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Abstract: Dietary antioxidants are essential for reducing oxidative stress, which is a key factor in the 

development of several respiratory and pulmonary conditions, such as asthma, pulmonary fibrosis, and chronic 

obstructive pulmonary disorder (COPD). Reactive oxygen compounds (ROS) and the body's antioxidant 

defenses are out of balance during oxidative stress, which results in inflammation, airway remodeling, and 

compromised lung function. The potential of nutraceuticals—bioactive substances present in food and 

supplements—to reduce inflammation and oxidative stress in the respiratory tract has drawn interest. Important 

antioxidants that have shown protective effects in clinical and preclinical trials include vitamins C and E, 

flavonoids, carotenoids, and polyphenols. These antioxidants enhance lung function, lower inflammatory 

cytokines, and neutralize free radicals. Vitamin C, for example, is a strong water-soluble antioxidant that may 

help individuals with COPD experience fewer exacerbations. Fruit and vegetable polyphenols have also been 

shown to have bronchodilatory and anti-inflammatory effects. Additionally, nutraceutical therapies may have 

synergistic advantages in the management of chronic respiratory disorders, particularly when paired with a 

balanced diet. Although dietary antioxidants are a potential approach to respiratory health, more clinical 

research is required to determine the best dosage and the long-term effectiveness associated with these 

nutraceuticals in the treatment of lung diseases.  
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1. Introduction 

The words "nutrition" (a nutritious diet or food component) and "pharmaceuticals" were combined to create 

the concept "nutraceuticals". Dr. Stephen De Felice, the founder and head of the Foundation for Advancement 

in Medicine, invented the term "nutraceutical" in 1989 [1]. The strong nutritional and therapeutic effects and 

safety of nutraceuticals have gained a lot of attention. Various disorders are treated and prevented with 

nutritional supplements. Major components of nutraceuticals contain nutrients, natural medicines, and food 

supplements. These substances function to remain healthy, fight against various medical conditions, and 

enhance life quality [2]. Nutraceuticals have proven their capacity to improve health and prevent disease, and 

they should be used at their acceptable consumption. Optimal health, long life, and high quality of life can all 

be promoted with the use of nutraceuticals, particularly in the treatment and prevention of acute and chronic 

pathological conditions. However, the purity, safety, prolonged side effects, and toxic effects of the product, 

as well as clinical trials involving humans and supplemental research, will determine the way it is developed. 

Consumer satisfaction in nutraceutical products is increasing with the establishment of precisely described and 

research-proven goods [3-4]. 
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2. Respiratory and Pulmonary Diseases 

The most common cause of mortality worldwide, Respiratory and Pulmonary diseases, is a serious and 

spreading global health issue [5]. Around 20% of people over 40 are currently affected; this number increases 

to 50% in heavy smokers [6]. The elevation in COPD (Chronic obstructive pulmonary disease) is most 

pronounced in poor nations, where exposure to polluted indoor air, such as biofuel smoke, is just as frequent 

as smoking cigarettes as a disease risk [7]. There is increasing realization that the disease is mainly driven by 

increased oxidative stress inside the lungs, which is induced by many and interlinked molecular processes [8]. 

The existence of reactive oxygen species impairs and overwhelms antioxidant enzyme responses, resulting in 

oxidative stress [9-10]. Considering that COPD does not go away only when exposure to cigarette smoke is 

discontinued, it has been proposed that additional endogenous variables, such as autoimmunity or chronic 

disease, may also be responsible for the disease's progression [11]. Many of the pathogenetic processes 

underlying COPD and its development seem to be controlled by oxidative stress. This shows that increasing 

endogenous antioxidants or using antioxidants to decrease oxidative stress might be a helpful treatment 

strategy. The degree of oxidative stress in the lungs is expanding, it has been challenging to find reliable and 

secure antioxidants for COPD. The goal of treatment is to return the lungs' redox balance to normal while 

maintaining the advantages of oxidant activation [11]. 

3. Role of Nutraceuticals in Respiratory Disorder 

Individuals of all ages are affected by respiratory illnesses, which are one of the primary causes of death and 

disease and represent a major worldwide health issue. This includes the lungs along with the bronchi, alveoli, 

nasal and air passages ways etc. The cause of these conditions may be inflammation, allergy, infection and 

cancer. The most common respiratory conditions include likely bronchospasm, pulmonary tuberculosis, 

pneumonitis, rheumatic diseases, lung disease, COPD and pneumoconiosis. COPD is driven by prolonged 

exposure to irritants and poisons in the air, which leads to ongoing airway inflammation and lung damage in 

the alveolar tissues. Ultimately, this leads to diseases including emphysema, chronic bronchitis, and chronic 

bronchiolitis [12]. The mainstays of therapy for both asthma and COPD are anti-inflammatory drugs and 

antioxidants. According to research, a number of health factors, including stress, toxins, viral agents, and 

radiation, can also cause chronic inflammation by altering the levels of pro-inflammatory molecules such as 

chemokines, cytokines, enzymes, etc. Many people are becoming aware of the connection between nutrition 

and health as well as the value of natural ingredients and dietary supplements in preventative care [13]. 

Products known as nutraceuticals are those that are used to maintain health as well as to prevent and treat 

disease. They have basic nutritional value as well. Alternately, any chemical that benefits physiological 

function or offers defence against chronic diseases may be regarded as a nutraceutical. They can be used to 

support the body's structure or function, enhance health, slow down the ageing process, avoid chronic diseases, 

and prolong life expectancy. Because they have the potential to significantly lower the high prices and safety 

concerns of contemporary medications, which are utilised worldwide to treat pathophysiological conditions, 

nutraceuticals are of special interest today. Nutraceutical chemicals are naturally bioactive chemical substances 

with therapeutic qualities that help in ailment prevention and cure of disease states, despite being largely 
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utilised in functional foods and dietary supplements. Thus, nutritional supplements could offer effective 

therapeutic choices and have been suggested for the management of respiratory illnesses. The word is used by 

the food industry to refer to any nontoxic food ingredient that has been shown to have positive health effects, 

including the treatment and prevention of disease. Due to their high margin of safety and possible nutritional 

and therapeutic benefits, nutraceuticals have also attracted a lot of research [14-15]. The classifications of 

nutraceuticals are depicted in Figure 1. 

Figure 1: Classifications of Nutraceuticals. 

4.1 Antioxidants 

Antioxidants free radicals are thought to be a major factor in cell damage, which contributes to ageing and the 

development of illness. Antioxidants are essential for maintaining ideal health and well-being since they act 

as our first layer of protection against free radical damage. Oxygen can react with other elements to form 

possibly hazardous substances called "free radicals." The body's healthy cells can be attacked by free radicals, 

which can result in them losing their respective design and action. Free radicals can be regulated or made 

inactive by antioxidants prior to damaging cells. The Antioxidants are certainly necessary to keep cellular and 

systemic health and wellbeing at their best. A highly complex and effective antioxidant defence mechanism 

has evolved in humans. It consists of several elements, both endogenous and external in origin, that interact 

with one another and work together in harmony to neutralise free radicals. Vitamin C(Ascorbic acid), vitamin 

E( tocopherols and tocotrienols), carotenoids(tetraterpenoids), etc., are a few examples of these components. 

Antioxidant enzymes that catalyse the processes that quench free radicals include superoxide dismutase, 

glutathione peroxidase, and glutathione reductase. Iron and copper ions that are free and capable of catalysing 

oxidative processes are sequestered by metal-binding proteins like lactoferrin (eg, lysozyme, trypsin, 

lactoalbumin), ferritin (eg, hemoglobin, transferrin, fibrinogen), caeruloplasmin(ferroxidase enzyme), and 

albumin.  There is a range of additional antioxidant phytonutrients found in plant diets [15]. Lower lung 

damage and fewer local infections are anticipated outcomes of reduced oxidative stress, which will slow the 

course of COPD. Lower lung damage and fewer local infections are anticipated outcomes of reduced oxidative 

stress, which will slow the course of COPD [16]. 

4.2 Antioxidants and COPD 

Antioxidant imbalance leads to higher oxidant load in Chronic obstructive pulmonary disease patients, Several 

peer reviews have indicated the efficacy of antioxidant amplification in defending lung airways as well as 



38 

tissues from the more destructive effects of oxidative agents [17-18]. Numerous studies support the idea that 

increasing Ascorbic acid (Vitamin C), tocopherols (vitamin E), and other antioxidant-reinforced food intake 

can significantly enhance pulmonary function in COPD patients as measured by increased FEV1. Some 

research fell short of demonstrating vitamin E's beneficial impact [19-20]. 

4.3 Role of oxidative stress in COPD pathogenesis 

A protease/antiprotease imbalance and oxidative stress. Oxidizing chemicals, such as those produced by 

leukocytes or those present in cigarette smoke, have antiprotease enzymes as one of their targets. These 

substances inhibit antiproteases, which leads to increased protease activity, which is the primary factor 

responsible for the onset of emphysema [21-22]. Methionine is oxidised in its active site by oxidative 

chemicals, rendering 1-antitrypsin inactive as a result. This decreases antiprotease activity and increases 

protease activity, which further damages the lungs' histological architecture. However, these events are only 

seen in vivo as soon as a person smokes a cigarette, not at a later time [23]. Weather influences cause many 

forms of stress, which cause emphysema and small airways lesions as well as the activation of inflammatory 

cells and autoimmune responses. Autoimmunity promotes immunogenicity that enhances and sustains the 

inflammatory process, and neutrophils produce more inflammatory stress. Reduced respiratory oxygen stress 

due to antioxidants [24].  

4.4 Additional Physiological Antioxidants 

4.4.1 Dietary Antioxidants  

Various classifications of Dietary antioxidants include vitamin C (ascorbic acid), vitamin E (tocopherols and 

tocotrienols), β-carotene and other carotenoids (tetraterpenoid) and polyphenols (flavonoids, flavonols, 

flavones and  Proanthocyanidins). 

4.4.2 Classification of antioxidants 

The classifications of antioxidants [25] are depicted in Figure 2. 

 

Figure 2: Classifications of Antioxidants. 
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4.4.3 Sources and Benefits of Different Antioxidants 

The various sources and benefits of different antioxidants [26] are given in Table 1. 

Table 1: Sources and Benefits of Different Antioxidants 

Types Source Potential Benefit 

Vitamin C (Ascorbic acid) Orange, Broccoli, Strawberries, 

Kiwi, Pineapple 

Antioxidants for healthy bones, 

gums, and skin 

Vitamin E (Tocopherol) Almond, Avocado, Peanuts, 

Spinach, Sunflower seeds 

Antioxidants help from blood 

cells, lung and nerve tissue 

Beta carotene Carrots, Fruits and vegetables 

(orange, avocado) 

Antioxidant activity, which 

neutralizes free radicals  

Polyphenols Citrus fruits, Soyabean, tea, 

apples, grapes 

Antioxidants counteract 

inflammation in the body, and 

reduce the formation of cancer 

4.5 Vitamin C 

Ascorbic acid, usually known as vitamin C, is a micronutrient that humans need but cannot generate on their 

own [27]. However, it can be accumulated by devouring fruits and vegetables every day [28]. Vitamin C is 

recognised to play a crucial role in the synthesis of collagen, and a deficit results in the clinical symptoms of 

scurvy. This vitamin is especially well-known for its contentious role in the prevention and treatment of the 

"common cold.” [29]. Numerous ailments may benefit from the use of vitamin C. Ascorbic acid(Vitamin C) 

can also function in the lungs as an antioxidant. The longest frequently affected organs are the lungs. Species 

of Reactive Oxygen (ROS) [30]. These ROS play a crucial part in the etiology of many congenital and acquired 

respiratory illnesses, including COPD, pneumonia, asthma, and CF (cystic fibrosis) [31]. Numerous 

physiological effects of vitamin C include anti-inflammatory effects, antioxidant effects, increased nitric oxide 

generation, and perhaps a contribution to immunity. On these grounds, exogenous vitamin C supplementation 

may be utilised to treat a variety of respiratory conditions. For instance, oxidative stress, which is defined as 

the antioxidant/oxidant disequilibrium, is a significant pathogenic component in COPD, a significant factor of 

illness along with death globally [32]. Free radicals' resting plasma concentration is reduced by vitamin C 

therapy, and this reduction is inversely linked with the ratio of FEV1/FVC [33]. In addition, it was discovered 

that a higher proportion of COPD exacerbations were linked to decreased vitamin C levels. Beyond its role as 

an antioxidant, vitamin C has further advantages in COPD. There have been numerous more defensive 

mechanisms proposed, such as its part in collagen formation, endothelium repair, and alveolar proliferation. 

Each of these procedures is required for tissue injury healing and regeneration. Chronic asthma is a different 

disease that vitamin C supplements may benefit. In addition to severe oxidative stress, this chronic 

inflammatory condition of the airways [34-35]. Asthma patients produce more ROS, which causes pro-

inflammatory mediators to be released [36]. These defects of inflammation brought on by other free radicals 

as well as mediators are, in fact, pathognomonic in asthmatic patients [37]. Studies on Vitamin C in Asthma 

Patients have shown that Asthma Patients frequently have low Vitamin C levels [38]. There is a negative 

correlation between ascorbic acid levels and wheeze or atopic sensitization in asthma, according to other 

studies [39]. Furthermore, it has been found that a vitamin C shortage is associated with atypical spirometric 
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characteristics and impaired lung function [40-42]. Pulmonary infections can benefit from vitamin C treatment. 

Additionally, the severity of the sickness was correlated with such an increase. Vitamin C reduced TNF- and 

IL-6 levels, which in turn reduced ROS and DNA damage scores. Anti-infection properties of vitamin C for 

influenza viruses [43]. When vitamin C is used to treat pulmonary genetic diseases like cystic fibrosis, it 

commonly shows considerable oxidative stress brought on by chronic inflammation, recurrent infections, and 

inadequate fat-soluble vitamin absorption [44-45]. The levels of vitamin C decreased in cystic fibrosis patients 

are related to higher symptoms of oxidative damage as well as inflammation [46]. Results show that vitamin 

C supplements can improve the course of several respiratory problems. 

4.6 Vitamin E 

The antioxidant activity of vitamin E, which is thought to be its primary biological function, is attributed to its 

reactivity to organic peroxyl radicals and is connected to the redox characteristics of the chromane ring. 

Compared to healthy persons, COPD patients exhibit reduced plasma antioxidant levels and activity and higher 

levels of systemic and airway oxidative biomarkers. Activation of NF-kB(Nuclear factor) and inflammation 

are at least partially responsible for this increased oxidant-to-antioxidant ratio. Antioxidant enzymes like 

catalase, superoxide dismutase, and glutathione peroxidase were found to positively correlate with lung 

function [47-48], inversely linked with oxidative stress, antioxidant vitamins, and consumption of antioxidant-

rich fruits and vegetables. By preventing lipid peroxidation from starting and progressing, vitamin E belongs 

to a class of antioxidants that shield human cell membranes from damage brought on by radicals. Tocopherols 

and tocotrienols, each with four different isomers (α,β and ϒ ), make up the two groups that make up vitamin 

E [49]. 

4.7 Beta carotene and other carotenoids and oxycarotenoids 

The extensive system of double-bonded conjugates in carotenoids is what gives them antioxidant properties. 

Additionally, it has been established that carotenoids can prevent the formation of free radicals. Tetralin and 

methyl linoleate, two model compounds, were found to be resistant to peroxyl radical oxidation at minimum 

concentrations and oxygen partial pressures, which are typical of most tissues in physiologic settings. It 

depends upon the synthesis of a stabilized resonance carbon-centered radical, 13-carotene's antioxidant 

activity, which would be shared by other carotenoids as well, may help shield membranes against lipid 

peroxidation [50]. After 13-carotene is exposed to free radicals, different kinds of oxidation products are 

produced as a result of the interaction between carotenoids and radicals. Epoxides at 13-ionone ring, as well 

as 13-apocarotenones (ketones) and 13-apo-carotenals (aldehydes )with various chain lengths, are produced as 

a result of the autoxidation of 13-carotene. The central double bond of the polyene chain formed an epoxide 

after 13-carotene was treated with a peroxyl radical generator [51-52].   

4.8 Polyphenols 

Numerous publications have been published in recent years that emphasise the advantageous effects of 

phenolic compounds. Polyphenols have a wide spectrum of biological actions [53]. Flavonoids and phenolic 

acids are the two subcategories of polyphenols [54]. 
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4.8.1 Flavonoids  

It has been proposed that flavonoids can guard against long-term lung illness. Polyphenols called flavonoids 

are present in plant-based foods naturally. Tea, fruits, and vegetables are the principal sources in a diet of the 

Western style. Flavonoids have been found to have antioxidant and anti-inflammatory properties. Flavonoids 

decrease the formation of two types of proinflammatory factors (leukotrienes, prostaglandins) by inhibiting 

cyclooxygenase as well as lipoxygenase, two enzymes involved in the metabolism of arachidonic acid [55]. 

Based on their chemical structures, flavonoids are polyphenolic chemicals divided into flavanones, flavones, 

flavonols, anthocyanidins, isoflavones, chalcones and catechins. The most significant category of phenolic 

chemicals, flavonoids are secondary metabolites made from plants and can be found in either an aglycone, 

which is not glycosylated, or connected to a sugar molecule (glycoside). As an antioxidant against the effects 

of UV radiation, photosynthesis.  

Flavonoids have been classified as antioxidants because they guard against the harm done by free radicals. It 

has been proposed that flavan-3-ols and flavones are most efficient over reactive oxygen compounds. 

Moreover, flavonoids may act as antioxidants by enhancing or defending natural antioxidants. As glutathione-

S-transferase, an enzyme shields cells from free radical injury by generating oxidative stress resistance, is 

stimulated by many of these substances, oxidative stress is reducedflavonoids like flavones, catechins and 

flavonolsare inversely correlated with symptoms like chronic cough, shortness of breath (not chronic), and 

phlegm and are positively correlated to force expiratory volume in one second increment. This suggests that 

catechins have a positive effect on COPD patients [56]. Antioxidants from food may guard against 

compromised ventilatory function. The dietary source of different flavonoids [57] is given in Table 2.  

Table 2: Dietary Sources of Different Flavonoids  

Class Flavanoid  Dietary Source 

Flavanol(Flavan-3-ol) (-)- Epicatechin  

(+)- Catechin 

Epigallocatechin 

Coffee, wine, tea, onion,apple 

Flavone Rutin, Chrysin, luteolin, 

apigenin 

Luteolin glycosides 

Redwine, Fruit skin(apple), 

Fagopyrum esculentum 

Flavanol Kaempferol, quercetin, 

Myricetin, Tamaraxitin 

Red wine, Olive oil, Grape fruits, 

Berries 

Flavanone Naringin, naringenin, 

Taxifolin, hesperidin 

Lemon, Orange, Citrus fruits, 

Grapes 

Isoflavone Daidzin, Genistin Soyabean, legume seeds, peas 

4.8.2 Proanthracynide 

A group of naturally occurring polyphenolic compounds, flavonoids known as proanthocyanidins, is present 

in a number of plant foods, including fruits, berries, beans, nuts, chocolate, and wine, making them an essential 

component in the human diet. Proanthocyanidins have anti-inflammatory, antioxidant properties, and they may 

have impacts on blood lipid levels [58]. A type of flavonoid chemical known as grape seed proanthocyanidin 

extract (GSPE) is made up of catechins, epicatechins, catechins, and epigallocatechins [59]. 
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5. Conclusion  

Vegetables and Fruits are some natural sources of flavonoids, a wide group of low-molecular-weight 

polyphenolic secondary metabolites. Aglycone is the fundamental flavonoid structure. The effect of OS in the 

genesis of several chronic and inflammatory ailments suggests that antioxidant-based therapy may be effective 

for treating these conditions. For a long-term treatment, a therapeutic approach that raises a person's antioxidant 

capacity may be helpful. However, there are still several issues with antioxidant supplements in disease 

prevention.  We have attempted to assess the function of proanthocyanidin and how they interact with the 

processes that regulate the weight of the body by investigating how proanthocyanidins affect the performance 

of Brown adipose tissue(BAT) mitochondria in a diet-induced obesity(fatness) paradigm. 
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