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Abstract

Objective: The purpose of this study was to determine the serum levels of nitric oxide (NO) metabolites in pregnant women
with preeclampsia and to find out any relation between the pathogenesis of preeclampsia and NO levels. 

Methods: In this prospective, case-control study, venous blood samples were collected from pregnant women with preeclamp-
sia (n=30) and age-matched healthy pregnant women (n=30). The serum fractions of these samples were assayed for total nit-
rite/nitrate levels. The outcomes of the pregnancies were evaluated and groups were compared to each other for the clinical
characteristics and NO metabolites. Student’s paired t-test and χ2 test were used for the statistical analysis. P value less than
0.05 was considered statistically significant. 

Results: The mean total serum levels of nitrite/nitrate in pregnant women with preeclampsia and healthy pregnant women we-
re 59.0 ± 15.55 µmol/L and 41.0 ± 10.37 µmol/L respectively. There were significantly higher total nitrite/nitrate levels in the
maternal serum of preeclamptic women (p<0.05). Also, significantly higher nitrite/nitrate levels were found in severe preeclamp-
tic women compared with those of mild preeclamptic and healthy pregnant women (p<0.05). 

Conclusion: Maternal serum levels of NO metabolites were higher in pregnant women with preeclampsia and it was directly
related with the severity of the disease. This may be a compensatory mechanism to increase the blood flow to uteroplacental
unit in preeclampsia.
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Preeklampsili gebelerde maternal serum nitrik oksit metabolitlerinin seviyeleri

Amaç: Bu çal›flman›n amac›, preeklamptik gebelerdeki nitrik oksit (NO) metabolitlerinin serum seviyelerini tespit etmek ve NO se-
viyesi ile preeklampsi aras›nda bir iliflki olup olmad›¤›n› ortaya ç›kartmakt›r. 

Yöntem: Bu prospektif, vaka kontrollü çal›flmada preeklampsi tan›s› konulmufl gebe kad›nlardan (n=30) ve benzer yafl grubun-
daki sa¤l›kl› gebelerden venöz kan örnekleri al›nd›. Al›nan kan örneklerinin serum fraksiyonlar›nda toplam nitrit/nitrat konsant-
rasyonu hesapland›. Daha sonra her iki grupdaki gebeliklerin sonuçlar› araflt›r›ld› ve iki grup klinik özellikleri ile NO metabolitleri
aç›s›ndan birbirleri ile karfl›laflt›r›ld›. ‹statistiksel de¤erlendirme için eflli t-test ve χ2 test kullan›ld›. 0.05’den küçük p de¤eri istatis-
tiksel olarak anlaml› kabul edildi. 

Bulgular: Preeklamptik ve sa¤l›kl› gebelerde ortalama toplam nitrit/nitrat seviyeleri s›ras›yla 59.0 ± 15.55 µmol/L ve 41.0 ± 10.37
µmol/L olarak bulundu. Preeklamptik gebelerin maternal serumlar›nda toplam nitrit/nitrat seviyeleri anlaml› derecede daha yük-
sekti (p<0.05). Ayr›ca fliddetli preeklampsi tan›s› alan gebelerdeki nitrit/nitrat seviyeleri, hafif preeklamptik ve sa¤l›kl› gebelerle
karfl›laflt›r›ld›¤›nda, anlaml› derecede yüksek saptand› (p<0.05). 

Sonuç: Bu çal›flmada NO metabolitlerinin maternal serum seviyeleri preeklamptik gebelerde daha yüksek saptand› ve bu yüksek-
lik preeklampsinin fliddeti ile do¤ru orant›l› olarak bulundu. Bu art›fl, preeklampside uteroplasental kan ak›m›n› art›rmaya yönelik
kompensatuar bir mekanizma olabilir.

Anahtar Sözcükler: Gebelik, nitrik oksit, preeklampsi, nitrit, nitrat.
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Introduction
Preeclampsia is one of the most common he-

alth problems experienced by pregnant women
and it appears in approximately 5-8% of pregnan-
cies later than 20 weeks.1 This disease which is
characterized by hypertension, edema and prote-
inuria is a very important pregnancy complication
which leads to both fetal and maternal morbidity
and mortality by affecting all systems in the body.
Even though etiology and pathogenesis of preec-
lampsia could not been clarified definitely until
now, it is considered that the basic problem is dec-
reased placental bleeding appeared due to abnor-
mal cytotrophoblast invasion and extensive endot-
helium damage appeared dependent on this.2 Whi-
le sensitivity of blood walls to angiotensin II with
production of substances like this "endothelin" and
"thromboxane" as a result of endothelium damage,
it was indicated that production of vasodilator
substances like nitric oxide (NO) and prostacyclin
decreased.3

NO which is synthesized from L-arginine,
which is an amino acid, by the effect of “nitrite oxi-
de synthase (NOS) enzyme is an effective free ra-
dical which inhibits thrombocyte aggression and
leads to vasodilatation in vessels.4 This very little li-
pophilic molecule which was defined as “endothe-
lium derived relaxing factor (EDRF)"5 in first years
it was founded but then it was understood that this
is NO6,7 increases cyclic guanozine monophostate
(cGMP) concentration by activating sithozolic gu-
anilate cyclasis and thus leads to vasodilatation by
decreasing Ca++ level in-cells. NO is a gaseous
molecule, half-life of it is so short (nearly 4 se-
conds) and rapidly converts into its metabolites
nitrite (NO2) and nitrate (NO3).8 For this reason, in
majority of studies in which NO production is re-
searched concentration of its metabolites nitrite
and nitrate was measured in different samples (ma-
ternal plasma, serum, urine and various tissues,
amniotic fluid, placenta, umbilical venous blood,
cerebrospinal fluid). 

It is known that both NO production and res-
ponse to NO increase in normal pregnancy4,8 and it
is though that this increase plays a role in many
physiological mechanisms which provide continu-
ation of the pregnancy.9 For this reason, there may
be a dysfunction appear in NO system in pathoge-
nesis of preeclampsia and many studies have been
held in this issue for recent 10 years.10 However,
incompatible results were presented in these studi-

es held, and it is reported that NO level increases
in some pregnant women with preeclampsia,11,15

decreases in some of them,16,18 and does not
change in others.19,21

This study was planned with the aim of exhibit-
ing whether or not changes in nitric oxide level
play a role in pathogenesis of preeclampsia, and it
does what is the relationship between severity of
preeclampsia and nitric oxide levels, and total
serum nitrite nitrate levels were researched in
cases included in the study for this purpose. 

Methods 
30 pregnant women among those who applied

high-risk pregnancy polyclinic of our hospital and
diagnosed as preeclampsia and 30 pregnant wo-
men as control group among those who applied
antenatal polyclinic and any problem was not be
determined and who have similar characteristics
with study group were included in this study.
Control group was formed among primigravid
pregnant women who have applied our polyclinic
by matching with pregnant women with preec-
lampsia in terms of age, pregnancy week and risk
factors. The study was planned in accordance with
principles of Helsinki declaration and permit docu-
ment for study was obtained from ethic committee
of our hospital and “informed approval” document
was taken from people who participated into the
study. All pregnant women included in the study
composed of primigravid women who have comp-
leted 28th week of their pregnancy but have not
had a pregnancy later than 36th week, between 20
and 35 ages, do not have therapy pregnancy, smo-
king habit or another diagnosed systemic disease,
risk factors like (diabetes mellitus, chronic hyper-
tension, auto-immune diseases, chronic kidney fa-
ilures, urinary infection, cardiovascular diseases,
thyroid dysfunction, infective diseases etc.), do not
take any medical treatment other than iron and fo-
lic acid, for whom any fetal anomaly was not diag-
nosed and have monomer pregnancy.

ACOG criteria were used for preeclampsia di-
agnosis.1 Accordingly tension arterial value, measu-
red in sitting position at least for two times after a
15 minute rest and in 6 hour intervals even though
normotensive is known before 20th week of preg-
nancy, being higher than systolic 140 mmHg and
diastolic 90 mmHg and determining proteinuria
higher than 300mg in 24 hour urine was consid-
ered as preeclampsia. In case tension arterial value
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measured in the same conditions is systolic 160
mmHg, diastolic 110 mmHg, more than 5 g pro-
teinuria is determined in 24-hour urine, urine out-
flow lesser than 500 ml in 24 hour, fetal growing
retardation, thrill or kidney dysfunction is deter-
mined “severe preeclampsia” was diagnosed.  

For all pregnant women included in study and
control groups full blood, full urine, kidney functi-
on tests, liver function tests, preprandial blood su-
gar, viral hepatitis indicators, indirect Coombs test,
protein in 24-hour urine, creatine, urine culture
examinations and fundus examination were held.
In addition fetal monitor, ultrasonography and fe-
tal Doppler researches were held in all of pregnant
women in order to determine the situation of fetal
well-being. A diet lack of nitrite and nitrate (which
does not include spinach, beet and cooked meat)
was given to all pregnant women included in the
study for 24 hour and peripheral venous blood
was drawn following an 8-hour hunger for the pur-
pose of determining serum total nitrite/nitrate va-
lue before starting any treatment for preeclampsia.
Serum fractions of drawn blood were separated
and preserved at 70°C in order to research on mass
after the end of study period. 

Measurement of serum total nitrite/nitrate levels
was performed by a technician who is not infor-
med about the study after all pregnant women had
procreated. The method described by Cortas and
Wakid was used in measurement of serum total
nitrite/nitrate levels.22 This method is based on
principle of degradation of nitrate to nitrite thro-
ugh copper covered cadmium granules and me-
asurement of obtained nitrite together with exis-
ting nitrite in the atmosphere. The method of stan-
dard adding was used in order to remove effect of
inhibitors like ascorbat etc. 

All data in the study were given as ± standard
deviation. Statistical evaluations were conducted
by using SPSS Ver. 11.0 (Chicago, IL, ABD) prog-
ram, and independent groups with t-test ki square
test, p<0.05 was considered statistically meaning-
ful. 

Results 
30 pregnant women with preeclampsia 10

among which was diagnosed as slight, 20 as seve-
re preeclampsia and 30 healthy pregnant women
as control groups were included in the study.
When general characteristics of pregnant women

included in the study were decided, a significant
difference cannot be determined between preg-
nant group with preeclampsia and healthy preg-
nant women included in control group in terms of
pregnancy week in which samples were taken for
control of age and nitrite/nitrate serum levels
(p>0.05). Nonetheless, average systolic and diasto-
lic tension arterial values and protein amount de-
termined in 24-hour urine were founded signifi-
cant high in pregnant women with preeclampsia
who form study group (p<0.05). Pregnancy period
in pregnant women with preeclampsia and avera-
ge birth weight of newborn babies were also foun-
ded significant lower compare to control group
(p<0.05). In addition, 63.3% caesarean rates in
study group was determined significant higher
compare to control group in which this rate is
33.3% (p<0.05). While perinatal in one pregnant
and postnatal fetal loss in one pregnant was obser-
ved in the study group, no fetal loss was observed
in pregnant women included in control group.
General characteristics of pregnant women inclu-
ded in the study and differences between the gro-
ups were presented in Table 1. 

Maternal serum average nitrite/nitrate level in
pregnant women with preeclampsia who form
study group was founded as 59.0 ± 15.55 µmol/L.
this values was determined as 41.0 ± 10.37 µmol/L
in the control group and there was a statistically
significant difference between two groups (p<0.05)
(Table 2). When mild and severe preeclamptic
pregnant women were evaluated separately mater-
nal serum average nitrite/nitrate values were deter-
mined respectively as 51.8±13.63 µmol/L and
73.8±6.0 µmol/L.  The value determined in the gro-
up with severe preeclampsia was a significant hig-
her value statistically compare to both the group
with mild preeclampsia and the control group
(p<0.05).

Discussion  
In many studies conducted until now it was

declared that NO production increases at least in
vessel bed and uterus during pregnancy period
and this increase ensures uterus to keep silent by
decreasing contractility until accouchement activi-
ty starts and plays an important role in adaptation
of vascular structures in pregnancy.4,8 In researches
conducted for this purpose, it was indicated that
cGMP and nitrite/nitrate amount in plasma and
urine in normal pregnancies and thus NO produc-



tion also increases.9 Setting out from this point the
idea that there may be a decrease in NO producti-
on in explanation of clinic findings appeared in
pregnant women with preeclampsia unlike normal
pregnant women was come up and for this purpo-
se tens of studies were conducted and published
oriented to exhibit possible role of NO system in
preeclampsia.10-21 In majority of these studies NO2

and/or NO3 levels were searched rather than NO
half-life of which is so short in maternal and fetal
plasma.11-14,16-21 In addition to this, some studies ha-
ve been published in which NO metabolites in am-
nious fluid,23 brain-spinal cord fluid24 or cord blo-
od12,15 of pregnant women with preeclampsia were
searched. As a result of these studies incompatible
results were reported and even though it was ex-
hibited that NO system may play a role in patho-
genesis of preeclampsia, it was not clarified how
this occurs. For this purpose in studies recently
held with higher-techniques NOS isoenzymes
which take a role in NO synthesis were researched
rather than NO metabolites, but again different re-
sults have been reported and it was declared that

NOS mRNA production decreases25 or does not
change in pregnant women with preeclampsia26 or
there is no difference in NOS isoenzyme levels
which is examined with immune dying between
preeclamptic and normotensive pregnant women.27

In our study on the other hand, maternal serum
average nitrite/nitrate levels in preeclamptic preg-
nant women were found meaningfully high com-
pare to normotensive healthy pregnant women.
When the effects of NO is taken into consideration
it is expected that decrease in NO efficiency in a
preeclamptic pregnant and vasoconstriction appe-
ar dependent on this should play a role in patho-
genesis of preeclampsia, on the contrary increase
in NO metabolites makes us to think that NO sys-
tem does not have a direct role on pathogenesis of
preeclampsia, rather this is a compensator mecha-
nism oriented to decrease emerged preeclampsia
findings and increase utero-placental blood stre-
am. This result also complies with some studies
held before.11-14 In addition higher NO metabolite
levels found in severe preeclampsia group in our
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Characteristic Preeclampsia Normal pregnancy P value 

(n=30) (n=30)

Age (year) (Average±SD) 29.06±5.40 28.06±4.01 ad

Pregnancy week when the sample is taken(Average±SD) 32.6±2.8 32.1±3.0 ad

Pregnancy week in accouchement (Average±SD) 35.2±2.7 38.1±2.1 <0.05

Systolic blood pressure (mmHg) (Average±SD) 153±19 114±8 <0.05

Diastolic blood pressure (mmHg) (Average±SD) 113±14 73±6 <0.05

Protein in 24-hour urine (g) (Average±SD) 4.28±1.02 0.18±0.22 <0.05

Birth weight (g) (Average±SD) 2488±751 3226±276 <0.05

Cesarian accouchement rate 19 (%63.3) 10 (%33.3) <0.05

Perinetal death 2 (%6.66) 0 ns

SD: Standard deviation
ns: Not significant  

Table 1. General characteristics of pregnant women included in the study.

Maternal serum average  

nitrite/nitrate amount (µmol/L)

Preeclampsia (n=30) 59.0±15.55a

Mild preeclampsia (n=10) 51.8±13.63a

Severe preeclampsia (n=20) 73.8±6.0a,b

Normal pregnancy (n=30) 41.0±10.37

P value <0.05

Note: Values are presented as average±standard deviation. 
a: Significant compare to control group (p<0.05)
b: Significant compare to mild preeclamptic group (p<0.05) 

Table 2. Maternal serum nitrite/nitrate concentrations.



study can be considered as a finding which sup-
ports this thought. Similarly, Pathak et al have
founded serum nitrite/nitrate levels in preeclamp-
tic pregnant women significant higher compare to
normotensive pregnant women in their study and
declared that they determined direct proportion
between the severity of preeclampsia and nitri-
te/nitrate levels.28 Shaamash et al have also indica-
ted in their study held in 2000 there is a positive
correlation between the severity of preeclampsia
and the amount in maternal fetal circulation of NO
metabolites.12 Even in a study, which declared that
any difference was not detected between preec-
lamptic pregnant women and normotensive ones
in terms of serum nitrite/nitrate levels, NO produc-
tion was found higher in severe preeclampsia gro-
up.21 All these findings are findings which support
the result determined in our population and which
indicates that the higher the severity of preeclamp-
sia the higher NO production occurs. 

It has been maintained that this increase in NO
production and oscillation occur depending on en-
dothelium damage and oxidative stress appear in
preeclamptic pregnant women, and it was also
thought that thrombocytes, trophoblasts, desidual
and myometrial cells may also be reasons of incre-
ased NO production.13 Excess NO secreted from
these sources may be a compensator mechanism
oriented to increase vasoconstriction, thrombocyte
aggression appear in pregnant women and utero-
placental blood stream decreased as a result of
this. It was contended that pregnant women with
preeclampsia pass through four different periods
theoretically and according to this hypothesis it
was affirmed that the period in which any finding
has not been detected before estimated factor
emerged constitutes the first phase, the period in
which any clinic finding has not emerged since the
balance was continued with compensator mecha-
nisms after the estimated factor emerged constitu-
tes the second phase, the period in which severe
findings have not been determined since compen-
sator mechanisms were still effective even though
mild clinic findings emerged constitutes the third
phase, and  the period in which compensator mec-
hanisms were not sufficient any more and severe
clinic findings have been determined constitutes
the fourth phase.8 According to hypothesis bases of
compensator mechanisms in the second and third
phases are formed by NO system, after possible

factor which leads to preeclampsia emerges NO
production and oscillation starts to increase and it
prevents severe findings to emerge until last pha-
ses of pregnancy, however this cannot be suffici-
ent after a certain stage even though NO levels are
so high and then picture of severe preeclampsia
emerges. The findings obtained in our study also
support this hypothesis.

Conclusion   
In this study total nitrite/nitrate levels in mater-

nal serums of preeclamptic pregnant women were
found meaningfully high compare to normotensive
healthy pregnant women. This high level increase
in direct proportion with severity of preeclampsia.
In preeclampsia which is one of the most serious
problems appear in pregnant women NO system
may play a preventive role directed to increase
utero-placental blood stream.  However, studies
which can directly indicate NO levels in different
periods of pregnancy are required in order to de-
termine the definite role of NO in preeclampsia
pathogenesis. 
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