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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is a disease that affects the lungs and is defined by 
a variety of symptoms that combined with co-morbidities lead to a decline of the patients quality of life. The principal 
etiology of chronic obstructive pulmonary disease is smoking and air pollution that lead to oxidative and carbonyl 
stress. This review based on a search of PubMed, OxLIP+/SOLO (Bodleian Libraries) database (from 1991 to 2017) 
of relevant articles based on assessment of oxidative stress pathways involvement in COPD. Intracellular reactions 
that take place in organisms and aerobic cells have as by-products reactive oxygen species (ROS) and free radicals. 
Oxidative stress involved in pathogenesis of COPD is the result of lowered antioxidative potential combined with 
increased burden of oxidants. Molecular mechanisms underlying COPD pathways are not yet well understood, 
despite intensive research all over the world. A change in balance between Oxidants and antioxidants in the lungs as 
well as within the circulatory system, gene polymorphisms, and activation of transcription factors contribute to the 
molecular pathogenesis of COPD. Future research is needed in order to identify which patients will develop in time a 
susceptibility to damage caused by ROS and to determine if controlling ROS will have an effect on the progression of 
COPD. 
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Introduction 
Chronic obstructive pulmonary disease 

(COPD) is a disease that affects the lungs and is 
defined by a variety of symptoms that combined 
with co-morbidities lead to a decline of the 
patients quality of life [1]. One out of eight 
emergency cases that require admission to the 
hospital are of patients with COPD, the fourth 
leading cause of death worldwide at the present 
time and it is expected to reach the third spot by 
2030 [2]. 

Cigarette smoking is the main cause of 
COPD in the developed countries due to 
oxidative stress produced within the lungs [3]. 
Smoking and air pollution are the most 
significant initiating and risk factors for COPD 
and cell apoptosis described in COPD airways, 
and these have been attributed to oxidative and 
carbonyl stress [4]. A significant contributing 
role in the pathogenesis of COPD is the 
imbalance of oxidant burden and antioxidant 
capacity [3]. COPD is defined by mucous 
inflammation, apoptosis of the cells forming the 
epithelium of the airway lining, glandular 
hyperplasia that are produced by free radicals 
released and oxidative stress [3]. 

We have conducted this review based on a 
search of the PubMed database (from 1991 to 
2017) of relevant articles based on assessment of 
oxidative stress pathways involvement in COPD 
and in their references as well. 

Balance oxidants-antioxidants in 
COPD 

Superoxides and hydroxyl radicals, alpha 
leukotrienes, interleukins, pro-inflammatory 
cytokines (tumor necrosis factor and activated 
transcriptional factors) are reactive oxygen 
species that serve the biggest pro-inflammatory 
role in the organism [3]. 

High concentration of inflammatory 
mediators like interleukin (IL)-8 and leukotriene 
B4 (LTB4) can produce a constant recruitment 
of neutrophils to the lungs and activate them at 
this level [5]. Free radicals, cytokines and 
proteases (proinflammatory enzymes) released 
as a result of neutrophils activating is believed to 
be a factor in COPD changes such as mucus 
hyper secretion [6], loss of lung elasticity [7] 
and also the impairment of surrounding tissues 
[7]. 

Changes in oxidant-antioxidant balance in the 
lungs and the circulatory system, gene 
polymorphisms and transcription factors like 
nuclear factor kappa B NF-κB becoming active 
lead to the molecular pathogenesis of COPD 
[1,8,9]. Acute exacerbations of COPD has also 
been associated with the down regulation of 
antioxidant pathways. A possible therapeutic 
method for COPD could be administering redox-
protective antioxidants [3]. In the case of 
patients with COPD that smoke, it is possible 
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that maintaining a balance between oxidants and 
antioxidant and associated pathogenic pathways 
could serve a great role in the progression of 
COPD and also on the search for novel 
therapeutic approaches [8,10]. 

Intracellular reactions that take place in 
organisms and aerobic cells have as by-products 
reactive oxygen species (ROS) and free radicals. 
Being molecules with high reactive properties, 
ROS could play a part in various diseases 
pathogenesis (idiopathic pulmonary fibrosis, 
Adult Respiratory Distress Syndrome (ARDS), 
arterial hypertension, diabetes and cancer), not 
exclusive to COPD, as well as for damage to cell 
structures (carbohydrates, nucleic acids, lipids, 
proteins) [10,11]. In lung fibrosis, high levels of 
ROS can be produced by inflammatory cells and 
increased amounts of oxidants [10,11]. 

Oxidative stress involved in pathogenesis of 
COPD is not the result of just increased burden 
of oxidants, but also due to a decrease in 
antioxidative potential. Several studies described 
an important decline of protection due to 
antioxidant’s level in alveolar macrophages [12], 
a sign that antioxidative mechanisms are not 
sufficiently adapted in the case of inflammatory 
respiratory diseases, so oxidants could take over 
as the leading role. Oxidative stress is involved 
in COPD pathogenesis by several mechanisms. 
The most important mechanism that correlates 
COPD with oxidative stress is represented by the 
chronic inflammation induced by 
proinflammatory genes increased expression 
[12-14]. 

Association between smoke and 
oxidative stress 

The lungs are very susceptible to injuries 
produced due to ROS. The situation is more 
severe in the case of smokers, since the smoke 
from burned cigarettes (composed from a variety 
of chemical substances), is the most important 
and preventable risk factor responsible for 
COPD [13,15]. This environmental oxidant 
burden effect is increased by the additional 
release of endogenous oxidants, resulted from 
inflammatory airway cells, especially in COPD 
patients that smoke [16]. Besides tobacco 
smoke, urban, occupational and industrial air 
pollution are a source of various oxidants that 
could be the cause of an increased prevalence 

rate of COPD in nonsmokers in developing 
countries [17]. 

One of the most important pathways to 
COPD is high radical burden associated with 
low antioxidant capacity [18]. Thus, cigarette 
smoke is responsible for high oxidant burden 
and an important decrease of antioxidant 
capacity even in the plasma. ROS from the 
environment produced from cigarette smoke, 
combustion of organic matter, gases like ozone 
and nitrogen dioxide are common at the lung 
epithelium, [19], and can decrease oxidant 
defenses [20,21], increasing the oxidative 
burden on the lungs. 

Inflammation play’s a great part in excessive 
ROS generation that leads to oxidant stress. 
Thus, there is an increased risk of developing 
COPD for heavy smokers for whom treatment 
has little effect [22]. The redox status balance is 
altered even more for smoking COPD patients 
due to excessive ROS produced both exogenous 
and endogenous [22]. 

Smoking exposure has the potential to 
decrease antioxidants, fact already proven in a 
study performed on smokers, passive smokers, 
and nonsmokers [23]. The study evidentiated 
that in smokers and passive smokers there were 
higher α-tocopherol concentrations and lower 
ascorbic acid and ß-carotene plasmatic level 
concentrations than in the case of nonsmokers 
[23]. Smoking COPD patients have higher risk 
of developing osteoporosis due to cigarette 
smoke radicals within the lungs that can 
influence the metabolism of Vitamin D at this 
level [24]. 

The evidence that cigarette smoking depletes 
antioxidants is evidentiated in other studies [25], 
that revealed decreased concentrations of 
ascorbate and vitamin E among smokers [26,27]. 
Since the levels of ascorbate and vitamin E in 
the serum returns to normal soon after the 
patient stops smoking proof that dietary intake 
isn’t the cause but rather due to oxidative stress 
[28]. 

Cigarette smoke contains high amounts of 
nitric oxide, also produced by inflammatory 
cells, is known for it’s anti-inflammatory actions 
and antioxidant potency, but also plays a part in 
oxidative reactions [29] (Fig.1). NO found in 
cigarette smoke can form peroxynitrite by 
reacting with O2

−, which has a negative effect on 
antioxidant capacity and increases oxidative 
stress [1,30,31]. 
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Fig.1. Exogenous and endogenous sources of ROS 

 

Association between COPD and 
oxidative stress 

It has been shown in multiple methods and 
studies that compared to non-smokers, smokers 
with COPD present obvious signs of oxidative 
burden and oxidative stress in the lungs 
[2,32,33]. 

Smoking is considered the root cause for 
COPD in patients as a byproduct of imbalance 
of oxidants and antioxidants that leads to 
oxidative stress [26]. Cigarette smoke leads to 
lowered antioxidant defense and lung cell 
injuries as a cause of oxidative stress from 
inflammatory cells or resulted from cigarette 
smoke [34]. 

Oxidants including H2O2, have been found in 
cigarette smoke by particulate fractions directly 
measured [35]. Studies in vitro performed on 
phagocytes collected from patients that smoke 
have shown unlike non-smoking patients 
phagocytes they possess the ability to release 
increased amounts of O2

− and H2O2 
spontaneously [36]. High levels of H2O2 have 
been found in smokers in tests performed on 
fluid collected from bronchoalveolar lavage and 
on condensation produced from exhaled breath 
[37], due to the release of O2

− and lower 
respiratory tract increased population of 
macrophages [38]. There are evidences that 
supports the role of oxidants in smoking COPD 
patients caused by white blood cells peripheral 
release of O2

− correlated with bronchial 
hyperreactivity [39]. 

Several mechanisms link COPD and 
oxidative stress, certain proinflammatory genes 

expressed more than usual has been shown to be 
a contributing factor in COPD chronic 
inflammation and the most important 
mechanism to support the relation between the 
two [14]. 

Further studies on biomarkers of oxidative 
stress and there relation in COPD especially that 
would be reproducible and that could reflect 
changes caused by therapeutic intervention or 
due to the pathology are ongoing [40]. 

Endogenous defense against ROS 
Enzymatic and non-enzymatic means can 

lead to the inactivation of ROS and these are 
abundantly present in healthy subjects. 
Antioxidant molecules (ascorbic acid), 
unsaturated lipids, sacrificial proteins and metal 
binding proteins are examples of non-enzymatic 
antioxidants that constitute a defense 
mechanism. Vitamin C (ascorbate) and vitamin 
E (tocopherol) are found in the fluid epithelial 
lining of the lung and serve the role of 
antioxidant molecules. H2O and vitamin E 
radical are produced from tocopherol 
(antioxidant) that donates and electron its 
aromatic ring to OH. Vitamin C acts by donating 
electrons to lipid peroxyls [2,41]. 

Superoxide dismutases (SOD), glutathion 
peroxidases (GPx) and catalases (CAT) are a 
few examples of enzymatic antioxidant that can 
react with the hydrogen peroxide from the 
airways found in ample physiological reserve 
[42]. 

Superoxide dismutase has a very high affinity 
for O2− that leads to the production of H2O2. Its 
role is the removal of superoxide anions, serving 
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the function of an antioxidant. SOD are enzymes 
that counteract superoxide radicals and are 
named so due to the metals found in there 
composition (CuZnSOD, MnSOD, FeSOD, 
extracellular SOD [EcSOD]) [42]. In smokers 
with COPD there are found increased sputum 
levels of EcSOD [43]. Several studies performed 
on patients with COPD found that 
polymorphisms in the EcSOD gene were shown 
to be less susceptible with COPD than with 
emphysema [44,45]. Several studies have 
confirmed the antioxidant efficiency of MnSOD 
against damage to the lung cells and could be 
induced by TNF-α and oxidants found in 
tobacco smoke. EcSOD and MnSOD are 
believed to have a significant protective role in 
COPD [1,46]. It is proved that experimental 
EcSOD deficiencies lead to emphysema [45,46]. 

On a cellular level the most important redox 
sensor is the GSH system. Even in the human 
lung the GSH system is considered to be one of 
the most important non-enzymatic antioxidants 
and it is homeostasis is dependent on other 
enzymatic interactions [47]. 

Reduced plasmatic levels of glutathione 
peroxidase in COPD patients have been found 
according to certain studies [47], and these are 
correlated significantly with FEV1 [47]. The 
reported decreased activity of glutathione 
peroxidase in blood [48,49] supports either a 
reduction in total glutathione peroxidase activity 

or a decrease in efficacy, with a reduced 
antioxidant function [50]. 

CAT is found in inflamed respiratory cells 
and alveolar macrophage type II and serves the 
role of a highly reactive intracytoplasmic 
enzyme against H2O2. COPD patients compared 
to smokers and non-COPD subjects have been 
shown to have a significantly reduced catalase 
activity [51,52]. Several studies performed by 
Betsuyaku [53] showed that smoking COPD 
subjects unlike non-COPD smoking subjects and 
non-smoking controls presented significantly 
decreased immunohistochemical staining for 
catalase in bronchiolar epithelial cells [53]. 
COPD patients have reduced catalase activity in 
bronchiolar epithelium [53] and peripheral lung 
cells [54], presenting increased opportunity for 
oxidative stress conditions to occur. 

COPD is a complex disease process that 
combines the effect of recurrent inflammation, 
oxidative stress (oxidant/antioxidant imbalance), 
environmental impairment and host genetics 
[55]. Smoking and is the major source of 
oxidants/reactive oxygen species (ROS) to the 
lungs and to the entire body and it is the major 
risk factor for developing COPD [56,57] (Fig.2). 
There are evidences that extensive tissue 
damage and disease exacerbation susceptibility 
can be caused by environmental sources of 
oxidative stress from (cigarette smoking) and 
persistent inflammation [55,57,58]. 

 

Fig.2. Involvement of mitochondria, ROS and other factors in the process of apoptosis 

One-year experience from a medical clinic 
in a Romanian emergency county hospital 

A total of 248 patients with COPD were 
admitted into the 2nd Department of Internal 
Medicine and Pneumology compartment of 
County Clinical Emergency Hospital of Craiova 
during January 1st 2017- January 1st 2018. 

From these, 114 patients were hospitalized 
for chronic respiratory insufficiency; 70 patients 
with interstitial pneumonia; 56 patients with 
bacterial pneumonia and 8 patients with acute 
respiratory failure (Fig.3). All patients that were 
admitted had complications. Out of the total 
number of patients with COPD and chronic 
respiratory insufficiency 32 patients developed 
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various clinical forms of pulmonary embolism 
and 64 patients were diagnosed with chronic 
pulmonary cord (Fig.4). The complications were 
diagnosed using imaging methods: pulmonary 

X-Ray, Doppler echocardiography, blood gas 
analysis and various biological laboratory 
explorations. 

 

 
Fig.3. Association of COPD with other diagnoses, in an emergency county hospital 

 

Fig.4. The most common complications of COPD  
patients that presented with chronic respiratory failure in our clinic 

 

Conclusions 
Molecular mechanisms underlying COPD 

pathways are not yet well understood, despite 
intensive research all over the world. The 
molecular pathogenesis of COPD is caused by 
oxidant-antioxidant imbalances in the lungs and 
the circulation that leads to activation of 
transcription factors and gene polymorphisms. It 
is not yet clear if oxidant/anti-oxidants 

expression is uniform amongst COPD. In order 
to stratify the groups of patients which may 
benefit most from anti-oxidant therapies, 
understanding these mechanisms is a priority. 
Future research is required in order to identify 
the patients that become susceptible to ROS 
related damage and to establish if targeted ROS 
control can be a contributing factor in COPD 
management. Therefore, this mechanism needs 
to be further with modern tools. 
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