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Abstract. We investigated the oxidant-antioxidant balance and the effect of
inhaled corticosteroids on this balance in mild stable asthmatics. Included in
the study were 30 mild asthmatic patients (11 male, 19 female, mean age (year)
± SD: 35.1 ± 9.7) and 26 healthy adults (7 male, 19 female, mean age (year)
± SD: 40.8 ± 13.3). In all study groups, the peripheral venous blood samples
were taken for plasma malonyldialdehyde (MDA), a parameter of lipid per-
oxidation caused by the oxidants, and erythrocyte superoxide dismutase
(SOD), an antioxidant enzyme. The mean plasma MDA level was lower in the
asthmatic group (5.7 ± 1.2 nmol/ml) than in the healthy group (6.3 ± 1.7
nmol/ml); and the mean erythrocyte SOD level was higher in asthmatic group
(1086.4 ± 247.4 U/gHb) than in the healthy group (1028.0 ± 230.0 U/gHb).
However, there were no significant differences in measurements of both plasma
MDA levels and erythrocyte SOD enzyme activities between the groups (re-
spectively, p = 0.1 and p = 0.4). When asthmatic patients were divided into
subgroups as ‘‘inhaled steroid user’’ and ‘‘no inhaled steroid user’’, no signif-
icant differences were observed in the measurements of either plasma MDA
level or erythrocyte SOD enzyme activity between the mentioned subgroups.
According to the results of our study, we can say that oxidant-antioxidant
balance is not significantly affected in mild asthmatics or measurement of
plasma level of MDA and erythrocyte1 SOD enzyme activity is not sensitive to
the oxidant-antioxidant balance in mild asthmatics.

Key words: Asthma—Oxidative stress—MDA and SOD

Lung (2003) 181:347–352

DOI: 10.1007/s00408-003-1037-7

Correspondence to: I. Hanta, email: ihanta@cu.edu.tr



Introduction

Asthma is a disease of unknown etiology, characterized by the chronic inflam-
mation of airways. Although genetic and environmental factors may have a role
in the development of asthma, the exact mechanisms of these factors are not
clearly understood.

Oxidative stress, defined as exposure to excessive oxidants and/or reduced
antioxidant capacity, is thought to contribute to the development of many dis-
eases, especially chronic obstructive lung disease and asthma [18]. Eosinophils and
other inflammatory cells found in the airways of asthmatic patients are the im-
portant sources of endogenous oxidants [3]. It is reported that oxidants might
cause airway hyperreactivity, mucus hypersecretion, mucosal edema, and epithelial
damage in asthmatics [16]. In patients with mild-to-moderate asthma and exac-
erbation of asthma, it has been revealed that plasma level of malonyldialdehyde
(MDA), which is a product of lipid peroxidation caused by oxidants, increases in
both bronchoalveolar lavage fluid and peripheral blood samples [15, 17]. Although
a decrease in the enzymatic activity of erythrocyte superoxide dismutase (SOD) has
been reported [5], there is another study in which erythrocyte SOD enzymatic
activity has been increased [13]. It has been reported that markers such as hydrogen
peroxide (H2O2), 8-isoprostane, nitric oxide (NO) and carbon monoxide (CO),
reflecting oxidative stress, were higher in expired air of asthmatic patients [4, 12].

The inhaled corticosteroids (ICS) widely used in asthma treatment cause a
decrease in products of lipid peroxidation by inhibiting airway inflammation [4,
15]. However, some studies have revealed that ICS might increase the enzymatic
activity of SOD in airway epithelial cells and the production of glutathione in liver
[16, 17]. Yet, reliable methods are limited in vivo evaluation of oxidant-antioxi-
dant balance in asthma [3].

In this study, we aimed to evaluate the oxidative stress and the effect of ICS
treatment on the oxidant-antioxidant balance in mild asthmatic patients.

Method

Thirty mild asthmatic adults were recruited from the outpatient clinic of the Department of Chest

Diseases, Cukurova University, School of Medicine, and 26 healthy adults served as controls. Asthma

was diagnosed by a chest physician who depended on convenient clinical and laboratory findings. Those

patients having exacerbations of asthma and/or an additional disease and the patients who smoke were

excluded. Of the 30 asthmatic patients, 23 had been using an ICS for the last month, whereas 7 patients

had not during this period. In the first phase, clinical and demographical data of the study groups were

obtained and physical examination, pulmonary function tests and skin prick tests were performed.

Enduration larger than 3 mm in diameter to any of the allergens used in skin prick test was defined as

atopy (Table 1). In the second phase, the peripheral blood sample was obtained in order to measure the

erythrocyte SOD enzyme activity and plasma MDA level in both asthmatic and healthy groups.

Measurement of Erythrocytes SOD Enzyme Activity and Level of Plasma MDA

Whole blood was centrifuged at 3000 rpm for 10 min at 4�C. After plasma was separated for MDA
determination, erythrocytes were washed with saline four times. SOD enzyme activity was assayed
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according to the methods of Mc Cord et al. in erythrocytes [10]. The lipid peroxide level in blood was

assayed in terms of TBARS/MDA using 1,1,3,3-tetramethoxypropane as standard. The lipid peroxi-

dation was expressed as nmoles of MDA formed per ml plasma [11]. The study was approved by the

ethical committee of Cukurova University.

Statistical Analysis

SPSS for Windows 9.0 was used. Student t test and Mann Whitney U test were used for analysis of the

differences between the groups.

Results

In this study, 30 adult mild asthmatic patients (11 male, 19 female, mean age ±
SD: 35.1 ± 9.7) and 26 healthy adults (7 male, 19 female, mean age ± SD: 40.8 ±
13.3) were evaluated. Of the 30, 27 (90%) had a positive skin prick test. Mean
FEV1 (±SD) of asthmatic patients (83.3 ± 17.6, % predicted) was lower than the
mean FEV1 (±SD) of the healthy group (90.5 ± 15, % predicted) (p = 0.07)
(Table 1).

Although the mean plasma MDA level was lower in asthmatic patients
(± SD) (5.7 ± 1.2 nmol/ml) than in the healthy group (±SD) (6.3 ± 1.7) and
mean erythrocyte SOD enzyme activity was higher in asthmatic patients (±SD)
(1086.4 ± 247.4 U/gHb) than in the healthy group (±SD) (1028.0 ± 230.0 U/
gHb), there was no significant difference in either comparisons (p>0.05) (Table 2).

When asthmatic patients were divided into two subgroups according to in-
haled steroid usage, there was no significant difference between 23 asthmatic
patients using regular ICS and 7 asthmatic patients not using ICS, for mean
plasma MDA level (±SD), respectively, 5.7 ± 1.2, 5.7 ± 1.3 nmol/ml, and mean
erythrocyte SOD enzyme activity (±SD), respectively, 1068.0 ± 268.5, 1138.7 ±
180.6 U/gHb) (p > 0.05) (Table 3).

Table 1. The clinical and demographic characteristics of the study groups

Characteristic Patients with asthma (n:30) Healthy controls (n:26)

Age 35.1 ± 9.7 40.8 ± 13.3

Female/Male 19/11 19/7

IgE (mg/dl)*§ 509.4 ± 587.2 109.0 ± 123.8

Skin prick test (+) 27 (90%) Not performed

FEV1 (L)* 2.5 ± 0.6 2.6 ± 0.5

FEV1 (predicted %)* 83.3 ± 17.6 90.5 ± 15.5

FEV1/FVC (%)*
§ 73.0 ± 8.5 85.0 ± 5.6

FEV1/FVC (predicted %)* § 86.1 ± 10.0 100.0 ± 6.6

FEV1; forced expiratory volume in one second

FVC; forced vital capacity

*Mean ± standard deviation (±SD)
§p < 0.05
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Discussion

Related literature has revealed that oxidative stress has an important role in the
pathogenesis of asthma, and oxidants cause lipid peroxidation by oxidizing fatty
acids and polyunsaturated lipids which are present in cell membranes. Thus,MDA,
which is a marker of lipid peroxidation, increases [10]. Rahman et al. [17] has
reported that plasma MDA level was higher in both asthmatic patients than in
healthy controls, and in patients with asthma exacerbation than in patients with
stable asthma. Similarly, in another study, MDA level in bronchoalveolar lavage
fluidwas higher inmild tomoderate asthmatic patients than in healthy controls [15].

In mild asthmatic patients analyzed in this study, although the mean plasma
MDA level was lower than in the healthy adults, there was no significant differ-
ence statistically. Because asthmatic patients in this study were stable and mild, it
is assumed that their oxidative stress might not be intense. However, there is a
problem with the specificity of thiobarbituric acid - malondialdehyde assays as a
measure of lipid peroxidation, since this assay does not directly measure the lipid
peroxidation reaction [10].

There have been several reports on the decreased antioxidant capacity in
asthmatic patients with intense oxidative load. Furthermore, in epithelial lining
fluid of asthmatic patients, levels of vitamin E and C having antioxidant capacity
were shown to be lower [8]. SOD is an intracellular antioxidant enzyme-inhibiting
superoxide anion, which is an important oxidant. In some studies, it is reported
that SOD enzyme activity in airway epithelium and erythrocytes of asthmatic
patients was lower than that of healthy controls [5, 16]. However, Nadeem et al.
[13] have reported that erythrocyte SOD enzyme activity has increased.

On the other hand, in another study, SOD enzyme activity in bronchoalveolar
lavage fluid of asthmatic patients was found to be not different from that of

Table 2. Plasma MDA levels and erythrocyte SOD enzyme activities of the study groups

Parameters Patients with asthma (n:30) Healthy controls (n:26)

SOD (U/gHb)*{ 1086.4 ± 247.4 1028.0 ± 230.0

MDA (mol/ml)*{ 5.7 ± 1.2 6.3 ± 1.7

*Mean ± standard deviation (SD)
{p > 0.05

Table 3. Plasma MDA levels and erythrocyte SOD enzyme activities of asthmatic patients who use

ICS and those who do not

Parameters Patients who use ICS (n:23) Patients who do not use (n:7)

SOD (U/gHb)*{ 1068.0 ± 268.5 1138.7 ± 180.6

MDA (nmol/ml)*{ 5.7 ± 1.2 5.7 ± 1.3

*Mean ± standard deviation (SD)
{p > 0.05
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healthy adults. As these patients have mild and stable asthma, it may be thought
that pulmonary oxidative stress may not be intense in those patients [2]. In our
study, since our patients had mild and stable asthma, erythrocyte SOD enzyme
activity might not reveal any statistically significant difference between the groups.

In diseases such as asthma, inflammation may be the most significant con-
tributor to oxidative stress hence the products of oxidative stress are mostly
correlated with the activity of the disease [1]. Corticosteroids used in asthma
treatment alleviate the oxidative load by inhibiting airway inflammation [6].
Oxidative stress products such as H2O2 and NO were found to be increased in
expired air of asthmatics. MDA was found to be increased in BAL and the levels
of all these three products decreased with corticosteroid therapy [7, 9, 15, 19]. In a
study in which the effect of ICS on the erythrocyte SOD enzyme activity was
evaluated in asthmatic patients, it was revealed that there is no statistically sig-
nificant difference between before and after treatment measurements [5].

The information about the effects of regular use of ICS in asthmatic patients
on the erythrocyte SOD enzyme activity and plasma MDA level is insufficient. In
our study, since the mean plasma MDA level and erythrocyte SOD enzyme ac-
tivity of asthmatic patients with regular ICS were not significantly different from
that of asthmatic patients with no steroid treatment, it can be assumed that these
results might have been due to the stability and mildness of our patients and the
very few with no ICS.

In this study, we found that the plasma MDA level and erythrocyte SOD
enzyme activity are not affected in mild stable asthmatic patients, and ICS
treatment does not alter this situation. This finding can be related to either in-
flammation being mild in stable asthmatics or these parameters not being sensitive
enough for inflammation in this group of patients.
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