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Abstract
The significance of airway inflammation in asthma has been completely understood. Oxidative stress also appears to play an important role 

in the pathophysiology of asthma. Lycopene as a potent antioxidant and anti-inflammatory agent is considered to inhibit airway inflammation in 
the asthmatics. The aim of current article is to review the latest evidences regarding the implication of lycopene in airway inflammation. For this 
purpose, published Papers in U.S. National Library of Medicine – National Institutes of Health (Pubmed) were reviewed. Evidences showed that 
lycopene can protect cells from inflammation via its redox-based property on suppression of nuclear factor-kappa B (NF-κB), which is a key nucleic 
factor that facilitates the production of inflammatory biomarkers. Therefore, it has been suggested that consuming fresh vegetables and fruits 
(especially tomato) as the sources of lycopene can help asthmatics to decrease airway inflammation.  
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 INTRODUCTION

As antioxidants are reported to decrease the inflammation 
in the human body, it is aimed to review the latest evidences 
about the effects of lycopene on the inflammation in airway 
epithelial cells, especially in some inflammatory situations 
such as asthma. On the other hand, correlation among 
asthma, inflammation and oxidative stress was studied. 

Inflammation is considerably increased in asthma
However, asthma is characterized by variable and 

reversible obstruction of airflow; it is considered as a chronic 
inflammatory disease [1].  It has been shown that even in the 
newly diagnosed asthmatics; there is an increased inflammation 
in the airways, which has been defined as increased number 
of inflammatory cells such as eosinophils, mast cells and 
macrophages [2]. Inflammation is a complex process, which 
initiated by tissue damage. Regardless of the type of tissue 
damage, multiple substances are released by the injured tissues 
causing dramatic secondary changes, which worsen the disease 
[3].  A wide range of mediators and immune cells are involved 
in the pathophysiology of asthma [4]. Many studies have 
confirmed an increased number of inflammatory cells including 
eosinophils, mast cells, T lymphocytes (T cells), neutrophils 
and macrophages in the bronchoalveolar lavage (BAL) of 
asthmatics [5]. The role of these cells in chronic airway 
inflammation is well known, specifically their ability to produce 
inflammatory biomarkers, which may affect the airways [2, 6]. 
However, the precise mechanism by which inflammatory cells 
and their mediators cause airway hyperresponsiveness in asthma 
remains unclear. Figure 1 shows the pathways of innate and 
acquired immunity, which are involved in the pathophysiology 

of asthma. The key role of neutrophils has recently been 
understood in the eosinophilic asthma [5]. Eosinophils are one 
of the inflammatory cells, which found in the epithelial and 
submucosal layers. It has been reported that 50% of asthmatic 
patients are attributed to the eosinophilic airway inflammation 
[5]. Activated eosinophils produce cytokines, which result in 
further production of cytokines by epithelial cells [6]. It has 
been shown that mast cells are increased in the bronchoalveolar 
lavage of asthmatics and they associate with severity of asthma 
[2]. It has also been reported that mast cells are immunoreactive 
to the some inflammatory biomarkers such as Interleukin (IL)-
3, Interleukin (IL)-4, Interleukin (IL)-5, Interleukin (IL)-6 
and Granulocyte-macrophage colony-stimulating factor (GM-
CSF) [7]. It has recently been found that increased mast cells 
are located within airway smooth muscles [7]. Furthermore, it 
has been proposed that airway inflammation can be induced by 
exposure to the reactive oxygen species (ROS). On the other 
hand, ROS can be produced by epithelial cells, macrophages 
and/or neutrophils during inflammatory periods [8].

 Oxidative stress is increased in the airway epithelial 
cells during asthma

Studies suggest that acute exacerbations of asthma are 
associated with increased oxidative stress [9]. In asthma; ROS 
are produced by the inflammatory cells such as neutrophils and 
eosinophils, when they are stimulated by triggers like allergens, 
viruses and air pollution [10]. Moreover, it has been reported 
that in asthma, oxidative stress is overwhelmed antioxidants 
[11]. Reactive oxygen species increase epithelial shedding, 
contraction of smooth muscle cells, functional impairment 
of beta-adrenoceptors, pulmonary vasoconstriction and the 
vascular permeability in the airway structures [12].  ROS may 
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also result in some pathological changes such as hardening of 
the airways, bronchial hyperreactivity and inflammation [12]. 
Catalase and glutathione peroxidise (GSH-Px) activities are 
decreased in asthma [13]. Indicators of free radical activity are 
also increased in the asthmatic children and adults. Therefore, 
there is an evidence for imbalance oxidants and antioxidants 
equilibrium in the patients with chronic and acute asthma [11].

Antioxidants may decrease inflammation
The nutritional status plays an important role in the 

susceptibility of body to the inflammation [14]. There are many 
findings about effects of antioxidants on nuclear factor- kappa 
B. This factor can increase the expression of selected cytokines 
and chemokines including IL-6 and Interleukin (IL)-8 and 
eventually promotes inflammation in the body [15]. As noted 
above, some of the antioxidants have an influential effect on NF-
κB. Lycopene [15], vitamin C [16] and vitamin E [16] are shown 
to decrease the inflammation via their probable redox-based 
effect on NF-κB. On the other hand, studies have shown that 
inflammation considerably affects the level of some nutrients in 
blood serum [17]. During inflammation, the concentrations of 
vitamin A, vitamin E and carotenoids are decreased [17].  It has 
also been reported that the concentrations of serum α-carotene, 
β-carotene and lycopene are in the lowest phase in inflammatory 
situations [18]. In one study, it has been suggested that dietary 
supplementation with lycopene may be an effective approach 
to reduce the oxidative stress and improve the inflammatory 
status of colitis [19]. It has also been found that circulating 
levels of antioxidant nutrients have an inverse correlation 
with IL-6 and C - reactive protein (CRP) concentrations [18, 
19]. It was previously reported by corresponding author that 
lycopene decreases release of IL-6 and Interferon gamma-
induced protein 10 kDa (IP-10) (IP-10, is increased in viral 
infections), in cultured airway epithelial cells [20]. Probably, 
this effect of nutrients on inflammation is not exclusively 
restricted to the antioxidants, as the authors reported that 
docosahexaenoic acid (DHA), which is an omega-3 fatty acid, 
can decrease the release of some inflammatory biomarkers [21]. 

Lycopene; a potent antioxidant
The antioxidant activity of carotenoids can be ranked as 

follows: lycopene > α-carotene > β-cryptoxanthin > zeaxanthin 
= β-carotene > lutein [22]. Therefore, lycopene is the most 
powerful antioxidant among carotenoids [22]. Lycopene is a 
key antioxidant in tomatoes and tomato products [23].Studies 
have reported that higher plasma lycopene concentrations are 
associated with increased activities of antioxidant enzymes such 
as superoxide dismutase (SOD) and glutathione peroxidase 
and have also decreased lipid peroxidation biomarkers such as 
malondialdehyde (MDA) [24]. It has been shown that lycopene 
via its redox- based property, prevents cutaneous damage 
and nephrotoxicity due to gentamicin [23]. Some studies 
have shown that consumption of processed tomato products 
enhances plasma lycopene concentrations in association with 
reduced lipoprotein sensitivity to oxidative damage [25]. It 
has been proposed that other components in tomato have a 
synergistic effect with lycopene [26]. Corresponding author 

previously reported that lycopene usage is increased while 
cultured airway epithelial cells faced to lipid peroxidation [27]. 
Lycopene scavenges peroxyl radicals via special processes 
including “electron transfer”, “allylic hydrogen abstraction” and 
“addition” [28]. Following equations show these mechanisms:  

Lycopene + ROO• → Lycopene •+ + ROO- (Electron transfer)
Lycopene + ROO• → Lycopene • + ROOH (Allylic hydrogen abstraction)

Lycopene + ROO• → ROO Lycopene •    (Addition)

Lycopene and inflammation
Lycopene as an anti-inflammatory agent [19] reduces 

inflammatory biomarkers in vivo [29] and in vitro [15]. The 
authors previously reported that lycopene decreases the 
production of two inflammatory biomarkers (IL-6 and IP-
10), which may attribute to its redox-based activity [20]. 
As mentioned before, studies have shown that lycopene 
supplementation may reduce oxidative stress and improve 
inflammatory status in colitis [19].  It has also been reported 
that lycopene diminishes inflammatory signals in the 
lateral prostate lobes [30] and inhibits the expression of 
inflammatory agents in hyperhomocysteinemic rats [31]. The 
mechanism by which carotenoids decrease the inflammation 
is related to their redox-based action on suppression of NF-
κB. NF-κB has an essential role in expression of many 
inflammatory biomarkers [32].  It has been found that 
β-carotene can inhibit NF-κB activity in the exposed cells [15]. 
Furthermore, it has been shown that lycopene can suppress 
NF-κB via decreased nuclear translocation of p65 subunit 
in lipopolysaccharide (LPS)-stimulated dendritic cells [15]. 

Applicable dietary approaches to decrease airway 
inflammation

Circulating levels of lycopene are in the lowest phase in 
asthmatics compared to healthy people [22]. As noted above, 
lycopene can reduce production of inflammatory biomarkers 
by cells via its antioxidant activity. Redox-based effect of 
antioxidants on suppression of NF-κB establishes an important 
link between antioxidants and inflammation [22]. Many studies 
showed the beneficial effect of antioxidant rich foods such 
as fruits and vegetables on prevalence rate of asthma. For 
example, in one study has been shown that there is a negative 
association between the intake of fresh fruits and asthma in 
adults [33]. It has been found that consumption of fresh fruits 
and vegetables in childhood may decrease the risk of asthma in 
adults [34]. Therefore, it seems that consuming a balanced diet 
can diminish inflammation and oxidative stress in airway cells 
of asthmatics. It is clear that this approach is not a substitute 
for patient’s medication, which is prescribed by physician. 
Actually, scientists and researchers need to investigate more 
about the effects of different foods on inflammatory situations. 

 CONCLUSION

As inflammation is increased in asthma, consumption of 
potent dietary anti-inflammatory antioxidants such as lycopene 
is suggested in this disorder. 



83A. Saedisomeolia and A. M. Moghadam  / JABS, 5 (2): 81-84, 2011

REFERENCES

[1]	 Cullinan P, Taylor AN. 2003. Asthma: environmental and 
occupational factors. Br Med Bull. 68:227-242.

[2]	 Barnes PJ, Chung KF, Page CP. 1998.  Inflammatory 
mediators of asthma: an update. Pharmacol Rev. 
50(4):515-596.

[3]	 Guyton  A,  Hall  J. 2000. Textbook of Medical Physiology. 
10th ed. W. B. Saunders Company.

[4]	 Macdowell AL, Peters SP. 2007. Neutrophils in asthma. 
Curr Allergy Asthma Rep. 7(6):464-468.

[5]	 Douwes J, Gibson P, Pekkanen J, Pearce N. 2002. 
Non-eosinophilic asthma: importance and possible 
mechanisms. Thorax. 57(7):643-648.

[6]	 Chung KF, Barnes PJ.1999. Cytokines in asthma. Thorax. 
54(9):825-857.

[7]	 Forsythe P, Ennis M.1999. Adenosine, mast cells and 
asthma. Inflamm Res.48(6):301-307.

[8]	 Wright DT, Cohn LA, Li H, Fischer B, Li CM , Adler 
KB. 1994. Interactions of oxygen radicals with airway 
epithelium. Environ Health Perspect. 102 (Suppl 10):85-
90.

[9]	 Nadeem A, Raj HG, Chhabra SK. 2005. Increased 
oxidative stress in acute exacerbations of asthma. J 
Asthma. 42(1):45-50.

[10]	 Wood LG, Gibson PG, Garg ML. 2003. Biomarkers of 
lipid peroxidation, airway inflammation and asthma. Eur 
Respir J. 21(1):177-186.

[11]	 Rahman I, Morrison D, Donaldson K, MacNee W. 1996. 
Systemic oxidative stress in asthma, COPD, and smokers. 
Am J Respir Crit Care Med. 154(4 Pt 1):1055-1060.

[12]	 Godard P, Damon M, Cluzel M, et al. 1987. Oxygen free 
radicals and bronchial asthma. Allerg Immunol (Paris). 
19(8 Suppl):15-18.

 

Allergen Virus, Endotoxin 

Mast cells Th2 CD4 

Lymphocytes 

Epithelial 
cells 

Macrophage 

Pmn 

Acquired Innate 

FcR II TLR4/CD4 

NFAT 

 

NF-κB 

FcR I 

IL-8 IL-5 

Eos 

Via chemotaxis 

Asthma 

1 2 

Fig 1. Pathways of innate and acquired immunity (the first pathway describes 
eosinophilic asthma and the second pathway shows neutrophilic asthma)
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