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BACKGROUND AND PURPOSE
Asthma is an inflammatory disease that involves airway hyperresponsiveness and remodelling. Flavonoids have been associated
to anti-inflammatory and antioxidant activities and may represent a potential therapeutic treatment of asthma. Our aim was
to evaluate the effects of the sakuranetin treatment in several aspects of experimental asthma model in mice.

EXPERIMENTAL APPROACH
Male BALB/c mice received ovalbumin (i.p.) on days 0 and 14, and were challenged with aerolized ovalbumin 1% on days
24, 26 and 28. Ovalbumin-sensitized animals received vehicle (saline and dimethyl sulfoxide, DMSO), sakuranetin (20 mg kg–1

per mice) or dexamethasone (5 mg kg–1 per mice) daily beginning from 24th to 29th day. Control group received saline
inhalation and nasal drop vehicle. On day 29, we determined the airway hyperresponsiveness, inflammation and remodelling
as well as specific IgE antibody. RANTES, IL-5, IL-4, Eotaxin, IL-10, TNF-a, IFN-g and GMC-SF content in lung homogenate
was performed by Bioplex assay, and 8-isoprostane and NF-kB activations were visualized in inflammatory cells by
immunohistochemistry.

KEY RESULTS
We have demonstrated that sakuranetin treatment attenuated airway hyperresponsiveness, inflammation and remodelling; and
these effects could be attributed to Th2 pro-inflammatory cytokines and oxidative stress reduction as well as control of NF-kB
activation.

CONCLUSIONS AND IMPLICATIONS
These results highlighted the importance of counteracting oxidative stress by flavonoids in this asthma model and suggest
sakuranetin as a potential candidate for studies of treatment of asthma.

Abbreviations
AHR, hyperresponsiveness; BALF, bronchoalveolar lavage fluid; DAB, 3,3′-diaminobenzidine; DMSO, dimethyl sulfoxide;
DX, dexamethasone; ECM, extracellular matrix; Ers, respiratory system elastance; Gtis, tissue damping; Htis, tissue
elastance; MCP-2, monocyte chemotactic protein; OVA, ovalbumin; OVA + DX, ovalbumin–dexamethasone; OVA + SK,
ovalbumin–sakuranetin; PCA, passive cutaneous anaphylaxis; RANTES, Regulated on Activation, normal T-cell expressed
and secreted; Raw, airway resistance; RNS, reactive nitrogen species; ROS, reactive oxygen species; Rrs, respiratory
system resistance; SK, sakuranetin (5,4′-dihydroxy-7-methoxyflavanone); Th1, type 1 helper T cells; Th17, type 17
helper T cells; Th2, type 2 helper T cells; Treg cells, regulatory T cells
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Introduction

Asthma is a chronic allergic disease mainly characterized by

airway inflammation and hyperresponsiveness (AHR), which

can usually be reversed by bronchodilators (GINA, 2011). The

chronicity of airway inflammation, associated with pro-

inflammatory mediator releases, can induce several structural

changes in the lungs, such as extracellular matrix (ECM)

component deposition, airway smooth muscle hyperplasia

and hypertrophy, and goblet cell hyperplasia, alterations

called by airway remodelling (Fahy, 2001). Eosinophils and

lymphocytes infiltration, particularly Th2 type, and elevated

levels of IL-13, IL-4, IL-5, eotaxin, RANTES and other pro-

inflammatory mediators are observed in lung from asthmatic

patients (Murphy and O’Byrne, 2010). An imbalance between

Th2 and Th1 cytokines can be also involved in asthmatic

pathophysiology (Shi et al., 2011). Among various transcrip-

tion factors, NF-kB is the master switch for pro-inflammatory

genes and has been involved in asthma both in experimental

models and in humans (Hart et al., 2000; Poynter et al., 2002).

Recently, some studies have addressed the importance of

oxidative stress in asthma physiopathology and clearly

reported that isoprostanes are an important oxidative marker

in asthma (Brussino et al., 2010; Voynow and Kummarapu-

rugu, 2011). Brussino et al. (2010) showed that there is an

increase in 8-isoprostane in exhaled air after allergen chal-

lenge in mild asthmatics. In this regard, using an animal

model of asthma, Park et al. (2009) showed that immediately

after the first antigen injection, there is an increase in oxida-

tive stress in the lung, and the use of an antioxidant attenu-

ated not only the reactive oxidative stress regeneration but

also the inflammation in this animal model.

Although the gold standard treatment for asthma is the

glucocorticoids that markedly inhibit the lung inflammation,

the persistent AHR even after prolonged anti-inflammatory

steroid therapy (Baraket et al., 2012) is observed in some

asthmatic patients, particularly in severe asthma. This irre-

versible obstruction present in some asthmatics is usually

associated to remodelled airway wall structure and composi-

tion leading to a change in mechanical properties (Kariya-

wasam et al., 2007; Southam et al., 2007). Some studies have

shown that glucocorticoids treatment, even though associ-

ated to bronchodilators, do not always revert all these

asthmatic features (Baraket et al., 2012). In addition, the sig-

nificant incidence of adverse effects related to corticosteroids

and bronchodilators, particularly b2-agonists, have been

described (Miller et al., 2011; Patel et al., 2011; Ernst and

Suissa, 2012). For this reason, the search for a potent anti-

inflammatory and nontoxic compound is inevitable in the

asthma treatment.

Flavonoids are commonly found in fruits and vegetables

and are consumed frequently. Animal studies revealed

that phenolics compounds attenuated chronic inflamma-

tion (Rogerio et al., 2010; Taur and Patil, 2011; Wu et al.,

2011). There were multiples pharmacological effects attrib-

uted to flavonoids including anti-inflammatory and antioxi-

dant potential (Havsteen, 2002; Hirano et al., 2004). The

structure of flavonoid sakuranetin (SK) (5,4′-dihydroxy-7-

methoxyflavanone) was previously reported (Grecco et al.,

2010), and it is the main component found in Baccharis

retusa, a plant. Its antioxidant potential was previously

reported by Soares et al. (2005), indicating that this com-

pound displayed high antioxidant potential. In addition,

sakuranetin has potential in vivo anti-allergic effects (Ogawa

et al., 2007) and in vitro anti-leishmanial and anti-

trypanosomal activity (Grecco et al., 2012).

Based on these observations, the present study aimed to

evaluate the effects of sakuranetin treatment, by means of a

chronic allergic pulmonary inflammation model, in AHR,

airway inflammation and remodelling. Considering the anti-

inflammatory potential of sakuranetin, we hypothesized that

this treatment could attenuate the airway inflammation

induced by antigen in mice. In order to understand some

possible mechanisms involved in mediating the effects of

sakuranetin, we measured lung content of some cytokines,

oxidative stress and NF-kB expression in lung. We concluded

that sakuranetin treatment attenuates several aspects of aller-

gic airway inflammation by Th2 pro-inflammatory cytokine

modulation and oxidative stress control. One possible

mechanism involved in the anti-inflammatory effects of

sakuranetin is the inhibition of NF-kB activation.

Methods

Ethics statement
All studies involving animals are reported in accordance with

the ARRIVE guidelines for reporting experiments involving

animals (Kilkenny et al., 2010; McGrath et al., 2010). All

animals received humane care in compliance which follows

the rules of British Pharmacological Society’s Ethics Com-

mittee. The animals used in this work were kept on a 12 h

light/dark cycle in a temperature-controlled room at

21–23°C, with free access to water and food. All procedures

described in this study were approved by the internal ethical

committee of Faculty of Medicine of the University of São

Paulo (Brazil) (Number 338/10).

Plant material
Leaves of B. retusa DC were collected in Campos do Jordão/SP,

Brazil, on July 2009. The plant material was identified by Dr

Oriana A Fávero, and a voucher specimen has been deposited

at Herbarium of Instituto de Botânica-SEMA, São Paulo/SP,

Brazil.

Extraction and isolation of sakuranetin
Dried leaves of B. retusa (460 g) were ground and extracted

with hexane (4 ¥ 500 mL) at room temperature. Sequentially,

the plant material was extracted with MeOH (6 ¥ 700 mL) at

room temperature and concentrated under vacuum yielding

a crude extract (32 g). This extract was partitioned between

MeOH : H2O (1:2) and CH2Cl2. After evaporation under

reduced pressure, the CH2Cl2 phase (15 g) was chromato-

graphed by silica gel column chromatography (230–400

mesh; Merck, Darmstadt, Germany) eluted with CH2Cl2 con-

taining increasing amounts of EtOAc (up to 100%) and with

EtOAc containing increasing amounts of MeOH (up to

100%), to give eight fractions (F1–F8). Fraction F2 (3.5 g) was

purified by silica gel column chromatography (230–400

mesh; Merck) eluted with increasing amounts of EtOAc in
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CH2Cl2 (up to 100%) to afford 736 mg of sakuranetin, which

was characterized by 1H and 13C NMR spectra [spectrometer

Bruker DPX-300, using CDCl3 (Aldrich) as solvent and TMS

(Aldrich) as internal standard] as well as by low resolution

electronic impact mass spectrum (spectrometer HP 5990/

5988A).

Sakuranetin
1H NMR (300 MHz, CDCl3) dH: 7.26 (d, J = 8.5 Hz, H-2′/H-6′),

6.83 (d, J = 8.5 Hz, H-3′/H-5′), 6.01 (s, H-6/H-8), 5.32 (dd, J =

13.0 and 3.0 Hz, H-2), 3.77 (s, OCH3-7), 3.08 (dd, J = 17.2 and

13.0 Hz, H-3a), 2.73 (dd, J = 17.2 and 3.0 Hz, H-3b). 13C NMR

(75 MHz, CDCl3) dC: 196.5 (C-4), 168.0 (C-4′), 163.6 (C-7),

163.0 (C-5), 157.4 (C-9), 129.0 (C-1′), 127.7 (C-2′/C-6′), 127.6

(C-6), 115.3 (C-3′/C-5′), 102.8 (C-10), 93.9 (C-8), 79.1 (C-2),

55.3 (OCH3), 42.8 (C-3). LREIMS (70 eV) m/z (int. rel.): 286

(67), 193 (33), 180 (39), 167 (100), 138 (24), 120 (44), 95 (38),

69 (25).

Animals
Male BALB/c mice aged 6–8 weeks (25–30 g) and adult male

Wister Furth rats (120–200 g) were acquired from University

of São Paulo and maintained in our own animal facilities.

Male Wister Furth rats were used in the passive cutaneous

anaphylaxis (PCA) test for IgE evaluation, and BALB/c was

used as an experimental asthma model.

Immunization and challenge protocols
Mice were divided at random into four groups (eight animals

in each group): (a) control (submitted to saline protocol and

treated with vehicle); (b) OVA (ovalbumin, submitted to the

OVA sensitization and treated with vehicle); (c) OVA + SK

(ovalbumin–sakuranetin, submitted to the OVA sensitization

and treated with sakuranetin); (d) OVA + DX (ovalbumin–

dexamethasone, submitted to the OVA sensitization and

treated with dexamethasone).

Animals were immunized using OVA (50 mg i.p.) (grade IV,

Sigma Aldrich, St. Louis, MO) in the presence of 6 mg of

Al(OH)3 adjuvant (Pepsamar, Sandei-Synthelabo SA, Rio de

Janeiro, Brazil) diluted in a 0.2 mL saline solution on days 1

and 14, as previously described (Toledo et al., 2011). Aero-

solized OVA (1% challenges) were started 1 week after the

second immunization, on days 22, 24, 26 and 28. For that,

mice were placed in a Plexiglas box (30 cm ¥ 15 cm ¥ 20 cm)

coupled to an ultrasonic nebulizer (US-1000; ICEL, São Paulo,

Brazil) and exposed to 1% OVA for 30 min. Control mice

received the adjuvant (i.p.) and were exposed to a nebulized

aerosol of saline (0.9% NaCl) at the same time points.

Study design
Animals subjected to OVA sensitization received daily

20 mg kg–1 (10 mL, intranasal), since day 22 until the end of

protocol. Sakuranetin was diluted in DMSO (Sigma Aldrich)

and saline 0.9% (1:4) (Vehicle). The dose of sakuranetin used

in the present study was based on a pilot study and in some

articles that use a compound with similar structure (Jung et al.,

2009). In this pilot study, we tested the dose of 10 mg kg–1 and

20 mg kg–1, and we found difference only in the dose of

20 mg kg–1, which was chosen for the whole study. The

animals treated with 10 mg kg–1 presented the results of lung

mechanic and total cellular in BALF similar to those obtained

in non-treated OVA group, suggesting that this dose did not

have a therapeutically effect. To compare the sakuranetin

efficacy, we also performed a group sensitized with OVA and

treated with dexamethasone (DX), as previously described

(Roh et al., 2004). The dexamethasone treatment was per-

formed by i.p. injection (5 mg kg–1) in the same time point of

sakuranetin treatment. Control animals were subjected to

vehicle treatment. All animals were anaesthetized and submit-

ted to mechanical ventilation at day 29, after 30 min of the last

dose of sakuranetin, dexamethasone or vehicle treatment.

IgE anti-OVA antibody titration by PCA
Heterologous PCA was performed in Wistar Furth rats for

anti-OVA IgE, as previously described (Mota and Wong,

1969). The animals’ back was shaved and injected intrader-

mally with different serum dilutions. The animals were chal-

lenged i.v. with 0.5 mg of OVA in 0.25% Evans Blue solution,

after a sensitization period of 18–24 h in rats for IgE titration.

The PCA titre was expressed as the reciprocal of the highest

dilution that gave an intradermic allergic reaction >5 mm in

diameter in duplicate of tests. The detection of threshold of

the technique was established at a 1:5 dilution (Mota and

Perini, 1970).

Evaluation of respiratory mechanics
Mice were anaesthetized (50 mg kg–1 i.p. thiopental), trache-

ostomized and connected to a rodent ventilator (FlexiVent;

SCIREQ, Montreal, Canada) with the tidal volume and fre-

quency set at 10 mL kg-1 and 2 Hz respectively. Oscillatory

lung mechanics was performed by producing flow oscilla-

tions at different prime frequencies (from 0.25 to 19.625 Hz)

for 16 s. Pressure and flow data were obtained and airway

impedance was calculated at each frequency (Hantos et al.,

2003). Airway resistance (Raw), tissue damping (Gtis) and

tissue elastance (Htis) parameters were obtained by applying

the constant phase model.

After baseline measurements, we performed a dose–

response curve to methacholine, i.v. (10, 30, 100, 300 and

1000 mg mL-1); and values of respiratory system resistance

(Rrs) and elastance (Ers) as well as Raw, Gtis and Htis were

collected 30 s after each dose. Still under anaesthesia, animals

were exsanguinated by vena cava dissection, and bronchoal-

veolar lavage fluid (BALF) was collected.

BALF
The BALF was performed by introducing 0.5 mL of sterile

saline into the lungs via a tracheal cannula and withdrawing

the fluid into a test tube on ice. The recovery volume was over

95% of the instilled fluid. This procedure was repeated three

times. The fluid collected was centrifuged at 800¥ g, for

8 min, at 5°C, and the cell pellet was re-suspended in 1 mL of

physiological saline. Total cells were counted using a Neu-

bauer hemocytometer chamber and an optical microscope

with a magnification of 1000¥. BAL differential cell counts

were performed using a cytocentrifuge. Slides were prepared

by centrifugation of each sample at 900¥ g for 6 min (Cyt-

ospin 2, Shandon Scientific, Pittsburgh, PA). These slides were

stained by Diff Quick stain, and differential counts of at least

300 cells were made according to standard morphologic

criteria.
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Lung histology
Lungs were then removed in block to perform histological

analysis, and 3–5 mm thick sections of the lungs were stained

with LUNA to detect peribronchial eosinophils (Angeli et al.,

2008). Picrosirius (Direct Red 80, C.I. 35780, Sigma Aldrich)

was used for bronchial collagen fibre quantification, and

Weigert’s Resorcin Fuchsin with oxidation was used for elastic

fibres (Prado et al., 2006). The slides were coded and the

researcher who performed the measurements was unaware of

the study groups. Using an Leica DM4000B microscope (Leica

Microsystems, Wetzlar, Germany), a digital camera (Leica

DFC420 Leica Microsystems) and the image analyses software

Image Proplus 4.5 (Media Cybernetics, Bethesda, MD), we

evaluated collagen and elastic fibre deposition on the airway

wall. Five airways at 400¥ magnification were evaluated for

each animal. Airway collagen and elastic fibre deposition

were evaluated in the area compressed between epithelial

basal membranes until airway adventitia. The positive area of

collagen and elastic fibres was expressed as a percentage of

the total airway wall area. The eosinophils were evaluated by

point-counting technique (Weibel, 1963). To determine the

eosinophils/unit area (104 mm2) (Prado et al., 2006; Angeli

et al., 2008), we counted the number of points of the inte-

grating eyepiece falling on areas of peribronchiolar inflam-

mation in three areas of each airway wall and the number of

eosinophils in this same area. All analyses were performed in

randomly selected transversely sectioned non-cartilaginous

airways.

Evaluation of 8-PGF-2a and
NF-kB expression
Immunohistochemical staining was performed using anti-

body to anti-8-epi-PGF2a (Oxford Biomedical Research,

Rochester Hills, MI) and anti-NF-kB (Oxford Biomedical

Research, Rochester Hills, MI) at a 1:500 and 1:300 dilution

respectively (Angeli et al., 2008). The ABCKit Vectastain

(Vector Elite PK-6105, Burlingame, CA) was used as secondary

antibody, and DAB (Sigma Aldrich) was used as chromogen.

The sections were counterstained with Harris haematoxylin

(Merck). We determined the 8-iso-PGF2a-stained area by

image analysis as described above in peribronchiolar wall and

the total peribronchiolar wall area. Measurements were

carried out at ¥400 in each slide, and the results were

expressed in percentage. Positive cells immunostaining to

NF-kB was evaluated by point-counting technique, as

described above in LUNA evaluation. To determine the posi-

tive cells/unit area (104 mm2) (Prado et al., 2006; Angeli et al.,

2008), we counted the number of points of the integrating

eyepiece falling on areas of peribronchiolar inflammation in

three areas of each airway wall and the number of positive

cells in this same area. All analyses were performed in

randomly selected transversely sectioned of five non-

cartilaginous airways.

Bioplex
In the other six animals of each group, lungs were removed

and quickly frozen to perform cytokine measurements in

lung homogenate. A Bio-Plex mouse Plex cytokine assay kit

(Bio-Rad Laboratories, Inc., Hercules, CA) was used to test

samples for the presence of eight cytokines in lung homoge-

nate. The assay was read on the Bio-Plex suspension array

system, and the data were analysed using Bio-Plex Manager

software version 4.0. Standard curves ranged from 32 000 to

1.95 pg mL-1, as previously described (Correa-Costa et al.,

2010). The results of RANTES, IL-5, IL-4, eotaxin, TNF-a),

IFN-g, and IL-10 in lung homogenate were expressed in pg of

cytokines/ pg of total protein.

Statistical analysis
Normality was evaluated by using the Kolmogorov–Smirnov

test, and data were expressed as means � SE. The parametric

data were analysed by two-way ANOVA followed by the

Student–Newman–Keul’s post hoc test, using the Sigma Stat

software version 10 (CA). The significance level was adjusted

to 5%.

Results

Chemical characterization of sakuranetin
The 1H NMR spectrum showed signals at d 5.27 (dd, J = 13.0

and 3.0 Hz), 3.04 (dd, J = 17.2 and 13.0 Hz), and at d 2.70 (dd,

J = 17.2 and 3.0 Hz), assigned, respectively, to H-2, H-3a, and

H-3b. This spectrum showed also signals attributed to

H-3′/H-5′ at d 6.81 (d, J = 8.7 Hz, 2H) and to H-2′/H-6′ at d 7.23

(d, J = 8.7 Hz, 2H) as well as one singlet assigned to H-6/H-8

at d 5.99 (2H). Additionally, was observed one singlet at d 3.77

(3H), assigned to one methoxyl group linked to C-7. The 13C

and DEPT 135° NMR spectra indicated the presence of carbo-

nyl carbons at d 196.5 (C-4), oxybenzylic carbons at d 79.1

(C-2) and aliphatic carbons at d 42.8 (C-3) as well as an

additional peak at d 55.3, assigned to methoxyl group at C-7.

Remaining peaks at range d 94–168 were attributed to aro-

matic carbons C-5 to C-10 and C-1′ to C-6′. Finally, the

LREIMS spectrum analysis indicated the molecular formula

C16H14O5, due the ion peak at m/z 286, as well as confirmed

the position of methoxyl group at C-7, since the base peak

was observed at m/z 167, characteristic of a fragment

[C7H5O4]
+. Comparison of spectroscopic data with those

reported in the literature (Agrawal, 1989), allowed the

identification of sakuranetin (5,4′-dihydroxy-7-methoxy-

flavanone). This compound has 99.9% of purity as indicated

by HPLC analysis.

Treatment with vehicle (DMSO plus saline)
did not interfere in any lung responses
Considering that the effects of DMSO in inflammation in a

matter of controversy, we initially compared whether DMSO

treatment plus saline (vehicle) interferes in lung inflamma-

tion and function, by comparing control and OVA groups

that received vehicle, with control (saline) and OVA that did

not received any kind of treatment, respectively. There were

no differences between vehicle treated and non-treated

groups. In addition, since DMSO has a known antioxidant

effect, we also evaluated the 8-isoprostane expression in

airways (%) from OVA-sensitized animals treated with vehicle

(49.78 � 3.70%) or non-treated (49.14 � 0.89%). Both groups

presented similar values related to 8-isoprostane expression,

and for this reason, we used as a control of the sakuranetin

treatment the animals treated with vehicle only.
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Treatment with sakuranetin reduces specific
OVA antibodies
First, we aimed to see whether the treatment with sakuran-

etin (SK) and dexametasone in OVA-sensitized animals inter-

feres with specific IgE antibody production measured by PCA

technique. Both treatments reduced the amount of IgE

(Figure 1) in sensitized animals treated with dexamethasone

or sakuranetin compared with sensitized animals only

(P < 0.05).

Treatment with sakuranetin protects
against AHR
In order to evaluate if sakuranetin protects lung against AHR,

we performed a dose–response curve to methacholine. As we

observed in Figure 2, both sakuranetin and dexametasone

treatments markedly reduced the Rrs (A) and Ers (B) in sen-

sitized animals in the final dose (1000 mg mL-1 of metha-

choline) (P < 0.05 for all comparisons).

We also analysed the percentage (%) of maximal

responses related to baseline of Rrs and Ers (C and D respec-

tively). The OVA group showed higher % of increase in Rrs

and Ers compared with control group (P < 0.05). OVA + SK

and OVA + DX groups presented all these responses reduced

when compared with OVA group (P < 0.05).

We know that the responses obtained in respiratory

system may be from alterations in airways and in peripheral

regions. In order to indirect isolate these responses, we per-

formed the oscillatory force mechanic that analysed airways

(Raw, Figure 3A) and tissue responses (Gtis and Htis;

Figure 3B and C, respectively). The Raw and Gtis were also

increased in OVA group compared with those values obtained

in control group (P < 0.05). We noted that both treatments

attenuated these responses (P < 0.05).

We also analysed the percentage of maximal responses

related to baseline of Raw, Gtis and Htis presented in

Figure 3D–F respectively. The OVA group showed higher % of

increase in, Raw and Gtis when compared with control group

(P < 0.05). Both treatments reduced all these responses when

compared to sensitized animals that received vehicle (P <

0.05). We did not observe any significant change in Htis

responses.

Treatment with sakuranetin attenuates lung
inflammation in BALF and peribronchial
areas and reduced pro-inflammatory cytokines
The total and differential inflammatory cells count was

shown in Table 1. We noted that OVA group presented an

increase in total inflammatory cells and in eosinophils com-

pared with Control (P < 0.01). The total inflammatory cells

and the eosinophils were significantly reduced by both

sakuranetin and dexamethasone treatments in ovalbumin-

sensitized animals (P < 0.01). Surprisingly, the OVA + SK

group presented high values of neutrophils in BALF com-

pared with other groups (P < 0.05).

In addition, considering that eosinophil is one of the

major cell involved in allergic asthma, we stained lung slices

with LUNA, and by morphometric analysis, we counted the

numbers of eosinophils in peribronchiolar area in lung tissue.

The OVA group presented more airway eosinophilic infiltrate

compared with control (P < 0.05) (Figure 4). We noticed that

flavonone treatment (OVA + SK group) reduced the number

of eosinophils in sensitized animals (OVA group) in similar

values obtained by corticosteroid treatment (OVA + DX

group), (P < 0.05). There were no significantly difference

between OVA + DX and OVA + SK groups, and also comparing

these groups to control.

The values of cytokines measured in lung homogenate

(pg of cytokine pg-1 of total protein) by Bioplex are pre-

sented in Table 2. We noticed that OVA group presented

high levels of RANTES, IL-5, IL-4 and eotaxin compared with

control (P < 0.05). In addition, sakuranetin and dexametha-

sone treatments reduced the levels of all Th2-cytokines

(P < 0.05). except IL-4 which was attenuated only in

dexamethasone-treated animals (P < 0.05). In order to

observed if sakuranetin treatment affect Th1 cytokines we

also quantified levels of TNF-a, IFN-g and GM-CSF in lung

homogenate. There was no effect of both sakuranetin and

dexamethasone treatment in the levels of TNF-a, IFN-g and

GM-CSF. We also measured the levels of IL-10 in lung, a

T-regulatory cytokine involved in anti-inflammatory

responses, and we did not find any differences among the

experimental groups.

Treatment with sakuranetin attenuate
lung remodelling
Airway remodelling is characterized by structural alteration

in airways. We evaluated the collagen and elastic fibre

content around airways (Figure 5A and B, respectively). We

noted in Figure 5A and F that OVA group presented an

increase in collagen and elastic fibre content, respectively,

compared with control (P < 0.05). Both sakuranetin and dex-

amethasone treatments reduced collagen airway content

Figure 1
OVA-specific IgE antibodies titre measured by PCA technique. Data

are presented as mean � SE. OVA group: sensitized and treated with

vehicle; OVA + SK group: sensitized and treated with sakuranetin;

OVA + DX: sensitized and treated with dexamethasone. Note that

both sakuranetin and dexamethasone treatments reduced the OVA-

specific IgE antibodies in sensitized animals. *P < 0.001 compared

with OVA.
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when compared to OVA group (P < 0.05). However, only

sakuranetin was able to reduce elastic fibre content in sensi-

tized animals (OVA + SK, P < 0.05) compared with OVA. There

was no significantly difference between OVA and OVA + DX

group in elastic fibre content.

Treatment with sakuranetin reduces
pulmonary oxidative stress
The OVA group presented an intense stain for 8-iso-PGF2a in

lung compared with control group. The quantification of the

Figure 2
Lung mechanics. (A) Respiratory system resistance (Rrs). (B) Percentage of maximal responses related to baseline of Rrs. (C) Respiratory system

elastance (Ers). (D) Percentage of maximal responses related to baseline of Ers. Control group: non-sensitized and non-treated; OVA group:

sensitized and vehicle treated; OVA + SK: sensitized and sakuranetin treated; OVA + DX group: sensitized and dexamethasone treated. All results

are presented as mean � SE. *P < 0.05 compared with other groups (Control, OVA + SK and OVA + DX); #
P < 0.05 compared with Control only.

Table 1
Effects of flavonone on inflammatory cells in BALF

Control (cells ¥ 104 mL-1) OVA (cells ¥ 104 mL-1) OVA+SK (cells ¥ 104 mL-1) OVA+DX (cells ¥ 104 mL-1)

Total cells 2.50 � 0.31 9.74 � 2.17* 4.22 � 0.72 2.63 � 0.58

Macrophages 2.45 � 0.31 5.27 � 1.33 2.76 � 0.52 2.88 � 0.57

Neutrophils 0.03 � 0.02 0.36 � 0.27 1.05 � 0.26** 0.12 � 0.06

Eosinophils 0.01 � 0.01 3.80 � 0.82* 0.04 � 0.01 0.12 � 0.04

Lymphocytes 0.01 � 0.01 0.30 � 0.18 0.20 � 0.09 0.01 � 0.01

Data are presented as mean � SE. *P < 0.01 compared with Control, OVA + SK and OVA + DX groups; **P < 0.05 compared with other groups.
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stained area around airways (Figure 6A) revealed that OVA

group presented high stained area for 8-iso-PGF2a compared

with control (P < 0.01). In addition, the treatments with

sakuranetin and corticosteroid reduced the positive airway

wall area for 8-iso-PGF2a in ovalbumin-exposed animals

(P < 0.05 for both comparisons). There were no significantly

differences among 8-iso-PGF2a positive area in OVA + DX,

OVA + SK and control groups.

Figure 3
Lung mechanics. (A) Airway resistance (Raw). (B) Percentage of maximal responses related to baseline of Raw. (C) Tissue resistance (Gtis).

(D) Percentage of maximal responses related to baseline of Gtis. (E) Tissue elastance (Htis). (F) Percentage of maximal responses related to baseline

of Htis. Control group: non-sensitized and non-treated; OVA group: sensitized and vehicle treated; OVA + SK: sensitized and sakuranetin treated;

OVA + DX group: sensitized and dexamethasone treated. All results are presented as mean � SE. *P < 0.05 compared with other groups (Control,

OVA + FL and OVA + DX).
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Treatment with sakuranetin reduces NF-kB
expression in inflammatory cells
In order to assess the involvement of NF-kB, a transcription

factor with a critical role in triggering and coordinating both

innate and adaptive immune response, we evaluated the

NF-kB-positive cells in peribronchiolar area. The OVA group

presented an intense stain for NF-kB compared with the other

three groups (P < 0.001; Figure 6B). Sakuranetin and dexam-

ethasone reduced the NF-kB-positive cells in ovalbumin-

exposed animals (P < 0.05), with larger effects for sakuranetin,

which decreased NF-kB to similar levels of the control group.

Figures 7A to D shows representative photomicrographs of

peribronchiolar area of the four experimental groups. The

airway wall from OVA group presented an intense stain for

collagen and elastic fibers, suggesting a remodeling process

(Figure 7F). Both treatments reduced these changes in ECM

fibers, as observed in representative photomicrographs

(Figure 7E to H). In addition, the OVA group presented an

intense stain for 8-iso-PGF2 in lung compared to control

group, as can be observed in Figures 7I-L.

Discussion and conclusion

In the present study, we tested the hypothesis that sakuran-

etin, the main flavanone obtained from B. retusa, ameliorates

the asthma features in this experimental model in mice.

Flavanones are phenolic substances derived from different

plants that have been attracting much attention due to their

diverse biological activities, including anti-leishmanial and

anti-trypanosomal (Grecco et al., 2012), anti-inflammatory

and antioxidant properties (Havsteen, 2002; Hirano et al.,

2004; Rogerio et al., 2010; Taur and Patil, 2011; Wu et al.,

2011). Because of these properties, these species have been

used in the folk medicine to treat inflammatory diseases

(Zalewski et al., 2011; Goh et al., 2012).

We showed that sakuranetin decreases IgE specific anti-

bodies, eosinophil inflammation, AHR and airway remodel-

ling by reducing oxidative stress, Th2 pro-inflammatory

cytokines and chemokines and NF-kB activation in inflam-

matory cells in an experimental asthma model. Its effects

were similar to those observed in animals treated with

corticosteroids in the majority of the parameters evaluated. It

is important to point that DMSO per se, the vehicle used to

dilute sakuranetin, did not affect the parameters evaluated in

ovalbumin-sensitized animals, since we first compared it with

non-treated animals, and no differences were observed.

Allergic asthma is a chronic inflammatory disease that

involves some antigen interaction and complex immune

responses, and it is well characterized by allergen-induced

airway bronchoconstriction, inflammation markedly involv-

ing eosinophils, mucus hypersecretion and airway remodel-

ling. The inflammatory responses are attributed to Th2 cells

and other inflammatory factors including mast cells, B cells,

eosinophils, cytokines and chemokines produced by these

cells (Lee et al., 2010). In chronic asthma, it is well described

that Th2 cells infiltrate the lungs and release high quantities of

pro-inflammatory cytokines, including IL-4, IL-5 and IL-13. In

addition, some chemokines, such as eotaxin and RANTES,

Figure 4
Eosinophilic inflammation. Control group: non-sensitized and non-

treated; OVA group: sensitized and vehicle treated; OVA + SK: sen-

sitized and sakuranetin treated; OVA + DX group: sensitized and

dexamethasone treated. All results are presented as mean � SE.

*P < 0.05 compared with control; **P < 0.05 compared with OVA.

Table 2
Effects of sakuranetin treatment on cytokine release in lung homogenate quantified by ELISA (Bioplex)

Control (pg mL-1) OVA (pg mL-1) OVA + SK (pg mL-1) OVA + DX (pg mL-1)

RANTES 10.82 � 1.74 24.70 � 5.55* 9.38 � 1.39 3.81 � 0.45

IL-5 1.61 � 0.34 22.60 � 8.28* 5.61 � 1.45 1.70 � 0.37

IL-4 3.51 � 0.52 7.57 � 0.12** 6.64 � 0.82 2.62 � 0.73

Eotaxin 248.87 � 88.35 759.39 � 107.10* 436.74 � 112.78 220.56 � 42.79

IL-10 1.73 � 0.20 3.87 � 2.05 2.22 � 0.70 2.50 � 0.33

TNF-a 1.97 � 0.40 1.85 � 0.19 1.55 � 0.46 1.25 � 0.15

IFN-g 4.24 � 0.87 5.37 � 1.98 4.76 � 0.90 2.48 � 0.26

GM-CSF 5.27 � 0.61 9.70 � 1.58 6.70 � 0.83 5.77 � 0.60

Data are presented as mean � SE. *P < 0.05 compared with others experimental groups; **P < 0.05 compared only with control and OVA

+ DX groups.
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were found in high levels in lung of asthmatic patients, acting

as an eosinophil trafficking regulator (Rankin et al., 2000;

Zimmermann et al., 2003). An imbalance between Th1 and

Th2 cytokines is also involved in asthma (Shi et al., 2011).

The experimental model used in this study reproduces

some of the features observed in asthmatic patients. This

model consists in two different phases: one where the sensi-

tization is induced by i.p. injection and the other made

by inhalations challenge with antigen. We showed that

ovalbumin-sensitized animals presented AHR to metha-

choline, eosinophilic inflammation, airway remodelling and

elevated levels of IL-4, IL-5, eotaxin and RANTES in lung

homogenate. The positive cells to NF-kB were also increased

in ovalbumin-exposed animals. In addition, these animals

also present an increase in 8-iso-PGF-2a in airways, suggesting

an oxidative stress state in the lung.

Since sakuranetin treatment was started after the sensiti-

zation period (i.p. injections), this model allows us to design

a therapeutic strategy. In order to compare our results with a

positive control treatment, we performed a group sensitized

and treated with corticosteroid during the same period of

flavanone treatment, since the corticosteroid is the gold

standard drug used for treatment of asthmatic patients

(GINA, 2011).

Airway eosinophil recruitment is regulated by a variety of

Th2 cytokines (IL-4, IL-5, IL-13) and chemokines (RANTES

and Eotaxin) and also by adhesion molecules (Hogan, 2007).

Eosinophilic inflammation is observed in asthmatic patients

(Hogan, 2007; Van Rensen et al., 2009), and it is also present

in the majority of asthma models (Prado et al., 2006; Hogan,

Figure 5
Airway remodelling. Control group: non-sensitized and non-treated;

OVA group: sensitized and vehicle treated; OVA + SK: sensitized and

sakuranetin treated; OVA + DX group: sensitized and dexamethasone

treated. All results are presented as mean � SE. *P < 0.05 compared

with control; **P < 0.05 compared with OVA. (B–E) Representative

photomicrographs of airways stained with Picro Sirius for collagen

fibres detection from animal of Control, OVA, OVA + SK and OVA +

DX groups respectively.

Figure 6
Oxidative stress and NF-kB activation. Control group: non-sensitized

and non-treated; OVA group: sensitized and vehicle treated; OVA +

SK: sensitized and sakuranetin treated; OVA + DX group: sensitized

and dexamethasone treated. All results are presented as mean � SE.

*P < 0.05 compared with control; **P < 0.05 compared with OVA;
#
P < 0.05 compared with OVA-SK.
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2007; Angeli et al., 2008). Considering the inflammation in

airways, sakuranetin also reduced the number of eosinophils

around airways and the number of eosinophils presented in

BALF, as well as the number of total inflammatory cells. The

dexamethasone treatment also attenuated all these cytokines

and the number of inflammation cells in sensitized animals

(OVA + DX group). These results are in agreement with pre-

vious studies suggesting that some medicinal plant treatment

is able to inhibit eosinophilic inflammation (Havsteen, 2002;

Hirano et al., 2004; Rogerio et al., 2010; Taur and Patil, 2011;

Wu et al., 2011).

Eosinophil transmigration into the airways is a multistep

process that is orchestrated by Th2 cytokines such as IL-5, IL-4,

IL-13 and coordinated by specific chemokine such as eotaxin,

RANTES in combination with adhesion molecules (Bisset

and Schmid-Grendelmeier, 2005; Hogan, 2007). Our results

showed that OVA induced an increase in eotaxin, IL- 4, IL-5

and RANTES content in lung homogenate. In fact, sakuranetin

treatment in sensitized animals suppressed IL-5, RANTES and

eotaxin. Other authors also demonstrated that other flavonoid

derivatives, such as fisetin, are able to suppress the pro-

inflammatory cytokines and chemokines (Wu et al., 2011;

Goh et al., 2012). Bao et al. (2011), using a model of airway

inflammation, showed that a dietary intake of the soy isofla-

vone is able to reduced IL-4 and increase the IFN-a levels. Goh

et al., (2012) showed that fisetin reduced IL-4, IL-5 and IL-13

levels in BALF of sensitized animals, and the authors attributed

these effects to a negative regulation of NF-kB pathway. The

studies above cited did not compare the results obtained by

flavanone treatment with corticosteroid. In this context,

although dexamethasone treatment seems to have a more

pronounced effect in the reduction of these molecules, except

for IL-4 (P < 0.01 comparing OVA + DX and OVA + SK), there

were no statistically significantly difference between OVA + SK

and OVA + DX in IL-5, eotaxin and RANTES lung content

(P = 0.36, P = 0.22, P = 0.11 respectively).

Notwithstanding the reduction in inflammation induced

by sakuranetin treatment, there is an increase the number of

neutrophils in BALF. We first hypothesized that it could be

related to some increase in Th1 cytokines. An increase in the

Th2 cell response and an imbalance inTh1/Th2 cells were

found in patients with allergic asthma across a range of

disease severities (Shi et al., 2011). Since IFN-g and others are

effective for directing a primary immunity through Th1 path-

ways we measured IFN-g, TNF-a and GM-CSF in lung

homogenate. We did not find any significantly difference

Figure 7
Representative photomicrographs of airways stained with LUNA to eosinophil detection (A–D), with Picro Sirius (E–H) and with antibody against

8-iso-PGF-2a (I–L) from animal of Control, OVA, OVA + SK and OVA + DX groups (1st to 4st column respectively). It is clearly that OVA group

presented more eosinophils, an intense collagen deposition and increase of 8-iso-PGF-2a positive area around airways. Both sakuranetin and

dexamethasone treatments attenuated these responses in airways as shown in panels C, D, G, H, K and L. Control group: non-sensitized and

non-treated; OVA group: sensitized and vehicle treated; OVA + SK: sensitized and sakuranetin treated; OVA + DX group: sensitized and

dexamethasone treated.
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among the groups. IFN-g drives Th1 cell production, while

IL-4 inhibits Th1 cell production; conversely, IL-4 drives Th2

cell production, and IFN-g is believed to antagonize some of

the effects of IL-4 (Lama et al., 2011). In our study, IL-4 was

reduced in OVA group only by dexamethasone and IFN-g was

not altered by any group.

In fact, these effects of sakuranetin on neutrophils could

be attributed to increase in IL-8 and MCP-2, neutrophil

chemotatic factors, which are also non-inhibited by oral

corticosteroid (Fukakusa et al., 2005). Shi et al. (2011) found

that IL-17 and IL-22 production define the Th17 cells and

play important roles in autoimmune and inflammatory dis-

eases. The increase of Th17 cells and IL-17 can be correlated

with eosinophil and neutrophil recruitment into airways in

asthma models. In the present study, the increase of neu-

trophils observed only in sensitized animals treated with

sakuranetin could be also explained by Th17 or IL-17 as a

regulatory mechanism. However, we did not evaluate this

pathway and future studies need to be performed in other to

evaluate the exactly mechanisms involved in the increase of

neutrophils induced by sakuranetin treatment. It can be some

adverse effects of sakuranetin treatment.

T regulatory cells can exert their roles via anti-

inflammatory cytokines such as IL-10 and TGF-b, and defi-

ciencies in Treg cells are correlated with the severity of

asthma (Shi et al., 2011). In order to evaluate if the effects of

sakuranetin could also be attributed to increase in T regula-

tory cytokine, we also measured IL-10 content in lung that

was similar among the experimental groups. Collectively, our

findings suggest that sakuranetin attenuated lung inflamma-

tion in this asthma model by reducing pro-inflammatory

mediators more related to Th2 cytokines, with little interfer-

ence in Th1 cytokines and also with T regulatory cytokine.

NF-kB has been implicated in the pathogenesis of asthma

in experimental models as well as in patients with asthma

(Hart et al., 2000; Poynter et al., 2002). Among various

transcription factors, NF-kB is the master switch for

pro-inflammatory genes, and it is associated to airway

hyperresponsiveness in a model of allergic airway disease

(Donovan et al., 1999; Das et al., 2001). In other to evaluate

some possible anti-inflammatory mechanism of sakuranetin,

we detected the activation of NF-kB in inflammatory cells by

immunohistochemistry. Sakuranetin treatment reduced

NF-kB in inflammatory cells around airways more than dex-

amethasone.

Several studies reporting the structure/activity relation-

ships of flavonoids have been conducted to find pharmacoph-

oric groups of these compounds. As described by Kim et al.

(2004), the presence of hydroxyl/methoxyl groups at C-5 and

C-7 (ring A) associated to occurrence of carbonyl group at C-4

are crucial to anti-inflammatory activity. Thus, as sakuranetin

presents hydroxyl group at C-7 and methoxyl group at C-5,

these groups could be associated to airway anti-inflammatory

activity of this compound. Other flavonoids, such as kaemph-

erol, also displayed anti-inflammatory activity and presented

an additional hydroxyl group at C-4′ (ring B), similar of

sakuranetin. Finally, is important to mention that different

flavonoids found in Capparis spinosa, including sakuranetin,

are involved in the in vitro inhibition of NF-kB activation,

suggesting one possible mechanism of action of this com-

pound (Zhou et al., 2011) and corroborating our data.

Airway remodelling is a determinant of AHR, and it is

related to the decrement in lung function observed in asth-

matic patients (Kariyawasam et al., 2007; Southam et al.,

2007; Kermode et al., 2011). It is well determined that per-

sistence of the inflammatory milieu induces a repair process

in the lung, which is characterized by airways structural

alterations such smooth muscle cells hyperplasia and hyper-

trophy, mucus glands hypertrophy and ECM components

alterations. The sakuranetin treatment attenuated airway

remodelling and the pulmonary responses to antigen chal-

lenge, mainly concerning the airway responses. The evalua-

tion of pulmonary mechanics using forced oscillation

allowed us to identify the airways and the lung tissue

responses (Hantos et al., 2003). The effects of sakuranetin

were more intense in Rrs, Raw and Ers than in Htis and Gtis,

suggesting an action of flavanone more in airways than in

lung tissue response. Previous study also showed the inhibi-

tory effect of sakuranetin in the smooth muscle cells (ileum

and uterus) contraction induced by ACh, histamine and Ca2+

in K+-depolarizing solution, suggesting an interference of

sakuranetin with calcium metabolism in that cells (Rojas

et al., 1996). In this way, the effects of sakuranetin observed

in airways could be due to dilating effects in smooth muscle,

although other studies are necessary to confirm this

hypothesis.

In this model, in order to test if sakuranetin is able to

counteract the airway remodelling, we quantified collagen

and elastic fibre deposition near the airway (between base-

ment membrane and airway adventitia) by image analysis.

We observed that both sakuranetin and dexamethasone

attenuated the ECM collagen fibre deposition in airways of

ovalbumin-sensitized animals, suggesting that sakuranetin is

able to attenuate not only the inflammation but also the

remodelling presented in this asthma model. The reduction

in fibroblast activation or controlling the imbalance between

proteases and ant-ipreoteases could be possible explanations

for these finding, previously reported by others (Neaud and

Rosenbaum, 2008; Chen et al., 2010). The present study cor-

roborates previous ones that found increased elastic fibre

density in the airways of guinea pigs and mice sensitized with

ovalbumin (Angeli et al., 2008; Vieira et al., 2008; Antunes

et al., 2009). This increase could be due to a turnover of the

ECM components as part of the remodelling process, as pre-

viously described (Araujo et al., 2008). The sakuranetin treat-

ment but not dexamethasone reduced airway elastic fibre

deposition. In a recent study performed by our group, we

have shown similar response related to corticosteroids which

did not affect the elastic fibres in a model of asthma in guinea

pigs (Souza et al., 2012). The reasons for these differences are

unknown since few studies evaluated the mechanisms and

drugs involved in elastic fibre deposition in models of

asthma. Some recent findings have shown that an increasing

severity of AHR is linked with increased elastin (Slats et al.,

2008). However, others showed that airway remodelling did

not contribute to AHR (Kermode et al., 2011) and suggest that

airway remodelling can be a response in order to maintain

the homeostasis and avoid a severe bronchoconstriction

(Brown et al., 2010).

Some important issues need to be pointed out. We cannot

conclude in the present study that the effects of sakuranetin

in airway bronchodilation were a direct effect of this drug
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relaxing the smooth muscle cells. It is important to consider

that the attenuation of inflammatory and remodelling

responses can significantly corroborate to attenuation

observed in Rrs values. In addition, the isoprostanes are

important constrictors of airways (Montuschi et al., 1999). In

this way, sakuranetin also reduced the 8-iso-PGF-2 a content

in the lung. However, is important to note that sakuranetin

treatment attenuated the AHR in the same degree of dexam-

ethasone, suggesting an important therapeutic efficacy of this

new compound in order to counteract the airway constric-

tion, by direct or indirectly mechanisms.

Although the role of oxidative stress in asthma physiopa-

thology was not fully determined, an imbalance in reducing

and/or oxidizing (redox) systems favouring a more oxidative

milieu is linked to asthma pathophysiology. Some authors

have described a relationship between oxidative stress and

some of the asthmatic symptoms such as airflow limitation,

hyperreactivity and airway remodelling (Brussino et al., 2010;

Voynow and Kummarapurugu, 2011). In this regard, high

levels of reactive oxygen (ROS) and nitrogen (RNS) species in

lung of asthmatic patients (Shichijo et al., 2003; Shum et al.,

2008) and also in experimental models (Prado et al., 2006;

Angeli et al., 2008) have been demonstrated. Considering pol-

iphenolic compounds, it was reported some antioxidant

effects (Boots et al., 2011). In the present study, we evaluated

the oxidative stress by measurement of 8-iso-PGF-2a in

airway tissue (Angeli et al., 2008). The isoprostanes is gener-

ating by lipid peroxidation due to peroxynitrite formation.

The 8-iso-PGF-2a is considered the predominant form gener-

ated during free radical attack of cell membranes (Montuschi

et al., 1999). Our data showed a reduction in oxidative stress

induced by sakuranetin treatment since the airway content of

8-iso-PGF-2a was reduced in the OVA + SK group. The same

effect was observed in OVA + DX group, suggesting that both

sakuranetin and dexamesthasone reduced the oxidative

stress.

Various studies reported the importance of IgE in asthma

physiopathology (Holgate, 2008). The IgE release by mast cell

activation seems to depend of IL-4 and TNF-a and contribute

to Th2 maintenance (Galli et al., 2008). Interestingly, in the

present study, sakuranetin reduced the specific IgE of

ovalbumin-sensitized animals as well as dexamethasone

treatment, independent of IL-4 content in lung homogenate.

Several other flavonones, such as apigenin, luteolin, diosme-

tin, fisetin and quercetin, inhibited the antigen-IgE-mediated

TNF-a and IL-4 production (Mastuda et al., 2002). One pos-

sible explanation is that IgE release depends on other

cytokines such as IL-35 and IL-13 (Kaur et al., 2006; Huang

et al., 2011).

To the best of our knowledge, no other study has evalu-

ated the effects of sakuranetin in all these features of asthma

model. The results obtained in the present study show the

potential beneficial effects of sakuranetin in a fully reproduc-

ible and a widely used model of experimental asthma (Toledo

et al., 2011). However, the data provided here should be

careful interpreted when to transpose to the field of humans.

It is noteworthy to emphasize that mice model has its known

limitations. The major limitation of the present study is

related to toxic effects of some flavonoid derivatives.

Although no clinical effects of sakuranetin in any animals

were observed, and there were no deaths in OVA + SK group,

we did not evaluate some possible toxic effects of the isolated

flavanone in this dose. At least to our knowledge, there were

no studies showing toxic effects related to Baccharis retusa and

also to sakuranetin. Oliveira-Filho et al. (2012) described that

from 120 different species of Baccharis found in Brazil, only

the Baccharis coridifolia and Baccharis megapotamica showed

toxic effects. Nogueira et al. (2011) studied Baccharis trimera, a

popular plant in Brazil, and they did not observe mutagenic-

ity, inhibition of hepatic enzymes or induction of toxic

effects in kidney cells both in vivo and in vitro. However, De

Alda et al. (2009) described a case related to spontaneous

intoxication in horses, which presented an increase in heart

frequency, respiratory frequency, intestinal hypermobility

and diarrhoea, induced by B. coridifolia. Although the effects

of sakuranetin were similar to those observed in OVA + DX

group, it is also interesting test if the association of these

drugs could also have a beneficial therapeutically effect.

In conclusion, we reported that treatment with sakuran-

etin, a flavanone obtained from B. retusa, ameliorates airway

hyperresponsiveness, inflammation and remodelling in an

experimental model of asthma in mice. The mechanisms

involved are related to the effects of sakuranetin reducing

pro-inflammatory cytokines and chemokines as well as oxi-

dative stress. Our findings support a therapeutic value of

sakuranetin in the treatment of asthma since its effects were

similar those obtained with corticosteroid treatment in this

model.
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