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ABSTRACT 

Chronic obstructive pulmonary disease (COPD) is composed of emphysema, chronic bronchitis, and 

small airway obstruction caused by environmental exposures, primarily cigarette smoking. About 15-

20 percent of smokers develop COPD, so it is assumed that many host factors interact with the 

environment, which increases the risk of developing this disease in many patients. The major 

pathogenic factors that cause the disease include infection, inflammation, protease, and antiprotease 

imbalance that increase antioxidant defenses. The oxidant-antioxidant imbalance is recognized as one 

of the significant factors in COPD pathogenesis. Oxidants from cigarette smoke are the leading cause 

of ROS that can suppress cytokine production, including TNF-α and interleukins, via the NF-kB 

pathway inhibition that triggers COPD. In non-smokers, the antioxidant level is high, which reduces 

the risk of developing COPD than smokers who have a high oxidant level. There are multiple causes 
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of COPD, so a multi-target therapeutic approach is necessary. In this review, we discuss the 

mechanism of antioxidants in COPD and the latest development.  

Keywords: COPD, oxidants, antioxidants, ROS 

1. INTRODUCTION 

A chronic obstructive pulmonary disease is 

characterized by airflow limitation 

combined with emphysema and chronic 

bronchitis [1]. The airflow limitation is 

associated with an abnormal inflammatory 

response of the lungs. The pathophysiology 

of COPD involves recurrent oxidative 

stress, i.e., oxidant/antioxidant imbalance, 

protease/antiprotease imbalance, caused 

mainly due to inhalation of oxidants from 

the environment [2]. Cigarette smoke 

serves as the major risk factor for 

developing COPD and is also the major 

source of reactive oxygen species (ROS). 

Increased level or prolonged exposure to 

ROS may lead to the pathological 

modification of nucleic acids, proteins, 

carbohydrates, or lipids, leading to changes 

in cellular metabolism and, finally, 

apoptosis. Tobacco smoke contains many 

free radicals such as superoxide (O2∙−) and 

hydroxyl (∙OH) radicals in a very high 

concentration. Upon entering the lungs, the 

cigarette smoke first gets exposed to 

epithelial lining fluid(ELF), which covers 

airway epithelial cells (AECs). The most 

crucial antioxidant in ELF of the normal 

human lower respiratory tract is catalase. 

Besides, it also contains superoxide 

dismutase (SOD), glutathione reductase, 

peroxidase, and ceruloplasmin. After 

crossing the ELF barrier, the ROS reach 

AEC’s plasma cell membranes, further 

worsening the disease prognosis. Alpha-1 

antitrypsin deficiency leads to pulmonary 

emphysema and COPD [3]. The 

antioxidants can treat it. Vitamin A, E, C 

has antioxidative properties that can be 

useful in the treatment and prophylaxis of 

this disease in many patients. Chronic 

obstructive pulmonary disease patients 

exhale more hydrogen peroxide and lipid 

peroxidation products than normal people. 

This oxidative stress develops COPD. N-

acetylcysteine, a mucolytic drug and an 

antioxidant with glutathione peroxidase, 

may decompose H2O2 and lipid peroxides 

[4]. In a clinical trial study with vitamin C 

on subjects having COPD, it is seen that the 

prevalence of COPD in heavy smokers with 

the lowest quartile Q1 <48.50 mg and low-

middle quartile Q2=48.50−84.38 mg of 

vitamin C intake was higher than the 

subjects who took high-middle quartile 

Q3=84.38−141.63 mg and highest quartile 

Q4 >141.63 mg of vitamin C intake. A 

reduction of 76.7% risk in COPD was 

observed with a Q3 vitamin compared to 

Q1 vitamin C intake in heavy smokers [5]. 
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2. OXIDATIVE STRESS- 

Oxidative stress is the prime of COPD. 

Cigarette smoke has many oxidants that 

affect the lungs; some electrons from the 

mitochondrial electron transport chain also 

take part in oxidative stress, and alpha 

antitrypsin deficiency can lead to oxidative 

stress due to an increasing amount of 

oxidant levels. In this review, the objective 

is to know about the mechanism of 

oxidants and antioxidants in COPD, the 

latest research work done on antioxidants to 

show some effects on COPD, and the role 

of dietary and supplementary antioxidants 

in the treatment. 

2.1. Cigarette smoke-  

Smoking produces an imbalance in the 

normal levels of oxidants and antioxidants 

to impact oxidative stress both in the lungs 

and systemically. Oxidants included in 

cigarette smoke can directly injure cells and 

tissues by inactivating defense mechanisms, 

which further initiates inflammation, which 

elevates oxidative stress [6]. 

The smoke from the cigarette contains a 

stable semiquinone in a quantity that 

reduces oxygen to produce superoxide, a 

direct precursor of hydrogen peroxide. The 

reactive oxidant substances generated by 

smoking induce inflammation in the lung 

and its airway [7]. Smokers inhale 1µg of 

iron per 25 cigarettes, and the smoke itself 

releases iron from ferritin and provides 

ample iron to the lung surface fluid to 

generate the toxic hydroxyl radical through 

the Haber Weiss and Fenton reactions. 

Studies have shown an increase in lavage 

concentrations of iron and ferritin, serum 

ferritin levels, and nonheme iron 

concentrations in the lung and liver tissue 

in rats exposed to cigarette smoke. Lavage 

ascorbate concentrations were also 

decreased, leading to oxidative stress. After 

removing the particles by filtering the 

cigarette smoke, most of these changes 

were altered [8]. Vitamin E protects the 

lungs in smokers and non-smokers and is a 

good antioxidant in response to smoke-
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induced oxidative stress [9]. Oxides of 

nitrogen present in cigarette smoke react 

with superoxide to form reactive 

peroxynitrite [10]. Cigarette smoke also 

oxidizes alpha-1 antitrypsin and damages 

the DNA. Oxidation of alpha-1 antitrypsin 

reduces its ability to inhibit neutrophil 

elastase, which destroys the protein elastin 

on the cell surface, and cells lose elasticity 

and ultimately leads to emphysema. It also 

activates macrophages that attract 

neutrophils and releases high oxidants of 

superoxide and hydrogen peroxide through 

the NADPH oxidase complex. Phagocytes 

obtained from the lungs of healthy smokers 

release enough oxidants to oxidize and 

inactivate alpha-1 antitrypsin. Neutrophils 

also release myeloperoxidase, which 

converts hydrogen peroxide to 

hypochlorous acid, a potent oxidant. Thus 

the oxidants damage the cells and create 

emphysema and, ultimately, COPD [11]. 

2.2.Alpha 1 antitrypsin deficiency- 

Alpha-1 antitrypsin has been shown to 

inhibit iNOS, nitric oxide release, and NF-

ĸB activation. Increased lung damage in 

individuals with alpha-1 antitrypsin 

deficiency is seen. So alpha-1 antitrypsin 

replacement therapy or other neutrophil 

elastase inhibitor therapies may decrease 

oxidative stress and inflammation [12-15].  

 

 

2.3.  Mitochondrial-Derived ROS and 

COPD- 

One of the endogenous sources of ROS is 

mitochondrial respiration. Mitochondrial 

electron transport chain under normal 

conditions leak 1-2% of all electrons as 

ROS published by Vander Toornet et al 

[16]. It has been reported that the lipophilic 

fraction present in cigarette smoke extract 

is responsible for a decrease in 

mitochondrial membrane potential, ATP 

production, and concomitant generation of 

mitochondrial ROS. Some cytokines 

increase the production of mitochondrial-

derived ROS. ASMCs from COPD patients, 

when subjected to inflammatory stress from 

IL-1, IFN𝛾, and TNF𝛼, produce larger 

amounts of mitochondrial-derived ROS 

[17]. Mitochondrial derived ROS can drive 

MMP-2 activation, resulting in a negative 

feedback cycle that degrades mitochondrial 

membrane potential and impairs 

mitochondrial function [18]. Activated 

MMP2 and MMP-9 can enter into the 

mitochondria and damage their structure 

and integrity. This phenomenon leads to the 

release of cytochrome c and activates 

apoptosis [19]. As an effect of mitochondrial 

damage, ROS levels continue to increase and 

begin to damage mitochondrial DNA. The 

damaged mitochondrial DNA continues to 

dysfunction the electron transport chain that 

produces a higher amount of ROS. 
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3. OTHER PATHOGENESIS 

3.1. Protease- antiprotease imbalance

Another cause of emphysema

imbalance between proteases and 

antiproteases that results in lung 

parenchymal destruction.

degradations occur when the level of 

protease increase than the antiprotease le

[20]. These antiproteases are inactivated by 

the smoke of the cigarette and biomass fire

[21]. These smokes trigger an acute 

pulmonary response, which

resident alveolar macrophages

a neutrophil influx into the 

smokes produce many 

neutrophils, and CD8+ T cells in the lungs

causing inflammation. The macrophages 

and neutrophils release various

including neutrophil elastase,

the protective flexible protein in

The proteins destroyed are

proteinase 3, matrix metallopr

                                                                                                                        

Figure 2: Pathogenesis of COPD 
 

imbalance- 

mphysema is the 

proteases and 

antiproteases that results in lung 

truction. These 

degradations occur when the level of 

antiprotease level 

antiproteases are inactivated by 

the smoke of the cigarette and biomass fire 

trigger an acute 

which activates 

lveolar macrophages, resulting in 

the lungs. These 

 macrophages, 

and CD8+ T cells in the lungs, 

The macrophages 

various proteases, 

, that destroys 

flexible protein in the lungs. 

The proteins destroyed are elastin, 

proteinase 3, matrix metalloproteinases 

(MMPs), and cathepsins in a large amount 

and surpass the level of antiproteases

proteases help each other activate 

themselves or inhibit 

inhibitors, such as neutrophil elastase

which inhibits the tissue inhibitors of 

MMPs, and MMPs, which degrades

antitrypsin that neutralizes iNOS

These proteinases cleave co

extracellular matrix, elastin fibers

collagen, which are 

flexibility of the membrane. This cleavage 

turns the elastin fibers into elastin 

fragments and also turns 

collagen-derived peptides 

glycine-proline. These peptides and 

fragments are chemotactic for monocytes

which further provoke 

neutrophils at the lungs [23

accumulates macrophage and neutrophil

into the lungs and causes inflammation
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(MMPs), and cathepsins in a large amount 

surpass the level of antiproteases. The 

help each other activate 

 their endogenous 

s neutrophil elastase, 

tissue inhibitors of 

which degrades α1-

that neutralizes iNOS [22]. 

These proteinases cleave components of the 

extracellular matrix, elastin fibers, and 

which are essential for the 

flexibility of the membrane. This cleavage 

turns the elastin fibers into elastin 

also turns collagens into 

derived peptides that are proline-

. These peptides and 

chemotactic for monocytes, 

 macrophages and 

[23-24]. Hence, this 

hage and neutrophil 

gs and causes inflammation, 
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leading to apoptosis and, finally, 

pulmonary cell destruction. 

3.2.  Inflammation- 

Cigarette smoking and other inhaled 

pollutants contain many oxidants that 

irritate the lungs and activates 

inflammation, oxidative stress, and 

protease/antiprotease imbalance. 

Bronchoalveolar lavage fluid (BALF) 

showed increased cytokines, proteases, and 

other biomarkers [25]. Increased 

proinflammatory cytokines like TNF-α, IL-

1β, and IL-6, are increased in COPD, which 

causes inflammation. The transcription factor 

nuclear factor (NF)-kB is activated, which 

further activates the TNF-α gene that triggers 

apoptosis, and the cell dies. NF-κB regulates 

the expression of genes for 

proinflammatory mediators involved in the 

lung infiltration by inflammatory cells such 

as macrophage and neutrophils. So, it 

results in oxidative stress and inflammation 

that causes lung cell destruction and finally 

leads to emphysema, fibrosis of small 

airways, altering the lung function. NF-κB-

positive epithelial cells and macrophages 

increased in smokers and COPD patients 

[26]. 

Neutrophils are involved in the immune 

response that is the source of reactive 

oxygen metabolites, inflammatory 

cytokines, and tissue-damaging enzymes 

[27]. The oxidants in the lungs give rise to 

the accumulation of the neutrophils at the 

alveolar site. They are involved in the 

formation of mucus in chronic bronchitis 

and the destruction of lung tissue in 

emphysema. Mucin gene expression has 

been proposed as the principal factor 

governing the differentiation of epithelial 

cells into goblet cells, which produce the 

mucous. It is observed that neutrophil 

elastase (NE) and reactive oxygen species 

increase epithelial mucin mRNA and 

protein expression in vitro [28-29]. 

Neutrophil elastase also inhibits MMP 

inhibitors and helps MMP to function. 

Macrophages also release reactive oxygen 

species, chemotactic factors, inflammatory 

cytokines, smooth muscle constrictors, 

mucus gland activators, and extracellular 

matrix proteins and also attract neutrophils 

at the inflammation site. These can degrade 

a similar spectrum of proteins to neutrophil 

enzymes [30]. 

T cells(CD4+ and CD8+)are increased in 

the alveolar walls that release lytic 

substances and damage the lung 

interstitium. Further induces structural cell 

apoptosis and result in emphysema [31]. 

4. ANTIOXIDANT TYPES- 

 Enzymes - Superoxide dismutase, 

glutathione peroxidase, and catalase.  

 Hormones-melatonin. 

 Proteins-Albumin, ferritin, etc. 

 Small molecules-phenolic compounds, 

carotenoids, glutathione, tocopherol, 

vitamins. 
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5. MECHANISM OF ANTIOXIDANTS 

Antioxidants mainly neutralize the oxidants 

by supplying electrons to them and thus 

prevent the cells from losing electrons that 

are necessary for cell function [32]. 

Antioxidants in COPD show their 

mechanism by targeting multiple factors. 

Glutathione is a major antioxidant, so there 

are antioxidants (e.g., Procysteine) that 

increase the synthesis of glutathione and 

also increase efferocytosis. Oxidoreductase 

enzyme such as thioredoxin donates 

electrons to help reduce oxidized proteins, 

ribonucleotides, and cell signaling 

molecules such as protein kinase, NF-kB 

and phosphatidylinositol three kinases. 

Some also decrease the number of 

macrophages and neutrophils and reduces 

inflammation. Nuclear factor erythroid 2-

related factor 2 (Nrf2) is a transcription 

factor that degrades proteosomes. Agonists 

of Nrf2 increase the glutathione synthesis 

(Figure 3). 

6. COPD  TYPES- 

Forced expiratory volume per second 

(FEV1) indicates the function of the lungs, 

and the higher the FEV1 better is the 

pulmonary function and vice-versa. The 

FVC is a forced vital capacity; the 

FEV1/FVC ratio is used to calculate the 

severity of the pulmonary disease (Table 1).  

 

 
Figure 3: Antioxidant mechanism 

 
 

Table 1: Types of COPD 
Stage COPD FEV1 

1 Mild 80% 
2 Moderate 50-80% 
3 Severe 30-50% 
4 Very severe low 
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7. ANTIOXIDANTS AS TREATMENT- 

Systemic antioxidant capacity and 

antioxidant vitamins- 

The decline in the antioxidant level 

increases the release of ROS from 

peripheral blood neutrophils. The depletion 

of total antioxidant capacity in smokers is 

associated with decreased levels of major 

plasma antioxidants in smokers. Decreased 

vitamin Elevels were reported in leukocytes 

and BAL fluids in smokers [33-34]. 

Vitamin C is a potent antioxidant and can 

be gained by diet and also available quickly. 

In vitro studies showed that Cigarette 

smoke-induced lipid peroxidation of 

plasma is decreased by ascorbate. Dietary 

antioxidant supplementation is one of the 

most straightforward approaches to boost 

antioxidant defense systems. 

Supplementation of vitamin C, vitamin E, 

and β-carotene in smokers and patients with 

COPD showed a decrease in the symptoms 

of COPD [35-38].  

Directly increasing lung antioxidant 

capacity- 

The most direct way to redress the oxidant 

imbalance in COPD would be to increase 

the lung’s capacity to produce antioxidants, 

significantly increasing thiol compounds. 

Glutathione-  

Several thiol and non-thiol antioxidants 

show potential interest in COPD.  

Several studies have suggested that GSH 

homeostasis may play a central role in 

maintaining the integrity of the lung 

airspace epithelial barrier. When there is a 

decrease of GSH in the epithelial cell, loss 

of barrier function and increased 

permeability is seen. Human studies have 

shown elevated levels of GSH in epithelial 

lining fluid in chronic cigarette smokers 

compared with non-smokers. A direct 

increase of lung cellular levels of GSH 

would be a logical approach to enhance the 

antioxidant potential in the treatment of 

COPD. 

N-acetyl-L-cysteine (NAC)- 

NAC is a pro-drug with an acetyl group 

linked to the nitrogen atom of cysteine, 

allowing better stability and absorption of 

cysteine.NAC has direct and indirect 

antioxidant properties, which have been 

extensively assessed in in-vitro and in-vivo 

studies.26 However, inhalation of NAC 

requires a compressor, is associated with a 

foul odor, and can cause bronchospasm. 

More convenient and safe delivery of NAC 

is through the oral route. It also modulates 

inflammatory responses. NAC is also used 

as a mucolytic agent to reduce mucus 

viscosity and improve mucociliary 

clearance [39-40].  

N-acystelyn (NAL)- 

NAL, a lysine salt of NAC, is a mucolytic 

and antioxidant (reducing) thiol compound. 

The advantage of NAL over NAC is that it 

has a neutral pH in a solution, whereas 

NAC is acidic. NAL can be aerosolized 
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into the lung without causing significant 

side effects. NAL inhibited oxidant-

mediated interleukin (IL)-8 release in 

alveolar epithelial A549 cells, suggesting 

an antiinflammatory effect of NAL. 

Therefore, NAL may represent an attractive 

alternative approach to augment the 

antioxidant screen, thereby inhibiting 

inflammatory responses in the lungs [41]. 

N-isobutyrylcysteine (NIC)- 

NIC is a thiol compound, and it does not 

undergo effective first-pass hydrolysis, so it 

has higher oral bioavailability. The oral 

bioavailability can be as high as 80%, 

depending on food intake. However, when 

evaluated as a therapy for exacerbations of 

chronic bronchitis, NIC performed no 

better than placebo and not as well as NAC 

[42]. 

Erdosteine- 

It contains two sulfhydryl groups that get 

converted to 3 metabolites after first-pass 

metabolism into three metabolites that have 

mucoactive and antioxidant properties that 

can scavenge free radicals. The mucolytic 

effect of erdosteine is maybe due to the 

presence of a sulfhydryl group present in 

it.In the “Equalife” randomized placebo-

controlled clinical study, erdosteine was 

administered orally 300 mg twice daily for 

eight months [43]. to the patients, and it is 

seen that those who were receiving 

erdosteine had fewer exacerbations and 

spent few days compared to the placebo 

group. 

Procysteine- 

Procysteine (L-2-oxothiazolidine-4-

carboxylate) is a cysteine-donating 

compound that increases the cysteine levels 

of the cells and increases the level of 

cellular glutathione [44]. This compound 

can be cytotoxic, and variation in the 

uptake levels of GSH has been shown in 

various cellular models [45]. 

Other antioxidants- 

Superoxide dismutase glutathione 

peroxidase- 

Salen-metal compounds are superoxide 

dismutase (SOD) mimetics. Researchers 

had also demonstrated enhanced antioxidant 

enzyme activity in alveolar macrophages 

from hamsters after cigarette smoke 

exposure, which resulted in reduced 

mortality when the animals were 

subsequently exposed to more than 95% 

oxygen [46]. 

Ebselen- 

It is a seleno organic compound. Activity is 

the same as glutathione peroxidase. 

Glutathione peroxidase-1 (GPX) is a 

member of the selenium-dependent protein 

family that catalyzes the reduction of 

hydrogen peroxide and prevents cigarette 

smoke-induced inflammation in murine 

lungs [47]. So ebselen is an 

organoselenium molecular mimic of GPX, 

and it has been shown to protect against 
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pulmonary inflammationin several lung 

inflammation models in mice, including 

cigarette smoke exposure [48-50]. It 

increases the efficiency of GSH as an 

antioxidant and can thus be used as a 

therapy against oxidative stress and 

inflammation. 

Hydrogen- 

It is a potent antioxidant that reduces 

hydroxyl radicals and prevents cell damage. 

Studies have determined that hydrogen-rich 

water supplementation in SMP30 knockout 

mice exposed to cigarette smoke prevents 

the appearance of emphysema [51]. 

Preclinical studies have been done, but a 

clinical trial is yet to be done. 

Inhibition of superoxide production from 

inflammatory neutrophils: phospho-

diesterase four inhibitor- 

These inhibitors act by increasing 

intracellular concentrations of cAMP, 

which has a broad range of anti-

inflammatory effects on various cells 

involved in asthma and COPD [52]. The 

increase in cAMP in neutrophils blocks the 

assembly of NADPH oxidase and thus 

inhibits superoxide production. These 

compounds also potently inhibit expression 

of various cytokines, such as tumor 

necrosis factor (TNF)-α and monocyte 

inflammatory protein (MIP)-1β, and 

therefore may have a broad anti 

inflammatory profile. 

Modulation of redox-sensitive transcription 

factors and inflammatory pathways- 

Many inflammatory genes are responsible 

for COPD. The activation of NF-κBin 

monocytes/macrophages can trigger the 

release of proinflammatory mediators in 

lung epithelial fluid, which activate the 

neutrophils to the site of the airways and 

cause inflammation. I-κB kinase-2 (IKK)-

mediated phosphorylation of I-κB is 

required for its ubiquitination and 

degradation; therefore, small molecule 

inhibitors of this enzyme would be 

expected to block the nuclear translocation 

of NF-κB [53-55]. 

NADPH oxidase inhibition- 

Celastrol is an electrophilic triterpenoid 

that has a dual antioxidant mechanism. It is 

a potent Nrf2 agonist that helps to produce 

other antioxidants, and it is an NADPH 

oxidase inhibitor [56-57]. 

Diet- 

Dietary modification may be another 

avenue of promising intervention for 

COPD patients. Consumption of fruits and 

vegetables can prevent COPD and 

emphysema. Curcumin has anti-

inflammatory and antioxidant properties; 

studies have shown that fruits containing 

bisphenol or flavonoids are effective 

antioxidants, for example, blueberry and 

guava. Vitamin E and C are very potent 

antioxidants. Vitamin C is effective in 

improving lung fibrosis. Specially colored 
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fruits and vegetables act as antioxidants 

that neutralize the oxidants and prevent 

their damage to the cells. Vitamin C, E, A 

are well known as antioxidants so they 

must be taken as diet [58, 59, 60]. 

Fruits and Vegetables-  

Apples, pears, peppers, guava, curcumin, 

and green leafy vegetables are found to 

decrease the risk of COPD due to their 

antioxidant and anti-inflammatory 

properties. The COPD patients with a diet 

rich in fruits and vegetables showed an 

annual increase in FEV1 compared with the 

control group who were following a normal 

diet over. The intake of fresh fruits and 

vegetables, specially colored, is essential 

for a healthier lifestyle with no smoking 

[61-63]. 

Vitamin and Nonvitamins-  

Fruits and vegetables contain various 

vitamins, hence act as antioxidants 

beneficial in COPD or any other diseases 

where the cause is oxidative stress. Higher 

intake of vitamin C, a water-soluble 

antioxidant, was associated with higher 

levels of FEV1, which indicates an 

excellent pulmonary function. The fat-

soluble antioxidant carotenoids or vitamin 

A increase in the lung function that has 

been noted by FEV1/ FVC [64]. 

Minerals- 

Deficient intake of some minerals is found 

in COPD patients. Decrease levels of 

calcium, magnesium, and selenium were 

found in the serum, and diet is found in 

underweight patients with severe COPD 

[65]. Lower in takes of other minerals like 

calcium and zinc were found in elderly 

COPD patients than those in non-COPD 

subjects. 

Whole grains and fibers- 

The fiber contains the antioxidant and anti-

inflammatory properties, which act as a 

protective measure in the patients. 

Fiberintake decreases the levels of C-

reactive protein in serum and cytokines (IL-

6, TNF-α) and produces a higher level of 

adiponectin, which has an anti-

inflammatory property [66]. 

Vitamin D- 

It is found that vitamin D helps in normal 

growth and development of the lung and 

immune responses and decreases COPD 

progression. 

Fish and n-3 Polyunsaturated Fatty 

Acids- 

n-3 PUFAs and fish have anti-inflammatory 

properties with beneficial effects and 

clinical applications in several chronic 

inflammatory diseases.It directly modulates 

the inflammatory gene expression 

(adhesion molecules, cytokines, matrix-

degrading enzymes, cyclooxygenase-2) via 

the regulation of nuclear transcription 

factors, mainly the oxidative stress-

sensitive pro-inflammatory NF-κB [67] and 

prevents the activation of various genes that 

promote cell apoptosis. 
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Caffeine and polyphenols- 

Caffeine is a bronchodilator and has anti-

inflammatory property and polyphenols 

have antioxidant and anti-inflammatory 

properties, so improvement in lung function 

and reduced mortality from respiratory 

disease is seen, but in COPD, it may not 

work. Further studies should be conducted 

on its effect on COPD. 

Alcohol- 

Studies have found that subjects with low 

alcohol consumption had higher levels of 

FEV1, which indicates good pulmonary 

function and a decreased risk of COPD 

compared to non-consumers [68, 69]. 

Table 2: Antioxidants in the treatment 
Antioxidants Mechanism 
Glutathione Neutralizes oxidants in the lungs[3] 

NAC Cysteine donor [39-40] 

NAL Cysteine donor [41] 

NIC Cysteine donor [42] 

Erdosteine Mucolytic [43] 

Procysteine Cysteine donor [44,45] 

SOD Neutralizes oxidants in alveoli [46] 
Ebselen Reduction of hydrogen peroxide [47-50] 

Hydrogen Reduces hydroxyl radicals[51] 

Phosphodiesterase4inhibitor (roflumilast) Inhibits  superoxide [52] 

NADPH oxidase inhibitor (celastrol) Produces antioxidants [56,57] 

Diet (Vitamin C,E,A) Neutralizes oxidants [58-60] 

 
 

Table 3: Summary of the research works upon a few antioxidants by different authors 
SL 
No. 

Author/ 
Year 

Model Technique used Findings Limitation suggested by 
the author 

Further work 
suggested by 

authors 
1. X. Y. LI 

et al/ 1994 
epithelial 
cell line 

in 
vitro/Rat 
model in 

vivo 

Radiolabeling BSA with 
125lodine, Measurement 

of the Permeability of 
A549 Epithelial Cells to 

12Sl BSA, Isolation of Rat 
Type 11 Alveolar 
Epithelial Cells, 

Intratracheal Instillation 
and Bronchoalveolar 

Lavage in the Rat, 
Measurement of Rat Lung 
Epithelial Permeability is 

done. 

The harmful effect of 
WSC on the cell 
monolayer was 

decreased by GSH in the 
culture medium.WSC 

and VSC increased lung 
epithelial permeability 

after intratracheal 
instillation in rats, with a 

fall in GSH in BAL 
fluid.It supports that 

cigarette smoke-induced 
increase in epithelial 

permeability is oxidant-
mediated, and that the 
glutathione antioxidant 

system has an important 
protective role against 
this effect of cigarette 

smoke. 

The combination of 
treatment with BSO and 

cigarette smoke 
condensate in vivo study 
did not have an additive 
effect. This is difficult to 

interpret from the in 
vitro A549 epithelial cell 

monolayer studies. In 
vivo response is 

complicated by factors 
like the recruitment of 

leukocytes to the 
airspaces, changes in 

other antioxidant defense 
systems in alveolar space, 
and the failure to induce 

low concentrations of 
lung GSH comparable 
with those obtained in 

vitro. [70] 

Further work 
to overcome 

the 
limitations 

that includes 
many factors 

should be 
done. 

2. Frank 
Antonicel

li/2004 

In vitro 
cell 

culture 
and in 

vivo rat 
model 

Bronchoalveolarlavage,En
dotoxin assay, NF-kB 

staining is done in animal 
study. Isolation of RNA 

and reverse 
transcription,Analysis of 

IL-8 mRNA by 
PCR,RNase protection 

assay is done in case of cell 

Influx of neutrophils into 
the lungs cause of LPS is 
inhibited by treatment 
with the antioxidant 

NAL. This in vivo effect, 
which correlated with 
NF-kB activation from 
alveolar leukocytes in 
response to LPS, was 

LPS stimulation 
upregulated TNF-α, 

MIP-1α etc cytokines, 
NAL couldn’t 

downregulate all those 
cytokines. [71] 

Its effect on 
other 

cytokines 
should be 

done. 



Bakshi S et al                                                                                                                            Review Article 
 

 
3724 

IJBPAS, October, 2021, 10(10) 

culture study. also inhibited by NAL. 
NAL decreased 

LPSmediated IL-8 
release.TGF-β1 were 
downregulated by a 

cotreatment with NAL. 
3. Sandra 

Hodge 
et.al/2011 

Mice 
model 
and 

patients 
with 

COPD 

Flexible bronchoscopy, 
Flow cytometric analysis 

of human and murine 
macrophage 

phenotypes,quantification 
of cytokines,  Investigation 

of Human Alveolar 
Macrophage Phenotype in 

vitro and statistical 
analysis 

The treatment with 
procysteine increased the 
level of glutathione that 

is a potent antioxidant; it 
also increased the 

phagocytic activity of 
macrophages in both 

humans and mice. 

Tissue macrophages and 
alveolar macrophages are 

different in phenotype. 
[72] 

Its effect on 
different 
cytokines 
should be 

done. 

4. Piero A. 
Martoran

a et.al 
/2005 

C57Bl/6J 
male mice 

model 

Acute and chronic studies 
were done. For the 

determinationofdesmosine,
freshlungswerehomogeniz

ed, processed, and 
analyzed by high-pressure 

liquid chromatography. 
BALF was taken and 

various cytokines were 
determined. 

Roflumilast inhibits 
BALF neutrophil influx 
and increase IL-10. IL-
10 is capable to prevent 
neutrophil influx in the 

roflumilast-treated 
groups. It inhibits 

various cytokines. PDE4 
inhibitor, roflumilast 
partially ameliorates 

acute and chronic lung 
inflammation 

andfullypreventsparench
ymaldestructioninduced

bycigarette smoke in 
mice. 

Oral route 
administration is used 

here. [73] 

Further 
research 

work should 
be done. 

5. Koike, 
Ishigami, 
Sato, et 
al/2014 

SMP30-
KO mice 

model 

Measurement of Total VC, 
Oxidative Stress, and 

Protein Concentration is 
done. Determination of 
Vascular Endothelial 

Growth Factor, TNF-a, 
and mRNA Transcripts of 

Collagen is done. 
Evaluation of Apoptosis 
and Cell Proliferation in 
the Lungs and statistical 

analysis is done. 
 

Vitamin C treatment 
after cessation of smoke 

exposure showed 
increased mRNA 

transcripts of collagen; 
decreased oxidative 

stress, inflammation,and 
alveolar septal cell 

apoptosis; and promoted 
cell proliferation and 

hence reconstituted the 
alveolar maintenance 

program in the lungs of 
SMP30-KO mice. 

No limitation from the 
authors [74] 

 
 
 
 
 
 
 

It showed 
good 

therapeutic 
effect so 
further 

reaearch can 
be done. 

 

8. DISCUSSION 

Antioxidants play an essential role in 

neutralizing the free radicals produced by 

cigarette smoke and endogenous factors. 

Various cytokines, macrophages, and 

neutrophils are responsible for the 

inflammation in the lungs. TNF-α, NF-kB 

genes are also involved in the pathogenesis 

of COPD. Research articles showed that 

antioxidants could prevent these 

inflammations by cytokines, the neutrophil 

influx, or by inhibiting the genes related to 

COPD and increasing other antioxidants. 

Liu Y et al. 2018 found that diallyl 

disulfide, which is having antioxidative 

properties, decreases cell influx in BALF 

and suppresses pro-inflammation cytokine 

production such as TNF-α, interleukin-1β, 

IL-6 and inhibits NF-kB pathway in rat 

emphysema model induced by cigarette 
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smoke extract [75]. Hence, it indicates a 

promising antioxidative agent in 

emphysema treatment that is a part of 

COPD. Koike et al. 2014 showed that 

vitamin C treatment after cessation of 

smoke exposure on the SMP30-KO mice 

model showed increased mRNA transcripts 

of collagen, decreased oxidative stress, 

inflammation, and alveolar septal cell 

apoptosis and thus reconstituted the 

alveolar maintenance program in the lungs. 

Sandra Hodge et al. 2011 showed that the 

treatment with procysteine increased the 

level of glutathione and also increased the 

phagocytic activity in both mice model and 

COPD patients. Piero A. Martorana et al. 

2005 showed roflumilast that is a 

phosphodiesterase four inhibitor, inhibits 

BALF neutrophil influx and various 

cytokines, and it partially ameliorates acute 

and chronic lung inflammation but fully 

prevents parenchymal destruction induced 

by cigarette smoke in C57Bl/6J mice. Other 

researches found that treatment with NAL 

inhibits the influx of neutrophils that were 

caused by LPS, and NAL also inhibited 

NF-kB activation. So antioxidants can 

prevent the progress of COPD and can be 

used as a treatment.  

9. CONCLUSION 

The increased level of oxidants produced 

from cigarette smoke and endogenous 

factors is the main cause of COPD in 

patients. The mitochondrial-derived ROS 

activates MMP 2 and MMP 9, which 

further damages the mitochondrial 

membrane as negative feedback. So the 

ROS should be neutralized or should be 

prevented from being synthesized to avoid 

cell damage. The imbalance of oxidants 

and antioxidants can be repaired by using 

various chemical compounds. The 

antioxidants can neutralize free radicals and 

prevent cell damage. An antioxidant such 

as thiol molecules, superoxide dismutase, 

dietary polyphenols and vitamins, 

antioxidant mimetics, and inhibitors of 

oxidative stress-induced signaling 

pathways are capable of treating COPD. 

Dietary polyphenols, such as resveratrol 

and curcumin, vitamin C, E, A, inhibit NF-

κB activation, histone acetylation, and 

proinflammatory cytokine. Some 

antioxidants increase the synthesis of other 

antioxidants and also reduce 

hydroxylradicals and hydrogen peroxide 

and protect the cells from getting damaged. 

They help in the treatment of COPD and 

regulate inflammatory response at the 

molecular level. Antioxidants are 

considered as safest treatment without any 

side effects. They can be used as a 

promising treatment in COPD in the future. 

Some compounds are still ongoing trials 

and are yet to be established. 
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