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Quercetin Inhalation Inhibits the Asthmatic Responses by
Exposure to Aerosolized-Ovalbumin in Conscious Guinea-pigs
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Effects of quercetin inhalation on immediate (IAR), late-phase (LAR) and late late-phase
(LLAR) asthmatic responses by exposure to aerosolized-ovalbumin (AOA) (2w/v% in saline,
inhalation for 3 min) were studied in conscious guinea-pigs sensitized with AOA. We mea-
sured specific airway resistance (sRaw), and recruitment of leukocytes, histamine and protein
contents and phospholipase A, (PLA;) activity in bronchoalveolar lavage fluid (BALF). Effects
of quercetin (10 mg/mL, inhalation for 2 min) compared with cromolyn sodium, salbutamol, and
dexamethasone inhalations, respectively. Quercetin inhalation decreased sRaw by 57.15 +
3.82% in 1AR, 57.72 + 7.28% in LAR, and 55.20 + 5.69% in LLAR compared with AOA-inhaled
control. Salbutamol inhalation (5 mg/mL) significantly inhibited sRaw in IAR, but inhalations of
cromolyn sodium (10 mg/mL) and dexamethasone (5 mg/mL) significantly inhibited sRaw in
IAR, LAR and LLAR, respectively. Inhibitory activity of quercetin inhalation on sRaw was simi-
lar to effect of its oral administration (10 mg/kg) in asthmatic responses. Quercetin (10 mg/mL,
inhalation for 2 min) significantly decreased histamine and protein contents, PLA, activity, and
recruitments of leukocytes in BALF and also improved slightly infiltration of eosinophils and
neutrophils in histopathological survey. Its anti-asthmatic activity was similar to cromolyn
sodium and dexamethasone.

Key words: Quercetin inhalation, Anti-asthmatic action, Specific airway resistance, Recruit-
ment of eosinophil, Bronchoalveolar lavage fluid, Guinea pigs

Abbreviations: AOA, Aerosolized ovalbumin; BALF, Brochoalveolar lavage fluid; BSA, Bovine
serum albumin; BSS, Balanced salt solution; DMSO, Dimethylsulfoxide; EOS, Eosinophils; H &
E, Hematoxylin and eosin; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; IAR,
Immediate-phase asthmatic response; IgE, Immunoglobulin E; LAR, Late-phase asthmatic
response; LLAR, Late late-phase asthmatic response; OA, Ovalbumin; PLA,, Phospholipase
A,; PMN, Polymorphonuclear leukocytes; 10-Pyrene PC, Pyrene-labeled phospholipid; sRaw,
Specific airway resistance

INTRODUCTION glycate, which is a similar chemical structure to flavo-

noids, inhibits the release of chemical mediators for food

Flavonoids widely distributed in the plant kingdom are a
large class of polyphenolic compounds which 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; Villar et al., 1984; Fewtrell et al.,
1977), anti-allergic (Nishino et al., 1984), anti-oxidant and
spasmolytic (Omisore et al., 2005; Morales et al., 1994)
activities. Dichromone flavonoid derivative, sodium cromo-
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cold water exercise-induced anaphylaxis (Benhamou et
al., 2007), and has been used as anti-asthmatic agent,
especially the prophylactic treatment of both allergic and
exercise-induced asthma via the first dry-powder inhaler
(Crompton G, 2006). Our previous study showed that the
administration of quercetin and rutin at an oral dose of 30
mg/kg inhibits immediate-asthmatic response (IAR) and
late-phase asthmatic response (LAR) by exposure to
aerosolized ovalbumin (AOA) on conscious guinea pigs
sensitized with ovalbumin (OA) injection (Jung et al.,
2007), but effects of its inhalation on the asthmatic re-
sponses are still unclear.

We studied effects of quercetin inhalation on asthmatic
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responses by exposure to AOA in the conscious guinea-
pigs sensitized with AOA. For evaluation of effect of quer-
cetin (10 mg/mL, inhalation for 2 min), we measured specific
airway resistance (sRaw) in the double-chambered
plethysmograph, and recruitment of leukocytes, histamine
and protein contents, and phospholipase A, (PLA,) activity
in bronchoalveolar lavage fluid (BALF), and its activity
was compared with reference drugs, cromolyn sodium,
salbutamol and dexamethasone inhalations in IAR, LAR
and late late-phase asthmatic response (LLAR), respec-
tively.

MATERIALS AND METHODS

Materials and reagents

Quercetin, ovalbumin (type V), piprinhydrinate, dexa-
methasone, salbutamol, disodium cromoglycate, Wright's
stain and bovine serum albumin (fraction V), OPT (O-
phthaldialdehyde) and 10-pyrene PC [1-palmitoyl-2-(10-
pyrenyldecanoyl)-snglycero-3-phosphorylcholine]  were
purchased from Sigma Chemical Co. (St. Louis, Mo,
U.S.A.). Zoletil 50 was purchased from Virbac Lab. (06516
Carros, France). BCA protein assay kit was purchased
from Pierce Co. (Rockford, IL, U.S.A.). Other reagents used
reagent grade. HEPES-BSS/BSA (pH 7.4) was made by
NaCl 132 mM, KCI 6 mM, HEPES 20 mM, KH,PO, 1.2
mM, CaCl,-H,O 1.1 mM, MgSQO, 1.0 mM, dextrose 5.5 mM,
and bovine serum albumin (BSA) 1%. Test drugs (quer-
cetin, ovalbumin, salbutamol, cromolyn sodium, and dexa-
methasone) were dissolved in saline with 10% DMSO.
HBSS/BSA (pH 7.4) : NaCl 132 mM, KCI 6 mM, HEPES
20 mM, KH,PO, 1.2 mM, CaCl,-H,O 1.1 mM, MgSO, 1.0
mM, dextrose 5.5 mM, EDTA 10 mM and BSA 1%.

Animals and sensitization

Pathogen-free male Dunkin-Hartley guinea pigs (250~
300 g) were purchased from HanLim Lab. Animal Co.
(Hwa Sung-Gun, Kyung Ki-Do, Korea), and were housed
over one week in a normal environmentally controlled-
animal room (temperature 25°C, humidity 55%, aeration
10-18/h, illumination 300~500 Lux) with the usual laboratory
animal diet food (Superfeed Co., Won Ju City, Gang Won-
Do, Korea) and water ad libitum. Animals were actively
sensitized by exposure of AOA (1 w/v % in saline) for 3
min placed in the double-chambered plethysmograph
(HSE type 855, Hugo Sachs Elektronik, Germany). This
procedure was repeated 7 days later. Success of sensi-
tization was confirmed after on interval of at least 14 day
by the induction, under general anaesthesia of anaphylactic
bronchoconstriction in two randomly chosen animals from
the group upon exposure to AOA in the absence of any
pretreatment. Twenty-one day after first sensitization, 1%
OA (0.1 mL per site) was injected intradermally and skin
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thickness was measured 1 h later. A doubling of skin
thickness indicated the success of sensitization. Animals
which did not respond to intradermal OA were not used
(Sanjar et al., 1990). All animal use procedures were a-
pproved by the Institutional Animal Care and Use Com-
mittee of Institute for Molecular-Based New Drug Develop-
ment in Chung-Ang University.

Drug treatment and antigen challenge

After measuring the baseline airway function before the
drug treatment, the animal was challenged with inhalation
of 1% OA or saline for 5 min in the double-chambered
plethysmopraph (HSE type 855). Each sensitized animals
were fasted overnight and treated with aerosolized drug
solutions in the vehicle (saline with 10% DMSO) of quer-
cetin (10 mg/mL), cromolyn sodium (10 mg/mL), salbutamol
(5 mg/mL), dexamethasone (5 mg/mL) and vehicle were
inhaled for 2 min at 1 h before and 6 h after last AOA
challenge, additionally 12 and 20 h later, respectively. Thirty
minutes before AOA challenge, the animals were pretreat-
ed with antihistamine, piprinhydinate (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 the aerosolized-
OA (1.0 mg/mL in saline) or vehicle aerosol (saline contain-
ing 10% DMSO) by the jet nebulizer for 5 min (Matsumoto
et al., 1994). Quercetin (10 mg/mL in saline containing 10%
DMSO) inhaled with jet nebulizer for 2 min, and its activity
was compared with the inhaler of cromolyn sodium,
dexamethasone and salbutamol.

Measurement of airway function

Airway function in conscious guinea-pigs was measured
with 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 respectively by volumetric differ-
ential pressure transducer (PT5, Grass Co. U.S.A.), non-
invasive respiratory analyzer and ink-writing oscilloscope
with polygraph (7E, Grass Co. U.S.A.). The sRaw ex-
pressed mmHgxsec was analyzed by Pennock Program
(Pennock et al., 1979) following formula : tan6 =6 xR xC
(6, phase displacement; m, 2r x respiration rate; R x C,
time constant of the respiratory system; C = V/P, thoracic
gas volume (V)/(Pam - 47 mmHg).

The sRaw is therefore obtained as :
R XV = (Pym — 47) x tanb / (2 x f)[mmHg x s]
R XV = (Pa - 47) x 13.6 x tand/o[mmHg x s]

The phase displacement is measured at the end of
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inspiration on the steep change-over to the expiration
phase. The evaluation unit can be linked to a computer for
continuous data capture. The sRaw was expressed as a
percentage of the baseline value before drug treatment.
The increase of sRaw was expressed as a percentage of
the baseline value before drug treatment and compared
with control (AOA) :

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

Bronchoalveolar lavage and cell counting

At twenty-four hours after antigen challenge, the animals
were terminally anaesthetized with Zoletil 50 (20 mg/kg
i.p.) after measurement of lung function parameters. The
trachea was exposed and cannulated with a polyethylene
tube connected to a syringe, and the lungs were lavaged
flushing with four 5-mL aliquite of Ca? and Mg* free
Hank's balanced salt solution (HBSS) containing EDTA
(10 mM) and HEPES (10 mM), and collected all of BALF.
BALF was centrifuged (200xg for 10 min at 4°C) to
remove the supernatant, the cells resuspended in 1 mL of
HBSS, and total leukocytes in BALF counted manually
with hemocytometer. Differential cell counts were under-
taken on cytocentrifuged preparations (Cytospin Il; Shandon
Southern Instruments, Pittsburgh, PA) stained with Wright's
stain. A minimum of 300 cells were counted and classified
as eosinophils, neutrophils, lymphocytes and macrophages
based on normal morphologic criteria.

Histamine assay

Using the fluorometric method, histamine in BALF was
measured (Shore et al., 1959). Briefly, BALF (1 mL) are
transferred to a test tube and added H,O (1 mL). Four min
after adding 0.4 mL of 1N-NaOH followed by 0.1 mL of
OPT reagent, 0.2 mL of 3N-HCI is added. The mixture is
thoroughly mixed after each addition. The solution is then
transferred to a 96-well plate and the fluorescence mea-
sured at excitation 350 nm, emission 650 nm with fluoro-
spectrophotometer (FL600 Microplate Fluorescence
Reader, Bio-Tek, U.S.A.).

Phospholipase A, assay

Using pyrene-labeled phospholipids (10-pyrene PC),
PLA, activity was measured in the presence of serum
albumin with fluorospectrophotometer at excitation 345
nm, emission 398 nm. Spectrofluorometric analysis of
pyrene phospholipids and fatty acids were carried out in
reaction solution (Radvanyl et al., 1989). The 10-pyrene
PC was dried under nitrogen and suspended in ethanol at
a concentration of 0.2 mM. The reaction solution was
prepared by adding sequentially 1 mL of buffer containing
50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 1 mM EDTA; 10
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uL of substrate (2 uM, final concentration); 10 uL of 10%
bovine serum albumin solution (0.1%, final concentration)
and 6 uL of 1 M CaCl, (6 mM, final concentration). The
fluorescence of the reaction 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 milligram. To
calculate the specific activity, protein contents were
analyzed with BCA (bicinchoninic acid) protein assay kit
(Pierce Co., U.S.A.).

Histological staining

The lung tissues were fixed by inflating the lunge with
phosphate-buffered formalin saline via tracheal cannula to
a pressure of 15 cmH,O and were then removed and
prepared for staining with hematoxylin and eosin (H & E)
before mounting canada balsam.

Data analysis

All the values were represented as mean+SEM of six
animals. Results of airway function measurement are
expressed as changes (%) from baseline. The significance
of differences of parameters between groups of drug-
treated animals and their respective control (OA) groups
were calculated by Student's t-test. Differences were con-
sidered significant if P < 0.05. All statistics were performed
with a Sigma plot.

RESULTS

Increase of sRaw by AOA inhalation in AOA-sen-
sitized guinea-pigs

Time-related changes of sRaw in AOA-inhaled guinea-
pigs showed IAR at 5 min, LAR at 24 h and LLAR at 72 h
after AOA challenge (Fig. 1). AOA-challenged guinea-pigs
had a significantly higher increase in sRaw than saline-
challenged guinea-pigs in IAR (4.21 £0.53 to 13.92 + 1.40
mmHgxsec), LAR (4.55 £ 0.58 to 11.80 + 2.07 mmHgx
sec), and LLAR (4.14 £ 0.56 to 11.10 + 1.93 mmHgxsec),
respectively (P< 0.01). AOA inhalation increased sRaw by
330.64% in IAR, 259.34% in LAR, and 268.12% in LLAR
compared with saline inhalation (Fig. 1).

Recruitment of leukocytes into the lung by AOA
inhalation in AOA-sensitized guinea-pigs
AOA-challenged guinea-pigs had significantly (P< 0.05)
more total leukocytes in BALF compared with saline-
challenged animals in IAR (7.34x10° to 12.17x10° cells),
LAR (6.18x10° to 28.37x10° cells), and LLAR (7.11x10°
and 27.69x10° cells), respectively (p < 0.05). The AOA-
challenge caused leukocytosis, with neutrophils in BALF
by 5.8 times in LAR (1.43x10° to 8.23x10° cells), and by
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Fig. 1. Time-related changes of sRaw in control groups. Animals were
actively sensitized by AOA inhalation (1 w/v % ovalbumin in saline) for
3 min on Day 1 and 7, and challenged with AOA inhalation on Day 21.
sRaw was determined after AOA challenge. Time-related changes of
sRaw shows IAR at 5 min, LAR at 24 h and LLAR at 72 h after
AOA challenge. % Increase in sRaw = (sRaw after challenge/sRaw
before challenge-1) x 100. Each value represents the mean + S.E.M
(n=6). Significantly different from control (saline), * ; P < 0.05 and ** ; P
<0.01. CTL: saline- or AOA-inhaled control.

3.4 times in LLAR (1.64x10° to 5.54x10° cells), and
eosinophils in BALF by 8.9 time in LAR (0.89x10° to
7.94x10° cells), and by 13.9 times in LLAR (0.92x10° to

12.74x10° cells), respectively (Fig. 2).

AOA inhalation increase histamine, protein, and
PLA; in BALF by AOA inhalation in AOA-sensi-
tized guinea-pigs
Histamine contents in BALF of saline- and AOA-challenged
guinea-pigs were 0.22 +0.03 and 1.79+0.21 ng/mL in
IAR, 0.25 + 0.04 and 1.80 + 0.28 ng/mL in LAR, and 0.21
+0.04 and 1.15 £ 0.31 ng/mL in LLAR, respectively, or an
increase of 7.1 times in IAR, 6.2 times in LAR, and 4.5
times in LLAR by AOA challenge, respectively (Fig. 5).
Protein levels in BALF, a measure of exudates in saline-
and AOA-inhaled animals were 643.10 £ 85.40 and
971.82 + 106.11 ug/mL in IAR, 625.83 + 76.31 and 1713.20
+213.92 ug/mL in LAR, and 633.96 + 68.03 and 1282.22
+161.73 ug/mL in LLAR, respectively, or an increase of
51.1+£16.5% in IAR, 173.8 +34.2% in LAR, and 103.3
1 25.0% in LLAR by AOA challenge, respectively (Fig. 5).
PLA, activity in BALF of saline-inhaled and AOA-inhaled
guinea-pigs were 3.21 +0.62 and 6.92 + 0.81 nmol/mg/
min in IAR, 2.11£0.10 and 8.72 + 0.32 nmol/mg/min in
LAR, and 3.14 +0.42 and 8.75 + 0.85 nmol/mg/min in
LLAR, respectively, or an increase of 2.16 times in IAR,
413 times in LAR, and 2.79 times in LLAR by AOA

challenge, respectively (Fig. 5).
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Fig. 2. Inhibitory activity of drug inhalation on sRaw in asthmatic
responses. Animals were actively sensitized by AOA inhalation (1 w/v
% ovalbumin in saline) for 3 min on Day 1 and 7, and challenged with
AOA inhalation on Day 21. Animals were inhaled with aerosolized drug
in saline for 2 min at 1 h before and 6 h after last AOA challenge,
additionally 12 and 20 hr later, respectively. sSRaw was determined after
AOA challenge. Data shows IAR at 5 min, LAR at 24 h and LLAR at 72
h after AOA challenge. % Increase in sRaw = (sRaw after challenge/
sRaw before challenge-1) x 100. Each value represents the mean *
S.E.M (n=6). Significantly different from control (AOA), *; P < 0.05 and
** P <0.01. CTL: saline- or AOA-inhaled control, SAL: salbutamol,
DEX: dexamethasone, CRO: cromolyn sodium, QUE: quercetin.
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Fig. 3. The inhibitory activity of drug inhalation on recruitment of total
leukocytes into lung. Animals were inhaled with aerosolized drug in
saline for 2 min at 1 h before and 6 h after last AOA challenge,
additionally 12 and 20 hr later, respectively. Data shows IAR at 5 min,
LAR at 24 h and LLAR at 72 h after AOA challenge. Each value
represents the mean £ S.E.M (n=6). Significantly different from control
(AOA), *; P < 0.05. Abbreviations are the same as Fig. 2.

Histopathological changes by AOA inhalation
The lung of saline-challenged guinea-pigs showed normal
architecture and did not seen any pathological changes
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Fig. 4. Inhibitory activity of drug inhalation on recruitment of leukocytes into lung. Animals were inhaled with aerosolized drug in saline for 2 min at
1 h before and 6 h after last AOA challenge, additionally 12 and 20 h later, respectively. Data shows IAR at 5 min, LAR at 24 h and LLAR at 72 h
after AOA challenge. Each value represents the mean + S.E.M (n=6). Significantly different from control (AOA), *; P < 0.05 and **; P < 0.01. PMN:
Polymorphonuclear leukocytes, EOS: eosinophils, MAC: macrophages, LYM: lymphocytes. Other abbreviations are the same as Fig. 2.

(Fig. 7-A), but the lungs of AOA-challenged guinea pigs
were seen marked infiltration of eosinophils and neu-
trophils in the alveolar sac and peribronchial connective
tissue (Fig. 7-B).

Effect of quercetin inhalation on AOA-induced
asthmatic responses

Decrease of sRaw

Quercetin (10 mg/mL, inhalation for 2 min) significantly
decreased (P < 0.05) sRaw by 57.15+6.53% (13.92 £
140 to 7.47 +£0.91 mmHgxsec) in IAR, 57.72 +5.72%
(11.80£2.07 to 6.75+0.79 mmHgxsec) in LAR, and
55.20 £7.36% (11.10 £ 1.93 to 6.65 + 0.81 mmHgxsec) in
LLAR compared with AOA-inhaled control, respectively
(Fig. 2). Salbutamol (5 mg/mL, inhalation for 2 min) signi-
ficantly decreased sRaw in IAR by 51.90 £ 5.82% com-
pared with AOA-inhaled control, but it has not activity in
LAR and LLAR (Fig. 2). Dexamethasone (5 mg/mL, in-
halation for 2 min) significantly decreased sRaw by 68.51

+6.36% in LAR and 47.21 £7.56% in LLAR compared
with AOA-inhaled control, but it has not effect in IAR,
respectively (Fig. 2). Cromolyn sodium (10 mg/mL, inhala-
tion for 2 min) significantly decreased sRaw by 51.20 +
6.75% in IAR, 60.76 £ 6.27% in LAR, and 59.25 + 7.57%
in LLAR compared with AOA-inhaled control (Fig. 2).

Decreased recruitment of total leukocytes in BALF
Quercetin (10 mg/mL, inhalation for 2 min) significantly
(P< 0.05) inhibited total leukocytes accumulation in BALF
on IAR, LAR, and LLAR (11.06 + 2.67 x 10°, 16.60 + 2.19
% 10°, and 14.47 + 2.28 x 10° cells, respectively) compared
with AOA-inhaled control, respectively. Salbutamol (5 mg/
mL, inhalation for 2 min) inhibited total leukocytes accu-
mulation in BALF on IAR, LAR, and LLAR (11.67 + 3.11 x
105, 22.48 + 3.09 x 10°, and 20.17 + 3.29 x 10° cells, respec-
tively). Dexamethasone (5 mg/mL, inhalation for 2 min)
significantly inhibited total leukocytes accumulation in
BALF on IAR, LAR, and LLAR (9.31 £2.13 x10° 19.31 +
2.81x10° and 16.08 +2.18 x 10° cells, respectively).
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Fig. 5. Effect of drug inhalation on histamine and protein contents, and
PLA, activity in BALF. Animals were inhaled with aerosolized drug in
saline for 2 min at 1 h before and 6 hr after last AOA challenge,
additionally 12 and 20 h later, respectively. Data shows IAR at 5 min,
LAR at 24 h and LLAR at 72 h after AOA challenge. Each value
represents the mean + S.E.M (n=6). Significantly different from control
(AOA), *; P < 0.05. Abbreviations are the same as Fig. 2.

Cromolyn sodium (10 mg/mL, inhalation for 2 min) signi-
ficantly inhibited total leukocytes accumulation in BALF on
IAR, LAR and LLAR (10.40 +2.43 x 10°, 14.28 + 2.37 x 10°,
and 11.18 £ 1.97 x 10° cells, respectively) (Fig. 3).

Decreased recruitment of neutrophils, eosinophils
and lymphocytes in BALF

Quercetin (10 mg/mL, inhalation for 2 min) significantly
inhibited recruitment of neutrophils (53.58 + 7.78% in LAR
and 50.36 + 9.57% in LLAR, P < 0.05), eosinophils (58.18
16.55% in LAR and 75.04 £ 5.18% in LLAR, P <0.01), and
lymphocytes (47.15 £ 7.89% in LAR and 41.31 £ 7.22% in
LLAR, P <0.05) in BALF compared with AOA-inhaled
control, respectively (Fig. 4). Salbutamol (5 mg/mL, inhala-
tion for 2 min) significantly inhibited recruitment of eosino-
phils (37.66 + 7.93% in LAR and 41.11 £ 8.16% in LLAR,
P <0.05) and lymphocytes (32.05+9.06% in LAR and
45.37 £ 8.80% in LLAR, P <0.05) in BALF compared with
AOA-inhaled control, respectively (Fig. 4). Dexametha-
sone (5 mg/mL, inhalation for 2 min) significantly inhibited
recruitment of neutrophils (43.74 + 9.36% in LAR and 36.10
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Significantly different from control (AOA), *; P < 0.05. CTL: saline- or
AOA-inhaled control, QUE: quercetin.

+10.29% in LLAR, P <0.05) and eosinophils (37.66
8.69% in LAR and 41.11+5.73% in LLAR, P <0.05) in
BALF compared with AOA-inhaled control, respectively
(Fig. 4). Cromolyn sodium (10 mg/mL, inhalation for 2 min)
significantly inhibited recruitment of neutrophils (56.62 +
2.24% in LAR and 53.61+6.86% in LLAR, P <0.05),
eosinophils (67.63 £ 7.30% in LAR and 81.16 £ 3.38% in
LLAR, P <0.01), and lymphocytes (35.23 + 7.38% in LAR,
P <0.05 and 57.11 £ 8.13% in LLAR, P <0.01) in BALF
compared with AOA-inhaled control, respectively (Fig. 4).

Decrease of the chemical mediators in BALF

Quercetin (10 mg/mL, inhalation for 2 min) significantly
inhibited histamine contents (47.13 + 8.94% in IAR, 31.61
1+ 10.00% in LAR and 44.68 + 7.82% in LLAR, P < 0.05) in
BALF compared with AOA-inhaled control (Fig. 5). Cromolyn
sodium (10 mg/mL, inhalation for 2 min) significantly de-
creased histamine contents (53.50 = 7.26% in IAR and
38.06 £ 8.89% in LAR, P < 0.05), and protein contents
(44.34 £ 7.71% in LAR, P < 0.05) and PLA, activity (72.97
1+ 8.69% in IAR, P < 0.05) in BALF compared with AOA-
inhaled control (Fig. 5). Dexamethasone (5 mg/mL, in-
halation for 2 min) significantly (p<0.05) decrease PLA,
activity in BALF (54.05 £ 8.69% in IAR, P < 0.05) com-
pared with AOA-inhaled control (Fig. 5).

Comparison of oral administration and aerosolized-
inhalation of quercetin on decrease of sRaw

Both oral administration (10 mg/kg) and inhalation (10
mg/mL for 2 min) of quercetin significantly decreased
sRaw by 62.56 + 14.99 and 57.15 £ 6.53% in IAR, 62.40
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Fig. 7. Lung of guinea-pigs 24 h after saline challenge showed normal architecture and did not seen any pathological changes (A), but lungs 24 h
after AOA challenge were seen marked eosinophils and neutrophils infiltration in the alveolar sac and peribronchial connective tissue and cellular
swelling (B). Quercetin (10 mg/mL, inhalation for 2 min) inhibited markedly infiltration of inflammatory cells, particularly recruitment of eosinophils
and neutrophils in the alveolar sac and connective tissues (C) (H & E, x200). Scale bar, 50 um.

+5.88 and 57.72+5.72% in LAR, and 60.45 + 5.68 and
55.20 £ 7.36% in LLAR compared with AOA-inhaled con-
trol, respectively (Fig. 6).

Improvement of histopathological changes

Quercetin (10 mg/mL, inhalation for 2 min) inhibited
markedly infiltration of inflammatory cells, particularly
recruitment of eosinophils and neutrophils in the alveolar
sac, the peripheral vasculature, and the terminal bron-
chiole, as well as leukocytes in venules and arterioles
(Fig. 7-C).

DISCUSSION

Asthmatic responses (IAR, LAR, and LLAR) with the
elevation of sRaw and recruitments of leukocytes into
lung by AOA exposure to lung in AOA-sensitized guinea
pigs could be developed using other reports (Matsumoto
et al., 1994, Huston et al., 1988). For preparing an asth-
matic model in guinea-pigs by AOA challenge, guinea-
pigs sensitized with AOA on Day 1 and 14, were same as
guinea-pigs sensitized with a subcutaneous and intraperi-
toneal injection of ovalbumin for elevation of sRaw (Toward
and Broadley, 2004; Su et al., 2001). The inhibitory
activity of quercetin inhalation (10 mg/mL for 2 min) on
sRaw was same as its oral administration (10 mg/kg).
And also quercetin and cromolyn sodium (10 mg/mL,
inhalation for 2 min) had similar anti-asthmatic activity in
IAR, LAR, and LLAR. Cromolyn sodium, dichromone
flavonoid derivative which is chemically the disodium salt
of 1,3-bis (2-carboxychromon-5-yloxy)-2-hydroxypropane,
developed as mast cell stabilizer and anti-allergic agent to
prevent the wheezing, shortness of breath, and troubled

breathing caused by asthma and exercise. Cromolyn
sodium Inhaler is a metered dose aerosol unit for oral
inhalation containing micronized cromolyn sodium. Each
14.2 g canister delivers at least 200 metered inhala-
tions (100 doses) and each metered inhalation delivers
approximately 0.8 mg cromolyn sodium through the
mouthpiece to the patient. As comparison of inhalation
dosages of cromolyn sodium and quercetin, these results
indicated that quercetin inhalation can make less side
effects than its oral administration for the treatment of
asthma with flavonoids because the real inhaled dose on
guinea-pig was about 0.14 mg for 2 min considering to jet
nebulizer capacity (6.75 L/min, 1.5 bar), and tidal volume
and respiratory rate of experimental animal. Now, quercetin
can be developed as powder inhaler (Nora et al., 2000) or
liquid inhaler after pulverization or solublization, repectively
(Hirai et al., 2007).
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