
Submit Manuscript | http://medcraveonline.com

Abbreviations: BAL, bronchoalveolar lavage; BSA, bovine 
serum albumin; Bt, blomia tropicalis; CA, caffeic acid; Dex, dexa-
metazone; ELISA, enzyme-linked immunosorbent assay; EPO, eo-
sinophil peroxidase; FCS, fetal calf serum; Ig, immunoglobulin; IN, 
intranasal route; IL, interleukin; PWM, pokeweed mitogen; RT, room 
temperature; SC, subcutaneous route; VO, oral route

Introduction
Asthma is a common allergic inflammatory disease on the 

respiratory tract1 which may affect all age groups, in particular, kids 
where the prevalence ranges from 14.1% for 13-14-year age group 
and 11.7% for 6-7-year old2 being the leading cause of hospitalizations 
among young children.3 Allergic asthma is characterized by a high 
immunoglobulin E (IgE) production by B cells, intense cell influx into 
the lungs, where eosinophils are the most important cell type found, 
increased mucus production, airway hyperresponsiveness (AHR), 
reversible airway obstruction, and lung tissue remodeling.4,5 Mites are 
a major cause of allergy all over the world, but there are geographic 
differences in distribution of mites and in the prevalence of mite 
sensitization,6 and in tropical and subtropical areas Blomia tropicalis 
allergens are among the most frequent sensitizer agents.7 Exposure 
to B. tropicalis allergens in the airway produces a Th2-dominated 

response by recruiting and activating inflammatory cells including 
eosinophils, and increases the levels of IL-4, IL-5 and IL-13.8 The 
occurrence of these markers is commonly associated with allergic 
asthma pathophysiology.9

Corticosteroids, b2-adrenergic agonists, phosphodiesterase (PDE) 
inhibitors and leukotriene receptor antagonists are the most common 
drugs used to treat asthma and other allergic respiratory diseases. 
These drugs control the illness symptoms but also induce long-
term side effects, such as osteoporosis, growth stunting in children, 
hyperglycemia and hypokalemia.10 Therefore, new alternative 
treatments are needed to improve these diseases control.

Natural phenolic compounds are present in considerable amounts 
in the human diet. Phenolic acids can be classified into two groups 
according to the structure attached to the phenol ring:

i. hydroxybenzoic acids 

ii. hydroxycinnamic acids.11 

The caffeic acid (CA) is one of the major representative 
hydroxycinnamics acids widely distributed in plant tissues, present in 
foods such as fruits, spices, vegetables, wine, olive oil, and coffee.12
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Abstract

Background: Atopic asthma is a chronic airway inflammatory disorder, which is 
characterized by reversible airway obstruction, airway hyper responsiveness and 
production of Th2-dominated response with the production of cytokines IL-4, IL-5 
and IL-13. The most common drugs used to treat allergic respiratory diseases, control 
their symptoms, but also induce long-term side effects. Therefore, in order to mitigate 
these effects, new treatments with alternative drugs must be pursued to improve 
asthma control. Among several compounds investigated by the scientific community, 
caffeic acid (CA), a phenolic acid has shown important biological properties, such 
as antioxidant and anti-inflammatory. In this study we investigated the antiallergic 
effects of caffeic acid on inflammatory cytokines, in vitro, and in a murine model of 
experimental asthma induced by the Blomia tropicalis extract (Bt).

Methods: We measured the concentration of cytokines (IL-4, IL-5 and IL-13) on 
spleen cell culture supernatants in vitro, using 25, 50 or 100 μM of CA. For in vivo 
experiments, AJ mice were sensitized (100µg/ animal s.c) and challenged (10μg/ 
animal i.n) with Bt. Sensitized A/J mice were treated or not with CA (10, 100 or 
200mg/Kg) or with 3mg/kg of Dexametazone (Dex) and the following parameters 
were analyzed: number of total cells in bronchoalveolar lavage (BAL); eosinophil 
peroxidase activity (EPO) in BAL; serum level of specific IgE, IgG1 and IgG2a; and 
histopathological changes in the lungs.

Results: The CA oral treatment caused a reduction in total number of cells in BAL, EPO 
in lungs, serum level of specific IgG1 and histopathological changes showed attenuate 
allergic inflammation in the lungs. Additionally, we observed a significant decrease of 
Th2-type cytokines (IL-4, IL-5 and IL-13) on spleen cell culture supernatants.

Conclusion: These results suggest that oral treatment with caffeic acid could be a 
promising alternative treatment for bronchial asthma. 

Keywords: caffeic acid, polyphenols, allergy, experimental asthma, blomia 
tropicalis, inflammation, anti asthmatic drugs
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Some biological activities of CA have been reported in the literature, 
such as: antioxidant,13 anticolitic,14,15 antinociceptive16 and analgesic.17 
Furthermore, the CA seems to have antiinflammatory effects due to 
the suppression of proinflammatory cytokines production such as IL-
1b , IL-6 and TNF-α,18 and also through the inhibition of vascular 
permeability, possibly, by an inhibition of histamine release from mast 
cells19 and leukotriene biosynthesis inhibition.20 Some authors also 
suggest that this molecule may suppress the activation of transcription 
factors such as NF-kB and inhibit the intracellular signaling cascades 
such as MAPK.21–23 Regarding to its antiallergic activity, we have 
recently found that the specie Ocimum gratissimum (Og) has an 
important immune modulatory effect on experimental asthma model 
and one of the polyphenol compounds found on O. gratissimum is the 
CA.24 However, few studies were found exploring the anti allergic 
potential of CA.

Considering the lack of effective drug to treat allergic asthma 
and based on the possible antiallergic effect of CA, we investigated 
in this paper the effects of caffeic acid in an experimental model of 
respiratory allergy to Blomia tropicalis, in order to further explore 
its possible effect as antiallergic agent for the treatment of allergic 
diseases.

Materials and methods 

Animals 

Male AJ mice (25-30g) were used throughout the study. Animals 
were maintained with free access to food and water. They were 
obtained from the animal facilities of the Fundação Oswaldo Cruz, 
Bahia, Brazil. Groups of 5 animals were used in each experiment. All 
the experimental procedures were approved by the Ethical Committee 
for Use of Experimental Animals of the Faculdade de Odontologia, 
Universidade Federal da Bahia, and Brazil and conducted according 
to international standards.

Blomia tropicalis extract 

The B. tropicalis mites were cultivated in a fish food-containing 
standardized environment, purified with saturated NaCl and filtering in 
a 20Mm pore size metal sieve, and lysed in 0.15M phosphate-buffered 
saline, pH 7.4 (PBS), in a blender (51BL30 - Waring Commercial, 
Torrington, CO, USA). After several centrifugations with ether (9000g 
for 10min), for removal of lipids, the protein content was determined 
by Lowry’s method25 and the extract was stored at -20°C until use. 
The B. tropicalis extract (Bt) was standardized by determining the 
Blo t 5 allergen concentration using a commercial capture ELISA 
(INDOOR Biotechnologies, Charlottesville, VI, USA). All used Bt 
batches contained 30-40ng of this allergen per µg of extra.

Sensitization and challenge with Blomia tropicalis 
antigen

The murine model of respiratory allergy was induced as we 
previously described.8 Briefly, A/J mice (n=5) were initially sensitized 
with two subcutaneous injections (day 0 and day 7) of Bt (100µg of 
protein), adsorbed to 4mg/mL of Al(OH)3 in saline (Figure 1). Twenty-
four hours after the last subcutaneous injection, the animals received 
three intranasal boosters/challenges with Bt (10µg/instilation) every 
other day (Figure 1). A negative control group received saline in 
both sensitization and challenge procedures. Twenty-four hours after 
the last challenge, the animals were euthanized with intraperitoneal 
injections of xilazine and ketamine (40 mg/kg/body weight).

Figure 1 Effect of treatment with caffeic acid (CA) in the numbers of 
inflammatory cells, mainly eosinophils, in the airways of Blomia tropicalis 
extract (Bt)-immunized and challenged mice. (A) number of leukocytes in the 
bronchoalveolar lavage (BAL) (B) number of eosinophils in the BAL (C) levels 
of EPO in the BAL;. Groups: Control, vehicle-treated animals; Bt, Bt-sensitized 
and challenged, and vehicle-treated mice; Bt/CA10; Bt/CA100; Bt/CA200, Bt-
sensitized and 10, 100 or 200mg/kg of CA-treated mice, respectively; Bt/Dex3, 
Bt-sensitized and 3mg/kg Dex-treated mice. Columns represent the mean 
values of the results obtained from five animals, and error bars represent the 
standard error from the means. ###p< 0.001 vs control; ***p< 0.001 vs Bt 
group. ANOVA-Tukey.

Treatment with caffeic acid

Caffeic acid (CA) or 3,4-Dihydroxycinnamic acid was purchased 
from Sigma-Aldrich. The different groups were treated orally and 
daily from the 8th to the 14th day of the experimental protocol, one 
hour after the intranasal challenges with 10, 100 or 200mg/kg of 
CA, and/or with 3mg/kg of Dexametazone (Dex) (Figure 1). The 
groups of animals were named as: Control, non-sensitized and saline-
treated mice; Bt, Bt-sensitized mice; Bt/CA10; Bt/CA100; Bt/CA200, Bt-
sensitized and 10, 100 or 200mg/kg of CA-treated mice, respectively; 
Bt/Dex, Bt-sensitized and Dex-treated mice.

Bronchoalveolar Lavage (BAL) collection and cell 
counting

The trachea was canulated and the lungs were carefully washed 
three times with 0.5mL of phosphate buffered saline, pH 7.4 (PBS) 
containing 1% of bovine serum albumin (BSA) (Sigma Aldrich®). The 
total number of leukocytes in the BAL was immediately determined 
in a hemocytometer, using Trypan blue. Differential cell counts 
were obtained by using May–Grunwald–Giemsa - stained cytospin 
preparations. A differential count of at least 100 cells was made in a 
blind fashion in accordance with standard morphologic criteria.

Eosinophil peroxidase (EPO) activity 

The EPO activity in the cells obtained from the BAL was measured 
according to a previously described method.26 Briefly, cell suspensions 
were frozen and thawed three times in liquid nitrogen. After 
centrifugation at 4°C for 10min at 1000g, the cell lysates were placed 
into wells of 96-well plates (75µL/well), followed by the addition 
of 150μL of the chromogen and substrate solution (1.5mmol/L of 
o-phenylenediamine and 6.6mmol/L of H2O2 in 0.05 mol/L Tris-HCl, 
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pH 8.0). After 30min at room temperature, the reaction was stopped 
with the addition of 75µL of 0.2mol/L citric acid, and the absorbance 
of the samples determined at 492nm in an ELISA reader.

Measurement of Bt-specific IgG1, IgG2a and IgE 
antibodies in serum

Serum antibody levels were determined by ELISA using samples 
collected 24hours after the last Bt-challenge. In brief, wells of a 96-
well microtitre high-binding plate (Costar®) were coated with Bt 
(100µg/mL) overnight, at 4°C. The wells were washed 3 times with 
PBS containing 0.05% Tween 20 (PBS-T) and blocked during one 
hour with PBS-T containing 10% fetal calf serum (FCS), at room 
temperature (RT). After several washes with PBS-T, the mouse sera 
were added and incubated overnight at 4°C. After this incubation 
period and washes, a biotin-conjugated rat anti-mouse IgE, IgG1 or 
IgG2a (BD Pharmingen, San Diego, CA, USA) was added in each 
well and incubated during one hour at RT. A solution of avidin-
horseradish peroxidase (BD Pharmingen, San Diego, CA, USA) was 
then added to each well during 30min. After washings, a solution 
containing 3,3′, 5,5′-tetramethylbenzidine and hydrogen peroxide was 
added and incubated during 30min at RT and the reaction was stopped 
with 4M sulfuric acid.

Lung histopathological analysis 

The degree of peribronchiolar and perivascular inflammation was 
evaluated as described previously.27 Briefly, lung tissues were fixed 
by inflation with freshly prepared 10% (v/v) paraformaldehyde. The 
specimens were dehydrated and embedded in paraffin. Tissue sections 
(5µm) were stained with haematoxylin and eosin, for the assessment of 
cellular infiltration under optical microscopy with 200x magnification 
using the software Image-Pro Plus Version 7.0 (Media Cybernetics, 
San Diego, CA, USA). Additionally, tissue sections were stained with 
periodic acid-Schiff to assess mucus presence.

Cytokines production on spleen cells culture 

Spleens were removed aseptically and teased to prepare a single-
cell suspension. The splenocytes were incubated at 2.5x106cells/mL 
in complete RPMI supplemented with 5% fetal bovine serum, 2mM 
glutamine, 50mM, 100U/mL peni cillin and 1µg/mL streptomycin 
medium. Following they were incubated with 5µg/mL of PWM with 
or without CA at concentrations of 100, 50 or 25µM for 72h at 37°C, 
5% CO2. After 72 hours of cultivation, the supernatants were collected 
and IL-13 and IL-5 levels were determined by ELISA as recommended 
by the manufacturer (BD Pharmingen, USA). Cell proliferation was 
estimated based on MTT-tetrazolium method.

Statistical analysis

The data normality was determined by the Kolmogorov–Smirnov 
test. The one-way analysis of variance (ANOVA) and Tukey’s 
post-test have been applied to determine the statistical significance 
between the experimental groups. Differences in p values ≤ 0.05 were 
considered statistically significant. Each experiment was repeated at 
least two times.

Results
Treatment with caffeic acid (CA) reduces the Bt-
induced eosinophilia and eosinophil peroxidase (EPO) 
levels in BAL

To assess the effects of CA on the eosinophilic exudate in BAL 
of the Bt-sensitized and challenged mice, the presence of cells in the 

BAL was assessed 24hours after the last challenge. Bt-challenged 
mice displayed a significant increase in total cells, eosinophils, and 
EPO activity when compared to the control group (p<0.001) (Figure 
1A- 1C). Oral administration of 100 and 10mg/kg of CA, daily and 
one hour after the Bt challenges, significantly suppressed the total 
inflammatory cells, the number of eosinophils and also decreased EPO 
activity, in relation to the untreated Bt-immunized and challenged 
mice (p<0.001) (Figure 1A- 1C). Oral administration of 200mg/kg 
of CA did not modify the number of total inflammatory cells and did 
not suppress the number of eosinophils while the treatment with 3mg/
kg of Dex, suppressed total leukocytes, eosinophils and EPO activity 
in BAL.

Treatment with caffeic acid (CA) ameliorates the 
pathological changes in lungs of Bt-immunized animals

Inflammatory modifications of lung histology are illustrated 
in Figure 2A–2F. In the vehicle control mice, the airway and 
peribronchovascular space were essentially normal Figure 2A. In 
contrast the Bt-immunized mice group had significant influx of 
inflammatory cells Figure 2B. Treatment with 10 and 100mg/kg 
of CA (Figure 2C) and (Figure 2D) respectively, and Dex (Figure 
2F) markedly reduced the inflammatory cell infiltration within the 
peribronchiolar and perivascular regions. The administration of 
200mg/kg of CA (Figure 2E) did not modify the bronchial architecture 
compared to the Bt-immunized mice.

Figure 2 Effect of the treatment with caffeic acid (CA) on recruitment 
of leukocytes in lung tissues of mice sensitized with Blomia tropicalis 
extract (Bt). Sections were stained with hematoxylin and eosin staining 
(magnification×200). (A) Lung section from a control, saline-treated mice (B) 
Lung section from a Bt- immunized and challenged, saline-treated mice (C) 
Lung section from a Bt-immunized and challenged, 10 (C), 100(D) and 200mg/
kg (E) CA-treated mice (F) Lung section from a Bt-immunized and challenged, 
3mg/kg Dex-treated mice. Scale bar, 100μm.

Treatment with caffeic acid (CA) reduces the amount 
of mucus in the airways

To evaluate airway hypersecretion of mucus and goblet-cell 
hyperplasia, we stained lung sections with PAS. Goblet-cell hyperplasia 
was significantly induced in the airway (mucus overproduction was 
clearly observed as a violet color) in Bt- immunized and challenged 
mice (Figure 3B), compared to the control group (Figure 3A). 
Treatment with 10 (Figure 3C) and 100mg/kg (Figure 3D) of CA and 
3mg/kg of Dex (Figure 3F) suppressed mucus hypersecretion in the 
lung tissue in relation to the untreated Bt-immunized and challenged 
mice. However, the oral treatment with 200mg/kg of CA (Figure 
3E) did not affect the architecture bronchial compared to the Bt-
immunized mice.
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Figure 3 Effect of treatment with caffeic acid (CA) on the production of 
mucus in the lung tissue of mice sensitized with Blomia tropicalis extract 
(Bt). Sections were stained with periodic acid-Schiff (magnification×200). (A) 
Lung section from a control, saline-treated mice (B) Lung section from a Bt- 
immunized and challenged, saline-treated mice (C) Lung section from a Bt-
immunized and challenged, 10 (C), 100 (D) and 200mg/kg (E) CA-treated mice; 
(F) Lung section from a Bt-immunized and challenged, 3mg/kg Dex-treated 
mice. Scale bar, 100μm.

Treatment with caffeic acid (CA) does not change the 
levels of Bt-specific IgE antibodies in the sera of Bt-
immunized mice

The IgE concentration in serum was significantly increased in 
the Bt-sensitized and challenged mice compared to the control group 
(###p<0.001); (Figure 4). However, the treatment with caffeic acid 
(CA) did not change the levels of Bt-specific IgE antibodies in the 
sera of Bt-immunized mice. Only the treatment with 3mg/kg of Dex 
decreased serum IgE concentrations of Bt-immunized and challenged 
mice (***p<0.001) (Figure 4).

Figure 4 Levels of anti-Blomia tropicalis (Bt) IgE antibodies in Bt-immunized 
mice and treated with caffeic acid (CA). Antibody levels were measured 
by indirect ELISA. Control, vehicle-treated animals; Bt, Bt-sensitized and 
challenged, and vehicle-treated mice; Bt/CA10; Bt/CA100; Bt/CA200, Bt-
sensitized and 10, 100 or 200mg/kg of CA-treated mice, respectively; Bt/Dex3, 
Bt-sensitized and 3mg/kg Dex-treated mice. Columns represent the mean 
values of the results obtained from five animals, and error bars represent the 
standard error from the means. ###p< 0.001 vs control; ***p<0.001 vs Bt 
group. ANOVA-Turkey.

Treatment with caffeic acid (CA) decreases the levels 
of Bt-specific IgG2a and does not change Bt-specific 
IgG1 antibodies in the sera of Bt-immunized mice

Serum concentrations of Bt-specific IgG1 and IgG2a were 
measured. Bt sensitization and challenge elevated the levels of Bt-
specific IgG 1 and IgG 2a (p<0.001; Figure 5 A and *p<0.05; (Figure 
5A) compared to control, but IgG1 seems to have much higher titers 
in this model (see O.D.). The administration of 100mg/kg of CA 
and 3mg/kg of Dex significantly lowered the levels of Bt-specific 
IgG1 in relation to the untreated Bt-immunized and challenged mice 
(p<0.05; p<0.001, respectively); (Figure 5A). However, the treatment 
with caffeic acid (CA) did not change the levels of Bt-specific IgG1 
antibodies in the sera of Bt-immunized mice (Figure 5B).

Figure 5A-5B Levels of anti-Blomia tropicalis (Bt) IgE antibodies in Bt-
immunized mice and treated with caffeic acid (CA). Antibody levels were 
measured by indirect ELISA. Control, vehicle-treated animals; Bt, Bt-sensitized 
and challenged, and vehicle-treated mice; Bt/CA10; Bt/CA100; Bt/CA200, Bt-
sensitized and 10, 100 or 200mg/kg of CA-treated mice, respectively; Bt/Dex3, 
Bt-sensitized and 3mg/kg Dex-treated mice. Columns represent the mean 
values of the results obtained from five animals, and error bars represent the 
standard error from the means. ###p<0.001 vs control; ***p<0.001 vs Bt 
group. ANOVA-Turkey.

Treatment with caffeic acid (CA) reduces the levels of 
IL-4, IL-5 and IL-13 in spleen cells cultures

The cytokine profile was measured in the supernatants of spleen 
cells cultures. Our results have shown that PWM increased the levels 
of IL-4, IL -5 and IL-13 compared with control in culture (Figure 6A-
6C). CA decreased PWM-induced IL-4, IL -5 and IL-13 production 
at all concentrations ((Figure 6A-6C), but did not affect cell viability 
(data not shown).

Figure 6A-6C Effect of caffeic acid (CA) on IL-13, IL-5 and IL-4 production 
by cells stimulated with PWM. Spleen cells were incubated with 5μg/mL of 
PWM with or without CA at concentrations of 100, 50 or 25μM. IL-13, IL-5 
and IL-4 quantification was done by sandwich ELISA. Columns represent the 
mean values of the results obtained from six animals, and error bars represent 
the standard error from the means. ###p<0.001 vs control. *p<0.05, **p<0.01 
and ***p<0.001 vs Bt group. ANOVA-Turkey.
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Discussion
Asthma is an immune-mediated disorder characterized by airway 

hyperresponsiveness), eosinophilic airway inflammation and increased 
mucus secretion. T-helper type 2 (Th2) cells were dominant in the 
airways and Th2 cytokines such as IL-4, IL-5 and IL-13 play a pivotal 
role in the pathophysiology of asthma.28 Caffeic acid shows various 
biological properties, decreasing some inflammatory parameters,18 
such as leukotriene biosynthesis inhibition20 and anti-asthmatic 
effects in guinea-pigs challenged with aerosolized ovalbumin.29 In 
this study, using a murine model of allergic airway disease induced by 
the sensitization to a common aeroallergen, the Blomia tropicalis mite 
extract,8 we demonstrated that the caffeic acid, a phenolic acid found 
in fruits and vegetables, significantly reduced the total inflammatory 
cells and the number of eosinophils, EPO activity, mucus secretion 
and serum Bt-specific IgG1 concentration. In vitro, CA demonstrated 
to decrease the production of IL-4, IL-5, and IL-13 in the supernatants 
of spleen cells cultures, indicating its effect in attenuating the Th2 
inflammatory response.

The infiltration of lung inflammatory cells, especially of 
eosinophils, is indication of asthma inflammatory events and the 
severity of this disease is directly related to the degree of eosinophilia.30 
Eosinophil recruitment, and their subsequent activation in the airways, 
is regulated mainly by IL -5 and IL-13, as well as chemokines and 
adhesion molecules such eotaxin.31 Infiltration of eosinophils into 
the airways is linked to the production of IL-5, which is important 
for eosinophil proliferation, activation, and migration,4 leading to the 
release of major basic protein, cysteinylleukotrienes, and eosinophil 
peroxidase that contributes to the lung tissue damage and airways 
hyper-reactivity.32 A previous study has shown that eosinophilic 
inflammation does not develop in the absence of IL-5.33 Eotaxin 
serves as an eosinophil chemoattractant and its prodution by airway 
epithelial cells is strongly increased by IL-13.34 Our results showed 
that CA decreases number of leukocytes, number of eosinophils 
and levels of EPO in the bronchoalveolar lavage (BAL). These 
observations may be explained by the reduction in Th2 cytokines, 
IL-5 and IL -13, since CA treatment led to lower level these cytokines 
in vitro. Airway mucus hyper secretion associated with goblet cell 
hyperplasia and metaplasia is a common feature of asthma that can 
be assessed in murine airway disease models by histological analysis 
of the airway epithelium.35 Studies have demonstrated that tissue 
inflammation, mucus hyper-production and goblet cell hyperplasia 
are induced by IL-13.36 Therefore, in the present study, caffeic acid 
inhibits production of IL-13 in splenocyte cultures, which would 
explain the reduction of mucus secretion in the lungs of treated mice. 
Previous studies have shown that neutralization of IL-13 inhibits 
mucus cell up regulation35 which corroborates our results.

Th2 cytokines, including IL-4, IL-5, and IL-13, have been 
demonstrated to play an important role in the pathogenesis of airway 
inflammation.31 IL-4 promotes the differentiation and proliferation 
of Th2-type T cells, and the switching of B cells to produce IgG1 
and IgE iso types antibodies.37 In the present study, the serum level 
of Bt-specific IgG1 in Bt-sensitized mice was significantly reduced 
by administration of CA. The production of IL-4, from isolated 
splenocytes incubated in the presence of PWM, was remarkably 
inhibited by the addition of CA, and the modulation on IgG1 could 
be related the decrease in IL-4. The biological activities of IgE 
are mediated through high-affinity IgE receptors (FcεRI) on mast 
cells and basophils.32 When allergens combine with IgE and mast 

cells, mast cells are activated and release histamine to cause severe 
allergic reactions.1 In the present study, our data have also shown no 
significance difference of Bt-specific IgE in Bt-sensitized mice treated 
with CA. We hypothesized that the CA can decrease the expression of 
FcεRI receptors on mast cells or CA can bind to IgE receptors on mast 
cell, preventing degranulation and reducing inflammatory process,38 
which explains the high levels of this immunoglobulin free in serum.

In summary, the administration of CA in this mouse asthma model 
significantly decreased the number of inflammatory cells, eosinophils 
and EPO in the bronchoalveolar lavage (BAL) and lung tissues. 
Furthermore, the modulation of IL-4, IL-5 and IL-13 may be related 
to CA anti-inflammatory activity in Bt models. The mechanism 
whereby CA modulate cytokine production and inflammation in Bt 
models is not completely elucidate and further studies aiming to 
disentangle these findings are needed. Our findings suggest that CA 
may effectively inhibit the progression of airway inflammation of 
allergic asthma.
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