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Abstract: The anti-allergic action of luteolin was investigated

in the rodent experimental allergic models. In the present

study, the effects of luteolin were compared to those of baica-

lein, quercetin, and prednisolone. Luteolin as well as baicalein,

quercetin, and prednisolone inhibited the IgE antibody-medi-

ated biphasic cutaneous reaction (immediate phase reaction

and late phase reaction) in mice. However, these compounds

did not affect the histamine-, serotonin-, and platelet activating

factor-induced cutaneous reactions in rats. In an in vitro study,

luteolin, baicalein, and quercetin inhibited IgE-mediated hista-

mine release from bone marrow-derived cultured murine mast

cells (BMMC) and rat peritoneal mast cells. These compounds

also inhibited IgE-mediated TNF-aa and IL-6 production from

BMMC. From these results, luteolin inhibited the IgE-mediated

biphasic cutaneous reaction mainly by the inhibition of hista-

mine and cytokine release from mast cells, but not through me-

diator antagonistic effects.

Key words: Flavonoids, luteolin, biphasic cutaneous reaction,

mast cells, anti-allergic activity.

Introduction

The flavonoids have long been recognized to possess anti-al-

lergic, anti-inflammatory, anti-viral, anti-proliferative, and

anti-carcinogenic activities as well as to affect some aspects

of mammalian metabolism (1), (2). As for the anti-allergic ac-

tion of flavonoids, most investigations were focused on the ef-

fect on acute, immediate allergic reactions in vitro (1±4). Re-

cently, the biphasic allergic reactions have become of interest

because of the similarity to the clinical manifestations of

chronic allergic diseases. After challenge with the relevant an-

tigen, sensitized animals and atopic individuals exhibit imme-

diate responses, such as the appearance of wheals and flares

on the skin and bronchoconstriction of the airways, and late

phase responses, such as edema and erythema usually persist

over a 6 to 24 h period at the challenged site of the skin and

airways (5), (6). Human non-atopic subjects passively sensi-

tized with IgE-containing sera exhibit immediate and late

phase skin reactions to subsequent antigen challenge (7). We

have established similar reactions in mice. The biphasic aller-

gic cutaneous reaction was caused by painting of the antigen

on the ear of mice which are passively sensitized with mono-

clonal anti-dinitrophenol (DNP) IgE antibody (8). The biphasic

cutaneous reaction appeared with peaks at 1 h (IPR; immedi-

ate phase reaction) or 24 h (LPR; late phase reaction) after epi-

cutaneous challenge with the antigen. IPR is mainly due to

small molecule chemical mediators, such as histamine and

serotonin, released from resident mast cells. LPR involves both

mast cell-dependent and mast cell-independent mechanisms

which are suppressed by glucocorticoids. Our previous stud-

ies also indicate that cytokines including TNF-a and IL-1b play

an important role in the onset of LPR (9), (16).

In the present study, we focused on the effect of luteolin on

the IgE antibody-mediated biphasic cutaneous reaction in

mice. This compound had been found in Elodea, Secale, Perilla,

and Origanum species (10). The reason why we have chosen

luteolin is mainly due to the small amount of information

available about an anti-allergic action of luteolin. Until now, it

was reported that luteolin inhibited compound 48/80- and

ionophore A23187-induced histamine release from rat perito-

neal mast cells and tumor promoter-induced histamine re-

lease from human basophils (11), (12). As far as cytokine pro-

duction from mast cells or basophils is concerned, the effect

of luteolin was not at all investigated.

Materials and Methods

Agents

For the in vivo study, luteolin (Sigma, St. Louis, MO) biacelein

(Extrasynthese, Genay, France) and quercetin (Extrasynthese)

were suspended in 1% polyethylene glycol (PEG200; WAKO

Pure Chemical Industries, Ltd., Osaka, Japan). The chemical

structures of these compounds are shown in Table 1, and the

purities of these compounds were more than 99% (written in

data sheets of each company). For the in vitro study, these

agents were dissolved in DMSO as 100mmol/L dilutions and

stored. Histamine (dihydrochloride, Nakarai, Japan) and sero-

tonin (creatinine sulfate, Sigma) were dissolved in physiol-

ogical saline. Platelet activating factor (PAF, Sigma) was dis-

solved in chloroform, and then served for experiments after

being diluted appropriately with physiological saline.
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Antigens and antibodies

2,4-Dinitrofluorobenzene (DNFB) was purchased from Nakalai

Tesque (Kyoto, Japan) and dissolved in acetone and olive oil

(3 :1). DNP-coupled bovine serum albumin (DNP-BSA) was

prepared according to the method described by Eisen et al.

(13) and was used as an antigen. The DNP-BSA preparation

contained 25 or 37.5 DNP groups per BSA molecule. DNP25-

BSA was used for histamine release from rat peritoneal mast

cells, and DNP37.5-BSA was used for the in vivo study and cyto-

kine release from bone marrow-derived mast cells (BMMC).

Rat monoclonal anti-DNP IgE and mouse monoclonal anti-

DNP IgE were prepared as reported previously (6), (14).

Animals

Female BALB/c mice (Japan SLC, Inc., Hamamatsu, Japan) and

male Wistar rats (Japan SLC, Inc.) were housed in plastic cages

in an air-conditioned room at 24 8C, fed a standard laboratory

diet and given water ad libitum. All experiments were carried

out following guidelines for the care and use of experimental

animals formulated by the Japanese Association for Laborato-

ry Animal Science in 1987.

Biphasic cutaneous reaction in mice

Mice were passively sensitized by an intravenous injection

with 1mL of mouse monoclonal anti-DNP IgE. Then, 24 h after

the injection, the cutaneous reaction was caused by painting

with 25mL of 0.15% DNFB acetone-olive oil solution to both

sides of the ears. The reaction was assessed by measuring the

ear thickness using an engineer©s micrometer (Upright Dial

Gauge, Ozaki, Tokyo, Japan).

Mediator-induced cutaneous reactions in rats

Mediator-induced cutaneous reactions were carried out in

rats as previously described (15). Briefly, 0.1mL each of phys-

iological saline as a control for cutaneous reaction, 3 � 10±5 g/

mL histamine, 3 � 10±7 g/mL serotonin and 10±6 g/mL PAF were

injected subcutaneously into the spots, respectively. Next,

1mL of physiological saline containing 5mg of Evans blue

was immediately injected into the tail vein. Flavonoids were

injected intraperitoneally 1 h before challenge, and predniso-

lone was injected intraperitoneally 2 h before challenge. Rats

were sacrificed by bleeding 30min after the induction of the

reactions, and the skin with each reaction spot was cut off,

fromwhich the extravasated dye was extracted and assayed.

Histamine release from rat peritoneal mast cells

Peritoneal cells were sensitized by an intraperitoneal injec-

tion of 2mL of 1/200 dilution of rat monoclonal anti-DNP IgE.

Next day, peritoneal cells were recovered by washing the cavi-

ty with Tyrode©s solution (137mM NaCl, 2.7mM KCl, 0.41mM

NaH2PO4, 1.6mM CaCl2, 1mM MgCl2, 0.1% glucose, 10mM

HEPES, 0.05% gelatin, pH 7.4) containing 5 units/mL heparin.

Collected cells were washed twice and purified by density

gradient centrifugation (using 60% Percoll; Pharmacia LKB,

Uppsala Sweden). Only those preparations found to contain a

minimum of 97% mast cells were used for our studies. Viabili-

ty of cells assessed by staining with trypan blue was >97%.

Tyrode©s solution was used throughout the experiments. Cells

were suspended at 1 � 105 cells/mL in Tyrode©s solution, and

were treated with several drugs for 10min, and then were

challenged with DNP-BSA25 at 10mg/mL for 30min. The con-

centration of histamine released into the supernatant was

quantified by a method of post-column derivatization (16).

Histamine release and cytokine production from bone marrow-

derived mast cells (BMMC)

BMMC were obtained by culturing (in CO2 incubator; 37 8C,

5% CO2) bone marrow cells. Briefly, bone marrow cells were

suspended at a density of 1 � 106 cells/mL in RPMI-1640 sup-

plemented with 10% fetal calf serum (FCS; Filtron Pty Ltd.,

Brooklyn, Australia), 50mM 2-mercaptoethanol, 2mM L-gluta-

mine, 0.1mM non-essential amino acids, 100 units/mL peni-

cillin, 100mg/mL streptomycin, and 10 ng/mL recombinant

murine IL-3 (Pepro Tech EC Ltd., London, England). Cells were

harvested weekly and resuspended in the fresh medium. After

4 weeks, more than 99% of non-adherent cells were stained

positively with alcian blue. BMMC were sensitized with a 1/

10 dilution of mouse monoclonal anti-DNP IgE for 24 h, then

the cells were washed and resuspended at the concentration

of 2 � 106 cells/mL in Tyrode©s solution. Aliquots of the cell

suspension were treated with flavonoids for 10min and then

challenged with DNP37.5-BSA for 20min. Released histamine

was quantified by the same method as for rat peritoneal mast

cells. For cytokine production analysis, BMMC were suspend-

ed in the culture medium at the concentration of 5 � 105 cells/

mL, aliquots of the cell suspension were challenged with

DNP37.5-BSA for 6 h. The concentrations of IL-6 and TNF-a

were detected by commercial ELISA kits (ENDOGEN, Woburn,

MA).

Statistical analysis

Statistical significance between control group vs. predniso-

lone-treated group was evaluated by means of Student©s t test.

Dunnett two-tailed test was employed for the evaluation be-

tween control group and flavonoid-treated groups.

Results

After challenge with DNFB on the sensitized mice ear, an al-

most 10% increase of ear thickness is observed at around 1 h

(IPR) and 24 h (LPR). The effects of luteolin, baicalein, and

quercetin on this biphasic cutaneous reaction were examined.

As shown in Figure 1, all three flavonoids inhibited IPR dose-

dependently. Luteolin and baicalein inhibited IPR significantly

from 0.1mg/kg, whereas quercetin inhibited IPR significantly

Table 1 Chemical structures of luteolin, baicalein, and quercetin.
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at 10mg/kg. In the case of LPR, baicalein and quercetin

showed dose-dependent inhibition, while luteolin inhibited

LPR in a U-shaped manner. In 1 and 10mg/kg of administered

groups, each inhibition was significant (Fig. 2). The inhibition

of IPR and LPR by quercetin was a little weaker than that of lu-

teolin and baicalein. Prednisolone, a positive control, inhibit-

ed IPR and LPR significantly at a dose of 3mg/kg.

The inhibition of IPR may be explained as both the inhibition

of mediator release frommast cells and the antagonistic effect

of the released mediators or vasoconstrictors. To clarify which

is the major effect of flavonoids, we examined the effects of

flavonoids on both histamine release from mast cells and me-

diator-induced cutaneous reactions. At first, we examined the

effect of luteolin and other flavonoids on IgE-mediated hista-

mine release from BMMC. DNP-BSA (30 ng/mL)-induced his-

tamine release was 46.5 � 7.2% (% of total histamine content,

n = 3). When BMMC were treated with flavonoids from 1 to

100mM, histamine release was inhibited in a dose-dependent

fashion (Fig. 3A). 10mM of luteolin and quercetin inhibited

histamine release by more than 50%, while the same concen-

tration of baicalein could not affect it. Because we planned to

investigate the mediator antagonistic effect in rats, we exam-

ined the effect of flavonoids on histamine release also in rat

peritoneal mast cells. In the case of rat peritoneal mast cells,

almost the same result was obtained as compared with the

BMMC experiment (Fig. 3B).

Next, we examined the effect of flavonoids on mediator-in-

duced cutaneous reactions in rats. Histamine, serotonin, and

PAF were used as mediators which might be released from

resident mast cells after DNFB challenge. All three flavonoids

did not affect histamine-, serotonin- and PAF-induced cutane-

ous reactions (Fig. 4). Prednisolone, which exerts its effect by

inhibiting plasma exudation, inhibited the mediator-induced

cutaneous reaction at a dose of 3mg/kg.

The effects of luteolin and other flavonoids on IgE-mediated

IL-6 and TNF-a release from BMMC were examined. DNP-BSA

(30mg/mL)-stimulated cells release IL-6 and TNF-a (3.73 �

0.25 ng/106 cells and 319 � 44 pg/106 cells, respectively). Fla-

vonoids inhibited both IL-6 and TNF-a release from BMMC in

a dose-dependent manner (Fig. 5).

Discussion

In the present investigation, we have demonstrated the inhib-

itory action of luteolin on the IgE-mediated biphasic cutane-

ous reaction as well as those of baicalein and quercetin. We

found that these flavonoids are one of the most potent inhibi-

tors of this model among our previously investigated agents

including anti-allergic agents, immunosuppressors, and some

Chinese herbal medicines (17±19). Previously, we have re-

ported that LPR is mainly induced by TNF-a and IL-1b re-

Fig. 3 Effect of flavonoids on IgE-mediated histamine release from

bone marrow-derived mast cells (A) and rat peritoneal mast cells

(B). A; 4-weeks-old bone marrow-derived mast cells (BMMC) were

sensitized with mouse monoclonal anti-DNP IgE. 24 h later, BMMC

were collected and adjusted to 2 � 106 cells/mL in Tyrode©s solution.

Cells were incubated with DNP37.5-BSA (30 ng/mL) for 20min. Luteo-

lin (n), baicalein (&), and quercetin (*) were added 10min before

challenge. DNP-BSA37.5-stimulated cells release histamine at a level

of 46.5 � 7.2% (% of total histamine content, n = 3). B; Wistar rats

(body weight >200 g) were sensitized with rat monoclonal anti-DNP

IgE. 48 h later, peritoneal mast cells were collected and adjusted to

1 � 105 cells/mL. Cells were challenged with DNP25-BSA (10 mg/mL)

for 20min. Luteolin (n), baicalein (&), and quercetin (*) were add-

ed 10min before challenge. DNP25-BSA-induced histamine release

was 5.8 � 1.3% (% of total histamine content). Each value represents

the mean of 3 or 4 separate experiments. * p < 0.05, ** p < 0.01

(Dunnett two-tailed vs. control).

Fig. 2 Effect of flavonoids and prednisolone on IgE-mediated cuta-

neous reaction (LPR) in BALB/c mice. Mice received an intravenous

injection of 1mL anti-DNP IgE antibody preparation 24 h before skin

testing with 0.15% DNFB. Flavonoids and prednisolone (3mg/kg)

were given intraperitoneally 1 h and 2 h prior to the antigen chal-

lenge, respectively. Ear thickness of each group was measured at

1 h after the challenge. Each value represents the mean � SEM of 6

mice. * p < 0.05, ** p < 0.01 (Dunnett two-tailed vs. control) ## p <

0.01 (Student©s t vs. control).

Fig.1 Effect of flavonoids and prednisolone on IgE-mediated cuta-

neous reaction (IPR) in BALB/c mice. Mice received an intravenous

injection of 1mL anti-DNP IgE antibody preparation 24 h before skin

testing with 0.15% DNFB. Flavonoids and prednisolone (3mg/kg)

were given intraperitoneally 1 h and 2 h prior to the antigen chal-

lenge, respectively. Ear thickness of each group was measured at

1 h after the challenge. Each value represents the mean � SEM of 6

mice. * p < 0.05, ** p < 0.01 (Dunnett two-tailed vs. control) ## p <

0.01 (Student©s t vs. control).
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leased from mast cells or FceRI bearing cells (6), (9). We also

demonstrated that the expression of TNF-a and IL-1b mRNA

in the ear after DNFB challenge occurred, but these cytokine

mRNA-expressing cells have not yet been clarified. On the

other hand, the expression of IL-6 mRNAwas detected in mast

cells selectively (unpublished data). To analyze the mecha-

nisms of LPR inhibition, we observed the inhibitory effects of

flavonoids on IL-6 and TNF-a release from BMMC. The inhibi-

tion of IL-6 release may demonstrate that the activation of

mast cells is suppressed. Furthermore, the inhibition of TNF-a

release from mast cells was considered to be a major factor

for the inhibition of LPR. From these results, mast cells are the

target of luteolin and the other two flavonoids in LPR inhibi-

tion. Moreover, some reports show that a kind of flavonoids

inhibited TNF-a and IL-1b-induced adhesion molecule expres-

sion in endothelial cells, which represent inflammatory cells

migrating to inflammatory loci (20), (21). Therefore, we could

assume that such an effect of flavonoids might contribute, in

a part, to the LPR inhibition.

IPR is induced by chemical mediators, such as histamine re-

leased from resident mast cells (19). As for IPR inhibition, fla-

vonoids may contribute not only to the inhibition of mediator

release from mast cells but also to the antagonistic effect of

the released mediators or vasoconstrictors. Thus, the effect of

luteolin and the other two flavonoids was studied on hista-

mine release from BMMC/rat peritoneal mast cells and the

mediator-induced cutaneous reactions in rats. Biphasic cuta-

neous reaction and BMMC experiments were carried out in

mice, but the mediator-induced cutaneous reaction was ex-

amined in rats because of its sensitivity to the lack of media-

tors. Luteolin, baicalein, and quercetin inhibited histamine re-

lease, but not mediator-induced cutaneous reactions. These

results indicate that flavonoids directly act on mast cells, and

that the mast cell is the target of flavonoids in IPR inhibition.

As already described, flavonoids are known to have multipo-

tential activities (1), (2). Luteolin, a compound we focused on,

inhibited both IPR and LPR, at the same magnitude as baica-

lein. However, the effect of quercetin was slightly weaker

when compared with those of luteolin and baicalein. On the

other hand, luteolin and quercetin inhibited mediator release

from BMMC/rat peritoneal mast cells more strongly than bai-

calein. Analysis of structure-activity data revealed a model of

the minimal essential features required for PKC inhibition by

flavonoids (22), (23), luteolin and quercetin complied with

these essential features but baicalein did not. These reports

may explain why luteolin and quercetin have stronger anti-al-

lergic activities than baicalein in vitro. We do not know why

the efficacies of flavonoids in vivo and in vitro are not in paral-

lel, but the absorption or/and metabolism pathways of the fla-

vonoids may be related. Nevertheless, luteolin showed power-

ful inhibitory effects in both in vivo and in vitro systems, and

the degree of LPR inhibition was almost the same as that of

prednisolone. This study shows that luteolin is a promising

agent for the prevention of allergic inflammatory diseases.

In conclusion, we demonstrated that the naturally occurring

flavonoids, luteolin and the other two flavonoids, inhibited

both IPR and LPR of the mouse biphasic cutaneous reaction.

These compounds are likely to have multiple actions at differ-

ent points of the stimulus-secretion pathway amongst which

are steps for mediator release from mast cells. We conclude

that these results are due to the suppression of mast cell me-

diator release such as histamine and TNF-a by multipotential

flavonoids.

Fig. 4 Effect of flavonoids and predni-

solone on mediator-induced cutaneous

reactions in rats. Just before the Evans

blue injection, saline, 3 � 10±5 g/mL his-

tamine, 3 � 10±7 g/mL serotonin, and 10±6

g/mL PAF were injected subcutaneously

into the spots, respectively. After 30min,

the amount of extravasated dye was cal-

culated. Flavonoids and prednisolone

(3mg/kg) were given intraperitoneally 1 h

and 2 h prior to the antigen challenge,

respectively. Each value represents the

mean � SEM of 6 rats. Dotted columns

represent the result of saline injected

group as a control. * p < 0.05, ** p <

0.01 (Dunnett two-tailed vs. control) ## p

< 0.01 (Student©s t vs. control).

Fig. 5 Effect of flavonoids on IgE-mediated TNF-a (A) and IL-6 (B)

production from bone marrow-derived mast cells (BMMC). 4 weeks

old BMMC were sensitized with mouse monoclonal anti-DNP IgE.

24 h later, BMMC were collected and adjusted to 5 � 105 cells/mL in

culture medium. Cells were incubated with DNP37.5-BSA (30mg/mL)

for 6 h. Luteolin (n), baicalein (&), and quercetin (*) were added

10min before challenge. DNP37.5-BSA-stimulated cells release TNF-a

and IL-6 at 319 � 44 pg/106 cells and 3.73 � 0.25 ng/106 cells,

respectively. Each value represents the mean � SEM of 3 experi-

ments. * p < 0.05, ** p < 0.01 (Dunnett two-tailed vs. control).
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