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Preeclampsia
Increased Homocysteine and Decreased Nitric Oxide Levels 

Ahmet Vara Yasemin Yildirimb Ece Onura N. Kemal Kuscub

B. Sami Uyanika Kayhan Goktalaya Yesim Guvenca

Departments of aClinical Biochemistry, and bObstetric and Gynecology, School of Medicine, Celal Bayar University,
Manisa, Turkey

Received: October 14, 2002
Accepted after revision: September 22, 2003
Published online: November 12, 2003

Ahmet Var, MD
Celal Bayar University, School of Medicine
Department of Biochemistry
TR–45020 Manisa (Turkey)
Tel. +90 236 232 31 33/327, Fax +90 236 237 02 13, E-Mail ahmet.var@bayar.edu.tr 

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 2003 S. Karger AG, Basel
0378–7346/03/0564–0221$19.50/0

Accessible online at:
www.karger.com/goi

Key Words
Preeclampsia W Endothelial dysfunction W Homocysteine W

Nitric oxide

Abstract
Endothelial dysfunction underlies the pathogenesis of
preeclampsia, but its mechanism has not yet been com-
pletely understood. Elevated oxygen free radicals may
partially explain the endothelial cell damage. In this
study, we have aimed to measure homocysteine (Hcy)
and nitric oxide (NO) levels as endothelial dysfunction
markers in preeclamptic women. Nineteen preeclamptic
(33.9 B 1.4 weeks) and 15 gestational-age-matched nor-
mal pregnant women (35.5 B 0.7 weeks) were included
in the study. Mean NO level was significantly lower (p !
0.001) and mean Hcy level was significantly higher (p !
0.001) in the preeclamptic group. Elevated Hcy and oxy-
gen free radical levels could decrease NO levels due to
the reaction with each other and reduced NO may
increase blood pressure and ischemia in preeclamptic
patients. We have concluded that increased Hcy and oxy-
gen free radical levels, and decreased NO levels are
closely associated with preeclampsia-related endothelial
dysfunction.

Copyright © 2003 S. Karger AG, Basel

Introduction

Preeclampsia is one of the most frequent complica-
tions of pregnancy, however, little is known about its eti-
ology. Damage of the endothelial layer lining the blood
vessel wall and reduced uteroplacental perfusion as a
result of abnormal cytotrophoblast invasion of spiral
arteries are considered to play an important role in the
pathophysiology of preeclampsia. Placental ischemia/
hypoxia is thought to lead to widespread activation/dys-
function of the maternal vascular endothelium which
results in enhanced formation of endothelin, thrombox-
ane and superoxide, increased vascular sensitivity to an-
giotensin II, and decreased formation of vasodilators such
as nitric oxide and prostacyclin [1, 2].

Homocysteine (Hcy) results from the transmethylation
of methionine and its metabolism depends primarily on
three enzymes (methionine synthase, 5,10-methylenetet-
rahydrofolate reductase, cystathione ß synthase) and sev-
eral vitamin cofactors (vitamin B6, vitamin B12, folic
acid). Genetic abnormality in these enzymes or deficien-
cy of these vitamins leads to hyperhomocysteinemia
(HHcy). HHcy is one of the congenital hypercoagulable
states and a long-known vascular disease risk factor [3].
Nitric oxide (NO), a water and lipid-soluble free radical,
is generated from L-arginine by the action of nitric oxide
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Table 1. Demographic data of the study participants

Study cohort
(n = 19)

Control cohort
(n = 15)

p

Age, years 26.8B1.3 25.9B0.8 0.56
Gestational age, weeks 33.9B1.4 35.5B0.7 0.31
Parity 1.9B0.4 1.4B0.1 0.23
SBP, mm Hg 160.0B4.1 116.8B2.6 !0.0001
DBP, mm Hg 98.7B2.3 73.5B1.5 !0.0001
Proteinuria 2.3B0.9 0.05B0.01 0.0001

Numbers refer to mean B SEM. Mean value for proteinuria
changes from 1 to 4 positive due to dipstick measurements. SBP =
Systolic blood pressure; DBP = diastolic blood pressure.

Table 2. Plasma homocysteine and NO measurements of the study
participants (mean B SD)

Study cohort
(n = 19)

Control cohort
(n = 15)

p

Homocysteine, Ìmol/l 13.23B6.76 4.86B0.77 !0.001
Nitric oxide, Ìmol/l 46.41B13.61 80.60B12.69 !0.001

synthases and plays an important role in modulating
blood flow and tissue injury in normal and several patho-
logic conditions [4]. Endothelial damage causes reduced
NO release in preeclamptic patients.

The aim of this study was to show the difference in NO
and Hcy levels in preeclamptic and normal pregnant
women and then to relate HHcy and NO in pathophysiol-
ogy of endothelial dysfunction seen in preeclampsia.

Material and Methods

Nineteen preeclamptic (group 1) and 15 gestational-age matched
normal pregnant women (group 2) were recruited in the study. The
study was approved by the local ethical committee of the university
hospital and all patients provided informed consents. Gestational
age was matched as B 1–2 weeks according to the study group. Pre-
eclampsia was diagnosed if the patients had blood pressure over 140/
90 mm Hg on two or more occasions at least 4 h apart after the 20th
week of gestation with proteinuria on a dipstick value of more than
1+ (30 mg/dl) on two separate occasions at least 6 h apart. Both mild
and severe preeclamptic patients were included in the study. Blood
was withdrawn from the study group immediately after the diagnosis
before giving any medications and from normal pregnant women at
their routine prenatal visits. None of the women in the study group
was in labor. Blood plasma was separated and kept at –70°C until

the day of measurement. All measurements were carried out in dupli-
cate, and mean of the two measurements gave the final result. Plasma
Hcy levels were detected by chemiluminescent method using an
automatic immunoanalyser [Immulite-One].

Since plasma nitrite (NO–
2) and nitrate (NO–

3) levels can be used to
estimate NO production, we measured the concentrations of these
stable NO oxidative metabolites. Determination of NO–

2 and NO–
3

was based on the Griess reaction, in which a cromophore with a
strong absorbance at 545 nm is formed by reaction of NO–

2 with a
mixture of naphthylethylenediamine and sulfanilamide [5]. After
samples were deproteinized with Somogyi reagent [6], an aliquot of
the sample was mixed with fresh reagent. After 40 min incubation
time the absorbance was measured in a spectrophotometer (Shimad-
zu UV-1201, Japan) to give the NO–

2 concentration. A second aliquot
was treated with copper-coated cadmium granules (Cd) in glycine
buffer at pH 9.7 (2.5–3 g Cd granules for a 4-ml reaction mixture) to
reduce NO–

3 to NO–
2. The concentration of NO–

2 in this aliquot thus
gave the total NO–

3 plus NO–
2, finally representing total NO concen-

tration. A standard curve was established with a set of serial dilutions
(100–5 Ìmol/l] of sodium nitrite. The resulting equation was then
used to calculate the unknown sample concentrations.

Data were expressed as mean B SD. Unpaired Student’s t test
was used to compare the homocysteine, NO and demographic data
levels; proteinuria levels were compared with Mann-Whitney U test,
p ! 0.05 was accepted as significant.

Results

Demographic data of all patients are seen in table 1.
There was no difference in the ages and gestational ages of
the patients. The systolic and diastolic blood pressures
and proteinuria levels were significantly higher in the
preeclamptic group (p ! 0.0001). Mean plasma Hcy and
NO levels in patients with preeclampsia and controls are
summarized in table 2. The Hcy level was significantly
higher (p ! 0.001), and NO level was significantly lower
(p ! 0.001) in the preeclamptic group.

Discussion

Previous studies have shown that oxidative stress in
placental tissue is increased in preeclampsia and these
free radicals play an important role in pathophysiology of
the disorder, and evidence accumulates that oxidative
stress is a mediator of endothelial dysfunction [7, 8]. In
addition, other factors such as smoking, aging, environ-
mental factors, toxic substance exposure, radiation in-
crease oxidative stress which can be accepted as a criteri-
on for tissue injury. NO levels increase during ischemic
conditions. On the other hand, ischemia formed in the
vicious cycle of preeclampsia produces more oxygen free
radicals and aggravates endothelial dysfunction. Superox-
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ide radical (O–
2), which is generated by reperfusion and

various factors, interacts with NO producing peroxyni-
trite (ONOO–). Breakdown of NO by O–

2 anions may be a
factor in reduced NO levels. Decreased release of nitric
oxide by endothelial cells may in turn facilitate prolifera-
tion of vascular smooth muscle cells [14]. In our study, we
found significantly lower NO levels in the preeclamptic
patients. These findings may suggest that NO was de-
graded by O–

2 anions and peroxynitrite was formed in
preeclampsia. As a result, increased oxygen free radicals
may affect development of preeclampsia in two ways;
first, a direct effect on cell and cell membranes which
causes cell damage and atherosclerosis; second, vasocon-
striction in vessels and increased ischemia in the placental
bed by breakdown of NO.

Hcy is associated with several physiologic and life-style
factors, including age, gender, blood pressure, serum cho-
lesterol, smoking, alcohol and coffee consumption, physi-
cal activity, diet, and vitamin status [9]. Mild HHcy has
been identified as a risk factor for arterial disease and
venous thrombosis. Disturbances in the Hcy metabolism
have also been reported as a risk factor for early pregnan-
cy loss and for other congenital birth defects. However,
besides embryonic or fetal consequences, HHcy has also
been described as a cause of maternal obstetric complica-
tions such as preeclampsia [10]. In contrast, some authors
cannot confirm mild HHcy as a risk factor [11]. In healthy
human subjects, elevated Hcy concentrations are associ-
ated with impaired endothelium-dependent dilatation, an
early manifestation of atherosclerosis. Conversely, lower-
ing plasma Hcy concentrations with vitamin B treatment
is associated with improved vascular endothelial func-
tion. Elevated levels of reduced but not oxidized Hcy pro-
mote endothelial injury and reacts with NO in the pres-
ence of oxygen to form S-nitrosohomocysteine, which
may decrease the bioactivity of NO due to newly formed
stable nitrosothiol [12]. This reduced form promotes the
generation of oxygen-derived free radicals via increases
oxide LDL [13]. In our study, Hcy levels in preeclamptic
patients were significantly higher than the controls and
this result would support the previous theory.

Sulfhydryl group of Hcy is believed to act catalytically
with ferric or cupric ions in a mixed oxidation system to
generate hydrogen peroxide, oxygen radicals and Hcy rad-
icals [14]. Hydrogen peroxide, which freely passes cell
membranes, is reduced and detoxified by glutathione per-
oxidase which is an important antioxidant enzyme in bio-
logic systems. Homocysteine suppresses the expression of
cellular glutathione peroxidase by endothelial cells [15].
High concentrations of Hcy increase intracellular reduced

Hcy which participates in the trans-sulfuration pathway
and can replace cysteine in the synthesis of glutathione.
Homocysteine decreases intracellular glutathione and
NAD+ and the ratio between intracellular concentration
of reduced and oxidized glutathione. Accumulation of
hydrogen peroxides due to inefficiency of glutathione per-
oxidase is toxic in living organisms and may promote lip-
id peroxidation by oxygen radicals generated by Hcy.

An alternative hypothesis for HHcy-associated vascu-
lar disease is that HHcy may reflect inefficiency of intra-
cellular methylation reactions, which is necessary for the
normal repair of damaged proteins. Inefficient intracellu-
lar methylation may lead to persistence of damaged pro-
teins, which in turn might be involved in atherosclerosis
[15].

In conclusion, we have considered that HHcy, oxygen
free radicals and NO can react with each other and are
closely associated with endothelial dysfunction. Accord-
ing to our findings there is an important imbalance
between NO production from dysfunctional endothelium
and the Hcy level in preeclamptic women. HHcy and oxy-
gen free radicals could increase arterial blood pressure by
degradation and/or reduced expression and bioavailabili-
ty of NO. Treatment with folic acid and antioxidants such
as vitamin E and C may inhibit the development of HHcy
and prevent increase in blood pressure.
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