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Relation of oxidant-antioxidant
imbalance with disease progression in
patients with asthma

Asrar Ahmad'?, Mohammad Shameem?, Qayyum Husain'

Abstract

CONTEXT: Asthma is a chronic airway disorder which is associated to the inflammatory cells. Inflammatory and
immune cells generate more reactive oxygen species in patients suffering from asthma which leads to tissue injury.
AIMS: To investigate the role of oxidant-antioxidant imbalance in disease progression of asthmatic patients.
SETTINGS AND DESIGN: In this study, 130 asthmatic patients and 70 healthy controls were documented.
METHODS: For this malondialdehyde level, total protein carbonyls, sulfhydryls, activity of superoxide dismutase
(SOD), catalase, glutathione peroxidase (GPx), total blood glutathione, and total antioxidant capacity (FRAP)
were measured.

STATISTICAL ANALYSIS USED: Analysis of the data was done using unpaired student t test and one-way
ANOVA analysis. P < 0.05 was considered significant.

RESULTS: The present work showed that the systemic levels of MDA (4.19 + 0.10 nmol/ml, P< 0.001) and protein
carbonyls (1.13 £ 0.02 nmol/mg, P < 0.001) were found to be remarkably higher in asthmatic patients while protein
sulfhydryls (0.55 + 0.01 mmol/l, P< 0.05) decreased as compared to controls (2.84 + 0.12 nmol/ml, 0.79 + 0.02 nmol/
mg and 0.60 + 0.02 mmol/l, respectively). We also observed decrease in activities of SOD (2047 + 50.34 U/g Hb,
P < 0.05), catalase (4374 + 67.98 U/g Hb, P < 0.01), and GPx (40.97 + 1.05 U/g Hb, P < 0.01) in erythrocytes
compared to control (2217 + 60.11 U/g Hb, 4746 + 89.94 U/g Hb, and 48.37 + 2.47 U/g Hb, respectively). FRAP
level (750.90 + 21.22 pmol/l, P < 0.05) in plasma was decreased, whereas total blood glutathione increased

(0.94 + 0.02 mmol/l, P < 0.05) as seen in control (840.40 + 28.39 pmol/l and 0.84 + 0.04 mmol/l).

CONCLUSIONS: This work supports and describes the hypothesis that an imbalance between oxidant-antioxidant
is associated to the oxidative stress which plays a significant role in severity of the disease.
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sthma is the most frequent chronic airway

disease and is one of the major global
health problems!"! which is characterized by
chronic inflammation of the airways involving
variable and recurrent airflow obstruction and
increased airway responsiveness to a variety of
stimuli.>* Recent research suggests that airway
inflammation is the most proximate cause of
the recurrent episodes of airflow limitation
in asthma and is associated with increased
oxidative stress.*! Thus, oxidative stress (oxidant-
antioxidant imbalance) has been increasingly
recognized as a major factor contributing to
the chronic inflammation. When oxidative
stress overwhelms antioxidant mechanisms,
reactive oxygen species (ROS) interact with
proteins, lipids, and DNA leading to pathological
consequences.t! Oxidative stress is thought to
initiate airway inflammation; therefore, it is an
important component of asthma pathogenesis.
Many evidences suggest that ROS produced
both intracellularly by lung parenchymal cells
and extracellularly by lung macrophages. It is

present in all forms of asthma including mild
and asymptomatic cases and involves central as
well as peripheral airways.#!

Increased generation of oxidantshavebeenreported
in asthma patients than in healthy individuals,”™"!
which aggravated airway inflammation by
inducing diverse pro-inflammatory mediators
including macrophages, neutrophils and
eosinophils.""? Numerous studies have suggested
that oxidative stress is caused by overproduction
of various free radicals or by an insufficient
antioxidant defense system in asthma and thus
it contributes to the tissue damage which is
induced by inflammatory cells.’'*'¢l These include
a range of toxic ROS such as superoxide radical
(O,"), hydrogen peroxide (H,O,), hypochlorous
acid (HOCI), and hydroxyl radical (OH").t"
In asthmatic patients, ROS play a vital role in
pathophysiologic changes such as increased lipid
peroxidation, airway responsiveness, production
of chemoattractants, and vascular permeability."”]
To counter the oxidant-mediated toxicity, lung
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and blood cells are endowed with several antioxidants including
glutathione peroxidase (GPx), superoxide dismutase (SOD),
catalase, glutathione, a-tocopherol, and ascorbic acid."®"! The
increased oxidative stress in asthma is reflected by plasma
level of malondialdehyde (MDA) and protein carbonyls in
both bronchoalveolar lavage (BAL) fluid and peripheral blood
samples;!'>? together with increased oxidized glutathione in BAL
fluid.”"It has also been reported that markers of oxidative stress
such as H,0,, 8-isoprostane, nitric oxide, and carbon monoxide
were found in higher concentration in exhaled air of asthmatic
patients."*®2l Changes in antioxidant defenses have noticed
due to oxidative stress in asthmatic patients as decreased in GPx
activity in whole blood, plasma, and platelets.**?! Furthermore,
protein sulfhydryls and total antioxidant capacity were also
found to be decreased in plasma concomitant with increased
SOD activity in BAL cells.l*!

In the present study, the imbalance between oxidant and
antioxidant level was determined in asthmatic patients which
plays a key role in severity of the disease. Moreover, we
have also correlated it with the degree of airflow obstruction
(FEV1 % predicted) in patients with asthma.

Methods

Study population

This study was conducted in the Department of TB and
Respiratory Diseases, Jawaharlal Nehru Medical College
Hospital, Aligarh Muslim University, Aligarh, India, on
patients attending outpatient department (OPD) and inpatient
departments (IPD). We documented 130 (12-83 years of age)
patients with bronchial asthma. Clinical severity of asthma was
determined using criteria (appropriate clinical and respiratory
function tests) defined in global initiative for asthma guidelines
(GINA).”I The diagnosis was established on the basis of
recurrent symptoms of breathlessness, chest tightness, and
wheezing with an improvement of greater than 12% in forced
expiratory volume in 1 second (FEV1) after inhalation of 200 ng
of salbutamol from a nebulizer.

None of the patients were taking any antioxidant supplements
and did not have any symptoms of lower or upper respiratory
tract infection. Those patients who had pulmonary or systemic
disease or an acute exacerbation of asthma within the past
4 weeks were in exclusion criterion. No drug was allowed on
the day of testing. Seventy control subjects (10-75 years of age)
were selected without respiratory symptoms and normal lung
functions. All recruited subjects were nonsmokers and majority
of the patients included in the present study were on treatment
with inhaled corticosteroids. Written informed consent was
obtained from each recruited subjects and the Institutional
Ethics Committee of the Medical College approved the study.

Each patient’s demographic profile, clinical, radiological
findings, associated disease, pulmonary function measurement,
history of allergy, and treatment details were recorded.

Evaluation of lung function

Pulmonary function tests were performed in each patient as
well as in controls. Lung function parameters were measured
by Easy on PC spirometer (ndd Medizintechnik AG, Zurich,
Switzerland) and the best value from 3 manoeuvres was
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recorded as an absolute value. FEV1 and FVC were expressed
as a percentage of the predicted values for age, sex, and height.

Anthropometry

All anthropometric measurements were taken according to
a standardized protocol. Body weight was measured with
participants wearing light clothes without shoes by using a
balance beam scale. Height was measured at the same time.
Body mass index (BMI) was calculated as body weight divided
by height squared (kg/m?).

Collection of blood samples and storage

After a detailed history and pulmonary function test, 5.0 ml
fasting venous blood was drawn into heparinized vials and
tubes without anticoagulants. Tubes were centrifuged at
1500 g for 15 minutes to obtain plasma. Samples were divided
into 0.5 ml aliquots. Erythrocytes and plasma were separated
and stored at -80°C until biochemical measurements were
taken.

Study measurements

Lipid peroxide assay

Plasma level of MDA was measured by measuring thiobarbituric
acid reactive substances (TBARS) according to the method
described by Buege and Aust.””! For assay, 0.5 ml of plasma
sample was mixed with equal volume of 0.67% TBA and 30%
of TCA in tubes. The mixture was heated in a boiling water
bath for 20 minutes. The tubes were centrifuged at 4320 g for
15 minutes. The absorbance of the pink supernatant was taken
at 530 nm on the UV-visible spectrophotometer. Results were
expressed in nmol of MDA /ml of plasma.

Plasma protein carbonyl content assay

The measurement of protein oxidation was carried out by
the estimation of total carbonyl content in the sample using
2,4-dinitrophenylhdrazine® and its absorbance was recorded
at 360 and 280 nm on the UV-visible spectrophotometer. The
carbonyl formation was expressed as the ratio of absorbance
at 360 nm to 280 nm and the units were expressed in nmol/mg
protein of plasma.

Plasma protein sulfhydryl assay

The estimation of plasma protein sulfhydryl level was
performed at 412 nm on the UV-visible spectrophotometer
according to the method described by Sedalk and Lindsay.*!
Results were expressed in mmol/1 of plasma.

Superoxide dismutase assay in erythrocytes

SOD activity was assayed according to the method of Marklund
and Marklund on the basis of autoxidation of pyrogallol."
The change in absorbance was recorded at 412 nm on the
UV-visible spectrophotometer for 3 minutes. Results were
expressed in U/g Hb.

Catalase activity in erythrocytes

The quantitation of catalase activity in erythrocyte hemolysates
was based on the oxidation of H,O, The activity of catalase
was measured by taking 1.95 ml of potassium phosphate
buffer (50 mM, pH 7.0), 50 pl of the sample to which 1 ml of
H,O, (30 mM) was pipetted in dark conditions.*!! The solution
was immediately read at 240 nm for 3 minutes by UV-visible
spectrophotometer. The results were expressed in U/g Hb.
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GPx activity in erythrocytes

GPx activity was determined spectrophotometrically in
erythrocyte hemolysates using the technique adapted
by Paglia and Valentine.P? GPx catalyses the oxidation
of glutathione (GSH) by cumene hydroperoxide. In the
presence of GSH reductase and NADPH, the oxidized GSH
is reduced and NADPH is oxidized to NADP. GPx activity
was measured by the decrease in NADPH absorbance at
340 nm on UV-visible spectrophotometer. Its activity was
expressed in U/g Hb.

Total blood glutathione assay

The assay was carried out according to the method of Griffith,!
in which the reaction was initiated by addition of DTNB and
the rate of reduction was measured at 412 nm on UV-visible
spectrophotometer. Results were expressed in mmol/1.

Total antioxidant capacity (Ferric reducing antioxidant power
of plasma assay)

The total antioxidant power in the plasma was estimated by
measuring the ferric reducing ability by using the method of
Benzie and Strain.®! The absorbance was taken at 593 nm by
UV-visible spectrophotometer and total antioxidant status was
calculated using ferrous sulfate as standard. The results were
expressed in pmol/L

Statistical analysis of data

Statistical analyses were performed with statistical package for
the social sciences for Windows (Version 16.0; SPSS Inc) and
Graph Pad Prism 5.01. Data were expressed as Mean + SEM.
The unpaired t test was used to compare the healthy controls
with patients. The biochemical parameters were compared
among patients with different asthma severity group by
using one-way ANOVA. The relationship between different
study parameters and the degree of airways obstruction was
evaluated by computing the Pearson’s correlation coefficient.
P < 0.05 was considered significant.

Results

Table 1 shows the clinical and demographic characteristics of
the study subjects. Patients with asthma had a significantly
lower FEV1 (% predicted) and other spirometry indices than
controls. The post changes in FEV1, FVC, and FEV1/FVC
(% predicted) after nebulization with 200 pg of salbutamol were

found remarkably at higher level than controls. Relative percent
of the measured anthropometric and spirometric parameters
have also been demonstrated in Figure 1.

It was shown that oxidative stress indicator measured as TBARS
in plasma (4.19 + 0.10 nmol/ml, P < 0.001; Figure 2a) and total
protein carbonyls (1.13 + 0.02 nmol/mg, P < 0.001; Figure 2b)
were markedly enhanced in asthmatic patients as compared
to control (2.84 + 0.12 nmol/ml and 0.79 + 0.02 nmol/mg,
respectively). It was also observed that the level of total
protein sulfhydryls (0.55 + 0.01 mmol/1, P < 0.05; Figure 2c)
was decreased in patients with asthma as compared to healthy
controls (0.60 + 0.02 mmol/1).

Figure 3a-c illustrates that the activity of SOD
(2047 = 50.34 U/g Hb, P < 0.05), catalase (4374 + 67.98 U/g
Hb, P < 0.01), and GPx (40.97 + 1.05 U/g Hb, P < 0.01) in
erythrocytes were remarkably lower in asthmatic patients than
the healthy controls (2217 + 60.11 U/g Hb; 4746 + 89.94 U/g
Hb, and 48.37 +2.47 U /g Hb, respectively) while the levels of
total blood glutathione (0.94 + 0.02 mmol/1, P < 0.05; Figure
4a) were significantly increased in asthmatic patients as seen
in controls (0.84 + 0.04 mmol/1). It was observed that total
antioxidant status in plasma, which is measured as FRAP
(750.90 + 21.22 umol/1, P < 0.05) was remarkably decreased

100
H Control

M Patients

Relative %

Figure 1: Relative percent of the measured anthropometric and spirometric
parameters of asthmatic patients comparative to controls *P > 0.05, Non-significant;
“P<0.01; "P<0.001

Table 1: Clinical and demographic characteristics of the study groups

Characteristic Asthmatic patients (N: 130) Healthy controls (N: 70) P value
Age* 37.91+1.38 34.97 +2.05 0.224
Sex (Male/Female)* 90/40 52/18 0.454
BMI (kg/m?)” 20.85 + 0.31 22.56 + 0.53 0.003
FEV1 (% predicted)™ 60.14 = 1.65 85.39 + 1.31 0.000
FVC (% predicted)™ 72.84 +1.49 85.60 = 1.12 0.000
FEV1/FVC (% predicted)™ 79.18 + 1.33 97.86 + 0.84 0.000
FEF 25-75%" 36.17 + 1.92 76.43 + 3.07 0.000
FIVC% ™ 67.88 + 1.72 86.57 + 1.17 0.000
Post FEV1% change™ 30.80 = 1.77 6.80 + 0.35 0.000
Post FVC% change™ 18.92 + 1.26 4.37 £ 0.26 0.000
Post FEV1/FVC% change™ 11.23 + 0.70 2.43 +0.20 0.000

BMI = body mass index, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, FEF = forced expiratory flow, FIVC = forced inspiratory vital
capacity The probability unpaired t test is statistically significant "P < 0.05; “P < 0.001; #*P > 0.05, Non-significant.
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Table 2: Comparison of indices of oxidant-antioxidant status and other demographic variables among patients

with asthma severity

Parameters Intermittent Mild Persistent Moderate persistent Severe persistent
(N: 25) (N: 30) (N: 38) (N: 37)
Age* 34.84 + 3.22 39.43 + 3.44 35.79 £ 2.09 40.92 £ 2.53
Sex (Male/Female)* 15/10 24/6 23/15 28/9
BMI (Kg/m2) 21.78 + 0.56 21.64 £ 0.69 21.13 £ 0.64 19.31 £ 0.49
TBARS' (nmol of MDA/mI of plasma) 3.69 +0.20 4.04 +0.23 4.29 +0.22 4.55 +0.15
Total protein carbonyls’ (nmol/mg protein of plasma) 1.02 £ 0.05 1.09 + 0.04 1.16 £ 0.04 1.19 £ 0.03
Total protein sulfhydryls’ (mmol/l of plasma) 0.58 = 0.02 0.58 + 0.01 0.55 +0.01 0.52 = 0.01
Erythrocytic SOD* (U/g Hb) 2076 + 110.30 2042 + 122.10 2015+ 103.70 2063 + 72.67
Erythrocytic Catalase” (U/g Hb) 4114 +129.40 4169 + 136.40 4479 + 146.00 4608 + 109.5
Erythrocytic GPx" (U/g Hb) 43.91 £ 2.96 42.06 + 2.11 42.78 = 1.99 36.25 + 1.40
Total blood glutathione” (mmol/l) 0.85 +0.04 0.89 = 0.04 0.95 +0.04 1.02 £ 0.03
Total antioxidant status” of plasma (FRAP) pmol/I 829.0 + 50.24 813.3 + 44.87 736.8 £ 42.44 661.9 £ 29.79

TBARS = thiobarbituric acid reactive substances, MDA = Malondialdehyde, SOD = superoxide dismutase, GPx = glutathione peroxidase, FRAP = ferric reducing
antioxidant power Data are expressed in Mean + SEM and One-way ANOVA analysis for comparison of group; #P > 0.05, Non-significant; "P < 0.05

Table 3: Coefficients of correlation between oxidation
variables and FEV1 (% predicted)

Study parameter Correlation coefficients (r)

FEV1 of FEV1 of

controls asthmatics
Plasma TBARS -0.33" -0.39”
Total protein carbonyls of plasma -0.18# -0.35
Total protein sulfhydryls of plasma 0.37" 0.42"
Erythrocytic SOD 0.33" -0.07#
Erythrocytic Catalase 0.43" 0.01#
Erythrocytic GPx 0.42" 0.397
Total blood glutathione -0.417 -0.43"
Total antioxidant status of plasma 0.49” 0.42"

rdenotes Pearson correlation coefficient; *P > 0.05, Non-significant; “P < 0.01

in asthmatic patients as compared to controls (840.40 +
28.39 pmol/1; Figure 4b).

There were marked differences in biochemical parameters and
other demographic variables among patients with different
severities of asthma except age, sex, and SOD activity [Table 2].
Pearson’s correlation coefficients of different studied oxidative
variables with FEV1 (% predicted) showed remarkable
negative correlation between plasma TBARS and total blood
glutathione with FEV1 (% predicted) in patients with asthma
as well as in controls, but there was no statistically significant
difference found between total protein carbonyls and FEV1
(% predicted) in controls (r = -0.18, P > 0.05) [Table 3].
A remarkable positive correlation was found between total
protein sulfhydryls, erythrocyte GPx, and total antioxidant
status with FEV1 (% predicted) in asthmatic patients as
well as in controls. Conversely, erythrocyte SOD (r = -0.07,
P > 0.05) exhibited a slight negative correlation, whereas
catalase showed an insignificant positive correlation in
asthmatic patients (r =0.01, P > 0.05).

Discussion

Several studies have revealed that oxidants-antioxidants
balance is an essential factor for the normal physiological
function of the lungs. An increased oxidant and/or decreased
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antioxidant may reverse the physiologic oxidant-antioxidant
balance in favor of oxidants. Thus, oxidative stress plays an
important role in the pathogenesis of asthma and oxidants
caused lipid peroxidation by oxidizing fatty acids and
polyunsaturated lipids of cell membranes.

The oxidant-antioxidant status was investigated in blood
(red blood cell and plasma) because it is an easily available
source and also considered as an important pool of antioxidant
defenses in the body rather than BAL fluid which is obtained
through an invasive bronchoscope technique.® Furthermore,
asthma is an inflammatory disease in which cells are recruited
from the peripheral blood.

In this work, it has been observed that the asthmatic
patients have increased oxidative stress. It was shown by
remarkable increase in lipid peroxidation product (MDA)
and protein carbonyls as well as decrease in protein
sulfhydryls in plasma [Figure 2a-c]. These are accompanied
by alterations in several endogenous enzymatic antioxidants
in blood including decreased GPx and SOD activities. The
distinguished changes were noticed in catalase activity
of erythrocytes and total antioxidant power of plasma of
asthmatic patients. Rahman et al. reported that the plasma
MDA level was higher in asthmatic patients than controls as
well as in patients with asthma exacerbation as compared to
stable asthma.l'? Similarly, another study entails that MDA
level in BAL fluid was higher in mild to moderate asthmatic
patients. ? Moreover, protein carbonyl content was also
significantly higher in asthmatic patients because most of
the amino acids can be oxidized by ROS. Peroxynitrite anion
is a potent oxidant that mediates not only the oxidation of
both non-protein and protein sulfhydryls but also induces
lipid peroxidation.?]

Several studies have demonstrated alterations in different
endogenous antioxidants in patients with asthma. The
alterations in antioxidant defenses may involve either an
increase or a decrease depending on the changes occurring
due to a defense response. SOD is an intracellular antioxidant
enzyme, helping in removing superoxide anion. In some
studies, it has been reported that SOD activity in airway
epithelium and erythrocytes of asthmatic patients was lower
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Figure 2: (a-c) Levels of lipid peroxidation products measured as TBARS expressed as nmol of MDA/ml of plasma, ™P < 0.001; total protein carbonyls in plasma expressed
as nmol/mg of protein, ““P < 0.001; and total protein sulfhydryls in plasma expressed as mmol/l, ‘P < 0.05. Data are expressed in Mean + SEM
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Figure 3: (a-c) Superoxide dismutase, catalase, and glutathione peroxidase activity in erythrocytes expressed as U/g Hb; ‘P < 0.05 and “P < 0.01. Data are expressed in
Mean + SEM
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Figure 4: (a and b) Total blood glutathione and ferric reducing antioxidant power in plasma expressed as mmol/l and umol/l, respectively, ‘P < 0.05.

than healthy controls.'”?We have also noticed significantly
lower activities of SOD and catalase in red blood cells
[Figure 3a,b] and these findings were very much similar to the
earlier reported by Rai and Phadke (2006).5

In a previous study, it has been reported that GPx play
a significant role in peroxyl scavenging mechanism and
maintaining functional integration of the cell membrane. Here,
we observed a significant decrease in GPx activity in asthmatic
patients as compared to controls [Figure 3c], which led to the
high elevation of lipid peroxidation products as reported in
the same investigated samples. Lower GPx level in asthmatic
patients can be related to the clinical presentation of the disease
and it indicates the presence of H,0O, in breath condensate
of exhaled air which is elevated in asthmatics patients.*”]
Decreased activity of GPx has been well documented in
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literature® and it is in favor of our findings. Selenium is an
essential component of GPx and it indirectly helps in protecting
cells against damage caused by free radicals. This might arise as
aresult of deficiency of selenium or inactivation caused by OH*
and O,".[»441 A number of studies have been done to measure
the selenium deficiency in asthma through the antioxidant
effects of GPx and it has been found that plasma levels of
selenium was significantly lower in asthmatic patients. 4244
GPx is essential for removing toxic lipid oxidation products
and H,0,, which are continuously generated as a result of
sequestration and infiltration of inflammatory leukocytes in
the lung. Low SOD activity together with low GPx activity in
asthmatic patients proved the contribution of oxidative stress
in the etiology of asthma. It was reported that the glutathione
system is altered in lung inflammatory conditions such as
asthma and many reports have shown that alterations in
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glutathione level have been found in asthmatic airways.*!

The present finding of our study also shows that the
asthmatic patients have significantly higher level of total
blood glutathione as compared to control subjects [Figure
4a]. Mak et al. have also reported that the total glutathione
level increased in erythrocytes of asthmatic individuals. !
There have been several reports on the decreased antioxidant
capacity in asthmatic patients with intense oxidative load.
In this study, we found very low total antioxidant status
[Figure 4b] which is correlated to the findings reported by
Rahman et 1.

The present study also demonstrates that the measures of
oxidative stress and antioxidants differ significantly between
patients grouped according to severity of asthma except
SOD [Table 2]. It revealed that severe persistent asthmatics
have highest levels of plasma lipid peroxidation products
and simultaneously lowest level of plasma antioxidants. An
increasing trend was observed in the level of MDA, total protein
carbonyls, and total blood glutathione among patients with
intermittent to severe asthma while total protein sulfhydryls,
enzymatic antioxidants, and total antioxidant capacity shows
a decreasing pattern in these respect (P < 0.05). We have
also observed a dramatic enhancement in catalase activity
among asthmatic patients (intermittent to severe). Al-Abdulla
et al. also reported that the mean serum level of MDA was
significantly raised with increasing severity of asthmatic attack
among patients grouped according to degree of severity.*”]
Previously, Kanazawa et al. have also found differences
related to severity in patients with acute exacerbations.™!
The association between asthma severity and anthropometric
measurement demonstrates that age and gender was unrelated
to disease severity similar to our findings.*! Our results are
also of interest in the context of increased oxidative burden
remarkably associated to the pulmonary airways obstruction
[Table 3]. Markers of lipid peroxidation (TBARS), total protein
carbonyls, and total blood glutathione level showed negative
associations with FEV1 (% predicted). Furthermore, it was
also noticed that total antioxidant status, erythrocyte GPx, and
total protein sulfhydryls were positively associated with FEV1
(% predicted). Schunemann et al. found a remarkable negative
correlation between plasma TBARS and red cell GSH, but they
did not find any significant correlation with GPx and total
antioxidant status. A negative association in erythrocyte SOD
activity was also observed, but this was not significant. Wood
and co-workers also reported that SOD activity was negatively
associated with the severity of asthma.*Some workers also
demonstrated that the superoxide anion release was greater
in patients with exacerbation of their disease and it was also
inversely correlated with FEV1.H551 Tt suggested that the lower
antioxidant defense cause greater degree of airway obstruction
(decreased FEV1 % predicted).

In conclusion, this work describes the role of oxidative stress
and antioxidants in severity of disease which provides a
strong evidence for oxidant-antioxidant imbalance in disease
progression. The findings of this study further strengthen
the evidence that the altered oxidant-antioxidant balance is
associated with airways obstruction. In further studies, we
realized the need to elucidate pathophysiological mechanism
involved in lung injury related to oxidant-antioxidant
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imbalance.
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