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Summary

This review addresses the general hypothesis that the pathogenesis of preeclampsia and enclampsia are related to an imbalance
of increased oxidative stress and lipid peroxidation coupled with a deficiency of antioxidant protection. Accordingly, this study was
initiated to assess total antioxidant status and free-radical activity in preeclampsia and eclampsia. The patients studied were 44
healthy pregnant women and 45 women with hypertension classified as having preeclampsia (n=27), and eclampsia (n=18).

The serum levels of lipid peroxide were significantly increased (p<0.0001) and antioxidant enzyme activities (superoxide dismu-
tase and gluthathione levels) in erythrocytes were significantly decreased (p<0.0001) in women with preeclampsia and eclampsia
compared with the controls. The groups of preeclampsia and eclampsia had similar values of catalase activities as the controls
(p>0.05).

There were no correlations between serum levels of lipid peroxide and antioxidant enzyme activities or systolic-diastolic blood
pressure of pregnant women with preeclampsia and eclampsia. The mean systolic and diastolic blood pressure, the serum lactate
dehydrogenase (LDH) and aspartate transaminase (AST) levels of preeclamptic and eclamptic women were high, whereas haemo-
globin (Hb), Hematocrit (Htc) and platelet levels were lower than those of the control subjects (p<0.0001). There were no diffe-
rences in mean gestational week, whereas the mean age of eclamptic women was lower than that of the other two groups (p<0.001).
The serum levels of Alanin-transaminasis (ALT) and urea in eclamptic women were significantly higher compared with the other
two groups (p<0.0001), whereas creatinin levels were lower than those of the other two groups (p<0.05).

Our findings give support to those few studies considering lipid peroxidation as an important factor in the pathogenesis of pree-
clampsia and eclampsia. Further studies are needed to clarify the relations between lipid peroxidation and antioxidative function

and their pathophysiological significance in preeclampsia and eclampsia.
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Introduction

Preeclampsia and eclampsia are still a major cause of
obstetrical and perinatal morbidity and mortality and no
breakthrough has yet been achieved in the understanding
of its pathophysiology [1-3]. Lipid peroxidation (LPO)
has been suggested as a causative factor in preeclampsia
and eclampsia. The serum levels of lipid peroxidation
products have been found to be higher in preeclampsia
and eclampsia patients. The serum levels of lipid peroxi-
dation products have been found to be higher in pree-
clamptic patients than in normal pregnant women (1, 2,
4-6]. Under normal conditions there are varieties of
antioxidant mechanisms that serve to control LPO;
however the balance of oxidant-antioxidant systems may
be impaired in women with preeclampsia. In addition, the
pathophysiologic characteristics of preeclampsia have
been attributed to endothelial cell dysfunction. To date,
the effect of elevated lipid peroxides on vascular
endothelial cell function during pregnancy has been inve-
stigated. Elevated lipid peroxides could lead to endothe-
lial cell dysfunction by altering important biochemical
reactions in the cell. The action of lipid peroxides may
involve a modulation of prostaglandin synthesis [7]. The
walls of the umbical arteries in preeclamptic women
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produce less prostacyclin than those in normal pregnants
and the capacity for endothelial-dependent relaxation is
impaired [8]. Lipid peroxides are also known to inhibit
prostacyclin synthase [7].

LPO is a process, which is determined by the extent of
peroxide-forming free radical mechanisms and the
peroxide-removing antioxidative system. The source of
the lipid peroxides in preeclampsia is unknown, but it has
been suggested that poorly perfused placental tissue may
evoke the free radical process and the inception of gene-
ralized lipid peroxidation [4].

In normal pregnancy, the levels of LPO products have
been found to be low in cord blood [8]. Certain antioxi-
dants are found to be decreased in preeclampsia and may
be reflective of increased reactive oxygen species acti-
vity. Therefore, oxidative stress is likely an important
feature of preeclampsia [1]. Free radical production in
cells is relatively low in normal conditions due to the
various and very active defence systems, including che-
mical scavengers or antioxidant molecules and the three
enzymes superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GSH-Px) [9, 10]. SOD is an
important enzyme capable of inactivating free radicals in
vivo and in vitro. It is well known that SOD is connected
with body defence against the superoxide anion O, that
damages tissue in vivo and in vitro [9]. Plasma thiol and
GSH are general scavengers whereas SOD specifically
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detoxifies superoxide anion radicals. The decrease in
these three antioxidant markers suggests that there is an
increased oxidant stress in patients with preeclampsia and
eclampsia [11].

Lipid peroxides are involved in endothelial cell injury,
vasoconstriction, and in the imbalance between throm-
boxane and prostacyclin that is associated with pree-
clampsia and eclampsia. Deficiency of antioxidants could
also increase LPO in the maternal circulation, because
antioxidants reduce the levels of lipid peroxides by limi-
ting their generation or by inactivating them once they
are formed. In preeclampsia and eclampsia, antioxidant
activities of erythrocytes and placenta are significantly
reduced in comparison with activity levels in normal pre-
gnancies, thus contributing to the increase of placental
and circulating levels of lipid peroxides [10].

In light of this knowledge, in this study we have inve-
stigated the differences in serum lipid peroxide and
antioxidant enzyme activities and those of clinical signi-
ficance in pregnant women with eclampsia and pree-
clampsia.

Material and Methods

The study was conducted between April 1997 and February
1998 in the Department of Gynecology and Obstetrics, Dicle
University Faculty of Medicine. Twenty-seven patients with
preeclampsia, 18 patients with eclampsia and 44 healthy
women as a control group were included in the study. The
gestational age of the study and control groups was between 24-
40 weeks and their age ranged from 20 to 40 years.

Patients with preeclampsia were defined on the basis of the fol-
lowing clinical and laboratory criteria. Systolic blood pressure
>140 mmHg and diastolic blood pressure >90 mmHg noted on at
least two occasions 6 h apart, no fundoscopic findings with
hypertensive retinopathy, and proteinuria levels >300 mg/dl
found in at least two random specimens 6 h apart. Eclampsia was
diagnosed on the development of convulsion with the clinical
signs and symptoms consistent with preeclampsia. Forty-four
patients in the second and third trimester without maternal and
fetal compliations during the pregnancy period were selected as
the control group. Gestational age was defined based on the last
menstrual period and ultrasonography. Furthermore, all patients
were consulted by the internal medicine department.

None of the women had received antihypertensive medica-
tion until the study samples were taken.

Heparinized blood and whole blood samples were taken from
each patient fasting overnight. Blood samples were centrifuged.
The erythrocyte package was prepared by washing the eryth-
rocytes fractioned blood plasma taken by heparin with 0.15
mol/L NaCl solution at a rate of 1:5 three times, and by centri-
fuging them at 3,000 rpm for ten minutes each time. The mea-
surements of SOD, catalase and GSH were conducted in eryth-
rocyte serum LPO by the TBA method of Asakawa [12]. In lipid
peroxide measurement, malondialdehyde released was used as
an index. The basic principle of the method is based upon the
fact that MDA, a product of lipid peroxidation, produces a
complex giving maximum absorbance at 532 nm by reacting
with thiobarbituric acid (TBA). Erythrocyte GSH was measu-
red by the 2 nitrobenzoic acid (DTNB) method from Beutler
[13] and erythrocyte SOD was measured by the modified Win-
terbourn and Hawkins method. Catalase levels were determined
by Aebi’s modified colorimetric method [15]. The method is
based upon alteration of H,0, optic density, depending upon
enzymatic decomposition of H,O, (by the effect of catalase in
the sample). Data were changed to k/g Hb after “k” value was
determined, taking suitable absorbance for each analysis accor-
ding to calculated regression. Drabkin’s method was used to
determine erythrocyte hemoglobin.

ALT, AST, LDH and urea and creatinin levels activities were
measured in an Abbott spectrum autoanalyzer by the enzyma-
tic-colorimetric method. Hematocrit and thrombocyt levels
were measured in an Abbott Cell Dyn 3500 blood counter
analyzer.

In the statistical evaluation of the results, one way variance
analysis was used and the Tukey HSD was used as a post hoc.
Analyses were performed using SPSS software (Statistical
Package for the Social Sciences, version 6.0). Correlations
between different markers were determined.

Results

The clinical and laboratory findings of the preeclamp-
tic, eclamptic and control groups are shown in Table 1.

There was no statistical difference between mean
gestational weeks and age in all three groups (p<0.05).
The mean systolic and diastolic blood pressure of the two
study groups were higher compared to the control group
(p<0.001).

The level of LPO and antioxidant enzyme activities
and systolic-diastolic blood pressure of pregnant women
with preeclampsia and eclampsia showed no correlation.

Table 1. — Clinical and laboratory characteristics of the preeclampsia, eclampsia and control groups.
Variables Control group Preeclamptic group Eclamptic group
(n=44) (n=27) (n=18)
Age 29.95+5.75 29.25+7.09 23.66+6.46
Gestational age at delivery (weeks) 35.84+4.45 35.51+5.14 34.94+3.81
Systolic blood pressure (mmHg) 119.11+8.208 150.74£10.35 147.77£14.37
Diastolic blood pressure (mmHg) 82.66+7.804 103.33+10.37 96.11+8.49
ALT (IU/L) 38.84+12.47 57.00+63.57 120.05+146.73
AST (IU/L) 25.31+9.16 87.44+150.81 118.50+118+36
LDH (IU/L) 201.34+23.03 427.29+183.30 473.16+188.69
Platelets (/mm?) 298909.09+62915.16 233629.62+138454.42 175177.77+111626.80
Hb (gr) 11.22+2.22 12.06+2.39 14.21+1.24
Htc (%) 34.00+5.98 36.01+£5.52 44.65+3.32
Urea (mg/dl) 23.64+6.43 25.62+9.68 30.94+14.25
Creatinin (mg/dl) 1.009+0.32 0.82+0.30 1.04+0.36
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Table 2. — Lipid peroxides and antioxidant enzyme activities of pregnant women with eclampsia and preeclampsia

Variables Groups X+SD p
Serum Control group 1.306+0.213 p<0.0001
LPO Preeclamptic group 4.836+0.904

nmol/ml Eclamptic group 4.756+0.539

Erythrocyte Control group 76.39+2.11 p<0.0001
GSH Preeclamptic group 61.65+3.84

mg/100 ml Eclamptic group 61.43+3.68

Erythrocyte Control group 2295.22+115.104 p<0.0001
SOD Preeclamptic group 1646.88+169.47

u/g Hb Eclamptic group 1565.33+£164.30

Erythrocyte CATALASE Control group 1458.75+21.78 p>0.05
k/g Hb Preeclamptic group 1466.74+6.57

Eclamptic group

1467.44x14.15

Hb, Htc, HDH and AST platelet, levels of preeclamptic
and eclamptic women were higher than those of control
subjects. The differences between them were statistically
significant (p<0.0001).

Creatinin levels of pregnant women with preeclampsia
were lower than those of women with eclampsia and the
control group (p<0.001). The higher serum levels of ALT
in eclamptic women relative to the other two groups were
statistically significant (p<0.0001).

The difference in serum urea levels in eclamptic
women and the other two groups were statistically signi-
ficant (p<0.002).

LPO levels in the eclamptic and preeclamptic groups
were found to be higher than those of the control group
(p<0.0001) (Table 2, Figure 1).

The activities of SOD and GSH in pregnant women
with preeclampsia and eclampsia were lower than those
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of the control group (p<0.0001) (Table 2, Figures 2, 3).

The difference in erythrocyte catalase activities among
the three groups was not significant (p>0.005) (Table 2,
Figure 4).

Discussion

Preeclampsia, one of the most critical health problems
in human pregnancies complicating approximately 6-8%
of all gestations, is the leading cause of fetal growth
retardation, infant morbidity and mortality, premature
birth and maternal death [16]. Several authors have sug-
gested that oxidative stress has had an influence on the
pathogenesis of preeclampsia [17, 18, 19].

It has been suggested that increased lipid peroxidation
could cause degeneration of organs or tissues, and that lipid
peroxides formed at the primary site could be transferred
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through the circulation to other organs or tissues and cause
damage by propagating LPO. Ishihara er al. [21] reported
that a remarkable increase in serum lipid peroxide levels
was observed in pregnant subjects when compared with
non-pregnant subjects, and that the levels in preeclamptic
subjects and that the levels in preeclamptic subjects were
higher than those in normal pregnant subjects [20].

As lipid peroxidation is a rapid and complex process, the
accurate estimation of the extent of LPO is problematic. Di-
rect measurement of LPO in vivo is difficult and may be mi-
sleading because of the diversity of peroxide compounds
and the very short half-life of some lipid peroxides. Hence,
in lipid peroxide measurement, malondialdehyde release
was used as an index. Consistent with previous reports [1,
2,6, 16, 17, 22] we also noted an increase in the appearan-
ce of LPO in preeclamptic and eclamptic pregnancies.
Among speculations regarding the etiology of enhanced li-
pid peroxidation in preeclampsia, some authors have indi-
cated a possible deficiency in antioxidants [1, 2, 4, 22]. Our
study supports such a conception.

Liang et al. found that LPO and SOD levels were signi-
ficantly high in a study of pregnant women with hyper-
tension [23]. They reported that oxidation and antioxida-
tion imbalance and endothelial cell damage might play an
important role in the pathogenesis of hypertension. Some
other researchers also found that SOD levels were high in
pregnant women with hypertension [8, 9]. Jendryczko et
al. observed that LPO levels were high, but erythrocyte,
SOD and GSH-Px levels were significantly low in a
hypertensive group [24]. They suggested this derange-
ment of the antioxidant enzyme system was important in
the pathogenesis of hypertension and might affect the
antioxidant function of the fetus.

Many et al.and Shaarawy et al. noted high LPO and
low antioxidant enzyme activities in pregnant women
with preeclampsia [1, 17].

We found significantly decreased levels of some
antioxidant enzymes (SOD and GSH) in patients with
preeclampsia and eclampsia. GSH is a general scavenger
whereas SOD specifically detoxifies superoxide anion
radicals. The decrease in these two antioxidant markers
suggests that there is an increased oxidant stress in
patients with preeclampsia and eclampsia. The low SOD
levels may therefore be the result of an intracellular
attack. There is evidence to suggest that the increased
activity of ROS may play a role in this process. However,
other factors may work in combination with ROS to con-
tribute to such changes [11].

On the other hand, erythrocyte catalase activities in the
eclamptic and preeclamptic groups did not differ from
those observed in the control group. Wang et al. found pla-
centa catalase activities in pregnant women with pree-
clampsia to be high - different ext from our study. We
could not find any study about erythrocyte catalase activi-
ties in pregnant women with preeclampsia and eclampsia.

In general, while authors were in agreement with the
high LPO levels in pregnant women with preeclampsia
and eclampsia [7, 16, 18, 19], they found different results
in antioxidant enzyme activities [6, 8, 11, 16, 18, 25].

Uotila et al. reported a positive correlation between
systolic-diastolic blood pressure, mean arterial blood
pressure and MDA levels [4]. However, we did not find
any correlation between the same parameters.

Lipid peroxides and blood oxidative imbalance could
be part of the cytotoxic mechanisms leanding to endothe-
lial cell injury [2]. The deficiency of antioxidant enzymes
can cause accumulation of LPO products, which, in turn
can induce vasoconstriction.

Obviously, further and more comprehensive studies are
needed to clarify the mechanism of abnormal LPO pro-
duction and decreased antioxidant enzyme activities in
preeclamptic and eclamptic pregnancies and the present
study should be regarded as preliminary.
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