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Ozet

Astim, her yastan insani, 6zellikle ¢ocuklar1 ve gengleri etkileyen, degisken ekspiratuvar hava akimi kisitlanmasi
ile karakterize kronik hava yolu hastaligidir..Astimm insidanst kiiresel olarak 1% ile 20 % arasinda
degismektedir ve asttim morbidite ve mortaliteye neden olan kronik solunum hastaliklar1 arasinda 6nde gelen
nedenler arasinda yer almaktadir. Astim gelisiminde genetik ve gevresel faktdrlerin rol oynadig: bilinmektedir.
Oksidatif stres (OS) lipit, protein ve DNA gibi makromolekiillerde ciddi hasarlara neden olmakta ve bu da
solunum yolu hastaliklarinda zararli sonuglara yol agmaktadir. Astimda artmig OS, lipid peroksidasyonunu
tetikler ve doku hasarini arttirir ve inflamatuar yanita neden olur. Son zamanlarda OS’nin astim {izerindeki
etkisini aragtiran ¢aligmalar artarak devam etmektedir. Bu nedenle, astim patogenezinde oksidatif stresin kesin
roliiniin belirlenmesi klinik olarak ¢ok 6nemlidir. Bu derlemede OS’nin astim tizerindeki etkisinin incelenmesi
ve son yillarda yapilan ¢aligmalarin ve bulgularin degerlendirilmesi amaglanmustir.

Anahtar Kelimeler: Astim, Oksidatif Stres, Serbest Radikal

OXIDATIVE STRESS IN ASTHMA
Abstract

Asthma is a chronic airway disease characterized by variable expiratory airflow limitation that affects people of
all ages, especially children and teenagers. The incidence of asthma varies between 1% and 20% globally, and
and asthma is among the leading causes of chronic respiratory diseases that cause morbidity and mortality. It is
known that genetic and environmental factors play a role in the development of asthma. Oxidative stress (OS)
causes serious damage to macromolecules such as lipid, protein and DNA, and this leads to harmful results in
respiratory tract diseases. Increased OS in asthma triggers lipid peroxidation and increases tissue damage and
causes inflammatory response. Recently, studies investigating the effect of OS on asthma continue to increase.
Therefore, it is clinically very important to determine the exact role of OS in the pathogenesis of asthma. In this
review, it is aimed to examine the effect of OS on asthma and to evaluate the recent studies and findings.
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1. INTRODUCTION

Asthma is the most common chronic inflammatory airway disease characterized by
impaired airflow and reactivity in the airway and that affects millions of people around the
world especially both children and adults (Liu, Hua, & Song, 2022; Sordillo et al., 2019). It
has been reported that more than 6 million children in the USA are affected by asthma and
their quality of life has changed (Zahran, Bailey, Damon, Garbe, & Breysse, 2018). The most
common major asthma symptoms in children include difficulty in breathing, coughing, and
wheezing (Porsbjerg et al.,2023). The incidence and severity of asthma alter globally and
continue to be common among chronic diseases that cause morbidity and mortality (Altin et
al., 2019).

Recently, environmental problems have been increasing, especially due to globalization of
the world. Chemical agents that harm the environment, such as air pollutants, are the main
causes of these problems. Especially, people living in cities with poor air quality, smokers or
those exposed to cigarette smoke in their environment, people with allergies, and with a
family history of allergies or asthma are at serious risk for asthma (Turner et al., 2022). There
is no definitive treatment for asthma, but it can be kept under control by regularly using the
medications prescribed by physicians. On the basis of asthma treatment, step treatment is
applied with periodic controls based on symptoms and examinations. Depending on the
degree of signs and symptoms, your medications and their doses may vary.

The environmental changes caused by these induce an increase in free radicals and
deterioration of the oxidant-oxidant balance, leading to oxidative stress (OS) (Michaeloudes
et al., 2022). OS causes serious damage to macromolecules such as lipid, protein and DNA,
and this leads to harmful results in respiratory tract diseases (Santus et al., 2014). Increased
free radical production as a result of OS in asthma triggers lipid peroxidation and increases

tissue damage and causes inflammatory response (Liu et al., 2022).

2. Free Radicals and Oxidative Stress

Atoms contain a nucleus and electrons usually move around this nucleus in pairs. Free
radicals are any atom or molecule containing one or more unpaired electrons in their final
orbitals. Because of these properties, they easily react with other molecules. Unpaired
electrons change the chemical reactivity of atoms or molecules, causing them to become more
reactive. Most of the free radicals can easily react with biomolecules and initiate the free
radical formation chain reaction. To stop this chain reaction, the newly formed radical either

reacts with another free radical to destroy unpaired electrons or reacts with a free radical
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scavenger or primary antioxidant. It is known that these free radicals, which have high
reactivity, cause changes in the structure and functions of these molecules by acting on
macromolecules, and cause cellular damage by causing permanent damage especially on
nucleic acids, lipids and proteins from cell components (Zaric BL, Macvanin MT, Isenovic
ER., 2023). Free radical formation in the cell occurs as a result of enzymatic and non-
enzymatic reactions (Sen et al., 2010)

Sources of free radicals and other ROS are produced through basic metabolic processes
(processes) within the body (endogenous) or through external sources (exogenous). Free
radical sources can be considered in two groups as endogenous and exogenous sources
(Phaniendra et al.,2015).

ROS produced from oxygen are the leading sources of free radicals in biological systems.
Since the oxygen atom contains two unpaired electrons, it has high reactivity and desires to
remove an electron from other molecules and reacts easily with other free radicals. ROS
contains oxygen-derived chemically reactive molecules (Fridovich 1999). While some of
these molecules are highly reactive (eg, hydroxyl radical), some (eg: superoxide and hydrogen
peroxide) are less reactive. The abnormal increase in ROS is associated with OS and the
diseases it causes, resulting in damage to proteins, lipids, and nucleic acids.

OS is defined as the biochemical dysregulation between ROS production and antioxidant
defense systems and is an important biochemical marker of many diseases.

Under normal physiological conditions, free radicals and antioxidants are in balance.

Free

Antioxidant

radical

A

Oxidative balance

Figure 1: Oxidative balance
Due to the abnormal increase in free radicals, the oxidant-antioxidant balance shifts in

favor of free radicals and causes the existing balance to deteriorate and OS to form (Ozcan O,

2015).
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Oxidative stress

Oxidative balance

Figure 2: Impaired oxidative balance caused by OS

ROS are highly reactive molecules and are produced as a result of normal metabolism in

cell organelles, especially in the mitochondria, or due to reasons such as ischemia-reperfusion,
aging, radiation, high oxygen pressure, inflammation and exposure to chemical agents
(Ozcan, Erdal, & Yonden, 2015; Erdal & Eroz, 2022). OS is responsible for the pathogenesis
of many diseases (Demirtas & Erdal, 2023, Demirtas, Erdal, Kilicbay, & Tunc, 2023;
Demirtas, Kilicbay, Erdal, & Tunc, 2023; Erdal, Ciftciler, Tuncer, & Ozcan, 2023; Erdal,
Demirtas, Kilicbay, & Tunc, 2023; O. Ozcan et al., 2018; Erdal &Bekmezci, 2022; Erdal et al,
2022; Cakirca et al, 2018; Genc & Erdal, 2023).
ROS production is increased in asthma patients, and the antioxidant systems that will reduce
this increase are insufficient. For this reason, asthma increases airway inflammation and
sensitivity, which causes OS (Mishra, Banga, & Silveyra, 2018). Therefore, it is known that
ROS and play an important role in the regulation of OS.

3. The Presence of Oxidative Stress in Asthma

Asthma is a chronic inflammatory disorder of the airway that affects people of all ages,
especially children and teenagers (Ammar et al., 2022; Gunaydin et al.,2022; Ediger &
Gunaydin, 2020). Although it is known that genetic and environmental factors play a common
role in the development of asthma, its etiopathogenesis has not been clarified yet. Asthma
commonly has two phenotypes, allergic and non-allergic (Qu, Li, Zhong, Gao, & Hu, 2017,
Ediger & Gunaydin, 2023). Especially in allergic asthma, serious increases are seen in the
amount of ROS as a result of the activation of inflammatory cells (Nadeem, Chhabra,

Masood, & Raj, 2003). Depending on this increase, oxidant and antioxidant balance is

65



disrupted and OS occurs (Ozcan O, 2015). It is a known fact that OS plays an important role
in the pathogenesis of asthma. As a result of the excessive increase in ROS production, it
causes an increase in extracellular matrix protein production and proinflammatory cytokines
in the airway. The effectiveness of systemic antioxidant defense mechanisms in asthmatic
patients has not been fully demonstrated (Nadeem et al., 2003). For this reason, it is very
important to study the markers of OS in asthma patients and to determine the role of these
markers in determining the level of asthma (Karadogan, Beyaz, Gelincik, Buyukozturk, &
Arda, 2022).

In the literature, there are many studies showing an increase in OS in patients with
asthma. Nadeem et al.(Nadeem et al., 2003) reported that they found an increase in OS levels
compared to the control group in their study in patients with asthma. They indicated that
increased superoxide generation from leukocytes, increased NOx, increased protein
carbonyls, and increased lipid peroxidation products and decreased protein sulfhydrils in
plasma compared with healthy controls. They concluded that this is accompanied by
alterations in several antioxidants in blood, including decreased GSH-Px activity in red blood
cells and leukocytes and increased glutathione and SOD activity in red blood cells. In another
study, Karadogan et al. (Karadogan et al., 2022) reported increased malondialdehyde and
protein carbonyl levels in a study conducted in patients with allergic asthma. However, they

showed that plasma glutathione levels decreased significantly.

Lutter et al. (Lutter, van Lieshout, & Folisi, 2015) showed that antioxidant levels and
cytoprotective capacity are decreased in allergy and asthma patients. Rahman et al.(Rahman,
Morrison, Donaldson, & MacNee, 1996) showed that the total antioxidant capacity was lower
than the control group in their study in patients with asthma. In the study conducted by Ercan
et al.(Ercan et al., 2006) in children with mild and severe asthma, they reported a decrease in
GSH levels as well as an increase in MDA levels. They hypothesized that the increase in
MDA levels was due to the consumption of GSH in patients with asthma. In addition to that,
they concluded that disease severity was associated with an increase in OS.

Thiols are functional groups containing a sulthydryl group (-SH) in their structure. Thiols
with antioxidant properties are formed as a result of the bonding of a sulfur atom and a
hydrogen atom attached to the carbon atom. The majority of the plasma thiol pool in
biological systems consists of albumin thiols and protein thiols. The increase in OS leads to
an imbalance in the reversible formation of dynamic disulfide bonds between protein thiol

groups (Erdal et al., 2022). Many studies have shown that the thiol-disulfide balance plays a
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role in various diseases (Demirtas & Erdal, 2023; Demirtas, Erdal, et al., 2023; Demirtas,
Kilicbay, et al., 2023; Deveci & Erdal, 2022; Erdal, Ciftciler, et al., 2023; Erdal, Demirtas, et
al., 2023; Nar & Calis, 2018; Erdal, Ozcan et al.,2022; Erdal, H., Yasar, E., & Tuncer, S. C.,
2023).

Nar et al. (Nar & Calis, 2018) in their study on asthmatic patients, they reported that
serum native, total and disulfide levels were low, whereas CRP levels were higher than the
control groups. They hypothesized that the thiol-disulfide balance would be impaired in
patients with asthma. In the study of Pekin et al. (Pekince Md & Baccioglu Md, 2022)
conducted on allergic and non-allergic patients due to air pollution, they found that serum
TAS and TOS values were higher, and thiol levels were lower than the control group. In a
different study, Dilek et al. (Dilek et al., 2016) plasma thiol pool study in children with
asthma treated with montelukast monotherapy showed that montelukast monotherapy could
restore the decreased plasma thiol pool in children with mild asthma. They concluded that a
decrease in the antioxidant system occurred in children with asthma.

In another study, Cakmak et al. (Cakmak et al., 2009) reported that reported that they
found lipid peroxidation levels high and paraxonase activity low in their study on children
with asthma. They concluded that decreased paraoxonase activity may be associated with
regional and ethnic differences.

4. Conclusion
In this review, we aimed to comprehensively discuss the effects of OS on the disease in
patients with asthma. It is evident that asthma patients are exposed to OS as a result of the
production of airways ROS and nitrogen species by inflammatory and epithelial cells. The
extent to which increased OS affects asthma pathogenesis and disease severity is still
unknown. Many studies have reported that OS is increased in patients with asthma. We think
that it is important to comprehensively investigate the role of OS in the pathogenesis of

asthma and it will make important contributions to the current subject.

Disclosure: The authors have no financial or competing interests in relation to this work.
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