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ABSTRACT
Problem
Multiple etiologies are available for understanding the mechanisms responsible for the syndrome of
Preeclampsia. Cytokine imbalance and endothelial dysfunction is suggested to have a pivotal role.
The pathophysiological processes in preeclampsia (PE) are also influenced by genetic factors. To
characterize the host genetic factors determining the susceptibility to Preeclampsia, we evaluated the
influence of polymorphism in eNOS gene on nitric oxide and cytokines production and on the risk of
developing PE.
Experimental approach
This cross-sectional study included 150 women with preeclampsia and 150 healthy pregnant women.
Their blood samples were analyzed for nitric oxide, inflammatory cytokines and eNOS gene
polymorphism.
Major findings
Decreased NO (reflecting endothelial dysfunction) and increased cytokines (interleukin-6, Tumor
Necrosis Factor-α, interleukin-2 and Interferon-γ) levels were found in preeclampsia (p<0.001).
Significant differences were found in genotype/allele distribution between two groups. Significant
negative correlation was seen between NO and cytokines levels (IL-6, TNFα, INFγ & IL-2) in
preeclamptic group (p=0.001).
Conclusion
We concluded that endothelial dysfunction and inflammatory markers could be involved in the
pathogenesis of Preeclampsia and those markers could be correlated with genotypic variations.
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INTRODUCTION
Preeclampsia (PE) is a disorder peculiar to
pregnancy [1] and a major cause of maternal
www.ijpbs.net

death and damage to the developing baby. It is
characterized by widespread endothelial
dysfunction
throughout the maternal
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circulation resulting in hypertension attributable
to vasoconstriction, proteinuria attributable to
glomerular damage, and edema attributable to
an increase in vascular permeability. The specific
factors initiating endothelial damage in PE are
unknown, although activation of the coagulation
system, platelets, and neutrophils are implicated
[1]
. Inflammatory cells are activated in PE and
localized to the site of vascular injury [2]. This
white cell activation is associated with higher
levels of proinflammatory molecules and
cytokines. Although abnormal cytokine levels,
including
IL-2, IL-6, and IL-10, were documented, the
results were not confirmed consistently [3, 4]. It
has been suggested that PE is attributable to an
excessive maternal inflammatory response to
pregnancy secondary to a combination of
placental factors and maternal factors related to
phenotype and genotype [5]. This inflammatory
response contributes to the wider syndrome of
endothelial dysfunction and thrombotic and
metabolic disturbances seen in PE. Nitric oxide
(NO) is constitutively produced in endothelial
cells and platelets by action of endothelial NO
synthase (eNOS). It causes cyclic guanosine
monophosphate (cGMP) mediated vascular
relaxation and inhibits platelet adhesion [5].
Besides maintaining vascular tone and affecting
platelet adhesion, nitric oxide may influence
other pathophysiological mechanisms in the
development of Coronary artery disease. Some
studies have shown raised NO levels [7] in
preeclampsia whereas most of the literature
indicates decreased NO production from
dysfunctional endothelial cells [8]. The parallels
between metabolic disturbances in PE and
cardiovascular disease (CVD) are striking and
may explain the risk of future CVD associated
with PE [5].
Recently, preeclampsia has been associated
with carriage of a common eNOS gene
Glu298Asp polymorphism, a variant that leads to
the replacement of glutamic acid by aspartic acid
at codon 298. This variant is associated with
reduced endothelium-dependent vasodilatation
in pregnancy [7].
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In the present scenario, despite the extensive
ongoing research, the role of inflammatory
cytokines and eNOS in preeclampsia still
remains unclear. Hence, this study was
designed with the aim to provide a better
understanding of the potential etiopathogical
factors of preeclampsia by evaluating the
endothelial (Nitric Oxide) and inflammatory
(interlukins, TNFα & INFγ) aspects.

MATERIALS & METHODS
This tertiary care based case-control study
included 300 antenatal women in the age
group of 20-30 years selected from antenatal
clinics and wards of a tertiary care hospital in
New Delhi, India. Out of these, 150 women
diagnosed with preeclampsia were enrolled in
the study group. Preeclampsia was defined
according to the International Society for the
Study of Hypertension in Pregnancy [9].
Preeclampsia is defined as blood pressure of >
140/90 with p ro t e in u ria ≥ 3 00 m g in
2 4 ho u rs o r ≥ 1 + d ip s t ic k after 20 weeks of
gestation. The control group consisted of 150
normotensive pregnant women matched for
age and period of gestation. Women in both
the groups were primigravidae and the
gestational age during sampling was between
30 to 40 weeks. Women with Preeclampsia
associated with multiple pregnancies, diabetes
mellitus, Rh-incompatibility, bleeding disorders,
systemic lupus erythematosus, hydramnios
and pregnancies complicated by fetal
abnormalities were excluded. Pregnant women
on any medication or chronic disorders
affecting cardiovascular system, liver, kidneys,
endocrine organs and metabolic disorders
were excluded from the study. All the selected
women were non-smokers and did not suffer
from any active infective process such as
urinary tract infection or upper respiratory tract
infection. The Institutional Ethical Committee
approved the study and informed consent was
taken from all the participants.
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Sample collection and analysis
Eight milliliters (ml) of venous blood samples
were collected from both groups. Of these 2ml of
blood was collected in sterile EDTA vials for DNA
extraction and genotyping. About 6ml of blood
was collected in plain vials and serum was
extracted by centrifugation for estimation of nitric
oxide and inflammatory cytokines. Samples were
stored at -20 degree Celsius until batch was
analyzed.
Estimation of nitric oxide
Nitric oxide is difficult to measure. In an
oxygenated solution, it decomposes to form
nitrite (NO-2) and nitrate (NO-3). Nitrite, a stable
end product was estimated as an index of NO
using Griess reaction by method of Mathew et al
[10]
Griess reaction involves the formation of a
chromophore during the reaction of nitrite (NO2-)
with sulfanilamide and heterocyclic amine of N(1-napthyl) ethylene diamine (Griess reagent)
under conditions of low pH to form a magenta
colored compound, which is measured
spectrophotometrically. This procedure was
supplemented
with
deproteinization
and
reduction of nitrates to nitrites in the presence of
NADPH-sensitive reductase, for measurement of
NO levels in serum. Deproteinization of samples
was done with methanol, which does not
influence the sensitivity of detection of NO
metabolites.
Estimation of inflammatory cytokines
Levels of IL-2, IL-6, TNFα and INFγ were
determined by Solid Phase Sandwich Enzyme
Linked Immunosorbent assay (DIACLONE
Research, France). The assay utilizes specific
anti human IL-6, IL-2, TNF-α & INF-γ antibody
coated onto the wells of microtiter plates. Serum
samples (100µL) and standards (100µL) were
pipetted into appropriate microtiter wells, and the
assay
was
performed
according
to
manufacturer’s instructions. The sensitivity of
ELISA IL-2, IL-6, TNF-α and INF-γ system is
14.0, 2.0,8.0 & 5.0 (pg/ml) respectively and the
upper limit of detection is 1000, 200, 800 & 400
(pg/ml) respectively.
www.ijpbs.net

DNA extraction and Analysis of Glu298Asp
Polymorphism in exon 7 of the enos gene
DNA was extracted from peripheral leukocytes
by means of Phenol Chloroform-isoamylalcohol
based method [11]. Modified Protocol PCR
amplification of the DNA, two oligonucleotide
primers flanking the 27 bp in exon7 was used.
The 50 µL PCR mixture was made and
extracted DNA was amplified for 30 cycle of
denaturation at 94°C for 10 min, annealing at
61°C for 1 min and extension at 72°C for 1 min
with a final extension of 7min at 72°C [12]. The
PCR machine used was PTC 100 (MJ
research co, USA). The PCR products were
analyzed by electrophoresis in 2% agarose gel
and stained with ethidium bromide. Molecular
weight marker DNA was also run along with
the test samples. The 457 bp wild-type product
contained (the G allele) when digested with
R.E (BanII) showed two bands of 327 & 130 bp
of length (GG), mutant type with heterozygous
alleles (GT) i.e. 457,327& 130 bp of length and
mutant with homozygous alleles (TT) as not
get digested due to loss in site shows one
band i.e. 457 bp of length. (Fig-1)
Statistical analysis
All data are expressed as mean ± SEM
(standard error of mean) and statistical
analysis was conducted using SPSS statistical
package, version 12.0 (SPSS Inc., Chicago, IL,
USA). A P-value < 0.05 was considered as
significant. The student t-test was used for
normally distributed data. The frequency of
alleles and genotypes were compared between
the study and the control group by Chi square
test with values predicted by the HardyWeinberg equilibrium model. Pearson’s
correlation was used to analyze the relation
between NO and pro-inflammatory cytokines in
the study and control group.

RESULTS
Serum NO levels were significantly lower in
preeclamptic women (62.21± 2.30µmol/L) than
in the normotensive pregnant women (96.92±
2.50µmol/L) (p<0.05) (table 1). The difference
Biochemistry
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differences were found between allelic
distributions between the two groups. (Data not
Shown).
When the study group were further subdivided
on the basis of presence of GG, GT and/ or TT
genotypes,
we
have
seen
significant
intergenotypic NO, IL-6, IL-2, TNFα & INFγ
levels among study group (Table 3). Levels of
NO& IL-2 decreased while levels of IL-6 INFγ &
TNFα were increased in women having
mutated Genotypes (i.e. GT + TT) as
compared to those having wild types (i.e. GG).
(Table-3)

in the mean value of inflammatory cytokines
between the study group and control group
respectively was found to be highly significant (p
< 0.05) (Table 1).
Serum NO shows significant negative correlation
with IL-6, INFγ & TNFα between study groups
(p=0.001), which were not seen in the control
group (Table 2). GG genotype was found in 75
subjects (50%) of study group and 112 subjects
(74.6%) of control group whereas GT genotype
was found in 60 subjects (40%) of study group
and 36 subjects (24%) of control group, while TT
genotype was found in 15 and 2 subjects of
study and control group respectively. Significant

Tables I
Comparison of different parameters in both groups.

PARAMETERS
NO (µmol/l)
IL-2(pg/ml)
TNFα(pg/ml)
INFγ(pg/ml)

CONTROL
MEAN± S.E.M
N=150
95.92± 1.70
71.9±0.76
97.6±10.15
28.48±0.97

STUDY
MEAN± S.E.M
N=150
58.46± 1.70
276.16± 8.70
610.6±66.51
177.2±5.21

P Value
<0.001
<0.001
<0.001
<0.001

Table II
Correlations of cytokines and NO among study groups
Parameter

Study
Group
Control
Group

IL-2(pg/ml)
TNFα(pg/ml)
INFγ(pg/ml)
IL-2(pg/ml)

NO
Pearson correlation
-0.06
-0.27**
-0.16*
0.07

Significance (2 tailed)
0.236
0.001
0.003
0.314

TNFα(pg/ml)
INFγ(pg/ml)

0.04
-0.05

0.487
0.544

** Correlation is significant at the 0.05level (2- tailed)
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Table III
Interegenotypic levels of cytokines and NO between both groups
Genotype`

N

Study group
Parameters
Mean ±SEM
NO (µm/l)
62.97±1.43
TNFα(pg/ml)

Control group
Parameters
Mean ±SEM
NO (µm/l)
96.0±1.8
80.25±9.58
TNFα (pg/ml)

N

585.2±26.6

P value
<0.001
<0.001

190.13±3.37
GG

75

GT

60

TT

15

INFγ(pg/ml)
NO (µm/l)
TNFα(pg/ml)
INFγ(pg/ml)
NO (µm/l)
TNFα(pg/ml)
INFγ(pg/ml)

112
61.73 ±2.82
978.8±77.0
204.70± 9.31
36.40±2.50
1028 ±59.9

36

279.33± 7.71

2

INFγ (pg/ml)
NO (µm/l)

27.8±0.9
104.6±8.0

<0.001
<0.001

TNFα (pg/ml)
INFγ (pg/ml)
NO (µm/l)

82.6±22.3
25.8±0.98
50.0±13.0
125.0±75.0

<0.001
<0.001
0.004

TNFα (pg/ml)
INFγ (pg/ml)

14.0±4.0

0.002
<0.001

FIGURE- 1

FIGURE 1
Typical electrophoretic separation of the eNOS gene detected by BanII restriction endonuclease digestion of the 457 bp PCR product. Lane 1-showing
the marker, Lane 2-shows the TT (homozygous mutated) genotype, Lane 3- shows GG (wild Type) genotype & Lane 4-6 shows GT(heterozygous
mutated type) genotype in subjects. The GG, GT & TT were represented by 320 & 137 bp, 457,320 & 137 bp & 457 bp respectively.

DISCUSSION
This study was the first to evaluate a potential
association between inflammatory markers nitric
oxide and eNOS Glu298Asp polymorphism and
their intergenotypic levels in preeclamptic
women. Our results demonstrate significantly

lower levels of NO in the preeclamptic women as
compared to control group in accordance with
the findings of Tinatin et al [13]. However, Norris
et al [14] suggested that NO production might be
increased in preeclampsia, as a compensatory
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response to maintain blood flow in fetoplacental
unit. PE is a hypertensive disorder of pregnancy,
with genetic factors believed to play a significant
role in susceptibility. In our study, this
polymorphism was observed in both homo and
heterozygous state. A positive evidence of a role
of
eNOS
Glu298Asp
polymorphism
in
preeclampsia was observed in our study. This is
in agreement with the findings of other
researchers where an association was found
between Asp298 variant of the endothelial nitric
oxide synthase gene and preeclampsia [15 & 16].
[17]
However,
other
researchers
have
demonstrated no association of this candidate
gene with preeclampsia in individuals with this
polymorphism. In our study we found that,
women with homozygous for the Asp298 allele
were 3 times more likely to develop
preeclampsia compared with carriers for the
Glu298 allele.
Several lines of evidence support the cytokine
hypothesis of preeclampsia. In our study, a 3-fold
increase in IL-2, 6-fold increase in serum TNFα
& INFγ and 20-fold increase in IL-6 were
observed in the study group as compared to the
control group. Supporting our findings, few
studies have demonstrated an increase in TNFα,
INFγ, IL-6 and IL-2 in preeclampsia [18, 19 & 20].
The recent findings that physiological elevations
in plasma levels of proinflammatory cytokines
result in altered vascular function and
hypertension during pregnancy are important
and support the cytokine hypothesis of
preeclampsia.
Significant negative correlation was observed
between levels of NO and IL-6 in the present
study, which indicates that IL-6 might be a
possible mediator of increased vascular
resistance during preeclampsia. These findings
agree with a previous experimental study done
on pregnant rat, where Joey P. Granger [21] found
that IL-6 inhibits endothelium- dependent NOcGMP-mediated relaxation in systemic vessels of
virgin and pregnant rats and also suggest that
these acute effects of IL-6 on NO production are
most likely related to alterations in endothelial
NO synthase activity, IL-6 may also act at a point

downstream
to
decrease
the
bioactivity/bioavailability of NO, possibly via the
generation of reactive oxygen species.
Significant negative correlation was established
between INFγ, TNFα and NO in our study, this
shows that not only IL-6 but also INFγ & TNFα
are possible mediators in preeclampsia. These
findings are also supported by [22]. Our findings
are suggesting the imbalance in Th1 & Th2 cells.
In this study, we then try to see the
intergenotypic levels of nitric oxide and
inflammatory cytokines in study subjects, as
those are our main area to see the correlation of
this polymorphism with these markers. Those
having TT genotype demonstrated decreased
NO production and increased IL-6 levels as
compared to GG genotype. Women with TT
genotype had NO levels nearly 50% of those in
women with GG genotype indicating that the
activity of eNOS may be related to the presence
of G allele, suggesting that eNOS gene
polymorphism significantly affects NO formation
in vivo. A likely mechanism by which eNOS
Asp298 might reduce NO bioavailability has also
been reported. It has been found that this SNP
leading to a change from glutamate at 298
positions to an aspartate decreases the
expression of eNOS enzyme [23]. Another study
suggested that such a change causes the
enzyme to undergo selective proteolysis [24].
Healthy pregnant women carrying the common
Glu298Asp polymorphism in eNOS gene have
demonstrated reduced flow-mediated dilatation
of the brachial artery, and NO-dependent
response in earlier studies [25]. These findings
suggest that women with Asp298 allele generate
low NO in vivo and may be more susceptible to
endothelial dysfunction due to decreased
response of vascular endothelium to increased
oxidative stress. The level of IL-6 was found to
be higher in subjects having TT genotype
compared to GG genotype by 67%. It has been
seen in various studies that higher level of IL-6
might decrease expression of this gene [21,15] in
its wild type that is GG genotype, so in present
scenario the effect on expression of this gene
may be additive that is further decrease in
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expression of eNOS enzyme by mutated gene
(TT genotype).The levels of IL-2 were found rose
by 80% in study subjects with TT genotype as
compared to control subjects, which is with the
agreement of other researchers [20, 22].
Preeclampsia in our study has been found to be
associated with decreased levels of nitric oxide
and increased levels of circulating inflammatory
cytokines pointing towards the role of endothelial
and inflammatory components. The decrease in
nitric oxide is influenced by the presence of
inflammatory cytokines. An IL-6 mediated
endothelium dependent nitric oxide- cyclic
guanine monophosphate (cGMP) mediated
relaxation pathway is inhibited in systemic
vessels in preeclampsia. Also the presence of
inflammatory cytokines might affect the
expression of eNOS gene there by decreasing
amount of NO in preeclampsia. In our study
preeclampsia has been found to be associated
with eNOS Glu298Asp polymorphism showing

decreased levels of nitric oxide pointing towards
the role of endothelial components in
preeclampsia. The presence of T allele might
affect the expression of eNOS gene. The
presence of this polymorphism might increase
the future risk cardiovascular diseases due to
decreased availability of nitric oxide. Prevalence
of Glu298Asp gene polymorphism needs to be
screened along with their correlation with other
endothelial dysfunction and immunological
response in a large sample size to come to a
definite conclusion on its role as PE risk marker.
Thus, authors conclude that single nucleotide
polymorphism influences the endothelial nitric
oxide production favorably. Preeclampsia in our
study has been found to be associated with
decreased levels of nitric oxide and increased
levels of circulating inflammatory cytokines
pointing towards the role of endothelial and
inflammatory
components.
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