal IgE to sensitise the cells. The cells (1.8 mL)

were exposed to 0.2 mL of the test agents (dissolved in 0.5% dimethyl sulfoxide) for

4 h, followed by treatment with 0.2 mL DNP-HSA (1 mg/mL) for 40 min at 378C.

The supernatant (50 mL) was transferred to 96-well ELISA plates, and the IL-4 and

TNF-a concentrations were then determined using commercial ELISA kits (Pierce

Biotechnology, Inc., Rockford, IL, USA) (Matsuda, Morikawa, Ueda, Managi, &

Yoshikawa, 2002).

Collected cells (3�106 cells) for immunoblot assay were lysed on ice for 15 min

in a hypotonic buffer containing 10 mM Tris (pH 8.0), 1.5 mM MgCl2, 1 mM

dithiothreitol (DTT), 0.1% NP-40, 5 mg/mL pepstatin A and 5 mg/mL aprotinin, and

centrifuged at 12,000 g at 48C for 15 min. The supernatant was used as the cytosolic

fraction for the IkBa immunoblot assay. The pelleted nuclei fraction for the NF-kB

immunblot assay was resuspended in extraction buffer containing 10 mM Tris (pH

8.0), 50 mM KCl, 300 mM NaCl, 1 mM DTT, 5 mg/mL pepstatin A and 5 mg/mL

aprotinin, and then lysed on ice for 30 min. The lysed nuclei fraction was centrifuged

at 12,000 g at 48C for 30 min. Cell lysates (40 mg) were separated by sodium dodecyl

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing condi-

tions, and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore,

Hertfordshire) at 30 V for 2 h. The membranes were blocked with 2% skimmed milk

in PBS, containing 0.05% Tween 20, and incubated for 2 h at room temperature. The

cytosolic IkBa and nucleic p65 NF-kB were assayed using their corresponding

antibodies, according to a previously reported method (Matsuda et al., 2002; Shin et

al., 2005). Immunodetection was carried out using an enhanced chemiluminescence

detection kit.

Animals

Male and female ICR mice (20�22 g, 5 weeks old) and male BALB/c mice

(18�22 g, 5 weeks old) were supplied from the Charles River Orient Experimental

Animal Breeding Center (Seoul, Korea). All the animals were housed in wire cages at

20�228C, a relative humidity of 50910%, air ventilation frequency of 15�20 times/h

and 12 h illumination (07:00�19:00; intensity, 150�300 Lux), fed standard laboratory

chow (Charles River Orient Experimental Animal Breeding Center, Seoul, Korea),

and allowed water ad libitum. All the procedures relating to the animals and their

care conformed to international guidelines, ‘Principles of Laboratory Animal Care’

(NIH publication no. 85�23, revised 1985).
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Passive cutaneous anaphylaxis (PCA) reaction

The IgE-dependent PCA reaction was measured according to the method of Choo

et al. (2003). Each group consisted of six male ICR mice that were injected

intradermally with 10 mg of anti-DNP IgE at two dorsal skin sites that had been

shaved 48 h earlier and outlined with a water-insoluble red marker. Forty-eight hours

later, each mouse received a test compound (either orally or intraperitoneally),

followed 1 h later by an injection of 200 mL of 3% Evans blue phosphate-buffered

saline containing 200 mg of DNP-HSA via the tail vein. Thirty mins after the DNP-

HSA injection, the mice were sacrificed and their dorsal skin removed to measure the

pigment area. After extraction with 1 mL of 1.0 N KOH and 4 mL of a mixture of

acetone and 0.6 N phosphoric acid (13:5), the amount of dye was determined

colorimetrically (absorbance at 620 nm).

Scratching behaviour experiments

The behavioural experiments were all performed according to the method of

Sugimoto, Umakoshi, Nojiri, and Kamei (1998). Before the experiments, male

BALB/c mice were put into acrylic cages (22�22�24 cm) for about 10 min for

acclimation, and divided into groups of six. The rostral part of the skin on the back

was clipped, and 50 mg/50 mL of compound 48/80 or 300 mg/50 mL of histamine

dissolved in saline intradermally injected using a 29-gauge needle. The control mice

received a saline injection instead of the scratching agent. Immediately after the

intradermal injection, the mice (one animal/cage) were put back into the same cages

and their scratching behaviour recorded using an 8-mm video camera (SV-K80,

Samsung, Seoul, Korea) under automated conditions. The number of times the

injected site was scratched using the hind paws was counted and compared with

the scratching of other sites, such as the ears. Each mouse was only used for one

experiment. The mice generally scratched several times during 1 s, thus a series of

such behaviour over 60 min was counted as one incident of scratching.

Assay of nitric oxide (NO) production in lipopolysaccharide (LPS)-induced

RAW 264.7 cells

RAW 264.7 cells were seeded at 5�104 cells per well in flat-bottomed 96-well plates.

LPS (1 mg/mL) and test agents were added to the culture medium, and incubated at

378C for 16 h, briefly centrifuged, and then 150 mL of cell culture supernatant was

mixed with 150 mL of Griess reagent and incubated for 10 min at room temperature

(light protected). The absorbance was measured using an ELISA reader at 540 nm

and compared to a standard calibration curve prepared from sodium nitrite (Shin

et al., 2005).

Statistics

All the data are expressed as the mean9standard deviation, and statistical

significance was analysed using one way ANOVA followed by a Student�
Newman�Keuls test.
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Results

We first determined the inhibitory effect of PJ fermented with BB or LA against the

degranulation of histamine-releasing cells, such as mast cells and basophiles. PJ and

LAB-fermented PJs were extracted with ethyl acetate and tested against IgE�antigen

complex-induced degranulation of RBL-2H3 cells (Figure 1). LAB-fermented PJs

were more potent than non-fermented PJ, and BB-fermented PJ was the most

potent, with an IC50 value of 73 mg/mL. Importantly, these agents did not show

cytotoxic effects against RBL-2H3 cells at a concentration to 200 mg/ml. We also

measured inhibitory effect of PJ and BB-fermented PJ against nitric oxide (NO)

production of LPS-stimulated macrophages, which produces NO in chronic allergic

diseases (Leung, 1995) (Figure 2). These agents potently inhibited NO production,

with IC50 values of 37 mg/ml and 14 mg/ml, respectively. However, the ethyl acetate

fraction of BB alone did not significantly inhibit NO production.

We then measured the ability of PJ and BB-fermented PJ to inhibit the expression

of allergic cytokines, TNF-a and IL-4, in RBL-2H3 cells stimulated with IgE�
antigen complex using ELISA analysis (Figure 3). These agents, at 100 mg/ml,

inhibited the expression of TNF-a by 55 and 89%, respectively, and IL-4 by 47 and

78%, respectively. However, BB alone did not significantly inhibit the expression of

these cytokines (Data not shown). We also investigated the inhibitory effect of these

agents on the transcription factor NF-kB. These agents attenuated NF-kB activation

in RBL-2H3 cells induced by the IgE�antigen complex, but increased IkB

inactivation. However, BB alone did not significantly inhibit NF-kB activation

(data not shown). The inhibitory effect of BB-fermented PJ was more potent than

that of non-fermented one.

Figure 1. Inhibitory effects of PJ and BB-fermented PJ on IgE-antigen complex-induced

degranulation of RBL-2H3 cells. RBL-2H3 cells, grown in DMEM supplemented with 10%

foetal bovine serum and l-glutamine, were dispensed into 24-well plates at 5�105 cells per well

and sensitised using 0.5 mg/mL of mouse monoclonal IgE. The cells were then washed with

500 mL of a Siraganian buffer, exposed to 40 mL of various concentrations of PJ (m), BB-

fermented PJ (j), LA-fermented PJ ('), azelastine ("), BB alone (I) or LA (^) alone for

20 min, and treated with 20 mL of an antigen (DNP�HSA, 1 mg/mL) for 10 min at 378C. The

degranulation of RBL-2H3 cells was evaluated by measuring b-hexosaminidase activity

released from the cells into the medium. Inhibition values indicate the mean9SD (n�3).
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Next, we measured the inhibitory effects of BB-fermented PJ on the IgE�antigen

complex-induced PCA reaction in mice (Table 1). While PJ both with and without

fermentation reduced the PCA reaction, BB-fermented PJ more potently inhibited it

than non-fermented PJ. PJs fermented with and without BB, at 50 mg/kg, inhibited

the PCA reaction by 46 and 36%, respectively. However, BB alone did not exhibit

anti-PCA effects.

We also investigated the inhibitory effect of PJ fermented with and without BB

on compound 48/80-induced scratching (Table 2). Both agents inhibited scratching,

with BB-fermented PJ more potent than non-fermented PJ, inhibiting scratching

frequency by 44 and 33% at 50 mg/kg, respectively. These agents also inhibited

scratching induced by histamine with the same efficacy as seen with compound

48/80. BB alone did not exhibit anti-scratching effects.

Discussion

Allergic reactions, including atopy, rhinitis, asthma and anaphylaxis, produce

inflammatory mediators and cause anaphylaxis, scratching, inflammation, pain and

increased vascular permeability (Stevens and Austen, 1989; Wuthrich, 1989). Anti-

histamines, NSAIDs, steroids and immunosuppressants can be used to treat allergic

diseases, but the repeated application of these agents causes side effects (Friedman, La

Natra, & Stiller, 2002; Sakuma et al., 2001; Schafer-Korting, Schmid, & Korting,

1996; Simons, 1992). Therefore, herbal medicines and functional foods have been

receiving increased attention as alternative treatments for allergic diseases (Bielory,

2004). The anti-allergic effects, particularly the anti-PCA reaction and anti-scratching

activities, of PJ leaves have been not studied, although its rhizomes exhibit anti-

histaminic actions (Tobinaga et al., 1983).

Figure 2. Effects of PJ and BB-fermented PJ on NO synthesis of LPS-stimulated RAW 264.7

cells. Nitric oxide was determined by measuring the amount of nitrite in cell culture

supernatant using Griess reagent, according to the manufacturer’s protocol. RAW 264.7

(mouse macrophage leukemia) cells were stimulated with lipopolysaccharide (LPS, 1 mg/ml)

and the test agents (closed circle, PJ; closed square, fermented PJ; closed triangle,

dexamethasone) for 24 h. The cells were briefly centrifuged and 150 mL of cell culture

supernatant mixed with 150 mL of Griess reagent. Incubation was conducted at 10 min at

room temperature (light protected), and absorbance was measured using an ELISA reader at

540 nm using a sodium nitrate determined calibration curve as a standard.
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In this study, PJ with and without BB fermentation inhibited the IgE-induced

PCA reaction as well as compound 48/80-induced scratching. BB-fermented PJ more

potently inhibited degranulation of RBL-2H3 cells than non-fermented PJ. BB alone

showed only a weak anti-allergic effect. These results suggest that PJ and BB-

fermented PJ may inhibit the PCA reaction by inhibiting mast cell degranulation.

Mast cells and basophiles produce histamine, as well as proinflammatory

cytokines, TNF-a and IL-6, and IgE-producing cytokine, IL-4 (Stevens and Austen,

1989), which is important in allergic reactions. Mast cells are a principal source of

TNF-a in human dermis, and degradation of mast cells in the dermal endothelium is

abrogated by inhibition of TNF-a (Kempuraj et al., 2003; Stevens and Austen, 1989).

IL-6 produced from mast cells, when locally accumulated, is associated with the PCA

Figure 3. Inhibitory effects of PJ and BB-fermented PJ on TNF-a (A) and IL-4 (B) expression

and transcription factor NF-kB activation (C) in RBL-2H3 cells induced by an IgE�antigen

complex. RBL-2H3 cells (5�105 cells) were treated with 0.5 mg/ml of mouse monoclonal IgE

for 1 h, exposed to 0.2 ml of the test agent (Con, vehicle alone; PJ20, 20 mg/ml of PJ extract;

PJ100, 100 mg/ml of PJ extract; FPJ20, 20 mg/ml of BB-fermented PJ; FPJ100, 100 mg/ml of BB-

fermented PJ; DX10, 10 mM dexamethasone) for 20 min, and treated with 0.2 ml

dinitrophenol�human serum albumin (DNP�HSA, 1 mg/ml) for 1 h (immunoblot) or 4 h (for

ELISA) at 378C, and then immunoblot for NF-kB and ELISA for TNF-a and IL-4 were

performed. The normal group (Nor) was treated with the vehicle alone, and the control group

(Con) was treated with vehicle and the IgE�antigen complex. Values represent the mean9SD

for triplicate experiments. a,b,c,d,e,fItems with the same letter were not significantly different

(p�0.05).
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reaction (Ito, Miyazaki, Ono, & Sakurai, 1998). IL-4 induces IgE production in B

lymphocytes (Stevens & Austen, 1989). Inhibition of cytokine expression in mast

cells may reduce allergic symptoms. PJ and BB-fermented PJ inhibited degranulation

and expression of TNF-a and IL-4 in IgE-stimulated RBL-2H3 cells, as well as NO

production in RAW 264.7 macrophage cells, as do other natural anti-allergic agents,

such as quercetin (Ito et al., 1998; Jiang et al., 2006). NF-kB activation is an

important signalling pathway in the immune response (Furumoto, Nunomura,

Terada, Rivera, & Ra, 2004; Zhao, Oskeritzian, Pozez, & Schwartz, 2005), and

NF-kB activation is essential for the expression of proinflammatory cytokines, such

as TNF-a and IL-6. PJ and BB-fermented PJ inhibited IgE-induced activation of

NF-kB in RBL-2H3 cells. These agents inhibited degranulation and IL-4/TNF-a
expression with the same potency, suggesting that the anti-allergic effects of PJ and

BB-fermented PJ may be due to the inhibition of degranulation and cytokine

biosynthesis via the inhibition of NF-kB activation. Based on these findings,

BB-fermented PJ may be useful for improving the PCA reaction and scratching,

which are representative IgE-mediated skin allergic diseases.

Table 1. Inhibitory effects of PJ and BB-fermented PJ on the PCA reaction in mice.

Agent Dose (mg/kg) Inhibition (%)a

BB 5 492b

PJ 25 2998c

50 36910c,d

BB-fermented PJ 25 3698c,d

50 4698d

Azelastine 10 7494e

aThe amounts of Evan blue extravasated from the dorsal skin (1�1 cm) of the control stimulated with the
IgE�antigen complex and vehicle-treated groups were 2494 mg and 1193 mg, respectively. b,c,d,eItems with
the same letter in each column were not significantly different (p�0.05).

Table 2. Inhibitory effects of PJ and BB-fermented PJ on the scratchingr behaviour in mice.

Inhibition (%)a

Agent Dose (mg/kg) Compound 48/80 Histamine

BB 5 392b 291b

PJ 25 2395c 1696c

50 3393d 3295d

BB-fermented PJ 25 2997c,d 3696d

50 4497e 5195e

Azelastine 10 6692f 7194f

Inhibition values indicate the mean9SD (n�6). aThe scratching behaviours of the normal control, which
was treated with saline alone, and the control, which was treated with compound 48/80 or histamine and
saline instead of the test agents, were counted for 1 h. The frequencies of scratching counted for the normal
and control groups were 392 and 245923 for compound 48/80 and 192 and 8595 for histamine,
respectively. b,c,d,e,fItems with the same letter in each column were not significantly different (p�0.05).
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