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Oxidative stress is closely related to clinical severity of
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ABSTRACT

Pre-eclampsia is a hypertensive disorder of pregnancy in which enzymatic antioxidant defenses fail and
tissues are injured. This prospective case-control study evaluated whether pre-eclamptic women and their
newborns show higher degrees of oxidative stress than normal pregnancies and sought to determine if this
stress is related to clinical severity. Forty-four pre-eclamptic and thirty healthy pregnant women attending two
hospitals in Valparaíso, Chile, were studied.
The following plasmatic variables of antioxidant capacity were evaluated: glutathione peroxidase activity
(GPx), total antioxidant capacity measured by oxidation of ABTS substrate (2,2'-azino-bis (3ethylbenzthiazoline-6-sulfonic acid), and superoxide dismutase activity (SOD). malondialdehide (MDA) was
measured to evaluate lipoperoxidation. The evaluation was performed at diagnosis of pre-eclampsia, delivery,
30 days and 120 days post delivery. Newborns were studied at delivery through umbilical cord blood samples.
Our analysis shows that antioxidant enzyme activity (SOD, GPx, ABTS) was significantly decreased, while
lipoperoxidation (MDA) was increased in both pre-eclamptic groups compared to normal pregnant women
(p<0.01). Statistically significant difference was found between mild and severe pre-eclamptic groups
(p<0.01), for all biochemical markers studied. Therefore, the clinical severity of this pathology is closely
related to the degree of oxidative stress.
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INTRODUCTION

Pre-eclampsia (PE) is a pregnancy-specific
hypertension syndrome. Several studies
carried out during recent years have
extended our understanding about the
physiopathological basis of this disease.
Nevertheless, the criteria used to define it
are still a matter of controversy.
Although we are able to identify the
risk factors that make a pregnant woman
more susceptible to develop PE, we are
still unable to predict or prevent the
development of the disease. In recent
years, several study groups (15, 10, 13)
have published a range of guidelines and
diagnostic criteria. Controversies also have

arisen in relation to the criteria used to
classify PE as moderate or severe (10, 13,
19).
Oxidative stress in aerobic life can be
defined as the unbalance between the
generation of reactive oxygen species
(ROS) and the rate of their consumption by
antioxidants (8).
In normal pregnancies, there is an
increase of free radical production and
lipoperoxidation towards the end of
pregnancy when compared with nonpregnant women. In a parallel fashion, total
antioxidant capacity (Uric acid, Vitamins C
and E) gradually increases during
pregnancy (21), leading to an oxidative
balance maintained throughout pregnancy.
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Cumulative evidence in recent years has
shown that a biochemical imbalance in preeclampsia occurs with an increase of
oxidative stress and lipoperoxidation and, at
the same time, a deficient antioxidant
protection (24).
The underlying pathogenic mechanisms
of PE are the subject of many debates. The
toxemia theory, which proposes that the
compromised placenta produces substances
leading to the maternal syndrome of PE,
remains the favored hypothesis.
In normal pregnancies, there is
remodeling at the placental vascular bed,
where cytotrophoblast invades the maternal
spiral arteries feeding intervillous space
(involving endothelium and muscular tunica
media), making them loose their smooth
muscle and become sinusoids, a type of
vessels with large capacity and low
resistance, thus lacking any contractibility.
In pre-eclampsia, these physiological
changes are absent. The trophoblastic
invasion is very shallow, keeping the uteroplacental circulation in a state of high
resistance, which results in reduced uteroplacental perfusion, focal regions of hypoxia,
and alterations in the pattern of adhesion of
molecules produced by endothelial cells.
These changes (retention of smooth muscle
caused by deficient invasion) may cause
blood flow to remain under vasomotor
control. The resulting larger fluctuations of
intervillous oxygen concentrations might
result in an ischemia-reperfusion phenomenon
with overproduction of ROS (4).
In
pre-eclamptic
women,
lipoperoxidation products (especially
malondialdehyde, MDA) are increased, and
enzymatic antioxidants (superoxide
dismutase, SOD, and glutathione
peroxidase GPx) as well as non-enzymatic
antioxidants (vitamin C and vitamin E) are
decreased (22). During pre-eclampsia,
levels of available nitric oxide (NO) in
plasma and placenta are decreased, while an
increment in nitric oxide synthase (NOS)
activity occurs (12). The superoxide anion
is known to inactivate NO in a chemical
reaction forming the potent free radical
peroxynitrite anion (ONOO-). The reaction
of NO with superoxide is three times faster
than the rate of reaction of O 2 with

superoxide dismutase (SOD) (22). When
NO out-competes SOD for O2, production
of ONOO- is favored. Peroxynitrite excess
is responsible for the inflammation and
nitration of tyrosine residues in proteins
(nitrotyrosine) and the increase of
prostaglandine synthesis as a product of the
oxidation of arachidonic acid in lipidic
membranes, with a subsequent blockage of
vascular relaxation and increased smooth
muscle contracture, leading to the
hypertensive phenomena (12, 5, 14).
Generalized endothelial dysfunction may be
responsible for most of the clinical
manifestations of pre-eclampsia (25).
This study was designed to evaluate
whether pre-eclamptic women show higher
degrees of oxidative stress than normal
pregnancies and to determine if this stress
is related to clinical severity of preeclampsia. Finally, the study examined
whether the newborns of these women
showed the same biochemical alterations as
their mothers.

MATERIALS AND METHODS

Participants
A case-control trial was performed in two
Chilean hospitals. We recruited every preeclamptic woman admitted with pure preeclampsia (patients with no co-morbidities)
in the Van Buren Hospital in Valparaíso
(n=62) and the Almirante Nef Naval
Hospital in Viña del Mar (n=22) between
June 2001 and August 2003. The local ethics
committee approved the study, and all
women gave written informed consent, in
accordance with the Helsinski criteria (14).
Thirty healthy pregnant women also
were recruited to serve as the control group.
Non-consenting patients, those with
associated pathologies, and those lacking
tests or ecographic controls were withdrawn
from the protocol.
Complete study was achieved in
seventy-four patients, distributed in three
groups:
– Control Group (30 healthy, normal
pregnant women);
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– Group with moderate PE (19 patients);
– Group of patients with severe PE (25
patients).
The following criteria for inclusion were
considered:
– Control group: Healthy, normal pregnant
women, non-smoking with same
gestational age, similar race, age, body
mass index (BMI) and weight gained
during pregnancy. Health was defined as
the absence of major medical or surgical
disease, and no need for regular
medication.
– Mild or moderate pre-eclampsia group
(MPE): Blood pressure equal or higher
than 140/90 mmHg and under 160/110
mmHg measured in two opportunities
separated by 6 hours, urinary protein
excretion over 0.3 grams/24 hours.
– Severe pre-eclampsia group (SPE):
Blood pressure levels equal or over 160/
110, with urinary protein excretion over
0.3 grams/24 hours.
Biochemical evaluation of the mother
was performed at the moment of the
diagnosis (in all cases coincident with
delivery, because pregnancies were
interrupted upon hospital admission, 30 and
120 days post-delivery. Biochemical
evaluation of the newborn was done at the
moment of delivery.
Blood samples were taken by peripheric
venous punction in the mother and
umbilical cord blood in the newborns. Four
ml of blood were obtained in tubes with 3%
citrate as anticoagulant. The blood samples
were centrifuged at 3,000 rpm by 10
minutes, in order to separate plasma from
figurate elements and placed on ice within
one hour of collection.
The thiobarbituric acid assay for
malondialdehyde (TBARS) (2) was
performed with the plasma samples to
detect oxidative damage (lipoperoxidation).
Three assays were performed in plasma
samples to evaluate antioxidant capacity. In
the case of glutathione peroxidase, the
method for assay activity GPx was used (7).
Total antioxidant capacity was analyzed
through the oxidation of ABTS substrate
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(2,2'-azino-bis(3-ethylbenzthiazoline-6sulfonic acid) (16). In the case of
superoxide dismutase, the adrenochrome
epinephrine detection system was used (1).
Statistical analysis
Statistical analysis between groups was
determined by the non-parametric
Wilcoxon signed rank test and Kruskal
Wallis test. P<0.01 was considered
statistically significant.

RESULTS

Quantification of lipoperoxidation (MDA)
As shown in Figure 1-A, MDA in women
with normal pregnancies show that
lipoperoxidation is significantly higher
compared with non-pregnant women.
At the moment of diagnosis, patients in
both groups with PE showed greater MDA
levels compared to normal pregnant women
(Fig. 1-A). Patients with severe preeclampsia show significantly higher levels of
MDA compared to moderate pre-eclampsia.
At day 30 after delivery, patients with
pre-eclampsia evidence higher levels of
MDA compared to normal pregnancies, and
there is a significant difference between
moderate and severe pre-eclampsia. Only
120 days after delivery, MDA returns to
normal values in the three groups.
Newborns of patients in both groups
with PE show higher levels of MDA
compared to newborns of patients with
normal pregnancies. Newborns of patients
with severe pre-eclampsia show higher
level of MDA compared to patients with
moderate PE.
Total antioxidant capacity (ABTS)
As shown in Figure 2-A, women with
normal pregnancies show significant higher
ABTS levels compared with non-pregnant
women. At diagnosis of PE, women in both
groups with pre-eclampsia show significant
lower ABTS than healthy pregnant women
(with significant difference between severe
and moderate pre-eclampsia).
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Figure 1: MDA (malon-di-aldehyde) in the three groups of pregnant women (normal pregnancies,
moderate and severe preeclampsia) and newborns. Graphics show at the moment of diagnosis (A),
30 days post-delibery (B), 120 days post-delibery (C), and neeborns at delibery (D).

Thirty days after delivery, ABTS in
severe and moderate pre-eclamptic women
show a significant difference compared to
the patients with normal pregnancies
(p<0.01). Patients with severe preeclampsia show lower ABTS levels
compared to moderate pre-eclampsia
(p<0.01).
Four months after delivery, there was no
significant difference between patients with
severe and moderate pre-eclampsia. ABTS
of pre-eclamptic women was within the
normal range four months after delivery,
while healthy pregnant women recovered
pre-pregnancy levels within 30 days after
delivery. We did not perform any
evaluations in-between.
The newborns of both moderate and
severe pre-eclamptic women show a
significant difference (p<0.01) compared
with newborns from normal pregnancies
(Fig. 2-D).

GPx activity (glutathione peroxidase)
As shown in Figure 3-A, women with
normal pregnancies evidence significantly
higher GPx activity compared with nonpregnant women.
At the moment of diagnosis, non-pregnant
women show lower degrees of GPx activity
compared with healthy pregnant women. Both
PE groups show lower GPx activity compared
with normal pregnant women (p<0.01), being
significantly less in the severe than in the
moderate group (Fig. 3-A).
As shown in Figure 3-B, GPx activity
increases 30 days after delivery in the three
groups, but a significant difference
continues among them. Healthy pregnant
women recover pre-pregnancy levels within
30 days after delivery, while both PE
groups maintain their low levels, becoming
normal only after 120 days (Fig. 3-C). We
did not perform any evaluation in-between.
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Figure 2: ABTS (Total antioxidant capacity) in the three groups of pregnant women (normal
pregnancies, moderate and severe preeclampsia) and newborns. Graphics show at the moment of
diagnosis (A), 30 days post-delibery (B), 120 days post-delibery (C), and neeborns at delibery (D).

In newborns, GPx activity among the
three groups was statistically different
(p<0.01), being significantly lower in both
PE groups (Fig. 3-D).
Superoxide dismutase activity (SOD)
As shown in Figure 4-A, women with normal
pregnancies demonstrate significantly higher
SOD activity compared with non-pregnant
women.
At the moment of diagnosis, patients
with moderate and severe pre-eclampsia
show lower SOD Activity compared with
normal pregnant women (Fig. 4-A).
As shown in figure 4-B, SOD activity
increases 30 days after delivery in the three
groups, but a significant difference continues
among them (p<0.01). Four months after
delivery, patients with severe or moderate
pre-eclampsia show no significant difference
in SOD activity (p=1), and the values have
returned to normal levels (Fig. 4-C). Healthy

pregnant women recover pre-pregnancy
levels within 30 days after delivery, while
pre-eclamptic women only recover pre
pregnancy levels at four months.
Newborns of both PE groups show a
lower SOD activity compared with newborns
from normal pregnancies, and the levels of
SOD activity are significantly different
between those from severe and moderate
pre-eclamptic pregnancies (Fig. 4-D).

DISCUSSION

This case control study confirms that during
normal pregnancy lipoperoxidation is
increased when compared with healthy,
non-pregnant women. As total antioxidant
capacity (enzymatic and non-enzymatic)
also increase, a compensatory balance of
the injury/defense ratio is maintained.
Therefore, oxidative equilibrium persists
throughout pregnancy.
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Figure 3: GPx (Ghitathione Peroxida activity) in the three groups of pregnant women (normal
pregnancies, moderate and severe preeclampsia) and newborns. Graphics show at the moment of
diagnosis (A), 30 days post-delibery (B), 120 days post-delibery (C), and neeborns at delibery (D).

Pre-eclamptic women fail to develop this
compensatory mechanism, which was
confirmed in this study by the increased
MDA levels, revealing an increase in lipidic
membrane damage in pre-eclamptic patients
as compared with healthy pregnant patients.
This damage is more evident in the severe
PE group compared to the mild PE group,
showing a close relation between the degree
of lipidic damage and clinical severity of PE.
Lipidic oxidation due to PE might explain
the similar morphologic changes found
between PE and acute atherosis (20), and the
association
with
future
elevated
cardiovascular risk, atheroma formation, and
coronary arterial disease, as recurrently
mentioned by many authors (11).
Recent
studies
showed
that
supplementation with antioxidants (vitamin C
and E) may prevent endothelial dysfunction
and reduce the incidence of pre-eclampsia in
high-risk women (6). This study evidences the

long-lasting reduction of antioxidant capacity
in pre-eclamptic women, especially in severe
PE. This biochemical feature does not return to
normal values at day 30 after delivery, as
happens in healthy pregnant women.
Although the clinical and biochemical
pattern of PE disappears within one month
post delivery, all biochemical oxidative
stress markers do not. These indicators
return to normal four months after the birth,
showing that oxidative stress markers are
very reliable and sensitive indexes to
evidence the dramatic biochemical changes
in pre-eclamptic women.
The low enzymatic SOD activity shown
in the pre-eclamptic patients may be
explained by the lack of induction for
production of SOD, since superoxide anion
is reacting with nitric oxide to produce high
peroxynitrite levels (18) and, at the same
time, explains the low nitric oxide levels
that are usually found (12).
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Figure 4: SOD (Superoxide Dismutase Activity) in the three groups of pregnant women (normal
pregnancies, moderate and severe preeclampsia) and newborns. Graphics show at the moment of
diagnosis (A), 30 days post-delibery (B), 120 days post-delibery (C), and neeborns at delibery (D).

Increasing evidence suggests that
endothelial dysfunction in preeclampsia is
mediated by oxidative stress (17, 23). Our
study demonstrates a close relationship
between the degree of oxidative stress and
the clinical severity of this disease, since
levels of lipid damage in the severe PE
group was much higher than the mild PE
group, suggesting that toxic effects of
lipoperoxide lead to hypertension,
endothelial damage, and leucocytes
activation. At the same time, this research
demonstrates significantly lower levels of
total antioxidant capacity and enzymatic
antioxidants in severe PE compared to
moderate PE, confirming that the degree of
biochemical disorder is closely related to
clinical severity.
Barker hypothesizes that adult
atherosclerosis has its origin in utero
through genetic remodeling by an adverse
intrauterine environment able to “program”

future cardiovascular disease (3). The same
significant biochemical changes observed in
PE women were seen in their newborns,
with differences in oxidative stress levels
depending on whether they came from
severe or mild PE pregnancies. These
findings suggest that other factors may
explain why newborns develop the same
biochemical changes as their mothers, but
without evidence of clinical disease. In
light of Barker’s hypothesis, the follow-up
of these newborns in adult age would be
very useful.
Pregnancy is a state of balanced increase
in the production of free radicals
(compensated in normal pregnancies by an
increase in antioxidant defenses). Preeclampsia, in turn, represents an unbalanced
state of elevated free radicals, with no
antioxidant compensatory increase.
Lipoperoxidation, which represents cellular
lipidic damage, is significantly increased.
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All these findings are clearly and directly
related to the severity of the disease.
This study supports the evidence for the
role of oxidative stress in pre-eclampsia and
finds substantive difference between
laboratory profiles of moderate and severe
PE. Future investigations are necessary to
find a sensitive biochemical marker in early
pregnancy of clinical usefulness as to
permit interventions in order to prevent PE.
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