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Anti-asthmatic Action of Quercetin and Rutin in Conscious 
Guinea-pigs Challenged with Aerosolized Ovalbumin
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The effects of quercetin and rutin on the asthmatic responses were studied in ovalbumin (OA)-
sensitized conscious guinea pigs challenged with aerosolized-OA. We measured the specific
airway resistance (sRaw) in the double-chambered plethysmograph during the immediate-
phase response (IAR) and late-phase response (LAR) at 3~10 min and 24 hr after OA chal-
lenge, respectively. We counted leukocytes in bronchoalveolar lavage fluid (BALF) using
Wright's stain, as well as in lung tissue fixed with 10% formalin and stained with H & E stain.
Quercetin and rutin (7.5 mg/kg, p.o.) significantly and dose-dependently inhibited both sRaw
on  IAR (31.60 and 26.44%) and LAR (29.87 and 28.69%) but with less efficacy than dexam-
ethasone (3 mg/kg) and salbutamol (0.3 mg/kg), which inhibited IAR by 36.71 and 69.45%,
and LAR by 67.23 and 0%, respectively, Quercetin and rutin (15 mg/kg) also inhibited produc-
tion of histamine, PLA2, and EPO, and recruitment of leukocytes, particularly neutrophils and
eosinophils, during LAR. respectively. Dexamethasone (3 mg/kg) also significantly reduced the
recruitment of neutrophils, eosinophils, and lymphocytes in BALF, and salbutamol (0.3 mg/kg)
reduced neutrophils and eosinophils with lower activity than dexamethasone. These results
indicate that quercetin and rutin may be useful in the treatment of IAR and LAR in asthma via
inhibition of histamine release, PLA2, and EPO, and reduced recruitment of neutrophils and
eosinophils into the lung.
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Abbreviations: BALF, Bronchoalveolar lavage fluid; BSA, Bovine serum albumin; BSS, Bal-
anced salt solution; EOS, Eosinophils; H & E, Hematoxylin and eosin; HEPES, 4-(2-hydroxy-
ethyl)-1-piperazineethanesulfonic acid; IAR, Immediate-phase asthmatic response; IgE, Im-
munoglobulin E; LAR, late-phase asthmatic response; LLAR, Late late-phase asthmatic re-
sponses; OA, Ovalbumin; PLA2, Phospholipase A2; PMN, Polymorphonuclear leukocytes; 10-
Pyrene PC, Pyrene-labeled phospholipids; sRaw, Specific airway resistance

INTRODUCTION

Allergen-induced bronchial asthma is a chronic inflam-
matory disease characterized by the presence of inflamma-
tory cells such as lymphocytes, mast cells, and eosinophils
in the airways (Bousquet et al., 2000). Allergen provocation
induces an immediate asthmatic response (IAR) that
peaks at 15 to 30 min and resolves within 2 h, and a late-
phase asthmatic response (LAR) which begins 4 to 12 h
after allergen challenge (Matsumoto et al., 1994; Glubenkian

et al., 1990; Sanjar et al., 1990; DeMonchy et al., 1985;
Wardlaw et al., 1988). Further late responses (late late-
phase asthmatic response, LLAR) may occur with diminish-
ing intensity over the subsequent 2 to 3 days (Dunn et al.,
1988). Prophylactic treatment with anti-allergic drugs such
as cromolyn sodium and glucocorticoids inhibit both IAR
and LAR, whereas treatment with β2-selective adrenoceptor
agonists such as salbutamol inhibits IAR but not LAR
(Smith et al., 1991; Cockcroft et al., 1987; Venge et al.,
1987). Quercetin, a plant derivative, has anti-asthmatic
activity by inhibiting platelet-activating factor (PAF), phos-
pholipase A2 (PLA2), and phosphodiesterase (PDE) subtype
3 activity, as well as nitric oxide production, and ovalbumin
(OA)-induced bronchial hypersensitivity in vitro (Jiang et
al., 2006; Ko et al., 2002, 2003, 2004; Griffiths et al., 2002;
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Miller et al., 2001; Dorsh et al., 1991). Plant flavonoids are
a large class of polyphenolic compounds with 2-phenyl
benzopyrone that have anti-inflammatory (Pettinari et al.,
2006; Wu et al., 2004; Li et al., 2001; Skaltasa et al.,
2000; Ramesh et al., 1998; Shibata et al., 1991; Gupta et
al., 1971; Villar et al., 1984; Fewtrell et al., 1977), anti-allergic
(Nishino et al., 1984), anti-oxidant and spasmolytic actions
(Omisore et al., 2005; Chakravarthy et al., 1981; Morales
et al., 1994).

Quercetin and its glycoside, rutin, are flavonoids, but the
effects of these compounds on IAR and LAR of IgE-medi-
ated asthma in conscious OA-sensitized guinea pigs are
still unclear. In this study we used this model to measure
specific airway resistance (sRaw) in the double-chambered
plethysmograph (Matsumoto et al., 1994; Glabenkian et al.,
1990; Pennock et al. 1979), as well as chemical mediators
and leukocytes in bronchoalveolar lavage fluid (BALF),
and pathological changes.

MATERIALS AND METHODS

Materials and reagents
Quercetin, rutin, ovalbumin (type V), piprinhydrinate,

dexamethasone, salbutamol, and Wright's stain were pur-
chased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
Thiopental sodium was purchased from Samsung Phar-
maceutical Co. (Seoul, Korea). Other reagents used were
reagent grade. HEPES-BSS/BSA (pH 7.4) was made by
NaCl 132 mM, KCl 6 mM, HEPES 20 mM, KH2PO4 1.2
mM, CaCl2 ·H2O 1.1 mM, MgSO4 1.0 mM, dextrose 5.5
mM, and bovine serum albumin 1%.

Animals and sensitization
Male Dunkin-Hartley guinea pigs (350~400 g) were pur-

chased from Samyuk Animal (Osan, Kyung Ki-Do, Korea),
and were housed over one week in a normal environ-
mentally-controlled animal room (temperature 25oC, hu-
midity 55%, aeration 10-18/h, illumination 300~500 Lux)
with food (Samyang Co., Korea) and water ad libitum.
Animals were actively sensitized to ovalbumin (Sigma,
type V) by two 50 mg injections of the protein given on the
same day (i.p. and s.c.), each in 1 mL of 0.9% saline
(Yeadon et al., 1993). Twenty-one days after sensitization,
1% OA (0.1 mL per site) was injected intradermally and
skin thickness was measured 1 h later. A doubling of skin
thickness indicated successful sensitization. Animals that
did not respond to intradermal OA were not used (Sanjar
et al., 1990).

Challenge
After measuring baseline airway function before drug

treatment, the animal was challenged with inhalation of
1% OA or saline for 5 min in the double-chambered plethys-

mopraph (HSE type 855). Sensitized animals were fasted
overnight and treated with drugs or vehicle (saline) 1 h
prior to allergen challenge, and again 12 and 20 h later.
Thirty minutes before OA challenge, the animals were
pretreated with the antihistamine, piprihydinate (5 mg/kg)
to prevent sudden death by the systemic hypersensitivity.
Twenty-five minutes later, each animal was placed in the
double-chambered plethysmograph and permitted to
acclimatize for 5 min. The animal was challenged with 10
mL of OA (1.0 mg/mL in saline) or saline aerosol by the
jet nebulizer for 5 min (Matsumoto et al., 1994). 

Measurement of airway function
Airway function in conscious guinea-pigs was measured

with the double-chambered plethysmograph (Matsumoto
et al., 1994: Sanjar et al., 1990). A conscious animal was
positioned with its neck extending through the partition of
a head and body chamber. At IAR and LAR, tidal volume,
tidal airflow, respiratory rate and specific airway resistance
(sRaw) were measured by volumetric differential pressure
transducer (PT5, Grass Co. U.S.A.), noninvasive respiratory
analyzer, and ink-writing oscilloscope with polygraph (7E,
Grass Co. USA), respectively. The phase displacement is
measured at the end of inspiration on the steep changeover
to the expiration phase. The evaluation unit was linked to
a computer for continuous data capture. The increase of
sRaw was expressed as a percentage of the baseline
value before drug treatment and compared with control
(OA):

sRaw increase(%)
={(sRaw after challenge/sRaw before challenge)-1}×100

Bronchoalveolar lavage and cell counting
At twenty-four hours after antigen challenge, the animals

were terminally anaesthetized with thiopental sodium (30
mg/kg i.p.) after measurement of lung function parameters,
and killed with an overdose of thiopental sodium. The
trachea was exposed and cannulated with a polyethylene
tube connected to a syringe, and the lungs were lavaged
with four 5-mL aliquots of Ca2+ and Mg2+ free Hank's bal-
anced salt solution (HBSS) containing EDTA (10 mM) and
HEPES (10 mM), with all bronchoalveolar lavage fluid
(BALF) collected. BALF was centrifuged (200×g for 10
min at 4oC) to remove the supernatant, the cells were
resuspended in 1 mL of HBSS, and total leukocytes in
BALF counted manually with a hemocytometer. Cell counts
were performed on centrifuged preparations (Cytospin II;
Shandon Southern Instruments, Pittsburgh, PA) stained
with Wright's stain. A minimum of 300 cells were counted
and classified as macrophages, eosinophils, neutrophils,
lymphocytes, or monocytes based on normal morphologic
criteria (Sanjar et al., 1990).
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Histamine assay
Histamine in BALF was measured using the fluorometric

method (Shore et al., 1959). Briefly, BALF (1 mL) was
transferred to a test tube and H2O (1 mL) added. Four
minutes after adding 0.4 mL 1 N NaOH followed by 0.1 mL
of OPT reagent, 0.2 mL 3 N HCl is added. The mixture
was thoroughly mixed after each addition, transferred to a
96-well plate, and the fluorescence measured at excitation
350 nm, emission 650 nm with a spectrophotometer
(FL600 Microplate Fluorescence Reader, Bio-Tek, U.S.A.).

Phospholipase A2 Assay
Using pyrene-labeled phospholipids (10-pyrene PC),

PLA2 activity was measured in the presence of serum
albumin with a spectrophotometer at excitation 345 nm,
emission 398 nm. Spectrofluorometric analysis of pyrene
phospholipids and fatty acids were performed in reaction
solution (Radvanyl et al., 1989). The 10-pyrene PC was
dried under nitrogen and suspended in ethanol at 0.2 mM.
The reaction solution was prepared by adding sequen-
tially 1 mL of buffer containing 50 mM Tris-HCl (pH 7.5),
100 mM NaCl, 1 mM EDTA; 10 µL of substrate (2 µM,
final concentration); 10 µL of a 10% bovine serum albumin
solution (0.1%, final concentration) and 6 µL of 1 M CaCl2
(6 mM, final concentration). The fluorescence of the reac-
tion medium (blank) was recorded and the reaction was
initiated by the addition of BALF. The specific activity in
nanomoles per minute and per milligram protein (nmol/
min/mg) was obtained by dividing the activity by the amount
of protein in milligrams. To calculate the specific activity,
protein content was analyzed with a BCA (bicinchoninic
acid) protein assay kit (Pierce Co., U.S.A.).

Measurement of eosinophil peroxidase (EPO)
The level of free EPO in the supernatant from the BAL

fluid was determined as an index of eosinophil activation
according to the method described by Strath and co-
workers (Strath et al., 1985). An aliquot of BALF was
centrifuged at 200×g for 10 min at 4oC and added to the
substrate solution of 0.1 mM o-phenylenediamine di-
hydrochloride (OPD) in 0.05 M Tris-HCl containing Triton
X-100 and 1 mM hydrogen peroxide. Except where stated
otherwise, all incubations were carried out at pH 8.0 in the
presence of 0.1% Triton X-100. One hundred microliter of
the substrate was added to 100 µL of the samples in
microtiter plate wells, and the plates were left at 37°C for
30 min before stopping the reaction with 50 µL 4 M
sulfuric acid. The absorbance was measured at 492 nm
with a spectrophotometer. Samples containing contam-
inating hemoglobin in the supernatant were discarded
(Banner et al., 1995; Pretolani et al., 1994).

Histological staining
Lung tissues were fixed by inflating the lungs with

phosphate-buffered formalin saline via tracheal cannula to
a pressure of 15 cmH2O and were then removed and
prepared for staining with hematoxylin and eosin (H & E)
before mounting in canada balsam.

Data analysis
All values are presented as mean ± S.E.M. of 6 animals.

Results of airway function measurements are expressed
as changes (%) from baseline. Statistical significance was
calculated by Student's t-test. Differences were considered
significant if P< 0.05. All statistics were performed with
Sigma plot.

RESULTS

Increase of sRaw by OA exposure in OA-sensi-
tized guinea pigs

OA-sensitized guinea pigs had a significantly higher
increase in sRaw than naive guinea-pigs in IAR (12.52 ±
1.14 to 29.39 ± 1.38 mmHg×sec), and LAR (5.68 ± 1.01 to
18.80 ± 1.22 mmHg×sec), respectively (P< 0.01). OA inhala-
tion increased sRaw by 234.74 ± 4.44% in IAR and
331.00 ± 9.85% in LAR compared with saline-inhaled
control (Fig. 1).

Recruitment of leukocytes into the lung by OA
exposure in OA-sensitized guinea pigs

OA-sensitized guinea-pigs in LAR after OA challenge
had significantly (P< 0.01) more total leukocytes in BALF
compared with naive animals (19.06 ± 3.21×106 to 63.44

Fig. 1. Flavonoids inhibit sRaw in IAR and LAR. Drugs were orally
administered 1 h prior to OA challenge, and again 12 and 20 h later.
sRaw increased in IAR and LAR at 3~10 min and 24 h after allergen
challenge, respectively. Increase of sRaw (%) = {(sRaw after challenge/
sRaw before challenge) - 1}×100. Each value represents the mean ±
S.E.M (n=6). Significantly different from OA-inhaled control, *; P< 0.05
and **; P< 0.01. (-) CTL; saline-inhaled control, (+) CTL; OA-inhaled
control, QUE; quercetin, RUT; rutin, DEX; dexamethasone, SAL;
salbutamol.
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± 8.17×106 cells) (Fig. 2). The ovalbumin challenge caused
leukocytosis, with neutrophils and eosinophils in BALF in-
creasing significantly by 10 and 5.4 times (1.40 ± 0.23
×106 to 14.59 ± 4.19×106 and 3.24 ± 0.68×106 to 17.63 ±
2.90×106 cells), respectively (Fig. 3).

OA Exposure increases histamine, protein, PLA2,
and EPO in BALF

Histamine contents in BALF of naive and OA-sensitized

guinea-pigs were 125.00 ± 7.18 and 396.00 ± 32.02 ng/
mL on LAR, respectively, or an increase of 316.80 ± 44.21
% in sensitized guinea-pigs. Protein levels, a measure of
exudates, in naive and sensitized animals were 101.3 ±
16.8 and 409.8 ± 25.3 µg/mL on LAR, respectively (an
increase of 404.54 ± 24.98%). Phospholipase A2 (PLA2)
activity in BALF of naive and sensitized guinea-pigs was
2.97 ± 0.20 and 7.40 ± 0.31 nmol/min/mg on LAR, respec-
tively (an increase of 249.16 ± 15.50%). EPO, a marker of
eosinophil activation, in naive and sensitized guinea-pigs
was OD (optical density) 0.29 ± 0.07 and 5.31 ± 0.43 on
LAR, respectively (an increase of 1831.03 ± 61.48%) (Fig.
4).

Histopathological changes by OA exposure in OA-
sensitized guinea pigs

The lungs of sensitized guinea pigs showed recruitment
of eosinophils and neutrophils in the alveolar sac, periph-
eral vasculature and terminal bronchiole, the pavement of
leukocytes in venule and arteriole, and detachment of
ciliated epithelium (Fig. 5(B)), with only a few inflam-
matory cells around the terminal bronchioles in normal
guinea pigs (Fig. 5(A)), as in other reports (Toward et al.,
2004; Yeadon et al., 1993; Sanjar et al., 1990; Richard et
al., 1989).

Fig. 2. Effects of flavonoids on total leukocytes in BALF in LAR. Drugs
were orally administered 1 h prior to OA challenge, and again 12 and
20 h later. Each value represents the mean ± S.E.M (n=6). Significantly
different from OA-inhaled control, *; P< 0.05 and **; P< 0.01.
Abbreviations are the same as Fig. 1.

Fig. 3. Flavonoids inhibit recruitment of eosinophils, neutrophils, lymphocytes and monocytes in BALF in LAR. Drugs were orally administered 1 h
prior to OA challenge, and again 12 and 20 h later. Inhibition (%)=(a-c)/(a-b)×100, a and b; saline- and OA-inhaled control, c; test drug-treated
group. Each value represents the mean ± S.E.M (n=6). Significantly different from OA-inhaled control, *; P< 0.05 and **; P< 0.01. Abbreviations are
the same as Fig. 1.
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Effect of quercetin and rutin on OA-induced IAR
and LAR
Decrease of sRaw

Quercetin (7.5 mg/kg, p.o.) significantly decreased (P<
0.01) sRaw by 29.87 ± 4.11 in IAR and 31.64 ± 8.93% in
LAR compared with control (29.39 ± 1.38 to 20.61 ± 2.11
and 18.80 ± 1.22 to 12.86 ± 2.42 mmHg×sec, respectively)
(Fig. 1). Rutin (7.5 mg/kg, p.o.) also decreased significantly
(P< 0.01) sRaw in IAR and LAR by 28.72 ± 7.25 and 26.44
± 6.17% compared with control (29.39±1.38 to 20.95 ±
3.73 and 18.80 ± 1.22 to 13.83 ± 0.85 mmHg×sec, respec-
tively) (Fig. 1). Dexamethasone (3 mg/kg) significantly
decreased sRaw in IAR and LAR by 36.71 ± 3.16 and
67.23 ± 4.04%, respectively (P< 0.01). Salbutamol (0.3

mg/kg) significantly decreased sRaw in IAR by 69.45 ±
5.38% (P< 0.01), but not in LAR (Fig. 1). Thus, flavonoids
act as well as dexamethasone in both IAR and LAR.

Decreased recruitment of total leukocytes in BALF
Quercetin and rutin dose-dependently inhibited total leu-

kocyte accumulation in BALF (P < 0.05). Quercetin and
rutin (7.5 mg/kg) significantly inhibited recruitment of
leukocyte in BALF by 37.45 ± 3.48×106 and 45.50 ± 4.35
×106 cells, respectively (P<0.05) (Fig. 2). Dexamethasone
(3 mg/kg) and salbutamol (0.3 mg/kg) also significantly
inhibited total leukocytes (Fig. 2).

Decreased recruitment of neutrophils, eosinophils,
and lymphocytes in BALF

Quercetin and rutin (7.5 mg/kg) significantly inhibited re-
cruitment of neutrophils, eosinophils, and lymphocytes in
BALF (Fig. 3). Dexamethasone (3 mg/kg) also significantly
decreased the recruitment of neutrophils, eosinophils and
lymphocytes in BALF, as did salbutamol (0.3 mg/kg), but
with less efficacy (Fig. 3).

Decrease of the chemical mediators in BALF
Flavonoids decreased chemical mediators such as his-

tamine and protein contents, and PLA2 and EPO activity
in BALF compared with control in a dose-dependent
manners (Fig. 4). Rutin (15 mg/kg) significantly decreased
histamine release (39.48 ± 3.37%, P< 0.05) and PLA2

specific activity (27.35 ± 1.56%, P< 0.05) in BALF com-
pared with control. Quercetin (15 mg/kg) also significantly
decreased histamine (31.72 ± 2.52%, P< 0.05), protein
exudation (28.97 ± 2.14%, P< 0.05), and EPO activity
(21.67 ± 1.78%, P< 0.05) in BALF compared with control.
Dexamethasone (3 mg/kg) significantly (P< 0.01) inhibited
histamine release, protein exudation, EPO and PLA2 spe-
cific activity, but salbutamol (0.3 mg/kg) slightly decreased
all of them compared with control (Fig. 4).

Improvement of histopathological changes
Quercetin and rutin (15 mg/kg) inhibited the infiltration of

inflammatory cells, particularly eosinophils and neutrophils,
in the alveolar sac, the peripheral vasculature, and the
terminal bronchiole, as well as leukocytes in venules and
arterioles and the detachment of ciliated epithelium (Fig.
5). 

DISCUSSION

Here, we developed an asthma model of IAR and LAR
in guinea pigs as described by other reports (Yeadon et
al., 1993, Huston et al., 1988). Guinea-pigs readily show
airway hyper-reactivity and eosinophilia (Toward et al.,
2004; Yeadon et al., 1993; Sanjar et al., 1990; Dunn et al.,

Fig. 4. Flavonoids inhibit histamine release, protein exudation, PLA2

and EPO activity in BALF in LAR. Drugs were orally administered 1 h
prior to OA challenge, and again 12 and 20 h later. Inhibition (%)=(a-c)/
(a-b)×100, a and b; saline- and OA-inhaled control, c; test drug-treated
group. Each value represents the mean ± S.E.M (n=6). Significantly
different from OA-inhaled control, *; P< 0.05 and **; P< 0.01.
Abbreviations are the same as Fig. 1.
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1988; Huston et al., 1988; Kallos et al., 1984). Guinea-
pigs were challenged by inhalation of aerosolized antigen,
a similar delivery route in human asthma (Aoki et al.,
1988; Andersson et al., 1988; Abraham et al., 1988; Turner
et al., 1990) and lung segmental antigen challenge in
human asthma (Kane et al., 1996; Kane et al., 1996). In
this experiment, aerosolized-OA inhalation increased sRaw
in IAR and LAR by 2.3 and 3.3 times compared with naive
control, and increased neutrophil and eosinophil in BALF
by 10 and 5.4 times compared with control. BAL technique
and subsequent histopathological studies showed the
recruitment of leukocytes, particularly eosinophils and
neutrophils, into the lung by 5.4 and 9.4 times, similar to a
segmental challenge in human lung (Kane et al., 1994).
Pre-treatment of the anti-histamine, piprinhydrinate pre-
vented immediate anaphylaxis for the longer LAR model.
Thus, aerosolized-OA inhalation in guinea pigs can induce
asthma as in humans.

The effects of salbutamol and dexamethasone on IAR
and LAR in this guinea-pig model are similar in human
asthma, where salbutamol affects IAR not but LAR, and
dexamethasone can affect LAR, with less effects on IAR.
Quercetin and rutin significantly inhibited sRaw and the
recruitment of leukocytes, with rutin less active than quer-

cetin. We also showed that these flavonoids have anti-
inflammatory and anti-allergy activity because of inhibition
of mast cell degranulation and histamine release (Kim et
al., 1991; Kim et al., 1990), and other glycosylated deriva-
tives of flavonoids are less effective than their correspond-
ing aglycones, e.g. rutin vs quercetin or phloretin vs phlorizin
(Havsteen et al., 1983). Bacterial glycosidase can liberate
the flavonoid aglycone (Middleton et al., 1984). Oral fla-
vonoids are largely present as aglycones in the intestine
and absorbed as micelles into the blood (Middleton et al.,
1982) since they have better lipid solubility (Bennett et al.,
1981). The glycosidic groups stereologically hinder a
portion of the molecule necessary for inhibitory activity
(Middleton et al., 1984).

Asthma therapy uses bronchodilators, particularly β-
adrenergic stimulants, to reverse immediate-phase airway
restriction, and glucocorticoids to reduce lung inflammation
(Sanjar et al., 1990). Inhalation challenge in asthmatics
can induce immediate-phase bronchoconstriction and a
subsequent late-phase response associated with edema
of the airway wall and lung inflammation. In this asthma
model, dexamethasone significantly inhibited sRaw in
LAR not but IAR. These results are consistent with
Matsumoto's report (1994) and other reports in human

Fig. 5. (A) Lung of naive control 24 h after exposure of saline aerosol. Slight inflammatory cell infiltration around terminal bronchiole with normal
structural architecture. (B) Lung of OA-control 24 h after exposure of aerosolized-OA. Recruitment of leukocytes, particularly eosinophils, and
narrowing of alveolar sacs (arrow). (C) Lung of quercetin (15 mg/kg)-treated group 24 h after exposure of aerosolized-OA. Detachment of ciliated
epithelium in secondary bronchioles and infiltration of leukocytes around bronchiole (arrow), but less recruitment of leukocytes in alveolar sacs. (D)
Lung of rutin (15 mg/kg)-treated groups 24 h after exposure of aerosolized-OA. Infiltration of leukocytes in narrowed alveolar sacs, with leukocytes
present in arterioles, but all pathologic changes improved compared with control (OA) (H & E, ×400).
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asthma, not but in animal asthma (Dahren et al., 1980;
Hedqvist et al., 1980; Marie et al., 1955). The β2-agonist
salbutamol inhibited only IAR (Matsumoto et al., 1994).

Accumulation of inflammatory cells in the lung is a
pathological feature of asthmatics (Dahren et al., 1980),
and recruitment of leukocytes, particularly of eosinophils,
in the late response to allergen inhalation is characteristic
of the late response to allergen inhalation in man
(DeMonchy et al., 1985; Middleton et al., 1982). Kim (1993)
reported that leukotriene B4 is a chemoattractant of
eosinophils into the lung (Bennett et al., 1981). Flavonoids
inhibit phospholipid metabolism. Leukotrienes are derived
from arachidonic acid through 5-LO and then nucleophilic
attack to produce peptidoleukotrienes. These 5-LO products
mediate constriction of airway smooth muscle, leukocyte
chemotaxis (Dahren et al., 1980; Hedqvist et al., 1980)
and vascular permeability (Kim et al., 1996; Middleton et
al., 1982, 1984; Havsteen et al., 1983; Bennett et al., 1981;
Krell et al., 1981; Dahren et al., 1980; Hedqvist et al.,
1980; Drazen et al., 1980; Holryde et al., 1970; Pichurko
et al., 1989; Ford-Hutchison et al., 1980). Therefore,
inhibiting 5-LO can attenuate leukotriene production. It is
nuclear whether quercetin inhibited 5-LO to block eosinophil
accumulation. Eosinophils play an important role in the
pathogenesis of airway hyperresponsiveness (Kazuhiro et
al., 1993; Durham et al., 1985), and pulmonary eosinophilia
can be caused by epithelial damage, decreased mucociliary
clearance, nonspecific hyperreactivity, bronchial smooth
muscle hyperreactivity, and bronchial smooth muscle
hyperplasia. Results of the present study reveal that pre-
treatment of dexamethasone inhibited the pulmonary
hypersensitivity and eosinophil accumulation, as well as
dexamethasone inhibited recruitment of leukocytes, but
salbutmol did not act as well as dexamethasone. In con-
clusion, we found that quercetin and rutin dose-depen-
dently reduced increase of the sRaw and eosinophil ac-
cumulation in asthma. These findings indicate that quercetin
and rutin can be useful may have therapeutic potential for
asthma in clinical practice.

Quercetin and rutin dose-dependently inhibited sRaw in
LAR and IAR, as well as the recruitment of leukocytes,
particularly eosinophils and neutrophils on LAR, with quer-
cetin showing more activity than rutin. Dexamethasone also
significantly inhibited sRaw and leukocyte recruitment.
Salbutamol significantly inhibited sRaw in IAR. Quercetin
and rutin inhibited sRaw and leukocyte recruitment at a
similar level as dexamethasone in LAR and salbutamol in
IAR. Thus, quercetin and rutin may be useful in the
treatment of IAR and LAR in asthma.
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