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Abstract:

Background: Preeclampsia (PE) is a pregnancy specific,
hypertensive disorder. It affects 2-8% pregnancies.
Oxidative stress and systemic inflammation are
proposed to contribute significantly to the preeclampsia
pathophysiology. The present study, aim is to determine
and compare the markers of oxidative stress, endothelial
dysfunction, systemic inflammatory markers
Neutrophil/Lymphocyte Ratio (NLR) and Platelet/
Lymphocyte Ratio (PLR) in preeclampsia and
gestational age matched healthy controls. Material and
Methods: This study was conducted in the Department
of Biochemistry and Department of Obstetrics and
Gynecology, Sri Devaraj Urs Medical College, Kolar,
Karnataka. The study included 98 preeclamptic women
and 98 normotensive pregnant women. Five ml venous
blood was collected from all the study subjects. Blood
sample in EDTA vials was used for the complete blood
count. NLR and PLR were calculated. Plasma was used
for Ferric Reducing Ability of Plasma (FRAP) assay.
Serum was used for the estimation of Malondialdehyde
(MDA), nitric oxide, blood sugar, renal parameters and
liver enzymes i.e., Aspartate Transaminase (AST),
Alanine Transaminase (ALT), Lactate Dehydrogenase
(LDH) and magnesium. Corresponding urine samples
were collected for urinary protein analysis by dipstick
method. Fetal outcome was recorded. Results:
Gestational age was significantly low in preeclamptic
women as compared to those of controls. Blood
pressure (Systolic and diastolic), mean arterial pressure,
body mass index, pulse rate, serum creatinine, uric acid,
AST, ALT, LDH, MDA and NLR were increased

significantly in preeclamptic women as compared to
those of controls. In subgroup analysis, NLR was
increased significantly in severe preeclamptics as
compared to mild preeclamptics. Serum Nitric Oxide
(NO) and FRAP levels were decreased significantly in
preeclamptic women as compared to those of controls.
Significantly decreased birth weight was observed in
babies born to preeclamptic mothers compared with
controls. Conclusion: The present study results
conclude that increased oxidative stress in terms
increased MDA, decreased NO and reduced antioxidant
status (FRAP) in preeclamptic women, results in
adverse perinatal outcome. In addition, maternal NLR
could be considered as a marker for severity of
preeclampsia.

Keywords: Ferric Reducing Ability of Plasma, Fetal
Outcome, Malondialdehyde, Nitric oxide

Introduction:

Preeclampsia (PE) is a pregnancy specific
hypertensive (Blood pressure = 140/90 mmHg on
two occasions, at least six hours apart) disorder
associated with proteinuria (0.3g/day or a dipstick
of 1+) after 20 weeks of gestation [1]. It affects 2 to
8% of all pregnancies [2]. The incidence of PE in
India is around 8-10% [3]. Preeclampsia and
eclampsia contributes significantly to morbidity
and mortality of mothers (24%) and fetal morbidity
and mortality rate is around 43/1000 live births [4].
The symptoms include persistent headache, blurred
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vision, epigastric pain, vomiting and oedema [3].
The risk factors are first pregnancy, family history
of previous preeclampsia/eclampsia, chronic
hypertension, renal disorders, diabetes and obesity
[5]. Even though exact cause of preeclampsia is
unknown, a few studies evidenced that, oxidative
stress is also one of the contributing factors in
preeclampsia complications [4, 6].

In normotensive pregnancy, oxidative stress is a
common phenomenon, but in PE, oxidative stress
is elevated and hence may lead to endothelial
dysfunction [7]. Endothelial cell injury and
dysfunction is one of the preeclampsia cause, leads
to increased systemic vascular resistance [8-9].
Preeclampsia is associated with abnormal
trophoblastic differentiation and invasion that leads
to altered vascular remodeling of spiral arteries,
decreased placental perfusion and ischemia, results
in oxidative damage, intravascular inflammation
and endothelial dysfunction. Elevated Reactive
Oxygen Species (ROS) may also trigger redox
signaling process to induce cell apoptosis [10].
Nitric Oxide (NO) is a vasodilator, mediates
endothelial function by regulating vascular tone,
platelet aggregation, leukocyte adhesion and
development of smooth muscle cells [10]. Several
studies have reported controversial results on
serum level of nitric oxide in preeclampsia [11-14].
Accelerated lipid peroxidation and lower anti-
oxidant status were linked to the pathophysiology
of preeclampsia by reduced perfusion and impaired
fetal growth [8, 15]. Therefore, screening of
oxidative stress markers facilitates to understand
the balance between oxidants and antioxidants.
Besides oxidative stress, inflammation also plays a
crucial role in pathophysiology of preeclampsia
[16, 17]. Systemic inflammatory and immuno-
logical responses increase neutrophil count and

modulate neutrophil function. Increased super-
oxide decreased nitric oxide and inflammatory
response, finally resulting in maternal endothelial
dysfunction [18].

In preeclampsia, inflammatory status being
evaluated by the markers such as C-reactive
Protein (CRP), Neutrophil/Lymphocyte Ratio
(NLR) and Platelet/Lymphocyte Ratio (PLR) have
been studied as novel biomarkers in the prognosis
of patients with preeclampsia [17, 19, 20]. The
present study is aimed at to determine and compare
the markers of oxidative stress, endothelial
dysfunction, systemic inflammatory markers NLR
and PLR in preeclampsia and gestational age
matched healthy controls.

Material and Methods:

This prospective study was conducted in the
Department of Biochemistry and Department of
Obstetrics and Gynecology, Sri Devaraj Urs
Medical College, Kolar, Karnataka, India. Central
ethics committee approval was obtained and
written informed consent from study participants
were obtained, the study population 196,
consisted of 98 preeclamptic women and 98
normotensive pregnant women as control group.
Preeclamptic pregnant women were sub grouped
into mild (n=36) and severe preeclampsia (n=62)
based on the criteria of blood pressure of = 140/90
mmHg for mild and 160/110 mmHg for severe
preeclampsia (ACOG guidelines 2002).

Age and gestation matched normotensive healthy
pregnant women with singleton pregnancy, no fetal
anomaly; nonsmokers were recruited as control
group. For all the study subjects demographic,
physical and clinical examinations were done.
Pregnant women with history of renal disease, liver
disease, thyroid disorder, chronic systemic
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hypertension, gestational diabetics, epilepsy,
hypertensive encephalopathy, cardio vascular
diseases, pregnancy with fetal anomaly, smoking
history and malignancy conditions were excluded
from the study.

Sample Collection:

Sample size was estimated by using SPSS
software version 22.0, with 80% power and 95%
confidence interval. The sample size arrived for
each group is 98, that is 98 preeclamptic subjects
and 98 normotensive pregnant women. Five mL of
venous blood sample was collected under aseptic
conditions in plain (3 mL) and EDTA (2 mL) tubes
from the preeclamptic and normotensive pregnant
women visiting to the Department of Obstetrics
and Gynecology, after 20 weeks of gestation
period. The blood samples were allowed to clot
and centrifuged at 3000 rpm for 10 minutes to
obtain the clear serum. Thus obtained clear serum
samples were stored at -80°C for until analysis.
Whole blood sample was used for the Complete
Blood Count (CBC) in EDTA vials. NLR and PLR
were calculated and plasma was used for the FRAP
assay. Serum sample was used for the estimation
of Malondialdehyde (MDA) by Thiobarbituric
Acid (TBA) method, nitric oxide by Griess
reaction method, blood sugar, renal parameters
(urea, creatinine, uric acid) and liver parameters
such as Aspartate Transaminase (AST), Alanine
Transaminase (ALT), Lactate Dehydrogenase
(LDH) and magnesium. Correspondingly five mL
urine sample was collected for urinary protein
analysis by dipstick method.

Statistical Analysis:
The results obtained were expressed as mean + SD.
Categorical variables were expressed as percent-

ages (%). Mann-Whitney U test was used for
continuous non-normally distributed variables.
The level of significance was <0.05 considered.
Data analysis was performed using SPSS software,
version 22.0.

Results:

In the present study, gestational age (36.86 & 3.55)
was significantly low in preeclamptic women as
compared to control group. Blood pressure
[Systolic (156.18 + 15.04) and diastolic (101.0 +
10.59)], Mean Arterial Pressure (MAP) (119.39 +
11.14), Body Mass Index (BMI) (27.03 +3.61) and
pulse rate (87.42 + 5.25) were significantly
increased in preeclamptic women compared with
control group as shown in table 1. Serum
Creatinine (0.53 + 0.15), uric acid (5.61 £+ 1.74),
AST (24.64 + 14.65), ALT (19.11 + 8.26), LDH
(300.16 + 142.20) were increased significantly in
preeclamptic women compared with control group
as depicted in table 1. However, serum magnesium
levels were similar in both groups. Neutrophil to
lymphocytes ratio (5.73 + 2.10) was increased
significantly in preeclampsia as compared to
control group (Table 1). In subgroup analysis, NLR
(5.14 = 1.97) was increased significantly in severe
preeclamptics compared with mild preeclamptic
(Table 2). Platelet to lymphocyte ratio increased in
preeclamptic and also in severe preeclampsia.
Difference in mean values was not statistically
significant. Serum MDA (18.12 + 6.98) levels were
increased significantly in preeclamptic women
compared with control group. Serum NO (6.51 +
1.25) and FRAP (1334.06 + 533.84) levels were
decreased significantly in preeclamptic compared
with control group (Table 3).
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Table 1: Baseline, Biochemical and Hematological Parameters between Preeclamptic and

Normotensive Controls

Parameters Control (n=98) Preeclampsia (n=98) P
Mean £ SD Mean £ SD

Baseline Characteristics
Age (years) 22.93+£3.05 23.174£3.66 0.864
Gestational age (weeks) 38.39+1.77 36.86+3.55 0.000
BMI (kg/m’) 25.82+3.10 27.03£3.61 0.02
SBP (mmHg) 114.88+13.05 156.18+15.04 0.000
DBP (mmHg) 73.95+6.52 101.0+£10.59 0.000
MAP (mmHg) 87.93+6.07 119.39+11.14 0.000
Pulse rate (bpm) 85.05+7.38 87.42+5.25 0.002
Biochemical parameters
RBS (mg/dL) 82.66+15.66 83.62+21.09 0.639
Serum Urea (mg/dL) 14.53+4.66 15.46£6.39 0.473
Serum Creatinine (mg/dL) 0.49+0.12 0.53+0.15 0.01
Serum Uric acid (mg/dL) 4.81+1.45 5.61+1.74 0.000
Serum AST (IU/L) 21.2748.20 24.64+14.65 0.03
Serum ALT (IU/L) 14.54+7.51 19.11+8.26 0.000
Serum LDH (IU/L) 163.46+60.09 300.16£142.20 0.000
Serum Magnesium (mg/dL) 2.19+0.62 2.10+0.52 0.439
Hematological parameters
Hemoglobin (%) 11.35+1.77 10.90+2.08 0.229
WBC (10°/uL) 14.15+4.66 12.98+3.58 0.05
Neutrophils (%) 75.56+6.10 74.86+7.85 0.545
Lymphocytes (%) 16.30+4.69 15.00+5.67 0.008
Platelets, x (10°/L) 245.12+61.99 236.51+84.61 0.624
Neutrophil to lymphocyte ratio 5.21+£2.46 5.73£2.10 0.008
Platelet to lymphocyte ratio 16.63+7.10 18.01£8.13 0.139

*Significant, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial

pressure, RBS: Random blood sugar, AST: Aspartate transaminase, ALT: Alanine transaminase, LDH. Lactate

dehydrogenase, WBC: White blood cells

© Journal of Krishna Institute of Medical Sciences University

92



JKIMSU, Vol. 8, No. 4, October-December 2019

Rajeev Gandham et al.

Table 2: Inflammatory Markers in Mild and Severe Preeclampsia

Parameters Mild Preeclampsia (n=36) | Severe Preeclampsia (n=62) P
Mean £ SD Mean £ SD
Neutrophil to lymphocyte ratio 5.14+1.97 6.07£2.11 0.042
Platelet to lymphocyte ratio 16.24+7.60 19.04+8.30 0.108
*Significant

Table 3: Oxidative Stress Parameters in Preeclampsia and Control

Parameters Control (n=98) Preeclampsia (n=98) P
Mean = SD Mean = SD
Serum MDA (umoles/L) 10.24+5.70 18.12+6.98 0.000
Plasma FRAP (mmol/L) 1978.08+142.95 1334.06+£533.84 0.000
Serum NO (umoles/L) 12.03+4.60 6.51£1.25 0.000

* Significant, MDA: Malondialdehyde, FRAP: Ferric reducing ability of plasma, NO: Nitric Oxide

Birth weight (2.46 + 0.64) of the babies born to
preeclamptic mother was decreased significantly
compared with control group. Intra uterine growth
restriction (IUGR), Respiratory Distress Syndrome

(RDS), Intrauterine Death (IUD) were observed in
21(21.42%), 22 (22.44%) and 6 (6.12%) of babies.

In normotensive mothers, RDS was observed in 9
(9.1%) babies (Table 4).

Table4: Birth Weight and Fetal Complications of Neonates on
Delivery of Preeclampsia and Control

Parameters Control (n=98) Preeclampsia (n=98)

Mean = SD Mean = SD
Birth weight (Kg) 2.82+0.509 2.46+0.64
IUGR Nil 21(21.42%)
RDS 9 (9.1%) 22 (22.44%)
IUD Nil 6 (6.12%)

* Significant, IUGR: Intra uterine growth restriction, RDS: Respiratory distress syndrome, IUD.

Intrauterine death
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Discussion:

Preeclampsia is observed with increased oxidative
stress and endothelial dysfunction; this plays a
significant role in pathophysiology of preeclampsia
[8]. Elevated lipid peroxidation and reduced
antioxidant status allows for endothelial cell injury
and dysfunction in preeclampsia [21]. During
normal pregnancy, normal ROS prevailing condi-
tion facilitates the proper placental development
and angiogenesis [22, 23].

In preeclampsia, elevated ROS, increased inflam-
matory status adds to failure of spiral artery
remodeling and improper invasion of trophoblast,
an inadequate blood perfusion occurs, which leads
to ischemia and reperfusion injury, which
increases ROS generation [ 10]. A few studies have
reported that lipid peroxidation products, MDA
levels were increased in preeclamptic women [7-
8]. In our study, serum MDA levels were increased
significantly in preeclamptic women when
compared to control group. Our study is in
accordance with Adetunji ef al. where MDA levels
were significantly increased in preeclamptic
subjects compared to normotensive controls [24,
25]. Total antioxidant status was decreased
significantly in preeclamptic women compared
with control group. This indicates that increased
lipid peroxidation is associated with decreased
antioxidant protective/compensatory adaptation
in preeclampsia and buttressed the oxidative stress
mechanism in preeclampsia[7,24].

Nitric oxide is a potent vasodilator, involves in
relaxation of smooth muscle and it mediates
endothelial function. In our study, serum nitric
oxide levels were significantly low in preeclampsia
when compared to control group. Our study results
are in accordance with Choi et al. who have

reported that nitric oxide production increases
during normal pregnancy and the levels were
decreased in preeclampsia [26].

However, the present study focuses on markers of
inflammation i.e. neutrophil to lymphocyte ratio
was increased significantly in preeclamptic women
compared with control group whereas platelet to
lymphocyte ratio was not significant, increased
levels were observed in preeclamptic subjects. In
subgroup analysis, neutrophil to lymphocyte ratio
was increased significantly in severe preeclamptic
women as compared to mild preeclampsia.
Neutrophils are usually thought to be the first line
of defense against infection [16]. Studies have
reported that increased activation of inflammatory
cells and immunologic response in preeclampsia,
led to release of inflammatory cytokines, auto-
antibodies and increased production of superoxide,
resulting in endothelial dysfunction [18, 27].
Studies by Kurtoglu et al. and Serin ef al. have
found a significantly increased NLR in
preeclamptic women and women with severe
preeclampsia, respectively, as compared to healthy
pregnant women [28, 29]. In our study, NLR was
increased significantly in severe preeclamptic
women compared to mild preeclampsia, which
indicates that elevated NLR could be serve as a
predictor of severity of preeclampsia. Abd-Alazim
et al. have studied the relationship between NLR in
patients with preeclampsia and severity of
preeclampsia. They found significantly increased
NLR in preeclampsia as compared to healthy
pregnant and significantly increased levels were
seen in severe preeclampsia as compared to mild
preeclampsia [30].

© Journal of Krishna Institute of Medical Sciences University 94



JKIMSU, Vol. 8, No. 4, October-December 2019

Rajeev Gandham et al.

A few research reports indicated the increased
PLR is a sensitive marker of inflammation and a
prognostic marker in breast cancer, ovarian and
colorectal cancers [31-32]. Although association
of PLR with inflammation and other disease
conditions were reported, seldom studies
evidenced the onset of association of PLR and
preeclampsia[33, 34].

During normal pregnancy, activation of
physiological inflammatory pathway occurs and is
activated extensively in preeclampsia. Increased
concentration of soluble factors initiates activation
of platelets, inflammatory cytokine production
and endothelial dysfunction [35]. Activated
platelets release various soluble and adhesion
molecules, which trigger the interactions between
platelets, leukocytes and endothelial cells. A few
studies reported that platelets play a major role in
preeclampsia pathophysiology [36, 37]. In our
study, PLR was increased in preeclampsia
compared with controls, but the levels were not
statistically significant. In subgroup analysis, the
levels were increased in severe preeclampsia
compared with mild preeclampsia, though
statistically insignificant. Similar to our study
findings, Yavuzcan et al. reported that, there is no
significant difference of PLR between severe
preeclampsia and healthy pregnant women [34].
Birth weight was significantly decreased in babies
born to preeclamptic mothers as compared to

controls. Nadkarni et al. reported that the incidence
of low birth weight to be 52% among mothers with
pregnancy-induced hypertension [38]. Odegard et
al. reported that, preeclampsia and severe
preeclampsia were associated with a 5% and 12%
reduction in birth weight, respectively [39]. [UGR
was observed in 21.42% of babies which is
supported by other studies reported, 15% to 50% in
preeclampsia [40, 41]. In the present study, RDS
was observed in 22.44% of babies, supported by
Nadkarni et al. reported 10% incidence of RDS
among babies born to preeclamptic mothers [38].
In our study, IUD was reported as 6.12%.

On summary of the results of the present study,
indicated that the increased oxidative stress,
inflammatory conditions are the forms/
phenomenon in contributing to pathophysiology
of preeclampsia.

Conclusion:

This study concludes that increased oxidative stress
decreased nitric oxide and decreased total
antioxidant capacity in preeclampsia with adverse
fetal complications and also increased neutrophil to
lymphocyte ratio in preeclamptics in comparison
with normotensive pregnancies.

Limitations:
Further research is required to confirm and
implement the results in clinical practice.
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