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Abstract

Background: Oxidative damage of several biomolecules is strongly involved in the pathogenesis
of asthmatic inflammation. It is affecting airway functions causing an increase in the frequency
of asthma attacks and deterioration. Aim: To determine Malondialdehyde level in both asthmatic
children and the control group and to correlate its level to the degree of asthma severity. Subjects
and Methods: Malondialdehyde (MDA) was measured in a group of Egyptian asthmatic children
(55) and their matching controls (55) with an age range from 5 to 15 years who were attending
the outpatient clinic in Suez Canal university hospital. Results: MDA level mean was higher in the
studied asthmatic children than the control group being 3.32 £ 2.09 nmol/ml and 1.27 + 0.20
nmol/mlrespectively with a statistically significant difference. MDA level mean was found to cor-
relate significantly and proportionally to the degree of asthma severity being 2.05 *1.21 nmol/ml
in intermittent asthma, 2.75 * 1.75 nmol/ml in mild persistent, and 4.66 * 2.12 nmol/ml in moderate
persistent (p value<0.001). Conclusion: The findings of our study further strengthen the evidence
that the altered oxidant-antioxidant balance is associated with airway obstruction.
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tors, host factors, and environmental ex-
posures occurring at a critical time affect-
ing immune system development. These
two factors elements, including innate im-

Introduction

Asthma is one of the common inflamma-
tory diseases that affect millions of people

all over the world. Among the inflamma-
tory mediators produced in asthma, reac-
tive oxygen species (ROS) have an im-
portant role in the pathogenesis of the dis-
ease affecting the pulmonary vessels and
leading to many systemic complications(.
The expression of asthma is known to be a
complex, interactive process depending
on the interplay between two major fac-

munity, genetics, sex, airborne allergens,
food allergens, and viral respiratory infec-
tions are variable with different environ-
ments and populations. ROS produced by
leukocytes plays a major role in the patho-
genesis of bronchial asthma due to many
of the characteristic changes in the airways
that are produced by the action of ROS®.
ROS produces tissue damage, constriction
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of the smooth muscles, increase in vascular
permeability, the release of different bio-
chemical mediators, and bronchocon-
striction(34), Overproduction of ROS leads
to increased concentrations of MDA and
total content of oxidants as well as re-
duced antioxidant enzyme activity in asth-
matic patients(>. Among the mechanisms
of damage caused by ROS, lipid peroxida-
tion is the most extensively investigated.
Oxidation of cell membrane phospholipids
releases unstable lipid hydroperoxides and
secondary carbonyl compounds as endog-
enous aldehydes. Highly reactive endoge-
nous aldehydes react directly with DNA,
forming aldehyde-derived DNA that leads
to DNA damage(®). Some of the most reac-
tive aldehydes are malondialdehyde, 4-hy-
droxy-2-nonenal, acrolein, crotonalde-
hyde, and methylglyoxal. The mutagenic
and carcinogenic effects are attributed to
the ability of these aldehydes to directly
modify DNA bases or yield promutagenic
exocyclic adducts(?). These compounds are
useful as biomarkers because they are
measurable in biofluids, although complex
processes might be required to prepare
them for analysis®. MDA is a biomarker of
lipid peroxidation in airways. Increased
MDA concentrations coexist with patho-
logical changes in respiratory epithelial
cells, overproduction of mucus, smooth
muscle contraction, and bronchial hyperre-
activity(®'°). Oxidative stress is prevalent in
both lung and systemic circulation of asth-
matic patients suggesting that lung inflam-
mation can spill into the systemic circula-
tion because of the proximity of pulmo-
nary vessels with the blood capillary net-
work. Blood contributes to the develop-
ment of secondary inflammation in blood
vessels and plays a role as a biomarker of
oxidative stress in asthma("™), Therefore,
to determine the oxidant and antioxidant
imbalance in children having bronchial

asthma and investigate the correlation be-
tween MDA level and degree of asthma se-
verity, we conducted our study.

Subjects and Methods

Study population

The study was conducted on 55 children
aged 5-15 years of asthmatic patients who
were attending the outpatient pediatric
clinic of Suez Canal university hospital
while the control group was composed of
55 age-matched children seen at the outpa-
tient department of the same hospital dur-
ing the study period from March 2017 to
March 2019. The patients aged 5-15 years
old and diagnosed clinically as asthmatic
were included in our study, diagnosis of
asthma was done according to the Na-
tional Asthma Education and Prevention
Program (NAEPP), 2007, GINA 2017, and
based on the history of recurrent or persis-
tent wheezing with or without dyspnea,
and improvement either spontaneously or
with use of 32-agonists,While patients who
had evidence of other concurrent pulmo-
nary or systemic disease, children with
acute upper or lower respiratory infections
and patients taking a vitamin containing
tonics were excluded. All patients were
subjected to detailed clinical evaluation in-
cluding history taking, clinical assessment
of the severity of asthma, and physical ex-
amination was done together with pulmo-
nary function test, skin testing with the
prick method using different possible anti-
gens, and blood sampling for Malondialde-
hyde (MDA), total immunoglobulin E and
complete blood picture with differential
for the eosinophilic count. Patients were
classified according to NAEPP, 2007 into
four groups: intermittent, mild, moderate,
and severe persistent asthma. While the
control group was composed of age-
matched children seen at the outpatient
department of the same hospitals during
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the study period. Children were included if
they have no personal or family history of
atopy or signs of an atopic disorder.
Malondialdehyde (MDA) was performed
for them.

Malondialdehyde assay

Malondialdehyde (MDA) assay in serum is
determined colorimetrically as Thiobarbi-
turic acid (TBA) reacts with malondialde-
hyde (MDA) in an acidic medium at a tem-
perature of 95°C for 30 min to form thio-
barbituric acid reactive product the ab-
sorbance of the resultant pink product can
be measured at 534 nm(®, Total IgE is an
enzyme immunoassay (EIA) for the deter-
mination of IgE antibodies in human se-
rum. The intensity of the yellow color is
proportional to the quantity of IgE-anti-
bodies in the serum. The results are ex-
pressed in IU/mI®), Eosinophilic counts are
determined from venous blood samples.

Skin Prick Testing

Skin prick testing (SPT) demonstrates an
allergic response to a specific allergen. SPT
is a simple, safe, and quick test, providing
results within 15-20 minutes. SPT is usually
carried out on the inner forearm. A
wheel>3 mm in diameter was considered a
positive test result for sensitization to that
peculiar allergen.

Statistical analysis

Data were analyzed using IBM SPSS soft-
ware package version 20.0. (Armonk, NY:
IBM Corp). Qualitative data were described
using numbers and percentages. The Kol-
mogorov-Smirnov test was used to verify
the normality of distribution. Quantitative
data were described using range (mini-
mum and maximum), mean, standard devi-
ation, and median. The significance was
judged at the 5% level®). The used tests

were the Chi-square test to compare be-
tween the minisling group and the transob-
turator tape group. Student t-test to com-
pare the normally distributed quantitative
data between both groups. And Mann
Whitney test for abnormally distributed
quantitative data in both and between the
two studied groups.

Results

Fifty-five asthmatic children were enrolled
in the present study. They were age and
sex-matched with other fifty-five healthy
children as a control group with no history
of atopy or any chronic disease. The age of
all subjects included in the study ranged
from 5 to 15 years with a mean (8.918 *
0.4194) in asthmatic patients compared to
(8.509 * 0.4061) in the control group. Out
of fifty-five asthmatic patients, 36 were
males and 19 were females with a male-to-
female ratio of 1.89:1, while in the control
group, 31 were males and 24 were females
with male to female ratio of 1.29:1. Nearly
51% of asthmatic patients lived in urban ar-
eas while 49% lived in rural ones. There was
no statistically significant difference be-
tween cases and controls regarding sex (p
=0.43), age (p=0.48), and residency denot-
ing good matching between the two-stud-
ied groups as reported in Table (1). Accord-
ing to the asthma severity classification of
the National Asthma Education and Preven-
tion Program 2007 and GINA 2017, 27.27%
had intermittent asthma, 32.73% had mild
persistent asthma and 40% had moderate
persistent asthma and none of the cases
had severe persistent asthma. Regarding
the skin prick test, 43.6% of the studied
asthmatic patients were sensitive to more
than two allergens. In our study immuno-
globulin (Ig) E mean was 348.9+ 341.9
IlU/ml while the eosinophilic count mean
was 334.8+227.4 cells/mm3 and both show-
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ed a statistically significant positive corre-
lation with asthma severity (p=0.002;
R=0.289 and R=0.494 respectively). Also, a
statistically positive correlation was found
between the degree of asthma severity
(NAEPP, 2007) and both Ig E means and Eo-
sinophilic count where both mean level of
IgE and eosinophilic count increase with

the increase in the degree of asthma sever-
ity, with IgE mean of 117.7x107.0 IlU/mlinin-
termittent asthma, 343.9+401.7 IU/ml, and
510.5+311.2 [U/ml in moderate persistent
while meaning eosinophilic count being
249.3+177.5 cellsimm3 in intermittent
asthma, 330.6+239.4 cells/mm3in mild per-
sistent and 396.5+237.4 cells/mm3in mod-
erate persistent.

Table 1: Basic demograph

the patients included in the study

ic and clinical data of

Cases Control
(n=55) | (n=55) |TestofSig.| p
No.| % |[No.| %
Sex
Male 36 |65.5| 31 [ 56.4 X’= 0.329
Female 19 [34.5| 24 | 43.6 0.955
Age (years)
Min, - Max.| 5.0 - 15.0 | 5.0 — 15.0 Us
Mean £ SD. |8.92 + 3.11|8.42 £ 3.04 1361.50 0.364
Median 8.0 8.0
Residence
Urban 28 [50.9| 27 | 49.1 X2=
Rural 27 [ 49.1| 28 |50.9| 0.036 0-849

2 =Chi square test, U=Mann Whit

ney test

Table 2: Comparison between the two studied groups
according to MDA levels

Cases
(n=55)

Control
(n=55)

MDA (nmol/ml)

Min. - Max. |0.33-9.45|0.80 —1.60

Mean +SD. [3.32+2.09|1

.27 £0.20(529.0"|<0.001"

Median 2.90

1.30

* Mann-Whitney U test is statist

The mean MDA level was higher among the
asthmatic patients than the control group
with a statistically significant difference as
illustrated in Table (2). The MDA level mean
was highest among the asthmatic patients
who were sensitive to three allergens with
no statistical significance. There was a non-
significant correlation between MDA level

ically significant at p < 0.05

and eosinophilic count in the studied asth-
matic patients as shown in Figure (1). Fig-
ure (2) showed a non-significant correla-
tion between MDA level and Ig E in the
studied asthmatic patients. Regarding oxi-
dative stress, our study showed a highly
significant positive correlation between
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the degree of asthma severity and MDA
level in asthmatic patients Table (3).

Discussion

Asthma is a chronic inflammatory airway
disease affecting children and adults of all
ages. Chronic inflammation involving the
recruitment and activation of inflamma-
tory cells has been increasingly recognized
as a mechanism leading to oxidative stress
in asthma(¥). The lungs are continually ex-
posed to the oxidants generated either en-
dogenously from mitochondria, phago-
cytes, and other cells, or exogenously from
air pollutants and smoking. Lungs have the
largest endothelial surface area which
makes them the principal target for circu-
lating oxidants(>'®). Total antioxidant sta-
tus gives information about all of the anti-
oxidants in the organism, while MDA is a li-
pid peroxidation marker used to assess li-
pid peroxidation due to increased oxida-
tive stress(724), In our study, MDA level
mean was higher in the studied asthmatic
patients than in the control group being

3.32+2.09 nmol/ml and 1.27+0.20 nmol/ml
respectively and was a statistically signifi-
cant difference. Also, the MDA level mean
was found to correlate proportionally and
significantly to the degree of asthma sever-
ity which was determined using criteria de-
fined in NAEPP, 2007 being 2.05%1.21
nmol/ml in intermittent asthma, 2.75+1.75
nmol/ml in mild persistent, 4.66+2.12
nmol/ml in moderate persistent (p <0.001).
The above results agree with that of EL-Al-
ameey et al., 2017 who studied sixty asth-
matic children aged 6 to 12 years in Egypt
where MDA was highly significantly in-
creased in the patients compared to con-
trols (p < 0.001), and in severe asthma com-
pared to the studied patients with moder-
ate and mild asthma (p <0.001)(*®), Also, Ah-
mad et al., 2012 showed that the MDA level
was higher in the asthmatic patient com-
pared to the control. It also demonstrated
that the measures of oxidative stress and
antioxidants differ significantly between
patients according to the severity of
asthma as severe persistent asthmatics
had the highest levels of MDA(9).

Table 3: Correlation between the degree of asthma severity
and MDA level in the asthmatic patients (n = 55)

Degree of asthma severity
Intermittent|Mild persistent|Mod. persistent
MDA (nmol / ml) (n=15) (E: 18) (np: 2)
Min. — Max. 0.36-4.22 | 0.33-5.59 2.0 - 9.45
Mean = SD 2.05 £1.21 2.75+1.75 4.66£2.12
Median 1.80 2.65 4.15
rs(p) 0.5387(<0.001")

rs: Spearman coefficient statistically significant at p < 0.05

So, all the above studies revealed that sub-
jects with asthma have increased levels of
MDA supporting the hypothesis that oxida-
tive stress is associated with the patho-
physiology of asthma and that oxidant-an-
tioxidant imbalance which occurs in
asthma plays a crucial role in disease pro-

gression and severity. An increased oxi-
dant and/or decreased antioxidant may re-
verse the physiologic oxidant-antioxidant
balance in favor of oxidants. Concerning
the relation between eosinophilic count
and degree of asthma severity, our results
agree with the study done by Zeiger et al.,,
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2015 reported that high blood eosinophil
counts were a risk factor for increased fu

ture asthma exacerbations with persistent
asthma(®®. While concerning the relation-
ship between the degree of asthma sever-
ity and Ig E level, our results agree with
Sherenian et al., 2015 who performed a ret-
rospective analysis on pediatric patients
aged from 3 to 26 years with the diagnosis
of asthma, the inpatient cohort had a sig-
nificant higher (four-fold) total IgE level
than the outpatient cohort regardless of
season(®V, This is explained by the fact that

1200

IgE is crucial for the development of airway
inflammation in patients with asthma as
the activation of the allergic cascade by
IgE, under allergen stimulation, leads to
chronic allergic inflammation in the air-
ways of asthmatic patients which is associ-
ated with the induction of airway remodel-
ing. Many cells, including eosinophils, mast
cells, T lymphocytes, neutrophils, and epi-
thelial cells, infiltrate the airways to release
many mediators producing inflammatory
responses that produce many cytokines
such as IL-4, IL-5, and IL-13(),
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Figure 1: Correlation between MDA level and eosinophilic count
in the studied asthmatic patients (r;: Spearman coefficient)
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Figure 2: Correlation between MDA level and immunoglobulin E in
the studied asthmatic patients (r:: Spearman coefficient)
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In our current study only, slight non-signif-
icant differences were observed in the se-
rum MDA mean value among asthmatic
subjects in relation to various clinical pa-
rameters like age, sex, residency, precipi-
tating factors of asthma, co-morbid illness,
seasonal variation, family history, and vari-
ous laboratory parameters and tests as
skin prick test, Ig E level and eosinophilic
count. These differ from Fatani, 2014 who
found noticeable differences for some sub-
categories as males, females, smokers, and
nonsmokers. As, in asthmatic smokers, a
significantly higher level of MDA was ob-
served as compared to healthy smokers
while TAC was significantly lower in asth-
matic smokers, which indicates that smok-
ing also affects disease pathogenesis425).
This difference may be related to the small
sample size of our study as it is proposed
that smoking either active or passive re-
sults in the production of many toxic free
radicals and contributes to the occurrence
of oxidative stress.

Conclusions

This work describes the role of oxidative
stress in the severity of disease which pro-
vides strong evidence for oxidant-antioxi-
dantimbalance in disease progression. The
findings of this study further strengthen
the evidence that the altered oxidant-anti-
oxidant balance is associated with airway
obstruction. Therefore, there is an urgent
need to know how the change in oxidative
stress mediators leads to the opening or
closing of the airway. Furthermore, how a
change in the balance between oxidants
and antioxidants leads to the severity of
asthmatic cases. This could lead to a new
therapeutic approach and may lead to fu-
ture applications in asthma management.
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