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Abstract 

Chronic obstructive pulmonary disease (COPD) refers to a collection of ailments that are responsible for blockage of 

airflow and breathing problems like chronic bronchitis and emphysema, resulting in extreme respiratory distress. The 

seriousness of the illness helps to determine which medicines are utilized for its treatment. In initial stages of COPD, 

people with severe respiratory issues need to take medicine. Certain medications must be administered regularly when the 

symptoms recur and worsen. When COPD becomes complex, patients need to take multiple drugs simultaneously. 

Conventional and nanoforms of several drugs like bronchodilators, N-acetyl-L-cysteine (NAC), Nrf2 activators, spin 

traps, anti-inflammatory drugs, and enzyme mimics that are used to fight against the oxidative stress are discussed in this 

review. It also highlighted the significance of the nanocarriers and microparticles in treating chronic lung disease along 

with stem cell and gene therapy related approaches. In short, this review article highlights the pathophysiology and 

various treatment options for COPD. 
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1. Introduction 

Chronic obstructive pulmonary disease (COPD) is an ailment symbolized by persistent restriction in lung airways. The 

World Health Organization (WHO) forecasts that COPD will rank third among all causes of death globally by the year 

2030. Oxidative stress, an allergic reaction, and modifications to biological purposes like cell propagation, altered 

programmed cell demise, and cellular degeneration are some of the elements that led to the pathophysiology of COPD. 

The foremost factor in aetiology of COPD is oxidative stress. Reactive oxygen species (ROS) and reactive nitrogen 

species (RNS), which are produced by stimulated neutrophils and macrophages, as well as endogenous sources like 

cigarette smoke (CS) and air pollution, all were contributed to the rise in oxidative burden on the lungs. The destructive 

oxidants produced by cigarette smoke are inhaled by the people may cause COPD due to discrepancy between 

antioxidant and oxidant species. Consequently, strong therapeutic drugs used to treat ailments of lungs have ability to 

increase endogenous antioxidant efficiency or change the redox system to decrease the oxidative stress [1-2]. The 

present review explored several traditional and different antioxidants like Nrf2 activators, N-acetyl-L-cysteine (NAC), 

spin traps, and enzyme mimics that are used to fight against the oxidative stress. An important function of the 

transcription factor Nrf2 is to trigger the Antioxidant Response Element (ARE), which regulated the expression of 

several Phase II antioxidant genes. Sulforaphane, curcumin, terpenoids, and others are potential Nrf2 activators [3]. A 

few examples of enzyme mimics that mimic the natural actions of several antioxidant enzymes include superoxide 

dismutase, catalase, and glutathione peroxidase. These nanocarriers can also be combined with a range of targeting 

ligands that are specific to receptors found in diseased cells, enabling focused delivery while reducing the drug side 

effects. The targeted delivery of medicines based on genes and stem cells can be accomplished with the help of 

nanocarriers. The significance of the nanocarriers and microparticles in treating chronic lung disease along with stem 

cell and gene therapy related approaches are also discussed.  

 

2. Pathophysiology of COPD 

Chronic inflammation, excessive free radical formation, and oxidative and nitrosative stress are all factors contributed 

in the aetiology of COPD (Fig 1). The primary aspect of COPD that affects the pulmonary parenchyma and peripheral 

airway system is chronic inflammation [4]. COPD triggers like pollutants, smoking, and biomass initiated the allergic 

reaction by enhancing  
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Fig 1: Pathophysiology of COPD 

 

the appearance of inflammation-related mediators. These intermediates are synchronized by the transcription factors 

NF-κB and p38 map kinase (MAPK) [5]. As a result, innate immune cells such macrophages, neutrophils, and 

lymphocytes were quickly activated. After sometimes, a significant amount of adaptive immune cells, like CD8+ 

cytotoxic and CD4+ helper T cells, drift to the lungs and increased the cellular inflammation [6]. Asthma is developed 

in some patients due to augmentation in the amount of eosinophil cells in airways. In the lung airways, cells such as 

epithelial cells, macrophages, and neutrophils regulated the release of different proteases that destructed the elastin 

fibres. It increased the discharge of mucus in COPD patients by motivating the neutrophil elastases. Emphysema is 

caused by metalloproteinases such MMp9 and MMp12, which endorsed elastolysis in lung parenchymatous tissues. The 

airway inflammation in people with normal lung function is increased due to consistent exposure to smoke. The 

conditions of patients become worsen during mild exacerbations in COPD patients because of decline in capacity of 

enzyme nuclear histone deacetylase 2 and the presence of macrophages in the lungs [7]. Haemophilus influenza and 

Streptococcus pneumonia made colonies in the lower respiratory tract and exacerbates soreness in patients of COPD 

[8]. Due to this, bacteria and apoptotic cells were not undergo phagocytosis appropriately by macrophages and impaired 

the lung inflammation [9]. Due to this reason inflammation persists even after cessation of smoking. 

Due to cigarette smoke inhalation, patients with COPD experience severe oxidative stress that is exacerbated by the 

activation of neutrophils and macrophages. Reactive oxygen species (ROS) or free radicals, which contribute 

significantly to oxidative stress and hyper inflammation, exacerbate the pathogenesis of COPD. p38 MAPK and NF-κB 

were activated by ROS, and this increased the manifestation of genes and proteins associated with the process of 

inflammation. ROS suppressed the severe elastolysis caused by antiprotease 1-antitrypsin. According to Nakamaru et 

al., oxidative stress caused irreversible DNA damage and is therefore expected to augment the threat of developing lung 

tumors [10]. Production of ROS encouraged carbonylation of proteins in COPD patients that leads to development of 

auto-antibodies. These antibodies circulated in systemic circulation, penetrated through the lung mucosa and aggravated 

the inflammatory response. Pulmonary tissue fibrosis is caused by ROS-mediated stimulation of transforming growth 

factor (TGF). Nuclear transcription factor (NRF) played a significant role in synchronizing the equilibrium of 

cytoprotective and antioxidant genes due to oxidative stress; however, activity of NRF2 in COPD patients were reduced 

due to enhanced acetylation and a decrease in HD2 activity [11]. 

Recent research shows that mitochondrial dysfunction causes a decrease in endogenous ATP and oxidative 

phosphorylation in COPD patients. Tanner and Single mimicked the cigarette smoke in vitro to investigate how cell 

degeneration and ROS excessive production enhanced the disintegration of mitochondria in COPD patient's epithelial 

cells. In epithelial cells of the lung tissues, cigarette smoke induced mitochondrial autophagy/mitophagy [12].  

 

3. Non-drug therapy 

In order to enhance the quality of life while decreasing the probability of exacerbations, the consequence of symptoms, 

and decreasing functional ability, non-drug interventions are just as crucial as pharmacotherapy [13]. According to 

McDonough, the best way to improve one's life quality and decreasing the probability of death due to lung ailment is to 
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stop smoking [14]. Pulmonary rehabilitation is a vital mediation to maximize the capacity to do exercise. It involved a 

planned exercise program along with self-management techniques, symptom control, and suitable education. This is 

usually implemented in direct superintendence of a skilled person. Continuance of physical activity is mandatory for 

sustaining the advantage of pulmonary rehabilitation alone.  

 

4. Drug therapies 

4.1 Conventional Drug Therapies 

There is no evidence that pharmacological therapy, other than oxygen has been demonstrated to decrease the elevated 

possibility of death in COPD patients. For this rationale, medications are given in a stepwise manner (Fig 2). Short-

acting bronchodilators must be inhaled to treat mild symptoms like exertional breathlessness. The addition of a long-

acting muscarinic antagonists or bronchodilators is beneficial for patients who require repetitive inhalations each week. 

The patient's response and preferences determine the second-line medicine to use [15]. The G-protein coupled beta-2 

receptor, which is primarily targeted by bronchodilators, relaxes the smooth muscle linings of the airways. They are 

metabolized in gut by cytochrome P-450 enzymes. Maximum percentage of drugs is eliminated in urine, and less than 

20% is excreted in feces.  

 

 
Fig 2: Drugs used in treatment of COPD 

 

4.2 Combination therapy 

Combination of inhaled corticosteroids/long acting bronchodilators therapy is advised in the management of COPD 

patients whose FEV1 (forced expiratory volume) is less than 50% predicted volume and for patients who have 

experienced many incidences of shortness of breath in the last 12 months [13]. Patients who are already receiving long-

acting bronchodilator medication will go to "triple therapy". The accessibility of combined drugs (long acting 

bronchodilator, dual bronchodilators, and a long-acting muscarinic antagonist) in a single device has helped in using 

this prototype. In general, the combination is preferred than a single drug [16]. 

 

4.3 Antioxidant Therapies for COPD  

4.3.1 Thiol Derivatives  

Catalytic antioxidants, N-acetyl-L-cysteine (NAC), N-isobutyl cysteine (NIC), Nrf2 activators, N-acystelyn (NAL), and 

other substances decreased the burden of oxidative stress and inflammation in the lungs. They regulated the production 

of glutathione (GSH) along with the stimulation of NF-κB, which influenced the chromatin remodeling mechanisms, 

the redox system, and binding of transcription factor with the regulators of inflammatory mediator’s genes. Thus, they 

helped in reducing the oxidative trauma [17]. Erdosteine, carbocysteine, fudosteine, porphyrins, procysteine, and spin 

traps are thiol compounds with advanced mucolytic capabilities that reduced the bacterial stickiness and inflammation 

related to COPD. 
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i. N-Acetyl-L-Cysteine (NAC) 

N-acetyl-L-cysteine, or NAC, is the acetyl derivative of cysteine. It detoxified different inflammatory pathways by 

increasing glutathione levels. It undergoes deacetylation in digestive tract and produced cysteine that act as building 

blocks for glutathione fabrication. Dodd et al., showed that NAC increased the concentration of endogenous glutathione 

[18] and demonstrated that increased levels of cellular glutathione in lungs altered the cell’s redox system by interacting 

with reactive oxidants. But Burgunder et al., opposed this and demonstrated that NAC converted cystine to cysteine 

[19]. In a COPD exacerbation model, Cazzola et al. verified that antioxidant and anti-inflammatory effects of NACs 

reduced the adverse effect of lipopolysaccharide's (LPS) [20]. 

NAC enhanced the lung function and mucociliary clearance by dislocating the cross linking and decreasing the 

viscosity and elasticity of mucus secretion. Lee et al. showed that NAC decreased lung allergies via controlling 

hypoxia-inducible factor-1 and activating NF-κB [21]. According to Passi et al., a double-blind, multicenter research 

found no improvement in lung function or mucus production in individuals with long-term chronic cough who were 

using NAC dosage inhalers [22].   

 

ii. N-Acystelyn (NAL)  

NAL is a lysine salt of NAC and used as alternatives to NAC. According to Antonicelli et al.'s research, NAL has thiol 

like antioxidant properties and acts as a mucolytic agent to reduce the oxidative stress and inflammatory response 

caused by ROS in both vivo and in vitro settings [23]. NAL enhanced the intracellular glutathione levels twice than 

NAC. Elborn et al showed that N-acystelyn (NAL) in aerosol form reduced mucus stiffness without any evident 

negative effects [24]. Therefore, NAL is more specific in targeting than NAC and in eradicating oxidative stress in 

chronic lung diseases.  

 

iii. Carbocysteine  

Lysine salt of S-Carboxymethyl cysteine (S-CMC-lys) is act as a prodrug that disintegrated in digestive tract and 

converted into active drug S-Carboxymethyl cysteine (S-CMC). According to Macci et al, it enhanced mucociliary 

transmission by decreasing the consistency of mucus [25]. It further decreased ROS levels in NCI-H292 cell line that 

encourage human neutrophil elastase (HNE) for causing hypersecretion of mucus. According to Yasuo et al., 

carbocysteine improved the survival of cell by stimulating the PI3K-AKT pathway and avoiding the cell 

damage/apoptosis brought on by H2O2 [26]. It has been reported that carbocysteine reduced the risk of bacterial 

infections in respiratory tract of COPD by preventing the pathogens' adhesion to cells. This report is supported by 

research of Cakan et al., which demonstrated that treatment with carbocysteine reduced the cohesion of Streptococcus 

pneumoniae with pharyngeal epithelial cells in both healthy volunteers and in patients of chronic bronchitis [27]. Wang 

et al., demonstrated that carbocysteine protected the human lung cancer cells against H2O2-induced cell damage by 

suppressing NF-κB and MAPK-ERK1/2 signaling pathways [28]. Thus, the above-listed research has verified both anti-

oxidant and anti-inflammatory potential of carbocysteine. 

 

iv. Erdosteine  

Erdosteine enhanced mucus clearance by rupturing the disulfide bonds of mucus glycoproteins and decreased sputum 

viscosity and elasticity due to its mucolytic potential. As an antibacterial agent, it prevented germs from adhering to cell 

surfaces. It worked as an anti-inflammatory agent by scavenging the free radicals and ROS [29]. Numerous clinical 

trials have confirmed the erdosteine's ability to prevent COPD exacerbations by salvaging ROS. Moretto et al., 

demonstrated that erdosteine in dose of 300 mg b.i.d. for 8 months and 300 mg twice for 7–10 days reduced 

exacerbation and hospitalization rates of COPD patients [30]. For 1 year, a 300 mg dose of ergosteine was proven to be 

helpful for 40 to 80 years aged group patients of COPD. Dal Negro et al confirmed its tremendous adhesive and anti-

inflammatory potentials [31]. According to published research, erdosteine preserved the intensities of the cytokines IL-6 

and IL-8 in the bronchial discharge of COPD patients while reducing the ROS production by activated macrophages 

due to cigarette smoke. 

 

v. Fudosteine  

Due to its anti-oxidant and mucolytic qualities, fudosteine is utilized to treat bronchial asthma, pulmonary emphysema, 

and COPD. Fudosteine have ability to donate cysteine amino acid and improved glutathione production. It has more 

bioavailability than NAC. Rhee et al demonstrated that fudosteine decreased the expression of MUC5AC gene and 

secretion of mucus and inhibited the key signaling molecules [32]. Osoata et al., demonstrated that fudosteine repressed 

the peroxynitrite-initiated oxidative stress by foraging the free radicals that are assumed to be responsible for the 

pathogenesis of COPD [33]. 

 

vi. Procysteine  

Procysteine donates cysteine on disintegration and decreased the generation of IL-1 and TNF-α, which are necessary to 

augment macrophage activity. It has higher bioavailability than NAC. According to Hodge et al., Procysteine declined 

the ratios of glutathione-to-oxidized glutathione in lungs that augment the phagocytic action of macrophages [34]. 
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4.3.2 Nrf2 Activating Drugs 

The cytoplasm of healthy cells contains basic-leucine zipper transcription factor also known as nuclear factor erythroid 

2-related factor (Nrf2). It acted as a master transcription factor and utilized the antioxidant response element (ARE) 

signaling pathway to regulate the appearance of different antioxidant genes like NAD(P)H dehydrogenase, thioredoxin 

reductase 1, heme-oxygenase, and superoxide dismutase 1 (SOD1) [35]. In oxidative and electrophilic stresses, Nrf2 

switches into the nucleus and attached with antioxidant response element (ARE) of mark genes after detaching from its 

Kelch-like ECH-associated protein 1 (Keap1) and cytosolic inhibitory subunit [36]. It triggered the ARE-mediated 

Phase II detoxifying enzymes/genes and providing shield to the organism against oxidative and electrophilic stress [37]. 

Thus, Nrf2 is assumed as a crucial target that can lower the oxidative stress on the lungs. In COPD, Nrf2 activation 

reduced the influence of free radicals brought on by cigarette smoking while maintaining intracellular oxidant levels. 

Different Nrf2 activators are crucial in lowering oxidative stress are discussed below.  

 

i. Sulforaphane  

Sulforaphane is an organosulfur molecule that is mostly available in cruciferous vegetables including kale, cauliflower, 

and broccoli sprouts. It detoxified the ROS and unpaired radicals produced and ingested by the body [38]. Zeng et al 

demonstrated that sulforaphane inhibited the performance of TLR4 and MyD88 due to its anti‐inflammatory potential in 

COPD [39]. Harvey et al. demonstrated that sulforaphane reticent the bacterial infection persuaded the exacerbation in 

COPD and reinstated bacteria detection and phagocytosis in alveolar macrophages (AMs) of patients by activating Nrf2 

[40]. Yoon et al., demonstrated that sulforaphane activated Nrf2-reliant Phase 2 detoxification enzymes and prohibited 

the kidney impairment due to ROS induced oxidative stress [41]. Keum et al., observed that Nrf2 improved the 

performance of anti-oxidant enzymes by activating ARE [42]. 

 

ii. Curcumin  

A yellow-colored antioxidant chemical with anti-inflammatory potential found in turmeric is curcumin. Mollazadeh et 

al., confirmed that curcumin concealed the pro‐inflammatory cytokines that leads to its antiproliferative and 

anti‐inflammatory effects [43]. Trujillo et al. and Safari et al. confirmed that curcumin accelerated the genes 

transcription that decreased the generation of reactive oxygen species and enhanced the antioxidant defensive 

mechanism [44-45]. Rushworth et al., observed that curcumin improved the activity of p38 phosphorylation and protein 

kinase C. It augmented the accessibility and performances of cellular anti-oxidant enzymes by conjugating ARE with 

Nrf2 transcription factor. Daily consumption of curcumin (100 mg/kg) prohibited the airspace reduction and augmented 

the macrophages and neutrophils inflammatory cells due to cigarette smoke. Thus, curcumin potentialy inhibited the 

elastase-driven pulmonary inflammation and emphysema in mice [46].  

 

iii. Resveratrol  

According to research by de Ligt et al., the phytoalexin resveratrol may trigger Sirtuin 1 either explicitly or implicitly 

by activating AMPK, which in turn stimulates PGC-1, a key regulator of mitochondrial metabolic processes and 

biosynthesis [47]. It is present in berries skin, peanuts, and red grapes. It provides protection from different stressors 

and destruction by exhibiting anti-inflammatory, anti-oxidant, and anti-carcinogenic properties. It activated Nrf2, which 

stimulated the production of nitric oxide by activating different detoxify enzymes like superoxide dismutase, 

glutathione peroxidase, heme-oxigenase-1, and catalase and protected the body against different stressors and damage 

[48]. Beijers et al., accounted that resveratrol consistently reduced oxidative stress and inflammation of lungs in 

experimental models of COPD. Thus, it improved both respiratory and skeletal muscle impairment in COPD [49]. Kode 

et al., illustrated that GSH and HO-1 levels enhanced in A549 cells during treatment with resveratrol by signaling Nrf2-

ARE networks. It decreased the synthesis of Beclin1 protein and increasing the appearance of FoxO3a and SIRT1. It 

inhibited the autophagy in human bronchial epithelial cells in- vitro and in animals with COPD persuaded by cigarette 

smoke and LPS [50]. Li et al., found that resveratrol reduced the oxidative stress due to cigarette smoke in epithelial 

cells of human lung by SIRT1 nuclear migration of Nrf2 [51]. 

 

iv. Catechin  

Polyphenols of green tea are usually known as catechins. Catechin is a natural phenolic flavonoid with antioxidant 

properties. Some examples of catechin are (-)-epicatechin (EC), (-)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin-

3-gallate (ECG), and (-)-epigallocatechin (EGC). Because of its extensive anti-inflammatory, antioxidant, and anti-

fibrotic activities, the polyphenol EGCG produced from the green tea plant (Camellia sinensis) may also be helpful for 

the treatment of respiratory disorders [52]. Xanthine oxidase, mitochondrial succinoxidase, lipoxygenase, NADPH 

oxidase, COX-2, microsomal monooxygenase, etc. are pro-oxidant enzymes that produced superoxide anions. 

Yousefian et al., confirmed that the antioxidant potential of Catechin is due to its potential to chelate free transition 

metals like copper, iron and amplify the ROS production [53]. EGCG inhibited NF-κB activation by inhibiting release 

of pro-inflammatory cytokines in epithelial cells of airway due to cigarette smoke [54]. According to Shah et al's 

investigation on the protective effects of epicatechin produced from tea and cocoa plant against ischemic brain injury, 

HO-1 enzyme expression was raised by stimulating Nrf2 [55]. 
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v. Terpenoids  

Terpenoids (five carbon atoms) are also known as isoprenoids. They triggered the Nrf2 signaling pathway and 

diminished the damage caused by oxidative stress. Sussan et al beleaguered Nrf2 using triterpenoid CDDO imidazolide 

to appreciably decrease the alveolar destruction, pulmonary oxidative load, and cellular death brought on by smoking 

cigarettes [56]. Hirota et al demonstrated that in a mouse asthma model, limonene greatly decreased the concentration 

of several pro-inflammatory chemicals as well as airway fibrosis [57]. In vivo research employing an asthmatic rat 

model revealed that α-terpineol derivatives promoted airway smooth muscle relaxation and enhanced lung function. 

[58]. Chi et al demonstrated that borneol and terpineol can be utilized to treat asthma as they prohibited histamine-

induced in vitro breathing problems in isolated guinea pig tracheal smooth muscles [59]. Kennedy-Feitosa et al., 

identified the saturated monoterpene eucalyptol as a potential anti-oxidant and anti-inflammatory option to cure COPD 

in mice [60]. A pentacyclic-triterpene derived from the plant Taraxacum officinale called taraxasterol is effectively 

combated the CS-induced lung inflammation in mice and in HBE cells by blocking the TLR4 receptor's trafficking to 

lipid rafts, which is generated by reactive oxygen species (ROS) [61]. 

 

vi. Quercetin  

Red wine, berries, apples, Ginkgo biloba, onions, and other vegetables and fruits contain quercetin (3,3′,4′,5,7-

pentahydroxy flavone), a phenolic molecule obtained from the flavonoid family. Due to its potential for antioxidant 

activity, quercetin converted into less reactive phenoxy radicals by interacting with reactive species [62]. Thus, they 

prevented the lipid peroxidation by counteracting with different reactive oxygen species. It inhibited different 

antioxidant enzymes, protein kinases, and activated the NF-κB pathway [63] that leads to inhibition of redox imbalance, 

expression of MMP9 and MMP12 [64].  

 

4.3.3 Lipid peroxidation and protein carbonylation inhibitors/blockers 

i. Edaravone (MC-186) 

According to Kikuchi et al., edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) is a powerful lipid peroxidation 

determent and a potential scrounger of protein carbonyl and free-radical [65]. It reduced the intestinal 

ischemia/reperfusion persuade oxidative stress, lung damage, inflammation, and premature death in rats [66]. It is used 

to treat COPD because of its anti-inflammatory and antioxidant potential. It also improved the neurological function of 

patients and have applications in therapy of acute cerebral infarction [67-68]. Chen et al., demonstrated that edaravone 

have anti-necrosis, anti-apoptosis, and antioxidant potential [69]. Wang et al., had shown inhibitory efficacy of 

edaravone against lung damage in different ALI animal models [70]. 

 

ii. Lazaroids 

Lazaroids (tirilazad mesylate), belongs to a class of glucocorticoid equivalents of methyl-prednisolone. They permeated 

in the hydrophobic sections of cell membrane in order to prevent the peroxidation of lipid membranes [12]. In different 

animal models of lung injury, lazaroids have been exhibited the function of protection [71]. According to Wang et al. 

lazaroids activated the alveolar macrophages to produce tumor necrosis factor and prohibited the production of free 

radicals in a model of lung damage brought on by smoking [72]. Further researches are required to determine 

effectiveness of lazaroids in COPD. 

 

4.4 Enzyme Antioxidant 

The primary use of enzyme-based anti-oxidants such catalase, superoxide dismutase (SOD), and glutathione peroxidase 

(GPx) is to eliminate reactive oxygen species created within the cells. These enzymes' expressions and capacities alter 

with oxidative stress. As a result, the use of enzyme mimics can aid in preserving the steadiness between anti-oxidant 

and oxidant systems. An enzyme imitated the usual function of the enzyme in its native form by having catalytic 

activity.  

 

4.4.1 SOD (Superoxide Dismutase) Mimetics 

Superoxide dismutase is located in the lungs as an extracellular superoxide. Lungs exposed more to free radicals than 

other organs. It captured superoxide anion and shielded the lung from oxidative stress-related harm. Mimicking 

enzymes are categorized in three classes. Numerous manganese-based macrocyclic ligands, such as M40414 and 

M40401, are part of the foremost class of SOD enzyme mimics [73]. Manganese metalloporphyrins like AEOL-10113 

and AEOL-10150 are part of the subsequent class [74]. Salens that have superoxide dismutase and catalase activity 

make up the third class. They could eliminate a large number of unpaired radicals like hydrogen peroxide, peroxynitrite 

radicals, and superoxide anion. M40419 dramatically reduced the levels of oxidative stress indicators found in lung 

tissue of animal model. AEOL-10150 reduced the synthesis of peroxynitrite, lipid peroxidation and cigarette smoke-

induced inflammatory response. According to Yao et al., superoxide dismutase prevented tobacco smoke and elastase-

induced lung fibrosis in mice by reducing ECM division and altering elastin fragments formed due to oxidative burden 

[75]. Tollefson et al., demonstrated that SOD3 helped in declining the oxidative burden in macrophages of mouse [76]. 

Therefore, the development of enzyme mimics is thought to be a beneficial therapeutic approach in the therapy of 

COPD and emphysema. 
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4.4.2 Glutathione Peroxidase Mimetics 

Ebselen compounds are potent antioxidants because they counteracted the effects of the peroxynitrite radical. These are 

selenium-based compounds that imitating the functions of glutathione peroxidase. It prohibited the LPS-induced 

soreness and enrollment of inflammatory cells like neutrophils by restraining the TNF-α and IL-1β. These experiments 

showed that the enzyme mimetic is proved valuable in reducing oxidative burden associated with lung inflammation 

[76]. 

 

4.4.3 Enzymatic Redox sensors: Thioredoxin 

Redox effector factor-1 (Ref-1) and thioredoxin (Trx) are the redox sensors of family oxidoreductase. It improved the 

cell functions by decreasing oxidative stress directly due to its antioxidant potential and indirectly by interacting 

proteins with key signal transduction molecules [77]. Thioredoxin joined with the apoptosis signal regulating kinase and 

hepatopoietin proteins during oxidative stress [78]. It induced transcriptional activation by suppressing the thiol group 

in p65/NF-κB subunit. Souza et al demonstrated that MOL-294 suppressed thioredoxin leads to blockage of nuclear 

stimulation of NF-κB and AP-1-dependent transcription, annihilation of neutrophil influx and production of TNF-α in 

an animal model [79]. Tanabe et al., demonstrated that thioredoxin prevented cigarette smoke-induced emphysema by 

its anti-chemotactic effects produced due to its anti-inflammatory and anti-oxidative characteristics [80]. The level of 

4HNE is augmented during oxidative stress in lungs of COPD and in serum of AECOPD patients [81]. 4HNE attached 

with the active-sites of Trx1 and cytosolic TrxR to produce its cytotoxic effects (TrxR1) [82-83]. 

 

4.4.4 Spin traps and iNOS inhibitors 

Spin traps formed stable end products by quenching the free radicals. Nitrone- or nitroxide-nuclei and their derivatives 

are typically found in spin traps. Initially spin traps generated toxic hydroxyl radicals due to their small half lives. This 

issue has been resolved by adding electron withdrawing molecules to the pyrroline ring [84]. Due to their potent 

antioxidant effects, isoindole- and azulenyl-based nitrones like STANZ reduced lipid peroxidation. At the site of 

inflammation, compound BN 80933 (a-phenyl-N-tert-butyl) is converted into the stable forms on reaction with free 

radicals [85]. Phenyl-base nitrone spin trap (PBN) derivative, like PBN-2, 4, disulfonate (NXY-059) has been reported 

to be useful in a number of experimental mock-ups of pulmonary diseases (http://www.nitrone.com/). Recent studies 

revealed that a number of pharmacological inhibitors, including G-nitro-L-arginine-methyl ester (L-NAME) and [N (6)-

(1-iminoethyl)-L-lysine (L-NIL) reduced iNOS and thereby eased emphysema in different animal models [86]. 

Therefore, targeted suppression of iNOS and substitution with other antioxidants may offer a treatment plan for COPD. 

 

4.5 Nanocarriers 

Different nanocarriers can be manufactured with different materials like synthetic and natural polymers, organic and 

inorganic compounds made of proteins, metals, and lipids, for the treatment of chronic lung illnesses. Nanoparticles can 

be divided into various classes on the basis of their constituents and distinguishing characteristics, like solid-lipid 

nanoparticles, micelles, polymeric nanoparticles, dendrimers, liposomes, inorganic nanoparticles and protein-based 

nanoparticles (Fig 3) [87]. 

 

 
Fig 3: Different nanocarriers for targeting drugs in lungs. 
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4.5.1 Liposomes 

Liposomes are lipid-based spherical medication carriers having bilayer lipid membrane. Polymers like polyethylene 

glycol (PEG) and chitosan are typically used to modify their outer surface [88]. By reducing cellular uptake by the 

phagocytic system, these coatings lengthened the duration that the liposomes spent in the bloodstream. STEALTH 

technology enabled to encapsulate a wide variety of active ingredients in liposomal carriers to increase the targeting 

efficiency and activity. STEALTH liposomes are the common name for these liposomes. The composition of the 

liposomal membrane can be modified to create neutral, anionic, and cationic liposomes [89-90].   

Liposomes are prepared different materials that are compatible with pulmonary tissue and assisted the targeted 

intracellular delivery of drug via merging with the membrane of plasma, phagocytosis, and receptor-triggered 

endocytosis [91]. Liposomes are extensively used for targeted delivery of nucleic acids (DNA/RNA), vitamins and 

drugs in the form of aerosol [92]. Modification of curcumin-loaded liposomes provided the protection to the entrap 

molecule and increased their efficacy in chronic inflammatory conditions. They improved the performance of nebulizer 

and reduced lung damage due to oxidants. Manconi et al observed that the synergic effect of hyaluronan and curcumin 

subsequently enhanced the metabolic activity of cells [93]. The various benefits shown by liposomes in dry powder 

form with breathing devices for lungs are as follow. Firstly they do not aggregate after aerosolization, secondly retained 

drug payload and their size during spray. They accumulated in lungs and retained there for a longer duration. Then, they 

penetrated into the lung cells and depicted the sustained liberation of active content [94]. Li et al. developed a liposomal 

dexamethasone administration technique in conjunction with an antibody to specifically target surfactant protein [95]. 

They demonstrated that liposomal steroids had higher therapeutic effectiveness and lesser side effects than free 

dexamethasone sodium phosphate. Cipolla et al encapsulated ciprofloxacin nanocrystals in liposomal formulations and 

converted them in freeze-dried aerosolized form [96]. They demonstrated that these formulations were remained stable 

for a long duration after nebulization. De Leo prepared small unilamellar surface modified liposomes to evaluate the 

penetrating efficacy of these vesicles in the amelioration of persistent respiratory illnesses by testing pathological mucus 

model of COPD [97]. 

 

4.5.2 Nanoparticles 

Nanoparticles are used as novel carriers for the targeted administration of medications in lungs [98]. They focused 

mainly on the pulmonary airway's endothelial cells' like platelet endothelial cell and receptors of intracellular cell 

attachment molecule. Nanoparticles reduced the oxidative stress of respiratory system by targeting different drugs like 

SOD, NADPH oxidase inhibitors, and CAT [99]. The relevant researches that focused on COPD therapy with 

nanoformulations were summarized in Table 1. 

 

i. Solid Lipid Nanoparticles  

Cholesterol and phosphatidylcholine are used to prepare lipid-based nanoparticles as they are biocompatible. These 

nanocarriers can encapsulate extensive assortment of drugs in inner and the outer lipid layer to encourage cellular 

uptake. Dipalmitoyl phosphatidyl ethanolamine-methoxy (polyethene glycol) (DPPE-PEG) and Dipalmitoyl 

phosphatidy lcholine (DPPC) based nanocarriers are utilized to deliver drugs in respiratory tract. Meenach et al 

prepared a micro/nanoparticle system to deliver anti-cancer drug paclitaxel in lungs by using dipalmitoyl phosphatidy 

lethanolamine PEG (DPPE-PEG) and DPPC/DPPE-PEG dipalmitoyl phosphatidylcholine (DPPC) [100]. Castellani et 

al. prepared SLNs based drug delivery system by using a melt-emulsion technique to trap proanthocyanidins and 

demonstrated that they reduced oxidative stress by decreasing ROS generation [101].  

 

ii. Lipid Hybrid Polymer Nanoparticles 

The most recent innovation in nanocarriers is nanostructured lipid carriers (NLC). For example, Thanki et al 

synthesized LPNs i.e. lipidoid-modified nanoparticles with lipidoid and PLGA and showed that they had substantial 

gene hushing effects. [102]. Akinc et al recommended lipidoid-modified LPNs as a hopeful prospect to ensure the 

proficient and secure intracellular delivery of siRNA in chronic pulmonary disease [103]. Wang et al effectively trapped 

Poly (lactic-co-glycolic acid) in lipid hybrid nanoparticles composed of phosphatidylcholine (PC) for its targeted 

delivery in lungs [104]. Chikuma et al encapsulated a cationic lipid (DOTAP) envelope that attached the pHDAC2 and 

Mn-porphyrin dimer in PLGA core in LPNs and suggested that these vesicles eliminated ROS and revealed a 

considerable augmentation in intracellular HDAC2 expression levels [105]. Recently, the effective treatment of chronic 

inflammatory lung disorders has been achieved by using nanoparticles that have been loaded with antibiotics, anti-

cancer medications, antioxidant agents, and anti-asthmatic medications. 

 
Type Nanocarriers 

Composition 

Drug Method of 

Preparation 

Mode of Action Ref 

Liposomes 

Liposomes Chitosan, hyaluronan, 

phospholipids 

Curcumin Sonication, stirring Act by suppressing the generation of COX-2, IL-8, 4,5  

and NF-κB activation  

[93] 

Phospholipid and 

cholesterol 

NAC Reverse phase evapo-

ration and spray drying 

Reduce sputum viscosity in both COPD and cystic 

fibrosis to make it easier to remove lung secretions 

[106] 

DPPC a-Tocopherol Solvent evaporation 

method 

Reduce the influx of cells, acute inflammation, and 

collagen production in lung tissue. 

[107] 

Dendrimers 

Dendrimers TEE modified 

PAMAM dendrimers 

siRNA Vortex Target lung alveolar epithelial A549 cells and mute 

genes 

[108] 
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PAMAM dendrimer TNF-α siRNA Vortex Gene silence (targeted TNF-α) [109] 

Nanoparticles 

Solid lipid 

nanoparticle 

Lipid and surfactant Proanthocyanidi

ns 

Melt-emulsion method Reduce ROS production [110] 

Lipid Carvacrol Fusion-emulsification 

method 

Reduce level of malondialdehyde to reduce the 

respiratory harm, and diminish the histopathological 

alteration 

[111] 

Polymer hybrid 

nanoparticles 

PLGA and DOTAP siRNA DESE Gene silence (targeted TNF-α) [102] 

PLGA and DOTAP pHDAC2, 

MnPD 

Modified solvent 

displacement method 

Decreased glucocorticoid defence and ROS levels [105] 

Biodegradable 

nanoparticles 

Poly(ε-caprolactone) Lipoic acid Interfacial polymer 

deposition 

Protection against lipid peroxidation [112] 

Polyoxalate HBA Conventional single 

emulsion method 

Salvage H2O2, decrease iNOS, COX-2, and (IL)-1β 

expression 

[113] 

Polymeric 

nanoparticles 

PHEA-PLA-

PEG2000 

FP HPH (freeze drying) Promote drugs mucus layer absorption, decrease 

survivin expression  

[114] 

PVP; PVA or dextran Curcumin Solvent and 

antisolvent 

precipitation method 

Time-dependent attenuate in LPS-induced 

inflammation of alveolar macrophages 

[115] 

PGA-co-PDL, 

cationic lipid DOTAP 

microRNAs Single emulsion 

solvent evaporation 

method 

Reduce the expression of IRAK1 and the activity of the 

IL-8 promoter. 

[116] 

PLGA, calcium 

phosphate, chitosan or 

PEI 

siRNA, pDNA, 

FITC-BSA 

Modified the rapid 

precipitation method 

(freeze drying) 

Amplify the encapsulation of siRNA or DNA and 

pervade through the cell membrane 

[117] 

 

PLGA, calcium 

phosphate, 

polyethylenimine 

siRNA Modified the rapid 

precipitation method 

(freeze drying) 

Suppress the expression of IFN-γ, CCL-2 and IP-10 to 

decrease the lungs inflammation  

Multifunctional 

nanomaterials 

Fibroin Sulforaphane, 

CeNPs and PEI 

passivated CDs 

Modified solvent 

displacement method 

Against oxidative stress and imaging [118] 

Nanocrystals Pluronic F68 or 

lecithin 

Budesonide Wet-milling technique It activated glucocorticoid receptors (GR) in the 

cytoplasm of bronchial cells, causing the budesonide-

GR complex to connect with HDCA2 and CBP (HAT) 

in the nucleus of the bronchi. 

[119] 

Inorganic 

nanoparticles 

Gold nanoparticles Au NaBH4 reduction 

method 

Quickly bind with alveolar epithelium [120] 

Ferrous and ferric 

chlorides 

Antibody 

conjugates 

Controlled 

precipitation approach 

Facilitate endothelial delivery of active contents and 

provide protection against proteolysis  

[121] 

Cerium oxide (IV) 

nanoparticles 

SOD and CAT   Against ROS [122] 

Al2O3 NPs Al2O3 (Purchased from 

Plasmachem Gmb) 

PTPN6 and STAT3 phosphorylation are repressed. 

Restoring PTPN6 production or using a STAT3 

inhibitor to prevent inflammation and apoptotic in the 

lungs 

[123] 

Table 1: Different Nanocarriers used for targeted delivery in COPD 

 

iii. Inorganic nanoparticles 

Inorganic nanoparticles are made of silver and gold or inorganic materials like carbon, silicon oxide, iron oxide, and 

calcium phosphate. Targeted delivery, wide availability, good biocompatibility, and affluent functionality are the 

versatile properties of inorganic nanoparticles that made them suitable for pulmonary delivery. They can therefore be 

evaluated as potential COPD nanocarriers. For instance, gold nanoparticles are used to target drug in epithelial cells 

during COPD [120]; cationic nanoparticles are used for gene delivery by binding with anionic DNA/RNA [124]. Gil et 

al conjugated antioxidative enzymes with inorganic cerium oxide (IV) nanoparticles to capture nitrogen and oxygen 

radicals and recommended that antioxidative enzymes and the nanocarriers provide a synergetic anti-inflammatory 

effect by targeting endothelial cells [125]. Fytianos et al prepared fluorescently coated gold nanoparticles and 

functionalized their surface with DC-SIGN antibody [126]. Protein-based drug delivery systems are used to amend the 

exterior of inorganic nanoparticles in order to minimize the problems associated with these nanoparticles, such as 

immunogenicity, less biological compatibility, and low biological degradation. One such example is the encapsulation 

of cerium oxide nanoparticles into albumin nanoparticles by Bhushan et al [127]. Additionally, Murlidharan et al., 

productively prepared nanoparticles encapsulated Nrf2 activator like dimethyl fumarate in dry powders form inhalable 

for the targeted delivery in pulmonary inflammation [128]. 

 

iv. Polymeric nanoparticles  

The macromolecules known as polymers are prepared by repeating monomers. Various types of polymers can be 

combined with active components like drugs, nucleic acids, targeting moieties, etc. directly or via fillers with various 

designs to produce a range of polymeric drug delivery systems. The most widely used natural polymers are albumin, 

HA, chitosan, and gelatin, while the most popular synthetic polymers are PEG, PLA, PVA, and copolymers like PLGA 

[129]. Vij et al prepared a multipurpose polymeric vesicle to co-encapsulate theophylline and prednisolone as a 

combined regimen for relief during chronic lung illnesses [130]. Nanoparticles encapsulated biodegradable 

hydroxybenzyl alcohol-incorporated polyoxalate (HPOX) reduced the oxidative stress and used to cure inflammatory 

illnesses of the airways. Intranasal HPOX administration has shown allergic inflammation and significantly decreased 

iNOS expression [131]. The dilapidation products of PLGA like glycolic acid and lactic acid were accumulated in 

pathways of respiratory tract and caused alteration in pH [132]. Therefore, before implementing a polymeric drug 

delivery approach, it is strongly encouraged to evaluate the rate of polymer breakdown and long-term safety. 
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4.5.3 Dendrimers 

Dendrimers are repeated branched structure of size 4 to 20 nm that can be used as hauler to deliver a drug. They have 

applications in the efficient delivery of numerous drugs, steroids and antibiotics. Vigorous penetration of dendrimers in 

blood restricted their retention in lungs. Ryan et al. prepared PEGylated dendrimers and investigated their ability to 

retain in lungs and to discharge the drug in sustained manner [133]. Kaminskis et al encapsulated doxorubicin 

conjugated with 56 kDa PEGlyated poly-lysine in dendrimers to examine their anti-cancer potential and demonstrated 

that they are quickly evacuated from the respiratory tract after introducing via intra-tracheal route [134]. Zhong et al., 

demonstrated the cellular and systemic biodistribution of PAMAM dendrimers [135]. Dendrimers can be used to deliver 

drug potentially by inhalation. Dendrimers having charge on its surface were effectively used for the transport of 

genetic material. Khan et al., prepared dendrimer using alkyl chains of increasing length instead of free amine and 

evaluated its ability for the targeted delivery of siRNA [136]. Bohr et al., prepared and recommended that pyrrolidinium 

dendrimiplexes had higher cellular incorporation and in vitro TNF silencing effectiveness than morpholinium-

containing dendrimiplexes [137]. 

 

4.5.4 Nanospheres 

Nanospheres are nanocarriers of amorphous or crystalline nature with size up to 10-200 nm mainly designed to deliver 

gene and drugs. They protected the active molecule against enzymatic and chemical deterioration. Some examples of 

nanospheres include nanospheres made of albumin, gelatin, polylactic acid and dextran. Pitard et al., synthesized a 

nanosphere employing ethylenediamine as central moiety and attached four polyethylene oxide/polypropylene oxide 

units to it, to deliver chemotherapeutic agents. These nanospheres have positive charges so coupled easily with nucleic 

acids/plasmids [138]. Jiang et al., also created chitosan nanospheres loaded with paclitaxel and observed their favorable 

bioavailability and prolonged release characteristics. They showed that these nanospheres prevented A549 cells from 

proliferating and increased apoptosis [139]. 

 

4.5.5 Nano-Theranostics for Chronic Obstructive Lung Diseases 

A new age in lung care will be escorted by nano-theranostics. It prepared nanocarriers for multifunctional airways that 

can do both diagnostic and therapeutic tasks. These nanocarriers will act as suitable delivery system for therapeutic 

molecules and be joined with imaging components at the same time to enable several activities like cell therapy, 

targeting, and ultra-sensitive imaging. As a result, it assisted in resolving issues that came up during the management 

and in increasing the endurance rates of COPD patients [130]. Numerous multifunctional inorganic nanoparticles, 

including gold NPs, have applications in therapy of lung tumors, either to enhance the optical ability or for photo 

thermal chemotherapy. This is exemplified by the use of magnetic iron oxide nanoparticles to encapsulate drug and 

silica shell to transport MRI contrast agent and hydrophobic drug simultaneously, which facilitated diagnostics and 

treatments in a solitary device. In spite of recent advancements, COPD required the development of multifunctional 

nanosystems. Theranostic methods designed for cancer have restricted uses in chronic airway inflammation because of 

their hazardous effects and constant inflammation. Al-Jamal and Kostarelos used liposomes in fabrication of theranostic 

hybrids to enclose quantum dots and multiple drugs simultaneously [140].  

Multifunctional polymeric vesicles are being produced by combining molecular probes with two synthetic polymers, for 

targeted administration of drugs like prednisolone, corticosteroids, and bronchodilators like theophylline in the 

management of chronic fibrosis and chronic lung ailments. These probe- and medication-loaded nanocarriers are 

employed as a theranostic system for the treatment of chronic lungs illness. It has been assumed that positively charged 

nanoformulations containing polymeric steroids were accumulated with more privileged at the location of airway 

irritation than free steroids. Monument et al., targeted ketofin fumarate (mast cell stabilizer) in form of dry powder 

aerosols to the lungs of rat by adopting liposomes as the nanocarriers [141]. 

The two most extensive techniques utilized to assess lung cancer in people at the moment are positron emission 

tomography (PET/CT) and single photon emission computed tomography (SPECT/CT). These entailed that the 

positrons released by radio labeled tracers have been collected near the targeted tissue. One of these tracers is the 

radioactive marker fluorine-18-fluorodeoxyglucose (FDG). The potential of FDG is to accrue at inflammatory site like 

activated macrophages, making it a mandatory task for inflammatory lung illnesses. Thus, the innovative molecular 

probes are being developed that can identify inflammation, bacteria and viruses, and cell apoptosis. They can be 

beneficial to recognize the cellular mechanisms influenced in the aetiology of progressive obstructive pulmonary 

illnesses. 

 

4.6 Microformulations 

Recently microformulations have also become more and more popular owing to their particle size, excellent drug 

loading and entrapment efficiencies, their sustained-release characteristics, and clinical benefits. Pulmonary delivery of 

drugs in form of microparticle inhalers has gain popularity to produce local and systemic effects of medications. 

Depending on the particle size, three different processes like gravitational sedimentation, inertial impaction, and 

brownian diffusion lead to the deposition of microparticles in the lungs. Particles with size less than 1 µm may be 

breathed back while the particles that exceed 10 μm are appropriate for accumulation in the oropharynx. Thus, 

microparticles with an assortment of 1 to 5 μm are idyllic for attaining efficient lung deposition. According to Xu et al., 

particles with aerodynamic dimensions of 1 and 5 μm are slowly accumulated in the pulmonary vessels and blocked 

airways [142]. Other properties that can manipulate aerosol performance include particle shape, density, polymorphism, 
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crystallinity, surface roughness and inter-particulate forces [143]. Table 2 summarizes pertinent studies that focused on 

microparticles to reduce oxidative stress. 

 

4.7 Gene Therapy for COPD 

Along with anti-inflammatory medicines and antioxidant therapy, gene therapy is an additional hopeful method to treat 

chronic obstructive pulmonary disorders. The initial step in the management of COPD is to identify the problematic 

gene. Then, design the vector and targeted delivery. For the management of pulmonary illness, adenoviral vector-based 

gene therapy has been measured as a preferable approach [158]. Cationic liposomes were also used for gene delivery in 

lungs. Bronchial cells have showed improved cellular uptake of liposomes that have been coupled with cell penetrating 

peptides. According to Swaminathan and Ehrhardt gene therapy has shown promising outcomes in treating adenovirus-

induced CF in clinical trials and it may be a successful strategy for curing COPD [159]. 

Viral liposome complexes loaded with α1 anti-trypsin (AAT) gene, on i.v. administration in mice formed considerable 

amount of AAT in serum samples up to one month. Adeno-associated vector (AAV) is the other potential approach to 

deliver AAT transgene with less toxicity, prolonged effect and a high degree of transgene expression. Al-Jamal et al., 

developed genoplasty as a new technique for location-specific repair of solitary nucleotides in chromosomes using 

RNA/DNA oligonucleotides [160].  

 
Type Drug Method of preparation Mode of action Ref 

Porous microparticles Budesonide 

 

Modified single emulsion 

(O/W) solvent evaporation 

freeze drying 

It activated glucocorticoid receptors (GR) in the 

cytoplasm of bronchial cells, causing the 

budesonide-GR complex to connect with HDCA2 

and CBP (HAT) in the nucleus of the bronchi. 

[144] 

Dexamethasone Double emulsion method 

freeze drying 

Salvage hydrogen peroxide, reduced the oxidative 

strain 

[112] 

Microscale dry powder Budesonide or Salbutamol 

sulphate  

(1) Jet milling 

(2) Spray-drying 

Short acting β agonist, synthetic glucocorticoid [145] 

Sodium ascorbyl 

phosphate 

co-spray dried Antioxidant, wound healing and anti-inflammatory 

properties 

[146] 

Dimethyl fumarate Co-spray dried Nrf2 activator  [147] 

Fluticasone propionate, 

and Mometasone furoate  

(1) Jet milling 

(2) Wet polishing 

Long-acting β2-agonists [148] 

Resveratrol Spray-drying Salvage activity of DPPH free radicals [149] 

Resveratrol Spray-drying Significantly reduced the expression of IL-8 TGF-

β1 and  

Clinical study Ribavirin –PRINT –CFI Non-wetting Templates 

(PRINT) technology 

Act by inhibiting the key respiratory viruses like 

HRV, RSV, and IFV that leads to acute 

exacerbations in COPD 

[150] 

Ribavirin-97 PRINT-IP Non-wetting Templates 

(PRINT) technology 

Mucoadhesive solid 

lipid microparticles 

 

Salmeterol xinafoate High-pressure 

homogenization (freeze 

drying) 

Long-acting β2 agonist [151] 

Fluticasone propionate Ethanolic precipitation 

technique 

(freeze drying) 

ERK1/2 pathway activation [152] 

Nanocomposite 

microparticles 

Budesonide (1) High-energy wet media 

milling; 

(2) Spray drying 

Anti-inflammatory activity [153] 

MicroRNA (1) Oil in water (o/w) single 

emulsion method; 

(2) Spray-drying 

Genes silence of IRAK1 and TRAF6 [154] 

siRNA (1) Double emulsion solvent 

evaporation method 

(2) Spray-drying 

Dispersed microembedded LPNs had preserved 

physicochemical characteristics as well as in vitro 

siRNA release profile and gene silencing 

[155] 

Apigenin (1) Modified nanoparticle 

albumin-bound technology 

(2) Spray drying 

It increased the SIRT1 level and reduced H2O2-

induced senescence in lung diseases 

[156-

157]  

Table 2: Different microparticles used in treatment of COPD 

 

4.8 Stem Cell Therapy for COPD 

Recent developments in the study of bone marrow mesenchymal stem cells (BM-MSCs) have led to a unique method 

for treating chronic respiratory disorders like COPD. In order to cure COPD, MSC transplantation entails the control of 

inflammation, protease/anti-protease balance, oxidative stress, and apoptosis [161]. The therapeutic regimen for MSC 

therapy is still not apparent, and further research is required to identify the right dosage, delivery method, and infusion 

rate. Additionally, there is a low degree of graft integration in the host organs and a low probability of survival [162]. 

Therefore, novel strategies must be established to improve the mortality rate of MSCs in host organs. Despite these 

challenges, MSC therapy is one of the effective ways to treat COPD. 

 

5. Conclusion and future directions 

The aetiology of COPD cannot yet be fully cured by any therapy. The development of nanotechnology has given 

opportunities for improvement in the anti-oxidant pharmaceutical medicines that are now used to treat COPD. The 

effectiveness and toxicity of an extensive variety of medications can be increased and decreased by using different 

nano- and microcarriers. Using nano- and micro-carriers and their alteration in surfaces, new therapeutic techniques 

have been developed to cure different chronic lung illnesses. Smart multifunctional drug carriers can be created with the 
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help of targeting ligands. Before we can completely utilize this technology's clinical potential, it must be fully 

developed and any obstacles must be removed. When converting "smart technology" into a clinical application, the 

cost-benefit ratio needs to be considered. A few examples include the demand and discovery of several targeting ligands 

as well as knowledge of the harmful effects of nanoparticles and their impact on immunity. Novel nano- and micro-

materials are required to be fabricated that demonstrated pulmonary evacuation pathways after being accumulated in 

respiratory tract. Conjugation of nanotechnology with gene and stem cell treatment techniques can provide excellent 

scope for the creation of successful therapeutic strategies for the management of COPD and other chronic respiratory 

diseases. 
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