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Pregnancy in insulin-dependent diabetes mellitus is associated with a greater incidence of fetal abnormality. Animal studies
suggested that increased free-radical production and antioxidant depletion may contribute to this risk. The objective of this
work was to evaluate oxidative stress and antioxidant capacity in hypertensive, diabetics, and healthy control women during
labor. Simultaneous determination of antioxidant enzymes activities, namely glutathione peroxidase (GSH-Px), glutathione
reductase (GSH-red), superoxide dismutase (SOD), total antioxidant, and lipid peroxides measured as thiobarbituric acid-reactive
substances (TBARS) levels, were carried out in maternal plasma during labor. Plasma GSH-Px activity was found to be significantly
increased as it doubled in hypertensive, and diabetic women when compared with healthy control women (P < 0.05). In
contrast, plasma SOD activity was significantly decreased in both groups when compared to the control group (P < 0.05).
No significant diﬀerences were detected in GSH-Red activity between diabetic, hypertensive and control groups. Alterations in
antioxidant enzyme activities were accompanied by a significant increase in the levels of plasma lipid peroxides in hypertensive
and diabetic women during labor. Plasma levels of total antioxidants were significantly increased in diabetic women as compared
with the control group. Based on our results, it may be concluded that enhanced generation of oxidative stress causes alteration
of antioxidant capacity in diabetic and hypertensive women during labor. Alterations in antioxidant and prooxidant components
may result in various complications including peroxidation of vital body molecules which may be regarded as an increased risk
factor for pregnant women as well as the fetus.

1. Introduction
Lipid peroxidation is an oxidative process which occurs at
low levels in all cells and tissues. Under normal conditions,
a variety of antioxidant mechanisms serve to control this
peroxidative process [1]. The generation of free radicals is
a normal physiological process, but increased production of
free radicals can act on lipids causing lipid peroxidation.
The cells have evolved a number of counter acting antioxidant defenses. Free radical scavenging mechanisms includes
enzymatic and nonenzymatic antioxidants which limit the
cellular concentration of free radical and prevent excessive
oxidative stress.
Pregnancy is a stressful condition in which many physiological and metabolic functions are altered to a considerable

extent. Consequently, remarkable and dramatic events occur
during this period [2]. Moreover, pregnancy is a physiological state, accompanied by a high-energy demand and
an increased oxygen utilization, both of which may lead
to increased oxidative stress. Oxidative stress occurs when
there is an imbalance between free-radical production and
the radical scavenging capacity of antioxidant systems [3].
Recently, Leal et al. [4] showed that there was a change in
the prooxidant and antioxidant defenses that are inherent to
pregnancy process.
There is evidence that both free-radical production
and antioxidant defenses are disturbed in diabetes [5].
Therefore, it has been suggested over the last few years that
oxidative stress in diabetes may be partly responsible for
the development of diabetic complications [6]. The role of
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oxidative stress in the pathogenesis of insulin dependent
diabetes mellitus has been implicated in several studies
[7–9]. Increased lipid peroxidation products and altered
antioxidative enzyme activities were also reported in noninsulin-dependent diabetes mellitus [10]. However, there
are limited numbers of investigations in diabetic pregnancy
[11–13]. Congenital malformations in diabetic pregnancies
may be regarded in this context as a complication of
maternal disease. Exposure of the developing rat embryo
to free-radical generating systems in vitro will cause fetal
abnormalities [14], and an increased oxygen tension is also
associated with abnormal neural fold and crest development
[15].
Little information is available regarding the early human
development of antioxidant defenses, but the fetus is likely
to be particularly sensitive to free-radical damage early in
development when the major organ systems are developing.
Therefore, it is likely that antioxidant status is especially
important during this period.
In the present study, our aim was to investigate oxidative
stress as an indicator of oxygen radical activity and antioxidant defenses in diabetic and hypertensive women and to
compare the results with those obtained for healthy control
women during labor.

2. Results
2.1. Blood Parameters. The blood parameters of all the three
groups are summarized in Table 1. Our results show that
all blood parameters including RBCs count, WBCs count,
platelets counts, and HB concentration in control, diabetic,
and hypertensive women during labor were found to be
statistically the same.
2.2. Plasma Concentrations of Urea, Creatinine, and Fasting
Blood Glucose. Table 2 represents kidney function tests
and fasting blood sugar. Plasma urea and creatinine concentrations were found to be significantly higher during
labor in hypertensive women as compared to the control
group concentrations. As expected, fasting blood sugar was
significantly higher in diabetic women.
2.3. Enzymatic Antioxidant Parameters and Oxidative Stress
Parameters. The antioxidant enzyme activities of all the
three groups are summarized in Table 3. Plasma SOD levels
of diabetic and hypertensive women during labor were
significantly low as compared with the control group. In
contrast, plasma GSH-Px levels of diabetic and hypertensive
women were found to be significantly higher as compared
to the control group. In addition, our results show that
plasma GSH-red activity during labor in control, diabetic,
and hypertensive women was found to be statistically the
same.
Plasma levels of total antioxidants of diabetic women
were found to be significantly higher than the respective
control group, while there was no diﬀerence between control
and hypertensive women.
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Oxidative stress parameters of all the three groups are
summarized in Table 4. Results show that the level of LPO
of diabetic and hypertensive women during labor was found
to be significantly higher than the control women.

3. Discussion
Pregnancy is a physiological state accompanied by a high
energy demand and an increased oxygen requirement.
Various compensatory adaptive changes, including increased
ventilation for enhanced oxygen demand, occur with advancing pregnancy to meet the increasing requirements for
proper bodily functions of the mother to fulfill the needs
of the fetus [16]. Such a condition may be responsible
for raised oxidative stress in pregnancy. The hypothesis
underpinning this study was that impaired antioxidant status
in diabetic and hypertensive women during labor might
contribute to an increased risk of fetal abnormality. As
outlined earlier, substantial evidence from animal models
suggested that increased oxidative stress in the developing
embryo is an important cause of abnormality, and that this
can be prevented by antioxidants [17].
Our aim in the present study was to show the possibility
of using the measured parameters as indicators of oxidative
stress and antioxidant status during labor in diabetic, hypertensive, and healthy control women. In previous studies of
antioxidant status in diabetics, abnormalities have usually
been reported in the presence of diabetic complications or
poor metabolic control. Indeed, in several studies antioxidant status and markers of lipid peroxidation have been
normal in well-controlled diabetic subjects with no evidence
of micro- or macroangiopathic complications [18, 19].
In the present study, we observed an increased level of
plasma lipid peroxidation products (LPO) during labor in
diabetic and hypertensive women. This may be attributed
to over production of reactive oxygen species (ROS) or a
deficiency of antioxidant defense. The results of the present
study are in harmony with previous studies by Orhan
et al. [20] and Tiwari et al. [21] who reported that the
significant increase in plasma LPO in diabetic and anemic
pregnant women, respectively, were parallel with a depletion
of antioxidant enzymes as these enzymes are the major
defense system of cells in normal aerobic reactions [22]
Similarly, during labor, plasma GSH-Px activity in
diabetic and hypertensive women was increased significantly
when compared to control women. This finding was in
accordance with previous reports [23, 24] and the finding of Orhan et al. [20] who reported that erythrocyte
GSH-Px activity was found to be significantly increased
in hypertensive preeclamptic pregnancy and in insulindependent diabetic pregnancy. However, there are a number
of conflicting reports as well [25, 26]. It can be assumed that
at low levels of oxidants the enzyme is deactivated, but after
a certain higher level it gets activated by same oxidant(s).
Therefore, an increase in GSH-Px activity coupled with
an increase in plasma lipid peroxides in the same groups
can be interpreted as a compensatory mechanism of the
enzyme in order to quench the increased levels of hydrogen
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Table 1: Hemoglobin concentration, RBCs, WBCs, and platelets counts in control, diabetic, and hypertensive women during labor. Results
are expressed as mean ± SE.
Groups
Control
Diabetic
Hypertensive

HB
g/L
11.8 ± 0.4
10.9 ± 0.2
10.9 ± 1.1

RBCs
1012 /L
4.17 ± 0.1
3.88 ± 0.079
3.7 ± 0.44

WBCs
109 /L
10.2 ± 0.76
10.8 ± 0.26
10.4 ± 2.6

Platelet
109 /L
229 ± 11.2
237 ± 15
247 ± 51

Table 2: Plasma urea, creatinine, and fasting blood glucose concentration in control, diabetic, and hypertensive women during labor.
Groups
Control
Diabetic
Hypertensive

Urea
mmol/L
2.5 ± 0.17
2.5 ± 0.15
3.77 ± 0.65∗

Creatinine
µmol/L
47.6 ± 3.1
46.2 ± 1.6
61.1 ± 5.1∗

Fasting blood sugar
mmol/L
4.4 ± 0.14
5.7 ± 0.38∗
5 ± 0.4

Results are expressed as mean ± SE.
∗ Significant diﬀerence from control group.
P < 0.05.

peroxide. Therefore, elevated levels of GSH-Px activity in
hypertensive and diabetic women during labor may be
linked to increased oxidative stress, because it is well known
that ROS, especially hydrogen peroxide stimulate GSH-Px
activity. This is an expected outcome during the delivery of
a fetus, since the high oxygen challenge occurring at birth
might lead to increased formation of reactive oxygen species
and subsequently hydrogen peroxide.
Our present data show that there was no statistically significant diﬀerence in plasma GSH-Red activity during labor
in diabetic, hypertensive, and control women. However,
Miranda Guisado et al. [27] recently clarified glutathione
redox cycle in hypertensive disorders of pregnancy and found
a significant decrease in its reduced form GSH with a parallel
increase in the oxidized form GSSG and an increment in both
GSH-Px and GSH-Red activities. In our study, we observed
that the plasma level of GSH-red activity in hypertensive
group is higher than control group but the diﬀerence did not
reach significant level. The reason for the discrepancy may
be due to diﬀerence between activity level of GSH-Red in
RBCs and plasma or may be explained by the physiological
properties of the enzyme GSH-red. Moreover the pentose
phosphate pathway may not be perturbed, as the availability
of NADPH, a cofactor for GSH-red functioning be may still
suﬃcient.
Glutathione is a major intracellular antioxidant. Glutathione and other thiols maintain the redox balance of cells,
thereby preventing oxidative damage. GSH-Px catalyzes the
oxidation of GSH to GSSG and reduces hydrogen peroxides
(H2 O2 ) to water. To maintain the balance between GSH
and GSSG, the oxidized form of glutathione (GSSG) is
reduced to GSH by GSH-red. For our future research, further
assessment of GSH/GSSG ratio and hydrogen peroxides
(H2 O2 ) could give us more information about oxidant and
antioxidant status in diabetic and hypertensive women during labor. Therefore, we will take that in our consideration
and it will be verified in the erythrocytes and plasma of
diabetic and hypertensive women during labor.

Plasma SOD activity of diabetic and hypertensive women
during labor was significantly lower than its corresponding
level in control women although erythrocytes possess highly
eﬃcient antioxidant enzymes, such as SOD and GSH-Px
compared to other cell types [28]. In the present study there
were no diﬀerences in RBCs, WBCs, and platelet counts,
and HB concentrations in diﬀerent groups during labor.
However, our results showed that diabetic and hypertensive
women have lower SOD and higher GSH-Px activities
than healthy control. Our results are in accordance with
an earlier report [29]. The observed reduction in SOD
activity in hypertensive and diabetic women to that of
normal control women could be associated with deleterious
eﬀect of hypertension and diabetes, as the superoxide anion
that is being generated continuously by numerous sources
throughout the body would not be inactivated eﬀectively and
lead to an increase in its concentration. Enhanced generation
of superoxide anion would result in greater oxidative stress
and lipid peroxidation. Decreased SOD activity during labor
in diabetic, and hypertensive groups may be linked to
increased hydrogen peroxide since it is well known that
ROS, especially superoxide anion and hydrogen peroxide
(H2 O2 ), inhibit SOD activity [30]. SOD is a metalloprotein
and accomplishes its antioxidant function by enzymatically
detoxifying the peroxides (–OOH) and O2 •− , respectively.
Plasma total antioxidants were significantly higher only
in diabetic women as compared with the control group.
Clinical biochemical parameters, such as urea and creatinine,
were higher only in the hypertensive group when compared
to the control. The significantly high level of urea and
creatinine of these patients seem to be a result of a renal
damage due to hypertension. On the other hand, plasma
levels of fasting blood sugar were higher in diabetic women
as compared with normal controls.
The present study shows elevated oxidative stress/lipid
peroxidation in diabetic and hypertensive women during
labor. Besides, SOD, GSH-Px, and total antioxidants seem to
be appropriate biomarkers reflecting the status of antioxidant
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Table 3: Plasma antioxidant enzymes activities and total antioxidant in control, diabetic, and hypertensive women during labor.

Groups
Control
Diabetic
Hypertensive

SOD
U/mL
49.76 ± 1.8
32.76 ± 2.4∗
32 ± 3∗

GSH-Px
U/L
35.6 ± 3.4
60.7 ± 9.6∗
69.3 ± 12.8∗

GSH-red
U/L
208 ± 11.8
194 ± 13.3
253.5 ± 49.7

Total antioxidant
mmol/L
0.59 ± 0.04
1.5 ± 0.38∗
1 ± 0.14

Results are expressed as mean ± SE.
∗ Significant diﬀerence from control group.
P < 0.05.

Table 4: Plasma lipid peroxides measured as in control, diabetic,
and hypertensive women during labor.
Groups
Control
Diabetic
Hypertensive

MDA (nmol/mL)
2.3 ± 0.47
3.34 ± 0.28∗
3.1 ± 0.33∗

present study was approved by the Institutional Ethical
Committee of King Saud University, Riyadh, Saudi Arabia.

capacity in these diseases. The validation of these biomarkers
for monitoring the eﬃciency of antioxidant supplementation during pregnancy should be further investigated. This
supplementation may provide the prevention and/or attenuation of oxidative stress and enhancement of antioxidant
status.

4.3. Sample Collection. Venous blood (6 mL) was taken
from each subject at the time of delivery and divided
into three aliquots. Blood (2 mL) was transferred to an
EDTA containing evacuated tube and was used to determine
hemoglobin (Hb), red blood cells (RBC), white blood cells
(WBC), and platelets counts. 2 mL of whole blood was also
transferred into a heparin containing tube and then centrifuged, plasma was separated and used for the estimation
of lipid peroxide levels (LPO), antioxidant enzymes, namely
superoxide dismutase (SOD), glutathione peroxidase (GSHPx), glutathione reductase (GSH-red), and total antioxidant.
The remaining 2 mL of venous blood was also centrifuged
at 3000 rpm for 15 min, serum separated and used for the
estimation of urea, creatinine and glucose.

4. Material and Methods

4.4. Biochemical Estimation

4.1. Chemicals. All chemicals used in this study were of
analytical grade.

4.4.1. Blood Cell Counting. Blood haemoglobin was determined by using the cyanomethemoglobin method [32].
Red blood cell, white blood cells and platelets counts were
determined by using the Sysmax A-380 automated cell
counter.

Results are expressed as mean ± SE.
∗ Significant diﬀerence from control group.
P < 0.05.

4.2. Subjects. The present study was comprised of 62
pregnant women [namely control (24), diabetic (27) and
hypertensive (11)] aged between 20–40 years. The subjects
were selected amongst those attending the Department of
Obstetrics and Gynaecology, King Khaled Hospital, King
Saud University, Riyadh, Saudi Arabia. They were divided
into groups of healthy controls, hypertensive, and insulindependent diabetic subject. Hypertension was defined
according to the criteria of the Committee on Terminology
of the American College of Obstetricians and Gynecologists,
which has defined hypertension as a blood pressure greater
than 140/90 mmHg before pregnancy or before 20 weeks of
gestation. We defined insulin dependent diabetics diagnosed
when not pregnant as Type I diabetes mellitus according
to the National Diabetes Data Group Classification [31].
The diagnosis of the disease was made when two or
more of the following plasma glucose concentrations were
met or exceeded: fasting, 105 mg/dL; 1 h, 190 mg/dL; 2 h,
165 mg/dL; and 3 h, 145 mg/dL.
All groups were non-alcoholic and non-smoking subjects
having no history of diseases such as malignancy, heart
disease, or having infections such as tuberculosis and HIV.
Informed consent was obtained from each subject. The

4.4.2. Measurement of the Antioxidant Enzyme Activities.
Plasma SOD activity was determined as previously described
by McCord and Fridovich [33] in a kinetic assay at 37◦ C
using a test reagent kit for SOD (RANSOD-Randox, UK).
The absorbance was measured at 505 nm and the results were
expressed as U/mL.
GSH-Px activity was estimated in the plasma according
to Paglia and Valentine [34] by a kinetic assay at 37◦ C using
a test reagent kit (RANSEL-Randox, UK). The absorbance
was measured at 340 nm and the results were expressed as
U/L. The GSH-red was assayed by the method of Hazelton
and Lang [35]. The absorbance was measured at 340 nm
and the results were expressed as U/L. Total antioxidant was
measured according to Miller et al. [36]. The absorbance
was measured at 600 nm and the results were expressed as
mmol/L.
4.4.3. Estimation of Lipid Peroxidation. Plasma levels of
lipid peroxides were determined as TBARS and calculated
as malondialdehyde (MDA) according to the method of
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Ohkawa et al. [37]. The absorbance was measured at 532 nm
and the concentrations were expressed as nmol MDA/mL.
[12]

4.5. Statistical Analysis. Results are expressed as mean ±
SEM. Diﬀerences between obtained values were carried out
by one way analysis of variance (ANOVA) followed by the
Tukey-Kramer multiple comparison test. A P value of 0.05 or
less was considered as a statistically significant diﬀerence.

[13]

[14]

Abbreviations
ROS:
SOD:
GSH-Px:
GSH-Red:
LP:

Reactive oxygen species
Superoxide dismutase
Glutathione peroxidase
Glutathione reductase
Lipid peroxide.
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