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Abstract
In this study, we demonstrated that plasma collected from women who subsequently developed preeclampsia caused
increased heme oxygenase-1 (HO-1) production and decreased levels of nitric oxide (NO) markers in endothelial cells
(HUVECs). Conversely, no changes in HO-1 or NO markers were found when HUVECs were treated with plasma from
women who remained healthy throughout pregnancy. These alterations in HO-1 and NO markers were prevented by
cotreatment with the polyphenol resveratrol, which also improved GSH levels. In addition, we evaluated changes induced by
plasma incubation in the expression of genes and their related pathways associated with antioxidant defenses, such as Nrf2,
ARE activity, and GSR. Collectively, our findings suggest that even before the appearance of clinical symptoms of
preeclampsia, plasma from affected women is able to induce modifications in endothelial cells with respect to HO-1
production and NO markers. We believe that this in vitro strategy may offer an attractive alternative to the exploitation of
candidate markers or screening molecules, such as resveratrol, for the prevention and management of preeclampsia.
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Introduction

Preeclampsia is a pregnancy-related hypertensive disorder
characterized by hypertension after 20 weeks of gestation
accompanied by proteinuria, thrombocytopenia, renal
insufficiency, impaired liver function, pulmonary edema, or
cerebral/visual symptoms [1]. It is a leading cause of
maternal and fetal morbidity and mortality worldwide, and
the only treatment is delivery of the placenta [2–4]. A

common feature in preeclampsia etiology is an oxidative
stress imbalance, which contributes to decreased nitric
oxide (NO) bioavailability and endothelial dysfunction
associated with this syndrome [5–10]. This characteristic
justifies the interest in using antioxidants such as vitamins
and phytochemicals in the prevention or treatment of pre-
eclampsia [7, 11]. However, clinical trials conducted to
verify whether supplementation with antioxidants, such as
vitamin C and E, could reduce the risk of preeclampsia
development have yielded no convincing evidence [12, 13].
Conversely, polyphenol resveratrol has been studied in
preeclampsia [14–18], showing promising results. One
study showed that resveratrol is a safe and effective
adjuvant of oral nifedipine for attenuating hypertensive
symptoms among preeclamptic patients [14], while other
investigations showed that resveratrol can improve tropho-
blast and endothelial dysfunction in human cells [15–18],
suggesting it may have potential in the treatment and pre-
vention of preeclampsia.

Resveratrol is found in a variety of fruits, and its most
common source is the red grape. In addition to being an
antioxidant, resveratrol modulates several targets through
physical interaction or indirect effects, such as activation of
endothelial nitric oxide synthase (eNOS) and the nuclear
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factor-erythroid-derived 2-related factor-2 (Nrf2) [19]. Nrf2
binds to the antioxidant response element (ARE) promoter
sequence, regulating the expression of antioxidant proteins,
including heme oxygenase-1 (HO-1) and glutathione
reductase (GSR), which are able to counter oxidative stress
and balance the redox state in cells [20].

Incubation of endothelial cells with plasma/serum
from preeclamptic women is a well-established in vitro
model of the two stages of preeclampsia that supports
a better understanding of the molecular mechanisms of
endothelial dysfunction in this syndrome [6, 8, 21–23].
Interestingly, plasma from pregnant women collected
early before the development of preeclampsia has been
shown to modulate gene expression in endothelial cells
[24] and impair the endothelial function of myometrial
vessels [25].

In this regard, the present study aimed to investigate the
effect of resveratrol incubated with plasma collected from
women before the development of preeclampsia on mod-
ulating key antioxidant defenses and vasodilator factors,
such as Nrf2, HO-1, GSR, glutathione (GSH), and NO in
endothelial cells. We hypothesized that resveratrol could
reduce oxidative stress by improving these pathways in
endothelial cells even before the manifestation of clinical
symptoms of preeclampsia.

Materials and methods

Study population

This study is part of a broader observational study performed
in two Brazilian cities (Brazilian Ribeirao Preto and São Luis
Birth Cohort Studies - BRISA) [26–28]. The study was
approved by the Institutional Review Board at Ribeirao
Preto Medical School, Brazil (reference 4116/2008, approval
date 11 November 2008), following the principles of the
Declaration of Helsinki, and all subjects gave written
informed consent. A total of 1417 pregnant women at
20–25 weeks of gestation were evaluated at Hospital das
Clinicas of Ribeirao Preto–University of Sao Paulo. Of these
women, 17 did not return, and 460 gave birth in other units.
Of the 940 pregnant women remaining, 30 developed pre-
eclampsia (cases), of which 14 were classified as severe
cases. For this in vitro study, six samples of women who
developed severe preeclampsia and six samples of those
who remained healthy throughout pregnancy (controls)
were randomly selected. Diagnosis and severity criteria of
preeclampsia were defined by the American College of
Obstetricians and Gynecologists [1]. Maternal venous blood
samples were collected in tubes containing EDTA. The tubes
were rapidly centrifuged (1000 × g for 3 min) at room tem-
perature, and plasma samples were stored at −80 °C.

Cell culture, plasma incubation, and trans-
resveratrol intervention

Human umbilical vein endothelial cells (HUVEC)
(CRL 2873, American Type Culture Collection (ATCC),
VA, USA) were cultured in DMEM (Gibco, CA, USA)
supplemented with 10% (v/v) fetal calf serum (FCS)
(Gibco), 50 μg/ml penicillin, 50 μg/ml streptomycin, and
0.5 μg/ml amphotericin B (Gibco) at 37 °C in an incubator
with a 5% CO2 atmosphere. After reaching 80–90% con-
fluence, HUVECs were incubated in medium containing
10% (v/v) plasma from case and control patients and 1 μM
of trans-resveratrol (Cayman Chemical®, MI, USA), the
most predominant isoform responsible for many health
benefits [29, 30], or the vehicle DMSO (Sigma-Aldrich®,
Poole, UK) for 24 h in an incubator. The concentration of 1
μM was chosen based on literature research from studies
using resveratrol in HUVECs [31–33]. Cells were used until
the eighth passage.

Cell viability

After 24 h of plasma incubation from cases and controls in
the presence or absence of trans-resveratrol in HUVECs,
cell viability was assessed using a 3-(4,5-dimethylthiazol2-
yl)−2,5-diphenyltetrazolium (MTT) assay as described
previously [34]. MTT is reduced to blue formazan crystals
by metabolically active cells. MTT solution (0.5 mg/ml
PBS) (Sigma-Aldrich) was added to a 96-well plate, and the
plate was incubated in the incubator for 3 h. Then, the MTT
solution was removed, and DMSO (Sigma-Aldrich®) was
added for 10 min. The optical density was measured at 570
nm on a multifunctional plate reader (Synergy 4, BioTek,
VT, USA). DMSO alone was used as a blank. Each sample
was performed in triplicate. Viability was compared to
the control (untreated cells with vehicle DMSO, 100%
viability).

Messenger RNA expression by qPCR

Total RNA from HUVECs incubated with plasma from
cases and controls in the presence or absence of trans-
resveratrol was isolated using a miRNeasy Micro Kit
(Qiagen, Leusden, Netherlands) according to the manu-
facturer’s protocol. Isolated RNA from the samples was
quantified using a NanoDrop Spectrophotometer (Thermo
Scientific, MA, USA) and was consistently found to be
pure. RNA was transcribed into cDNA using a High-
Capacity cDNA Reverse Transcription Kit (Life Technol-
ogies, ON, Canada) according to the manufacturer’s pro-
tocol. qPCR was performed using Luna Universal qPCR
Master Mix (New England BioLabs®, MA, USA). Each
reaction contained 5 μL Luna Universal qPCR Master Mix,
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100 nM of each primer (forward and reverse), 5 μL of
cDNA (6.5 ng/μL), and a variable amount of nuclease-free
water to yield a final volume of 10 μL. The following genes
were analyzed: NFE2L2, HMOX1, GSR, and HPRT1.
KiCqStart™ SYBR® Green Primers of the mentioned genes
were purchased from Sigma-Aldrich. The HPRT1 gene was
chosen as an endogenous control because it was the
gene most stable in our samples according to the previous
study [20]. Thermal cycling was performed under the fol-
lowing conditions: 1 min at 95 °C, 40 two-step cycles of
15 s at 95 °C and 60 s at 60 °C, and a final step for the
dissociation curve. Relative expression was calculated using
the comparative 2 (-Delta C(T)) method [35]. All PCRs
were performed in duplicate for each sample.

Measurement of nuclear Nrf2

HUVECs were seeded into 25 cm2 bottles at a con-
centration of 0.7×106 cells. After reaching confluence
and receiving the plasma and resveratrol intervention,
the nuclear extract was separated and collected using
a Nuclear Extraction Kit (Cayman Chemical®), according
to the manufacturer’s protocol. Nrf2 quantification in
the nuclear extract was assessed by ELISA using a Nrf2
Transcription Factor Assay Kit (Cayman Chemical®).
First, samples and controls were added to a 96-well plate
for overnight incubation. The next day, the plate was
washed five times with wash buffer and incubated with a
primary antibody for 1 h. Washes were repeated, and the
second antibody was incubated for 1 h. After incubation,
the washes were repeated, and a developing solution was
added for 45 min under gentle agitation and protected
from light. Then, stop solution was added, and the plate
was read at 450 nm in a spectrophotometer (Synergy 4,
BioTek®).

Antioxidant response element activation analyzed
by a luciferase reporter assay

Antioxidant response element (ARE) activation was verified
using an ARE Reporter Kit (BPS Bioscience, CA, USA). In
brief, HUVECs were seeded at a concentration of 1×104

cells per well into a white 96-well plate. After reaching
confluence, cells were transfected using Lipofectamine®
2000 (Thermo Scientific) with the ARE reporter or negative
control reporter for 12 h. Then, the cells were incubated
with plasma samples from the control and case groups and
in the presence or absence of resveratrol. After 24 h of
incubation, luminescence was measured in a multi-
functional plate reader (Synergy 4, BioTek®) using the
Dual-Glo® Luciferase Assay System (Promega, WI, USA).
Trans-resveratrol was added at a concentration of 1 μM for
24 h (fold=1) as a positive control.

Measurement of HO-1 concentrations

HO-1 concentrations in cell supernatants were measured
using the enzyme-linked immunosorbent assay kit Human
Total HO-1/HMOX1 ELISA (R&D Systems, MN, USA)
according to the manufacturer’s protocol. In brief, 50 μL of
capture antibody was added to a half area of a 96-well plate
and incubated overnight. Then, the plate was washed three
times with washing buffer, and 50 μL of blocking buffer
was added for 1–2 h. Washes were repeated, and 50 μL of
standards and samples were added for 2 h. After incubation,
the washes were repeated, and 50 μL of the detection
antibody was added and incubated for 2 h. After the washes,
50 μL of streptavidin-HRP was added and incubated for
20 min. Then, final washes were performed, and 50 μL of
substrate solution was added and incubated for more than
20 min; 25 μL of stop solution was added, and the plate was
read at 450 nm in a spectrophotometer (Synergy 4, Bio-
Tek®). A standard curve was generated by the incubation of
HO-1 solutions (156.25–100,00 pg/mL) with the previous
reagents. The HO-1 concentration is expressed in pg/mL.

Measurement of nitrite by a Griess assay

Nitrite levels were assessed in the cell supernatants using
Griess reagents [36]. In brief, 50 μL of each sample was
added to a 96-well plate with 50 μL of 1% sulfanilamide
solution in 5% phosphoric acid for 10 min protected from
light. Then, 50 μL of 0.1% N- (1-naphthyl)-ethylenediamine
dihydrochloride solution was added and incubated for 10
min. The plate was read at 540 nm in a spectrophotometer
(Synergy 4, BioTek®). A standard curve was generated by
incubation of nitrite solutions (0.39–50 μM) with the pre-
vious reagents. The nitrite concentration is expressed in μM.
Each sample was performed in duplicate.

Measurement of glutathione levels

Total GSH levels were measured in cell lysates using
a Glutathione Colorimetric Detection Kit (Invitrogen,
MD, USA) according to the manufacturer’s protocol.
For this assay, plasma samples from each group were
pooled and incubated in HUVECs in a 12-well plate.
In brief, 50 μL of each sample was added to a half-area
96-well plate with 25 μL of Colorimetric Detection
Reagent and 25 μL of Reaction Mixture. Then, the
plate was incubated at room temperature for 20 min. The
plate was read at 405 nm in a spectrophotometer (Synergy
4, BioTek®). A standard curve was generated by the
incubation of oxidized glutathione standard solutions
(0.78–25 μM) with the previous reagents. GSH levels
are expressed in μM. Each sample was performed in
duplicate.
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Measurement of intracellular ROS levels

The levels of intracellular ROS levels were evaluated
by measuring the fluorescence of 2,7-dichlorodihydro-
fluorescein diacetate (DCFH-DA) (Cayman Chemical®).
DCFH-DA is deacetylated by cellular esterases to a non-
fluorescent compound, which is later oxidized by ROS into
the highly fluorescent compound 2,7-dichlorofluorescein
(DCF). In brief, after 24 h of plasma and trans-resveratrol
incubation, HUVECs in a 96-well plate were incubated with
25 μM of DCFH-DA in PBS for 45 min in an incubator.
Fluorescence was read on a multifunctional plate reader
(Synergy 4, BioTek®) using excitation and emission
wavelengths of 502 and 523 nm, respectively. Tert-butyl-
hydroperoxide solution (Sigma-Aldrich®) at 250 μM for 2 h
was used as a positive control. Each sample was performed
in duplicate.

Statistical analysis

For comparison between the case and control groups, t-tests
were performed, and for comparison within each group
between the presence and the absence of trans-resveratrol, we
applied a t-test. These statistical analyses were performed

using GraphPad Prism 5.0 (GraphPad Software, CA, USA).
For all tests, a p value ≤0.05 (two-tailed) was considered
significant.

Results

The study workflow is shown in Fig. 1. The clinical char-
acteristics of the women enrolled in the study are shown in
Table 1. At the time of blood collection, all the clinical
characteristics were similar between the groups. In the case
group, the gestational age (GA) at delivery was significantly
lower than that for controls.

First, we verified the cell viability of HUVECs incubated
with plasma from the control group (those who remained
healthy throughout pregnancy) and the case group (pregnant
women who developed preeclampsia), in the absence (−R)
and presence (+R) of 1 μM trans-resveratrol. No significant
differences in cell viability among groups were found,
independently of the addition of resveratrol (all p > 0.05).

Next, we verified the gene expression of NFE2L2,
HMOX1, and GSR in HUVECs (Fig. 1). For NFE2L2
(Fig. 2a) and HMOX1 expression (Fig. 2b), there was no
significant difference between the groups, and resveratrol

Fig. 1 Schematic diagram of the
study workflow
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did not alter the expression. Regarding GSR expression
(Fig. 2c), there was no difference between the groups, and
resveratrol significantly decreased the expression only in the
control group. Moreover, HMOX1 and GSR expression was

higher in the case group with resveratrol than in controls
receiving the same treatment.

To examine the Nrf2 pathway, Nrf2 expression in the
nucleus (Fig. 3a) and ARE activity (Fig. 3b) were assessed.
Plasma from the case group did not alter Nrf2 expression or
ARE activity compared with that in the controls; however,
resveratrol increased the Nrf2 activity by ~15% and the
ARE activity by ~72% only in the control group.

The HO-1 concentration in the cell supernatant (Fig. 4a)
was increased ~2.4-fold in cultures incubated with plasma
from the case group compared with that in the control.
Furthermore, in the case group, resveratrol decreased the
HO-1 concentration by ~15%, but this concentration did not
change in the control group. In the case group treated with
resveratrol, we observed a higher HO-1 concentration than
that in the controls with the same treatment.

The nitrite level (Fig. 4b) was significantly decreased by
~25% in the case group compared with that in the control.
However, only in the case group was resveratrol able to
increase the nitrite levels.

Fig. 2 Relative expression of the genes NFE2L2 (a), HMOX1 (b), and
GSR (c) in HUVECs. HUVECs were incubated with 10% (v/v) plasma
samples from pregnant women who subsequently developed pre-
eclampsia (case) and who remained healthy during gestation (control)
(n= 6 per group) for 24 h in the absence (−R) and presence of trans-
resveratrol (+R) at 1 μM. Resveratrol significantly decreased GSR

expression in the control group. HMOX1 and GSR expression was
higher in the case group with resveratrol than in the controls with the
same treatment. DMSO was used as a vehicle for trans-resveratrol.
Values were normalized using HPRT1 as an endogenous control.
Values are expressed as the mean ± S.E.M. #p ≤ 0.05 vs. respective
group –R; †p ≤ 0.05 vs. control group+R

Fig. 3 Nrf2 expression in the nucleus (a) and ARE activity (b).
HUVECs were incubated with 10% (v/v) plasma samples from preg-
nant women who subsequently developed preeclampsia (cases) and
who remained healthy during gestation (controls) (n= 6 per group) for
24 h in the absence (−R) or presence of trans-resveratrol (+R) at 1

μM. Resveratrol increased Nrf2 expression and ARE activity only in
the control group. DMSO was used as a vehicle for trans-resveratrol.
Values are expressed as the mean ± S.E.M. #p ≤ 0.05 vs. respective
group –R

Table 1 Clinical characteristics of pregnant women enrolled in the
study

Parameters Controls Cases

GA at sampling (weeks) 23 ± 2 23 ± 2

Maternal age (years) 28 ± 5 28 ± 4

BMI (kg/m²) 28 ± 4 30 ± 6

SBP at sampling (mmHg) 104 ± 6 118 ± 1

DBP at sampling (mmHg) 64 ± 4 77 ± 15

GA at delivery (weeks) 39 ± 3 36 ± 2*

Newborn weight (g) 3413 ± 252 2665 ± 532

Values are the means ± S.D.

GA gestational age, BMI body mass index, SBP systolic blood
pressure, DBP diastolic blood pressure

*P < 0.05 vs controls
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We also investigated the total GSH concentration in cell
lysates (Fig. 4c). There was no significant difference
between the control and case groups in the absence of
resveratrol. Resveratrol increased the GSH concentration in
the case group but not in the control group.

Intracellular ROS levels (Fig. 4d) were not significantly
different between groups, and the addition of resveratrol did
not alter ROS levels. The positive control was 4.45 ±
0.23 square root of fluorescence intensity ×103.

Discussion

In this study, we showed for the first time that (1) plasma
collected from women who subsequently develop pre-
eclampsia (case group) was able to increase HO-1 produc-
tion and decrease NO markers in HUVECs, while (2) no
changes in HO-1 or NO markers were found when
HUVECs were treated with plasma from women who
remained healthy throughout pregnancy (control). (3) These
alterations in HO-1 and NO markers were prevented by
cotreatment with polyphenol resveratrol, which was fol-
lowed by an improvement in GSH levels. In addition, we

found that resveratrol increased NRF2 expression and ARE
activity in cells incubated with plasma from controls but not
from cases. Moreover, in the case group, resveratrol
increased the gene/protein expression of HO-1 and GSR
expression compared with that in the control group with the
same treatment. Collectively, these findings suggest that
even before the appearance of clinical symptoms of pre-
eclampsia, plasma from the women is able to induce
modifications in endothelial cells through these mechanisms
and that resveratrol is able to prevent this induction.

HO-1 catalyzes heme degradation into carbon mon-
oxide, free iron, and biliverdin and is further degraded
to bilirubin, which has antioxidative properties. Recently,
the role of HO-1 has been studied in preeclampsia [37–39].
HO-1 inhibition stimulated soluble fms-like tyrosine
kinase-1 (sFlt-1) and soluble endoglin (sEng) production
in endothelial cells; both of these antiangiogenic markers
are implicated in preeclampsia pathophysiology [39]. We
showed that plasma from the case group stimulated HO-1
production by HUVECs, and because we used an
immortalized healthy cell line, this finding may reflect a
protective mechanism of these cells against circulating
factors, including oxidative stress inducers, even before

Fig. 4 HO-1 levels (a) and nitrite concentration (b) in cell super-
natants, total GSH in cell lysates (c) and intracellular ROS levels (d).
HUVECs were incubated with 10% (v/v) plasma samples from preg-
nant women who subsequently developed preeclampsia (cases) and
who remained healthy during gestation (controls) (n= 6 per group) for
24 h in the absence (−R) or presence of trans-resveratrol (+R) at 1
μM. For ROS levels, the mean and standard error for the positive
control was 4.45 ± 0.23 square root of fluorescence intensity ×103.

Plasmas from the case group increased the HO-1 concentration and
decreased the nitrite levels compared with those in the controls.
Resveratrol decreased the HO-1 concentration and increased the nitrite
and glutathione levels in the case group. The HO-1 concentration was
higher in the case group with resveratrol than in the controls with the
same treatment. DMSO was used as a vehicle for trans-resveratrol.
Values are expressed as the mean±S.E.M. *p ≤ 0.05 vs. control –R;
#p ≤ 0.05 vs. respective group –R; †p ≤ 0.05 vs. control group+R
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development of the syndrome. Indeed, studies have
already shown that oxidative stress markers, such as
malondialdehyde (MDA) and oxidized low-density lipo-
protein (oxLDL), are increased in serum collected in the
first trimester from women who develop preeclampsia
[40–42]. In our study, we did not observe a difference in
ROS production by cells incubated with plasma from the
case group compared with that in the control group, which
also suggests that a protective mechanism might occur,
probably by HO-1 induction and not by glutathione, as
we observed. As mentioned before, we used an immorta-
lized healthy cell line of HUVECs, which is a limitation
of the study since it is known that even before pre-
eclampsia development, the maternal endothelium is
already impaired [43, 44].

It is well known that in preeclampsia, NO bioavailability
is deficient and contributes to development of the hyper-
tension characteristic of this syndrome [45–48]. More
interestingly, in serum/plasma from women in the first tri-
mester of pregnancy, before the manifestation of the clinical
symptoms of preeclampsia, the NO concentration was
decreased compared with that in healthy controls during the
first trimester of pregnancy [45, 49]. Our in vitro results also
demonstrated that the NO concentration was decreased in
endothelial cell supernatants incubated with plasma from
the case group compared with the control group. The
mechanisms involved in this decrease could be as follows:
(1) the presence of ROS in plasma from these women,
which could scavenge NO; [7] (2) an antiangiogenic factor,
such as sFlt-1 and sEng, which is elevated in serum from
women before preeclampsia development [50, 51] and
could inhibit NO formation [48] and (3) asymmetric
dimethylarginine (ADMA), an endogenous inhibitor of
nitric oxide synthase that is also elevated before pre-
eclampsia development [52].

As a potent antioxidant with several targets, resveratrol
has been extensively studied as a possible therapeutic tool
and for the prevention of cancer [53], diabetes [54],
obesity [55], cardiovascular diseases [56], and disorders
in pregnancy [57–59]. For instance, perinatal resveratrol
supplementation is able to prevent the development of
hypertension and improve vascular function in adult
spontaneously hypertensive rat offspring [60]. Roberts
et al. [61]. demonstrated that resveratrol use during
pregnancy in nonhuman primates improves some maternal
factors (maternal weight loss, improved glucose tolerance,
increased uterine artery blood flow volume, and decreased
placental inflammation, and liver triglyceride deposition);
however, resveratrol enlarged the fetal pancreatic mass
by 42%. This finding raises concerns for resveratrol
use by pregnant women; nonetheless, it is difficult to
know if this effect would occur in humans, as noted by
Hannan et al. [16].

In preeclampsia, although the results might be promising,
few studies have investigated the role of resveratrol [14–
18], and to the best of our knowledge, no study has focused
on prevention. Our findings showed that the addition of
resveratrol incubated with plasma from the case group
decreased the HO-1 concentration and increased the NO
and GSH concentrations. In fact, it was demonstrated in
endothelial cells with an oxidative environment that
resveratrol is able to increase NO bioavailability [19] and
stimulate antioxidant defenses [62, 63], such as the GSH
content. Regarding the decrease in the HO-1 concentration
caused by resveratrol, we suggest that since resveratrol can
modulate targets directly and activate other protective
mechanisms, HO-1 induction was probably not triggered.
We also found that resveratrol did not induce Nrf2 activa-
tion to the nucleus or ARE activity in the case group, which
supports this hypothesis. In the control group, resveratrol
was able to activate Nrf2 and ARE; however, these acti-
vations did not alter the HO-1 concentration. In the current
study, we also observed that resveratrol incubated with
plasma from the case group increased the gene and protein
expression of HO-1 and GSR compared with that in controls
with the same treatment. ROS levels were not altered by
resveratrol in either group, which was not expected as it is
well established that resveratrol scavenges ROS [64]. As a
limitation of our study, this lack of a difference may be due
to the low concentration of resveratrol that was used and/or
the fact that the time of incubation was not enough to evi-
dence this difference.

In conclusion, plasma from women who subsequently
develop preeclampsia appears to contain factors that lead to
alterations in HO-1 and NO markers in endothelial cells.
Moreover, we showed that resveratrol was able to increase
NO and GSH levels when incubated with plasma from these
women. We believe that the understanding of these early
events using our in vitro strategy may offer an attractive
alternative to exploiting candidate markers for the preven-
tion and management of preeclampsia, as we have
demonstrated for resveratrol in the present study.
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