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COMPARISON OF OXIDATIVE STRESS MARKERS

AND ANTI-OXIDANT DEFENSE SYSTEM IN

ASTHAMATIC AND NON-ASTHAMATIC WOMEN
DURING SECOND TRIMESTER OF PREGNANCY
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ABSTRACT

OBJECTIVE: To compare the levels of stress markers and anti-oxidants during
the second trimester of pregnancy in healthy and asthmatic women.

METHODS: This cross-sectional research, conducted at Institute of Molecular
Biology and Biotechnology, University of Lahore and Pak Red Crescent Teaching
Hospital, Dina Nath, from October 2016 to March 2017. One hundred females
(50 healthy and 50 asthmatics) of same age group (20-35 years) and duration of
pregnancy (second trimester) were included through purposive sampling
technique. Oxidative stress markers [Melanodialdehyde (MDA) and Nitric Oxide
(NO)], enzymatic [Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Reductase (GSH) and Glutathione Peroxidase (GPx)] and non-enzymatic (vitamin
E, vitamin C and vitamin A) anti-oxidants were recorded.

RESULTS: Mean BMI was 21.55+0.35kg/m” and 20.32+0.25kg/m’ (p-
value=<0.001) in healthy and asthmatics respectively. Mean hemoglobin values
were 12.21+0.21g/dl and 9.8+0.21g/dl (p-value=<0.001). In oxidative stress
marker means, MDA had 1.52+0.75 and 2.86+1.18 (p-value=<0.001), while
NO had 12.59%1.91 and 14.91=1.65 (p-value=<0.001) in healthy & asthmatics
respectively. In Enzymatic anti-oxidant means, SOD had 0.50+0.19 and
0.15+0.21 (p-value=<0.001), CAT had 3.86+0.59 and 0.02+0.0l (p-
value=<0.001), GSH had 9.36%+1.01 and 4.27%1.91 (p-value=<0.001), while
GPx had 9.48+1.01 and 0.36%0.13 (p-value=<0.001) in healthy & asthmatics
respectively. In non- enzymatic anti-oxidant means, vitamin C showed 0.58+0.18
and 0.38+0.09 (p-value=<0.001), vitamin E had 0.71+0.13 and 0.34%0.1 | (p-
value=<0.001), while vitamin A depicted 0.45 + 0.06 and 0.35 = 0.l (p-
value=<0.001) in the healthy & asthmatics respectively.

CONCLUSION: Our study suggest that imbalance between reducing and
oxidizing systems favors a more oxidative stress in asthmatic women than healthy
controls during pregnancy.
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Anti-oxidants (MeSH); Reactive Oxygen Species (MeSH).
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INTRODUCTION

Asthma is a chronic and complex

inflammatory lung disease affecting
334 million people worldwide.' In
accordance with the etiopathogenesis
model of asthma, interactions between
various cell types and mediators lead to
airway reactivity and airflow limitation.’

Asthma and other airway diseases are
diagnosed in the light of clinical features,
pulmonary function tests and response to
treatment. However, a recent interest in
identifying and measuring inflammatory
markers is expected to provide further
insight in the phenotypes, prognosis and
therapeutic response of asthma.’
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Oxidative stress occurs throughout the
body whenever there is a disparity
between reactive oxygen species (ROS)
and ability of antioxidant defense systems
to arrest oxidative damage.’ This increase
in oxidative stress leads to further
worsening of chronic and inflammatory
conditions, including asthma. Oxidative
stress is also observed in normal
pregnancy.’ Due to increase in oxygen
intake and energy utilization by both
mother and fetus, lipid peroxide and
several free radicals in the placenta causes
worsening of oxidative stress.®
Melanodialdehyde (MDA) is a highly
reactive carbon formed as a result of lipid
peroxidation in oxidative stress. As the
pregnancy progresses, oxidative stress
leads to further activation of various
inflammatory pathways. Nitric oxide
(NO) is a gaseous biomolecule
synthesized by cells during inflammation.
It is considered an efficient marker of
oxidative-stress leading to pathogenesis of
asthma.” Normally, cellular defenses as
anti-oxidants deal with these changes in
pregnancy. The Superoxide Dismutase
(SOD) is an important anti-oxidant
enzyme. A number of researches have
shown that SOD depicts both anti-oxidant
and anti-inflammatory properties and is
reduced in chronic conditions e.g. asthma.
The critical first line defenses in
respiratory epithelium are located in
respiratory epithelial fluid. This fluid
contains the highest concentration of
Catalase (CAT) and Glutathione
Reductase (GSH).® But in pregnant
asthmatics patients, anti-oxidant defense
is already compromised which may
jeopardize health of mother and fetus.’

The main function of vitamin A is
maintaining epithelial cellular integrity and
immune function in the body. Thus, in
vitamin A deficiency, goblet cells in
epithelial tissues are reduced. This further
leads to reduction in mucous secretion
and its antimicrobial components.'®"
Vitamin C is the most essential antioxidant
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TABLE I: CIRCULATING BIOCHEMICAL MARKERS IN ASTHMATICS
AND CONTROL GROUPS

. Group Il Asthmatics
Variables Mean+SD (n=50) P-Value
Body Mass Index (kg/m’) 21.55 +0.35 [20.32 + 0.25| <0.001
Hemoglobin (g/dl) 1221 £ 0.21 | 98+0.21 | <0.00I
Oxidative Str MDA(nM/ml) .52 £0.75 | 2.86 = 1.18 | <0.001
ative STess 'NouMIL) 1259 = 1.91 | 1491+ 1.65 | <0.001
SOD (ng/ml) 0.50 £0.19 | 0.15+0.21 | <0.001
Enzymatic CAT (uM/mol of protein) | 3.86 = 0.59 | 0.02 = 0.0l | <0.001
anti-oxidants GSH (nM/ml) 9.36 = 1.0 | 4.27 = 1.91 | <0.001
GPx (UM/ml) 948 = 1.0l | 0.36 £ 0.13 | <0.001
.| Vitamin C (pg/ml) 0.58 +£0.18 | 0.38 +0.09 | <0.001
Non- enzymatic —
. Vitamin E (ug/ml) 0.7 =0.13 | 0.34 =0.11 | <0.001
anti-oxidants —
Vitamin A (Ug/ml) 0.45 +0.06 | 0.35+0.11 | <0.001

SOD = Superoxide Dismutase, MDA = Melanodialdehyde, NO = Nitric Oxide, CAT = Catalase, GSH = Glutathione Reductase, GPx = Glutathione Peroxidase

within the lung lining fluid of the airways
and is a protective factor against external
oxidants such as cigarette smoke and
environmental pollutants.” Vitamin E is an
important antioxidant in cell membrane
containing tocopherol and tocotrinol. It
improves T-cells and granulocytes
functions."”

A number of researches have proposed
the link between asthma and oxidative
stress exhibited by increased markers of
oxidative damage. Yet, very few have
assessed the levels of anti-oxidants and
stress markers in pregnant asthmatic
females. In Pakistan, asthma prevalence is
31.58%, being higher in males as
compared to females."” Despite the lower
prevalence of asthma, complications and
mortality rates are higher in Pakistani
women. To the best of our knowledge,
levels of oxidative stress markers have not
been measured in Pakistan. The objective
of this research was to compare the levels
of stress markers and anti-oxidants during
the second trimester of pregnancy in
asthmatics and healthy females. Moreover,
in the light of these findings, strong
evidence that imbalance between
reducing and oxidizing systems favor a
more oxidative stress in asthma will be
discussed. These findings may also support
further development of anti-oxidants and
their beneficial effects on chronic diseases.

METHODS

This cross-sectional research was
conducted at Institute of Molecular
Biology and Biotechnology, University of
Lahore. The samples were taken from Pak
Red Crescent Teaching Hospital, Dina

Nath, which is a Non-governmental
organization, providing emergency and
medical services to Pakistanis throughout
the country.

Approval was taken from “Advanced
Studies & Research Board” of the Pak Red
Crescent Medical and Dental College and
Institute of Molecular Biology and
Biotechnology, University of Lahore.
During the period, from October 2016 to
March 2017, three hundred and twenty
patients were registered in the
Gynecology and Obstetrical outdoor.
Among them, fifty-seven females met the
inclusion criteria of asthma. The inclusion
criteria were positive medical history of
recurrent dry cough, especially at night,
wheezing and rhonchus, tightening of
chest and shortness of breath." A sample
size of hundred females, fifty asthmatics
and fifty healthy, at a confidence level of
95% and confidence interval of 4.9 was
calculated through OpenEpi software.
The two groups (healthy and asthmatics)
who were of the same age (20-35 years)
and duration of pregnancy (second
trimester) were approached in the
Gynecology and Obstetrical outdoor
through purposive sampling technique.
The exclusion criteria for the two groups
was any history of respiratory infection in
the previous 6 weeks, current tobacco
use, prolonged exposure to second hand
smoke at home or at work and exposure
to dusty environments. A written consent
in national language (Urdu) was taken
from all the pregnant asthmatic females
and their husbands after explaining to
them the purpose of the study.

Five ml of venous blood samples was taken
from each participant under aseptic

measures. The samples were centrifuged
within one hour of collection, after which
the sera were separated and stored at -
20°C until assayed. Superoxide dismutase
(SOD) was measured by spectro-
photometer.” Methodology of Ohkawa
for melanodialdehyde (MDA),"* Moshage
method for nitric oxide(NO),"” Aebi
spectrophotometer for catalase (CAT),"
and Moron Method for glutathione
reductase (GSH) and glutathione
peroxidase(GPx) were applied. "’

Vitamin C, vitamin E and vitamin A were
assessed through commercially available
kits (Human Diagnostics).

Data was collected and analyzed through
(SPSS) version 25. Descriptive statistics
were applied to calculate mean and
standard deviation of oxidative stress
markers and anti-oxidative markers in the
control and study group. A two sample t-
test was used and a p-value of <0.001 was
taken as significant for all the analysis done
in this study.

RESULTS

A total of hundred females, fifty healthy
and fifty asthmatics in the second
trimester of pregnancy were divided
into two groups. Mean of BMI,
Hemoglobin level and circulating
biochemical markers of both study and
control groups are given in Table |. It
was observed that all the stress markers
were significantly altered between the
two groups (p<0.001).

An important finding, oxidative stress in
asthmatics in the form of MDA
(2.86=1.18) and NO (14.91%=1.65)
were markedly raised as compared to
the control group (p<0.001). However,
anti-oxidative markers enzymatic; SOD
(0.15+0.21), GSH (4.27x1.91), GPx
(0.36+0.13) and CAT(0.02+0.01) and
non-enzymatic vitamin A(0.35x0.11),
vitamin C (0.38+0.09) and vitamin E
(0.34=0.11) were decreased in study
group. A graphical representation of
parameters which led to augmented
symptoms of asthma during pregnancy
is summarized in Figure |.

DISCUSSION

Since asthma is a chronic condition, the
majority of asthmatic females already have
high levels of reactive oxygen species
circulating in their body. This condition

82

KMUJ 2020, Vol. 12 No. 2



COMPARISON OF OXIDATIVE STRESS MARKERS AND ANTI-OXIDANT DEFENSE SYSTEM IN ASTHAMATIC AND NON-ASTHAMATIC WOMEN DURING SECOND TRIMESTER OF PREGNANCY

was further complicated by pregnancy and
poor diet; low in anti-oxidants.” Our study
identified a high level of oxidative stress in
pregnant asthmatic females. This high
level of oxidative stress was marked by
raised levels of MDA in the study group
(2.86*1.18). Since MDA is a highly
reactive carbon formed as a result of lipid
peroxidation in oxidative stress, the
majority of studies used MDA to
characterize severe asthma.*” Our results
are similar to a study done in Iraq to
monitor the changes in the MDA level as
an oxidative stress marker in asthmatic
patients before and after treatment with
montelukast.” Similarly, another study
implies that MDA level in bronchoalveolar
lavage fluid was higher in mild to moderate
asthmatic patients.” A turkish study 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.”

The enzymatic inactivation of ROS is
achieved mainly by SODs, GPx, and
catalase.” These enzymes act in a
cooperative fashion.”” Our findings
showed a low level of GSH (4.27+1.91)
and CAT (0.02+0.01) in the study group
indicating the damage done by oxidative
stress.” Another anti-oxidant present in
respiratory epithelium is GPx. We also
observed low levels of GPx (0.360.13) in
our study group. A number of researches
have shown that SOD depicts both anti-
oxidant and anti-inflammatory properties
and is reduced in chronic conditions e.g.
asthma.” These results are similar to our
findings of low SOD (0.15%+0.21) in the
study group. Vitamin C plays a role in
quenching ROS to counteract the ROS
effect and render them harmless. Vitamin
E, a fat soluble vitamin is one of the major
antioxidants in cellular membranes where
it acts by protecting polyunsaturated fatty
acids against oxidation.” Our study also
revealed low levels of vitamin C
(0.38+0.09), vitamin E (0.34%0.11) and
vitamin A (0.35x0.11) in asthmatic
females. These findings were consistent
with other observations.” Our study has
provided strong evidence that imbalance
between reducing and oxidizing systems
favor a more oxidative stress in
asthma®”.These findings also support
further development of anti-oxidants and
their beneficial effects.”

Although our study has identified an
interesting finding related to oxidative
stress in asthmatic pregnant females, it

also has few limitations which should be
considered for future research. First, our
study was cross-sectional and thus cannot
provide information on changes in levels in
individual patients. Longitudinal research
designs should be used to measure the
oxidative stress throughout the
pregnancy. Another limitation was related
to the sample size. Although our sample
size was sufficient to show differences in
oxidative stress markers between control
group and asthmatic group, the sample
size was too small to generalize to the
whole Pakistani population.

A final concern was regarding the effect of
asthma medications on the strength of
association between oxidative stress and
anti-oxidant defense system. An
experimental research design can be
applied to identify these effects.

A number of studies have suggested that
clinical indices of the patients with asthma
may not correlate with the underlying
inflammatory process."”” Considering
this, early identification of these

biomarkers may help in identifying those
at risk of severe asthma. In future studies it
may be gainful to compare maternal and
fetal anti-oxidants and stress markers. In
addition, comparing the effects of
different anti-oxidants on asthmatics can
provide safer therapy options of asthma
management.

CONCLUSION

Our study has provided strong evidence
that imbalance between reducing and
oxidizing systems favor a more oxidative
stress in asthma. We identified that
oxidative stress was significantly raised in
pregnant asthmatics, which was marked
by raised levels of MDA and NO. Also, the
maternal defense system was
compromised in asthmatics showing low
levels of enzymatic (SOD, Catalase, GSH
and GPx) and non-enzymatic (Vit E, Vit C
and Vit A) anti-oxidants.
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