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Abstract. Objective: Eosinophils and cytokines are impli-
cated in the pathogenesis of allergic diseases. In the present
study, we investigate the anti-inflammatory effect of querce-
tin and isoquercitrin in a murine model of asthma.

Methods: BALB/c mice were immunized (ovalbumin/alumi-
num hydroxide, s.c.), followed by two intranasal ovalbumin
challenges. From day 18 to day 22 after the first immuniza-
tion, the mice received daily gavages of isoquercitrin (15 mg/
kg) or quercetin (10 mg/kg). Dexamethasone (1 mg/kg, s.c.)
was administered as a positive control. Leucocytes were an-
alyzed in bronchoalveolar lavage fluid (BALF), blood and
pulmonary parenchyma at 24 h after the last ovalbumin chal-
lenge. Interleukin-5 (IL-5) was analyzed in BALF and lung
homogenates.

Results: In animals receiving isoquercitrin or quercetin, eosi-
nophil counts were lower in the BALF, blood and lung pa-
renchyma. Neutrophil counts in blood and IL-5 levels in lung
homogenate were lower only in isoquercitrin-treated mice.
No alterations in mononuclear cell numbers were observed.

Conclusion: Quercetin and isoquercitrin are effective eosi-
nophilic inflammation suppressors, suggesting a potential
for treating allergies.

Key words: Quercetin — Isoquercitrin — Eosinophils — Murine
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Introduction

Allergic asthma is a complex inflammatory disorder char-
acterized by airway hyperresponsiveness, eosinophilic in-
flammation, and hypersecretion of mucus by goblet cells. It
is accompanied by high serum levels of immunoglobulin E
(IgE), as well as by intrapulmonary production of interleukin
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(IL)-4, IL-5, and IL-13 by allergen-specific T-helper 2 (Th2)
cells [1, 2]. In addition to its role in the activation of mature
eosinophils, IL-5 is the principal Th2 cytokine involved in
terminal differentiation and proliferation of eosinophil pre-
cursors [3, 4]. Furthermore, IL-5 is essential for eosinophil
migration from the bone marrow into the blood [5, 6].

Pharmacologic compounds capable of inhibiting eosi-
nophil function or infiltration are desirable for the treatment
of patients with atopy/allergic disorders, hypereosinophilic
syndromes, and other eosinophil-related diseases. A number
of novel classes of drugs that inhibit eosinophil activation
are currently under development, suggesting that there are
different therapeutic targets, most of which are suppressed
by corticosteroids. Corticosteroids increase the transcrip-
tion of genes coding for anti-inflammatory proteins, includ-
ing lipocortin-1, IL-10, IL-1 receptor antagonist and neutral
endopeptidase. However, this is unlikely to account for the
broad spectrum of anti-inflammatory effects exerted by cor-
ticosteroids. The most striking corticosteroid effect is that
of inhibiting the expression of multiple inflammatory genes
(cytokines, enzymes, receptors and adhesion molecules),
which has a strong influence on leukocyte recruitment [7].

Medicinal plants have long been used in folk medicine
as alternative treatments for a wide range of diseases, in-
cluding inflammatory processes of diverse origins, and have
produced relief of symptoms comparable to that obtained by
allopathic medicines [8, 9]. Several plant-derived second-
ary metabolites have been shown to interfere directly with
molecules and mechanisms, such as the mediation of inflam-
matory responses and production/activity of second messen-
gers, as well as the expression of transcription factors and
key pro-inflammatory molecules [10].

Polyphenolic flavonoids isolated from natural sources
are among a wide variety of phytochemicals present in the
human diet [11]. Previous reports have described several
flavonoids that have potent anti-allergic effects in murine
models of asthma [12—-14]. Quercetin, a flavonoid found in
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a wide variety of plants and usually linked to sugars such
as glucose (quercetin-3-glucoside; isoquercitrin) or rutinose
(rutin), presents anti-inflammatory and anti-allergic prop-
erties [15]. Quercetin induces significant gene expression
and production of Th-1-derived interferon (IFN)-vy, as well
as downregulating Th-2-derived IL-4 production by nor-
mal peripheral blood mononuclear cells [16]. In a guinea
pig model of asthma, quercetin prevented allergen-induced
and platelet-activating factor-induced bronchial obstruction,
as well as bronchial hyperreactivity [17]. Isoquercitrin also
demonstrated anti-asthmatic activity by inhibiting of carba-
chol- and leukotriene D4-induced contraction in guinea pig
airways [18].

In the present study, we evaluate the therapeutic anti-in-
flammatory effect of quercetin and isoquercitrin in a murine
model of asthma.

Materials and methods
Materials

Isoquercitrin was purchased from the Sigma Chemical Co. (St. Louis,
MO, USA), and quercetin was isolated from Dimorphandra mollis by
Produtos Vegetais do Piaui S.A. (Parnaiba, Brazil).

Animals

Female BALB/c mice (4-6 weeks old and weighing 15-20g) were pur-
chased from the animal facilities of the Faculdade de Ciéncias Farma-
céuticas de Ribeirdo Preto, Universidade de Sao Paulo, and maintained
under standard laboratory conditions (21-24 °C at 40-60 % relative hu-
midity on a 12-h light/dark cycle). All experiments were approved by and
conducted in accordance with the guidelines of the Animal Care Com-
mittee from the Universidade de Sao Paulo (protocol n°. 04.1.659.53.5).

Antigen immunization, booster, and airway challenge

Mice were immunized on days 0 and 7 by subcutaneous injection of
0.4mL of saline containing 4 pg of ovalbumin and 1.6 mg of aluminum
hydroxide, followed by two intranasal ovalbumin challenges on day 14
and 21 with 10ug of ovalbumin in 50 uL saline delivered into the nos-
trils under light ether anesthesia with the aid of a micropipette. Non-
immunized mice received two intranasal instillations of ovalbumin (as
described above) and were used as control group. All determinations
were made 24 h after the last ovalbumin challenge (22 days after the first
immunization) [19, 20].

Treatment with quercetin and isoquercitrin

In order to determine the therapeutic effects of quercetin and isoquer-
citrin in a murine model of asthma, the following protocol was adopted.
Mice immunized (on days 0 and 7) and challenged (on day 14 and 21)
with ovalbumin as described above were randomly divided into 5 groups,
designated Ova-only (untreated mice), Ova+vehicle (mice receiving
oral propylene glycol:water, 1:1), Ova+dexamethasone (mice receiving
subcutaneous injections of dexamethasone), Ova+isoquercitrin (mice
receiving oral isoquercitrin) and Ova+quercetin (mice receiving oral
quercetin). Equimolar amounts of quercetin (10 mg/kg) or isoquercitrin
(15mg/kg), or vehicle (propylene glycol:water, 1:1) were administered
daily by gavage (0.3 mL) to each group of mice (n = 6) from days 18 to
22 after the first immunization. One group treated with subcutaneous
injections of dexamethasone (1 mg/kg, 0.25mL) was used as a positive
control of anti-inflammatory activity.
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Evaluation of leukocyte influx into bronchoalveolar spaces

Mice were euthanized with sodium pentobarbitone. The chest cavity of
each animal was carefully opened, after which the trachea was exposed
and catheterized. The catheter was secured, and phosphate-buffered sa-
line (PBS) containing 0.5 % sodium citrate was infused in three aliquots
(0.3, 0.3 and 0.4mL) in a total volume of 1 mL. The bronchoalveolar
lavage fluid (BALF) was recovered and placed on ice. Total cell counts
were immediately performed in a Neubauer chamber. Differential counts
were obtained using Rosenfeld-stained cytospin preparations. Following
centrifugation (405 x g for S5min at 4 °C), BALF supernatants were col-
lected and stored at —70 °C for subsequent cytokine determinations.

Lung homogenates

Mice lungs were removed, weighed and homogenized (Ultra-Turrax T8;
IKA-Werke, Staufen, Germany) in 1.0mL PBS, centrifuged (405 x g for
5min at 4 °C). The supernatants were collected and stored at =70 °C for
subsequent cytokine determinations. Cytokine levels were determined
per mg of tissue.

Determination of cytokines

Commercially available enzyme-linked immunosorbent assay antibod-
ies were used to measure IL-5 and IFN-y (BD Pharmingen, San Diego,
CA, USA) in BALF and lung homogenates according to manufacturer
instructions (BD Pharmingen). Sensitivities were >10pg/mL.

Lung histology

Lungs were removed, immersed in 10 % phosphate-buffered formalin
and embedded in paraffin. Tissue sections 5-um thick were stained with
hematoxylin and eosin for light microscopy examination.

Statistical analysis

Data are presented as mean + SEM. Multiple comparisons were per-
formed through analysis of variance using Tukey’s post-test. Probability
(p) values of <0.05 were considered statistically significant.

Results

Effect of quercetin and isoquercitrin on blood, BALF
and pulmonary parenchyma cell counts

Figure 1A shows the results of the differential blood cell
counts, revealing that the numbers of eosinophils in the
blood of animals that were immunized and then challenged
with ovalbumin were 10-fold greater than those seen in the
controls. No differences in neutrophil and mononuclear cell
numbers were observed (Fig. 1B, C). In addition, there were
no significant differences between the Ova+vehicle group
mice and the Ova-only group mice in terms of the blood cell
counts (Fig. | A—C). Eosinophil numbers in the blood of mice
in the Ova+isoquercitrin and Ova+quercetin groups were, re-
spectively, 67 % and 64 % lower than those observed in the
Ova-only group mice (Fig. 1A). Neutrophil recruitment was
also 70 % lower in the Ova+isoquercitrin group (Fig. 1B). In
the Ova+isoquercitrin and Ova+quercetin groups, no altera-
tions in mononuclear cell numbers were observed (Fig. 1C).
Furthermore, eosinophil and mononuclear cell counts were
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Fig. 1. Eosinophil numbers (A), neutrophil numbers (B) and mononu-
clear cell numbers (C) in the blood and BALF of animals treated with
vehicle (propylene glycol:water, 1:1), dexamethasone (1mg/kg), iso-
quercitrin (15mg/kg) or quercetin (10mg/kg). Animals were treated
daily from the 18th to the 22nd day after first immunization. Cell counts
were performed 24 h after the second ovalbumin challenge. Values are
presented as means + SEM (n = 6 per group). *p < 0.05 vs. controls;
*p < 0.05 vs. Ova-only
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significantly lower in the Ova+dexamethasone group than in
the Ova-only group (Fig. 1A-C).

Figure 1 also demonstrates the result of cell infiltration into
the BALF and the results obtained after ovalbumin-challenge
are in agreement with those of previous studies [19, 20]. In the
BALF of Ova-only group mice, there were significantly great-
er numbers of eosinophils, neutrophils and mononuclear cells
than in that of the controls (Fig. 1A-C). No significant differ-
ences were observed between the Ova+vehicle group and the
Ova-only group in terms of cell recruitment (Fig. 1 A—C). Eosi-
nophil numbers in the BALF of mice in the Ova+isoquercitrin
and Ova-+quercetin groups were, respectively, 58 % and 63 %
lower than those observed in the that of mice in the Ova-only
group (Fig. 1A). In those same groups, no alterations in neu-
trophil or mononuclear cell numbers were observed (Fig. 1B,
C). Eosinophil, neutrophil and mononuclear cell counts in the
BALF were significantly lower in the Ova+dexamethasone
group than in the Ova-only group (Fig. 1A-C).

Histological studies revealed that the Ova-only group
mice developed peribronchovascular inflammation (with
eosinophilic infiltrates) after ovalbumin challenge, exhib-
iting severe airway inflammation. Similar results were ob-
served in Ova+vehicle group mice. However, there was
less leukocyte infiltration into the lung tissue of mice in the
Ova+isoquercitrin, Ova+quercetin and Ova+dexamethasone
groups than into that of those in the Ova-only group, and, of
the infiltrates observed, most were eosinophilic (Fig. 2).

IL-5 and IFN-y levels in bronchoalveolar lavage fluid
and lung homogenates

Levels of IL-5 and IFN-y were determined in the BALF and
lung homogenate supernatants of all groups. No significant
differences were found among groups founding terms of
IFN-vy levels, with the exception of a reduction in IFN-y lev-
els observed in the BALF of mice in the Ova+dexamethasone
group (data not shown). All immunized, ovalbumin-chal-
lenged mice presented significantly higher levels of IL-5 in
the BALF (data not shown) and lung homogenates (Fig. 3)
than did the control mice. The levels of IL-5 in the BALF ob-
served in the Ova+isoquercitrin and Ova-+quercetin groups
were comparable to those seen in the Ova-only group (data
not shown). In addition, IL-5 levels in the BALF and lung
homogenates of Ova+vehicle group mice presented no sig-
nificant differences in comparison with those seen in the
Ova-only group mice. However IL-5 levels in the lung ho-
mogenates of Ova+isoquercitrin mice were 43 % lower than
those observed in the lung homogenates of Ova-only group
mice (Fig. 3). No significant alterations in IL-5 levels were
observed in the Ova+quercetin group. In comparison with
the Ova-only group mice, those in the Ova+dexamethasone
group presented significantly lower levels of IL-5 in the
BALF (data not shown) and lung homogenates (Fig. 3).

Discussion
Eosinophilia is a hallmark of allergic and parasitic diseases.

Eosinophils are an important source of a various regulatory
cytokines (tumor necrosis factor-a, granulocyte-macrophage
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Fig. 2. Lung histopathology.
Photomicrograph showing the
normal lung parenchyma of
control mice (A) without inflam-
matory cells; of ovalbumin-sen-
sitized, ovalbumin-challenged,
untreated mice (B) and of oval-
bumin-sensitized, ovalbumin-
challenged mice treated with
vehicle (C), the last present-
ing inflammatory cell infiltra-
tion into the peribronchial and
perivascular areas. Treatment
with dexamethasone (D), iso-
quercitrin (E) or quercetin (F)
provoked no significant inflam-
matory cell infiltration into the
bronchovascular area. Arrows
indicate eosinophils in the lung.
Magnification: x1000

colony-stimulating factor, IL-4, IL-13 and IL-5) [21-24] and
chemokines (CXCL8, CCL5 and CCL11) [25-27], which
have pro-inflammatory and immunoregulatory functions and
properties. Eosinophils also produce cysteinyl leukotrienes
[28, 29], which are the leading cause of the bronchoconstric-
tion, mucus hypersecretion and increased vascular perme-
ability seen in asthma sufferers [30, 31]. In addition, eosi-
nophils release four principal cationic proteins (major basic
protein, eosinophil-derived neurotoxin, eosinophil cationic
protein and eosinophil peroxidase), all of which can damage
lung tissue [32].

Glucocorticoids are widely used for the suppression
of inflammation in chronic inflammatory diseases such as
asthma, rheumatoid arthritis, inflammatory bowel disease
and autoimmune diseases, all of which are associated with

increased expression of inflammatory genes [33-35]. Dex-
amethasone is routinely used to inhibit cell migration to the
sites of inflammation, and this inhibition is accomplished, in
part, by its potent effect on the synthesis of pro-inflamma-
tory cytokines and chemokines, together with its capacity to
reduce the degree of leukocyte responsiveness [36]. The anti-
inflammatory action of glucocorticoids is thought to be a cru-
cial component of their efficacy in treating allergic diseases,
although this is tempered by their side-effects. Therefore, it
would be desirable to create a compound that acts like a ster-
oid but has fewer side effects [37]. The potential of natural
products to inhibit eosinophilic inflammation was recently
demonstrated, both in experimental animal models [38, 39]
and in humans [40]. Many flavonoids have been found to
exert potent anti-allergic and anti-inflammatory effects. Pre-
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Fig. 3. IL-5 in lung homogenates of animals treated daily with vehicle
(propylene glycol:water, 1:1), dexamethasone (1 mg/kg), isoquercitrin
(15mg/kg) or quercetin (10 mg/kg) from the 18th to the 22nd day after
the first immunization. Experiments were performed 24 h after the sec-
ond ovalbumin challenge. Values are presented as means + SEM (n = 6
per group). *p < 0.05 vs. controls; *p < 0.05 vs. Ova-only

vious studies have shown that flavonoids alleviate bronchoc-
onstriction and airway hyperreactivity in ovalbumin-sensi-
tized mice [41]. In addition, flavonoids have been shown to
inhibit the development of dermatitis and elevated IgE levels
in a murine model of allergy [42]. Furthermore, flavonoids
suppress the production of Th2-type cytokines by activated
human basophils [43]. Quercetin and isoquercitrin have been
shown to inhibit the bronchial obstruction induced by differ-
ent stimuli in models of allergic asthma [17, 18]. However,
the anti-inflammatory activity of quercetin and isoquercitrin
has never been studied in a murine model of asthma.

In the present study, we demonstrated that mice immu-
nized and then challenged with ovalbumin exhibit lower
numbers of eosinophils in the blood, BALF (Fig. 1A) and
pulmonary parenchyma (Fig. 2) after being treated with iso-
quercitrin or quercetin in comparison with those receiving
no treatment. In all experiments, dexamethasone was more
effective in indiscriminately reducing the numbers of leuko-
cytes. Since IL-5 is the principal Th2 cytokine involved in
the terminal differentiation and proliferation of eosinophil
precursors, as well as in the activation of mature eosinophils
[6, 7] and in the promotion of eosinophil migration from the
bone marrow into blood [4, 5], we analyzed IL-5 levels in or-
der to study the effect of quercetin and isoquercitrin on eosi-
nophil numbers. Curiously, only isoquercitrin reduced IL-5
levels in lung homogenates (Fig. 3), and neither quercetin
nor isoquercitrin reduced IL-5 levels in the BALF (data not
shown), suggesting that these compounds may inhibit others
eosinophilatic mediators, such as eotaxin [44].

The reduction in eosinophil recruitment by quercetin and
isoquercetrin might be attributable to the inhibition of other
inflammatory mediators, since quercetin downregulates the
NF-kB pathway [45]. Inhibition of the NF-xB pathway is as-
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sociated with suppression of the expression of genes encod-
ing chemokines (IL-8, RANTES and eotaxin) and adhesion
molecules (intercellular adhesion molecule, vascular cell
adhesion molecule and E-selectin), all of which play critical
roles in controlling eosinophil recruitment [46, 47]. However,
neutrophils are a potential source of inflammatory mediators
such as leukotriene B, (LTB,) and platelet-activating factor
(PAF) [48] which can also increase eosinophil recruitment
[49]. It has been demonstrated that activation and recruit-
ment of neutrophils can be blocked efficiently by compounds
with scavenger/antioxidant properties [50, 51]. The reduc-
tion in eosinophil recruitment might also be associated with
the inhibitory effect that quercetin and isoquercetrin (via re-
active oxygen species-dependent molecular pathways) have
on neutrophil activation [52, 53].

A variety of pharmacological agents, such as PAF re-
ceptor antagonists and 5-lipoxygenase inhibitors, have been
shown to have inhibitory effects on in vivo eosinophil ac-
cumulation [37]. In addition, it has been demonstrated that
quercetin and isoquercitrin, respectively, reduce PAF-in-
duced and leukotriene-induced bronchoconstriction in a
murine model of asthma [17, 18]. Therefore, it is possible
that quercetin and isoquercitrin inhibit PAF and leukotriene
production in cells.

The results of the present study show that quercetin and
isoquercitrin both attenuate inflammation in a murine model
of asthma. The effects described herein, as well as those ob-
served by others investigators, together with the broad spec-
trum of the biological effects of these substances, strongly
suggest that quercetin and isoquercitrin have therapeutic po-
tential for the treatment of asthma and other allergic diseas-
es. Therefore, the study of these two substances could lead
to the development of an effective anti-asthma therapy or of
a means of identifying novel anti-asthma targets.
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