Pregnancy Hypertension: An International Journal of Women’s Cardiovascular Health 23 (2021) 205-210

Contents lists available at ScienceDirect

Pregnancy Hypertension: An International
Journal of Women's Cardiovascular Health

ELSEVIER

journal homepage: www.elsevier.com/locate/preghy

Check for

Resveratrol and grape juice: Effects on redox status and nitric oxide e
production of endothelial cells in in vitro preeclampsia model

Mayara Caldeira-Dias “, Sarah Viana-Mattioli “, Jackeline de Souza Rangel Machado b
Mattias Carlstrom ¢, Ricardo de Carvalho Cavalli®, Valéria Cristina Sandrim *
@ Department of Pharmacology, Institute of Biosciences of Botucatu, Sao Paulo State University (UNESP), Distrito Rubiao Junior, Botucatu, Sao Paulo 18680-000, Brazil

b Department of Gynecology and Obstetrics, Faculty of Medicine of Ribeirao Preto, University of Sao Paulo (USP), Ribeirao Preto, Sao Paulo 14049-900, Brazil
¢ Department of Physiology and Pharmacology, Karolinska Institutet, Stockholm 17177, Sweden

ARTICLE INFO ABSTRACT

Keywords:
Endothelial cells
Grape juice

Preeclampsia (PE) is a hypertensive disorder of pregnancy and it is one of the main causes of maternal and fetal
morbidity and mortality worldwide. It is known that oxidative stress plays a role in its pathophysiology, therefore
we investigated the effects of trans-resveratrol, a potent antioxidant, on the Nrf2/ARE pathway, nitric oxide (NO)

Plasma . production, and reactive oxygen species (ROS) levels in an in vitro model of PE. Plasma from PE patients
Preeclampsia N e . . fe
Resveratrol increased ARE activity in endothelial cells compared with plasma from healthy pregnant (HP), and the addition

of resveratrol was able to potentiate this increase only in PE. Resveratrol also decreased ROS levels in the cells
incubated with plasma from PE. Based on these results, we performed a pilot clinical study to compare the effects
of serum from PE women before and 1 h after ingestion of polyphenol-rich whole red grapefruit juice incubated
on endothelial cells, since grapefruit contains large amounts of resveratrol. Serum from PE patients, obtained one
hour after juice intake, decreased antioxidants markers in cells compared with the serum before juice intake,
besides, it increased NO production. In conclusion, resveratrol and polyphenol-rich red grape juice have
potentially beneficial effects on endothelial cells incubated with PE plasma/serum, which could aid in the
management of PE.

1. Introduction

Preeclampsia (PE) affects 3-8% of pregnancies and is one of the main
causes of maternal and fetal morbidity and mortality worldwide [1,2].
This multisystemic syndrome is characterized by hypertension after 20
weeks of gestation accompanied by proteinuria or other systemic al-
terations, such as thrombocytopenia, renal insufficiency, impaired liver
function, pulmonary edema, or cerebral/visual symptoms [3]. There is
no treatment, apart from the early delivery of the placenta [2]. The
pathophysiology of PE is complex and is still not fully elucidated,
however it is generally agreed that oxidative stress plays a role,
contributing to the endothelial dysfunction and clinical manifestation of
this syndrome [4]. Therefore, antioxidants, such as resveratrol, have

been extensively studied to verify if they could reduce the risk and aid in
the management of [5-7]. Studies showed that resveratrol can improve
trophoblast and endothelial dysfunction in human cells [8-10] and itis a
safe and effective adjuvant of oral nifedipine to attenuate hypertensive
symptoms among PE patients [7], suggesting its potential to assist the
treatment of PE.

Resveratrol is a polyphenolic compound present in a variety of fruits,
mostly in red grapes. It is an antioxidant that directly scavenges free
radicals and also modulates several targets, such as activation of endo-
thelial nitric oxide synthase (eNOS), increasing nitric oxide (NO) pro-
duction, and the nuclear factor-erythroid-derived 2-related factor-2
(Nrf2) [11]. Nrf2 binds to the antioxidant response element (ARE)
promoter sequence, upregulating the expression of antioxidant proteins,

Abbreviations: ARE, antioxidant response element; DAF-2, diaminofluorescein; DBP, diastolic blood pressure; DCFH-DA, dichlorodihydrofluorescein diacetate;
eNOS, endothelial nitric oxide synthase; GA, gestational age; GPX, glutathione peroxidase; GSH, glutathione; GSR, glutathione reductase; HO-1, heme oxygenase-1;
HP, healthy pregnant; HUVEC, human umbilical vein endothelial cells; L-NAME, N"-nitro-L-arginine methyl ester; miRNA, microRNA; MTT, 3-(4,5-dimethylthiazol2-
yD—2,5-diphenyltetrazolium; NA, not applicable; NO, nitric oxide; Nrf2, nuclear factor-erythroid-derived 2-related factor-2; PE, preeclampsia; ROS, reactive oxygen

species; SBP, systolic blood pressure.
* Corresponding author.
E-mail address: valeria.sandrim@unesp.br (V.C. Sandrim).

https://doi.org/10.1016/j.preghy.2021.01.001

Received 1 June 2020; Received in revised form 11 January 2021; Accepted 16 January 2021

Available online 21 January 2021

2210-7789/© 2021 International Society for the Study of Hypertension in Pregnancy. Published by Elsevier B.V. All rights reserved.


mailto:valeria.sandrim@unesp.br
www.sciencedirect.com/science/journal/22107789
https://www.elsevier.com/locate/preghy
https://doi.org/10.1016/j.preghy.2021.01.001
https://doi.org/10.1016/j.preghy.2021.01.001
https://doi.org/10.1016/j.preghy.2021.01.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.preghy.2021.01.001&domain=pdf

M. Caldeira-Dias et al.

including heme oxygenase-1 (HO-1) and glutathione reductase (GSR),
and hence, countering oxidative stress and balancing the redox state in
cells [12]. Interestingly, studies have shown that consumption of deal-
coholized red wine and polyphenol-rich juices, such as grape juice,
decreased blood pressure levels in humans [13,14]; however, to our
knowledge, no study has focused on PE.

Progressively studies have shown the role of microRNAs (miRNAs) in
the regulation of cellular redox, modulating the expression of genes
associated with the Nrf2 pathway [15]. MiRNAs are small endogenous
non-coding RNAs (18-24 nucleotides) that post-transcriptionally regu-
late gene expression resulting in the repression of protein expression
[16]. Changes in the expression profile of miRNAs have been found in
placental tissue and plasma/serum from PE women, suggesting a role of
miRNAs in PE [17,18]. Besides, several studies have shown that
resveratrol modulates miRNAs in human diseases [19], however
apparently there is no study regarding PE.

Incubation of endothelial cells with plasma/serum from PE women is
a well-established in vitro model that mimics one of the two-stages of PE,
allowing the comprehension of molecular mechanisms regarding
endothelial dysfunction in this syndrome [20-22].

In light of these findings, this study aimed to verify whether
resveratrol could activate the Nrf2 pathway, induce the expression of
antioxidant molecules and NO production, and reduce ROS in an in vitro
model of PE. Also, we examined whether PE serum collected after grape
juice intake incubated in endothelial cells could modulate those factors.

2. Materials and methods

More details for Materials and Methods in the online Supplementary
Material.

2.1. Samples of in vitro studies using trans-resveratrol

For in vitro studies, eight PE women (PE) and four healthy pregnant
(HP) were recruited from the ambulatory clinic at Hospital das Clinicas
Faculdade de Medicina de Ribeirao Preto da Universidade de Sao Paulo
(HCFMRP-USP). This sample size is considered sufficient for the in vitro
model used, as observed in previous studies [20,21,23]. The study was
approved by the Institutional Review Board at Ribeirao Preto Medical
School, Brazil (reference 4682/2006, approved date June 20, 2006),
following the principles of the Declaration of Helsinki, and all subjects
gave written informed consent. Diagnosis criteria of PE were defined by
the American College of Obstetricians and Gynecologists (ACOG) [3].
Exclusion criteria included twin pregnancy, chronic hypertension, he-
mostatic abnormalities, diabetes mellitus, fetal abnormalities, cancer,
and cardiovascular, autoimmune, renal, and hepatic diseases. Maternal
venous blood samples were collected in tubes containing heparin,
rapidly centrifuged (1000g for 10 min) at room temperature and plasma
samples were stored at —70 °C.

2.2. Pilot clinical study using red grape juice

For this pilot study, four PE patients recruited at HCFMRP-USP were
consented to drink 200 mL of a commercial organic whole red grape
juice (Carraro, RS, Brazil). The study was approved by the Institutional
Review Board at Ribeirao Preto Medical School, Brazil (process number
2.602.100/2018, approved date April 16, 2018). PE was diagnosed ac-
cording to ACOG guidelines [3]. Exclusion criteria included smokers,
chronic alcohol consumption, pre-gestational obesity (BMI > 30),
gestational diabetes and diabetes mellitus, dyslipidemia, cardiovascular
and inflammatory diseases, and cancer. Before grape juice intake,
women were in a fast period of approximately 12 h. Before grape juice
intake (0 h) and after 1 h (1 h), venous blood samples were collected in
tubes with clot activator gel, which were rapidly centrifuged (1000g for
10 min) at room temperature. Serum was collected after 1 h of grape
juice intake based on a previous study showing that this period was the
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peak absorption of polyphenols [24]. Serum samples were stored at
—70 °C for in vitro assays.

2.3. Cell culture, plasma/serum incubation, and trans-resveratrol
intervention

Human umbilical vein endothelial cells (HUVEC) (CRL 2873,
American Type Culture Collection (ATCC)) were cultured until reaching
80-90% of confluence. HUVEC were incubated in supplemented DMEM
with 10% (v/v) plasma from PE or HP and 1 pM of trans-resveratrol or
the vehicle DMSO in the incubator for 24 h. For trans-resveratrol
intervention in the in vitro studies, the concentration of 1 pM was cho-
sen based on previous studies using trans-resveratrol in vitro, including
one of our group [23,25,26]. HUVEC were also incubated with 10% (v/
v) serum from PE at 0 h (before grape juice intake) and 1 h (after grape
juice intake) for 24 h. Cells were used until passage 8.

2.4. Cell viability by MTT assay

Cell viability was performed using the 3-(4,5-dimethylthiazol2-yl)-
2,5-diphenyltetrazolium (MTT) assay as described previously [27].
Viability was compared to control (untreated cells with vehicle DMSO,
100% viability). Each sample was performed in triplicate.

2.5. Messenger RNA expression by qPCR

Total RNA from HUVEC incubated with plasma from PE and HP in
the presence or absence of trans-resveratrol was isolated according to
the manufacturer’s protocol. Isolated RNA was consistently found to be
pure. RNAs were transcribed into cDNA according to the manufacturer’s
protocol. gPCR reaction was performed using SYBR Green. The analyzed
genes were: NFE2L.2, HMOX1, and HPRT1. According to a previous study
[21], HPRT1 was selected as an endogenous control because it was the
gene most stable in our samples. Relative quantification was calculated
using the comparative 2(—Delta C(T)) method [28]. PCR reactions were
performed in duplicate for each sample.

2.6. miRNA selection and expression by qPCR

miRNAs from the let-7 family (a, b, and c) were selected as they
target the mRNA of the NFE2L2 gene, based on bioinformatics analysis
using two databases (Microrna.org [29] and miRWalk 2.0 [30]). Those
miRNAs are expressed in HUVEC [31]. From the same isolated RNA used
for messenger RNA expression, reverse transcription (RT) was per-
formed according to the manufacturer’s protocol. QPCR reaction was
performed using SYBR Green. Relative quantification was calculated
using the comparative 2(—Delta Delta C(T)) [28] and normalization was
performed to U6 snRNA. PCR reactions were performed in duplicate for
each sample.

2.7. Measurement of HO-1 concentrations

HO-1 quantification in cell supernatants was accessed using enzyme-
linked immunosorbent assay kit Human Total HO-1/HMOX1 ELISA
(R&D Systems, MN, USA), according to the manufacturer’s protocol.
Optical density was determined at 450 nm in the spectrophotometer. A
standard curve was generated by incubation of HO-1 solutions
(156.25-10,000 pg/mL). Each sample was performed in duplicate.

2.8. Measurement of intracellular NO

Quantification of intracellular NO was accessed by measuring the
fluorescence of 4,5-Diaminofluorescein (DAF-2) diacetate. The fluores-
cence signal was measured (excitation 495 nm, emission 535 nm) and
expressed as arbitrary units. Each sample was performed in duplicate.
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2.9. Glutathione quantification

Total glutathione (GSH) quantification was performed in cell lysates
using the Glutathione Colorimetric Detection Kit according to the
manufacturer’s protocol. Optical density was determined at 405 nm in
the spectrophotometer. A standard curve was generated by incubation of
oxidized glutathione standard solutions (0.78-25 pM). Each sample was
performed in duplicate.

2.10. Measurement of intracellular ROS

Quantification of intracellular ROS was accessed by measuring the
fluorescence of 2,7-Dichlorodihydrofluorescein diacetate (DCFH-DA).
Fluorescence was determined using wavelengths of 502 nm of excitation
and 523 nm of emission in a multifunctional plate reader. Tert-Butyl
hydroperoxide solution at 250 pM for 2 h was used as a positive con-
trol. Each sample was performed in duplicate.

2.11. Antioxidant response element (ARE) activation by luciferase
reporter assay

ARE activation was accessed using ARE Reporter Kit (BPS Bioscience,
CA, USA). HUVEC were seeded into a white 96-well plate at a concen-
tration of 1 x 10* cells per well in a final media volume of 100 pL. On the
next day, cells were transfected using Lipofectamine® 2000 (Thermo
Scientific) with ARE reporter or negative control reporter for 12 h. After
transfection, cells were treated with plasmas in the presence or absence
of 1 uM trans-resveratrol or serum from the groups for 24 h. For
detecting the luciferase expression after the treatment, the Dual-Glo®
Luciferase assay system (Promega, WI, USA) was used and luminescence
was measured in a multifunctional plate reader (Synergy 4, BioTek®).
The positive control was considered the addition of trans-resveratrol at
1 uM for 24 h (fold = 1).

2.12. Statistical analysis

Parametric t-tests were performed for comparisons between HP and
PE groups, and comparison between O h and 1 h (after grape juice
intake) groups. Paired t-test was performed for comparison within HP
and PE groups between the presence and the absence of trans-
resveratrol. GraphPad Prism 5.0 (GraphPad Software, CA, USA) was
used for these analyses. Gene and miRNA expression data were analyzed
using the GeneGlobe Data Analysis Center (Qiagen®) online platform. P-
value <0.05 (two-tailed) was considered significant.

3. Results

The study design and workflow are shown in Fig. S1. Clinical char-
acteristics of women whose plasma samples were collected and used to
perform the study with resveratrol are shown in Table 1. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were significantly
increased in the PE group compared with the HP group. The gestational
age (GA) at delivery was significantly lower in PE compared with HP.

We did not observe a significant difference in cell viability between
HP and PE and the addition of resveratrol did not change the viability of
all cultures (all p > 0.05, Fig. S2).

We observed no significant difference in both gene expressions
(NFE2L2 and HMOX1, Fig. S3A and B, respectively) and miRNAs (let-7a,
b, and ¢, Fig. S3C, D, and E, respectively) expressions in HUVEC incu-
bated with plasma from HP and PE, and resveratrol did not alter those
expressions in either the groups. To validate the effects of resveratrol
alone, resveratrol without plasma was incubated in the cells and we
observed increased 1.5 and 7.9-fold the expression of NFE2L2 and
HMOX1, respectively, compared with only cells (data not shown).

HO-1 levels in cell supernatant (Fig. 1A) were not significantly
different between the groups and resveratrol did not alter the
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Table 1

Clinical characteristics of pregnant enrolled in the study.
Parameters HP (n = 4) PE (n = 8)
GA at sampling (weeks) 36 £1 35+2
Maternal age (years) 2443 26+ 3
BMI (kg/m?) 28+3 30+3
SBP at sampling (mmHg) 110+ 7 133 £ 4*
DBP at sampling (mmHg) 73+5 86 + 3*
GA at delivery (weeks) 40 +1 35 + 2%
Newborn weight (g) 2945 £ 135 2513 + 419
Antihypertensive drugs at blood collection’
a-Methyldopa (%) NA 75
Nifedipine (%) NA 12.5
Hydralazine (%) NA 12.5

Values are the means + S.D. or percentage. GA, gestational age; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NA, not
applicable. *P < 0.05 vs controls.

1 All PE patients were under antihypertensive drug treatment.

concentrations. However, when we analyzed intracellular NO levels
(Fig. 1B), cells incubated with plasma from the PE group had lower
levels compared with HP, and the addition of resveratrol did not alter
these levels. We also measured total GSH levels in cell lysates (Fig. 1C).
There was no difference between PE and HP, however, the addition of
resveratrol increased GSH levels only in the HP group. ROS levels were
also examined (Fig. 1D) and, although there was no difference between
PE and HP groups, resveratrol was able to decrease ROS levels in PE by
~30% (+7, S.E.M.). For ROS levels, positive control was 19.78 + 2.29 of
fluorescence intensity x 10°. Finally, ARE activity (Fig. 1E) was absent in
HP however, in PE it was significantly increased and resveratrol
potentiated this increase (~78% + 9).

Besides the in vitro study of plasma incubation from PE and HP pa-
tients and resveratrol, we performed a pilot clinical study to compare the
effects of serum incubation in endothelial cells from PE women before
and after 1 h of whole red grapefruit juice ingestion. Serum from the 1 h
group significantly decreased ~17% =+ 4 HO-1 concentration (Fig. 2A),
~50% =+ 2 GSH levels (Fig. 2C) and ~69% =+ 7 ARE activity (Fig. 2E)
compared with 0 h (basal). However, it increased intracellular NO levels
(Fig. 2B) and did not alter ROS (Fig. 2D). For ROS levels, positive control
was 20.38 + 2.29 of fluorescence intensity x10>.

4. Discussion

This study was the first to report that plasma from PE patients (PE)
increased ARE activity in endothelial cells compared with plasma from
healthy pregnant (HP), and the addition of resveratrol was able to
potentiate this increase. Most interestingly, serum from PE patients
collected after one hour of grape juice intake decreased ARE activity and
HO-1 production in endothelial cells compared with serum from PE
before grape juice intake, however, it increased NO production. These
findings show that after one hour of acute grape juice intake, serum from
PE was able to affect endothelial cells, acting on more mechanisms
compared with cotreatment of plasma from PE and resveratrol. Collec-
tively, our results suggest that the effects of resveratrol and other
components present in grape juice and its metabolites may be beneficial
for endothelial cells, and therefore, grape juice intake could aid in the
management of PE.

Resveratrol is a polyphenolic compound that has multiple properties
and can modulate several cell-signaling molecules. Studies have shown
that resveratrol improves the therapeutic outcome of patients suffering
from diabetes mellitus, cancer, Alzheimer’s disease, kidney diseases,
inflammatory diseases, cardiovascular diseases, and complicated preg-
nancies [32,33]. Regarding PE, there are few studies about the effects of
resveratrol, however, the results are promising [7-10,23]. Our group
has recently demonstrated that resveratrol improves endothelial cell
markers impaired by plasma incubation from patients before the
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Fig. 1. HO-1 concentrations (A), NO (B), total glutathione (C) and ROS (D) levels and ARE activity (E) in HUVEC. Cells were incubated with 10% (v/v) plasma
samples from preeclamptic patients (PE, n = 8) and healthy pregnant (HP, n = 4) in the absence (-R) or presence of trans-resveratrol (+R) at 1 pM for 24 h. For ROS
levels, mean and standard error for positive control was 19.78 + 2.29 of fluorescence intensity x10°. Plasmas from PE decreased NO levels and increased ARE
activity compared with HP. The addition of resveratrol decreased ROS levels and increased ARE activity only in PE group. Resveratrol was able to increase total
glutathione levels only in the HP group. DMSO was used as a vehicle for trans-resveratrol. Values are means + S.E.M. Comparisons between HP and PE groups were
by the t-test and paired t-test when comparing each group with respective trans-resveratrol treatment. *p < 0.05 vs. HP —R, #p < 0.05 vs. respective group —R.
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Fig. 2. HO-1 concentrations (A), NO (B), total glutathione (C) and ROS (D) levels and ARE activity (E) in HUVEC. Cells were incubated with 10% (v/v) serum from
preeclamptic (PE) patients before (0 h) and after (1 h) 200 mL of whole red grape juice ingestion for 24 h. For ROS levels, mean and standard error for positive control
was 20.38 = 2.29 of fluorescence intensity x10°. Serum from PE patients after 1 h of grape juice ingestion decreased HO-1 concentration, total glutathione levels, and
ARE activity and increased NO levels compared with before. Values are means + S.E.M. Comparisons between groups were by t-test. *p < 0.05 vs. 0 h.

development of PE symptoms, suggesting its potential in the prevention
of this syndrome [23]. In this study, we observed that resveratrol also
improves endothelial cell markers impaired by incubation of plasma
from women with established symptoms of PE, strengthen its potential
in PE management.

It is well established that deficient NO bioavailability is involved in
PE pathophysiology and it contributes to the development of the
symptoms of this syndrome [34]. Moreover, it was showed that
resveratrol can increase NO bioavailability in endothelial cells in situ-
ations of oxidative stress [35]. We found that NO production was
decreased in HUVEC incubated with plasma from PE compared with HP,
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however, resveratrol cotreatment with plasma from PE was not able to
increase NO levels. Probably the concentration of resveratrol used was
not sufficient to boost NO production. Another mechanism of action of
resveratrol is the scavenging of ROS [36]. We observed that resveratrol
decreased ROS production in HUVEC incubated with plasma from PE.
Although it was demonstrated that oxidative stress was elevated in
endothelial cells incubated with plasma from PE patients [22], we did
not observe this increase in ROS production in the HUVEC incubated
with plasma from PE compared to HP. We speculate that this discrep-
ancy might be because we used an immortalized healthy cell line of
HUVEC for this study, as the maternal endothelium has been
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demonstrated to be impaired in PE [37]. Moreover, the incubation
period and/or the quantity of plasma from PE added to these cells maybe
was not enough to evidence a difference. Although incubation of
endothelial cells with plasma/serum from PE women in HUVEC is a
well-established in vitro model of PE to study endothelial dysfunction
[20-22,38], our findings are limited to HUVEC cells, which are feto-
placental endothelial cells. We recognize that the use of adult micro-
vascular endothelial cells would strengthen our findings.

Since resveratrol also activates Nrf2 [36], which binds to ARE
sequence upregulating the expression of antioxidant proteins such as
HO-1, we investigated the expression of NFE2L2 and HMOX-1 genes and
miRNAs from the let-7 family in our groups. miRNAs are small non-
coding RNAs that post-transcriptionally downregulate gene expression
[16] and miRNAs from the let-7 family target NFE2L2 [39]. We did not
find a significant difference in NFE2L2, HMOX-1, and miRNAs expres-
sion between HUVEC incubated with plasma from PE and HP, and
resveratrol did not affect these expressions. Regarding protein expres-
sion of HO-1, we also did not observe any significant difference, how-
ever, ARE activity was increased by plasma from PE compared with HP
and resveratrol was able to potentiate this increase. Under oxidative
stress conditions, the cellular antioxidant systems are activated to bring
back the cell to redox equilibrium, which explains the increased ARE
activity in cells incubated with plasma from PE. Resveratrol was not able
to significantly increase ARE activity in HP as it was in PE, probably
because oxidative stress is not as expressive as in PE, and oxidative stress
is a stimulus that leads to the Nrf2 activation, which may be enhanced by
the addition of resveratrol in PE. Also, we evaluated GSH levels in the
HUVEC incubated with plasma from PE and HP, but there was no sig-
nificant difference between the groups and resveratrol only increased
GSH levels in the HP group. Indeed, resveratrol can increase GSH levels
via Nrf2/Are pathway activation, which upregulated enzymes involved
in GSH biosynthesis [36]. However, it was demonstrated that the
glutathione system is impaired in PE through decreased glutathione
peroxidase (GPX) activity associated with the synthesis of vasocon-
strictive eicosanoids such as F2-isoprostanes and thromboxane, which
are upregulated in PE [40]. This might explain why we did not find
increased GSH levels in the PE group.

In light of the interesting results obtained with co-treatment of
resveratrol and PE plasma in the endothelial cells, we decided to
perform a pilot study with PE patients and acute grape juice intake to
evaluate the effects of the incubation of serum collected from these
patients after one hour of grape juice intake in the endothelial cells,
since grapefruit contains large amounts of resveratrol [41]. This one
hour period was chosen based on a previous study showing that one
hour was the peak absorption of polyphenols [24]. Serum from the 1 h
group increased NO production, decreased HO-1, GSH, and ARE activ-
ity, and did not change ROS concentration compared with the serum
before grape juice intake incubated in the HUVEC. Since grape juices are
rich in several antioxidants [41] and they might be present in the serum
collected, the antioxidant systems of the cells are probably not being
recruited, explaining the decreased content/activity we found in the
antioxidant markers evaluated. Regarding NO production, it was
showed previously that grape juice can induce eNOS expression leading
to an increase in NO formation in endothelial cells [42] and causes
endothelium-dependent relaxation in the coronary artery [43]. Most
interestingly, it was demonstrated that consumption of grape-wine
extract decreased ambulatory blood pressure in mildly hypertensive
subjects [44]. Taking together, our results and these studies evidence the
beneficial effects of grape juice in the vascular system, which suggest its
potential to assist the management of PE.

Based on our results, it is possible to suggest that resveratrol and
grape juice act on endothelial cells in different manners leading to
beneficial effects in PE. Although resveratrol is a potent antioxidant and
there is a lot of evidence of its potential to assist different diseases [32],
grape juice is a rich source of other antioxidants besides resveratrol [41]
that can act synergistically enhancing the effects of resveratrol and
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activating other mechanisms [45]. Also, grape juice is more accessible to
patients and it is simple to include in the diet. However, it is necessary to
be careful with its intake due to the high sugar content [46].

In conclusion, we found that resveratrol cotreated with plasma from
PE patients and serum from women with PE collected after acute grape
juice intake ameliorate endothelial cell markers and antioxidant de-
fense. However, our results are still preliminary and there are limitations
in the study. Nevertheless, our study provides more evidence for the use
of resveratrol treatment and introduce the potential of grape juice sup-
plementation in the management of PE.
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