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Abnormal levels of antioxidant defenses in a large
sample of patients with hypertensive disorders
of pregnancy

Maria Luisa Miranda Guisado, Antonio J Vallejo-Vaz, Pablo Stiefel Garcı́a Junco, Luis Jiménez Jiménez,
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Increased levels of oxidative stress have been demonstrated in Preeclampsia in previous studies, but this finding has not

been established in other hypertensive disorders in pregnancy (HDP). We measured different markers of lipid peroxidation

and antioxidant defenses by spectrophotometry or enzymoimmunoanalysis in 339 pregnant women: 85 with gestational

hypertension (GH), 88 chronic hypertension (CH), 104 Preeclampsia and 62 healthy pregnant control women (PCW). Lower

activity of superoxide dismutase and higher levels of catalase were found in GH, CH and preeclampsia compared with PCW

(964.4±116.5, 970.0±120.4, 971.2±137.5 and 1063.4±133.7Ug�1 Hb, Po0.001; and 313.0±71.7, 292.2±45.3,

297.1±47.2, 215.5±26.2Umg�1 Hb, Po0.0001; respectively). Regarding the glutathione REDOX cycle, we found the

following in GH, CH and preeclampsia compared with PCW: a decrease in its reduced form (2.6±0.6, 2.7±0.8, 2.7±0.9,

3.3±1.3lmol l�1, Po0.003), a parallel increase in the oxidized form (185.6±68.9, 194.7±75.0, 184.3±78.3,

85.1±27.5 lmol l�1, Po0.0001) and an increment in glutathione peroxidase (85.9±22.0, 86.4±20.9, 82.1±23.5

and 77.2±19.7Ug�1 Hb, Po0.04) and glutathione reductase (6384.3±1261.9, 6724.6±1154.1, 6287.9±1399.9

and 6044.4±1208.4mUg�1 Hb, Po0.01, respectively). Nitrites/nitrates were higher in patients with preeclampsia

than in PCW (31.50±15.08, 26.80±8.39lmol l�1, Po0.002). Although malondialdehyde and oxidized-LDL levels were

similar among groups, free fatty acids were increased in every HDP (GH 514.6±194.6, CH 501.3±197.4, preeclampsia

555.2±230.1 lmol l�1) compared with PCW (351.4±146.1 lmol l�1), Po0.0001. Our results show an oxidation/reduction

imbalance with an increase in oxidative stress coupled with a decreased capacity of antioxidant systems, not only in

preeclampsia but also in every HDP.
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INTRODUCTION

Hypertensive disorders of pregnancy (HDP) can be classified into
different types: chronic hypertension (CH), which is defined as
hypertension present before pregnancy or diagnosed before the 20th
week of gestation, as well as cases of hypertension diagnosed for the
first time during pregnancy that do not resolve postpartum and persist
412 weeks after delivery; preeclampsia, which is defined as the
development of hypertension after 20 weeks of gestation, accompanied
by proteinuria ofX300mg in 24h, that is resolved after gestation; and
transient gestational hypertension (GH), which displays a similar time
of onset as preeclampsia, but is not marked by proteinuria and is
resolved within 3 months of delivery.1 Preeclampsia is the most
specific and best-studied HDP and it is associated with the highest

maternal and fetal morbidity and mortality.1 The etiology of pre-
eclampsia has been largely studied but remains yet unknown, probably
because it depends on a multifactorial basis with a common final
pathway, which leads to a multisystemic syndrome characterized by
vasoconstriction, metabolic changes, endothelial dysfunction, activa-
tion of the coagulation cascade, increased inflammatory response and
reduced organ perfusion.2

Key mechanisms for maternal endothelial dysfunction in pree-
clampsia are not well understood, but poor placentation, disturbed
trophoblast invasion and reduced placental perfusion are thought to
be important predisposing factors.3,4 Oxidative stress, characterized by
excessive production of reactive oxygen species, and an inadequate or
overwhelmed antioxidant defense mechanisms have been proposed as
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important mechanisms.5,6 In this way, increased oxidative stress have
been found to be elevated in women with preeclampsia and even
persists postpartum when compared with normotensive pregnant
women.4,7 It has been suggested that products as trophoblastic
fragments, superoxide anion and other free radicals, cytokines,
eicosanoids or others can be released by the ischemic placenta.3

These products act on a vulnerable to oxidative stress maternal
endothelium, stimulating cytokine production, adhesion molecules,
tumor necrosis factors and neutrophils.8 These agents will then act as
mediators for a systemic inflammatory response and for the endothe-
lial dysfunction that could lead to the characteristic diffuse vasospasm
of preeclampsia.
In the past few years, several authors have documented some

changes in the capacity of antioxidant systems in preeclampsia as
consequence of the increase in oxidative stress,9 but this subject has
not been studied in other forms of HDP.
The aim of our study was to assess the suspected imbalance between

oxidative stress and the ability of antioxidant defense systems in a large
sample of pregnant women with HDP compared with healthy preg-
nant control women (PCW), and to establish whether these findings
are only present in preeclampsia or can also be found in every HDP.

METHODS

Study population
We included 339 consecutive caucasian pregnant women between 18 and 40

years old, attended in a Women’s Hospital (Hospitales Universitarios Virgen del

Rocio, Sevilla, Spain). Distribution was as follows: 85 cases of GH, 88 CH, 104

preeclampsia and 62 PCW. Hypertension was established by measuring blood

pressure twice 1 week apart (three times each in a seated position after 5min in

a relaxed condition). The diagnosis was classified according to the guidelines of

the National High Blood Pressure Education ProgramWorking Group on High

Blood Pressure in Pregnancy.1

Exclusion criteria
Women with lipid disorders, diabetes or smoking habit were excluded. We also

excluded those women under treatment with agents that modify endothelial

function as well as those suffering any malignancy, chronic consumptive

disease, chronic kidney disease or immunological diseases. The only antihy-

pertensive treatment allowed at the time to obtain the samples was methyldopa.

The procedures followed in this study were in accordance to institutional

guidelines, all subjects gave informed consent and our Local Ethics Committee

approved the study protocol.

Design
This was an observational, cross sectional and comparative study carried out in

a large sample of women with hypertensive disorders of pregnancy and a

control group of healthy pregnant women.

Anthropometric variables
Age, height and weight were measured and body mass index was then

calculated. Fetal weight at birth and blood pressure were also recorded.

Laboratory parameters
Blood samples were obtained after an overnight fast of 12h and were

performed between the 28th and 37th week of gestation. In every subject

the following laboratory parameters were analyzed: oxidized-low-density

lipoprotein (ox-LDL), free fatty acids (FFA), Nitrites/nitrates and total anti-

oxidant status (TAS) in plasma; superoxide dismutase (SOD), glutation

peroxidase (GPX) and glutation reductase (GRX) in erythrocytes. In addition,

in 48 cases of GH, 56 CH, 43 preeclampsia and 38 PCW we measured

malondialdehyde, oxidized gluthation (GSSG) and reduced gluthation (GSH)

in plasma and glucose-6-phosphate dehydrogenase (G6PDH) and catalase

in erythrocytes.

Ox-LDL was determined by LAB ELISA technique (quantitative measure-

ment of serum human antibodies against ox-308171392LDL (Biomedica group,

Vienna, Austria).10 FFA were determined using an enzymo-spectrophotometric

method, based in the quantification of the amount of AMP generated as the

result of the formation of acetyl-CoA in the presence of acetyl-CoA-synthase

and ATP.11 For measurement of nitrites/nitrates level, a colorimetric method

based on Greiss’ reaction was used.12 TAS capacity was determined in blood

venous samples centrifugated for 5min at 3000 r.p.m. to separate plasma, using

a TAS Kit (Randox Laboratories Ltd, Antrim, UK).13 GPX, GRX and intracel-

lular SOD were determined in three times washed and lysed erythrocytes using

the respective kits provided by Ramdox laboratories for these enzymes.

Erythrocytes’ fragments after hemolysis were cultured in the presence of a

known concentration of hydrogen peroxide (H2O2).
14–16

GSSG and GSH were determined by the GSH/GSSG-412 assay that included

the thiol-scavenging reagent, 1-methyl-2-vinylpyridinium trifluromethasulfo-

nate at a level that rapidly scavenges GSH and prevent the oxidation of GSH to

GSSG during sample preparation. The method uses Ellman’s reagent (5,5¢-
dithiobis-2-nitrobenzoic acid), which reacts with GSH to form a spectro-

photometrically detectable product at 412 nm.17 Catalase activity was measured

at 20 1C by following the degradation of the substrate H2O2 spectrophotome-

trically monitored at 240 nm. Using a molar extinction coefficient, the rate at

the first 30 s was used to calculate the activity in units.18 Malondialdehyde: this

oxidazing lipid degradation final product, under low pH and high-temperature

conditions, participates in a nucleophilic reaction with thiobarbituric acid

generating an orange colored compound that may be spectrophotometrically

assessed at 532nm.19 G6PDH was determined by using an enzymatic spectro-

photometric method.20

Statistical analysis
A P-value o0.05 was considered as statistically significant. To compare

means, analysis of variance was used for normally distributed variables and

the Mann–Whitney test for non-normally distributed variables. Previously,

normality of distribution was studied using the Kolmogorow–Smirnoff test.

The SPSS statistical software (SPSS, IBM Company) was used. Data are

expressed as means±s.d. throughout the text.

RESULTS

The studied sample included 277 women with HDP (GH: 85, CH: 88,
preeclampsia: 104) and 62 PCW. General characteristics for the
studied sample are shown in Table 1. Women with CH were older
and had a higher body mass index than the other three groups, but
blood pressure levels were lower and fetal weight at the end of the
pregnancy was higher in CH than in patients with preeclampsia.
Parameters of oxidation and antioxidation are expressed in Tables 2

and 3. Levels of malondialdehyde, catalase, GSSG, GSH and G6PDH
were available only in 185 women (GH 48; CH, 56; preeclampsia 43;
PCW 38). In short, we observed a decreased activity of SOD and an
increased activity of catalase in all HDP as compared with PCW. TAS
levels were lower in CH than in the other groups. Regarding the
glutathione REDOX cycle, GSH levels were lower and in parallel GSSG
levels were higher in all HDP compared with PCW. GPX and GRX

Table 1 Anthropometric characteristics

GH CH PCL CPW P-value

Age (years) 30.3±5.2 31.7±4.0 29.5±6.3 27±7.8 P¼0.04

BMI (kg m�2) 31.1±4.3 32.4±6.8 28.4±5.1 25±5.3 Po0.001

SBP (mm Hg) 151.2±10.1 154.7±18.2 160±16.5 110±16 Po0.001

DBP (mm Hg) 96.4±7.4 98±9.3 101.7±8.7 66.6±11.5 Po0.001

FW (g) 2928±530 3468.7±354 2165.4±857.6 3011±615 P¼0.001

Abbreviations: BMI, body mass index; CH, chronic hypertension; CPW, control pregnant women;
DBP, diastolic blood pressure; FW, fetal weight; GH, gestational hypertension; SBP, systolic
blood pressure; PCL, preeclampsia.
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enzymatic activity levels were higher whereas G6PDH activity was
lower in HDP groups than in PCW. Levels of nitrites/nitrates were
increased in patients with preeclampsia as compared with the other
groups. Finally, although malondialdehyde and ox-LDL levels were
similar among groups, FFA were increased in all HDP as compared
with PCW.

DISCUSSION

Our study shows an important imbalance between markers of
oxidative stress and antioxidant defense systems in a large series of
patients with different hypertensive disorders during pregnancy com-
pared with PCW. This observation is shown by statistically significant
lower levels of SOD, G6PDH, and GSH and higher levels of FFA,
catalase, GPX, GRX and GSSG in hypertensive patients than in PCW.
Nitrites/nitrate levels were elevated in preeclampsia compared with the
other groups. In addition, although ox-LDL levels were not statistically
different among the groups, it tended to be higher in all hypertensive
groups than in PCW. Ox-LDL level is a marker of lipid peroxidation
and its substrate, FFA, was elevated in all hypertensive groups. In
contrast, we did not find any significant difference among groups in
malondialdehyde levels.
The most important finding in our study was the alteration in the

glutathione REDOX cycle not only in preeclampsia but also in all
HDP. We found a significant reduction in GSH and at the same time
an increase in GSSG, leading to a decrease in the GSH/GSSG ratio, and
higher GPX and GRX activities in hypertensive groups compared with
PCW. Diminished glutathione levels have been found previously in
women with preeclampsia and GH.21,22 Regarding GPX, controversial
results have been published; most studies suggest a total enzymatic
activity lower in the placenta, whole blood, plasma and even in
umbilical venous plasma, although any other studies have found
higher levels in whole blood of preeclampsia or in plasma from
patients with HELLP syndrome.3,6,23 The concentration of the specific
GPX types (GPX 1–4) may have a role and explain in part these

different results.3,6 In addition, it is not clear the cause for this
disturbed GPX total activity and a decrease in protein translation or
an increase in protein turnover have been proposed.3

Preeclampsia is partially attributed to lipid peroxidation of the
syncytotrophoblast plasma membranes, and so markers of lipid
peroxidation (such as malondialdehyde or isoprostanes) have been
found to be increased in the plasma of women with preeclampsia in
comparison with normal pregnancy.3,7 An efficient level of GSH is
very important for the antioxidant protection of these membranes.
GSH through its oxidation to GSSG by the enzyme GPX reduces H2O2

and lipid peroxides to water and lipidic alcohols, avoiding the
oxidative damage.6,23,24 Although GSH can be partially recovered by
recycling of GSSG by the action of GRX after an oxidative stress
challenge, this mechanism appears to be of minor importance
compared with GSH production via de novo synthesis.25 In the later
process, a normal level of G6PDH is required; this is the key enzyme in
the pentose phosphate pathway, as it provides the energy that is
needed for GSH synthesis.22 Our results show a decrease in GSH levels
with and increase in GSSG and in GPX and GRX activities in
hypertensive groups; this may be the expression of an increased
oxidative stress leading to depletion of GSH and the consequent
increase in GSSG, that failed to recycle into GSH (even although
GPX and GRX were increased as a compensatory mechanism).
Probably, a part of the generated GSSG can be reduced back to
GSH by the action of GRX, but the rate of GSH oxidation would
exceed the rate of GSSG reduction. In addition, the lower level of
G6PDH in our hypertensive patients supports a lack of synthesis of
GSH as the most important factor in the GSH depletion. These data
have never previously been described in HDP and they do not allow to
establish if the impairment in the glutathione REDOX cycle is the
cause or the consequence of an increased oxidative stress in these
patients.
The noted underactivity of SOD has been previously reported

in patients with preeclampsia, both in placentae and maternal

Table 2 Oxidative markers

GH CH PCL CPW P-value

Ox-LDL (mUml�1) 522.6±399.2 490.4±338.3 504±450.9 335.4±373 NS

FFA (mmol l�1) 514.6±194.6 501.3±197.4 555.2±230.1 351.4±146.1 Po0.000

Nitrites/nitrates (mmol l�1) 25.85±11.8 25±13.1 31.5±15.08 26.8±8.39 P¼0.002

MDAa (nmol l�1) 1.5±0.3 1.6±0.3 1.7±0.5 1.6±0.4 NS

Abbreviations: CH, chronic hypertension; CPW, control pregnant women; FFA, free fatty acids; GH, gestational hypertension; MDA, malondialdehyde; NS, not significant; Ox-LDL, oxidized-LDL;
PCL, preeclampsia.
aN¼185.

Table 3 Antioxidant markers

GH CH PCL CPW P-value

TAS (mmol l�1) 1108.2±105.2 1092.4±88.2 1141.4±123.5 1126±72.9 P¼0.008

GPX (U g�1 Hb) 85.9±22 86.4±20.9 82.1±23.5 77.2±19.7 P¼0.04

GRX (mU g�1 Hb) 6384.3±261.9 6724.6±1154.1 6287.9±1399.9 6044.4±1208.4 P¼0.01

SOD (U g�1 Hb) 964.4±116.5 970±120.4 971.2±137.5 1063.4±133.7 Po0.01

CATa (U mg�1 Hb) 313±71.7 292.2±45.3 297.1±47.2 215.5±26.2 Po0.001

GSSGa (mmol l�1) 185.6±68.9 194.7±75 184.3±78.3 85.1±27.5 Po0.001

GSHa (mmol l�1) 2.6±0.6 2.7±0.8 2.7±0.9 3.3±1.3 P¼0.003

G6PDHa (U g�1 Hb) 8±1.9 8.1±2 8.2±2.1 9.1±2 P¼0.04

Abbreviations: CAT, catalase; CH, chronic hypertension; CPW, control pregnant women; GH, gestational hypertension; GPX, glutathione peroxidase; GRX, glutathione reductase; GSH, reduced
glutathione;GSSG, oxidized glutathione; G6PDH, glucose-6-phosphate dehydrogenase; PCL, preeclampsia; SOD, superoxide-dismutase; TAS, total antioxidant status.
aN¼185.
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blood.23,26 High amounts of H2O2 generated as a consequence of
increased levels of superoxide anion, can promote an increment in
catalase activity that would eliminate the peroxides. The previously
described increment in lipolysis activity in preeclampsia27 is evident in
our study with the significant increase noted in FFA levels in HDP
as compared with PCW; promoted oxidative stress would allow LDL
oxidation. A non-significant elevation of ox-LDL was found in HDP
compared with PCW. A transient disturbance in g-glutamyl-cysteine-
synthetase activity (the enzyme that catalyzes the rate-limiting step of
GSH synthesis) induced by the ox-LDL elevation,25 may also contri-
bute, at least in part, to the diminished enzymatic activity to generate
the novo GSH. Others authors have found high free cysteine concen-
tration in pre-eclampsia and proposed that, because free cystein is
the key amino acid in gluthathion synthesis, this may indicate an
augmented gluthathion turnover to maintain physiological concen-
tration of GSSG.4

Malondialdehyde, the most abundant reactive aldehyde derived of
lipid peroxide breakdown, was one of the first biomarkers found
elevated in preeclampsia.3,28 However, in this study, representing a
large sample of HDP, we did not observe any significant difference in
malondialdehyde levels between hypertensive and normotensive preg-
nant women; published papers have shown different results in this
respect as no significant difference has been described previously29 but
also other authors have found significant higher levels in preeclampsia
compared with control group, with even higher levels when more
severe disease.7 As FFA levels, other important marker of lipid
oxidation, were increased in all hypertensive groups compared with
PCW, it is probable that the lack of differences in malondialdehyde
among the groups could be explained by the small sample in which
this determination was available.
TAS reflects the redox status of the plasma,30 and it has been

described to be decreased in preeclamptic patients compared with
normotensive pregnants.3 Its lower level in CH as compared with the
other studied groups is difficult to explain but may be in relationship
with the chronic condition and longer evolution of CH as compared
with GH or preeclampsia. In CH the disorders in the defense system
may be the consequence of a failure in compensatory mechanisms. In
preeclampsia, the lower fetal weight at birth can be the result of both
fetal growth restriction and preterm delivery; this is well described in
the literature. At the same time, fetal growth restriction may be also
consequence of the increased oxidative stress in those women with
preeclampsia; this has also been suggested in other studies, such as
Fujimaki et al.31 Regarding nitric oxide levels in preeclampsia or in
other hypertensive disorders, the results of different studies are
contradictory; both elevated and diminished levels have been
found.32,33 We found a significant increment in nitrate levels in
preeclampsia and similar levels in the other hypertensive groups
when compared with PCW.
Erythrocyte is one of the most commonly used experimental model

for oxidation/antioxidation process study. SOD is in this context the
main antioxidant-defending enzyme, due to its effect on the super-
oxide ion generated as a consequence of the hemoglobin auto-
oxidation. GPX and GRX, which catalyze the interconversion of
GSSG and GSH, have an important role together with catalase in
the elimination of H2O2 and some other organic peroxides generated
as a consequence of the physiological erythrocyte metabolism.34 The
system with the described enzymes is one of the most relevant
antioxidant physiological mechanisms and can be considered a repro-
ducible marker of the oxidative stress status.35

Finally, although we cannot establish whether the changes we have
observed in our study in antioxidant systems are the causes or the

consequences of the increase in oxidative stress, we think that
our results support the hypothesis that augmented oxidative stress
occurs secondary to a failure of the defending capacity of the main
antioxidant systems. We think that this imbalance may be respon-
sible, at least in part, not only for the pathogenesis of preeclampsia but
also for the other types of HDP. In preeclampsia, these disorders may
be the result of the ‘acute’ development of endothelial dysfunction
following disturbances in placentation and secondary systemic inflam-
matory response, whereas in CH they would more probably be the
consequence of chronic endothelial dysfunction present previously
to pregnancy. We also think that these alterations could be present
even earlier than the disease is clinically evident, and in this way they
could even be used as early biomarkers of future hypertensive
complications of the pregnancy; however, more studies are needed
to assess this subject.
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