
Journal of Clinical and Diagnostic Research. 2013 March, Vol-7(3): 580-588580580

DOI: 10.7860/JCDR/2013/4360.2832Review Article

 

Oxidative/Nitrosative Stress and the 
Pathobiology of Chronic Obstructive 
Pulmonary Disease

Key Words: COPD, Smoking, Oxidative stress, Nitrosative stress, Inflammatory response, Antioxidants

ABSTRACT
The understanding of the pathobiology of Chronic Obstructive 
Pulmonary Disease (COPD) has undergone a major change in 
the past three decades. The classical ‘protease-antiprotease’ 
hypothesis still holds true, nevertheless, the sequence of the 
biochemical events which lead to the protease/antiprotease 
imbalance have been unraveled. For instance, tobacco smoke, a 
primary risk factor for COPD, contains a plethora of reactive Oxygen/
Nitrogen Species (ROS/RNS) that serve to initiate the oxidant/
antioxidant imbalance in the respiratory tract of chronic smokers, 
a phenomenon that is amplified if certain other risk factors co-exist 
(e.g. a genetic deficiency of the major antiproteases, a suboptimal 
antioxidant defense system, airway hyper responsiveness etc.). The 
inflammatory response that ensues as a result of the initial occult 
exogenous oxidative/ nitrosative stress becomes a secondary 

endogenous source of ROS/RNS. This perpetuates the ongoing 
lung damage, even though the primary insult may no longer be 
present (abstinence). Depletion of the pulmonary antioxidants, 
damage to the local antiprotease protective screen, a decreased 
immune response, hypersecretion of mucus, superadded infections, 
oxygen therapy-induced oxidant production, etc. are some of the 
critical factors which account for the oxidative/ nitrosative stress-
mediated pulmonary as well as extrapulmonary features of COPD. 
In the light of the recent developments, remarkable efforts are being 
made, either to develop novel therapeutic strategies or to improve 
the existing ones, which are aimed at treating different aspects of 
the disease. Thus, it is reasonable to recommend antioxidants as a 
useful adjunct to the more conventional treatment options, keeping 
in view the ‘oxidant/antioxidant’ hypothesis as a unifying theme for 
the ‘protease/antiprotease’ theory of COPD.

INTRODUCTION 
Chronic Obstructive Pulmonary Disease (COPD) is characterized  
by a poorly reversible airflow limitation that is usually progressive 
and associated with the abnormal inflammatory response of 
the lung to noxious particles and/ or gases which are present in 
cigarette smoke [1, 2]. The characteristic features of the disease 
are chronic inflammation of the peripheral airways, chronic 
bronchitis and destruction of the lung parenchyma (emphysema), 
which include systemic extra-pulmonary manifestations [3]. The 
patients can suffer from one, some or all of these conditions. The 
peripheral airways inflammation or small-airway disease involves 
various morphological abnormalities such as airway narrowing 
with goblet cell hyperplasia, smooth muscle hypertrophy, excess 
mucous, oedema and inflammatory cellular infiltration. Airway 
remodeling with sub-epithelial and peribronchial fibrosis has been 
postulated as the critical factor in the small-airway narrowing and 
the fixed airway obstruction in the small-airways of the patients 
with COPD [4].

Anatomically, the disease can be viewed as a part of a spectrum, 
with chronic bronchitis at one end and emphysema at the 
other. Chronic bronchitis is characterized by cough and sputum 
production that results from the cigarette smoke, which induces 
mucous gland enlargement and goblet cell hyperplasia in the 
central airways, when the other pulmonary or cardiac causes for 
the chronic productive cough have been excluded [1, 5]. This 
inflammation is associated with increased mucous production, 
decreased mucociliary clearance and increased permeability of the 
epithelial barrier of the airways. On the other hand, emphysema is 
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defined, morphologically, as a permanent destructive enlargement 
of the peripheral airspaces of the lungs, without any obvious fibrosis, 
which includes the respiratory bronchioles, the alveolar ducts and 
the alveoli which are distal to the terminal bronchioles, which is 
accompanied by the destruction of the walls of these structures. 
The centrilobular emphysema is more closely associated with 
cigarette smoking [6].

The deterioration of COPD is accelerated after the acute exacer-
bations that vary in frequency, but ultimately culminate in severe 
COPD. The acute exacerbations increase the morbidity and 
mortality and represent a major health care burden with financial 
implications [7]. There is no standardized definition for an acute 
exacerbation, but the most common symptoms include increased 
breathlessness, cough, sputum production and purulence [8]. In 
recent years, COPD has been postulated as a systemic illness 
and/or as being associated with other smoking-related systemic 
diseases with manifestations from the organ systems other than 
lungs and the airways. 

THE EPIDEMIOLOGY AND  
AETIOLOGY OF COPD
COPD is a leading cause of morbidity and mortality throughout the 
world, being responsible for significant disability and an increasing 
economic and social burden. COPD is the 4th leading cause of 
death worldwide. The incidence of the disease is increasing year 
by year and it has been estimated that by 2020, COPD will be 
the 3rd most common cause of death and the 5th most common 
cause of global disability [1, 9]. The COPD mortality in females 
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has increased significantly in the last 20 years. There are striking 
differences between the prevalence of COPD in various countries 
and between the sexes, even when identical detection methods  
are used [10, 11]. Recent studies have shown that significant 
numbers of patients with COPD and chronic bronchitis can be 
detected, even among young smokers who have a 10-years 
smoking history [12]. Increasing attention is being focused on 
COPD, even in the developing countries [13]. In India, several 
regional surveys have shown impressive data [14], although the 
exact incidence and the prevalence of COPD are unknown. The 
prevalence of the disease is higher in ‘bidi’ smokers as compared 
to that in ‘cigarette’ smokers (8.2% versus 5.9% respectively) [13, 
14]. However, the total burden of COPD is underestimated, since 
no significant clinical symptoms are experienced in the early stages 
of the disease. 

THE RISK FACTORS IN COPD
The most important factor which causes COPD is smoking,  
which is the modern pandemic which draws heavy tolls in terms 

of human suffering and the health economics. The annual mortality 
which is attributable to tobacco smoking will increase to 3 million 
by 2025 in the developed world and to 7 million in the developing 
world, if the smoking habits continue [15]. It has been reported 
that only 10-20% of the heavy smokers develop an irreversible 
airway limitation, thus suggesting that other environmental or 
genetic factors may contribute to COPD [9,16], but recent studies 
have observed that up to 50% of the smokers might develop the 
disease [17] and that this number may increase even more when 
different environmental factors i.e. pollen, animal dander, other 
inhaled irritants than cigarette smoke and cold air are involved [18]. 
The outdoor and indoor air pollution from an urban environment 
provides a common ground to respiratory diseases such as 
asthma, allergy and COPD.

Thus, smoking has resulted in a ‘smoky grey’ plague which can 
replace the ‘white’ plague of the tuberculosis epidemic, largely 
because of the increasing smoking habits and an incomplete 
understanding of the pathobiology of COPD. Besides, certain 
specific genetic factors which have been discussed below. 

[Table/Fig-1]: Risk Factors Associated with COPD.

(Genetic deficiency of α1-antitrypsin, in the presence of other risk factors, enhances the probability of developing COPD). ADS: Antioxidant defense 
Systems; AHR: Airway hyper- responsiveness/reactivity.



Rajesh Pandey et al., Oxidative Stress/Nitrosative Stress and COPD www.jcdr.net

Journal of Clinical and Diagnostic Research. 2013 March, Vol-7(3): 580-588582582

The aetiology of COPD involves a complex interplay between 
the acquired primary risk factors such as tobacco smoke, 
environmental pollutants, infections and occupation on one hand 
and the predisposing risk factors (alone or in combination) such 
as the airway responsiveness/reactivity, diet, hygiene, antioxidant 
defense potential, gender and age on the other [19] [Table/Fig-1]. 

Although smoking is the major risk factor in the development 
of COPD [20], only 15-20% of all the smokers develop airway 
obstruction and therefore not all smokers acquire COPD, and non-
smokers can also develop COPD [21, 22]. A population survey 
which was carried out in India documented that smokers were 
at a 2.5-times higher risk for developing COPD as compared to 
the non-smokers [12]. Understanding why this sub-population is 
susceptible to the lung injuries which result from the use of tobacco 
smoke, remains elusive. In COPD, as in many other clinical 
conditions, a complete description of the molecular com ponents 
that encode a particular phenotype, would not allow for a complete 
understanding of the disease, without taking into account the 
influence of other risk factors. COPD, like asthma, seems to be a 
multi-genetic disease, and in the literature, there are many reports 
which pinpoint a specific genetic determinant of the airway function 
as well as a predisposing factor that may confer susceptibility to 
COPD [23]. Studies which have been done on monozygotic twins 
have suggested a genetic predisposition to COPD, although the 
exact mode of transmission, if any, remains to be established 
[24]. Both experimental as well as clinical studies have shown an 
association between an alpha1-antitrypsin (α1-AT) deficiency and 
COPD. The α1-AT is an acute phase reactant that plays a critical 
role in the pulmonary defense system [25]. The reactive centre of 
α1-AT fits into the active site of neutrophil elastase, thus forming 
a tight complex which is then removed from the circulation by 
degradation. Thus, the exposed reactive centre of α1-AT acts as a 
‘bait’ for elastase and it is known as a molecular ‘mousetrap’. This 
phenomenon is also seen with other anti proteases such as serum 
α2-macroglobulin and the secretory leukoprotease inhibitor which 
is present in the bronchial mucus [26]. 

As far as the α1-AT deficiency is concerned, the Z allele is the 
commonest deficient variant due to a point mutation, Glu342-to-Lys, 
which is associated with a steep decline in the lung function. The 
other abnormalities range from non-functional proteins (M variant), 
increased catabolism (S variant), spontaneous polymerization 
and reduced secretion (Z variant), to absence of the product (null 
variants) [26]. Besides the α1-AT variants, the polymorphisms 
in several other genes have also been recently linked to the 
development of COPD, e.g. tumour necrosis factor-α promoter 
[26], glutathione-S-transferase [23], extracellular superoxide 
dismutase [24], dopamine receptors [27], epoxide hydrolase [28], 
matrix metalloproteinases (MMPs) [29], p53 [30], haemoxygenase 
[28], cytochrome P450 [28], etc. 

THE BIOCHEMICAL BASIS OF THE 
OXIDATIVE/ NITROSSIVE STRESS IN COPD
ROS/RNS are produced as the by-products of the normal meta-
bolic processes in all aerobic organisms. Many ROS/RNS are 
the result of the naturally occurring processes such as oxygen 
meta bolism and inflammatory processes. For example, when the 
cells use oxygen to generate energy, free radicals are created as 
a consequence of the production of ATP by the mitochondria.  
Exercise can increase the levels of the free radicals, as can 
environmental stimuli such as ionization radiation (from industries, 
sun exposure, cosmic rays, and medical X-rays), environmental 

toxins, altered atmospheric conditions (e.g. hypoxia and hyperoxia), 
ozone and nitrous oxide (primarily from automobile exhaust). 
Lifestyle stressors such as smoking and excessive alcohol 
consumption are also known to affect the levels of the free radicals. 
The radical species may combine to form other more damaging 
or toxic species such as hydroxyl free radical and peroxynitrite (a 
product of the reaction between the superoxide and nitric oxide 
radicals). In physiological conditions, the Antioxidant Defense 
Systems (ADS) in the body protect the cells and tissues against 
these deleterious species [31].

Nearly every organ system can be found to have a basic degree of 
oxidative/nitrosative “Achilles heel’’. With the current understanding 
that free radicals can act as cell signaling or messenger agents, it is 
likely that they may also play a role in the normal function as well as 
in various disease aetiologies. When the generation of ROS/RNS 
exceeds the ability of ADS to neutralize and eliminate them, such 
an imbalance can cause oxidative/nitrosative stress and it results 
in a damage to the cellular constituents (phospholipids, proteins, 
lipoproteins, nucleic acids and sugar) [31]. Because of this, 
oxidative/nitrosative stress has been implicated in cardiovascular 
diseases such as atherosclerosis, ischaemia/reperfusion injury, 
restenosis and hypertension; in cancer, in inflammatory diseases 
such as Acute Respiratory Distress Syndrome (ARDS), asthma, 
Inflammatory Bowel Disease (IBD), dermal and ocular inflammation 
and arthritis; in metabolic diseases, such as diabetes; in diseases 
of the Central Nervous System (CNS), such as Amyotrophic Lateral 
Sclerosis (ALS), Alzheimer’s disease, Parkinson’s disease and 
stroke, as well as in the aging processes [32, 33].

Cigarette smoke, a cocktail of toxic chemicals which include ROS/
RNS, contains 10 [17]-10 [20] oxidant molecules/puff, of which 
nearly 10 [14] are oxygen free radicals in the gas phase alone, 
particularly high levels of nitric oxide. The tar phase has an equally 
abundant number of ROS and RNS, which include phenols and 
quinine [30] [Table/Fig-2]. In COPD, oxidative/nitrosative stress 
occurs in the small airways, the lung parenchyma and the alveolar 
regions, and it is associated with the activation of the cytokines  
and growth factors and the activated inflammatory cells produce 
large amounts of ROS/RNS. Most of the ROS/RNS which are 
produced in the lung tissue come from neutrophils, alveolar 
macrophages and eosinophils, but also the bronchial, the alveolar 
epithelial and the endothelial cells are capable of producing ROS/
RNS due to inflammation. These radicals which are either inhaled 
(cigarette smoke) or produced endogenously, are chemically 
reactive molecules. 

The smokers harbour a higher number of alveolar macrophages 
which release ROS and neutrophil chemotactic factors [34]. The 
neutrophils are the archetypical inflammatory cells which have been 
primed to release ROS, lysosomal enzymes and lipid and protein 

Reactive Oxygen Species (ROSs)

Oxygen radicals
O2

.-   Superoxide Anion
OH.  Hydroxyl radical
R.  Alkyl radical
RO.  Alkoxyl radical
ROO.  Peroxyl radical
HQ.  Semiquinone radical

Non-radicals
ONOO-  Peroxynitrite
H2O2 Hydrogen peroxide

Reactive nitrogen Species (RnSs)

Nitrogen radicals
NO.  Nitric oxide radical
NO2

.  Nitrogen dioxide radical

Non-radicals
ONOO-  Peroxynitrite

[Table/Fig-2]: Tobacco Smoke: A Reservoir of ROSs/RNSs
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mediators; although these molecules can also be derived from 
other cells, e.g. macrophages, epithelial cells, etc [35]. The major 
producers of the superoxide radicals include enzymes and their 
breakdown can be spontaneous and enzymatic. The generation 
of oxidants is further enhanced by the presence of free transition 
metals (Fe2+ and Cu2+) in the airspaces, which are released due to 
the damage which is done to the cellular metal-binding proteins 
[36]. As a result of this, ‘Fenton’ and ‘Haber-Weiss’ reactions 
occur, generating highly reactive hydroxyl free radicals (OH.) which 
are particularly deleterious to the biological membranes [Table/
Fig-3]. The endogenous release of ROS/RNS as a part of the host 
response, culminates in a sustained oxidative/nitrosative stress in 
chronic smokers [37] [Table/Fig-4]. 

Given the complexity of the cell signaling which is triggered by the 
components of cigarette smoke, it is often difficult to isolate the 
effects of a specific component with regards to the pulmonary 
pathobiology of COPD. Therefore, most of the studies rely on 
the pathobiological effects of cigarette smoke rather than on 
its isolated components. In addition to the activation of several 
oxidant producing systems and enzymes in COPD, there is a 
simultaneous decline/inactivation of many antioxidant enzymes in 
the COPD lung [38], which further increases the oxidant burden. 
Ultimately, the increased oxidant burden causes an anoxidant/
antioxidant imbalance, which is thought to play an important role in 
the pathogenesis of COPD.

THE PATHOBIOLOGY OF COPD
Extensive research which has been done, has highlighted the role 
of ROS/RNS in the pathobiology of COPD [39, 40]. The ROS/RNS 
induce alterations in the cellular macromolecules, which include 
lipid peroxidation, DNA damage and the inactivation of proteins 
(including enzymes) [39]. For instance, the ROS/RNS can oxidize 
a critical methionine residue in the active centre of α1-AT (Met358), 
thus forming methionine sulfoxide, with a loss of the biological 
activity of the enzyme. In addition to the above, the ‘nitrosative 
stress’ which is produced by the increased generation of RNS 
(e.g. nitric oxide, peroxynitrite etc.) in COPD may contribute to the 
inactivation of α1-AT by the nitration of the tyrosine residues in the 
protein molecule [40]. Other anti-proteases, e.g. tissue inhibitors of 
the matrix metalloproteinases, and enzymes such as lysyl oxidase 
(which are essential for the cross-linking of the matrix proteins, i.e. 
collagen and elastin) may be similarly damaged [41]. Furthermore, 
the aldehydes which are produced during lipid peroxidation are not 
innocent bystanders; they form adducts with the proteins, which 
include enzymes, and DNA [42]. Therefore, in chronic smokers, 
several mechanisms operate to reduce the biological activity of 
the anti-proteases, thereby compromising the local pulmonary 
antiprotease defense system. This tips the balance in favour of net 
proteolysis, matrix destruction and subsequent emphysema [43]. 

The enzymes such as elastase, cathepsins and matrix metallo-
proteinases (MMPs) can collectively degrade virtually all the matrix 
components, e.g. elastin, collagen, proteoglycans, laminin and 
fibronectin [37,41,43]. Neutrophil elastase has the added ability 
to: (i) increase the production of interleukin-8 (a neutrophil chemo 
attractant cytokine) by the epithelial cells and its interaction with α1-
AT to generate a chemo tactic activity; (ii) degrade the lung immu-
noglobulins; (iii) damage the respiratory epithelium; (iv) stimulate 
the mucus gland hyperplasia; and (v) reduce the ciliary beating, 
thus impairing the host defense and favouring mucus retention 
[30,37,44]. The oxidative stress-mediated inflammatory response 
is also associated with a reduced neutrophil deformability [45], the 

up-regulation of various cell-adhesion molecules, an enhanced 
expression of the important transcription factors such as nuclear 
factor-kappa B (NF-κB, that in turn, leads to an increased 
expression of the pro-inflammatory mediators which include 
cytokines, e.g. tumour necrosis factor-α) [46] and apoptosis of 
the endothelial/epithelial cells. There is an extensive ‘cross-talk’ 
between the cells which participate in the inflammatory response 
(neutrophils, macrophages, lymphocytes and eosinophils) and 
the cells which form the structural components of the lungs 
(epithelial cells, endothelial cells, fibroblasts, etc. [47]. Both the 
T and B lymphocytes participate in the inflammatory response, 
and are together responsible for the persistence of the pulmonary 
inflammation, even in the absence of the primary insult [48]. To 
make things worse, the inactivation of α1-AT interferes with the 
normal functioning of the pulmonary surfactant [49]. The ‘triad’ 
of mucus gland hyperplasia, mucus retention and surfactant 
dysfunction produces dire consequences on the pulmonary 
gas-exchange. The inflammatory response has prompted some 
researchers to propose the ‘inflammatory/anti-inflammatory’ 
hypothesis for COPD, that also provides a sound basis for the use 
of anti-inflammatory drugs in the disease [50].

The lungs of the COPD patients are an easy prey for various micro-
organisms, which leads to recurrent infections. This causes periodic 
exacerbations in COPD and each of such episodes perpetuate 
the lung damage by immunological as well as non-immunological 
mechanisms [51]. These exacerbations represent an imbalance 
in the lower airway bacterial colonization and the host defenses 
because of: (i) the acquisition of a new bacterial strain(s) which is 
not recognized by the host defenses; (ii) a change in the antigenic 
profile of the colonizing strain; and (iii) reduced host defenses due to 
viral infections or air pollution. Apart from the bacterial colonization 
and invasion, there is also a delayed bacterial clearance from the 
body, which is attributable to a lazy immune response, both cellular 
as well as humoral [48]. In addition to the above, the recurrent 
infections are likely to tip the oxidant/antioxidant balance in favour 
of the oxidants.

In order to cope with the oxidant challenge, evolution has endowed 
the cells with preventive, interceptive and repair mechanisms which 
are termed as the Antioxidant Defense System (ADS). The defense 
system can be categorized into protection via enzymatic activities 
and protection, through Low Molecular Weight Antioxidants (LMWA) 
[52]. However, the activities of various enzymes as well as the 
concentrations of LMWA which are involved in the detoxification of 
ROS/RNS have been reported to be low in COPD, thus indicating 
a suboptimal potential of the ADS [53]. Furthermore, the oxidant/
antioxidant imbalance is also responsible for the corticosteroid 
resistance, as well as certain extrapulmonary manifestations in 
many COPD patients, e.g. atherosclerosis, muscular weakness 
and cachexia [54]. 

Oxygen is frequently administered as a therapeutic intervention 
during the acute exacerbations in COPD patients. Almost all 
tissues of the body can be injured by sufficiently high oxygen 
concentrations, but the lungs are exposed directly to the highest 
partial pressure of inspired oxygen [55]. The deleterious effects 
of hyperoxia are attributed to the various ROS which are the by-
products of normal cellular oxidation-reduction processes, but 
their production increases markedly during hyperoxia. The high 
intracellular oxygen leads to the production of ROS from the 
pulmonary parenchymal cells and the phagocytes at a rate that 
overwhelms the natural cellular defenses. The overall result is death 
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[Table/Fig-3]: Sources of ROS/RNS Generated Endogenously by Pulmonary Cells. 

O2: oxygen; O2
.- : superoxide anion radical; H2O2: hydrogen peroxide; .OH: hydroxyl radical; NO: nitric oxide; ONOO-: peroxynitrite; SOD: 

superoxide dismutase; H2O:water;  iNOS: inducible nitric oxide synthase; R.  : Alkyl radical; RO. :Alkoxyl radical and ROO. :Peroxyl radical

[Table/Fig-4]: The Link between Tobacco Smoke and Oxidative/Nitrosative Stress

ROS: Reactive Oxygen Species; RNS: Reactive Nitrogen Species; ADS: Antioxidant defense system
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[Table/Fig-5]: Schematic Representation of the Sequence of Events Underlying  Pathobiology of COPD. 

ADS: Antioxidant defense system



Rajesh Pandey et al., Oxidative Stress/Nitrosative Stress and COPD www.jcdr.net

Journal of Clinical and Diagnostic Research. 2013 March, Vol-7(3): 580-588586586

and lysis of the oxygen-sensitive cells, which result in microvascular 
and alveolar cell injuries which are typical of the oxygen toxicity. 
The rate at which the oxygen toxicity develops is directly related to 
the partial pressure of the inspired oxygen [56]. 

It is pertinent to ask- amidst the ongoing damage, why the lung 
is reluctant to repair itself. Normally, the adult lung is in a steady 
state where the amount of matrix which is produced is balanced 
by the amount which is degraded. Following a mild injury, the repair 
processes lead back to the steady state, however, if the insult is 
severe, the matrix follows either the ‘fibrotic program’ or the ‘erosion 
program’; the latter gets the upper hand in COPD [57]. Therefore, a 
heavy oxidant load in the pulmonary microenvironment is responsible 
not only for lung damage, but it also triggers a generalized erosion 
program, thus making the damage irreversible.

It is clear that the sustained oxidative/nitrosative stress in COPD 
patients is attributable to the increased exposure to exogenous 
oxidants (tobacco smoke), an increased generation of endogenous 
oxidants through the inflammatory response/recurrent infections/
oxygen-therapy, a suboptimal and/or inappropriate antioxidant 
defense potential and last, but not the least, to the oxidants 
which generate more oxidants via chain reactions through the 
free transition metals and/or otherwise, as shown in [Table/Fig-3]. 
It is, therefore, reasonable to conclude that oxidative/nitrosative 
stress orchestrates the inflammatory response/abnormal immune 
functioning, which leads to lung damage, thus substantiating the 
oxidant/antioxidant hypothesis in COPD. Moreover, this hypothesis 
provides a rational basis to explain the pathogenic mechanisms 
in COPD and the plausible approach for therapeutic interventions 
[Table/Fig-5].

INTERVENTION STRATEGIES 
Abstinence from smoking, the sooner the better, is worthwhile, 
because it consistently results in a reduction in the cough, expect-
oration, and the acute respiratory infections, but the patients 
should not expect any improvement in the breathlessness [58]. 
Smoking cessation and long-term oxygen therapy are the only 
interventions which are known to alter the disease progression 
and improve the prognosis in some patients with COPD. The other 
indirect gains from abstinence, apart from the financial ones, are a 
reduction in the passive-smoking-induced lung diseases in adults 
and the respiratory problems in children, particularly asthma [59]. 
In young smokers with minor airways obstruction, there may be 
an improvement in the lung function on quitting smoking, but in 
middle age, the major effect is to slow the subsequent decline in 
the lung function, nearly to that of healthy, never-smokers. However, 
in advanced COPD, it is less certain that a further decline in the 
lung function is slowed, so that there is a strong case for an early 
therapeutic intervention. 

Many drugs are known to be potentially useful in the treatment 
of COPD, but relatively few become available for the human use, 
due to a lack of safety and/or efficacy, or both [60]. The patients 
with COPD are conventionally treated with inhalers of short-acting 
bronchodilators during the mild stages of the disease or acute 
exacerbations. Mucolytic drugs, along with antibiotics, are useful 
for reducing the number and the length of the bronchopulmonary 
infections. Long-acting bronchodilators and inhaled corticosteroids 
are used when the COPD is stable, but the patient exhibits moderate 
to severe airflow limitation. Inhaled steroids, in combination with 
long-acting β2-adrenoceptor agonists, seem to reduce the number 

of exacerbations in the COPD patients and the rate of decline of 
the lung function [60, 61].  

FUTURE PERSPECTIVES
The current therapies for COPD are far from being satisfactory, 
since they are unable to deter the downward trend in the pulmonary 
function. Many new compounds are being discovered, and a 
subset of these is being evaluated in humans. Until major findings 
occur, to further our understanding of the pathophysiology of COPD 
and surrogate markers [61] become available, our hopes reside 
on the new long acting bronchodilators and anti-inflammatory 
drugs (either inhaled or oral), leukotriene modifiers, antioxidants 
and a number of compounds which are aimed at treating 
different aspects of COPD, such as pulmonary hypertension and 
hypophosphataemia. In the near future, phosphodiesterase-4 
inhibitors and recombinant antiproteases could be added to this 
armamentarium [35, 60]. 

The last three decades have witnessed the successful clinical 
use of antioxidants to augment the treatment plan of diverse con-
ditions, which include inflammatory lung diseases. For example, 
the recombinant human superoxide dismutase (scavenger of 
O2

.- radicals) has been shown to decrease the oxidative stress in 
ischaemia/reperfusion injuries [62]. The limitations in the clinical 
use of superoxide dismutase include its low tissue affinity and low 
stability in plasma. However, these are likely to be overcome by 
employing the lecithinized enzyme, as has been documented by its 
efficacy in pre-clinical studies which have been done on COPD [63]. 
Further, antioxidant therapy has been found to be a complete cure 
for chronic pancreatitis [64]. The ‘big three’ LMWA (β-carotene, 
ascorbate, and α-tocopherol) have similarly been shown to offer 
some protection against oxidative stress in COPD patients [65]. 
The same holds true for the COPD patients who require oxygen-
therapy to counter the ‘hypoxia/hyperoxia’ injury which is attributed 
to ROSs/RNSs. Other compounds include N-acetyl cysteine (NAC) 
and ambroxol, precursors that help in replenishing the glutathione 
pool (GSH; a major intracellular non-enzymatic LMWA) [51,66]. 
Interestingly, to maintain the cellular thiol pool, recombinant 
thioredoxin is emerging as a therapeutic option in oxidative stress-
mediated lung diseases [67]. Antioxidants are known to prevent 
the oxidative damage besides down-regulating the inflammatory 
response in COPD [68]. It is reasonable to suggest that antioxidants 
(oxidant-antidotes) may become a universal part of the physicians’ 
prescription, together with the standard therapeutic regimen, not 
only in COPD, but also in other clinical conditions where an element 
of oxidative stress is present. 
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