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ABSTRACT
Introduction: Pregnancy is accompanied by a high-energy
demand of all body functions and an increased oxygen
requirement, which can give rise to increased levels of
oxidative stress.
Aims and objectives: The present study was done to assess
the levels of oxidative stress in healthy pregnant females by
estimating serum superoxide dismutase (SOD) and malondialdehyde (MDA) levels and comparing these with nonpregnant
females.
Materials and methods: The study was conducted on 88 female
subjects in the age group of 20 to 40 years, who were placed
in two groups. Group I consisted of 50 healthy nonpregnant
females. Group II consisted of healthy pregnant females further
subdivided into three subgroups: Group IIa (1st trimester) n = 38,
group IIb (2nd trimester) n = 32, and group IIc (3rd trimester)
n = 30. The same subjects were followed up till the 3rd trimester.
There was a drop in the number of subjects from 38 to 32 in
the 2nd trimester and from 32 to 30 in the 3rd trimester due to
noncompliance and development of complications of pregnancy.
The subjects were assessed for hemoglobin (Hb), MDA, a
marker for lipid peroxidation, and SOD, an antioxidant enzyme
along with certain physiological parameters like height, weight,
body mass index, and blood pressure in the three trimesters.
Results: The levels of SOD and MDA were significantly raised
with the progression of pregnancy. There was a fall in Hb levels
in the 3rd trimester. But no significant correlation could be
drawn between the measured parameters in all the trimesters.
Conclusion: Pregnancy is definitely associated with oxidative
stress to the body. Both peroxidation and antioxidation
reactions are enhanced during pregnancy. With these findings,
we therefore conclude that antioxidant supplements should be
prescribed in early pregnancy to prevent the overwhelming of
oxidative stress in pregnant females.
Keywords: Malondialdehyde, Pregnant females, Superoxide
dismutase.
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INTRODUCTION
Increased free radical formation in the body is called oxidative stress. Free radicals, such as hydroxyl, superoxide,
and nitric oxide (NO) derived from molecular oxygen and
nitrogen are highly reactive metabolites and are called
reactive oxygen species (ROS).1,2
In healthy individuals, the presence of a wide range
of antioxidant systems either limits the production of ROS
or inactivates them, thereby repairing cell damage and
maintaining homeostasis. Excess production of oxidants
results in oxidative stress-induced cellular damage,
degeneration, and mutagenesis.3 The effect of oxidative
stress is seen throughout the reproductive phase of a
woman and also during menopause. The ROS influences
multiple processes ranging from maturation of oocyte
to fertilization, development of embryo and pregnancy,
and parturition.4 Physiological levels of ROS like NO,
carbon monoxide, superoxide anion, etc., are involved in
the proliferation and differentiation of the trophoblastic
tissue and vascular reactivity. Oxidative processes also
have an impact on maternal cardiovascular system,
resulting in an increase in the blood volume and cardiac
output, and a decrease in the systemic blood pressure.5
Pregnancy, being a physiological state, is accompanied
by a high-energy demand of many body functions and
an increased oxygen requirement because of which
augmented levels of oxidative stress would be expected.6
Free radical oxidation during pregnancy becomes
activated. The intensity of oxidative stress adjusts to
the dynamic physiology, mother’s body weight, and
changes of blood lipid concentration.7 This oxidative
stress causes increase in lipid peroxidation products, but
this peroxidation is balanced by adequate antioxidative
responses. 8 The activity of the antioxidant enzyme
superoxide dismutase (SOD) increases throughout
pregnancy. This occurs in response to normal oxidative
stress due to pregnancy.9
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Oxidative stress results because of the presence of
placenta, which is rich in mitochondria. Fully developed
placenta consumes about 1% of the basal metabolic rate
of the pregnant woman. It is also highly vascular and
is exposed to high maternal oxygen partial pressure.
Pregnancy is characterized by increased basal oxygen
consumption and changes in energy substrate use by
different organs. These features support the generation
of superoxide, as 5% of all electrons in the mitochondrial
electron transport chain leak out of the mitochondria.10
Nitric oxide, which is locally produced by the placenta
along with other reactive nitrogen species, contributes to
oxidative stress.11
Various protective mechanisms develop against free
radical generation and damage during pregnancy, but the
degree of oxidative stress depends on the balance between
the defense mechanisms and the free radical-producing
mechanisms. The mean serum malondialdehyde (MDA)
levels in the antenatal subjects in the 2nd trimester are
significantly higher than in the 1st trimester. Pregnancy
is a physiological condition in which women are prone
to oxidative stress due to imbalance between prooxidant
and antioxidant factors.12
The present study was done to assess the oxidative
stress in healthy pregnant females, by estimating
serum SOD and MDA levels and comparing these with
nonpregnant females.

MATERIALS AND METHODS
For our study, healthy pregnant females in their 1st trimester attending the antenatal clinic of the Department
of Obstetrics and Gynecology in a tertiary care hospital
in Amritsar were taken as subjects. Various physiological
and biochemical parameters were assessed in the Department of Physiology in collaboration with the Department
of Biochemistry. The appropriate institutional board
approved the protocol used in this study, and all subjects
gave informed consent.
The study was conducted on 88 female subjects in
the age group of 20 to 40 years, of whom 50 were healthy
nonpregnant females who served as controls. A total of
38 pregnant females who were in their 1st trimester of
pregnancy were selected and were subsequently followed
up in their 2nd and 3rd trimesters.

Exclusion Criteria
Those with established medical risk factors for oxidative
stress, such as preeclampsia, acquired immune deficiency
syndrome, diabetes, tuberculosis, smoking, and alcohol
consumers were excluded from the study. Subjects taking
antioxidant drugs were also excluded from the study. A
detailed history including obstetric history was taken. A
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complete general and physical examination was done.
The subjects were screened for routine investigations
like hemoglobin (Hb), total leukocyte count, differential
leukocyte count, and blood group. They were assessed
for SOD and MDA levels in the three subsequent trimesters of pregnancy to find any oxidative stress in normal
pregnancy.
The subjects were divided into the following groups:
Group I – 50 healthy nonpregnant females; group II –
healthy pregnant females further subdivided into three
subgroups: Group IIa (1st trimester) n = 38, group IIb (2nd
trimester) n = 32, and group IIc (3rd trimester) n = 30.
The same subjects were followed up till the 3rd trimester.
There was a drop in the number of subjects from 38 to
32. This was due to noncompliance of the study by three
subjects and development of complications of pregnancy
in the other three subjects. The number again dropped in
the 3rd trimester to 30, which was due to the development
of preeclamptic signs and symptoms. The subjects were
assessed for Hb, MDA, and SOD along with certain
physiological parameters, such as height, weight, body
mass index, and blood pressure in the three trimesters.
Fasting blood samples were taken and the following
parameters were estimated in both cases and controls:
• Serum MDA levels13
• Serum SOD levels14,15

Statistical Analysis
Statistical analysis was done by using one-way analysis of variance with post hoc Tukey honest significant
difference comparing mean values of all the variables
between the four groups. The difference was considered
significant if p < 0.05 and highly significant if p < 0.001.
The data were analyzed, and valid conclusions were
drawn. Statistical Package for the Social Sciences (SPSS)
17.0 software was used.

RESULTS
Table 1 shows a gradual fall in Hb values from 1st to
3rd trimester. But this change is not significant when
compared with the trimesters or when compared with
the controls (Table 2). Superoxide dismutase levels
show a significant rise throughout the three trimesters.
This increase was significant in the 1st and 3rd trimester
as compared with controls. The increase in MDA was
significant in all the three trimesters as compared with
controls. In Table 2, the increase in systolic blood pressure
(SBP) was significant in the 2nd and 3rd trimester, and
the diastolic blood pressure (DBP) showed a significant
fall in the 3rd trimester. Table 3 shows the p values of
the intertrimesteric comparison. The fall in Hb values
was seen to be highly significant. The rise in SOD levels
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Table 1: Mean ± standard deviation of all the groups
Hb (g/dL)
SOD (U/mL)
MDA (nmol/L)
SBP (mm Hg)
DBP (mm Hg)

Group I (n = 50)
9.96 ± 1.48
2.84 ± 0.56
1.62 ± 0.49
117.48 ± 7.08
78.00 ± 4.57

Group IIa (n = 38)
10.63 ± 1.21
2.40 ± 0.50
3.68 ± 3.75
115.58 ± 7.79
79.45 ± 3.21

Table 2: Comparison (p values) between group I (controls) and
group II (pregnant subjects)
Groups I
Groups I
and IIa
and IIb
Hb
0.026*
0.832
SOD
0.000**
0.226
MDA
0.000**
0.000**
SBP
0.236
0.000**
DBP
0.100
0.004*
*p < 0.05: Significant; **p < 0.001: Highly significant

Groups I
and IIc
0.002*
0.000**
0.000**
0.000**
0.000**

Table 3: Comparison (p values) within group II
Between
Between
groups IIa
groups IIa
and IIc
and IIb
Hb
0.000**
0.000**
SOD
0.001*
0.000**
MDA
0.492
0.003*
SBP
0.000**
0.000**
DBP
0.000**
0.000**
*p < 0.05: Significant; **p < 0.001: Highly significant

Between
groups IIb
and IIc
0.000**
0.000**
0.000**
0.000**
0.000**

was highly significant throughout the three trimesters.
Malondialdehyde levels showed highly significant rise
in the 3rd trimester. Changes in SBP and DBP were also
highly significant.

Group IIb (n = 32)
10.02 ± 1.11
2.99 ± 0.57
3.41 ± 0.78
123.38 ± 6.61
74.94 ± 4.53

Group IIc (n = 30)
8.92 ± 1.15
4.34 ± 1.10
4.51 ± 1.03
130.53 ± 6.05
70.53 ± 4.45

Table 4: Correlation within group I
SOD
MDA
Hb
r = 0.158; p = 0.272
r = 0.026; p = 0.857
SOD
–
r = 0.458**; p = 0.001
*p < 0.05: Significant; **p < 0.01: Highly significant

Tables 4 and 5 show the correlation coefficients
between the various groups. Within group I (Table 4), no
significant correlation could be seen among the various
parameters. Table 5 depicts the correlation coefficients
within group II subjects. No significant positive or
negative correlation could be drawn.

DISCUSSION
Pregnancy is a condition exhibiting increased susceptibility to oxidative stress, defined here as a disturbance in the
prooxidant–antioxidant balance in favor of the former,
leading to potential damage.16,17 It was observed during
our study that the mean serum SOD levels showed a
highly significant (p < 0.001) increase during all the three
trimesters. Our findings are supported by a study by Gitto
et al,18 which demonstrated that SOD activity gradually increased in the group of pregnant vs nonpregnant
women. Another study by Desai et al6 revealed high levels
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Table 5: Correlation within group II

Hb
SOD

SOD
r = –0.212;
p = 0.202
–

Group IIa
MDA
r = 0.062;
p = 0.713
r = –0.246;
p = 0.137

SOD
r = –0.025;
p = 0.891
–

Group IIb
MDA
r = 0.358;
p = 0.044*
r = 0.020;
p = 0.915

Group IIc
SOD
r = –0.087;
p = 0.646
–

MDA
r = 0.061;
p = 0.750
r = 0.124;
p = 0.515

*p < 0.05: Significant

of serum SOD in early and late pregnancy. Pregnancy is
a state of physiological stress to the body and signals for
a beneficial cellular response that activates the induction
of antioxidants, which further help in tissue protection
and in host defense.19 This antioxidant accumulation,
according to another study, has been attributed to human
placenta, and this activity increases throughout gestation
to prevent the deleterious effects of superoxide.20
The marker for lipid peroxidation, MDA, showed a
highly significant increase in the 2nd and 3rd trimesters
(p < 0.001). This is consistent with a study where increase
in lipid peroxidation occurred in serum as gestation
progressed, and these findings correlate with changes
in lipoperoxidation activity of placenta and with an
increase in total serum lipids.21 According to another
study, pregnancy is a stimulus for lipid peroxidation,
and circulating peroxidation products may originate
from the placenta.22 Placental tissue might be a source
of lipid peroxidation products in pregnancy according
to another study and that placental peroxidation activity increases throughout gestation. Malondialdehyde
is a major breakdown product split off from lipid
peroxides.23 Our results are further authenticated by
another study, which reported higher levels of lipid
hydroperoxides (LPOs) in blood and production of lipid
peroxides in placenta in uncomplicated pregnancies.24
We could not draw any significant correlation between
the various parameters during all the trimesters as well
as in the controls.
One of the limitations of our study is the small
number of subjects taken. The larger group might have
been helpful in drawing some correlation between the
various parameters. Second, we could have grouped
the pregnant subjects separately, depending upon their
parity, as primigravida and multigravida and assessed
the levels of oxidative stress.

CONCLUSION
Thus, from our study, we can conclude that normal
pregnancy is definitely associated with oxidative stress
to the body. Both peroxidation and antioxidation reactions are enhanced during pregnancy. The LPOs gradually increase significantly toward the end of pregnancy.
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As gestation advances, physiological stress to the body
signals for a beneficial cellular response, which activates the induction of antioxidants, such as SOD. With
these findings, we therefore conclude that antioxidant
supplements should be prescribed in early pregnancy
to prevent the overwhelming of oxidative stress in
pregnant females.
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