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ABSTRACT 

Asthma is a disease characterized by airway chronic 
inflammation and bronchial hyperactivity, involving 
the imbalance of oxidative and antioxidative agents. 
There is an increased free radical generation and a 
decreased antioxidant enzyme activity, which corre-
late with the severity of the disease. The oxidative 
stress triggers specific physiopathological changes in 
the respiratory tract as a result of proinflammatory 
molecule formation, such as isoprostanes and PAF- 
like lipids. The synthesis of these mediators is de-
pendent on the availability of lipid substrates, such as 
PUFAs, which are present in cell membranes. There-
fore, lipid oxidation may have an important role in 
the perpetuation and amplification of the asthmatic 
inflammatory response. This article will make con-
siderations about how oxidative stress contributes to 
asthma pathogenesis. 
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1. INTRODUCTION 

Asthma is a chronic inflammatory disease associated with 
oxidative and antioxidative disequilibrium. High oxygen 
levels of the pulmonary environment render it suscepti-
ble to oxidative stress reactions. Products generated in 
this condition, such as reactive oxidative species (ROS) 
and reactive nitrogen species (RNS), are biomarkers for 
disease progression [1]. 

ROS can be formed in metabolic reactions, such as in 
the mitochondrial electron transport during respiration. 
Ozone and air particulates, including pollutants such as 
cigarette smoke, represent another source of ROS gen-
eration that affects airways [2]. Regarding the airway 
inflammatory process such as asthma and chronic ob-
structive pulmonary disease, there is an increased pro-
duction of ROS by inflammatory cells activation [3]. 
Therefore, ROS production, irrespective of its origin,  

becomes an important focus for therapeutic intervention. 
This review will discuss the involvement of oxidative 

stress on asthmatic inflammation, aiming to consider the 
following question: does the modification of pulmonary 
oxidative status could affect the pathological feature of 
asthma? The displayed question is relevant since oxida-
tive stress significantly influences the pathogenesis of 
asthma. It makes one take into account the requirement 
of an antioxidant therapy in association to the traditional 
drug treatments. 

2. GENERATION OF LIPID MEDIATORS 
IN ENZYMATIC AND 
NON-ENZYMATIC PATHWAYS 

2.1. Enzymatic Pathways 

The main lipid mediators of asthmatic inflammation pro-
duced from arachidonic acid are prostaglandins, leukot-
rienes, thromboxanes and prostacyclins. It is well known 
that the bioactive eicosanoids biosynthesis is precisely 
regulated by several enzymes. Phospholipase A2 hydro-
lyzes the sn-2 ester bond of membrane phospholipids, 
releasing arachidonate. This fatty acid is then metabo-
lized by enzymatic systems as cyclooxygenases (COX) 
and lipoxygenases (LOX) that results in aforementioned 
eicosanoids formation [4]. 

Besides COX and LOX-derived substances, another 
lipid mediator that plays a central role in asthma is the 
Platelet Activating Factor (PAF). PAF synthesis is a 
highly regulated enzymatic pathway and usually involves 
a two-step mechanism [5]. There is an initial esterifica-
tion of a lysophosphatidylcholine at the sn-2 glycerol 
skeleton position. Later, bioactive PAF is produced by 
acetyl transferase acetylation [6]. PAF is a biologically 
active phospholipid [6] and one of the most potent proin-
flammatory mediator identified to date [7]. The correla-
tion of PAF and asthmatic pulmonary inflammation is 
pointed out by the demonstration that PAF level is in-
creased in asthmatic patients and decreased after immu-
notherapy [7-9]. 
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2.2. Non-Enzymatic Pathways 

The oxidative stress observed in asthma makes the envi-
ronment conducive to oxidative reactions producing 
omega-6/omega-3 polyunsaturated fatty acids (PUFAs)- 
derived inflammatory mediators [10]. Thus, one may 
consider that non-enzymatic reactions or without regula-
tion by antioxidant systems may be an important source 
of inflammatory mediators in asthma. 

Lipoperoxidation occurs as a chain reaction initiated 
by free radicals formation on the fatty acid esterified to 
the phospholipid [11]. It propagates by reacting to an 
oxygen molecule and result in a lipid peroxyl radical, 
which is capable of abstracting hydrogen from another 
PUFA [12]. A great quantity of lipid hydroperoxides is 
produced, which are degraded in subsequent reactions 
[13]. Thus, various chemical species are formed, among 
them some species with proinflammatory activity [6], as 
isoprostanes and PAF-like molecules. 

Isoprostanes. The isoprostanes are prostaglandin-like 
compounds formed from the free radical-catalyzed per-
oxidation of PUFAs, especially arachidonic acid, without 
the action of COX [1]. Their structural similarity to 
prostanoids (prostaglandins and thromboxanes) make 
them capable to activate thromboxane (receptor TP) [1, 
13,14] and prostaglandins receptors (receptors FP, EP1-4) 
[1], explaining their biological activity [13,14]. There-
fore, isoprostanes may exert many physiopathological 
effects, such as airway smooth muscle tonus regulation 
and hyperresponsiveness [1,13], pulmonary vasoconstric-
tion [14] and plasma exudation in alveolar microenvi-
ronment [13]. These effects are compatible with asthma 
features. Indeed, high levels of F2-isoprostanes have 
been observed in animal models of asthma and in asth-
matic patients. Additionally, the severity of asthma is 
positively associated with the concentration of 8-iso- 
PGF2α (8-iso-prostaglandin F2α) [13]. 

Isoprostanes modulate airway smooth muscle cell func-
tion by the regulation of the chemokines production. It 
was shown that they may promote the increase in G- 
CSF-induced (granulocyte colony stimulating factor) IL- 
1β in human airway smooth muscle cells [1]. This is a 
significant role of isoprostanes, since it represents an 
indirect pathway of inflammatory response amplification. 
Other important activities of isoprostanes in the inflam-
matory process are: stimulation of macrophage and neu-
trophil adhesion to endothelial cells, augmentation of 
macrophage IL-8 expression and increase of the vascular 
permeability [1]. Therefore, the complexity and multi-
plicity of isoprostanes actions may represent a focus of 
interest in the research for asthma management and new 
treatment therapies. 

PAF-like. A PAF mimetics molecule with important 
proinflammatory effects generated non-enzymatically from 

phosphatidylcholine. Some decades ago, Smiley [15] car-
ried out an experiment consisted of l-palmitoyl-2-ara- 
chidonoyl-sn-glycero-3-phosphocholine fragmentation by 
an uncontrolled free radical-catalyzed reaction. This proc-
ess generated several lipid fragments, which were capa-
ble of activating polymorphonuclear cells. The hydroly-
sis of the sn-2 residue of these fragments by PAF ace-
tylhydrolase avoided their biological activity. In the 
same study, it was found that neutrophil activation is 
completely blocked by a specific antagonist of PAF re-
ceptor. Therefore, Smiley [15] evidenced that oxidation 
of phospholipids containing acyl residues (PUFA) at the 
sn-2 position generate molecules with PAF-like biologi-
cal activity. In their study, Smiley [15] already suggested 
that PAF-like phospholipids may be generated under 
pathological conditions in which ROS play an essential 
role [15]. Currently, the participation of PAF-like mole-
cules in many conditions is well established, such as in 
atherosclerosis and asthma [8,16]. 

In spite of being less potent than PAF, PAF-like lipids 
are generated in high quantities and in an uncontrolled 
manner, rendering their action important in inflammation 
[17]. In asthma, the most important immediate activities 
of PAF include leukocyte chemotaxis and activation, 
increase of vascular permeability, vasoconstriction, bron-
choconstriction and bronchial hyperresponsiveness [5,7, 
8,18]. PAF also has long term effects [7] that determine 
the severity of asthma. It was demonstrated that in chronic 
inflammation, PAF induces airway vascular remodeling, 
caliciform cell hyperplasia and mucin gene expression 
[7]. 

3. ASTHMA: A DISEASE ASSOCIATED 
WITH OXIDATIVE STRESS  

In asthma, the inflammatory response is accompanied by 
the generation of reactive oxygen and nitrogen species 
(ROS and RNS) [19-21], a process that is regulated by 
inflammatory mediators. Among the ROS and RNS are 
superoxide anion, hydrogen peroxide, hydroxyl radical, 
perchloric acid, nitric oxide (NO) and peroxynitrite [19, 
20,22,23]. ROS and RNS are produced by inflammatory 
cells, including eosinophils, neutrophils and macrophages. 
These oxidants participate in disease progression, espe-
cially during the exacerbation of asthmatic inflammation 
[19,22]. The combination of these facts, including in-
crease in ROS and RNS, oxidative stress and non-en- 
zymatic production of inflammatory mediators, give us 
indication of the oxidative imbalance importance in 
asthma. 

Antioxidant defense. Another feature found in asthma 
is the loss of antioxidant defenses [19,20,22,24,25]. Lungs 
and blood have many enzymatic and non-enzymatic an-
tioxidants, like glutathione peroxidase (GPx), superoxide 
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dismutase (SOD), catalase (CAT), heme oxygenase, glu-
taredoxin, thioredoxin, peroxiredoxin, glutathione, caro-
tenoids, vitamins E, A and C—all with the purpose of 
counteracting oxidants toxicity [19,20,25]. Increased 
ROS and RNS lead to structural and functional protein 
modification that are biologically relevant for inflamma-
tion initiation and maintenance [19]. Such alterations 
include the reduced activity of SOD, CAT and GPx 
[19,21-23,25]. Consequently, ROS and RNS are gener-
ated in large quantities in the lungs of asthmatic subjects 
that can overwhelm the antioxidant system activity of the 
organism. It leads to an uncontrolled production of new 
reactive species even more deleterious to the organism. 
In the absence of antioxidant defenses, the reactive spe-
cies cause many forms of cell lesions, such as damage to 
DNA and to lipid membranes [21,22,26]. 

Airway smooth muscle. Airway smooth muscle im-
portance goes beyond its contractile function, since it can 
contribute to the chronic inflammatory process and par-
ticipate in the remodeling of airways [3]. Its relevance 
derives from the fact that smooth muscle cells can ex-
press and produce cytokines and chemokines [3,13], in-
teract with extracellular matrix proteins and, in some 
circumstances, produce collagen [3]. In the context of 
oxidative stress, it can generate inflammatory mediators 
that interfere with parameters such as: smooth muscle 
contraction, airway hyperreactivity, mucus hypersecre-
tion, epithelial desquamation and vascular exudation [13]. 
Therefore, the effects of oxidative stress on airway smooth 
muscle are significant in the chronic inflammatory proc-
ess observed in asthma. 

Intracellular signaling pathways. Under pathological 
conditions, intense ROS production by cells can cause 
changes in signal transduction and in gene expression 
[27]. Oxidative stress activates transcription factors, such 
as NF-κB and AP-1, and signaling pathways that culmi-
nate with the expression of several proinflammatory 
genes [3]. Some signaling pathways activated by ROS 
are: extracellular signal regulated kinases (ERKs), c-Jun 
N-terminal kinases (JNKs), p38 MAP kinases (MAPKs), 
Protein Kinase C (PKC), Phosphatidylinositol 3-kinases 
(PI3K/Akt) and thyrosine kinase growth factor receptors 
[27]. Thus, ROS play an important physiopathological 
role as second messenger [27], with changes in inflam-
matory response. 

In summary, in asthmatic inflammation there is an in-
creased ROS and RNS production and a decreased anti-
oxidant system activity, which has consequences in air-
way smooth muscles reactivity. These reactive species 
also act as markers of the asthma intensity and exacerba-
tion, in addition to being correlated with disease severity. 
Its relevance as a biomarker is justified by the fact that 
they interfere with parameters that characterize the asth-
matic inflammation. 

4. PERSPECTIVES 

As discussed above we conclude that oxidative stress can 
interfere directly in several aspects of asthmatic inflam-
mation, increasing the severity of the pathology. If PU-
FAs are components of membrane phospholipids, the 
attack of these structures by reactive species can generate 
proinflammatory molecules, which are key regulators of 
allergic pulmonary inflammation. In this way, the ma-
nipulation of diets can have a key role in regulating the 
asthmatic condition by changing the availability of lipids 
susceptible to oxidation by those oxidative agents, and 
consequently generated proinflammatory molecules. Fur-
thermore, oxidative stress may result not only of in-
creased oxidative species, but also by a reduction in an-
tioxidant activity. Therefore, the association of antioxi-
dant therapy to the conventional treatment may be an 
alternative to improve patient response to therapy. Two 
considerations need to be made to give more consistency 
to our suggestion. 1) The lung has the peculiarity of the 
high flow oxygen which favors oxidation reactions and 
the generation of proinflammatory molecules. 2) Epide-
miological data suggest that low vegetable and fruit in-
take are associated with the development of asthma [28]. 
Thus, antioxidant addition to the diet could protect 
against the noxious oxidant agents, as well as inhibiting 
subsequent steps of inflammatory response amplification, 
decreasing the severity and the perpetuation of asthmatic 
inflammation. Accordingly, the establishment of proto-
cols of antioxidant therapy associated with conventional 
treatment may significantly improve the asthmatic pa-
tients quality life. 

If oxidative stress affect asthma pathology as is stated 
in this review, a future perspective could guide studies in 
terms of new technologies for antioxidants distribution, 
as through stem cells technology and gene therapy on 
redox system. 
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