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EXPERIMENTAL STUDY

Acute bronchodilator effect of quercetin in experimental

allergic asthma

Joskova M, Franova S, Sadlonova V

Department of Pharmacology, Jessenius Faculty of Medicine, Comenius University, Martin, Slovakia.
joskova@jfmed.uniba.sk

Abstract: Objectives: The aim of our study was to investigate the acute effect of quercetin on experimental
allergic asthma after single-dose oral administration.

Background: Airway hyperresponsiveness is one of the main features of allergic asthma. None of quercetin
experimental studies analysed the acute effect of this flavonol on the reactivity of airways both, in vivo and in
vitro conditions.

Methods: Our experiment was realized 21 days after the sensitization of guinea pigs with ovalbumin suspen-
sion. Changes in the reactivity of airways were studied using the whole body plethysmography in order to
compare changes of the specific airway conductance between groups with and without quercetin treatment.
Also changes in the reactivity of the tracheal smooth muscle dipped into the organ bath with Krebs-Henseleit
solution were measured as the reaction on cumulative doses of the bronchoconstrictor mediators histamine
and acetylcholine. Quercetin was added into the solution 30 minutes before the chemical mediators. The amplitude
of tracheal smooth muscle precontracted with histamine or acetylcholine was used as a tracheal smooth muscle
reactivity parameter in vitro.

Results: Our results showed that quercetin (20 mg/kg) caused significant bronchodilation, both in vivo and in vitro.
Conclusion: Quercetin proved in laboratory conditions its ability to reduce hyperreactivity of airways as one of

the main attribute of allergic asthma (Fig. 2, Ref. 23). Full Text in free PDF www.bmyj.sk.
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Asthma is a chronic inflammatory disorder of the airways in
which many cells and cellular elements participate with by re-
leasing chemical mediators. It is associated with airways
hyperresponsiveness, variable airflow obstruction within the lung
that is often reversible either spontaneously or with treatment (1).

The basis for acute treatment of asthma are still relievers,
which act quickly to reverse bronchoconstriction and relieve
asthma symptoms. Reliever medications are rapid- acting inhaled
B,-agonists and less effective anticholinergics. This therapy can
relate to side effects such as tremor, tachycardia, dryness of the
mouth and bitter taste (2, 3, 4).

There are some experimental studies that evaluated the bron-
chodilator effect of polyphenols in experimental model of asthma
in association with the rising interest in these natural substances
in the respirology field. Polyphenolic compounds (Provinol, Fla-
vin7) or separate flavonoids (luteolin, apigenin and quercetin)
and stilben (resveratrol) lead to the reduction of OVA-induced
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airway hyperresponsiveness (5—12). But only in case of Provinol
study acute effect of polyphenolic compound on the hyperreac-
tivity of asthmatic airways was analyzed during both in vivo and
in vitro conditions. Due to this reason we tried to investigate
acute quercetin effect on allergic asthma after single-dose ad-
ministration itself.

Quercetin belongs to the subgroup of flavonols and is the
most often found in onions, apples, grapes, red wine and green
tea. This flavonoid confirmed several biological activities in the
airways. In both human and animal studies reduced hyperreac-
tivity of the asthmatic airways in vivo was observed with quer-
cetin (9, 11, 13, 14). Quercetin’s mechanism of action in
bronchodilation was examined in an experimental study in vitro
on rat trachea. The results have shown that the main sites of its
action are postsynaptic (the muscarinic receptor on the smooth
muscle cell) and presynaptic ones. Presynaptic mechanism in-
volves partly NO production (15). Some experimental studies
demonstrated its inhibitory effect on histamin release during all
phases of allergic reaction, phosphodiesterase III, platelet acti-
vating factor, eosinophil, neutrophil, lymphocyte recruitment to
the lung only within late-phase of asthmatic reaction as well as
suppression of the eosinophil activation (9—11,16). Quercetin
treatment (15-30 mg/kg) made lower activity of phospholipase
A2 in bronchoalveolar lavage of guinea-pigs (9, 10). This natu-
ral flavonol reduced allergic airway inflammation and hyper-
responsiveness due to the alternation of T, 1/T,2 polarization
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through the suppression of transcription factor GATA-3 and in-
crease of T-bet expression. For that reason it is able to regulate
T, 1/T,2 balance specific for asthma (11). Quercetin was engaged
in the blockade of airway epithelial cell IL-8 and MCP-1 ex-
pression by modulation of PI 3-kinase/Akt/NF-kB pathway (13).
It possesses anti-proliferative activity on the human airway
smooth muscle (17).

Because of this profile of action we postulated that quercetin
might have a therapeutic role in attenuating allergic asthma. Our
study aimed at evaluation of potential acute bronchodilatory ef-
fect in experimental asthma after administration of the flavonoid
quercetin during in vivo and in vitro conditions.

Materials and methods

Materials

Quercetin, ovalbumin (type III), histamine hydrochloride
and acetylcholine were bought from Sigma Aldrich (Taufkir-
chen, Germany), aluminium hydroxide from AFT (Bratislava,
Slovakia).

Experimental protocol

All procedures were carried out according to EU directives
and reviewed by the Ethical Committee of the Comenius Uni-
versity. The guinea pigs (Trik) were acclimatized for one week
in an animal house before the start of experiments.

Guinea pig pattern of allergic asthma

Male guinea pigs (200-250 g) were randomly divided into 3
experimental groups. Two groups were actively sensitized by
allergen. There were 6 animals in each group. The suspension of
5 mg OVA and 100 mg aluminium hydroxide was used for ac-
tive sensitization of guinea pigs by both subcutaneous and intra-
peritoneal injection on the Istday. This suspension was admin-
istrated either subcutaneously or intraperitonealy again during
following 15 days. Guinea pigs were nebulized by 1 % ovalbu-
min from the 16th day. The whole exposure by this allergen lasted
21 days. Animals were used for our experiment after the end of
sensitization.

Experiments

Our study was performed during in vivo and in vitro labora-
tory conditions. The guinea pigs of the first group were not sen-
sitized and served as the control group. The animals of the two
remaining groups were sensitized by ovalbumin according to the
pattern of allergic asthma. After the end of sensitization the ex-
periments were actualized.

Changes in the reactivity airways were studied using whole
body plethysmography, as the reaction on inhaled histamine in
dose 10° mol.I" in comparison to inhaled 0.9 % NaCl. Querce-
tin suspension (20 mg/kg in 0.3 ml of 0.9 % NaCl) was adminis-
trated orally by pipette to guinea pigs of the third group 1 hour
before examination of the specific airway conductance. This pa-
rameter was monitored both 1 hour and 5 hours after quercetin
treatment in the third group and also in the first and second group.
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Fig. 1. The specific airways conductance of guinea pigs 21 days after
sensitization by ovalbumin, 1 hour and 5 hours after oral adminis-
tration of quercetin during in vivo conditions. Control group —
nonsensitized guinea pigs by ovalbumin, without pretreatment, OVA
— ovalbumin sensitized guinea pigs without pretreatment, KOVA1 —
ovalbumin sensitized guinea pigs pretreated with quercetin in dose
20 mg/kg 1 hour after its oral administration, KOVAS — ovalbumin
sensitized guinea pigs pretreated with quercetin in dose 20 mg/kg 5
hours after its oral administration. Data are expressed as mean +
s.e.m., n=6, * p<0.05, *** p<0.001

Animals were killed by transversal interruption of their spi-
nal cord 6 hours after in vivo study in order to acquire biological
material for in vitro experiment. Changes in the reactivity of the
tracheal smooth muscle dipped into the organ bath with Krebs-
Henseleit solution were measured as the reaction on cumulative
doses of bronchoconstrictor mediators histamine and acetylcho-
line (10%-103 mol.I""). A constant conditions were maintained
(temperature, pH). Quercetin 10 mol.I"! was added into organ bath
with tracheal strips in the third group 30 minutes before mediators.

Statistical data analysis

Statistical significance was calculated by ANOVA. Positive
differences were considered statistically significant in the cases
when the p value was below 0.05. All results are expressed as
mean £ s.e.m. of 6 animals.

Results

Ovalbumin caused highly significant increase of the specific
airways conductance compared with control group (*** p<0.001).
No differences in this parameter were measured 1 hour after oral
administration of quercetin between second and third group.
There was a significant bronchodilatory effect (* p<0.05) in the
group treated by quercetin 5 hours after its administration com-
pared with sensitized group without treatment in vivo (Fig. 1).

Allergen ovalbumin evoked a significant increase of hista-
mine and acetylcholine induced the amplitude of tracheal smooth
muscle contraction in comparison with the control. Quercetin
relaxed tracheal smooth muscle precontracted with Hi (Fig. 2 A)
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Fig. 2. The amplitude of tracheal smooth muscle contraction (mN)
in ovalbumin sensitized guinea pigs as response to bronchoconstric-
tor mediator Hi 10-10*mol.I"' (A) and ACh 10-*~10~*mol.I"' (B) dur-
ing in vitro conditions. Hi — histamine; Ach — acetylcholine; control
group — nonsensitized guinea pigs by ovalbumin, without pretreat-
ment; OVA — ovalbumin sensitized guinea pigs without pretreatment;
KOVA — quercetin was added into the organ bath to ovalbumin sen-
sitized guinea pigs 30 minutes before precontracting the tracheal
smooth muscle by Hi or Ach. Data are expressed as mean + s.e.m.,
n=6, * p<0.05, ** p<0.01.

and ACh (Fig. 2 B) in comparison with the control significantly
(* p<0.05; ** p<0.01).

Discussion

The results of our experiment have shown a significant
bronchodilatory effect of quercetin manifested 5 hours after fla-
vonol oral administration whereas it was not able to affect the
hyperreactivity of airways characteristic for allergic asthma prior
to within an hour. During in vitro conditions this flavonol con-
firmed its relaxing effect on the tracheal smooth muscle.

The subsequent adaptive mechanisms modulated the defini-
tive effect of quercetin could be integrated during in vivo condi-

tions. In view of the fact that quercetin has pharmacokinetic prob-
lems such as low water solubility, fast metabolism as well as
excretion, result in its low bioavailability (18, 19). We adminis-
trated quercetin orally as suspension with 0.9 % NaCl. It could
partially influence its absorption in gastrointestinal tract although
its positive effect was achieved after 5 hours. On the other hand
some researchers found out that administration of quercetin re-
quires formulation in dimethylsulfoxide (20). There is evidence
of new quercetin prodrugs such as quercetin-amino acid conju-
gates and quercetin-dipeptide conjugates that showed remark-
able increase in water solubility. These prodrugs can improve
pharmacokinetic properties of this flavonoid and its bio-
availability (19). Also quercetin-loaded microemulsion admin-
istered orally exhibited anti-inflammatory properties in a mu-
rine model of allergic inflammation (21).

Quercetin induced the decrease in the reactivity of the tra-
cheal smooth muscle precontracted with both histamine and ace-
tylcholine. Only in the case using low histamine concentrations
there were no significant results. Quercetin was added into Krebs-
Henseleit solution in the same concentration as the maximal in-
hibitory influence on the endothelium-intact aortic ring
precontracted with noradrenaline was evoked (22). Some in vitro
studies demonstrated inhibitory effect of quercetin or its deriva-
tives on tracheal contractility (15, 23).

Quercetin during laboratory conditions proved its ability to
reduce hyperreactivity of airways as one of the main attribute of
allergic asthma. However this effect occurred 5 hours after quer-
cetin oral administration in dose 20 mg/kg, but not earlier. Asthma
inhaled relievers take effect during few minutes after their inha-
lation and their serum half-life is about 4-6 hours. It would be
interesting to use quercetin as an adjuvant medicine together with
rapid-acting [3, agonists, but not anticholinergics due to its mecha-
nism of action (15) in laboratory conditions or changing the way
of administration to inhaled form in order to elicit immediate
effect of quercetin. Some in vivo experimental studies showed
that inhaled quercetin significantly decreased hyperreactivity of
airways (10). Modification of a dissolving agent would lead to
the increase of its oral bioavailability.
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