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Abstract:

Background: Flavonoids are dietary plant compounds suspected to reduce the incidence of chronic diseases in several regions of the

world. Due to anti-allergic and anti-inflammatory activities, apigenin (4’,5,7,-trihydroxyflavone) is thought to interfere with crucial

events in the pathomechanism of asthma. However, the effect of apigenin on TGF-b-induced fibroblast-to-myofibroblast transition

(FMT) in human lung fibroblast populations, a key event in asthma progression, has not yet been addressed.

Methods: Primary human bronchial fibroblasts (HBFs) propagated from ex vivo bronchial biopsies derived from patients with diag-

nosed asthma and human embryonic lung IMR-90 fibroblasts were cultured in vitro and treated with TGF-b1 and apigenin. The

myofibroblast fraction in fibroblast populations was evaluated by immunocytochemistry. Expression of a-smooth muscle actin

(a-SMA) and tenascin C were assessed at the mRNA and protein level by real-time RT-PCR and immunoblotting, respectively. Addi-

tionally, proliferation and viability tests and time lapse-monitoring of movement of individual HBFs and IMR-90 cells were evaluated.

Results: We show that apigenin attenuates TGF-b1-induced FMT in cultures of HBFs, and the magnitude of this attenuation was

found to be similar to that observed in the established cell line of lung IMR-90 fibroblasts. Notably, FMT inhibition was observed at

low (~10 µM), non-cytotoxic and non-cytostatic apigenin concentrations and could be correlated with the inhibition of a-SMA and

tenascin C expression in HBFs at the mRNA level.

Conclusions: Our data are the first to demonstrate that apigenin inhibits the TGF-b1-induced expansion of hyper-contractile,

a-smooth muscle actin – positive myofibroblasts within populations of HBFs derived from asthmatic patients. They also indicate the

possible interference of apigenin with bronchial wall remodeling during the asthmatic process in vivo.
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Introduction

Bronchial asthma is one of the most common diseases

throughout the world and its rate of prevalence has

been continuously increasing over recent decades [2,

15, 41]. Pulmonary fibrosis, a basic hallmark of the

progression of asthmatic respiratory disability, in-

volves airway remodeling and is characterized by lo-
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cal epithelial injury, increased smooth muscle mass,

extracellular matrix deposition and the accumulation

of myofibroblasts mainly due to fibroblast-to-

myofibroblast transition (FMT) [1, 12, 35, 47]. Bron-

chial wall remodeling develops in response to a range

of external stimuli including signals from an inade-

quately activated immune system such as TGF-b.

However, bronchial fibroblasts derived from asth-

matic patients also have some inherent features which

facilitate their differentiation into myofibroblasts,

spreading into the wound matrix and developing con-

tractile features [36, 37]. It is generally believed that

the interplay between these extrinsic and intrinsic fac-

tors stimulates and/or facilitates phenotypic transi-

tions in populations of lung fibroblasts thus determin-

ing personal susceptibility to pro-asthmatic cues [24].

Although the commonly used anti-asthmatic regi-

mens, including steroid agents and leukotriene modi-

fiers, mainly interfere with the pro-inflammatory ac-

tivity of asthmatic inflammation [5, 6, 23, 46], their

direct effect on the phenotypic shift leading to lung fi-

brosis remains disputable [8, 13, 34].

Recent epidemiological studies indicate that the ap-

plication of dietary flavonoids for which anti-

atherosclerotic and anti-carcinogenic activity has

been suggested [29, 40] may also be considered as

a complementary form of preventive anti-asthmatic

strategy [28, 43]. In particular, apigenin (4’,5,7-tri-

hydroxyflavone) is a non-mutagenic flavone abundant

in many herbs and vegetables, including chamomile,

thyme, parsley and broccoli, and displays cytostatic

and cytoprotective activity [10, 11, 33, 45]. The tenta-

tive anti-asthmatic activity of apigenin was deduced

on the basis of interference with the pro-inflammatory

responses of the immune system to allergens [17, 22,

32]. For instance, apigenin was demonstrated to com-

promise the secretion of a range of cytokines in acti-

vated basophiles [28]. However, its effect on asth-

matic airway remodeling and especially on respon-

siveness of the cells constituting bronchial walls to

pro-inflammatory cues was not thoroughly addressed.

In particular, it is unknown whether apigenin af-

fects the sensitivity of human bronchial fibroblasts

(HBFs) to the stimulating effect of TGF-b1 on cell

transition into the myofibroblastic phenotype. Fibro-

blasts propagated in vitro from the ex vivo bronchial

biopsies of patients with diagnosed asthma are char-

acterized by susceptibility to FMT in response to ex-

ogenous TGF-b [36, 37]. Therefore, we used this

model to elucidate if apigenin interferes with FMT

when administered at non-cytotoxic and physiologi-

cally relevant concentrations. These in vitro studies

enabled a demonstration of the attenuating effect of

apigenin on TGF-b1-induced FMT in primary HBFs

from asthmatic patients, comparable to that observed

in the established cell line of lung embryonic myofi-

broblastic IMR-90 [42].

Materials and Methods

Cells and culture conditions

Human embryonic lung fibroblasts (IMR-90) were

cultured in MEM with Earle Salts medium (PAA

Laboratories GmbH, Austria) supplemented with

10 µM non-essential amino acids (PAA), 10 µM so-

dium pyruvate (PAA), 10% fetal bovine serum (FBS;

Gibco, Carlsbad, CA, USA), and gentamycin

(125 µg/ml, Krka d.d., Novo Mesto, Slovenia).

Primary human bronchial fibroblasts (HBFs) were

isolated from bronchial biopsies obtained during

bronchoscopy examination from 8 patients diagnosed

with moderate asthma (AS), as described previously

[36, 37]. All patients were treated in the Department

of Medicine of the Jagiellonian University and were

in stable clinical condition. The study was approved

by the Jagiellonian University’s Ethics Committee

(KBET/362/B/2003) and informed, written consent

was obtained from all study participants. HBFs were

cultured in DMEM with 10% fetal bovine serum

(FBS) at 37°C in a humidified atmosphere with 5%

CO2 and used between 5–15 passages. Human recom-

binant TGF-b1 (BD Biosciences, Franklin Lakes, NJ,

USA), 0.1% bovine serum albumin (BSA; Sigma-

Aldrich, St. Louis, MO, USA) and apigenin (Sigma-

Aldrich) were administered in various combinations

to the fresh culture medium where indicated. Api-

genin was diluted in the culture medium from freshly

made stock solution (20 mg/ml in dimethyl sulfoxide,

DMSO; Sigma-Aldrich) to the working concentra-

tions (1, 5, 10 and 20 µM). Medium containing an

amount of DMSO equivalent to the highest applied

apigenin concentration (0.27‰) was taken as a sol-

vent control. At this concentration, DMSO did not ex-

ert an effect on IMR-90 and HBF proliferation, viabil-

ity or TGF-b1-induced FMT (data not shown).
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Proliferation and viability tests

For cell viability tests, cells were seeded onto 12-well

plates at 2 × 104 density per well. 24 h after seeding,

the cultured medium was replaced with the same me-

dium supplemented with 10% FBS containing a range

of apigenin concentrations (from 1 to 20 µM) or

DMSO (equivalent to 20 µM apigenin). Cell viability

was determined by the fluoresceine diacetate/ethid-

ium bromide (EB) test using the Leitz Orthoplan fluo-

rescence microscopy system and expressed as percent

of fluoresceine-positive/EB-negative cells.

For proliferation tests, cells were seeded onto 12-

well plates at an initial density of 5 × 103 cells/cm2, in-

cubated in DMEM with 10% FCS for 24 h at 37°C,

and then the culture medium was replaced with

a fresh one containing DMSO or apigenin. The incu-

bation time varied from 1 to 5 days, next, the cells

were harvested by trypsinization and counted using

Bürker’s chamber.

Time lapse-monitoring of movement of

individual cells

Cell movement was observed with an inverted Leica

microscope with IMC contrast optics, at 37°C and 5%

CO2 atmosphere. IMR-90 cells or HBFs were seeded

into 6-well plates at a density of 2 × 102 cells/cm2 and

incubated in DMEM supplemented with 10% FBS

and gentamycin for 24 h. Subsequently, the medium

was replaced with fresh culture medium (control) or

the same medium containing 10 µM apigenin and cell

movement was recorded for 440 min at 5 min time in-

tervals. The cell trajectories were presented in circular

diagrams with the starting point of each trajectory

situated at the plot center. The Hiro program written

by W. Czapla was used for analysis of parameters

characterizing cell locomotion as described previ-

ously [16]. For each data point measured, 50–400 cells

were analyzed. Statistical significance was deter-

mined using a non-parametric Mann-Whitney U-test

with p < 0.05 considered to indicate significant differ-

ences.

Immunofluorescence staining and FMT

analyses

Myofibroblasts were identified by immunodetection

of a-SMA as described previously [37]. In brief,

IMR-90 cells and HBFs derived from asthmatic pa-

tients (AS) were cultured in DMEM with 10% FBS

for 24 h, then with DMEM with 0.1% BSA (control)

and in the same medium supplemented with TGF-b1
(5 ng/ml) and DMSO (equivalent to 20 µM apigenin);

or TGF-b1 and apigenin (1–20 µM) for 7 days. Cells

growing on glass coverslips were fixed in 3.7% para-

formaldehyde, permeated in 0.1% Triton X-100,

blocked with 1% BSA and incubated with mouse

monoclonal antibody against human a-SMA (clone

1A4, Sigma-Aldrich), Alexa Fluor 488 goat anti-

mouse IgG (clone A11001, Sigma-Aldrich) and coun-

terstained with Hoechst 33342 (Sigma-Aldrich). Esti-

mation of the percentage of a-SMA positive cells in

specimens mounted in polyvinyl alcohol (Mowiol;

Sigma-Aldrich) was performed with a Leica DM

IRE2 microscope.

Quantitative real-time RT-PCR analysis

Real-time PCR was used to detect and quantify ex-

pression of a-SMA and tenascin C transcripts. Cells

were seeded onto Petri dishes and incubated in

DMEM with 10% FCS for 24 h, then with DMEM

supplemented 0.1% BSA and TGF-b1 (5 ng/ml) with

or without apigenin (10 µM) for 24 h. Total RNA was

extracted by chaotropic lysis using an RNA extraction

kit (A&A Biotechnology, Gdynia, Poland) according

to the manufacturer’s protocol and cDNA was gener-

ated by reverse transcription using the High Capacity

cDNA Reverse Transcriptase Kit (Life Technologies -

Applied Biosystems, Foster City, CA, USA) in the

presence of RNase inhibitor. Real-time PCR assays

were done using iCycler Real Time PCR equipment

(Biorad, Karlsbad, CA, USA) and Sybr Green (Am-

resco, Solon, OH, USA) detection of amplification

products. Specific a-SMA primers (5´-AATGATTCA-

TAGGGCTTCAG-3´, 5´-ATTTGACCCAGAACTACT-

TT-3´), tenascin C primers (5´-CCAGCGACCATC-

AACGCAGC-3´, 5´-GGGGCTTGTTCAGTGGATG-

CCT-3´) and housekeeping GAPDH (5´-AGAACA-

TCATCCCTGCCTCTAC-3´,5´-CTGTTGAAGTCA

GAGGAGACCA-3´) were used to quantify the tran-

scripts in each cell line tested. The relative abundance

of specific mRNA transcripts was estimated on the

basis of a cycle threshold value (CT) and recalculated

against the housekeeping gene using the DCT method.

DCT refers to CTGAPDH – CTa-SMA or CTTENASCIN c. All

samples were run in triplicate (n = 3). Primer design

and control gel electrophoresis of amplification prod-

ucts ensured artifact-free results.
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Preparation of protein extracts and

immunoblotting

Cells were cultured in Petri dishes in DMEM with 10%

FCS for 24 h, then with DMEM supplemented 0.1%

BSA (control conditions) or stimulated with TGF-b1
(5 ng/ml) and apigenin (10 µM) until confluence for 7

days. Afterwards, total cell proteins were collected using

the lysis buffer (0.1 mol/l Tris-HC1, 15% glycerol,

2 mM EDTA, 2% SDS, 10 mM phenylmethylsulfonyl

fluoride, and 10 µg/ml aprotinin, pH 7.4). The protein

concentration was determined using the Bradford

method and aliquots containing 10 µg of protein from

whole cell lysates were separated by 15% SDS-

polyacrylamide gel electrophoresis under reducing con-

ditions and then transferred onto a polyvinylidene

difluoride membrane (Hybond-P, Amersham Pharmacia

Biotech, Buckinghamshire, England). After blocking in

PBS-T (0.1% Tween 80 in PBS) containing 5% skimmed

milk at room temperature, the membrane was incubated

with mouse monoclonal anti-a-SMA antibody (Sigma-

Aldrich, 1 : 1000) and with mouse monoclonal anti-

GAPDH antibody (Sigma-Aldrich, 1 : 10000). After

washing, the membrane was incubated with anti-mouse

IgG horseradish peroxidase-conjugated antibody (1 :

3000, Invitrogen, Carlsbad, CA, USA). The extensively

washed membranes were incubated with the chemilumi-

nescent reagent Super Signal West Pico Substrate

(Pierce, Rockford, IL, USA) and exposed to Kodak X-

Omat film. ROD (relative optical density) was estimated

using ImageJ 1.45s (NIH) software. a-SMA protein lev-

els were quantified by densitometry and normalized to

the expression of GAPDH.
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Fig. 1. Effect of apigenin on the viability (A, B), morphology (C) and motility (D, E) of lung fibroblasts. Apigenin (0–20 µM) present in culture me-
dium supplemented with 10% FBS did not affect the relative number of viable IMR-90 cells (A) and HBFs derived from asthmatic patients (B)
after 7-day incubation as demonstrated by the fluorescein diacetate/ethidium bromide viability tests (A, B) and representative images of the
morphology of IMR-90 cells and HBFs cultured in the presence of 10 µM apigenin (AP; C). Likewise, the influence of apigenin (AP, 10 µM) on
the movement of IMR-90 cells and HBFs could not be detected by time-lapse analyses of their trajectories (D) and quantitative analyses of cell
movement parameters: total length of cell trajectory (µm) and total length for displacement (µm; E). Cell trajectories are presented in the form
of a circular diagram (axis scale in µm) drawn with the initial point of each trajectory placed at the origin of the plot. Values represent the mean
± SD; results are representative of three independent experiments. The lack of significant differences between control and apigenin stimulated
fibroblasts was determined by analysis of variance (A, B) and a non-parametric Mann-Whitney test (E) * p < 0.05. Bar = 50 µm



Results

Apigenin does not affect the viability of lung

fibroblasts when applied at physiologically

relevant concentrations

Apigenin was previously demonstrated to induce

apoptotic and necrotic responses in versatile cellular

systems [44]. Because remnants of necrotic cells may

evoke the inflammatory response in vivo, viability

tests were first performed in order to identify non-

cytotoxic concentrations of apigenin. As illustrated in

Figure 1A, a minute cytotoxic effect was demon-

strated only by IMR-90 cells that were exposed to

20 µM apigenin for 3 to 5 days. The impact of api-

genin on the viability of primary bronchial fibroblasts

derived from patients with asthma was even less pro-

nounced and statistically non-significant (Fig. 1B).

These data indicate that apigenin, when administered

at concentrations up to 10 µM, does not affect cell vi-

ability, which could bias our further observations. The

lack of deleterious effects of apigenin was further

verified by time-lapse and morphometric analyses

which did not reveal an effect of 10 µM apigenin on

the morphology (Fig. 1C) or motility (Fig. 1D) of

IMR-90 cells and HBFs.
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Fig. 2. Effect of apigenin on TGF-b1- stimulated FMT in IMR-90 cells and HBF populations. IMR-90 cells and HBFs derived from asthmatic pa-
tients (characterized by high susceptibility to TGF-b1-induced FMT) were cultured in DMEM supplemented with TGF-b1 (5 ng/ml), or TGF-b1
and apigenin (1–20 µM) for 7 days, and immunostained for a-SMA (green) and DNA (blue). Ten µM apigenin attenuated TGF-b1-stimulated
FMT in IMR-90 (A) and asthmatic HBF populations (B) in a dose-dependent manner as demonstrated by decreasing numbers of a-SMA – posi-
tive cells in the presence of increasing apigenin concentrations (C) and representative immunoblots showing decreased a-SMA protein levels
in apigenin-treated cell populations (D). This effect was paralleled by a distinct inhibition of cell proliferation in IMR-90, but not HBF populations
(E). Bars represent the mean values (± SD) of at least three separate experiments. Statistical significance of differences between cells stimu-
lated only with TGF-b1 and TGF-b1 with apigenin was determined by analysis of variance, * p < 0.05. Scale bar = 50 µm



Apigenin attenuates TGF-b
1
-induced FMT in

human lung fibroblast populations in a dose-

dependent manner

Since TGF-b has a central role in the inflammatory

processes of the bronchial wall leading to airway re-

modeling in asthma, and apigenin was recognized as

a bioactive flavonoid possessing anti-inflammatory

properties [1], we further focused on the interrelations

between the cytotoxic and cytostatic effects and the

interference of apigenin with TGF-b1-induced FMT in

HBFs derived from asthmatic patients. For this pur-

pose, the sensitivity of HBFs and IMR-90 cells to

apigenin-induced attenuation of FMT was compared.

Increased a-SMA positive cell fraction observed upon

TGF-b1 treatment confirmed that TGF-b1 triggered

FMT in analyzed cell populations. Apigenin de-

creased the magnitude of FMT in IMR-90 (Fig. 2A)

and HBF populations (Fig. 2B) as illustrated by

a dose-dependent reduction of a-SMA-positive cell

fractions (Fig. 2C). A considerable effect was ob-

served in HBF populations in the presence of 5 µM

apigenin, whereas 10 µM apigenin significantly in-

hibited FMT in both cell populations. This observa-

tion was further confirmed by reduced levels of

a-SMA expression in TGF-b1/10 µM apigenin-treated

IMR-90 cells and HBFs (Fig. 2D). Surprisingly, a less

prominent dose-dependent effect of apigenin on the

proliferation of HBFs than on IMR-90 cells was ob-

served across all concentrations tested (Fig. 2E).

Thus, apigenin affected TGF-b1-induced FMT in

HBF populations independently of its cytostatic and

cytoxic activity.

Apigenin interferes with FMT in HBF

populations derived from asthmatic patients

We have shown previously that the cellular model

based on primary HBFs derived from asthmatic pa-

tients enables comparative analyses of their sensitiv-

ity to extrinsic stimuli [37, 38]. Further experiments

were performed to evaluate the effect of apigenin on

FMT in HBF populations derived from asthmatic pa-

tients (n = 5) characterized by differing reactivity to

TGF-b1 (from 65% to 86% of myofibroblasts in HBF

populations after 7 day culture in medium containing

5 ng/ml TGF-b1; data not shown). We analyzed

FMT-related HBF responses in the presence of 10 µM

apigenin because at this concentration apigenin sig-

nificantly inhibited TGF-b1-induced FMT in IMR-90

and HBF populations (Fig. 2). Fibroblasts from all

analyzed HBF cultures reacted to apigenin by exhibit-

ing considerable FMT inhibition, however, the extent

of apigenin-mediated FMT attenuation varied from 20

to 63% (Fig. 3A) which corresponded to EC50 values

ranging between 2.25 and 8.84 µM. Parallel im-

munoblot (Fig. 3B) and quantitative PCR analyses

(Fig. 3C) revealed attenuating effects of 10 µM api-

genin on a-SMA expression at the protein and mRNA
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Fig. 3. Effect of 10 µM apigenin on FMT efficiency and the expression
of FMT markers in HBF populations derived from asthmatic patients.
Apigenin attenuated, albeit to a different extent, FMT in all tested HBF
populations (n = 5) as demonstrated by the relative numbers of
a-SMA – positive cells (A), densitometrically quantified a-SMA pro-
tein levels (B), and a-SMA and tenascin C mRNA levels quantified
with real-time PCR (C). Bars on graphs represent the mean values
(the means of at least three separate experiments for each culture).
The significance of differences between cells stimulated with 5 ng/ml
TGF-b1 alone and TGF-b1 with apigenin was determined by analysis
of variance, * p < 0.05



levels. In addition, apigenin significantly reduced the

expression of tenascin C (another marker of myofi-

broblasts and the asthmatic process in bronchial air-

ways [7]) at the mRNA level in all analyzed HBF

populations. These observations support the biologi-

cal relevance of the attenuating effect of apigenin on

TGF-b1-induced FMT in HBF populations and sug-

gest the possible anti-asthmatic activity of apigenin in

vivo.

Discussion

A number of epidemiological studies revealed that the

dietary uptake of flavonoids in general, and apigenin

in particular, is negatively correlated with incidence

of allergic and inflammatory syndromes including

asthma [2, 3, 39, 43]. However, the mechanisms in-

volved remain largely obscure. In particular, little was

known about the molecular interference of apigenin

with processes leading to bronchial wall remodeling

in asthma, such as TGF-b-induced FMT. This is

partly due to methodological constraints since in vivo

studies on animals and clinical samples can only pro-

vide a snapshot of the fibrotic cascade at the point of

tissue harvest. The major limitation of in vitro models

based on embryonal myofibroblastic cell lines is that

they provide casuistic data prone to bias due to epige-

netic modifications occurring during prolonged cell

expansion in vitro. Analyses of FMT dynamics within

primary HBFs expanded directly from bronchial biop-

sies of patients with asthma used in this study provide

a more natural approach. Moreover, a quantitative

comparison of the sensitivity of bronchial fibroblasts

sampled from different patients to apigenin in fully

controlled experimental conditions is possible. We

have recently shown that these cells retained inherent

features facilitating their FMT in response to external

stimuli, such as TGF-b [37, 38]. Here, we demon-

strate that apigenin attenuates TGF-b1-induced FMT

in populations of HBFs derived from asthmatic pa-

tients at a rate comparable to the effect on embryonal

myofibroblastic IMR-90 cells.

Induction of FMT in HBFs and IMR-90 cells by

exogenous TGF-b1 mimics the in vivo asthmatic pro-

cess triggered by local secretion of TGF-b within the

inflammatory milieu. Our observations suggest that at

the single-cell level, apigenin reduces the probability

of HBF entry into the FMT program. Thus, these data

add TGF-b1-signaling in HBFs derived from asth-

matic patients to the long list of apigenin targets and

indicate that this flavonoid may attenuate in vivo

airway wall remodeling via a TGF-b desensitizing

effect on the HBFs. Importantly, attenuation of

TGF-b1-induced FMT was observed in all analyzed

HBF populations in the presence of low (~10 µM),

non-cytotoxic and non-cytostatic apigenin concentra-

tions, corresponding to those expected for flavonoids

in sera of patients after prolonged dietary uptake of

these compounds [28, 49]. This observation demon-

strates that the attenuating effect of apigenin on phe-

notypic transitions in the analyzed cell populations is

independent of its cytotoxic activity. Altogether, we

demonstrate for the first time that apigenin may affect

TGF-b1-induced FMT without exerting side-effects

on other properties of HBFs. This is important since

HBFs are crucial for the maintenance of bronchial

wall homeostasis [35, 48] and their apoptosis and/or

necrosis might result in inadequate responses of the

immune system, instigating secondary inflammation.

Apigenin was previously suggested to attenuate fi-

brotic changes in other tissues (kidney, liver) via di-

rect inhibitory effects on the function of the immune

system and/or inhibition of production and secretion

of pro-inflammatory cytokines such as TNF-a [30]

and TGF-b1 [18]. However, our data indicate that api-

genin directly interferes with the activity of the

TGF-b-dependent signaling pathway. This is not sur-

prising since this flavonoid displays considerable

pleiotropy. It targets the activity of a number of secon-

dary messengers, including those potentially involved

in cell reactions to TGF-b1, such as NF-kB [27], PKC

[4], FAK [14, 25], MAPK/ERK [26] and PI3K-Akt

[45] in a cell context-dependent manner. Apigenin

was shown to suppress PDGF-induced vascular

smooth muscle cell activation through the blockade of

downstream signal transduction, including STAT,

ERK1/2 and Akt [19]. Importantly, the relevance of

the Akt-dependent pathway for the reactions of HBFs

described in this study is supported by the data of

Ricupero et al. [42], who demonstrated that the inhibi-

tion of Akt signaling by apigenin, but not MAP and

SMAD2-dependent pathways, predominantly ac-

counts for its inhibitory effect on the expression of

myofibroblastic markers (a-SMA and type I collagen)

in populations of IMR-90 cells exposed to TGF-b.

Although further research is necessary to identify

the mechanisms of HBF reactivity to apigenin, our
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observations suggest therapeutic benefits of apigenin

in the prevention of bronchial asthma remodeling.

Specifically, we demonstrate that apigenin can inter-

fere with the events directly involved in fibrotic

changes. Because other flavonoids such as luteolin

were found to affect fibrotic processes in a similar

way to apigenin [9], these findings may facilitate the

development of new therapeutic approaches based on

plant polyphenolic compounds aimed at the preven-

tion of bronchial wall remodeling during asthma pro-

gression.
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