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Abstract

Preeclampsia is a disease characterized by
hypertension and significant proteinuria that occurs
after the twentieth week of pregnancy. The presence
of mechanisms that detoxify free oxygen radicals
associated with increased oxygen consumption in
preeclampsia is very important. In mitochondrial and
microsomal systems, molecular oxygen is reduced by
taking an electron and superoxide radical is formed
which is an unstable structure. Superoxide Dismutase
is a metalloenzyme which converts superoxide radical
to Hydrogen Peroxide. Glutathione Peroxidase
degrades hydrogen peroxide by converting it into
water and molecular oxygen using glutathione.
Twenty-seven preeclampsia patients and 32 healthy
pregnant control groups were selected at 20-28 weeks
of gestation. There was a significant difference (p
<0.05) between Superoxide dismutase and glutathione
levels in patients with preeclampsia and control
group. We aimed to investigate the effect of two
important components of the antioxidant system,
superoxide  dismutase and  glutathione, on
preeclampsia causing fetal and maternal mortality.
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Introduction

Preeclampsia is an early and definite manifestation of
hypertension, proteinuria and edema (Azman 2009),
pregnancy-specific, mainly young and first child
pregnant women, after 20 weeks of pregnancy, 5-10%
of pregnancies, intrauterine growth retardation,
premature birth, fetal and maternal mortality disease
(Berkoz 2009, Altunhan 2011). In the clinic this
condition is also called 'pregnancy toxemia'. (Berkoz
2009).

Proteinuria is an indicator of glomerular damage in
preeclampsia. Detection of 300 mg or more protein in
24-hour urine; In the case of at least two urine
samples taken at 6 hours or more, more than one
proteinuria is sufficient for the diagnosis of
pathological proteinuria (Azman 2009). The first
symptom in preeclampsia is edema. Edema is mostly
seen on the face and extremities. However, edema has
no definitive diagnostic value (Celik 2012).
Preeclampsia is the most common cause of perinatal
and maternal morbidity and mortality in many parts
of the world (Sagol; Ozkinay 2000). Preeclampsia is
generally known as the disease of young and non-
nulliparous women. A woman who had preeclampsia
in a pregnancy had a recurrence risk of 3% in
subsequent pregnancies (Azman 2009).

Preeclampsia is more common in women with some
risk factors (Azman 2009). Risk factors for
preeclampsia; null parity, maternal age> 35 years,
black race, family history, history of preeclampsia in
previous pregnancies, chronic hypertension, obesity,
renal diseases, connective tissue diseases, vascular
diseases, antiphospholipid syndrome, thrombophilia,
pregestational diabetes mellitus, molar (plural)
pregnancy, in pregnancy trophoblastic disease, fetal
hydrops, polyhydramnios, smoking. Preeclampsia is
less common in smoking women than in non-
smokers, but fetal risk is higher if pregnant women
with preeclampsia smoke (Altunhan 2011).
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Complications depend on the week of pregnancy and
other medical problems. Complications can be
divided into two main categories: fetal and maternal.
Fetal Complications; fetal growth retardation,
perinatal death, premature labor, oligohydramnios,
fetal asphyxia. Maternal Complications; convulsions,
acute renal failure, heart failure, pulmonary edema,
intracranial hemorrhage, blindness, liver subcapsular
hematoma  and rupture, thrombocytopenia,
disseminated intravascular coagulation, HELLP
syndrome (Azman 2009). HELLP (Hemolysis;
Elevated Liver Enzymes; Low Platelets) syndrome is
classified as a subgroup of severe preeclampsia with
high mortality and morbidity (Baha 2002).
Pathophysiology  often includes inadequate
trophoblastic invasion, placental ischemia,
generalized  vasospasm, abnormal  hemostasis
associated with activation of the coagulation system,
vascular endothelial dysfunction, abnormal nitric
oxide and abnormal lipid metabolism, abnormal
leukocyte activation, changes in cytokines, and
insulin resistance (Dekker 1998).

Increased oxygen demand during pregnancy causes
an increase in the production of free oxygen radicals.
Major antioxidant enzymes in the placenta are
Superoxide  Dismutase, Catalase, Glutathione
Peroxidase, Glutathione Reductase and Glucose-6-
Phosphate Dehydrogenase. It has been shown that
production of lipid peroxides increases in
preeclamptic pregnancies, enzymatic (superoxide
dismutase, glutathione peroxidase) and non-
enzymatic (Vitamin C and E) antioxidants decrease
(Berkoz 2009). The cause of the increase of oxidative
stress caused by the placenta was evaluated as
hypoxia and ischemia during spinal artery structuring
(Saito et al 1990). Free radicals cause damage to
membranes, proteins and DNA, and increase cell
death in trophoblasts. Increased cell death in
placentas of preeclamptic pregnants has been shown
(Hazar 2012).

Reduction of molecular oxygen in mitochondrial and
microsomal systems creates a superoxide radical
which is unstable. SOD is a metalloenzyme which
converts  superoxide to hydrogen peroxide.
(Memisogullart ~ 2005;  Renciizogullar1 ~ 2006).
Superoxide is converted by SOD into Hydrogen
Peroxide; Hydrogen Peroxide is converted into water
and molecular oxygen by Catalase and Glutathione
Peroxidase (Figure 1) (Koch et al. 2014). Oxidant-

Antioxidant System consists of production of
superoxide radicals, production of hydrogen peroxide,
production of hydroxyl radical, inactivation of
hydrogen peroxide.
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Figure 1. Schematic representation of the endogenous
defense system against oxidative stress.SOD,
Superoxide Dismutase; GPO, Glutathione Peroxidase;
GR, Glutathione Reductase; GSH / GSSG, reduced /
oxidized glutathione.

Glutathione (GSH) is a tripeptide known as vy-L-
glutamyl-L-cysteinyl-glycine. Glutathione contains
two important biological structures (thiol group and y-
glutamine base) (Figure 2). Glutathione, an important
antioxidant due to the thiol group and high cell
internal concentration, is present in more than 99%
reduced form. The ability to keep in this form is
dependent on Glutathione Reductase and NADPH
produced in the Pentose phosphate pathway
(Thorburn 1985). Total glutathione is present in the
cells in free form or depending on the proteins. Free
glutathione is present in reduced state, in the case of
oxidative stress, it is converted to oxidized form and
then reduced again by the enzyme glutathione
reductase. The redox state depends on the relative
amounts of the reduced and oxidized forms of
glutathione (GSH / GSSG), a critical finding for the
cell. GSH / GSSG ratio in the cell in resting state
exceeds 100, this rate falls between 1 and 10 in case
of exposure to oxidative stress (Kasap 2010).
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Figure 2. Structure of reduced glutathione; glutamate
is linked in an isopeptide bond (via its y-carboxyl
group) to cysteine, which in turn forms a peptide
linkage with glycine (Ziglari T and Allameh A.
2013).

Glutathione has been shown to play an important role
in the pathogenesis and progression of diseases such
as HIV infection, cirrhosis, respiratory diseases,
gastrointestinal and  pancreatic  inflammation,
diabetes, neurological diseases, aging, preterm
delivery, intrauterine growth retardation,
preeclampsia (Wu et al. 2004). In addition,
glutathione plays a role in the detoxification of
hydrogen peroxide, other peroxides, free radicals and
a wide variety of xenobiotics (Pastore et al. 2003).
Glutathione is not only responsible for protecting
cells from oxidative damage but also allows the
sulfydryl groups required for normal functions of
proteins to be reduced (Bharath et al. 2002).

Materials and Methods

Pregnant women with preeclampsia who were
diagnosed with preeclampsia and healthy pregnant
women with the same gestational week were included
in the study. Pregnant women who had a systemic

disease, consumed cigarette and alcohol, used drugs
for different reasons and had gestational diabetes
were not included in the study.

Venous blood samples were collected from 26
preeclampsia patients and 32 healthy pregnant women
with age ranges between 22 and 38 years. 5 ml of
peripheral venous blood was collected from the two
groups of subjects (patient group and control group)
after hospitalization and before delivery. Samples
were allowed to stand at room temperature for 30
minutes and then were separated by centrifugation at
3000 r / min for 20 min. It was noted that the selected
samples were not hemolyzed. Serums were
maintained at -20 ° C until the working time. All
samples and test Kkits were brought to room
temperature before working. Protein analyzes were
performed with manual Micro Lowry Sigma kit and
superoxide dismutase and gluttayon ELISA method.
Statistical analysis was performed using the SPSS
package program (version 22.0) (SPSS Inc. Chicago,
USA) and Microsoft Excel (Windows 10, Office
2013). Analysis of variance was determined by
Kruskal-Wallis. Mann-Whitney test was used for
nonparametric analysis. Data were calculated
according to p<0.05 significance values according to
mean and standard deviations.

Before starting the study, approval was obtained from
Atatiirk  University Medical Faculty Ethics
Committee.

Results

The results of the analysis of the research are given in
Table 1.
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Table 1: Preeclampsia and control group analysis results.

n SOD (U/mg protein) GSH (umol/L)
PE group 26 6.95+0.79 386 +134
Kontrol group 32 15.42+1.78 886 + 342

subjects.

p< 0.05, Significance limit; PE, Preeclampsia; SOD, Superoxide Dismutase; GSH, Glutathione; n, number of

There was a significant difference between serum
Superoxide Dismutase levels in patients with
Preeclampsia and control group; there was a
significant difference between serum Glutathione
levels in patients with Preeclampsia and control group
(p <0.05).

Discussion

Oxidative damage progresses according to the
balance between reactive oxygen species produced
and antioxidant species (Murray 2009). Antioxidant
molecules can be divided into two groups as
enzymatic and non-enzymatic. Superoxide Dismutase
(SOD), Glutathione Peroxidase (GPO) and Catalase
enzymatic; Glutathione (GSH), vitamin C, vitamin E,
carotenes, etc. are non-enzymatic basic antioxidants
(Murray 2009, Tagcan 2014). While SOD plays an
important role in the detoxification of O2+- , GSH is
the first protection against endogenous and exogenous
reactive oxygen species. GSH is a molecule that plays
a major role in the reduction of cellular proteins
(Tascan 2014).

The oxidative balance continues during pregnancy.
Preeclamptic pregnant women fail to develop this
compensatory mechanism. Shanklin et al. (1989)
showed that preeclamptic patients had higher levels of
membrane lipids than healthy pregnant patients, and
this damage is more pronounced in the severe
preeclampsia group than in the mild preeclampsia
group, and there is a close relationship between the
severity of lipid injury and the clinical severity of
preeclampsia. In preeclamptic women, especially in
severe preeclampsia, antioxidant capacity is reduced
(Chamy et al. 2006). It has been reported that
antioxidant vitamin (Vitamin C and E) (Murray 2009)
supplementation  with protective roles against
oxidative damage of the cell membrane can prevent

high endothelial dysfunction and reduce the incidence
of preeclampsia (Chappell 1999).

The normal process in pregnancy is that it can be
compensated by an increase in antioxidant defenses
parallel to an increase in free radical production, but
lipid-peroxidation is significantly increased in
patients with preeclampsia (Altunhan 2011).
Prostaglandin H2 synthesis in endothelial cells
(Hoffbrand 2016) increases the oxygen radicals
resulting from peroxidation and combines with the
oxygen radicals formed by the polyunsaturated fatty
acids to stimulate lipid peroxidation (Wang et al.
1991). Placental Glutathione Peroxidase inhibits
prostaglandin H2 in normal pregnancy but increases
the levels of lipid peroxidation in placental
Glutathione peroxidase deficiency (Walsh; Wang
1993).

The need for selenium, the cofactor of glutathione
peroxidase, increases during pregnancy and lactation.
In most body fluids, selenium levels decrease with the
progression of pregnancy. Depending on the level of
decreased selenium, the amount of plasma
Glutathione and Glutathione Peroxidase activity is
particularly reduced from the middle of the second
trimester of pregnancy  (Mihailovic ~ 2000).
Glutathione in Plasma Reduction in peroxidase
activity is fast, while erythrocytes are slow. Because
plasma thiols may be reduced during pregnancy due
to increased plasma volume; Erythrocyte lysate thiols
increase with pregnancy. Plasma and erythrocyte
thiols have important functions as non-specific
oxidative stress buffers. GSH (glutathione) is the
most important erythrocyte lysate thiol. Erythrocyte
glutathione levels do not change in the first two
trimesters, but in late pregnancy, erythrocyte lysate
thiol levels decrease in pregnant women with
preeclampsia. The erythrocyte Glutathione peroxidase
activity during pregnancy has been reported to remain
unchanged and the change in glutathione level has
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been reported to be independent of Glutathione
Peroxidase (Walsh 2000).

Superoxide dismutase (SOD) has been observed to
increase in normal pregnancy. The increase in serum
SOD activity begins from the first months of
pregnancy. SOD has the function of protecting
embryos against lipid peroxidation, especially in the
early stages of gestation. In  women with
preeclampsia, serum SOD activity is lower than in
normal pregnant women. In placental
homogenization, the SOD level is low in the early
stages of pregnancy but may increase by 2-3 times
with the progression of pregnancy. The reason for the
change in placental SOD levels during gestational
period is due to the change in placental oxygen
requirement during pregnancy. The placental SOD
activity in placenta-related pathologies was lower
than in normal pregnant women (Walsh 2000).

In the study performed by Tascan (2014), serum SOD
activity in preeclampsia groups was found to be
statistically significantly higher compared to the
control group. However, the literature also reported
that SOD activity in preeclampsia was higher, lower
and no significant differences than control group.

In a clinical study of 21 patients diagnosed with
preeclampsia, antioxidant enzyme (SOD, CAT, GPO)
activities and MDA levels were increased; there is no
contradiction between the increase in both MDA
growth and its inhibitory enzymes. Because all
antioxidant enzymes, all isoforms of these enzymes
and all non-enzymatic antioxidants should be taken
into consideration. As a result, it is stated that
simultaneous rise in both SOD and GPO and MDA
values is predictable (Alagam 2008).

Gheorghe et al. (2007) found a significant decrease in
erythrocyte MDA and SOD and GPO activities in
patients with preeclampsia and a significant decrease
in erythrocyte GSH, ascorbic acid, plasma vitamin E
levels and plasma CAT activities. The researchers
evaluated the increase in antioxidant enzyme activity
as a compensatory reaction to oxidative stress. As a
result, they suggested that excessive intrauterine
hypoxia would cause a reperfusion oxidative damage,
which may cause abnormalities in trophoblast
development. Hoffman et al. (2008) predicted that
increased amounts of reactive oxygen species would
result in placental abnormalities in pregnancy and this
would result in maternal symptoms in preeclampsia.

In studies investigating the status of lipid
peroxidation and antioxidant enzymes in pregnancy-
induced hypertension patients, thiobarbutiric acid
(TBARS) level was significantly increased and SOD,
CAT, GPO and glutathione reductase activities
decreased significantly. With these findings, the
researchers suggested that oxidative stress in
preeclampsia increases with no doubt (Patil et al.
2007).

In our study, there was a significant difference
between serum Superoxide Dismutase levels in
patients with Preeclampsia (6.95 += 0.79 U/mg
protein) and control group (15.42 + 1.78 U/mg
protein); there was a significant difference between
serum  Glutathione levels in patients with
Preeclampsia (386 = 134 umol/L) and control group
(886 + 342 umol/L) (p <0.05).

Bainbridge et al. (2007) in a study of patients with
preeclampsia hydrogen peroxide, nitrite, peroxinitrite,
lipid peroxides and glutathione S-transferase activity
is high; superoxide anion, SOD, CAT and
Glutathione Reductase activities are low; there was no
difference in vitamin E, reduced glutathione and
oxidized glutathione concentrations have achieved.
Based on these results, it has been claimed that
patients with preeclampsia are under an oxidative
stress caused by the inability of the oxidant-
antioxidant system to stabilize.

It has been hypothesized that low glutathione
concentrations and antioxidant vitamin status, lipid
peroxidation are important causal factors in the
pathogenesis of preeclampsia in patients with
hypertension due to pregnancy (Krishna and
Venkataramana 2007). The intracellular enzyme SOD
levels are suggested to be similar in healthy
pregnancies and in complicated pregnancies; it was
reported that there was no difference in plasma levels
of SOD activity between pregnancies that did not
develop complications and pregnancies that resulted
in preterm delivery (Hsieh et al. 2012).

Preeclampsia can cause morbidity and mortality in
maternal and neonatal. It is often emphasized that
oxidative stress is present in its pathogenesis.
Increased oxygen demand, especially in pregnant
women, causes an increase in free oxygen radicals
and therefore more severe oxidative damage in
preeclamptic  pregnants.  Further clinical and
biochemical research is needed to better understand
the relationship between oxidative stress and perinatal
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disease. There is a need for a sensitive biochemical
marker to prevent PE in the early stages and allow for
clinical interventions.
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