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Abstract

Background: Preeclampsia (PE): a hypertensive disorder of pregnancy character-
ized by de novo development of concurrent hypertension and proteinuria. The pre-
vailing theory determined that PE starts from the placenta and ends in the maternal
endothelium. Role of endothelial dysfunction in the onset of PE has been reported
in different populations. Therefore, present study was designed to investigate the
localization and expression of endothelial nitric oxide synthase (eNOS) and role of
oxidative stress markers in preeclamptic Pakistani women.

Methods: A total of 400 blood samples (PE = 200, controls = 200) and 100 placen-
tal tissues (PE = 50, controls = 50) were recruited from pregnant women. Reactive
oxygen species (ROS), thiobarbituric acid reactive substances (TBARS), superoxide
dismutase (SOD), catalase (CAT), and guaiacol peroxidase (POD) levels were ana-
lyzed through spectrophotometer. Immunohistochemistry and quantitative real-time
polymerase chain reaction (QRT-PCR) were carried out to estimate the localization
and expression of eNOS in the placentas of PE patients and healthy pregnant women.
Results: Significantly increased levels of POD (0.01), TBARS (0.04), and ROS
(p < .001) were determined in preeclamptic women while, nonsignificant change
in SOD and CAT was observed in both groups. Reduced eNOS immunoreactivity
(p £.001) and mRNA abundance (p < .001) was observed in preeclamptic group as
compared to control group.

Conclusion: Considering the results of current study, it is concluded that decreased
eNOS expression and oxidative stress could play a role in the pathology of PE seen
both in placenta and ultimately in maternal endothelium. However, large studies are
necessary to validate these findings to prevent maternal and neonatal morbidity and

mortality in Pakistani population.

KEYWORDS

endothelial nitric oxide synthase, oxidative stress, placenta, preeclampsia

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited and is not used for commercial purposes.
© 2019 Quaid-i-Azam. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc.

Mol Genet Genomic Med. 2020;8:¢1019.
https://doi.org/10.1002/mgg3.1019

wileyonlinelibrary.com/journal/mgg3 1of 10


www.wileyonlinelibrary.com/journal/mgg3
https://orcid.org/0000-0001-8363-4196
mailto:﻿
mailto:﻿
http://creativecommons.org/licenses/by-nc/4.0/
mailto:ruhail12345@yahoo.com
mailto:smarazi@ksu.edu.sa

SHAHEEN ET AL.

20f 10 : : .
Molecular Genetics & Genomic Medicine
WILEY— POren Acces)

1 | INTRODUCTION
Preeclampsia (PE), a hypertensive disorder of pregnancy
characterized by de novo development of concurrent hyper-
tension and proteinuria, is a major contributor to maternal
mortality, premature birth, intrauterine growth retardation,
and perinatal mortality (Steegers et al., 2010). The only ef-
fective treatment available for PE is setting up premature
delivery before 34 weeks of gestation to avoid severe mater-
nal complications, taking into account that this attitude in-
volves serious neonatal damage (Lisonkova & Joseph, 2013;
Pennington et al., 2012).

The principal contributor to the pathogenesis of PE is pla-
centa, as the syndrome is resolved when placenta is delivered
(Raghupathy, 2013). Mechanistically, it was suggested that PE
results from disturbed trophoblastic invasion of spiral arteries
with remodeling, leading to reduced placental perfusion and
endothelial dysfunction (George & Granger, 2010). Central
to the effects of PE are the resulting presence of uteroplacen-
tal hypoxia, an imbalance in angiogenic and antiangiogenic
proteins (Wang et al., 2009), oxidative stress (Gupta et al.,
2005), maternal endothelial dysfunction (Gilbert et al., 2008),
and elevated systemic inflammation (Manuel-Apolinar et al.,
2013). Due to impaired trophoblastic invasion, intermittency
of arterial blood flow occurs resulting in periods of ischemia/
reperfusion, creating a hypoxic environment which favors ox-
idative stress, consequent oxidative damage and inflamma-
tion (Myatt & Webster, 2009).

Oxidative stress is the imbalance between antioxidants
defense mechanism and formation of ROS (Touyz, 2004).
ROS are signaling molecules that regulate many functions
in human physiology (Kalyanaraman, 2013). During normal
pregnancy, ROS generations are known to be increased and
are necessary for proper physiology, and utilize the antioxi-
dant molecules at cellular levels (Dias, Cavalli, & Sandrim,
2018; Mutinati et al., 2013; Sinzato et al., 2018; Yang et al.,
2012). The excess amount of ROS is the outcome of oxi-
dative stress and endothelial dysfunction (Matsubara et al.,
2015; McMaster et al., 2018). Increased antioxidant activ-
ity is necessary in placenta with the advancing gestation to
prevent oxidative stress which leads to poor fetal outcome
(Aouache, Biquard, Vaiman, & Miralles, 2018; Mahadik &
Ali Sina, 2003; Shetty et al., 2018; Wang & Walsh, 1996).

Not all free radicals cause disturbances in the organ-
ism (Kalyanaraman, 2013), and NO is an example of such
radicals (Moncada & Higgs, 1993; Moncada et al., 1991;
Palmer et al., 1988). NO is a low molecular weight me-
diator, it mediates function of endothelium by regulating
platelet aggregation, vascular tone, leukocyte adhesion, and
smooth muscle cells development (Qian & Fulton, 2013).
Endothelial dysfunction is characterized by decreased bio-
availability of NO through reduced production or increased
consumption by oxidative stress. Decreased concentrations

of NO in plasma and the placenta have been found in
women who have PE, and although its role in the patho-
physiology of PE has not been well defined, it is postulated
that low NO concentrations might contribute through a lack
of paracrine vasodilatory effect on the uteroplacental blood
flow (Brosens, Pijnenborg, & Brosens, 2002; Dikensoy
et al., 2009). NO is synthesized by the endothelial nitric
oxide synthase (eNOS) enzyme by the activity of eNOS
(OMIM 163729, GenBank NM_000603.5) (Qian & Fulton,
2013). eNOS is constitutively expressed in endothelium
and maintains vascular tone through the intrinsic synthe-
sis of NO from the reduction of L-arginine to L-citruline
(Moncada & Higgs, 1993; Moncada et al., 1991; Palmer
et al., 1988). In placenta, eNOS expression is associated
with cytotrophoblast to syncytiotrophoblast differentiation
(Eis, Brockman, Pollock, & Myatt, 1995). The regulation
of eNOS in PE is still controversial; in fact, the activity
of eNOS has been shown to be decreased, unchanged, or
increased in PE compared with normal pregnancy (Kim et
al., 2006).

The pregnancy complicated by preeclampsia has been
widely studied in biological basis and clinical outcomes, but
it is unfortunate that the mechanism of this complication is
not clear yet. Considering clinical symptoms of PE, different
mega projects and meta-analysis were conducted to better un-
derstand the underlying mechanisms but there are many gaps
to be filled. Present study was directed to determine the role
of oxidative stress markers in susceptibility to preeclampsia,
in addition to elaborating the localization and expression of
eNOS in placenta of preeclamptic Pakistani women.

2 | MATERIALS AND METHODS

2.1 |

The present study was conducted with prior approval from
ethical committees of Quaid-i-Azam University, Islamabad
and collaborating hospitals including Pakistan Institute of
Medical Sciences (PIMS), Islamabad and Quaid-e-Azam
International Hospital, Islamabad. All participants were in-
formed about the study objectives and signed an informed
consent. The study protocol was done in accordance with the
principles of the Declaration of Helsinki.

Ethical compliance

2.2 | Patient identification and
sample collection

Approximately 400 blood samples of pregnant women
(200 = controls, 200 = PE) in the third trimester according to
the diagnostic criteria for PE were recruited during the period
of September 2015 to July 2017. A total 100 placental tissues
(PE = 50, controls = 50) were collected after simple vaginal
delivery (SVD) and cesarean section (C-section).
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Diagnostic criteria for preeclampsia were blood pressure
>140/90 mmHg, and proteinuria >+41 on Dipstick test. The
normotensive control group has women with uncomplicated
gestation and blood pressure <125/85 mmHg and no proteinu-
ria. Women with less than 35 years of age were included in the
study. Exclusion criteria were diabetes, asthma, kidney disease,
hematological disorder, autoimmune disease, urinary tract in-
fection, current or past history of smoking, and eclampsia.

Inclusion and exclusion criteria

24 |

Venous blood samples were collected from all subjects during
the antepartum period, before the onset of delivery in labeled
tubes, serum was separated and stored at —80°C for analysis of
oxidative stress markers and antioxidant enzymes. Fresh pla-
cental villous biopsies were taken from different sites of each
placenta immediately after vaginal delivery or cesarean section
in less than 10 minutes according to the protocol described by
Burton et al., 2014. Tissues were washed in phosphate-buffered
saline (PBS) and half tissue was fixed in 10% formaldehyde for
immunohistochemical processing and half tissue was immedi-
ately snap-frozen in liquid nitrogen and kept at —80°C for sub-
sequent mRNA studies using quantitative real-time polymerase
chain reaction (QRT-PCR) and other analysis.

Sampling and storage

2.5 | Oxidative stress markers activity

Oxidative stress markers were estimated in serum samples of
patients with PE and normotensive pregnant women.

2.6 | Estimation of ROS

Hayashi et al. (2007) protocol was followed for ROS detec-
tion. (Hayashi et al., 2007). 0.1 M sodium acetate buffer was
prepared by dissolving 4.1 g of sodium acetate in 500 ml of
distilled water. The pH was maintained at 4.8. Then 10 mg
of N, N-diethyl-p-phenylenediamine sulfate salt (DEPPD) in
100 ml of sodium acetate buffer was dissolved and a sec-
ond solution was prepared by adding 50 mg of ferrous sulfate
(FeSO,) in 10 ml of sodium acetate buffer. Both the solu-
tions were mixed in a ratio of 1:25 and incubated in dark for
20 min at room temperature. Then 20 pl was taken from the
solutions mixture, 1.2 ml of buffer and 20 pl of serum sample
were taken in a cuvette and the absorbance was checked at
505 nm using Smart Spec TM plus Spectrophotometer. Three
readings were taken for each sample after every 15 s.

27 | TBARS

Method given by Wright et al., 1981 was used to estimate
lipid peroxidation (Wright et al., 1981). Reaction solution
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consisted of 0.02 mM ferric chloride (FeCl;) of 100 mM,
0.2 ml ascorbic acid of 100 mM, 0.2 ml of serum sample, and
0.58 ml phosphate buffer (0.1 M) with pH value of 7.4 made
the total volume 1 ml. In water bath at 37°C, final mixture
was incubated for 1 hr and 1 ml of 10% trichloroacetic acid
was used to end the reaction. Then 1 ml of 0.67% thiobarbi-
turic acid was added and all the tubes were kept for 20 min in
the water bath. After centrifuging for 15 min at 25,000 rpm
and at 535 nm, readings were noted from spectrophotometer.

2.8 | CAT activity

With small modification, method by Chance & Maehly,
1955 was used to find out the activities of CAT (Chance &
Maehly, 1955). To measure CAT levels in serum samples,
0.1 ml serum sample, 2.5 ml of 50 mM phosphate buffer (pH
5.0), and 0.4 ml of 5.9 mM H,0, were added in a cuvette.
After 1 min the absorbance of solution at wavelength of 240
nm variations were noted.

29 |

By using the protocol of Kakkar et al. (1984), activity of
SOD was determined (Kakkar et al., 1984). For this purpose,
0.3 ml of serum sample, 1.2 ml of sodium pyrophosphate
buffer (0.052 mM; pH 7.0), and 0.1 ml of phenazine metho-
sulfate (186 pM) were mixed and the reaction was started
by the addition of 0.2 ml of NADH (780 pM). Finally, after
1 min, the reaction was ended by adding 1 ml of glacial ace-
tic acid and readings were noted at 560 nm and results were
explained as units/mg of protein.

SOD activity

2.10 |

POD activity was determined by using method as recom-
mended by Chance & Maehly, 1955 (Chance & Maehly,
1955). Reaction was carried out by adding 0.3 ml of 40 Mm
H202, 2.5 ml of 50 mM phosphate buffer (pH = 5.0), and
0.1 ml of 20 mM guaiacol into 0.1 ml of serum sample. After
1 minute, changes in absorbance were noted at 470 nm.

POD activity

2.11 | Immunohistochemistry

For immunohistochemistry, one full-thickness placen-
tal tissue section was placed in 10% buffered formalin for
12-24 hr before embedding in paraffin wax, according to
standard procedures and cut into serial of 5 pm sections and
put on super frosted glass slides (Micro slides, Santa Cruz
Biotechnologies). Tissue sections were incubated overnight
for dewaxing. Antigen retrieval was done by heating slides
for 2 min in tris-buffer saline (TBS). After drying, slides
were washed with phosphate-buffered saline (PBS) and in-
cubated for 1 hour with incubation solution (0.05% bovine
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serum albumin, 0.01% Triton X and 10% goat serum).
Again, slides were washed with PBS and then incubated
with specific rabbit polyclonal primary antibody against
eNOS (Catalogue no. ab-5589; Abcam Biotechnology, Inc.,
Cambridge, United Kingdom) for 48 hr at 4°C. After incuba-
tion, slides were washed with PBS and incubated with Goat
Anti-Rabbit IgG (Alexa Fluor® 488) antibody (Catalogue
no. ab-150077; Abcam Biotechnology, Inc.) for 2 hr. Slides
were then washed with PBS and kept for drying, mount with
mounting medium and observed under fluorescent micro-
scope (Bx51, Olympus, Tokyo, Japan).

2.12 | eNOS mRNA expression

qRT-PCR was used to determine the expression of eNOS
mRNA in placental tissues. Results were then analysed using
Qiagen tool for mean expression by comparing with glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) as housekeep-
ing gene.

2.13

Placental tissues that were immediately snap-frozen in lig-
uid nitrogen and kept at —80°C were homogenized in lysis
buffer containing p-mercaptoethanol by using VWR®
Deluxe Universal 200 Homogenizer. RNA was extracted
with and Pure Link ™ RNA isolation kit (Invitrogen, Thermo
Fisher Scientific) according to manufacturer details. RNA
concentration was determined by nanodrop 1000™ UV/VIS
spectrophotometer (Thermo Scientific, nanodrop technolo-
gies). Complementary DNA (cDNA) was synthesized from
RNA by Protoscript® cDNA synthesis kit (New England
Biolabs).

mRNA extraction

2.14 | ¢RT-PCR

The resulting cDNA was amplified by MyGo Pro real-time
PCR Thermocycler (IT-IS International Ltd, UK). Primers
efficiency was determined by cDNA amplification for eNOS
and GAPDH with their respective primers and product was
run on 2.5% agarose gel for product size confirmation (Table

Variants Primers

eNOS F: 5"~ 60
CCTCGTCCCTGTGGAAAGAC-3',R:
5-TGCTTCATGAAAGAGGCCGT-3

GAPDH F: 5-GCTCTCTGCTCCTCCTGTTC-3, 58

R: 5-CCATGGTGTCTGAGCGATGT-3

1). Data were analyzed by Pfaffl method (Pfaffl, 2001).
Fold change of gene expression was determined by using
REST-384 Tool version 2 (Qiagen).

2.15 | Statistical analysis

All data were expressed as a median along with 95% con-
fidence intervals (CI). Quantitative data will express as
mean + SEM. Significant differences between groups for
characteristics of study subjects, antioxidant levels, and im-
munohistochemistry results were determined by performing
Welch two sample ¢ test, while, paired ¢ test was used for
comparison of fold expression of gene by using package of R

3.5.1 (R Development Core Team, 2018).

3 | RESULTS

The characteristics of study subjects have been summarized
in Table 2. There was significant (p < .001) decrease in
gestational age and infant weight (p = .006) of preeclamp-
tic patients as compared to control group. Systolic pres-
sure and diastolic blood pressure were significantly higher
(p < .001) in patients with PE than control group. No trace
of protein was found in control group but in PE group
(2.37 + 0.006 g/24 hr).

TABLE 2 Characteristics of study subjects

Parameters Controls PE Patients p value
Age (years) 27.19 +0.59 27.31 +0.64 .88
BMI (kg/m?) 26.15 + 0.36 26.51 + 0.40 52
Gestational age 38.44 +0.20 34.61 +0.65 <.001
(Weeks)
Systolic blood 113.8 + 0.64 156.36 +3.34  <.001
pleasure (mmHg)
Diastolic blood 72.38 +0.57 101.13 £2.02  <.001
pleasure (mmHg)
Proteins (g/24 hr) 0.0+ 0.0 2.37 £ 0.006 <.001
Infants” weight (kg) 3.01 +£0.05 2.71 + 0.06 .006
TABLE 1 Conditions of qRT-PCR
Bands .
analysis of eNOS and GAPDH
patterns

Temperature (°C) (bp)

121

80
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TABLE 3 Oxidative stress markers in control and preeclamptic

groups
Parameters Controls PE Patients p value
SOD (U/ml) 14.74 £ 0.07 14.75 + 0.01 97
CAT (U/ml) 10.49 + 1.10 10.14 £ 01.04 .81
POD (nmole) 12.71 + 0.56 13.72 + 0.47 11
TBARS (nM/ml) 27.80 + 1.78 33.41 +2.09 .04
ROS (U/ml) 1.77 £ 0.02 2.1+0.07 <.001

3.1 | Estimation of oxidative stress markers

Nonsignificant change was observed in SOD (p = .97), CAT
(p = 81), and POD (p = .11) levels in both groups. While,
significantly elevated levels of ROS (p < .001) and TBARS
(p = .04) were observed in PE women as compared to normo-
tensive group causing oxidative stress (Table 3).

3.2 | Immunoreactivity

The immunohistochemical localization of eNOS was identi-
fied by green immunofluorescence seen only in the presence
of primary antibody not in the absence of primary antibody
(negative control). In the terminal villi of placenta, differ-
ence in eNOS immunostaining in both villous vascular
endothelium and the syncytiotrophoblast was seen quantita-
tively between the two groups of placentas when compared
to histological sections. Control group exhibit significantly
(p < .001) greater number of immunoreactive cells as com-
pared to preeclamptic group which revealed suppressed
eNOS expression (Figure 1).

33 |

Relative RNA abundance of eNOS in placentas of preec-
lamptic and normotensive Pakistani women was determined
by qRT-PCR. The qRT-PCR reaction produced a product
of 122 bp for eNOS and 87 bp for GAPDH (Figure 2). The
expression of eNOS was compared in both groups and re-
sults were described as fold change. There was significant
(p < .001) downregulation of eNOS in preeclamptic group
as compared to control group. Expression of eNOS was low-
ered in preeclamptic group by approximately 0.514 folds, as
shown in Figure 3.

RT-PCR

4 | DISCUSSION

Preeclampsia is an important maternal health prob-
lem, especially in developing countries like Pakistan.
Identification of various factors could help in understand-
ing this complication and provide clues for its management
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and treatment. Endothelial dysfunction and oxidative stress
markers were linked with susceptibility to PE (Aggarwal,
Jain, & Jha, 2010; Gannoun et al., 2015; Rahimi et al.,
2013). This study was the first to assess the potential role
of antioxidants levels, eNOS localization, and expression
in preeclamptic women as compared to healthy normoten-
sive pregnant women in Pakistan.

It has been suggested that oxidative stress on endothelium
may itself induced by hypertension. In the present study, ele-
vated ROS and TBARS levels were observed in PE women as
compared to normotensive controls. Similar studies showed
that increased ROS bioactivity exceeding antioxidant activity
leads to oxidative stress (Matsubara et al., 2015). It is one of
the risk factors for the development of PE through endothelial
dysfunction and increased contractility resulting in placental
hypoxia and ischemia (Matsubara et al., 2015; Touyz, 2004).

Results of the current study revealed that levels SOD,
POD, and CAT have nonsignificant decrease in pre-
eclamptic groups as compared to controls in accordance
with previous findings (Aouache et al., 2018; Bernardi,
Constantino, Machado, Petronilho, & Dal-Pizzol, 2008;
Bernardi et al., 2015; Singh et al., 2010; Var et al., 2003).
Many studies determined contradictory results of elevated
ROS and TBARS but reduced antioxidants in PE (Cohen
et al., 2015; Mutlu-Tiirko et al., 1998). Increased TBARS
levels showed the increase lipid peroxidation in cells and
may suggest decreased enzymatic free radical scavenging
capacity in preeclamptic patients (Biri et al., 2007; Gupta et
al., 2009; Saxena et al., 2015).

Modulation of vascular function occurs through inter-
ference of ROS and NO. eNOS function and expression
seem to be suppressed by the increased production of ROS.
Further, peroxynitrite (ONOO-) is formed as result of NO
scavenging by ROS which not only oxidizes lipids, proteins,
and DNA but also disturb the vascular signaling pathways
(Farrow et al., 2008). Thus, ROS increase and subsequent
increased ONOO- formation are known to reduce the bio-
availability of NO and cause endothelial dysfunction. These
effects could be key elements in the pathogenesis of PE
(Matsubara et al., 2015).

In the present study, reduced eNOS activity has been ob-
served in preeclamptic patients, these results are in consis-
tent with the results of Kim et al., 2006 and Schonfelder et
al., 2004. These results support the notion that, there will be
adverse effect on placental hemodynamic functioning if the
activity of eNOS becomes reduced in vivo (Kim et al., 2006).
Reduced eNOS will decrease the bioavailability of NO lead-
ing to endothelial dysfunction which is the feature of this
disorder (Motta-Mejia et al., 2017). Fetal placental hemo-
dynamics is likely to be influenced by NO production from
endothelium of placental villi. However, platelets and leuko-
cytes aggregation in intervillous spaces might be prevented
by NO produced by syncytiotrophoblast (Brennecke, Gude,
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FIGURE 1

Fluorescent microscopic images of eNOS immunoreactivity in green (a, b, and c) in placental villi when compared to H&E

stained microscopic images of placental villi (d, e, and f). A. Control group showed significant (<.001) increase in eNOS immunoreactive cells

in villi of placenta as compared to preeclamptic group (b). (c) Represents negative control images. (g) Number of eNOS immunoreactive cells

based on random sections observed in placental trophoblastic villi. eNOS immunoreactive cells were significantly (<0.001) reduced in PE group

as compared to control group in paired # test analysis. Photographs were taken at 100X magnification. Syncytiotrophoblast (STB), Vascular

Epithelium (VE). Significance level ***<.001

Iulio, & King, 1997). There have been some conflicting re-
sults with regard to eNOS activity in preeclamptic patient's
placenta showing no significant difference in eNOS activity
in preeclamptic women (Matsubara et al., 2015, 2001; Orange
et al., 2003). In addition to eNOS reduced expression and ac-
tivity, lower substrate levels for eNOS and elevated inhibitors
of eNOS can also contribute toward reduced NO bioavailabil-
ity (Motta-Mejia et al., 2017; Myatt & Roberts, 2015).

In accordance with these findings, eNOS mRNA ex-
pression has also been shown to be decreased in pre-
eclamptic pregnant women as compared to normotensive
pregnant women, which is in accordance with other inves-
tigative groups (Kim et al., 2006; Schonfelder et al., 2004).
However, some conflicting results showed that eNOS
mRNA expression was greater in PE women than in nor-
motensive pregnant women placental tissues, probably due
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FIGURE 2  Gel images predicting

the PCR product of eNOS primers (a) with
product size of 121 bp and GAPDH primers
(b) with product size of 87 bp compared
with 100 bp ladder in cDNA samples

of preeclamptic women (lane 1-3) and
normotensive pregnant women (lane 4, 5)

1.2 9

0.8 1

0.6 1

0.4

0.2

Relative RNA Abundance

Control PE

FIGURE 3 Data obtained after qRT-PCR on placental samples
of control and preeclamptic group were analyzed for relative RNA
abundance of eNOS as mean + SEM. There was significant (<.001)
decrease in the abundance of eNOS mRNA in preeclamptic group as
compared to normotensive group. Significance level ***<.001

to an adaptive or compensatory mechanism (Napolitano et
al., 2000).

In comparison with the placental expression, controver-
sial studies have been reported on systemic eNOS expression
in PE patients. Significantly lower eNOS expression was ob-
served in the preeclamptic women when compared with con-
trol group in accordance with the findings of Seligman et al.,
1994 and Var et al., 2003. However, higher eNOS expression
in the peripheral circulation of pregnancies complicated by
PE than in normal pregnancies was observed, as a compen-
satory response to maintain blood flow in fetoplacental unit
(Norris et al., 1999; Smérason et al., 1997) and unchanged
expression of eNOS has also been reported in preeclamptic
patients as compared to healthy pregnant women (Curtis et
al., 1995; Davidge, Stranko, & Roberts, 1996).

5 | CONCLUSION
In conclusion, our data suggested that oxidative stress and
suppressed placental eNOS expression might constitute
a characteristic finding in the preeclamptic placenta and
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support the hypothesis that complex mechanisms involving
eNOS pathways and oxidative stress may promote microvas-
cular oxidative damage and favor abnormal placenta perfu-
sion, probably by contributing to the reduced placental blood
flow and increased resistance to flow in the feto-maternal
circulation.

6 | FUTURE PERSPECTIVE
Therapeutic options are currently limited, but understanding
the factors involved in endothelial dysfunction could help
design new approaches for prediction and management of
preeclampsia. Umbilical-placental vascular resistance has
been improved and reduced in vivo by NO donating drugs
(Schiessl et al., 2005). Therefore, for NO donating drugs and
antioxidants therapy can be given for better management of
PE which will reduce the maternal and neonatal morbidity
and mortality in Pakistan.
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