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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a progressive disease that is certainly
preventable and treatable and is caused due to the continuous exposure to noxious
substances and toxic gases and is characterized by airflow limitation and chronic
inflammation in the lungs coupled with persistent symptoms in the respiratory tract
leading to obstructive bronchiolitis and parenchymal emphysema. The incidence and
progression of COPD is a complicated pathological phenomenon, and the overall
severity is due to its exacerbations and comorbidities in individuals. Further, COPD is a
major contributor to the global years of life lost and by 2030 it would be the third leading
causes of mortality in the world. Also, knowledge on COPD, its associated conditions,
and the clinical understanding of the disease date back to the 16th century. The
prevalence, morbidity and mortality may vary across the globe based on their exposure
to smoking, tobacco, occupational pollutants, indoor pollution, outdoor air pollution,
gender, age, and genetic inheritance. Considering the continuous exposure to toxic
substances and aging of the general population, the burden and prevalence of COPD are
estimated to increase substantially in the coming years. Furthermore, COVID-19 patients
with pre-existing COPD conditions suffer from severe disease progression and delay in
recovery.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a complex disease indicated by
persistent symptoms in the respiratory tract and limitation in the airflow, combined
with an increased chronic inflammation in the airway tract and lungs due to continuous
exposure to toxic substances, gases, and is influenced by a combination of host factors.
Inhaling these toxic particles and gases from biomass fuels and cigarette smoke causes
lung inflammation and further worsens by destructing the parenchymal tissues and
disrupt the natural defense and repair mechanism resulting in emphysema and airway
fibrosis [1]. This host of pathological changes often leads to symptoms like difficulty in
breathing, cough, dyspnea, and hyper production of sputum [2]. It is a progressive
disease which is commonly preventable and treatable, but the overall complications in
individuals, morbidity and mortality are often due to the exacerbations and
comorbidities [3]. COPD is characterized by parenchymal destruction, i.e., emphysema
and disease of the small airways i.e., obstructive bronchiolitis [4].

There are several potential risk factors for COPD. For some individuals, the
fundamental cause is inefficient lung function in early adulthood, for others it is the
accelerated loss of forced expiratory volume in the first second (FEV1) with age, and for
some others it may be both. Independent of FEV1 trajectory, smoking is strongly
related to the progression of disease, the development of emphysema, and a poor
prognosis. In Western nations, never-smokers' experiences with COPD are considerably
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more favorable. Due to factors such as biomass exposure and tuberculosis sequelae,
underdeveloped nations may suffer from a kind of COPD characterized by more severe
airway pathology and less emphysema than developed nations. [5]. The Global
Initiative for Chronic Obstructive Lung Disease (GOLD) has declared that smoking
cigarettes and tobacco are high risk factors in high-income countries, with occupational
exposure and indoor cooking adding to the significant risk factors in low-income
countries [6]. Also, genetics contribute to the complexity of COPD by determining the
clinical phenotype when genetic abnormalities are combined with a specific exposure
for a certain period [7].

COPD is the major contributor to the years of life lost globally, with significant
mortality numbers, it was ranked third in the world in 2010 and is estimated to be the
fourth highest cause of mortality and fifth in terms of the COPD disease burden by 2030
[1,8-9]. The most prevalent COPD phenotype is the result of several interconnected
factors, the most prominent of this is active smoking [10]. However, it is not established
that all smokers acquire COPD, implying that some intrinsic or extrinsic elements have
a role in the progression of clinical illness. Also, COPD patients have significant clinical
heterogeneity [11]. Also, it is well understood that individuals with distinct COPD
traits differ distinctively [12], including the disease onset, early phases, and
their disease progression [13]. Furthermore, the existence of comorbidities in elderly
adults, such as diabetes, cardiovascular disease, lung cancer and osteoporosis has been
shown to impact the course of COPD in individual patients [14]. Various minor factors
like the loss of pulmonary function during the early days, social and psychological
aspects of a patient, as well as clinical delays have made the early diagnosis of COPD
complicated [15]. There has been a lot of studies worldwide about the epidemiological
aspects of COPD, but they are confined to different geographical locations. This study
is focused on analyzing and compiling the epidemiological burden of COPD and its
risk factors at various geographical locations across the globe. This paper also reviews
the recent therapeutic advancements for COPD.

ORIGIN AND HISTORY OF COPD

Some of the earliest evidence to the description of the disease dates back to the 16t
century when a condition of emphysema was described as the ‘voluminous lungs’ [16].
19 cases of ‘turgid lungs’ due to the air was described by Morgagni [17] and Samuel
Johnson’s emphysematous lungs was illustrated in 1789 by Baille [18-19]. In 1814, the
clinical understanding of chronic bronchitis and its association to COPD were described
by Badham, who referred to the prime symptoms, chronic cough with a hyper secretion
of mucus as ‘catarrh’ and referred chronic bronchitis and bronchiolitis to ‘disabling
disorders’ [20]. William Briscoe, during the ‘9th Aspen Emphysema Conference’ is
thought to have coined and initiated the term ‘COPD’ in a discussion. COPD is now
used to indicate a rapidly rising health hazard [21]. “The Central Institute of Brackish
water Aquaculture (CIBA) Guest Symposium’ held in 1959 and ‘the American Thoracic
Society Committee on Diagnostic Standards’ held in 1962 [22-23] are the two landmark
meetings that defined COPD and its components, which led the foundation for the
definitions framed thereafter.

The knowledge of the pathogenesis of the disease evolved over the years and in 1993,
as a part of the new national health initiative, The Lung Division of the National Heart,
Lung, and Blood Institute (NHLBI) was launched and ‘The National Lung Health
Education Program (NLHEP) was established to investigate the developments in
COPD. Further, in 2001, the World Health Organization (WHO) and NHLBI jointly
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launched GOLD to spread awareness of the severity of the disease and to facilitate early
diagnosis and treatment [24]. This was followed by the formation of ‘the European
Respiratory Society (ERS)” and ‘the American Thoracic Society (ATS)" in 2004 for COPD
guidelines [25].

Charles Fletcher [26] dedicatedly studies the natural history of COPD by recognizing
the risk factors of smoking and the abrupt decline rate of FEV1 in susceptible smokers
in his efforts of disabling symptoms which led to the scientific foundation for the
cessation of smoking at various phases of the disease [27]. Also, Burrows et al.,[28]
described the phenomenon when patients with high slump having the worst prognosis
as “The Horse Racing Effect”. This discovery also stressed on the significance of early
detection and clinical intervention. During the early course of the disease, the complex
biochemical and cellular reactions in the small airways and alveoli get damaged and
lose elastic recoil [29] and the lungs expand and FVC increases resulting in early
physiological changes that can be easily identified with the help of Spirometry [28]. It is
also established that the clinical signs are often developed during the moderate and
advanced phases of COPD [30].

BURDEN OF COPD

COPD is considered as one of the primary factors for morbidity and mortality in the
world and causes an ever increasing social and economic burden [9] and the key points
are highlighted in Figure 1. The prevalence, morbidity and mortality of COPD may
vary across the globe based on the conditions the different populations are exposed to
[31]. Mostly, tobacco smoking is a most important cause for the prevalence of COPD
although, other factors like occupational exposure, indoor and outdoor air pollution
contribute significantly to many countries [32]. Upon considering the continuous
exposure to toxic substances and aging of the world population, the burden and
prevalence of COPD is estimated to rise substantially of the coming decades [8].

BURDEN OF COPD

MORTALITY

3.23 million of the 55.4 million
deaths or 6% of the total deaths
in 2019 worldwide

Figure 1. Burden of COPD.
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Prevalence

COPD'’s prevalence in the globe increased by around 44.2% from 1990 to 2015 [33]. In
the year 2016, ‘The Global Burden of Disease Study’ reported an estimated COPD
prevalence of around 251 million [34]. Various meta-analysis and systematic reviews
were conducted over the years which revealed a pooled COPD prevalence from 37
studies to be 7.6% and 8.9% from 26 estimated spirometrics [35]. Similarly, in a study
conducted in over 28 countries between the years 1990 and 2004, the COPD prevalence
was found to be high among ex-smokers and smokers when compared to the non-
smokers over 40 years of age. Also, it was found to be comparatively more in men than
women [35].

The Burden of Obstructive Lung Disease (BOLD) program uses standardized pre- and
post-questionnaire and retrieved data from various spirometric studies to analyze the
prevalence and risk of COPD across the world population over 40 years of age spread
across 38 countries of which nine countries are still under study [3]. BOLD reported a
grade 2 or higher overall prevalence of 10.1%, 11.8% among male and 8.5% among the
female with a prevalence of 3-11% among non-smokers [36]. Among the low and
middle-income countries, the prevalence of COPD was 9.2% [37]. According to WHO
(2021), they contribute to over 90% of the deaths due to COPD [34]. Also, meta-analysis
estimates reported a prevalence of 10.6 in population of over 30 years in LMICs [38]. In
India, the reported number of COPD cases spiked from 28.1 million in 1990 to a striking
55.3 million in 2016 and the prevalence from 3.3% to 4.2%. Also, in 2016, the DALY
rates and age standardized COPD prevalence were maximum in less developed low
Epidemiological transitional level (ETL) states of Uttar Pradesh and Rajasthan in India
[39]. The prevalence, DALYs and severity of COPD among the world population is
summarized in Table 1.

Table 1. Prevalence, DALYs and severity of COPD among the world population [40-42]

Items Male Female Overall

Global prevalence (in million) 267-4 (214-6-330-2) 267-4 (214-6-330-2) 3919 (312:6-487-9)
Global prevalence % 14-1% (11-3-17-4) 6-5% (5-1-8-2) 10-3% (8-2-12-8)
Proportion of all cause DALYs % 3.22% (2.93-3.49) 3.33% (2.95-3.71) 3.27% (2.96-3.56)
DALY rate per 100000 1128.21 (1045.99-1202.19)  1007.37 (916.25-1088.81) 1068.02 (994.47-1135.50)
Proportion of all cause deaths % 5.89% (5.50-6.20 5.51% (5.00-5.91) 5.72% (5.43-5.97)

Death rate per 100000 46.68 (43.62-49.25) 36.99 (33.63-39.85) 41.85 (39.64-43.96)
Percentage of population with mild COPD 8.63% (6.75-10.52) 4.68% (3.65-5.72) 7.06% (5.90-8.21)
Percentage of population with moderate COPD 8.61% (6.68-10.54) 5.48% (4.25-6.71) 6.58% (5.41-7.74)
Percentage of population with severe to very severe COPD  2.62% (1.85-3.39) 1.27% (0.97-1.57) 1.61% (1.30-1.92)

In India, a cross sectional study was conducted for the people above 30 years of age
between 2000 and 2020. The data revealed that the prevalence of COPD among the
Indian population aged over 30 years was over 7 percent [43].

Morbidity and mortality

Morbidity includes conditions of physician intervention, emergency department visits
and hospitalization. Since the database from these parameters are less reliable and not
readily available compared to that of the mortality data, studies indicate that COPD
morbidity increases with age [44-45] and COPD patients develop comorbidities at a
very young age [46]. Other chronic conditions like diabetes mellitus, cardiovascular
diseases, etc., also contribute to the morbidity in COPD patients [47].

In 2011, COPD was considered as the third highest cause of overall death in the United
States. COPD, on being a progressive disease in the respiratory tract accounted to 3
million deaths which was 6% of overall deaths globally in the year 2012 [3], 3.2 million
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deaths which was 5.7% in 2017 [48] and 3.23 million 0f55.4 million deaths or 6% of total
deaths in 2019 worldwide with over 90% deaths from the low and middle-income
countries. COPD was ranked as the second most prevalent cause of death in 2017 and it
had already exceeded the WHO's prediction of the disease to be the third leading cause
of death in 2030 [34]. With the increase in smoking in many developing countries, and
the increase in the age of the population in high income countries, the COPD
prevalence will increase in the upcoming 40 years and by 2060, it is predicted that there
would be 5.4 million annual deaths due to COPD and its associated conditions. Further,
the significant increase in the death rate due to COPD can be attributed to expanding
the epidemic of smoking, reduced mortality rates due to other conditions like heart
attack and stroke, increase in age of the population in high income countries and
relatively low disease control measures in developing countries.

Social and economic burden

In 2016, India contributed to 32% of the overall DALYs due to chronic respiratory
diseases in the world and 75.6% of the total DALYs of the respiratory disease in India
were due to COPD. This disproportionately high disease burden and huge health loss
in India, particularly in the low epidemiological transition level states emphasize the
need for more convergent policy interventions to investigate the significant disease
burden in India. Compared to the global average, the DALYs per case of COPD in India
was higher by 1.7 times in 2016, where even most states in the country had higher
DALY rates in comparison with most other places with similar Socio-demographic
Index worldwide [39].

In the European Union, out of the overall annual budget for health, around 6% is
estimated to be allotted for respiratory diseases and around 56% of the allotment (38.6
billion Euros) for respiratory disease is accounted for COPD [49] and it is estimated to
be $32 billion and $20 billion as the cost of COPD in the United States [50]. Previous
studies suggest that the impact in the Indian economy in terms of indirect and direct
medical expenditure was reported to be significantly high (direct medical cost:
approximately Rs. 29,885 + 11,995.33, or US$300-500; direct nonmedical cost:
approximately Rs. 7,441.25 + 2,228.90, or US$90-155) and is also associated with loss of
daily wages for a significant time period [51-52]. Negative relations of COPD were
found when using clean fuel and a better economic condition of the families [53].

RISK FACTORS OF COPD

COPD mortality rates have declined in recent years, and anti-smoking initiatives have
succeeded in some western nations. Nevertheless, the demographic influence of ageing
on the increasing world population and increase insmoke and air pollution in
Asia, will make to COPD a never settling problem in the 21st century [54]. In the year
2016, high risk factors were identified as air pollution which contributed to 53.7%,
tobacco usage which contributed to 25.4% and occupational exposure which
contributed to 16.5% of the total DALYs due to COPD in India [39]. Although several
longitudinal studies have been carried out to monitor the disease progression, the
current understanding of the potential risk factors for COPD (Figure 2) is still
incomplete in many aspects. Exposure to biomass fuel, active and passive smoking,
tobacco smoke, exposure to occupational dust, pollution and increasing age have all
been linked to COPD among Indians [43].
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Smoking and air pollution

Though smoking is the primary risk factor for COPD, studies have proved the
prevalence of COPD and airflow limitations among non-smokers too [36] but the non-
smokers have comparatively lesser symptoms and milder systemic inflammation
compared to smokers [55]. On the other hand, even for frequent smokers, less than 50%
develop COPD in their lifetime [56]. Cigar, pipe, waterpipe [57] and marijuana [58] are
other types that are equally important risk factors of COPD. Environmental tobacco
smoke or passive smoking also leads to increased lung burden of the inhaled toxic
gases leading to the development of COPD [59]. Second-hand smoking and other
factors were understood to play a major role when a study in Uttar Pradesh, India by
Mahmood et al.,[60] reported a striking 56.5% of the patients were non-smokers.

According to WHO report, outdoor air pollution affects 1 billion, biomass fuel exposure
affects around 2 billion people and 1 billion people in the globe are at the risk of
second-hand smoking. With reference to census 2010, over 65% of the population in
India live in rural areas where biomass fuels are used in the form of wood, animal dung
and crops and the effluent release in the living environment results in a significant
population getting exposed to biomass fuels [61]. Also, in a similar study conducted in
India, over half the recorded COPD cases were from the industrial area. The industrial
areas show overall high prevalence (5.6 to 9.4 cases per thousand) of COPD and non-
industrial areas showed low (0 to 0.9 per thousand) prevalence [62].

SMOKING

Cigarette / tobacco smoke or
passive smoking

OCCUPATIONAL
EXPOSURE GENETICS
Service occupations such as Risk factors A severe genetic defici
health care, personal care, of COPD of alpha-1 antitrypsin
transportation, food (AATD)
preparation and service

Figure 2. Risk factors of COPD.

Age and sex

There has always been an increase in the clinical investigations of aged population in
studies related to COPD. “Evaluation of COPD Longitudinally to Identify Predictive
Surrogate End-points (ECLIPSE)" and ‘COPD Gene cohorts’ data studies revealed that
the patients aged over 65 years were reported to have worst lung function, needed
frequent oxygen therapy due to low exercise tolerance and high risk for comorbidities
compared to the younger population [63]. During 2004-2011, the self-reported doctor
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diagnosed cases of COPD among adults aged 4 to 70 years had an overall average
annual prevalence of 4.18% and the trend increased with age [64]. This is also in
accordance with the reports from the ‘Behavioral Risk Factor Surveillance System’
study in 2011 among US adults, which ranged from 6.6% for adults of age 45 years to
12.1% for adults aged around 70 years [65]. Also, a meta-analysis of over 123 research
studies across the globe reported a prevalence rate of 11.4% among adults over 30 years
old [38]. In a field survey conducted among a population of 44387 in Bangalore, India,
there was a prevalence of 4.36% and it was found to increase with age.

Population based studies in India revealed a COPD prevalence of 2-22% among men
and 1.2-19% among women [66]. Early diagnosis of COPD patients < 55 years reported
66% predominance in the female and demonstrated that it is strongly associated with
maternal smoking in maternal COPD cases [67]. Among the patients with critical
emphysema, early onset of COPD and GOLD stage IV COPD, more female with
comparatively few pack-years of smoking have radiographic emphysema compared to
that of male [68] and older women have more severe COPD and dyspnea than older
men [69]. Also, in another study conducted by Busch et al.,[70], younger women suffer
severe dyspnea and limitation in airflow with an exacerbation of 1.53 higher Odds ratio
than young men. This can be attributed to high wall area percentage and low luminal
area, airway thickness and internal diameter in women compared with male smokers
[71].

Additionally, since the female COPD Gene longitudinal data suggests that they have
increased risk of more acute respiratory diseases irrespective of other covariates [72]
women are prone to a high risk for developing COPD and exacerbations. On the other
hand, low bone mineral density and vertebral fractures associated with steroid usage,
pack years of smoking, age, smoking status, radiographic emphysema, and
exacerbations highlight high risk than female smokers [73].

Occupational exposure

COPD is characterized by airflow restriction, respiratory symptoms, and comorbidities
associated with exposure to harmful particles and gases. Exposure to vapors, gases,
dust, and fumes (VGDF) in the workplace is one of these factors, and hence adds to the
classification of "occupational" COPD. Specifically for inorganic dust, this link has been
confirmed through epidemiological investigations. In population-based investigations,
occupational exposure to VGDF accounts to 14% which is an essential factor to consider
[74]. Numerous studies have proven the biological validity of this connection.
According to Balmes et al,[75], occupational exposure attributes to around 15% of
COPD cases. The increased prevalence of the disease was associated with service
occupations such as health care, personal care, transportation, food preparation and
service [76]. Further, women in these occupations are at 2 to 4-fold more risk compared
to that of men [77]. Exposure to gases, fumes, dusts and vapors in various industries
and occupation have been studied to be associated with COPD among the working
population [76][78]. Prolonged exposure of silica dust and coal among the miners
[75][79], organic and inorganic dust and other particles among agricultural workers [80]
result in high mortality and morbidity rates of COPD. Among women, the increased
prevalence of COPD can be attributed to the biological differences, environmental
tobacco smoke and occupational exposure [81].

A study among the US workers of age between 40 and 70 years belonging to different
occupational groups was carried out to determine the prevalence and odds ratio of
COPD among various occupational groups. The overall prevalence was reported as 4.2%
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with healthcare workers with highest odds of COPD, followed by hotels and service
workers. Variation by occupations further confirms the occupational exposure
contributing to the disease significantly [64]. Smoking-adjusted risk of COPD
development was observed to be increased by occupational particle exposure,
according to the study by Grahn et al., [82]. The exposure-response relationships for
diesel exhaust, gypsum and insulation, and welding fumes were all favorable. COPD
was also associated to high levels of exposure to asphalt/bitumen and other organic
substances. For men, the population attributable fraction for COPD induced by
occupational particle exposure was 10.6%, whereas for women it was 6.1%. A reduction
in these exposures is essential to avoid future COPD occurrences.

Genetic factors

A severe genetic deficiency of alpha-1 antitrypsin (AATD) is documented as the genetic
risk factor of COPD [83]. Although the genetic risk factor of COPD is attributed to a
very minor population, it is very crucial to understand the interaction of the
environmental factors and genetics. In a systematic review conducted from 20 studies
in the European population, AATD PiZZ genotype was recorded in 0.12% of the COPD
patients and was prevalent 1 in 408 and 1 in 1274 in Northern and Eastern Europe
respectively [84]. In a study comprising 439 255 participants, it was discovered that a
polygenic risk score comprised of millions of variants with low genome-wide
significance had significant associations with incident COPD. People with a high
genetic risk for COPD may be more susceptible to the effects of smoking [85]. Among
the smokers and siblings of patients with COPD, a prominent family risk of limitation
in airflow was observed by [86] and this proves the risk of environmental exposure in
genetics. Genes encoding glutathione S-transferase and matrix metalloproteinase 12
(MMP-12) were found to be associated with reduced lung function [87] and genetic loci
with COPD with phenotypes FEV:i or FEVi/FVC and markers near hedgehog
interacting protein (HHIP), alpha-nicotine acetylcholine receptors and many other
genes are under investigation on their involvement in COPD [88-89].

ADVANCES IN DRUG DEVELOPMENT FOR COPD

Maintenance therapies for Chronic Obstructive Pulmonary disease (COPD) including
various pharmacological treatments focuses on alleviating symptoms and reducing the
risk of disease progression, exacerbation, and mortality. Often, pharmacological
interventions can lead to variable responses from COPD patients due to the disease
heterogeneity. From precision in pharmacological approach to optimizing treatment
based on the information from integrated clinical and biomarker, the treatment options
for COPD had evolved over the years. Studies conducted by many researchers have
provided optimal evidence for using combination treatments at various levels [90]. The
pressing need for pharmacological treatments for exacerbations and dyspnea and
symptom specific treatment approach to alleviate risks and reducing symptoms and its
frequencies, improving health and exercise tolerance was recommended by the GOLD
[91]. On the other hand, there is no medication for COPD that can improve the lung
function in the long time and there is no strong clinical evidence to support the same till
date.

Pharmacological therapy can be tailored to individuals possessing diverse
pathophysiological mechanisms using biomarkers [92]. Vaccinations are -early
preventive strategies. Pharmacological therapy is based on the severity of lung
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impairment and symptoms such as cough, sputum production, dyspnea, and
exacerbation levels [93]. Around 37 generic drugs belonging to the class of medications
including Anticholinergics, Bronchodilators, Inhaled Corticosteroids (ICS), Beta2-
Agonist, Antimuscarinic drugs, Methylxanthines, Phosphodiesterase-4 inhibitors, Anti-
inflammatory agents and Mucolytic agents are commonly used across the world [93]
and some are furnished in Table 2. Though most drugs are effective in relieving
symptoms, some demonstrate adverse side effects, which in turn highlight the need for
more natural bioactive compounds with comparatively lesser side effects.

Table 2. Pharmacological therapies for COPD.

S.No  Class of medication Action Generic name of the drug Ref.
Bronchodilators (Beta2- In'creases FEV1 by relaxmg the airway sn?ooth muscle.  Formoterol, Salmeterol

1. Agonist) Stimulates beta2-adrenergic receptors to increase [94]

& cyclic AMP and works against bronchoconstriction.
Blocks the effect of acetylcholine on M3 muscarinic

2. Antimuscarinics receptor against bronchoconstriction of airway smooth  Tiotropium, Umeclidinium [95]

muscles

3. Methylxanthins Act as non-selective phosphodiesterase inhibitor Theophyllin, Aminophylline [96]
Inhal i i

4. (?C g)ed corticosteroids Used to control exacerbations in COPD patients Fluticasone, Budisonide, Prednisolone  [97]

Shortacting Beta2-Agonist / short-acting muscarinic . .
F terol and tiot

antagonists (SABA/SAMA) ormoterotand iotropium

o Long acting Beta2-Agonist / long-acting muscarinic Formoterol/aclidinium,
5 Combination tagonists (LABA/LAMA Formoterol/gl i [98]
. bronchodilator therapy antagonists ( ) ormoterol/glycopyrronium

Salmeterol/fluticasone,

LABA/ICS Formoterol/budesonide

6. Triple therapy LABA/LAMA/ICS Fluticasone/umeclidinium/vilanterol [99]
Phosphodiesterase-4 Reduces inflammation by inhibiting the breakdown of .

7. Roflumilast 1
(PDE4) inhibitor intercellular cyclic AMP otumiias (100]
Antibiotics. mucolvtic Azithromycin, Simvastatin,

8. 4 Y Targets anti-inflammatory pathways Erdosteine, Carbocysteine, N- [101]

and antioxidant agents

acetylcysteine

Anti-COPD compounds from natural sources

Nine bioactive compounds screened from marine brown algae (Ecklonia cava, Ishige
foliacea, Ishige okamura, Undariopsis peteseniana and Hizikia fusiformis) and Apo9 1
fucoxanthinoneisolated from Undariopsis peteseniana exhibit superior protection against
the cytotoxicity induced by the cigarette smoke in cultured airway human epithelial
cells by preventing cigarette smoke-induced apoptosis, DNA damage and
mitochondria-derived ROS production but the activities were not demonstrated in
vivo[102]. Astaxanthin, a xanthophyll carotenoid with natural reddish-orange pigment
widely present in abundance in marine organisms such as algae, crab, shrimp, krill, and
salmon possess potent antioxidant properties and is proved to be the best among other
carotenoids and vitamin E. It suppresses cigarette smoke induced emphysema in mice
by increasing the Nrf2 and HO-1 expression in the lung [103]. Though this compound
was successful in vitro and in in murine model of COPD, the study had limitations like
the concentration of astaxanthin in the blood of the mice and the bioavailability was not
known and the optimal concentration of astaxanthin is yet to be studied for
effectiveness.

Brevenal from a marine dinoflagellate, Karenia brevis reduces pro-inflammatory
mediators while still preserving anti-inflammatory secretion from the cells on many cell
lines which was proposed as a potential anti-inflammatory drug for mucociliary
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clearance [104]. However, an in vivo trial would prove significant in proving the
physiological effect of the compound without compromising on the healing response of
the immune system.3,3'-dimethyellagic acid-4-O-sulfate and Jaboticabin-two
polyphenols from Jaboticaba exerted anti-inflammatory activities, with a potential to
treat COPD on cell lines but the studies are yet to be confirmed with animal models
[105]. Naringenin, a natural flavanone from dormant peach Prunus persica flower buds,
consumable by human, abundantly present in citrus fruits and vegetables with diverse
bioactivity, was proposed to show potential pharmacological activities against multiple
pathological stages of COPD [106]. Though the bioactivity of this flavanone was
extensively studied in vitro as well as in vivo, it needs more clinical study to support its
effect on human, which is limited by its poor aqueous solubility and bioavailability in
human and needs an effective drug delivery system. The potentially promising anti-
COPD compounds were predominantly studied from plant source and very few from
marine algae, were more of phenolic compounds and flavanones with limited
bioavailability and heavier for gastric absorption and requires stronger supporting
evidence based in vivo studies.

CONCLUSION

COPD incidence and disease progression is a complicated pathological phenomenon,
and it involves a host of pathological processes. The overall severity, morbidity and
mortality of the disease is due to the exacerbations and related comorbidities in
individuals. COPD being a major contributor to the global years of life lost, it is
projected to be the third leading cause of mortality in the world by 2030. Prevalence,
morbidity, and mortality of the disease exhibit may vary across the globe based on their
factors like exposure to smoking, tobacco, occupational pollutants, indoor and outdoor
air pollution, age, gender, and genetic inheritance. Considering the continuous
exposure to toxic substances and aging of the general population in the world, the
burden and prevalence of COPD is estimated to increase substantially soon. On the
other hand, it is also necessary to include research on the severe disease progression
and delayed recovery in the COVID-19 patients with pre-existing COPD conditions at
various levels.
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