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ABSTRACT

Background: Pregnancies that are complicated by Preeclampsia (PE) range from
three to eight percent. Perinatal and neonatal mortality rate is about ten percent
worldwide in developing countries due to PE. This is a multisystem disorder that
leads to an increase in maternal and fetal morbidity and mortality. PE is due to
impaired placentation that results in placental hypoxia, and endothelial dysfunction, It
is characterized by decreased maternal circulating pro-angiogenic proteins like
vascular endothelial growth factor (VEGF) and placental growth factor (PIGF),
increased anti-angiogenic proteins sFlt-1, before the onset of clinical signs of PE.
Oxidative stress also is implicated in the pathogenesis of PE. Studies have
demonstrated low VEGF, PIGF, sFlt-1 and sFlt-1: PIGF ratio as a PE predictor but the
clinical utility of these parameters is not yet generally established and only few

studies have focused on neonatal outcomes.

Aim: The aim of the study was to determine diagnostic criteria for diagnosis of PE

using pro-angiogenic VEGF, PIGF and anti-angiogenic sFlt-1 factors.

Objectives: The present study was undertaken to compare maternal VEGF, PIGF,
sFlt-1 and sFIt-1:PIGF ratio in PE and normal healthy pregnant women, know the
correlation between VEGF, PIGF, sFlt-1 and sFIt-1:PIGF ratio with severity of PE, to
find its best cut-off value of these parameters for diagnosis of PE by ROC curve

analysis and to study association with neonatal birth weight and APGAR score.

Methods: This was a case control study, conducted at tertiary care hospital, in
Karnataka, India. The study was approved by Institutional ethics committee. Informed
consent was obtained from all the participants. Forty singleton primigravida pregnant

women aged 18-35 years, 20 or more weeks of gestation, diagnosed as PE and



classified as mild/severe PE and 40 healthy pregnant women as controls were selected
for the study, based on America college of obstetricians and gynecologists guidelines.
VEGF, PIGF and sFlt-1 were estimated by ELISA method. All the participants were
visited again to note the neonatal birth weight and APGAR score. Analysis was done

using SPSS software version 19.

Results: Maternal serum VEGF and PIGF were significantly (p=0.0003,
p<0.0001respectively) higher in PE patients than controls and there was significant
decrease in mild PE than severe PE (p=0.0465, p=0.0049 respectively) patients.
Maternal serum sFlt-1 and sFIt-1:PIGF ratio were significantly higher (p<0.0001) in
PE patients than normal healthy pregnant women. Best cut-off value of VEGF,
PIGF, sFlt-1 and sFIt-1:PIGF ratio were 150.0 pg/ml, 105.65 pg/ml, 1843 pg/ml
and 28.54 respectively , and under the curve were 0.734, 0.802, 0.945 and 0.922.
Birth weight and APGAR score had significant (p=0.000) correlation with sFlt-1 and

sFIt-1:PIGF ratio.

Conclusion: There was a significant decrease in angiogenic factors, significant
increase in anti-angiogenic factor and sFIt1:PIGF ratio in PE than healthy pregnant
women. There was significant correlation between severity of PE and PIGF, sFltl and
sFIt-1:PIGF ratio. PIGF, sFItl and sFlt-1:PIGF ratio with mentioned cut-off values are
better markers and can be used as diagnostic markers in PE. PIGF, sFltl and the ratio
can be used as prognostic markers with mentioned criterion values for immediate

birth outcomes.

Keywords: Preeclampsia, VEGF, PIGF, sFlt-1, sFlt-1:PIGF, Birth weight and

APGAR score.
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CHAPTER 1

INTRODUCTION

Preeclampsia (PE) is a multisystem disease, characterized by a de novo
hypertension(blood pressure exceeding 140/90 mmHg on two occasions, at least six
hours apart), with (or without) proteinuria (>300 mg/dL/24h or a dipstick of >= 2+),
and detected after 20 weeks of pregnancy, can occur during labour, even 6 weeks after
delivery, in previously normotensive women [1,2]. PE can become severe very
quickly or progress slowly. Left untreated, PE can lead to maternal and perinatal
morbidity and mortality, such as HELLP (hemolysis, elevated liver enzymes, and low
platelets) syndrome and eclampsia [3-5], and it is associated with the development of

cardiovascular disease, obesity, renal damage and diabetes in adults [6-9].

This disease affects around 2-8% of pregnancies worldwide, according to World
Health Organization, in developing countries, PE is estimated to be responsible for
more than 60000 maternal deaths per year and for 16% of all maternal deaths in
developed countries. The perinatal and neonatal mortality rate due to PE is about 10%
worldwide [10-15], which can be reduced by better understanding of pathogenesis of

PE and early diagnosis and treatment of PE [2].

Many factors are being suggested as potential causes for pathogenesis of PE. In PE,
invasion of the maternal uterine spiral arteries into the placental trophoblast is
inadequate which leads to poor placental perfusion ultimately causing placental and
fetal hypoxia. Hypoxia is a potent stimulus for release of the numerous factors into
the maternal circulation that may affect widespread endothelial dysfunction of
maternal multi organ system, and this can be a reason for hypertension and other signs

of the disease [16,17].



The molecular mechanisms such as oxidative stress, genetic, immune and others,
which lead to placental dysfunction, resulting in decreased maternal circulating pro-
angiogenic placental growth factor (PIGF), vascular endothelial growth factor
(VEGF) and also an increase in anti-angiogenic factor like soluble fms like tyrosine
kinase (sFIt-1). Hence PE is also called as Anti-angiogenic Placental Syndrome. The

exact cellular and molecular mechanism of PE is still elusive [17].
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The current criteria for diagnosis and to know the severity of PE which is based on
blood pressure, proteinuria etc, represent the changes due to systemic inflammation,
but the vascular changes like PIGF at 11-12 weeks, VEGF at 17 weeks start
decreasing and sFItl starts increasing at 16-17 weeks of gestation. These parameters,
therefore, can be used in the early diagnosis of PE. VEGF and PIGF bring about their
action through nitric oxide (NO) and endothelial derived nitric oxide synthase
(eNOS). However, data concerning NO and NOS in pre-eclampsia have been reported

lower or unchanged or higher compared to normal controls [2,17,18].

Only few studies have focused on the use of VEGF, PIGF and sFIt1/PIGF ratio as a

measure for neonatal outcomes. Hence this study was undertaken.
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CHAPTER 2
OBJECTIVES

AIM: To find the diagnostic accuracy of VEGF, PIGF, sFlt-1 levels and sFIt-1:PIGF

ratio in preeclampsia

OBJECTIVES OF THESTUDY:

1) To estimate and compare NO, eNOS, VEGF, PIGF, sFlt-1, MDA levels in

pre-eclampsia cases and healthy controls.

2) To correlate the NO, eNOS, VEGF, PIGF, sFlt-1 levels and sFlt-1:PIGF with

severity of pre-eclampsia.

3) To find the best cut-off of VEGF, PIGF, sFlt-1 levels and sFlt-1:PIGF ratio for

the diagnosis of PE by ROC curve analysis.

4) To calculate sensitivity, specificity, positive predictive, negative predictive
values and diagnostic accuracy of calculated cut-off values for diagnosis of

PE.

5) To study the association and prognostic value of VEGF, PIGF, sFlt-1 levels

and sFlt-1: PIGF ratio with pregnancy outcome.

HYPOTHESIS:

VEGF,PIGF, sFlt-1 levels and the ratio between sFlt-1: PIGF act as predictors of pre-
eclampsia and also of the neonatal outcome viz birth weight, APGAR score at 1

minute and APGAR score at 5minutes.
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CHAPTER 3

REVIEW OF LITERATURE

Pregnancy is a physiological stress in which many changes occur in the milieu interior
of the body, more and more stress is being laid on the biochemical changes, to meet
increased metabolic requirements of mother and fetus, and also parallel increase in
uteroplacental circulation for the growth and development of the fetus, which occur in
the blood during normal pregnancy; become exaggerated in complications of
pregnancy like pre-eclampsia, where there is insufficient hemodynamic adaptations

and can result in maternal and fetal morbidity [1,2]

Preeclampsia: Pre-eclampsia (PE) has been named the "disease of theories" and was
described as early as 3000 years ago by the ancient Egyptians. PE is a pregnancy
specific disorder, most common, serious multisystem disease and is only cured by

delivery [3]

Diagnostic criteria: The criteria for diagnosis of PE have not changed since the past
ten years, despite changing context of the PE (proteinuria > 300mg/24h; systolic
blood pressure (SBP) >140 mmHg; diastolic blood pressure (DBP) >90 mmHg). PE
may however be diagnosed as hypertension in association with impairment of liver
functions, insufficiency of kidneys, decreased platelet count, pulmonary oedema, or
also cerebral / visual disturbances, in the absence of proteinuria, (Table 3.1). Clinical
features of PE along with abnormal laboratory values are used to grade the severity of

the disease [4].
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Table 3.1. Diagnostic criteria for pre-eclampsia [4].

Blood pressure

Greater than or equal to 140 mm Hg systolic or greater than
or equal to 90 mmHg diastolic on two occasions at least 6
hours apart after 20 weeks of gestation in a woman with a

previously normal blood pressure

Greater than or equal to 160 mm Hg systolic or greater than or
equal to 110 mm Hg diastolic hypertension can be confirmed
within a short interval (minutes) to facilitate timely

antihypertensive therapy

and

Proteinuria

Greater than or equal to 300 mg per 24-hour urine
collection (or this amount extrapolated from a timed

collection))

or

Protein/creatinine ratio greater than or equal to 0.3* Dipstick
reading of 1+ (used only if other quantitative methods not

available)

Or in the absence of proteinuria, new-onset hypertension with the new onset of

any of the following:

Thrombocytopenia

Platelet count less than100,000/microliter

Renal insufficiency

Serum creatinine concentrations greater than 1.1 mg/dL or a
doubling of the serum creatinine concentration in the absence

of other renal disease

Impaired liver

function

Elevated blood concentrations of liver transaminases to twice

normal concentration

Pulmonary edema

Cerebral or
visual

symptoms

* Each measured as mg/dL.
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Table3. 2. Severe Features of Preeclampsia (Any of these findings)[4]

Systolic blood pressure of 160 mm Hg or higher, or diastolic blood pressure of
110 mm Hg or higher on two occasions at least 4 hours apart while the patient is

on bed rest (unless antihypertensive therapy is initiated before this time)

Thrombocytopenia (platelet count less than100,000/microliter)

Impaired liver function as indicated by abnormally elevated blood
concentrations of liver enzymes (to twice normal concentration), severe
persistent right upper quadrant or epigastric pain unresponsive to medication and

not accounted for by alternative diagnoses, or both

Progressive renal insufficiency (serum creatinine concentration greater than 1.1
mg/dL or a doubling of the serum creatinine concentration in the absence of

other renal disease)

Pulmonary edema

New-onset cerebral or visual disturbances

Pro-angiogenic vascular endothelial growth factor (VEGF)

Vascular endothelial growth factor (VEGF), a 45-kDa glycoprotein, is a powerful
inducer of angiogenesis, also affecting vascular permeability, endothelial cell
survival, and hematopoiesis. VEGFs, of which there are 4 isoforms (VEGFA,
VEGFB, VEGFC, and VEGFD), signal through VEGFR. Of the 3 VEGFR subtypes
(VEGFR1, VEGFR2, and VEGFR3), VEGFR2 is the primary receptor through which
VEGF, especially VEGFA, signals in endothelial cells. VEGFR2-mediated activation

of phosphoinositide 3-kinase (PI13K)-Akt/protein kinase B (PKB) pathway leads to
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endothelial nitric oxide synthase (eNOS) phosphorylation, increased nitric oxide (NO)

generation,and consequent vasodilation (Figure 3.1) [5-7].

NOS consists of three isoforms, including neuronal NOS (nNOS), endothelial NOS
(eNOS), and inducible NOS (iNOS). The eNOS isoform is expressed constitutively in
the vascular endothelium and maintains vascular tone through the intrinsic synthesis
of NO. NO is a potent vasodilator that acts to induce relaxation in vascular smooth
muscle cells via guanosine 3',5'-cyclic monophosphate (cGMP) produced by soluble
guanylylcyclase. cGMP activates protein kinase A (PKA) and protein kinase G
(PKG). Activated PKA and PKG induce smooth muscle relaxation through the
attenuation of myosin light chain kinase activity and augmentation of myosin light
chain phosphatase activity, which induces dephosphorylation of the 20-kDa,

regulatory, myosin light chain (Figure 3.2) [8].

Alteration in the production of VEGF, a biomarker of endothelial dysfunction, has
been associated with pre-eclampsia although conflicting results of increased, decrease

and normal maternal serum VEGF levels have been reported [9].

Down-regulation of VEGF in pregnancy may result in a suboptimal increase in NO
and endothelial dysfunction in pre-eclampsia. However, data concerning NO
production in pre-eclampsia have been conflicting. Investigators have reported lower,
unchanged, and higher production compared to normal controls, even after controlling

for diet, medications and urinary excretion that can affect serum nitrate levels.

Decreased levels of NO and increased levels of arginase (which degrades a precursor
molecule in the NOS pathway) have been reported in preeclampsia (figure 3.2). These
findings suggest that an intact NOS system is essential for normal spiral artery

remodeling and pregnancy [8,10,11].
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Pro-angiogenic placental growth factor (PIGF)

The placental growth factor was discovered in 1991 by an Italian scientist Maria
GrazellaPersico [12].Placental growth factor (PIGF), a member of the VEGF family,
IS a proangiogenic protein, and is produced by villous syncytiotrophoblast in the
placenta [13]. In normal pregnancies, PIGF is involved in angiogenesis and
vasculogenesis, which are important processes in embryogenesis [14] and
placentation; hence helps in trophoblastic invasion of the maternal spiral arteries.
Median PIGF levels in the serum show a curvilinear relationship with gestational age
and increase in the first and second trimesters. This level typically reaches a

maximum value at approximately 30 weeks gestation age and then decreases[15].

In preeclampsia, circulating PIGF is decreased, although there are some discrepant
findings [16]. In predicting preeclampsia, some studies have demonstrated that low
concentrations of PIGF predict the disease from late first trimester [17,18]. Other
studies did not find any predictive value early in pregnancy [18]. Most studies have
demonstrated low PIGF as a preeclampsia predictor from the second trimester
onwards, especially in severe preeclampsia [19,20].The predictive power of a low
maternal PIGF blood concentration seems, in general, poorer for predicting

preeclampsia [21].

Anti-angiogenic factor soluble fms-like tyrosine kinase-1 [Soluble Flt-1 (sFlt-1)]

Soluble fms-like tyrosine kinase-1 (sFlt-1) is a truncated splice variant of membrane-
bound Flt-1. It is believed that sFlt-1 acts as a “decoy protein” in pregnancy. sFlt-1,
naturally circulating without any limits, inhibits the angiogenic activity of circulating
VEGF and PIGF by binding to them and obstructing the interaction with their

membrane receptors, thereby reducing the vasodilation effect on the endothelium,
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thus inducing vasoconstriction and contributing to the development of hypertension
and proteinuria (Figure 3.1 and Figure 3.4). It appears that a significant role is played
by enhanced placental expression and secretion of sFIt-1 in the development of

preeclampsia [22].

A study on pregnant rats revealed that sFlt-1 administration can cause hypertension,
proteinuria and renal pathologic changes in glomerular endothelium. In an in-vitro
study, sFIt-1 was removed from supernatants of preeclamptic tissue, and it was
observed that the culture reassumed its normal endothelial function and angiogenesis.
On the other hand, the anti-angiogenic status produced by excess of sFlt-1 reversed by

exogenous intake of VEGF and PIGF [23].

Previous studies revealed a relationship between increased sFlt-1 levels and PE. As
early as 5 weeks before the onset of PE, sFlt-1 levels increase and remain elevated
compared to normal pregnant women [24]. In a study by Powers et al,one
subpopulation had elevated maternal sFIt before 35gestational weeks[19], in
comparison to the second group of preeclamptic patients with an sFItl increase after
35 weeks of gestation [17].The association is stronger in severe preeclampsia [25],

however, not all studies agree hereto [26,27].

As for predicting preeclampsia, low sFltl concentrations in the first trimester appear
to predict early-onset preeclampsia in some studies [28,29], and a high sFIt1 increase
from the first to the second trimester augment the risk of preeclampsia [30]. For the
second and third trimester, most studies show that elevated maternal sFlt-1
concentrations predict preeclampsia and is a better predictor of severe preeclampsia

[31,32].
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A nested case control study shows that sFlt-1 values increased during pregnancy in all
women but, women who developed PE began this increase earlier in gestation as
compared to healthy pregnant women (21- 24 weeks vs 33-36 weeks of gestation) and
reached higher values. There was a significant rise in the serum sFlt-1 concentration
of PE patients, five weeks prior the clinical onset of the disease, as compared to
control group. PIGF and VEGF levels decrease simultaneously with the increase in

sFIt-1 [33]. The sFIt-1/PIGF ratio might be of value in the prediction of PE [34,35].

Intravascular

compartment VEGFQ PIGF
- (—\\/f:l
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bradykinin & N crit-1

¢ \;EGF receptors
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00l &
IP,  DAG

Endothelial H)_+PO =
cell
TCat+ —(+)—>eNOS
Arg iNO
TcGMP <--~
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Figure 3.1: Mechanism of action of VEGF and PIGF [11]:Left side: Calcium-
dependent, mediated by acetylcholine and bradykinin. Right side: Calcium-
independent, activated by vascular endothelial growth factor (VEGF). In PE,
increased levels of soluble fms-like tyrosine kinase 1 (sFlt-1) may act as a decoy
protein, thus interfering with VEGF-dependent phosphorylation of eNOS. Akt, protein
kinase B; Arg, arginine; cGMP, cyclic guanosine monophosphate; DAG,
diacylglycerol; ER, endoplasmic reticulum; Gg-P, phosphorylated Gq protein; IP3,
inositol triphosphate; PIP2, phosphatidylinositol biphosphate; PLC, phospholipase C.
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> Vascular endothelial cell

Vascular smooth muscle cell

Figure 3.2: Mechanism action of NO [36] :Mechanisms of nitric oxide-mediated
vasodilation: Plasma Arginine is the substrate for the synthesis of nitric oxide (NO),
endothelial nitric oxide synthase (eNOS) acts as enzyme. The reaction requires 02
and nicotinamide adenine dinucleotide phosphate (NADPH) and the cofactors BH4,
flavin adenine dinucleotide (FAD), and flavin mononucleotide (FMN). NO diffuses
from the endothelial cell in to the smooth muscle cell and activates soluble guanylyl
cyclase (sGC), leads to increased cyclic guanosine monophosphate (cGMP)
production. cGMP further activates protein kinase G (PKG), results in decreased
[Ca2+] through the following mechanisms: 1. Inhibiting the voltage-dependent
calcium channels (VDCC), reducing calcium influx. 2. Stimulation of plasma
membrane calcium ATPases (PMCA), increasing ATP-dependent calcium efflux. 3.
Inhibiting inositol triphosphate receptors (IP3R), decreases the calcium release from
the sarcoplasmic reticulum (SR) to the cytoplasm. 4. Activation of sarcoplasmic
calcium ATPases (SERCA), increasing the ATP-dependent sequestration of calcium
from the cytoplasm to the SR. Decreased [Ca2+] mediates smooth muscle relaxation
through activation of myosin light chain kinase and the inhibition of myosin light
chain phosphatase, leads to vasodilation.
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Fig 3.3: Effects of NO on cardiovascular, renal and metabolic functions [37]. The
NOS pathway and its effects of NO on cardiovascular, renal and metabolic functions:
Nitric oxide (NO) is endogenously synthesized by the reaction catalysed by three
different nitric oxide synthase (NOS) isoforms: neuronal NOS (nNOS), inducible
(iNOS) and endothelial NOS (eNOS). NO has short-life that is oxidized to form nitrite
(NO3 — ), nitrate (NO2 — ) and other bioactive nitrogen species. NO has been
associated with various effects on cardiovascular, renal and metabolic systems,
mainly through cGMP-dependent mechanisms.
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Figure 3.4: Role of VEGF and PIGF in pathogenesis of preeclampsia. In normal
pregnancy, low sFlt-1 concentrations allow for proper VEGF and PIGF signaling. The
anticoagulant and vasodilatory phenotype of the healthy endothelium is maintained.
In preeclampsia, increased production and release of the antiangiogenic factor sFlt-1
from the placenta leads to a decrease in bioavailable VEGF and PIGF. This leads to an
impairment of the VEGF/PIGF signaling axis and generalized endothelial dysfunction
[38].

sFIt-1/PIGF ratio

In normal pregnancies, the level of sFlt-1 starts to rise after 30-32 weeks of gestation
and PIGF level starts to decrease after 30 weeks of gestation. Actually cellular stress
in the syncytiotrophoblast, which occurs during the last 8-10 weeks of a pregnancy
leads to biochemical changes in levels of sFlt-1 and PIGF in normal pregnancies.
Circulating levels of sFlt-1 and PIGF alter in PE patients. These alterations in sFlt-1
and PIGF levels begins prior to the disease onset and stays during the course of the

disease. In women with PE, sFlt-1 increases approximately 5 weeks prior to the onset
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of the disease, while PIGF decreases before the increase of sFlt-1: Hence, to improve
the quality of diagnosis, some studies have suggested sFIt-1/PIGF ratio as a better

marker for diagnosis of PE as compared to sFlt-1 and PIGF alone [39].

Recent studies have demonstrated that the sFIt-1/PIGF ratio is a more helpful
predictor than either of these parameters alone. In the second trimester, sFlt-1/PIGF
ratio might be an ideal parameter to diagnose early-onset preeclampsia (< 34 weeks)
or preterm preeclampsia (< 37 weeks) [26]. The ratio between sFlt-1 and PIGF has
shown to be elevated in women with diagnosed preeclampsia and markedly elevated

before its clinical onset [24,38,40,41].

A recent case-control study defined cut-offs in early-onset and late-onset
preeclampsia. In early-onset preeclampsia, between 20 + 0 and 33 + 6 weeks of
gestation, a sFlt-1/ PIGF ratio of <33 was negative, and an sFIt-1/PIGF ratio of >85

was positive for confirmation of preeclampsia or

HELLP syndrome, with a sensitivity/specificity of 95%/ 94% and 88%/99%,
respectively. In late-onset preeclampsia developed after 34 + 0 weeks of gestation, a
sFIt-1/PIGFratio below the cutoff of <33 was negative, and an sFlt-1/ PIGF ratio of
>110 was positive. The cutoffs in late-onset preeclampsia have lower
sensitivity/specificity than the cutoffs for early-onset preeclampsia (90%/73% and

58%/96%, respectively) [42].

European multicenter case control study summarized that sFlt-1/ PIGF ratio,
combined with appropriate gestational age-related cutoff values, could better help
identify individuals with high risk of developing preeclampsia, compared with the

PIGF measurement alone, thus allowing the optimization of their care [43].
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Prediction of Short-Term Outcome in Pregnant Women with Suspected Preeclampsia:
A prospective observational study conducted in 14 countries showed a cutoff point of
38 for the sFIt-1:PIGF ratio and was useful for predicting the short-term outcome of

PE in clinically suspected PE women [44].

The relation between these biomarkers in preeclampsia have suggested that the
reduction in circulating maternal PIGF concentration can be detected prior to the sFlt-

lelevations, favoring PIGF as an early predictive marker of preeclampsia [45].

PIGF and sFlt-1 in relation to pregnancy outcome

The association of sFIt-1/PIGF ratio with pregnancy outcomes, in pregnant women
with fetal IUGR and/or pre-eclampsia was studied by Chang Y et al and they found
that women with high SFIt-1/PIGF ratio group had higher rates of intrauterine fetal
demise (2/13 vs. 0/12) and early termination (1/13 vs. 0/12). The surviving offspring
in this group had a higher incidence of preterm birth (GA: 31.4 £2.9 weeks vs. 37.3 £
1.3 weeks, p < 0.001), lower birth weight (1142+ 472 g vs. 2311 + 236 g, p < 0.001),
higher incidence of respiratory distress syndrome (6/10 vs. 0/12, p=0.002)and
bronchopulmonary dysplasia (4/10 vs. 0/12, p=0.01). They recommended the
monitoring of sFIt-1/PIGF ratio in pregnant women with fetal IUGR and timely

management for placenta-associated diseases [46].

Masoura et al. found that the increased serum values of sFlt-1 were associated with
increased rates of late preterm, early term births and very-low-birth-weight [38].
Voller et al. showed that higher sFlt-1 levels appeared to increase the risk of postnatal

growth failure[47].
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Role of oxidative stress in PE

Oxidative stress has been shown to play one of the key roles in the pathogenesis of
preeclampsia. Pathophysiological mechanisms responsible for PE are still obscure,
but it is known that imbalance between the generation of oxidative stress and
antioxidant defence system is associated with altered placental growth during the
early phase of pregnancy. Oxidative stress is generally characterized by the formation
of large amounts of reactive oxygen species (ROS) in cell membranes, endoplasmic
reticulum, and mitochondria. ROS generated within the cells further contributes to
mitochondrial structural damage. This process often leads to a vicious cycle
generating more ROS due to an electron transport chain. There are specifc oxidative
stress biomarkers one of them being malondialdehyde (MDA) which is used to
estimate the oxidative stress. MDA is a three-carbon aldehyde and produces free
radicals, which act on polyunsaturated fatty acids on the lipid bilayer. MDA levels

increase beyond normal pregnancy levels by second trimester in PE [48,49].
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CHAPTER 4

MATERIAL AND METHODS:

Study Design: Case-control study
Study Duration: Two years, from March 2019 to February 2021.

Source of Data: Pre-eclamptic and normal pregnant women from the department of

obstetrics and gynecology, Hanagal Sri Kumareshwar Hospital, Bagalkot, Karnataka

Sample Size: Sample size calculation was done using Open Epi software version
2.3:1. At 95% confidence level, 80% power of the study. According to Caillon H et al.
[1] proportion of preeclampsia patients with sFlIt-1 > 95" percentile- 62%(
P1);proportion of healthy controls with sFlt-1 > 95" percentile — 29% (P2). Sample
size calculated is 34~ 40. Hence 40 preeclampsia cases and 40 normal gestation

controls were included in the study.
Sample size formula

Sample size: n = (Za/2+Zp)? * (p1(1-p1)+p2(1-p2)) / (p1-p2)>?,
a (two-tailed) = 0.050 and at 95% confidence level.

3 =0.200 and 80% of power of the study

The standard normal deviate for o = Za = 1.960

The standard normal deviate for B =Zp3 = 0.84

Ethical Clearance: Institutional Ethics committee clearance was obtained from Shri
B. M. Patil Medical College, BLDE (Deemed to be University) (BLDE(DU)
/IEC/323/2018-189, dated 21-12-2018) and S. Nijalingappa Medical College,

Bagalkot (SNMC/IECHSR/2018-189/A-84/1.1, dated 11-02-2019).

Consent: Informed written consent was obtained from all the participants.
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Inclusion criteria:

Cases: Primigravida (singleton) pregnant women aged 18-35 years, 20 or more weeks of
gestation, diagnosed and classified as mild and severe pre-eclampsia, according to
American College of Obstetricians and Gynecologists (ACOG) [2] guidelines, were

included in the study as cases.

Controls: Pregnant healthy primigravida women, aged 18-35 years with singleton
pregnancies, matched for age and gestational weeks with the cases, were included in

the study as controls.
Exclusion criteria:

Patients with pre-mature rupture of membranes, chorioamnionitis, multiple gestation,
Rh isoimmunization, fetal anomalies, intra uterine fetal death, chronic inflammatory
diseases, history of DM, past history of systemic HT, cardiovascular, renal diseases

and chronic inflammatory diseases were excluded from the study.

Methodology: Detailed history was taken and clinical examination was done at the
diagnosis. The required demographic information, clinical findings were noted from
the participants according to a pre-designed proforma. Under aseptic measures, blood
sample was collected from the antecubital vein. Whole blood (2.0mL) was transferred
to EDTA tube and rest 3 mL was collected in plane tube and serum was separated, for
estimation of biochemical parameter, liver function tests (LFT), renal function tests
(RFT). All biochemical parameters were estimated by Biosystems BA 400 fully
automated analyser and kit supplied Biosystems. External quality control is with
Biorad. Serum for estimation of NO, eNOS, VEGF, PIGF, sFlt-1 and MDA was

collected and stored at -20° C and were estimated in batches by enzyme linked
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immunosorbent assay (ELISA) method. Chromate, Statfax 4300 ELISA reader
was used. Spot urine sample was collected and centrifuged for 5 minutes at 3000
rpm/min. Urine protein and urine creatinine were estimated in semi-automated
analyser statfax 3300. Urine protein/creatinine ratio was calculated from the values

obtained.

All the participants were followed-up at delivery to collect the placental tissue for
histopathology and immunohistochemistry and also to note the birth weight and

APGAR score of the neonates.

Statistical Analysis: Analysis was done using SPSS software version 19. Unpaired
‘t’ test and Mann Whitney U test for quantitative data and Pearson’s correlation test
were applied.p<0.05 was considered as statistically significant. ROC curve analysis
was done for cut-off values, to calculate sensitivity, specificity, positive predictive

value, negative predictive value and diagnostic accuracy for diagnosis of PE.

Estimation of Nitric Oxide (NO) (ELISA kit method, Bioassay technology)

Assay Principle

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has been
pre-coated with human NO antibody. NO present in the sample is added and binds to
antibodies coated on the wells. And then biotinylated human NO Antibody is added
and binds to NO in the sample. Then Streptavidin-HRP is added and binds to the
Biotinylated NO antibody. After incubation unbound Streptavidin-HRP is washed
away during a washing step. Substrate solution is then added and color develops in
proportion to the amount of human NO. The reaction is terminated by addition of

acidic stop solution and absorbance is measured at 450 nm.
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Reagent Preparation

® All reagents should be brought to room temperature before use.

® Standard: Reconstitute the 120ul of the standard (640umol/L) with 120ul of

standard diluent to generate a 320pumol/L standard stock solution. Allow the

standard to sit for 15 mins with gentle agitation prior to making dilutions. Prepare

duplicate standard points by serially diluting the standard stock solution

(320pumol/L) 1:2 with standard diluent to produce 160pmol/L, 80umol/L,

40pmol/L and 20umol/L solutions. Standard diluent serves as the zero standard(0

umol/L). Any remaining solution should be frozen at -20°C and used within one

month. Dilution of standard solutions suggested are as follows:

320pumol/L | Standard No.5 120ul Original Standard + 120pul Standard

160umol/L | Standard No.4 | 120ul Standard No.5 + 120ul Standard Diluent
80umol/L | Standard No0.3 | 120ul Standard No.4 + 120ul Standard Diluent
40umol/L | Standard No.2 | 120ul Standard No.3 + 120ul Standard Diluent
20umol/L | Standard No.1 | 120ul Standard No.2 + 120ul Standard Diluent

120 ul 120 ul

1200ul 120ul 120 ul

1L

0

Figure 4.1: Preparation of NO standards
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® \Wash Buffer Dilute 20ml of Wash Buffer Concentrate 30x into deionized or

distilled water to yield 500 ml of 1x Wash Buffer. If crystals have formed in the

concentrate, mix gently until the crystals have completely dissolved.

Conc pmol/L 20 40 80 160 320 640
oD 0.025 | 0.0441 0.084 0.178 0.335 0.62
0.7
0.6 .;”
0.5 /
0.4
[a]
(@]

0.3 ””//’
e
/

0 100 200 300 400 500 600 700
pmol/L

Figure 4.2: NO standard curve

Assay Procedure

1.

Prepare all reagents, standard solutions and samples as instructed. Bring all
reagents to room temperature before use. The assay is performed at room

temperature.

Determine the number of strips required for the assay. Insert the strips in the

frames for use. The unused strips should be stored at 2-8°C.

Add 50pl standard to standard well. Note: Don’t add antibody to standard well

because the standard solution contains biotinylated antibody.
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Add 40ul sample to sample wells and then add 10ul anti-NO antibody to sample
wells, then add 50ul streptavidin-HRP to sample wells and standard wells (Not
blank control well). Mix well. Cover the plate with a sealer. Incubate 60 minutes

at 37°C.

Remove the sealer and wash the plate 5 times with wash buffer. Soak wells with
at least 0.35 ml wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirate all wells and wash 5 times with wash buffer,
overfilling wells with wash buffer. Blot the plate onto paper towels or other

absorbent material.

Add 50pl substrate solution A to each well and then add 50ul substrate solution B
to each well. Incubate plate covered with a new sealer for 10 minutes at 37°C in

the dark.

Add 50ul Stop Solution to each well, the blue color will change into yellow

immediately.

Determine the optical density (OD value) of each well immediately using a

microplate reader set to 450 nm within 10 minuets after adding the stop solution.

Estimation Endothelia derived Nitric Oxide Synthase (eNOS) ELISA (BOSTER

BIOLOGICAL TECHNOLOGY)

Assay Principle

Human NOS3 Pre-Coated ELISA (Enzyme-Linked Immunosorbent Assay) is a solid-

phase immunoassay, well strip plate that is pre-coated with antibody specific for

NOS3. The detection antibody is a biotinylated antibody specific for NOS3. The

capture antibody is a monoclonal antibody from mouse and the detection antibody is a

biotinylated polyclonal antibody from goat.
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To measure Human NOS3, add standards and samples to the wells, then add the

biotinylated detection antibody. Wash the wells with PBS or TBS buffer, and add

Avidin-Biotin-Peroxidase Complex (ABC-HRP). Wash away the unbounded ABC-

HRP with PBS or TBS buffer and add TMB. TMB is an HRP substrate and will be

catalyzed to produce a blue color product, which changes into yellow after adding the

acidic stop solution. The absorbance of the yellow product at 450nm is linearly

proportional to Human NOS3 in the sample. Read the absorbance of the yellow

product in each well using a plate reader, and benchmark the sample wells' readings

against the standard curve to determine the concentration of Human NOS3 in the

sample.
Standard Curve
Concpg/ml| O 78 | 156 | 312 | 625 | 1,250 | 2,500 | 5,000
O.D. 0.022|0.089|0.161| 0.278| 0.492| 1.121 1.431 | 2.091
25
7 ¢
1.5 PS
g Seias
! *
0.5 //
o ¥
0 1000 2000 3000 4000 5000 6000
eNOS pg/ml

Figure 4.3: Standard Curve for eNOS
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Assay Protocol

It is recommended that all reagents and materials be equilibrated to room temperature

(18-25°C) prior to the experiment (see Preparation Before The Experiment, if you

have missed this information).

1)

2)

3)

4)

5)

6)

7)

8)

Prepare all reagents and working standards as directed previously.

Remove excess microplate strips from the plate frame and seal and store them in

the original packaging.

Add 100 pl of the standard, samples, or control per well. Add 100 pl of the Sample

Diluent into the zero well. At least two replicates of each standard, sample, or

control is recommended.

Cover with the plate sealer provided and incubate for 120 minutes at room

temperature (or 90 min. at 37 °C).

Remove the cover and discard the liquid in the wells into an appropriate waste

receptacle. Invert the plate on the benchtop onto a paper toweland tap the plate to

gently blot any remaining liquid. It is recommended that the wells are not

allowed to completely dry at any time.

Add 100 pl of the prepared 1x Biotinylated Anti-Human NOS3 antibody to

each well.

Cover with a plate sealer and incubate for 90 minutes at room temperature (or 60

min at 37°C).

Wash the plate 3 times with the 1x wash buffer:

a) Discard the liquid in the wells into an appropriate waste receptacle. Then,

invert the plate on the benchtop onto a paper towel and tap the plate to gently
blot any remaining liquid. It is recommended that the wells are not allowed

to completely dry at any time.
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b)

d)

Add 300 pl of the 1x wash buffer to each assay well. (For cleaner background
incubate for 60 seconds between each wash).

Repeat steps a-b 2 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap theplate to gently blot

any remaining liquid.

9) Add 100 pl of the prepared 1x Avidin-Biotin-Peroxidase Complex into each well.

Cover with the plate sealer provided and incubate for 40minutes at RT (or 30 min at

37°C).

10) Wash the plate 5 times with the 1x wash buffer:

11)

12)

13)

a)

b)

d)

Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plateto gently
blot any remaining liquid. It is recommended that the wells are not allowed to
completely dry at any time.

Add 300 ul of the 1x wash buffer to each assay well. (For cleaner background
incubate for 60 seconds between each wash)

Repeat steps a-b 4 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to gently

blot any remaining liquid.

Add 90 pul of Color Developing Reagent to each well. Cover with the plate sealer

provided and incubate in the dark for 30 minutes at RT (or15-25 minutes at 37°C).

Add 100 pl of Stop Solution to each well. The color should immediately change to

yellow.

Within 30 minutes of stopping the reaction, the O.D. absorbance should be read

with a microplate reader at 450nm.
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Estimation VEGF (Vascular Endothelial Cell Growth Factor) ELISA Kit

(BOSTER BIOLOGICAL TECHNOLOGY)

Assay Principle

VEGFA Pre-Coated ELISA (Enzyme-Linked Immunosorbent Assay) kit is a solid-
phase immunoassay specially designed to measure Human VEGFA with a 96-well
strip plate that is pre-coated with antibody specific for VEGFA. The detection
antibody is a biotinylated antibody specific for VEGFA. The capture antibody is
monoclonal antibody from mouse and the detection antibody is polyclonal antibody

from goat. The kit includes Human VEGFA protein as standards.

To measure Human VEGFA, add standards and samples to the wells, then add the
biotinylated detection antibody. Wash the wells with PBS or TBS buffer, and add
Avidin-Biotin-Peroxidase Complex (ABC-HRP). Wash away the unbounded ABC-
HRP with PBS or TBS buffer and add TMB. TMB is an HRP substrate and will be
catalyzed to produce a blue color product, which changes into yellow after adding the
acidic stop solution. The absorbance of the yellow product at 450nm is linearly
proportional to Human VEGFA in the sample. Read the absorbance of the yellow
product in each well using a plate reader, and benchmark the sample wells' readings
against the standard curve to determine the concentration of Human VEGFA in the
sample. For more information on assay principle, protocols, and troubleshooting tips,
see Boster's ELISA Resource Center at https://www.bosterbio.com/elisa-technical-

resource-center.
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VEGF Standard

1. Number tubes 1-8. Final Concentrations to be Tube # 1: 2,000.00 pg/ml, # 2:

1,000.00 pg/ml, # 3: 500.00 pg/ml, # 4: 250.00 pg/ml, # 5: 125.00 pg/ml, # 6:

62.50 pg/ml, # 7: 31.25 pg/ml, # 8: Sample Diluent serves as the zero standard
(0 pg/ml).

. To generate standard #1, add 200 pl of the reconstituted standard stock
solution of 10 ng/ml and 800 pl of sample diluent to tube #1 for a final volume

of 1000 pl. Mix thoroughly.
. Add 300 pl of sample diluent to tubes # 2-7.

. To generate standard # 2, add 300 ul of standard # 1 from tube # 1 to tube # 2

for a final volume of 600 pl. Mix thoroughly.

. To generate standard # 3, add 300 pl of standard # 2 from tube # 2 to tube # 3

for a final volume of 600 ul. Mix thoroughly.

6. Continue the serial dilution for tube # 4-7.

Conc pg/ml 0 31.2 62.5 125 250 | 500 | 1000 | 2000
O.D. 0.020| 0.055| 0.113 | 0.189 | 0.345]| 0.589| 1.106| 1.913
2.5
2
N /
3 /
1 /’
0.5
0/
500 1000 1500 2000 2500
VEGF pg/ml

Figure 4.4: Standard Curve for VEGF
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Assay Protocol

It is recommended that all reagents and materials be equilibrated to room temperature

(18-25°C) prior to the experiment (see Preparation Before The Experiment, if you

have missed this information).

1)

2)

3)

4)

5)

6)

7)

8)

Prepare all reagents and working standards as directed previously.

Remove excess microplate strips from the plate frame and seal and store them in

the original packaging.

Add 100 pl of the standard, samples, or control per well. Add 100 pl of the
Sample Diluent into the zero well. At least two replicates of each standard,

sample, or control is recommended.

Cover with the plate sealer provided and incubate for 120 minutes at room

temperature (or 90 min. at 37 °C).

Remove the cover and discard the liquid in the wells into an appropriate waste
receptacle. Invert the plate on the benchtop onto a paper towel and tap the plate to
gently blot any remaining liquid. It is recommended that the wells are not allowed

to completely dry at any time.

Add 100 pl of the prepared 1x Biotinylated Anti-Human NOS3 antibody to each

well.

Cover with a plate sealer and incubate for 90 minutes at room temperature (or 60

min at 37°C).

Wash the plate 3 times with the 1x wash buffer:

a. Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to gently

blot any remaining liquid. It is recommended that the wells are not allowed to

completely dry at any time.
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Add 300 pl of the 1x wash buffer to each assay well. (For cleaner background
incubate for 60 seconds between each wash).

Repeat steps a-b 2 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the benchtop onto a paper towel and tap the plate to

gently blot any remaining liquid.

9. Add 100 pl of the prepared 1x Avidin-Biotin-Peroxidase Complex into each well.

Cover with the plate sealer provided and incubate for 40 minutes at RT (or 30 min

at 37°C).

10. Wash the plate 5 times with the 1x wash buffer:

a)

b)

d)

Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to gently
blot any remaining liquid. It is recommended that the wells are not allowed to

completely dry at any time.

Add 300 pl of the 1x wash buffer to each assay well. (For cleaner background

incubate for 60 seconds between each wash)
Repeat steps a-b 4 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the bench top onto a paper towel and tap the plate to

gently blot any remaining liquid.

11. Add 90 pl of Color Developing Reagent to each well. Cover with the plate sealer

provided and incubate in the dark for 30 minutes at RT (or15-25 minutes at 37°C).

12. Add 100 pl of Stop Solution to each well. The color should immediately change

to yellow.
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13. Within 30 minutes of stopping the reaction, the O.D. absorbance should be read

with a microplate reader at 450nm.

Estimation placental growth factor (PIGF)- ELISA method (BOSTER

BIOLOGICAL TECHNOLOGY)

Assay Principle

Human PIGF Pre-Coated ELISA (Enzyme-Linked Immunosorbent Assay) kit is a
solid-phase immunoassay specially designed to measure Human PGF with a 96-well
strip plate that is pre-coated with antibody specific for PIGF. The detection antibody
is a biotinylated antibody specific for PIGF. The capture antibody is monoclonal

antibody from mouse and the detection antibody is polyclonal antibody from goat.

To measure Human PIGF, add standards and samples to the wells, then add the
biotinylated detection antibody. Wash the wells with PBS or TBS buffer, and add
Avidin-Biotin-Peroxidase Complex (ABC-HRP). Wash away the unbounded ABC-
HRP with PBS or TBS buffer and add TMB. TMB is an HRP substrate and will be
catalyzed to produce a blue color product, which changes into yellow after adding the
acidic stop solution. The absorbance of the yellow product at 450nm is linearly
proportional to Human PIGF in the sample. Read the absorbance of the yellow
product in each well using a plate reader, and benchmark the sample wells' readings

against the standard curve to determine the concentration of PIGF in the sample.
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Standard

1. Number tubes 1-8. Final Concentrations to be Tube # 1: 1,000.00 pg/ml, # 2:

500.00 pg/ml, # 3: 250.00 pg/ml, # 4: 125.00 pg/ml, # 5: 62.50 pg/ml, # 6:

31.25 pg/ml, # 7: 15.63 pg/ml, # 8: Sample Diluent serves as the zero standard

(0 pg/ml).

2. To generate standard #1, add 100 ul of the reconstituted standard stock

solution of 10 ng/ml and 900 pl of sample diluent to tube #1 for a final volume

of 1000 ul. Mix thoroughly.

3. Add 300 pl of sample diluent to tubes # 2-7.

4. To generate standard # 2, add 300 pl of standard # 1 from tube # 1 to tube # 2

for a final volume of 600 pl. Mix thoroughly.

5. To generate standard # 3, add 300 ul of standard # 2 from tube # 2 to tube # 3

for a final volume of 600 pl. Mix thoroughly.

6. Continue the serial dilution for tube # 4-7.

Standard Curve

Conc (pg/mly| 0 156 | 312 | 625 | 125 | 250 | 500 | 1000
O.D. 0.021 | 0.074 | 0.131 | 0.226 | 0.344 | 0.798 | 1.388 | 2.055

25

2

1.5

o *

o

1

BoGa8
0.5
0 200 400 600 800 1000 1200
PIGF pg/ml

Figure 4.5: Standard curve for PIGF
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Assay Protocol

It is recommended that all reagents and materials be equilibrated to room temperature

(18-25°C) prior to the experiment (see Preparation Before the Experiment, if you have

missed this information).

1)

2)

3)

4)

5)

6)

7)

8)

Prepare all reagents and working standards as directed previously.

Remove excess microplate strips from the plate frame and seal and store them in

the original packaging.

Add 100 pl of the standard, samples, or control per well. Add 100 pl of the
Sample Diluent into the zero well. At least two replicates of each standard,

sample, or control is recommended.

Cover with the plate sealer provided and incubate for 120 minutes at room

temperature (or 90 min. at 37 °C).

Remove the cover and discard the liquid in the wells into an appropriate waste
receptacle. Invert the plate on the benchtop onto a paper towel and tap the plate to
gently blot any remaining liquid. It is recommended that the wells are not allowed

to completely dry at any time.

Add 100 pl of the prepared 1x Biotinylated Anti-Human NOS3 antibody to each

well.

Cover with a plate sealer and incubate for 90 minutes at room temperature (or 60
min at 37°C).
Wash the plate 3 times with the 1x wash buffer:
a. Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to

gently blot any remaining liquid. It is recommended that the wells are not

allowed to completely dry at any time.
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10.

. Add 300 pl of the 1x wash buffer to each assay well. (For cleaner

background incubate for 60 seconds between each wash).
Repeat steps a-b 2 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the benchtop onto a paper towel and tap the plate to

gently blot any remaining liquid.

Add 100 pl of the prepared 1x Avidin-Biotin-Peroxidase Complex into each well.
Cover with the plate sealer provided and incubate for 40 minutes at RT (or 30

min at 37°C).
Wash the plate 5 times with the 1x wash buffer:

a. Discard the liquid in the wells into an appropriate waste receptacle. Then,

invert the plate on the benchtop onto a paper towel and tap the plate to
gently blot any remaining liquid. It is recommended that the wells are not

allowed to completely dry at any time.

. Add 300 pl of the 1x wash buffer to each assay well. (For cleaner

background incubate for 60 seconds between each wash)
Repeat steps a-b 4 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the benchtop onto a paper towel and tap the plate

to gently blot any remaining liquid.

11. Add 90 ul of Color Developing Reagent to each well. Cover with the plate sealer

provided and incubate in the dark for 30 minutes at RT (orl5-25 minutes at

37°C).
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12. Add 100 ul of Stop Solution to each well. The color should immediately change

to yellow.

13. Within 30 minutes of stopping the reaction, the O.D. absorbance should be read

with a microplate reader at 450nm.

Estimation of SFLT1 (soluble fms-like tyrosine kinase-1) ELISA method

(BOSTER BIOLOGICAL TECHNOLOGY)
Assay Principle

FLT1 Pre-Coated ELISA (Enzyme-Linked Immunosorbent Assay) kit is a solid-phase
immunoassay specially designed to measure Human FLT1 with a 96-well strip plate
that is pre-coated with antibody specific for FLT1. The detection antibody is a
biotinylated antibody specific for FLT1. The capture antibody is polyclonal antibody
from goat and the detection antibody is polyclonal antibody from goat. The kit

includes Human FLT1 protein as standards.

To measure Human sFLT1, add standards and samples to the wells, then add the
biotinylated detection antibody. Wash the wells with PBS or TBS buffer, and add
Avidin-Biotin-Peroxidase Complex (ABC-HRP). Wash away the unbounded ABC-
HRP with PBS or TBS buffer and add TMB. TMB is an HRP substrate and will be
catalyzed to produce a blue color product, which changes into yellow after adding the
acidic stop solution. The absorbance of the yellow product at 450nm is linearly
proportional to Human FLT1 in the sample. Read the absorbance of the yellow
product in each well using a plate reader, and benchmark the sample wells' readings
against the standard curve to determine the concentration of Human FLTL1 in the

sample.
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sFIt-1 Standard

1) Number tubes 1-8. Final Concentrations to be Tube # 1: 10,000.00 pg/ml, # 2:

5,000.00 pg/ml, # 3: 2,500.00 pg/ml, # 4: 1,250.00 pg/ml, # 5: 625.00 pg/ml, # 6:

312.50 pg/ml, # 7: 156.25 pg/ml, # 8: Sample Diluent serves as the zero standard

(0 pg/ml).

2) For standard #1, add 1000 ul of undiluted standard stock solution to tube #1.

3) Add 300 pul of sample diluent to tubes # 2-7.

4) To generate standard # 2, add 300 pl of standard # 1 from tube # 1 to tube # 2 for

a final volume of 600 pl. Mix thoroughly.

5) To generate standard # 3, add 300 ul of standard # 2 from tube # 2 to tube # 3 for

a final volume of 600 pl. Mix thoroughly.

6) Continue the serial dilution for tube # 4-7.

Conc(pg/ml) | 0O | 156 | 312 | 625 | 1250 | 2500 | 5000 | 10000
0.D. 0.031 | 0.069 | 0.124 | 0.164 | 0.366 | 0.681 | 1.178 | 1.920
2.5
2 *
1.5
a]
© g
1
*
0.5
0 2000 4000 6000 8000 10000 12000
sFIt-1 pg/ml

Figure 4.6 : Standard Curve for sFIt-1
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Assay Protocol

It is recommended that all reagents and materials be equilibrated to room temperature
(18-25°C) prior to the experiment (see Preparation Before The Experiment, if you

have missed this information).
1. Prepare all reagents and working standards as directed previously.

2. Remove excess microplate strips from the plate frame and seal and store them in

the original packaging.

3. Add 100 pl of the standard, samples, or control per well. Add 100 pl of the
Sample Diluent into the zero well. At least two replicates of each standard,

sample, or control is recommended.

4. Cover with the plate sealer provided and incubate for 120 minutes at room

temperature (or 90 min. at 37 °C).

5. Remove the cover and discard the liquid in the wells into an appropriate waste
receptacle. Invert the plate on the benchtop onto a paper towel and tap the plate to
gently blot any remaining liquid. It is recommended that the wells are not allowed

to completely dry at any time.

6. Add 100 pl of the prepared 1x Biotinylated Anti-Human NOS3 antibody to each

well.

7. Cover with a plate sealer and incubate for 90 minutes at room temperature (or 60
min at 37°C).
8. Wash the plate 3 times with the 1x wash buffer:
a) Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to gently

blot any remaining liquid. It is recommended that the wells are not allowed to

completely dry at any time.
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10.

b)

d)

Add 300 pl of the 1x wash buffer to each assay well. (For cleaner background

incubate for 60 seconds between each wash).
Repeat steps a-b 2 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the benchtop onto a paper towel and tap the plate to

gently blot any remaining liquid.

Add 100 pl of the prepared 1x Avidin-Biotin-Peroxidase Complex into each well.

Cover with the plate sealer provided and incubate for 40 minutes at RT (or 30 min

at 37°C).

Wash the plate 5 times with the 1x wash buffer:

a)

b)

d)

Discard the liquid in the wells into an appropriate waste receptacle. Then,
invert the plate on the benchtop onto a paper towel and tap the plate to gently
blot any remaining liquid. It is recommended that the wells are not allowed to

completely dry at any time.

Add 300 pl of the 1x wash buffer to each assay well. (For cleaner background

incubate for 60 seconds between each wash)
Repeat steps a-b 4 additional times.

Discard the wash buffer in the wells into an appropriate waste receptacle.
Then, invert the plate on the benchtop onto a paper towel and tap the plate to

gently blot any remaining liquid.

11. Add 90 ul of Color Developing Reagent to each well. Cover with the plate sealer

provided and incubate in the dark for 30 minutes at RT (or15-25 minutes at 37°C).
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12. Add 100 pl of Stop Solution to each well. The color should immediately change to

yellow.

13. Within 30 minutes of stopping the reaction, the O.D. absorbance should be read

with a microplate reader at 450nm

Estimation of MDA (Malondialdehyde) ELISA Kit (Wuhan Fine Biotech Co.,

Ltd.)

Principle of the Assay This kit was based on Competitive-ELISA detection method.
The microtiter plate provided in this kit has been pre-coated with target. During the
reaction, target in the sample or standard competes with a fixed amount of target on
the solid phase supporter for sites on the Biotinylated Detection Antibody specific to
target. Excess conjugate and unbound sample or standard are washed from the plate,
and HRP-Streptavidin (SABC) is added to each microplate well and incubated. Then
TMB substrate solution is added to each well. The enzyme-substrate reaction is
terminated by the addition of a sulphuric acid solution and the color change is
measured spectrophotometrically at a wavelength of 450nm. The concentration of
target in the samples is then determined by comparing the OD of the samples to the

standard curve.

2, Standards: 1). Add 1 ml Sample Dilution Buffer into one Standard tube (labeled as
zero tube), keep the tube at room temperature for 10 minutes and mix them

thoroughly.

2). Label 7 eppendorf (EP) tubes with 1/2, 1/4, 1/8, 1/16, 1/32, 1/64 and blank
respectively. Add 0.3ml of the Sample Dilution Buffer into each tube. Add 0.3ml of
the above Standard solution (from zero tube) into 1st tube and mix them thoroughly.

Transfer 0.3ml from 1st tube to 2nd tube and mix them thoroughly. Transfer 0.3ml
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from 2nd tube to 3rd tube and mix them thoroughly, and so on. Sample Dilution

Buffer was used for the blank control.

15t 2nd 3rd ath Sth 6th

Zero tube 172 174 1/8 1/16 1/32 1/64 blank

Prepare standard solutions

Figure 4.7: Preparation of standards for MDA

ng/mi 0 7.812 | 15.625 | 31.25 62.5 125 250 500

OD 2.22 1535 | 0893 | 0.613 | 0.373 | 0.217 | 0.111 | 0.071

25 +
2

15

oD

o\.*. — |

0 100 200 300 400 500 600
ng/ml

Figure 4.8: Standard curve for MDA

57




Assay Procedure

When diluting samples and reagents, they must be mixed completely and evenly.

Before adding TMB into wells, equilibrate

TMB Substrate for 30 minutes at 37°C. It is recommended to plot a standard curve for

each test.

1)

2)

3)

4)

5)

Set standard, test samples, control (blank) wells on the pre-coated plate
respectively, and then, records their positions. It is recommended to measure each
standard and sample in duplicate. Wash plate 2 times before adding standard,

sample and control (blank) wells!

Add Sample and Biotin-labeled Antibody: Add 50ul of Standard, Blank, or
Sample per well. The blank well is added with Sample/Standard Dilution Buffer.
Immediately add 50ul Biotin-labeled Antibody Working Solution into each well.
Cover with the Plate sealer we provided. Gently tap the plate to ensure thorough
mixing. Incubate for 45 minutes at 37°C. (Solutions are added to the bottom of

microplate well, avoiding inside wall touching and foaming as much as you can.)

Wash: Remove the cover, and wash plate 3 times with Wash Buffer, and let the
wash buffer stay in the wells for 1 minute each time. After the last wash, remove
any remaining Wash Buffer by aspirating or decanting. HRP-Streptavidin
Conjugate (SABC): Add 100ul SABC Working Solution into each well. Cover it

with a new Plate sealer. Incubate for 30 minutes at 37°C.

Wash: Remove the cover and wash plate 5 times with Wash Buffer, and let the

wash buffer stay in the wells for 1 -2 minutes each time.

TMB Substrate: Add 90ul TMB Substrate into each well, cover the plate and

incubate at 37°C in dark within 10-20 minutes. (Before adding TMB into wells,
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6)

7)

equilibrate TMB Substrate for 30 minutes at 37°C. It is recommended to plot a
standard curve for each test.) (Note: The reaction time can be shortened or
extended according to the actual color change, but not more than 30 minutes. You

can terminate the reaction when apparent gradient appeared in standard wells.)

Stop: Add 50ul Stop Solution into each well. The color will turn yellow
immediately. The adding order of Stop Solution should be as the same as the

TMB Substrate Solution.

OD Measurement: Read the O.D. absorbance at 450nm in Microplate Reader
immediately after adding the stop solution. Regarding calculation, the standard
curve can be plotted as the O.D.450 of each standard solution (Y) vs. the
respective concentration of the standard solution (X). The target concentration of

the samples can be interpolated from the standard curve
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CHAPTER 5

RESULTS:

Forty normal healthy pregnant women as controls and forty PE patients as cases were
selected for the present study. Women aged between 18 to 35 years of age were
included in the study. Only two(4.9%) were between 30-35 years of age in cases, all

others were between 18 to 29 years of age in both cases and controls (Table 5.1).

Table 5.1: Age distribution in controls and cases

Age in Years Controls Cases
18-20 13(32.5%) 19 (47.5%)
21-30 27 (67.5%) 19(47.5%)
31-35 0 2(4.9%)
Total 40 40

Among the PE cases, 8 had mild PE, 32 had severe PE (Table 5.2).

Table 5.2: Mild and severe cases preeclampsia

Cases
Mild 8
Severe 32

In severe cases of PE, 22 Patients had systolic blood pressure (SBP) >160 mm Hg and
17 had diastolic blood pressure (DBP)> 110 mm Hg, Thrombocytopenia was found in
4 patients, 3 patients had epigastric pain, 3 patients had raised aspartate transaminase
(AST) and alanine transaminase (ALT), renal insufficiency (S. Creatinine>1.1 mg/dl),
abdominal oedema, pulmonary oedema and venous thrombosis was present in one
patient each. New onset of Cerebral or visual disturbance; i.e, headache was found in
14 patients and 3 patients had visual disturbance. Two patients presented with HELLP

syndrome (Table 5.3).
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Table 5.3: Severity criteria as per ACOG guidelines and number of PE cases

Severity criteria No of cases
SBP >160 mm Hg 22 (14 DBP>110)
DBP> 110 mm Hg 17 (10 SBP>160)
Thrombocytopenia 4
Epigastric pain 3
Abdominal oedma 1

Raised AST and ALT 3

Renal insufficiency (' S. Creatinine >1.1 mg/dl) 1
Pulmonary oedma 1

New onset of Cerebral or visual disturbance Headache 14

Visual disturbance 3

Venous thrombosis 1
HELLP syndrome 2

30 normal pregnant women underwent LSCS, 28 PE patients underwent LSCS, 6 PE
women had pre-term vaginal delivery (VD). 10 control women had full term vaginal

delivery and 6 PE women had full term vaginal delivery (Table 5.4).

Table 5.4: Mode of delivery in controls and cases

Controls Cases
LSCS 30 28
Pre-term VD - 6
Full term VD 10 6

There were 5 neonatal deaths in PE patients. 39and 30 neonates of control women and
PE women cried immediately after birth, one neonate of PE patient had birth asphyxia
and 2 responded to tactile stimulation. One neonate of control woman and 2 of PE

women required bag and mask ventilation respectively (Table 5.5 and 5.6).
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Table 5.5: Gender Distribution of Neonates in controls and cases

Controls Cases
Female 23 19(2 Dead)
Male 17 21(3 Dead)
Total 40 40

Table 5.6: Neonatal outcome in both controls and cases

Controls Cases
Cried Immediately 39 30
Birth asphyxia - 1
Responded to tactile stimulation - 2
Bag and mask 1 2
Death 0 5
Total 40 40

Comparison of general characteristics between controls and cases: Mean
gestational age was 37.78+2.97 weeks in controls and 35.63+4.37 weeks in PE cases,
which was not statistically significant (p value = 0.084). There was significant
increase in pulse rate (p=0.003), systolic blood pressure (p=0.000), diastolic blood
pressure (p=0.000), body mass index (p=0.004) in PE group than control group (Table

5.7).

Table 5.7: Comparison of general characteristics between controls and cases

Controls Cases t p
Gestational weeks 37.78+2.97 35.63+4.37 2.511 0.084
Pulse (Beats/min) 86.54+6.98 92.28+9.27 -3.044 0.003
SBP (mmHg) 117.41+10.75 157.55+£17.75 -11.878 0.000
DBP (mmHg) 74.70+9.45 102.40+9.10 -13.093 0.000
BMI (kg/m?) 24.82+3.65 28.99+5.41 -3.008 0.004
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Comparison of hematological parameters between controls and cases: Eosinophil

count was significantly (p=0.001) higher in normal pregnant women than PE patients,

other haematological parameters did not show significant change between cases and
controls (Table 5.8).

Table 5.8: Comparison of hematological parameters between controls and cases

Parameter Controls Cases t p
HB gm% 11.57+1.48 11.06+2.12 1.19 0.23
RBC 4.10+0.50 4.05+£0.94 0.25 0.80
millions/pL

WBC 12370.27+3126.48 12933.33+4473.21 -0.63 0.52
P% 70.92+8.42 71.51+12.52 -0.241 | 0.81
L% 23.84+8.05 24.36+12.01 -0.221 | 0.82
E% 3.32+1.08 2.67+1.19 2.50 0.01
M% 1.92+1.27 1.46+1.44 1.45 0.14
B% 0.00+0.00 0.00+0.00 1.87 0.06
Platelet 228891.89+49402.42 | 199743.59+81379.78 | -0.67 0.50
BT, min 2.92+0.37 2.80+0.35 0.01 0.98
CT, min 5.72+0.38 5.71+0.38 1.19 0.23
PT, Sec 12.72+1.26 13.49+2.23 0.67 0.50

Comparison of Blood Sugar and Renal Functions of controls and cases: There

was no significant difference in random blood glucose level and serum creatinine (p=

0.575, 0.590 respectively) in controls and cases. The renal function tests in tearms of

serum urea, serum uric acid, urine protein, urine P/C ratio were significantly higher in

preeclampsia cases than healthy pregnant women (p value was 0.025, 0.000, 0.010,

0.001respectively) (Table 5.9).
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Table 5.9: Blood Sugar and Renal Functions of controls and cases

Controls Cases t p
RBS mg/dl 88.52+21.46 85.87+£20.37 0.563 0.575
Urea mg/dl 21.30+6.48 24.28+4.91 -2.291 0.025
Creatinine mg/dI 0.73+0.13 0.75+0.15 -0.542 0.590
Uric acid mg/dl 3.73+1.00 5.02+1.49 -4.434 | 0.000
Urine Protein mg/l | 120.26+£158.84 | 2464.68+3185.03 -2.73 0.010
Urine P/C ratio 0.23+0.28 4.47+4.14 -3.801 0.001

Comparison of liver function tests in PE controls and cases: There was significant

decrease (p=0.003) in serum albumin in preeclampsia patients (3.27+£0.51gm/dl) than

control

(3.60£0.44gm/dl) group. AST was significantly higher (p=0.04)

in

cases(43.43+61.281U/L) than the control group (23.37+£10.40 1U/L), ALT was also

more in preeclampsia cases than normal pregnant women but it was not statistically

significant (p=0.07). The other parameters of liver function tests did not show

significant change (Table 5.10) .

Table 5.10: Comparison of liver function tests in PE controls and cases

Parameter Controls Cases t p

Total bilirubin mg/dl 0.57+0.20 0.67+0.45 -1.23 0.22
Direct bilirubin mg/dl 0.27+0.12 0.31+0.21 -1.02 0.30
Indirect bilirubin mg/dl 0.30£0.13 0.36+0.27 -1.18 0.24
Total proteins gm/dl 6.26+0.70 5.99+0.69 1.694 | 0.094
Albumin gm/dI 3.60+0.44 3.27+0.51 3.065 | 0.003
Globulin gm/dI 2.66+0.63 2.72+0.69 -0.421 | 0.675
A/G ratio 1.46+0.54 1.34+0.78 0.746 0.458
AST IU/L 23.37£10.40 43.43+61.28 | -2.015 0.04
ALT IU/L 15.82+10.17 35.36+67.37 | -1.791 0.07
ALP IU/L 198.69+80.58 | 195.815+90.81 | 0.148 0.88
LDH IU/L 232.13+67.78 | 380.54+262.16 | -0.96 0.34
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Comparison of Birth weight, APGAR between neonates of controls and cases:

Birth weight, APGAR at 1 minute and APGAR score at 5 min were significantly (p=

0.000, 0.015, 0.023) lower in neonates born to preeclampsia women (2.17+0.83 kg,

6.59+2.66,7.68+2.951 ) as compared to neonates of healthy pregnant women

(2.85+0.57 kg, 7.81+0.78, 8.91+0.39) (Table 5.11).

Table 5.11: Comparison of Birth weight, APGAR between neonates of controls

and cases
Controls Cases t p
Birth Weight (Kg) 2.85+0.57 2.17+0.83 3.888 0.000
APGAR 1min 7.81+0.78 6.59+2.66 2.499 0.015
APGAR 5min 8.91+0.39 7.68+2.951 2.337 0.023

Comparison of general characteristics between mild and severe cases of PE:

In

the present study the comparison between mild and severe cases of PE was done,

systolic blood pressure (161.56+17.24 mm Hg), diastolic blood pressure (104.06+8.87

mm Hg) were significantly (p= 0.003 and 0.019 respectively) higher in severe cases

of PE as compared to mild cases of PE. Birth weight of neonates born to severe PE

(2.01+£0.83kg) was significantly (p= 0.025) lower as compared to mild cases

(2.79£0.51 kg) of PE (Table 5.12) .
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Table 5.12: Comparison of general characteristics between mild and severe cases

of PE
Mild Severe p
SBP mmHg 141.50+8.46 161.56+17.24 0.003
DBP mmHg 95.75+7.04 104.06+8.87 0.019
AST IU/L 31.62+19.35 46.38+67.79 0.549
ALT IU/L 15.33+12.43 40.36x+74.47 0.354
Creatinine mg/dl 0.71+0.13 0.76£0.16 0.376
Platelet 249500.00+41582.44 | 191656.25+85353.00 | 0.116
Total proteins gm/dl 6.11+0.37 6.01+£0.77 0.727
Albumin gm/dl 3.43+0.43 3.23+0.52 0.314
Globulin gm/di 2.67+0.50 2.78+0.76 0.712
AJG ratio 1.35+0.45 1.33+0.86 0.940
B. Wt in Kg 2.79+0.51 2.01+0.83 0.025
APGAR 1min 8.00+0.000 6.29+2.85 0.156
APGAR 5min 9.00+0.00 7.39+3.19 0.232

Comparison of NO, eNOS, VEGF, PIGF, sFlt-1, Sflt1:PIGF and MDA between
controls and PE: There was significant decrease in NO (Median cases=56.56

pmol/L, controls=77.77 pumol/L; inter quartile range, cases=28.74-78.53,

controls=61.93-111.34), eNOS (Median cases =81.63pg/ml, controls=124.00pg/ml;
inter quartile range cases=54.87-132.22, controls=62.15 to 226.00),VEGF(Median
cases=90.12pg/ml, controls=180.40pg/ml; inter quartile range cases=52.50-105.93,

controls=86.25 to 255.11) and PIGF (Median cases=48.98pg/ml,

controls=124.11pg/ml; inter quartile range cases=31.84 to 72.71,

controls=73.04 to 182.35) in PE cases as compared to normal pregnant women. sFltl

(Median  cases=3984.00pg/ml,  controls=787.00pg/ml; inter quartile range

cases=2313.00-5117.00,  controls=404.25-1011.00) and  sFIt1:PIGF(Median

cases=75.25, controls=5.30; interquartile range cases=37.18-138.71,
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controls=2.09 to 10.68) ratio were significantly higher (p<0.0001) in PE cases than

control group (Significance p values between PE and control group for NO, eNOS,

VEGF, PIGF, sFlti and Sflt1:PIGF were 0.0033, 0.0473, 0.0003, < 0.0001,

< 0.0001 and < 0.0001 respectively) (Table 5.13, Figure 5.1-5.6).

Table 5.13: Comparison of maternal serum NO, eNOS, VEGF, PIGF, sFlit-1,
sFItl: PIGF between controls and cases

Median Interquartile range Average rank |MWU | Z P
Controls | Cases Controls Cases Control | cases
NO# 77.77 | 56.56 | 61.93-111.34 |28.741t0 78.53| 47.67 |32.51 |480.50 [2.93 | 0.0033
eNOS* | 124.00 | 81.63 (62.15to 226.00| 54.87-135.22 | 45.52 | 32.50 |630.00 | 2.71 | 0.0473
VEGF*| 180.40 | 90.12 |86.25 to 255.11 | 52.50-105.93 | 50.58 |31.64 |436.50 |3.62 | 0.0003
PIGF* | 124.11 | 48.98 |73.04 t0 182.35|31.84t0 72.71| 52.38 | 28.52 |308.50 | 4.61 |< 0.0001
SFLT1*| 787.00 |3984.0 | 404.25-011.00 p313.0-117.0 23.24 |59.75 | 92.00 |6.94 |<0.0001
Ratio 5.30 75.25 | 2.091t0 10.68 |37.18-138.71 | 22.21 |55.09 |119.00 |6.39 |< 0.0001
#: umol/L, * :pg/ml
1400 F
1200} -
1000_-
800_-
800_— "
400 - ]
200-
I ——
NO_case NO_control

Figure 5.1 Comparison of maternal serum NO between cases and controls
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Figure 5.2: Comparison of maternal serum eNOS between cases and controls
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Figure 5.3 : Comparison of maternal serum VEGF between cases and controls
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Figure 5.4. Comparison of maternal serum PIGF between cases and controls
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Figure 5.5: Comparison of maternal serum sFlt-1 between cases and controls

600F
s00}-
a00}
300}

200

100

- L]
Ot 1 %
SFLTPIGF_R_case SFLTPIGF_R_control

Figure 5.6 : Comparison of maternal serum sFIt-1:PIGF ratio between cases and
controls

The oxidative stress marker serum malondialdehyde (MDA) was increased
significantly (p=0.001) in PE patients (445.13+150.64 ng/ml) than control group

(209.08+36.05 ng/ml) (Table 5.14, Figure 5.7).
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Table 5.14: Comparison maternal serum malondialdehyde in Controls and PE

patients

Controls Cases p

Serum malondialdehyde (ng/ml) | 209.08+36.05 | 445.13+£150.64 | 0.001

(MDA)
Serum malondialdehyde (ng/ml)
(MDA)
700
600
500
400 —
Serum malondialdehyde
300 T (ng/ml) (MDA)
200 ——— I F—————— —
100 —————— —
0 T 1
Controls Cases

Figure 5.7: Comparison of maternal serum malondialdehyde between cases and

controls
Comparison of NO, eNOS, VEGF, PIGF, sFlt-1 and Sflt1:PIGF between mild PE
and severe cases of PE: There was significant decrease in VEGF (Median
mild=91.40pg/ml, severe=72.81pg/ml, inter-quartile range mild=73.12-124.68,
severe=22.50 t0 85.62) and PIGF (Median mild=72.53pg/ml, severe=44.08pg/ml,
inter-quartile range mild=61.95-95.87, severe=27.85-61.31) in severe PE cases as
compared to mild cases of PE, p values were 0.0465,0.0049respectively. sFltl
(Median mild=1618.0pg/ml, severe=4448.0pg/ml, inter-quartile range mild=958.0-
2996.0, severe=3239.0-5331.00) and sFltl: PIGF ratio (Median mild=25.40,
severe=84.94, inter-quartile range mild=8.16-54.32, severe=48.66-183.04)were
significantly higher in severe PE cases than mild cases of PE(p=0.0040, 0.0014
respectively).Whereas NO and eNOS did not show difference between the mild (p=

0.1073)and severe (p= 0.9345) cases of PE (Table 5.15, Figure 5.8-5.13).
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Table 5.15: Comparison of maternal serum NO, eNOS, VEGE, PIGF, sFLT1 and
SFLT1: PIGF in mild and severe preeclampsia

Median Interquartile range Average rank | MWU Z P
Mild | Severe Mild Severe Mild| Severe
NO, 85.76 | 62.40| 44.03-76.77 | 64.24-122.64 | 13.71] 21.37 | 68.00| 1.61 | 0.1073
eNOS* 92.85| 91.53| 63.25-123.21| 52.42-141.25 | 20.68| 21.07 | 129.50| 0.0822| 0.9345
VEGF* | 91.40| 72.81| 73.12-124.68| 22.50t085.62 | 22.83] 13.43 | 71.50| 1.99 | 0.0465
PIGF* 72.53| 44.08| 61.95-95.87 27.85-61.31 | 31.68 18.40 | 46.50| 2.813 | 0.0049
SFLT1* | 1618.0| 4448.0] 958.0-2996.0| 3239.0-5331.00| 10.06| 23.65 | 44.50| 2.879 | 0.0040
Ratio 25.40| 84.94| 8.16-54.32 48.66-183.04 | 8.87| 23.93 | 35.00f 3.191 | 0.0014
#: umol/L, * :pg/mi
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Figure 5.8: Comparison of maternal serum NO between mild and severe cases of

PE
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Figure 5.9 : Comparison of maternal serum eNO between mild and severe cases
of PE
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Figure 5.10: Comparison of maternal serum VEGF between mild and severe
cases of PE
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Figure 5.11 : Comparison of maternal serum PIGF between mild and severe
cases of PE
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Figure 5.12 : Comparison of maternal serum sFIt-1 between mild and severe
cases of PE
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Figure 5.13: Comparison of maternal serum sFIt-1:PIGF between mild and
severe cases of PE

Correlation of NO, eNOS, VEGF, PIGF, sFlt-1, Sflt1:PIGF ratio with severity of
PE: The correlation between the severity of PE and PIGF showed significant
(p=0.005) negative correlation (r=-0.436), sFltl and sFItl: PIGF ratio showed
significant (p= 0.003, 0.001 respectively) positive correlation (r=0.452 and 0.498

respectively) with severity of PE (Table 5.16).
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Table 5.16: Correlation of maternal serum NO, eNOS, VEGF, PIGF, sFlt-1 levels
and sFlt-1:PIGF ratio with severity of PE cases.

NO eNOS | VEGF sFLT1 PIGF | sFLT1/PIGF
Severity 0.251 | 0.014 0.306 0452 0436 0.498
0.129 | 0.934 0.055 0.003 0.005 0.001

Diagnostic validity of VEGF, PIGF, sFltl, sFItl:PIGF ratio: The diagnostic
validity of all parameters was calculated using ROC curve analysis, the results were
as follows: area under the curve for VEGF, PIGF, sFlt-1 and sFIt-1:PIGF ratio were
0.734, 0.802, 0.945 and 0.922 respectively, the sensitivity 90.2, 92.7, 80.5 and
82.9, the specificity 55.0, 65.8, 100.0 and 94.6% respectively. The optimum cutoff
value for the diagnosis of PE, for VEGF, PIGF, sFlt1 and sFIt1:PIGF were 150.0
pg/ml, 105.65pg/ml, 1843. 0 pg/ml and 28.54 respectively, positive predictive values
were 67.27%, 74.51%, 80.49% and 91.89% respectively, negative predictive values
were 84.62%, 89.29%, 100% and 82.93%respectively. Diagnostic accuracy was
72.84% for VEGF, 79.75% for PIGF, 90.12%for sFltl and 87.18% for sFIt1:PIGF

ratio (Table 5.17, Figure 5.14).
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Table 5.17: Compilation of Diagnostic Validity of VEGF, PIGF, sFIt1, sFIt1:PIGF
ratio

VEGF PIGF sFItl sFIt1:PIGF
Area under the ROC curve 0.734 0.802 0.945 0.922
(AUC)
b
95% Confidence interval 0.624 to 0.826 | 0.697 to 0.883|0.871to 0.983| 0.838 to 0.970
z statistic 4.072 5.435 18.279 12.998
Significance level P <0.0001 <0.0001 <0.0001 <0.0001
(Area=0.5)
Sensitivity 90.2 92.7 80.5 82.9
Specificity 55.0 65.8 100.0 94.6
Best cut off (pg/ml) 150 105.65 1843 28.54
+ve Predictive Value 67.27% 74.51% 80.49% 91.89%
-Ve Predictive Value 84.62% 89.29% 100% 82.93%
Diagnostic Accuracy 72.84% 79.75% 90.12% 87.18%
Odds Ratio 11.31 24.36 165 55.05
100F
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Figure 5.14: ROC curve analysis of VEGF, PIGF, sFltl, sFlt1:PIGF ratio

Correlation of birth weight and APGAR score with maternal serum VEGF,
PIGF, sFltland sFIt1:PIGF ratio: Correlation of birth weight and APGAR score
with maternal serum angiogenic and anti-angiogenic factors showed that sFLtland

sFIt1/PIGF ratio had significant (p=0.000 for all parameters) negative correlation
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(r=-0.545,-0.386,-0.362 respectively) with the neonatal birth weight , APGAR score
at 1 minute and APGAR score at 5 minutes, VEGF and PIGF did not show significant

correlation with these three birth outcomes (Table 5.18).

Table 5.18: Correlation of birth weight and APGAR score with maternal serum
angiogenic and anti-angiogenic factors

VEGF sFLt1 PIGF sFItL/PIGF

Birth weight In r 0.081 L0545 0.095 0.700
Kg p 0.472 0.000 0.405 0.000
APGAR 1 min r 0.163 0386 0.137 0687

p 0.146 0.000 0.230 0.000
APGAR 5 min r 0.129 0 362** 0.117 0 704**

p 0.253 0.001 0.306 0.000
**_Correlation is significant at 0.01 level (2-tailed).
*, Correlation is significant at 0.05 level (2-tailed).

Prognostic value of maternal serum VEGF, PIGF, sFltland sFItl:PIGF ratio for
birth weight and APGAR score: With VEGF cutoff value of <150 pg/ml, 90.9% of
PE and 16.6% of controls had low birth weight babies. With PIGF cutoff value of
<105.65 pg/ml, 100% of PE and 33.3% of controls had low birth weight neonates.
With sFIt-1 cutoff value of >1843 pg/ml, 95% of PE and none from control had low
birth weight babies. With sFIt-1:PIGF ratio >28.5, 100% of PE and 8.3% of normal
pregnant women gave birth to low birth weight babies. These differences for VEGF,
PIGF, sFIt-1 and sFIt-1:PIGF ratio were found to be statistically significant (p<
0.001). APGAR score at 1 minute and APGAR score at 5 minutes were depressed in
more number of cases as compared to controls at diagnostic cutoff of proangiogenic
and antiangiogenic factors. But only at VEGF cutoff <150 pg/ml, the APGAR score at
1 minute was depressed in 37.0% of PE cases compared to 2.5% of controls, which

was statistically significant (p< 0.001) (Table 5.19).
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Table 5.19: Prognostic value of maternal serum pro-angiogenic and anti-

angiogenic factors for birth out come

Controls Cases
LBW |APGAR1 |[APGARS5 LBW APGAR 1 |APGAR 5
Depressed |Depressed Depressed [Depressed
No| % No| % | No| %| No| % No| % No| %
VEGF<150 pg/ml | 2 [ 166*| 1 | 25| O 0| 20 | 90.9*%| 10 |37.0*| 7 | 175
PIGF 105.65 pg/ml| 4 | 33.3*| 0 0 0 0| 22| 100*| 10 |37.0 | 7 | 175
sFIt1>1843pg/ml 0 0 0 0 0 0| 21| 94| 9 |225 | 6| 15
sFItl: PIGF>285 | 1| 83*| 0 0 0 0| 22| 100*| 10 |37.0 | 7 | 175

Histopathology features of normal and PE placenta: Histopathology of PE

placentae showed syncytial knots was the most common finding which was seen in all

examined placentae with pre eclampsia followed by morphologically thin slender villi

and fibrinoid necrosis of vessesls, Hypovascularisation of placental villi was the other

more observed finding. Intervillous haemorrhage and calcification was less common

histopathological finding (Figure 5.15, 5.16, 5.17, 5.18, Table 5.20). Whereas normal

placentae showed better vascularised villi and less syntitial knots.

Table 5.20: Histopathological features of PE placenta

Particulars No of Placenta
Fibrinoid necrosis of vessels 87.5% (35)
Syncytial knots in the villi 100% (40)
Calcifications 15% (06)
Hypovascularisation of villi 75% (30)
Intervillous hemorrhage 35% (14)
Slender villi with thickened basement membrane 80% (32)
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Figure 5.15: Small slender villi with intervillous fibrinoid material deposition
(H&E x40).

Figure 5.16: Thickening of trophoblastic basement membrane of villi with
presence of many syncytial knots (H&E x100).
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Figure 5.17: Intervillous haemorrhage with syncytial knots (H&E x100).

Figure 5.18: Cytotrophoblastic proliferation within the villi (H&E x400).
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Immunohistochemistry features of normal and PE placenta: Strong

immunoreactivity was seen to VEGF antibody in normal placentae whereas placenta

with PE showed weak expression of VEGF antibody (Figure 5.19, 5.20,5.21, 5.22).

Figure 5.19: Strong immunoreactivity of VEGF expression by vascular
endothelial cells of capillaries within the villi in normal placenta ( x100).

Figure 5.20: Weak immunoreactivity of VEGF expression by vascular
endothelial cells of capillaries within the villi in placenta with pre eclampsia
(x100).
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Figure 5.21: Strong immunoreactivity of VEGF expression by vascular
endothelial cells of capillaries within the villi in normal placenta ( x200).
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Figure 5.22: Weak immunoreactivity of VEGF expression by vascular
endothelial cells of capillaries within the villi in placenta with pre eclampsia
(x200).
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CHAPTER 6
DISCUSSION:

Forty cases of PE and forty controls of normal healthy pregnant women were selected
for study. These two groups were comparable with respect to maternal age and
gestational age; there was statistically insignificant difference in these parameters.
This is important to know whether these confounding factors are equally distributed

among cases and controls, and thus, cases and controls are matched.

Nitric oxide, eNOs, VEGF, PIGF and sFIt-1: In the present study, we found a
significant (p=0.0033) decrease in NO. Similar results were shown by Sahu S. et al
[1] (p=0.000); Darkwa et al [2] showed decrease in NO but it was not statistically
significant (p=0.16), but Adu-Bonsaffoh et al [3] found significant (<p=001) increase
in NO. Studies not only have shown that there was significant decrease in VEGF and
PIGF in PE cases as compared to normal pregnant women but also found sFlt1 and
sFIt1:PIGF ratio were significantly higher in PE cases than control group; In the
current study also we found similar results, but Caillon H et al found no significant
change in PIGF and sFIt1 but got significant (p=0.01) decrease in sFlt-1/PIGF ratio in

PE than control group.

Studies done by Nikuei P et al [4] and Pant V et al [5] did not find significant rise in
sFIt-1/PIGF ration in severe cases of PE cases than mild cases of PE. Pant V et al [5]
also showed there was no significant decrease in PIGF in severe cases of PE than mild
cases of PE. Studies have shown significant rise in sFlt-1 in severe PE cases than mild
cases of PE [6-8]. Shaker OG et al [7] and Basuni M et al [9] showed significant

decrease in PIGF in severe cases of PE than mild cases of PE.
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Probable mechanisms of lowered serum concentration of VEGF in PE: The
etiology of PE is still poorly understood, pathogenesis may be because of defective
decidualization, impaired cytotrophoblast invasion, endothelial dysfunction, and
inappropriate immune responses to the allogenic fetus. The fetal trophoblast cells
invade the maternal decidua during implantation, resulting in reduced placental
perfusion, failure of spiral artery remodeling, and abnormal placentation with

resulting placental ischemia and placental hypoxia (Figure 6.1)[10].

Inappropriate

Defective Impaired Endothelial immune
decidualization cytotrophoblast dysfunction response to the

invasion allergic foetus

Decreased placental perfusion

!

Failure of spiral artery remodelling

}

Abnormal Placentation

v

Placental ischemia

PLACENTAL
HYPOXIA

Figure 6.1: Etiology and pathogenesis of PE

In hypoxia VEGFR-1 commonly referred to as soluble fms-like tyrosine kinase
receptor-1 (sFlt-1), is transactivated by transcription factor Hif-2a, increasing
angiogenesis, while Hif-1 also mediates enhanced sFIt-1 production. The serum levels

of VEGF in PE cases were significantly higher compared to healthy pregnancies. In
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turn, sFlt-1 sequesters the free form of VEGF and acts as an anti-angiogenic factor
thus limiting the availability of free VEGF for fetal and placental angiogenesis
(Figure 6.2). The sFIt1 interfering with VEGF-dependent phosphorylation/stimulation
of endothelial NOS (eNOS), which catalyses the synthesis of NO from L-Arginine,
Nitric oxide (NO), a potent vasodilator that mediates endothelium-dependent

relaxation, has been linked to endothelial dysfunction in PE [11-14].

PLACENTAL
HYPOXIA

Erosion of VEGFR (FIt-1)
Increasein angiogenic factors e, \L

Anti-angiogenesis

!

Increase sFlt-1

Decreased expression of VEGFA

Decrease in e-NOS3

Decreasein NO

PREECLAMPSIA

Figure 6.2 : Probable mechanisms of lowered serum concentration of VEGF in
PE

Probable mechanisms of lowered serum concentration of PIGF in PE: Decrease
in PIGF may be because of combined effect of decreased expression of PIGF and
reduced free PIGF, due to sequestration by sFLT-1, which is increased in PE women.
Persistent placental hypoxia resulting from an underdeveloped utero-placental
circulation leads to decreased expression of PIGF. Regulation of PIGF expression is

explained by many mechanisms like endoplasmic reticular stress and epigenetic
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changes, and changing the effect of the transcription factor hypoxia-inducible factor-

la (HIFI-a). Inflammation also lowers the expression of PIGF (Figure 6.3) [15-17].

ER Stress
Epigenetic changes
Hypoxia inducible factor a

Inflammation
(HIF-a)

Undeveloped placental circulation

Decreased expression of PIGF

Decrease in PIGF

— SequestersPIGF [————

Increase in sFlt-1

Further Decreasein PIGF

Figure 6.3: Probable mechanisms of lowered serum concentration of PIGF in PE

Mild and severe PE: Adu-Bonsaffoh et al. [3]showed markedly elevated serum
levels of NO in early-onset PE (Severe form) compared to late-onset PE that is
considered as a mild disease. This may represent a compensatory mechanism to offset
the ongoing pathological process and indicating the generalized endothelial
dysfunction. Erdemoglu et al. [18], concluded that there was no difference between
means of NO in healthy, mild, and severe preeclamptic patients. Shaker et al., in their
study showed that the no significant difference was found between the mild and

severe groups (p > 0.05).

In the present study, PIGF was significantly decreased in severe PE than mild PE.

sFIt-1 and sFIt-1/PIGF ratio were significantly increased in severe PE than mild PE.
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Nikuei P. et al. [4] found that there was significant (p= 0.389) change in sFlt-1:PIGF
ratio between mild and severe cases of PE. Pant V. et al. [5] showed there was no
significant difference in PIGF (p=0.143) and sFIt-1:PIGF (p=0.945) ratio between
mild and severe cases of PE, but they found significant increase in sFlt-1 (p=0.010) in
severe PE than mild PE, Shaker OG et al. [19] and Basuni M et al. [9] found
significant increase in sFlt-1 (p<0.05 and <0.001 respectively) and significant
decrease in PIGF(p<0.001) in severe PE than mild PE patients. The present study
also showed similar results. The probable mechanism may be the more increase in
hypoxia results in further increase in sFlt-1 and decrease in VEGF and PIGF leads to

decrease in NO and eNOS causes more increase in ROS , hence results in severe PE

(Figure 6.4).
Further Increase Further Decrease in
in ROS NO, eNOS

Further Decrease
in VEGF, PIGF

Hypom
Further Further Increase

in sFlt-1

increase

Figure 6.4: Mechanism in severe PE
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Role of reactive oxygen species (ROS) in PE: Defective spiral artery remodeling
leads to the placental ischemia and alters the biological activities of mitochondria,
and hence increases the production of reactive oxygen species (ROS). ROS stabilizes
Hif-1a, and induces the production sFIt-1. Thus, dysfunction of mitochondria
(increased oxidative stress) plays an important role in increased production of sFlt-1

[20].

PLACENTAL
HYPOXIA

l

Affects biological activity of mitochondria

ROS
(MDA)

l

Stabilize Hif-1a (Transcription factor)

Induce sFlt-1
Production

Figure 6.5: Role of ROS in production of sFlt-1 in PE [20].
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The mechanisms mentioned above enhance the production of reactive oxygen species
(ROS), triggers oxidative stress. Elevated levels of reactive oxygen species (ROS) are
a common finding in preeclampsia, and likely contributed by superoxide, hydrogen
peroxide, hydroxyl radical, and peroxynitrite. In the current study also we found
significant increase (p=0.001) in MDA, lipid peroxidation product, oxidative stress
marker, in PE patients than healthy pregnant women. An imbalance between pro-
oxidant: NADPH oxidase , xanthine oxidase, cyclooxygenases, and complexes I, I,
and 11l of the mitochondrial electron transport chain; and anti-oxidant enzymes viz,
superoxide dismutase, catalase, and hemeoxygenase are all hypothesized to contribute
to elevated ROS in preeclampsia; and thereby contributing to impaired NO

bioavailability and signaling [11,21].

It is observed that in endothelial cells upon hypoxia-reoxygenation conditions, eNOS
undergoes S-glutathionylation, leading to eNOS uncoupling, decreased NOS activity,
increased superoxide generation, and impaired endothelium-dependent vasodilation.
The decrease of tetrahydrobiopterin under conditions of oxidative stress seems to be

a main cause of eNOS uncoupling [21].
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Figure 6.6: Mechanism of ROS production in PE[21].

In the present study we also calculated the diagnostic and prognostic parameters,
Tandon V et al [19] showed AUC for VEGF was 0.738 and in the current study it was
0.734 and it was statistically significant, they also found sensitivity and specificity of
VEGF as 68.3% and 96.6% respectively where as in the present study it was 90.24%

and 55% respectively.

Sharabi Nov et al [22] found AUC for PIGF and sFIt-1:PIGF ratio as 0.82 and 0.85
respectively; in the present study it was, 0.802 and 0.922 respectively; they got best
cut-off value for sFIt-1/PIGF ratio as 38, where as in the current study it was 28.5. S
CPN et al [23] found best cut off value for PIGF at 104 pg/ml and specificity at 60%,
where as in the present study best cut-off value was 105.65 pg/ml, specificity was
65.79%. Andersen LB et al [24] showed specificity and NPV for PIGF as 68.80% and
96.40% respectively; in the current study it was 65.79% and 89.29% respectively.

Andersen LB et al [24] also found NPV for sFIt-1/PIGF as 85% in the present study, it
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was 82.93%. Phupong V et al [25] showed best cut-off value for PIGF and sFlt-1 was
113.8 pg/ml and 1724.5 pg/ml respectively; similar results were found in the present
study which were 105.65 pg/ml and 1843 pg/ml respectively. Radulescu C et al [26],
showed sensitivity of 100% for PIGF, where as in the present study it was 92.68%.
Basuni M et al [9] found AUC and NPV for PIGF as 0.872 and 90.7% respectively;
similarly in the present study these were 0.802 and 89.29% respectively. They also
showed best cut-off value, AUC and PPV for sFlt-1 as 2075 pg/ml, 0.883 and 94.4%
respectively, in the present study found 1843 pg/ml, 0.945 and 80.49% respectively.
Most of the findings of present study coincides with Taraseviciene V et al [27] mainly
AUC of PIGF (0.977), sFIt-1 (0.954) and sFIt-1/PIGF(0.983) ratio, sensitivity of PIGF
(95.8%) and sFIt-1 (84.7%) and specificity of sFlt-1 (65.8%) and sFIt-1/PIGF ratio
(96.2%). The results of the present study for correlation of birth weight (r=-0.545,
p=0.000) are in accordance with Shaker OG et al [7], who found significant

correlation of birth weight (r=0.39,p<0.001) with sFlt-1.

Conclusion: There was a significant decrease in NO, eNOS, angiogenic factors,
significant increase in anti-angiogenic factor, oxidative stress and sFIt1:PIGF ratio in
PE than healthy pregnant women. There was significant correlation between severity
of PE and PIGF, sFItl and sFlt-1:PIGF ratio. PIGF, sFltl and sFlt-1:PIGF ratio with
mentioned cut-off values are better markers and can be used as diagnostic markers in
PE. PIGF, sFltl and the ratio can be used as prognostic markers with mentioned

criterion values for immediate birth outcomes.
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SUMMARY

In the present study, there was a significant decrease in NO, eNOS, angiogenic factors
(VEGF, PIGF), significant increase in anti-angiogenic factor (sFlt-1), oxidative stress
(MDA) and sFIt1:PIGF ratio in PE than healthy pregnant women. There was
significant correlation between severity of PE and PIGF, sFlt1 and sFlt-1/PIGF ratio.
PIGF (105.65 pg/ml), sFIt1(1843 pg/ml) and ratio (28.54) with mentioned cut-off
values are better markers and can be used as diagnostic markers in PE. PIGF, sFltl
and sFIt-1/PIGF ratio can be used as prognostic markers with mentioned criterion

values for immediate birth out comes.

Research hypothesis that VEGF,PIGF, sFlt-1 levels and sFlt-1: PIGF ratio act as
predictors of pre-eclampsia and also of the neonatal outcome viz birth weight,

APGAR score at 1 minute and APGAR score at 5minute, has been proved.

Clinical implications:

Adding of maternal serum VEGF, PIGF, sFlt-1 levels and sFlt-1:PIGF ratio to the

current clinical assessment could achieve an earlier diagnosis.

There may be double benefit: targeting of resources to those at highest risk, while

minimizing excessive assessment and intervention in women at lower risk.

Research implications:

e The results of the present study have helped in understanding the
pathophysiology of PE.
e Transition of the present research may be done clinically for early diagnosis

and hence better clinical outcomes for mother and neonate.
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Limitations of the study:

Genetic expression of eNOS, VEGF, PIGF, sFlt-1 and estimation of L-
Arginine, BH4, ADMA was not done, as it was not feasible with the available
resources. It would have given better understanding of pathophysiology of PE

in this ethnic group.

Future perspective:

Follow up study with serial VEGF, PIGF and sFlt-1 estimations will help with
emphasis on early diagnosis of PE.

Estimation of L-Arginine, BH4, ADMA and genetic expression of eNOS,
VEGF, PIGF and sFIt-1 will help for better understanding of pathophysiology

of PE.
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CHAPTER 8

Annexures

CONSENT FORM |

INFORMATION FOR PARTICIPANTS OF THE STUDY

01 Title of the project

02  Name of the PI/Ph.D Student
and Department

03 Name, Designation, Address,
Phone No. and Email ID of
the Guide

04 Name of Co-guide/Co-
investigator with
designation, Department,
Phone No. and Email ID

Pro-angiogenic  vascular  endothelial
growth factor (VEGF), placental growth
factor (PIGF) and anti-angiogenic factor,
soluble FMS like tyrosine kinase-1 (sFIt-1)
in preeclampsia — A case control study
Dr. SANGAPPA V. KASHINAKUNTI

Professor, Department of Biochemistry,
S.Nijalingappa Medical College, Navanagar,
Bagalkot-587102, Karnataka, India.

E-mail: drsvkashinakunti@yahoo.co.in

Cell No.: 9481981701
Dr. BASAVARAJ DEVARANAVADAGI

Professor and HOD,

Department of Biochemistry,
Shri. B. M. Patil Medical College,
BLDE (Deemed to be University),
VIJAYAPURA, Karnataka

Cell No: 9448745957

Email: rohit123@gmail.com

DR. ASHALATA MALLAPUR
Professor and HOD

Department of OBG

S. Nijalingappa Medical College,
Bagalkot. 587102
Phone: 9945699986

Email: drashalatamallapur@gmail.com
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05 Purpose/ Objectives of this 1) To estimate and compare VEGF, PIGF,

project /study nitric oxide, nitric oxide synthase, sFlt-1

and MDA levels in pre-eclempsia cases
and healthy controls.

2) To correlate the VEGF, PIGF, nitric
oxide, nitric oxide synthase levels and
sFIt-1 levels with severity of pre-
eclampsia cases.

3) To find out the best cut-off of VEGF,
PIGF, sFlt-1 levels and sFlt-1: PIGF ratio
for the diagnosis of pre-eclempsia by
ROC curve analysis.

4) To calculate sensitivity, specificity,
positive  predictive  value, negative
predictive value and diagnostic accuracy
of calculated cut-off of VEGF, PIGF,
sFlt-1 levels and sFlt-1: PIGF ratio for
diagnosis of pre-eclampsia.

5) To do the follow-up of study subjects for
the outcome of pregnancy and to study its
association with the VEGF, PIGF, sFlt-1
levels and sFIt-1: PIGF ratio.

6) To study the prognostic value of VEGF,
PIGF, sFlt-1 levels and sFlt-1: PIGF ratio
on the outcome of pregnancy among
study subjects.

06 Procedure/Methods of the Group 1 (Preeclampsia group): Singleton

study pregnancies, 40 primigravida patients will be
examined and tested. All patients will be
diagnosed with preeclampsia according to

American College of Obstetrics and

Gynecology (Table 1).

Group 2 (Control group): Singleton
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pregnancies, 40 healthy primigravida
patients.

All patients will be subjected to the
following:

Detailed history taking: History of present
pregnancy of persistent headache, visual
disturbances or epigastric pain in the present
pregnancy. Past history of chronic
hypertension, diabetes mellitus or
autoimmune diseases. Family history of
similar conditions.

Physical examination: General: Blood
pressure: It will be measured to obtain
hypertension as it was defined as the repeated
measurement of systolic blood pressure of
140mmHg or greater and diastolic blood
pressure of 90mmHg or greater. It will be
repeated 6 hours apart to confirm the
condition.Examination for pallor, jaundice,
chest auscultation and lower limb edema will
be done.

Abdominal examination: Fundal level,
gestational age, lie and presentation of fetus.

Lab investigations: Serum samples will be
collected by venipuncture in two tubes, 2ml
with anticoagulant and 2 ml without
anticoagulant. Complete blood count, blood
grouping and rhesus factor. After clotting, the
samples were centrifuged and serum will be
pipetted and the following will be measured:
blood glucose, Alanine aminotransferase,
Asspartate transaminase, Uric acid, Serum

albumin, Serum creatinine, Nitric oxide,
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07

08

09

10

11

12

13

14

Expected duration of the
subject participation

Expected benefits from the
research to the participant
Any risks expected from the
study to the participants
Maintenance of
confidentiality of records
Provision of free treatment
for research related injury
Compensation of the
participants for disability or
death resulting from such
injury

Freedom to withdraw from
the study at any time during
the study period without the
loss of benefits that the
participant would otherwise
be entitled

Possible current and future
uses of the biological material
and of the data to be

Nitric oxide synthase, VEGF, PIGF, sFlt-1
and MDA.

Sample for immunoassays for measurement
of Nitric oxide, Nitric oxide synthase, VEGF,
PIGF, sFlt-1 and MDA will be stored at -20C
till estimation. Urine analysis for proteinuria
will be done.

USG will be done for gestational age, fetal
heart sounds.

All the participants will be visited again at
the time of delivery to collect the placental
for and

tissue histopathology

immunohistochemistry and the outcome

findings will be noted.

1 Hour

Results of the present study will help in the
further management of preeclampsia
Minimal risk

Confidentiality will be maintained

Free treatment will be given by the Institution
Compensation for any unforeseeable research
related injury or death resulting from such
injury will be duly given to you through
hospital insurance policy number

68040236180200000009

Yes, participants can withdraw from the
study whenever they wish

Not Applicable

106



15

generated from the research
and if the material is likely to
be used for secondary
purposes or would be shared
with others, this should be
mentioned

Contact details of Chairman
of the IEC for appeal against
violation of rights

Dr. S.L. Hoti,

Director Grade Scientist (Scientist G),
ICMR-National Institute of Traditional
Medicine

(Formerly RMRC),

Belagavi- 590010

Phone No. 0831-2477477

Fax. 0831-2475479
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CONSENT FORM-II
PARTICIPANT CONSENT FORM

Participant’s name:

Address:

Phone No.

Email ID:

Title of the Pro-angiogenic vascular endothelial growth factor (VEGF),
project: placental growth factor (PIGF) and anti-angiogenic factor,
soluble FMS like tyrosine kinase-1 (sFlt-1) in preeclampsia —
A case control study
The details of the study have been provided to me in writing and explained to me in
my own language. | confirm that | have understood the above study and had the
opportunity to ask questions. | understand that my participation in the study is
voluntary and that | am free to withdraw at any time, without giving any reason,
without the medical care that will normally be provided by the hospital being affected.
| agree not to restrict the use of any data or results that arise from this study provided.

Such a use is only for scientific purpose(s).

| have been given an information sheet giving details of the study. I fully consent to
participate in the above study.

Signature of the Participant: Date:

Signature of the Witness: Date:
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Proforma for collection of data

Patient Id:

Name: Age: Ht: Wi:
Occupation:

Address Mobile no

Clinical features:

Obstetric history:

Past history:

Physical examination

BP, pulse rate, pallor, jaundice, chest

and heart auscultation and lower limb

edema.

Abdominal examination

Fundal level+ gestational age, lie and

presentation of fetus

Laboratory investigations

Complete blood count, blood grouping

and rhesus factor, blood glucose, ALT,

AST, uric acid, serum albumin, serum

creatinine, VEGF, PIGF, sFIt-1. sFlt-

1/PIGF

Placental tissue

USG report

Pregnancy outcome (IUGR, intrauterine
demise, early termination, preterm
birth, lower birth weight,

bronchopulmonary dysplasia etc.)
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BLDE (DEEMED TO BE UNIVERSITY)
Annexure -1

PLAGIARISM VERIFICATION CERTIFICATE

1. Name of the Student: Dr. Sangappa V. Kashinakunti Reg No: 17PhD006
2. Title of the Thesis: “Pro-angiogenic vascular endothelial growth factor (VEGF),
placental growth factor (PIGF) and anti-angiogenic factor, soluble FMS like
tyrosine kinase-1 (sFlt-1) in preeclampsia — A case control study”
Department: Biochemistry
4. Name of the Guide & Designation: Dr. Basavaraj Devaranavadagi, Professor and
HOD of Biochemistry, Shri. B. M. Patil Medical College, BLDE (Deemed to be
University), Vijayapura
5. Name of the Co Guide & Designation: Dr. Ashalata A. Mallapur, Professor and
HOD, Department of OBG, S. Nijalingappa Medical College, Navanagar, Bagalkot.
The above thesis was verified for similarity detection. The report is as follows:
Software used: URKUND Date:

Similarity Index ( ): ( ) Total word Count:

The report is attached for the review by the Student and Guide. The plagiarism report
of the above thesis has been reviewed by the undersigned. The similarity index is below
accepted norms. The similarity index is above accepted norms, because of following
reasons:

..................................................................................................... The thesis may be considered

for submission to the University. The software report is attached.

Signature of the Guide Signature of Co-Guide  Signature of Student Verified by (Signature)

Name & Designation Name & Designation  Name & Designation Name & Designation
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Ethical clearance certificates
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The ethical Committee of this University met on 21+ December 2018 at 11 a.m.to
scrutinizes the Synopsis/ Research Projects of Post Graduate Student / Under Graduate
Student Faculty members of this University / College from ethical clearance point of view.
After scrutiny, the following originall corrected and revised version Synopsys of the

thesis/ research projects has been accorded ethical clearance.

Title. Pro-angiogenic vascular endothelial growth factor (VEGF), placental growth
factor (PIGF) and anti-angiogenic factor, soluble FMS like tyrosine kinase-1(sFlt-1)
in preeclampsia — A case control study

Name of the Faculty member /Ph.D/PG/UG student. Dr.Sangappa V. Kashinakunti

Name of the Guide: DIBASAVARAJ DEVARANAVADAGI. Professor&HOD Dept
of Biochemistry

.
fol S
Dr.G.V.Kulkarni
Dr. Sharada Metgud
i Member Secretary
Chair person |EC, BLDE (DU},
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B.V.V. Sangha's
s. Nijalingappa Medical College & Hanagal Shri Kumareshwar Hospital & Research Centre

Navanagar, Bagalkot-ssnoz. Karnataka State, India.
(Recognized by Medical Council of India and Affillated to Rajiv Gandhi University of Health Sciences, Kamataka)
SNMC-INSTITUTIONAL ETHICS COMMITTEE ON HUMAN SUBJECTS RESEARCH
f508354-235340 Fax: 08354-235360 Website: www.anmebgkin  Email: lechsrsnmcbgk@gmail.com

Office of the Institutional Ethice Committee
Ref. No. : Date:
File No: SNMC/IECHSR/2018-19/A-84/ 1.1 Date: 11/02/2019
To:
Dr Sangappa Kashinakunti
Professor of Biochemistry
SNMC, Bagalkot

Topic of Protocol: Pro-angiogenic vascular endothelial growth factor (VEGF), placental growth
factor (PIGF) and anti-angiogenic factor, soluble FMS like tyrosine kinase-1 (sFlt-1) in
preeclampsia — A case control study submitted by Dr. Sangappa V. Kashinakunti Professor,
Department of Biochemistry, S.Nijalingappa Medical College, Navanagar, Bagalkot-587102,
Kamataka, India

Subject: Approval for conducting the above mentioned study & related documents by [EC.

Dear Dr Sangappa Kashinakunti

The Ethics Committee (EC) meeting of SNMC was held on 19-01-2019 from 09.30 AM
onwards in the Hall of Medical Education Department of S. Nijalingappa Medical College & Hanagal
Shri Kumareshwar Hospital & Research Centre, Bagalkot.

Following members of the committee were present:

1.Dr. S. L Hoti, Scientist-G,Director grade scientist ICMR-NITN, Belgaum. Chairman
2. Dr.Yasmeen Maniyar , Professor & HOD of Pharmacology , SNMC, Bagalkot. Member
3. Dr Anita Herur Professor of Physiology, SNMC,Bagalkot Miember
4.Dr Ashalata Mallapur Prof &HoD OBG, SNMC,Bagalkot Member
5. Dr Chandrashekar V M Professor of Pharmacology HSK Pharmacy college Member
6. Dr. Chandrashekharayya S. Hiremath, Professor of ENT, SNMC, Bagalkot Member
7. Dr Manjula R Associate professor of Community Medicine Member
8. Mr. Vittal Kamble , Near Vallabhbai chowk, Bagalkot. Member
9 Mr.Jagdeesh, Budihal, advocate Navanagar., Bagalkot. Mosmber
10. Mr. D. G. Bannur, Holebasaveshwar Nilaya, 10th Cross, Vidyagiri, Bagalkot. Member
f Forensic Medicine, SNMC, Bagalkot. Member Secretary

1. Dr.Vijayamahantesh SN Professor 0
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B.V.V. Sangha's
s. Nijalingappa Medical College & Hanagal Shri Kumareshwar Hospital & Research Centre

Navanagar, Bagalkot-587102, Karnataka State, India.
(Recognized by Medical Councll of India and Afllated 1o Rajtv Gandhl University of Hoalth Sclences, Kamataka)
SNMC-INSTITUTIONAL ETHICS COMMITTEE ON HUMAN SUBJECTS RESEARCH
f08354-235340 Fax: 08354-235360 Wobsito: www.snmebgkln  Emall: lochsrsnmcbgk@gmall.com

Office of the Institutional Ethice Committee

— Date:
mnfﬁgienl Committee of SNMC reviewed the following documents:

1. Research Protocol entitled ) Pro-angiogenic vascular endothelial growth factor (VEGF),

placental growth factor (PIGF) and anti-angiogenic factor, soluble FMS like tyrosine
Kinase-1 (sFlt-1) in preeclampsia - A case control study
Information sheet for participants of the study (Consent Form

~I)and (Consent Form ~I1) of )
Pro-angiogenic vascular endothelial

growth factor (VEGF), placental growth factor
(PIGD and anti-angiogenic factor, soluble FMS like tyrosine kinase-1 (sFlt-1) in
preeclampsia — A case control study

NOTE: It is to be noted that neither PI nor any of the proposed study team members
were present during the decision-making procedures of the Ethics Committee, and

members who are independent of the Investigator, have voted/ provided opinion on the
trial.

Discussion points:
After reviewing the documents submitted by the Principal Investigator, the Committee has
decided to grant approval for conducting the above mentioned study,

You are requested to report to the Ethics Committee the Following:
1. Progress of the study at the end of 4 months, :
) 2. Provide a report to the Ethics Committee on completion of the study.

The Ethics Committee of SNMC follows procedures that are in compliance with the
requirements of ICH (International Conference on llannoni;mion) related to GCP (Good Clinical
Practice), schedule Y and all other applicable Indian regulations,

If you have any Questions concerning the above, please feel free to contact the undersigned.

Thanks & Regards,
e &Wh

(Dr\.fvdnymnnhnmcsh SN)

Member Secretary
Member Secretary,
1EC
S.N. Meadical College
BAGALKOT
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Paper presentation certificates

’A

KSOGA Conference 2018

29" Annual Conference of Karnataka State Obstetrics and Gynecology Association

Organized by
BVV Sangha's S Nijalingappa Medical College and HSK Hospital & RC, Bagaikot

Bagalkot Obstetric and Gynecological Society

6 lerlifiecdle

This is to certify that Dr. Sangappa V. Kashinakunti has
presented a free paper titled Serum nitric oxide levels in preeclampsia- A
case control study in
the 29th KSOGA Conference held on 6th and 7th October 2018 at

S. Nijalingappa Medical College, Bagalkot.
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Or M B Bellad Dr Kasthue Dhonemath Dr Ashalata Mallapwr  Dr Nagarathnag Gourakkal Kuntoyi O Ashok S Mallapus
President, KSOGA  Hon. Secretary Gen Oeganizing Chawrpesson Ovganizing secretary Dean, SNMC
KSOGA

KAPCON 2019

46™ ANNUAL CONFERENCE OF
KARNATAKA CHAPTER — INDIAN ASSOCIATION OF PATHOLOGISTS
AND MICROBIOLOGISTS (KCIAPM)
ORGANIZED BY
DEPARTMENT OF PATHOLOGY
B.V.V.SANGHA'S, 5. NUALINGAPPA MEDICAL COLLEGE, BAGALKOT

THIS IS TO CERTIFY THAT
DR. SANGAPPA VIRUPAXAPPA KASHINAKUNTI

Bearing Registration Number 56464 Registered with KARNATAKA Medical Council,

has presented aORAL PAPER titled
Correlation between the lipid profile and nitric oxide in preeclampsia- A case control study

during 46" annual conference of Karnataka chapter — Indlan Assoclation of
Pathologists and Microbiologists (KCIAPM) held on 20", 21" & 22™ September 2019
at S, Nijalingappa Medical College, Bagalkot

podactor Moy Sttt Lt == Uy

o —
Dr. Ravi Kumar Dr. Vijay Shankar Dr. Ashok S Mallapur  Dr, S S Inamdar Dr, Prabhu MH  Dr. Gududur Ajay XKumar

Prevident, KCIAPM Secratary, KCIAPM
SNMC Bagathot
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UNESCO/UNITWIN NETWORK WEB SEMINAR-2020
August 6-7, 2020
Organced by

(DEEMED TO BE UNIVERSITY)
Shri B, M. Patil Medical College, Hospital & Rescarch Centre,
Vijayapura, Karnataka, India

Cenlificale of Menil

This 1s to certify that, Dr. Sangappa Kashinakunti of Department
of Biochemistry, S. Nialingappa Medical College, Bagalkot,
Karnataka, India has been awarded 'CERTIFICATE OF MERIT' in
PhD category for his/her presentation entitled “Diagnestic
accuracy of placental growth factor (PIGF) in pre-eclampsia-
A case control study” during UNESCO/UNITWIN Network Web
Seminar during August 6 &7,2020.
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International Virtual Conference on
RECENT TRENDS IN BIOMEDICAL RESEARCH
12+ 14th March, 2021

CERTIFICATE

, cortity that _Sangappa Virupaxappa Kashinakunti
has particioated a5 and presented  Oral Presentations entiiad
Dayr y of serum derved ntnc ade synthase (eNOS) and s cormelation with brth out comes. in
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and Wen _18t Prize n the “International Virtual Conference on “RECENT TRENDS IN
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Dr. G. K. Pal Dr. E. Padmini
President General Secretary, IABMS
IABMS Organizing Secretary
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IABSCON 2020

9" ANNUAL INTERNATIONAL CONFERENCE of INDIAN ACADEMY OF BIOMEDICAL SCIENCES

7", 287, 29" February 2020 p v m—
Pl
Organized By A :
DEPARTMENT OF BIOCHEMISTRY t ; 1
D. Y. PATAL MEDICAL COLLEGE, KOLHAPUR (MAMARASHTRA, INDIA)
| A Constituent College of

D.Y. PATIL EDUCATION SOCIETY
Deemed To Be University, Kolhapur-Reaccredited by NAAC with ‘A’ Grade

: CERTIFICATE

Type of Conference-Multi speciatity (CPD Code-MMC/MAC/2020/ F~-014720)
This is to certify that |
onmims Sangappa V. Kashi nakunti
has Participated as Delegate / Delivered an Y Onal | Poster p ioninthe 9" A | Internati Confi e of

Indian Academy of Biomedical Sciences.
He / She is granted 4 CPD credit points by Maharashtra Medical Council.
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ABSTRACT

Introduction and Aim: In preeclampsia (PE) due to abnormal trophoblastic invasion of the maternal spiral arteries
leads to decreased uteroplacental circulation. Nitric oxide (NO) is involved in regulation of feto-placental vascular
permeability and resistance. It also affects maturation, development of the placenta and foetal survival. Maternal
serum NO levels are controversial in PE and only few studies have focused on birth outcomes. Hence, the current
study was undertaken to estimate and compare the maternal serum NO levels in normal pregnant and PE women
and also see the correlation between maternal serum NO level with severity of PE and to study its association with
birth outcome.

Materials and Methods: The study was conducted at a tertiary care hospital in North Karnataka, India. Forty
singleton primigravida PE patients diagnosed and classified as mild/severe PE, as per ACOG guidelines and 40
healthy pregnant were selected for the study. NO was estimated by ELISA method.

Results: NO was high in PE cases than controls but it was not statistically significant. But NO was significantly
(p=0.03) higher in mild PE than severe PE patients. The NO level negatively correlated significantly (p=0.031)
with case severity. Maternal serum NO did not show any significant correlation with birth weight and APGAR
score of the new born baby.

Conclusion: In mild PE rise in maternal serum NO, may be to due compensatory mechanism to normalise
persistently elevated blood pressure and decreased level of serum NO in severe PE may be due to down-regulation
of the nitric oxide synthase.

Keywords: Nitric oxide; pre-eclampsia; birth weight; APGAR score.

INTRODUCTION vasoactive agents expressed by the endothelial cells.
Endothelial cell dysfunction can cause hypertension
with its increased production of vasoconstrictor
agents such as plasma endothelin or reduced release
of vasodilator agents such as Nitric oxide (NO) and
prostacyclin (5-7).

disorder in previously normotensive women,
complicating 6-10% of all pregnancies over 20
weeks of gestation. World Health Organisation
estimates that frequency of PE is seven times higher

Preeclampsia (PE) is a hypertensive multisystem

in developing countries than developed countries. PE NO is a physiological agent involved in regulation of
is one of the leading causes of foetal growth feto-placental vascular permeability and resistance
disorders, foetal morbidity and mortality. There is a and platelet aggregation in the placenta. Maturation
five-fold increase in perinatal deaths from and development of the placenta and foetal survival
intrauterine growth restriction and prematurity as a is significantly affected by nitric oxide. Endothelial
result of PE. Maternal complications of PE include nitric oxide produces its action through cyclic
eclampsia, stroke, liver and renal failure, guanosine monophosphate dependent pathway.
disseminated intravascular coagulation, premature Serum NO level is considered as a valuable
labour and maternal death (1-4). biomarker of endothelial function. NO biosynthesis

Evidence suggests that general vascular endothelial data are also controversial in PE (7-9).

dysfunction, which occurs during PE can explain The outcome of current study may give more sight to
mechanism responsible for its pathogenesis. Primary clinicians as to whether the pathogenesis of PE is
disturbance appears to result from reduced linked to maternal serum NO levels and how such
uteroplacental ~ circulation due to  abnormal knowledge can be utilized in effective prevention of
trophoblastic invasion of the maternal spiral arteries PE. Some authors depicted different results and they
resulting in poor placentation. These spiral arteries showed that the biosynthesis of NO in preeclampsia
retain their endothelial lining and the underlying was decreased, unchanged or raised and hence, this
smooth muscles, which make them reactive to issue is still debatable (10-12). Hence the current
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study was undertaken to estimate and compare
maternal serum levels of NO in normal pregnant and
PE women; and also to find the correlation between
serum nitric oxide level with severity of PE and to
study its association of NO levels with birth outcome.

MATERIALS AND METHODS

This is a case control study, conducted in department
of obstetrics and gynecology and department of
biochemistry at Hanagal Shri Kumareshwara
Hospital, Bagalkot, Karnataka India, from Jan 2019
to Jun 2019. The study was approved by Institutional
ethics committee. Informed consent was obtained
from all the participants.

Primigravida (singleton) pregnant women aged 18-35
years, 20 or more weeks of gestation, diagnosed as
PE and classified as mild/severe PE based on
America college of obstetricians and gynecologists
guidelines (13) were selected for the study. Patients
with  pre-mature  rupture  of  membranes,
chorioamnionitis, multiple gestation, Rh
isoimmunization, fetal anomalies, intra uterine fetal
death, chronic inflammatory diseases, history of
diabetes mellitus, past history of systemic
hypertension, cardiovascular or renal diseases and
chronic inflammatory diseases were excluded from
the study. Healthy pregnant women, matched for age,
gravida and gestational weeks with the cases were
selected as controls.

All participants were subjected for history taking and
followed by general physical examination.

Abdominal examination was performed for fundal
level, lie and presentation of fetus. Blood samples
were collected by venipuncture in two tubes, 2ml
with anticoagulant and 2 ml without anticoagulant.
Complete blood count, blood grouping and rhesus
factor were done. After clotting, the samples were
centrifuged and serum was pipetted and the following
parameters were measured blood glucose, liver
function tests, urea. serum creatinine, uric acid and
nitric oxide. Sample for NO measurement was stored
at -20° C till estimation. Urine analysis for
proteinuria was done. Abdominal ultrasonography
was done for gestational age, fetal heart sound. All
the participants were visited again at the outcome of
the pregnancy and the outcome findings was noted.

Sample size calculation was done using Open Epi
software version 2.3:1, retrospectively with 83.47%
power of the study, using case severity in to
consideration, sample size calculated was 34~ 40.
Hence, 40 preeclampsia cases and 40 normal
gestation controls were included in the study.

Analysis was done using SPSS software version 19.
Unpaired ‘t’ test for quantitative data and Pearson’s
correlation tests were applied. P<0.05 will be
considered as statistically significant.

RESULTS

Seven women were mild PE and 33 were severe PE
patients.

Table 1: Diagnostic and severity features of healthy pregnant women and preeclampsia group

Controls Cases t p
Gestational weeks 37.7842.97 35.63+4.37 2.511 0.014
Pulse Beats/min 86.54+6.98 92.28+9.27 -3.044 0.003
SBP mmHg 117.41£10.75 157.55+17.75 -11.878 0.000
DBP mmHg 74.70+£9.45 102.40+9.10 -13.093 0.000
BMI 24.8243.65 28.99+5.41 -3.008 0.004
Haemoglobin g% 11.57+1.48 11.06+2.12 1.19 0.23
Platelet 228891.89+49402.42 199743.59+81379.78 -0.67 0.50
RBG mg/dl 88.52+21.46 85.87+20.37 0.563 0.575
Serum Urea mg/dl 21.30+£6.48 24.28+4.91 -2.291 0.025
Serum Creatinine mg/dl 0.73£0.13 0.75+0.15 -0.542 0.590
AST IU/L 23.37£10.40 43.43+61.28 -2.015 0.04
ALT IU/L 15.82+10.17 35.36+67.37 -1.791 0.07
Urine Protein mg/l 120.26+158.84 2464.68+3185.03 -2.73 0.010

SBP - Systolic blood pressure; DBP- Diastolic blood pressure; BMI- Body mass index; RBG- Random blood
glucose; Urine P/C ratio- Urine protein creatinine ratio; AST- Aspartate transaminase; ALT- Alanine

transaminase.

There was significant decrease in gestational weeks
in preeclampsia. Pulse, systolic blood pressure,
diastolic blood pressure and body mass index were
significantly higher in preeclampsia women than
normal pregnant women. Haemoglobin and Platelet
count were less in preeclampsia cases than the
control group but it was not statistically significant.
All renal function tests were significantly higher in
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preeclampsia cases than healthy pregnant women
except serum creatinine which also more was in cases
than control group but it was not statistically
significant. Aspartate transaminase was significantly
higher in cases than the control group, alanine
transaminase was also more in preeclampsia cases
than normal pregnant women, but it was not statically
significant.
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Table 2: Nitric oxide (NO) in controls and cases

Controls Cases t P
NO pmol/l 76.38+117.02 115.77+£195.32 -1.090 0.279
NO was also high in cases than controls, but it was not statistically significant.
Table 3: Nitric oxide (NO) in mild and severe cases of PE
Mild Severe t P
NO pmol/l 165.27+£217.77 58.39+77.86 2.24 0.03

NO was significantly higher in mild PE patients than severe PE patients.

Table 4: Co-relation of Nitric oxide (NO) with case severity

Pearson Correlation

P

NO

-0.350

0.031

Significant negative correlation was between NO and case severity of PE, which meant as the severity of PE

increases the NO levels, would decrease.

Table 5: Correlation between maternal serum Nitric oxide (NO) level with birth outcome

Birth weight | APGAR 1 min | APGAR 5 min
r -0.020 0.079 0.055
p 0.909 0.663 0.762

NO did not show any significant correlation with birth weight and APGAR score at 1 minute and 5 minutes.

DISCUSSION

Many studies showed that the biosynthesis of NO
was increased in normal pregnancy, especially in the
second trimester, with its peak in the third trimester
of pregnancy. Study done by Adu-Bonsaffoh et al,
(14) found that PE women had a significantly higher
maternal serum nitrite concentration (p<0.001) while
women with chronic hypertension had a significantly
lower nitrite concentration than the control group
(P=0.04).Women with gestational hypertension had a
similar nitrite level to the control group (15-17).

In the current study, there was increase in maternal
serum NO levels of PE women compared to normal
healthy pregnant women, but it was not statistically
significant (p=0.279). Literature has reported
inconsistent results as far as serum nitric oxide levels
in PE compared to healthy pregnant women.

They attributed the marked increase in NO levels to
compensatory mechanism to the pathological effect
of PE. It is possible that the amount of bioavailable
NO needed to restore the persistently elevated BP
was insufficient (14).

Conversely, Darkwa et al., (18) showed a statistically
non-significant reduction in plasma NO levels in PE
compared to healthy pregnant women (P = 0.160)
agreeing with the observations of other studies. The
studies have indicated that maternal serum NO levels
are reduced in PE. Sahu et al, (19) reported a
reduction in NO production in PE women compared
with normotensive pregnant women. The reduction in
NO as a result of down-regulation of the nitric oxide
synthase enzyme, leading to a relative deficiency of
NO and an excess of ONOO- and/or occurrence of
endothelial damage in the development of the
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disorder, the production of O2- by NOS is central to
the pathophysiology eventually leading to clinical
syndrome and NO donors have been hypothesized to
prevent PE. Another reason for reduced NO serum
levels of PE women could be due to increased
binding and reduced releasing of nitrates from red
blood cells (4, 20, 21).

The determination of nitric oxide levels is
confounded by several internal factors including a
source of sample (plasma, serum, urine), external
factors like method of assaying, diet rich in nitrates
such as cured meats or vegetables, alcohol
consumption, atmospheric pollution, exercise and
cigarette smoking. It may be difficult to find a
significant change over the uncontrolled external
factors and eliminate the inter-subject variations (18,
23).

In the present study, the serum NO levels were
compared between the mild and severe PE women,
the results showed significantly higher level of NO in
mild PE patients compared to severe PE women.
There was a significant negative correlation between
maternal serum NO and severity of PE.

However, a study of Adu-Bonsaffoh et al, (14)
showed markedly elevated serum levels of NO in
early-onset PE (Severe form) compared to late-onset
PE that is considered as a mild disease. This may
represent a compensatory mechanism to offset the
ongoing pathological process and indicating the
generalized endothelial dysfunction. On the other
hand, other researchers have reported that circulating
nitrate and nitrite levels are not reduced in patients
with severe PE compared with normotensive controls
(11, 14, 24).
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Erdemoglu et al, concluded that there was no
difference between means of NO in healthy, mild,
and severe preeclamptic patients, neither severity of
preeclampsia nor eclampsia was correlated with NO
values (24). Shaker et al., in their study showed that
the, mean levels of serum NO products were
significantly decreased in both the mild and severe
groups compared with the normotensive group (pl,
p2 < 0.001), but no significant difference was found
between the mild and severe groups (p3 > 0.05).
They also did not get any correlation between
maternal serum NO and birth weight. In the current
study also there was no correlation between maternal
serum NO and birth outcomes viz birth weight and
APGAR score (25).

The limitation of present study was that the diet
history was not considered and history of alcohol
consumption and smoking were not included because
these are culturally sensitive issues in this part of
India. Further longitudinal nitric oxide synthase
estimation and genetic expression are required to find
the facts of pathogenesis of PE.

CONCLUSION

In conclusion, in mild PE, significant rise in maternal
serum NO may be due the compensatory mechanism
to normalise persistently elevated blood pressure
where the regulatory mechanism works at its zenith;
and decreased level of serum NO in severe PE may
be due to down-regulation of the nitric oxide
synthase, which ultimately leads to endothelial
dysfunction, presenting as a syndrome.
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ABSTRACT

Introduction and Aim: Preeclampsia (PE) results from impaired placentation, leading to placental hypoxia and
dysfunction and abnormalities in the endothelial nitric oxide synthase (eNOS)-nitric oxide pathway. The present
study was undertaken to estimate and compare maternal serum eNOS concentrations in women with PE and normal
healthy pregnant women, to know the correlation of eNOS level with severity of PE, to find the best cut-off value
for the diagnosis of PE and to study its association of eNOS levels with the birth outcome.

Material and Methods: This was a case-control study, conducted at a tertiary care hospital. The study was
approved by the Institutional ethics committee. Informed consent was obtained from all the participants.
Primigravida (singleton) pregnant women aged 18-35 years, 20 or more weeks of gestation, diagnosed as PE and
classified as mild/severe PE based on America college of obstetricians and gynecologists guidelines were selected
for the study. eNOS was estimated by the ELISA method. All the participants were visited again to note the
outcomes.

Results: The maternal serum eNOS in PE was significantly lower than the control group (p=0.019). The best cut-
off value was 187.25pg/ml to diagnose PE, area under the ROC curve (AUC) 0.61, sensitivity 95.1%, specificity
37.5% and diagnostic accuracy was 66,67%. Birth outcomes did not have a significant correlation with eNOS.

Conclusion: eNOS was significantly lowerer in PE, it can be used as a diagnostic marker with the best cut of value
of 187.25 pg/ml.

Keywords: Preeclampsia; nitric oxide synthase; diagnosis.

INTRODUCTION the cytosol also. Golgi apparatus acts as the main
source of eNOS. The eNOS is a key enzyme of the
cardiovascular system that contributes to vascular
homeostasis through tightly regulated NO production
(7,8). Endothelial cells release NO, a potent
vasodilator. Nitric oxide is required for regulation of
the vascular tone and hence maintains blood pressure.
The placental blood flow is regulated by NO and it
also participates in trophoblast invasion and
development of the placenta. As NO is a highly
reactive and short-lived molecule. It is clearly not
known whether eNOS deficiency plays an important
role in pathogenesis of preeclampsia. Many studies
suggest that insufficient nitric oxide synthesis or NO
bioavailability, may contribute to increased blood
pressure, systemic vascular resistance, and sensitivity
to the pressors. However, studies conducted among
It has been suggested that the root cause of PE is the various ethnic groups, which resulted in mixed or
placenta. Its functions are vascular development and inconclusive results (9-12).

blood flow, which depend on proper trophoblast
growth and differentiation. According to the studies,
preeclampsia results from impaired placentation early
in the beginning of the pregnancy, leading to
placental hypoxia and dysfunction and abnormalities
in the endothelial nitric oxide synthase (eNOS)-nitric
oxide pathway (4-6). eNOS is localized mainly in the
plasma membrane, and a small amount is present in

clinical condition of human pregnancy, is

characterized by the development of de-novo
hypertension and proteinuria after 20 weeks or above
gestation in patients free from any clinical disease,
but it can occur at any time during labor, or even up
to 6 weeks after delivery. PE is a multi-organ
involvement targets the endothelium of the brain,
liver, kidneys and the coagulation system and impairs
a short-term perinatal outcome and remote prognosis
of cardiovascular disease for the mother. Termination
of pregnancy remains the only curative treatment in
severe PE. Management of patients with PE must be
individualized and must balance the maternal and
fetal risks (1-3).

Preeclampsia (PE), constitute a unique, complex

The current study was undertaken to estimate and
compare maternal serum  concentrations  of
endothelial nitric oxide synthase (eNOS) in women
with PE in comparison to healthy normotensive
pregnant women. and also to find the correlation
between eNOS level with severity of PE, the best
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cutoff value for the diagnosis of PE and to study its
association of eNOS levels with the birth outcome.

MATERIALS AND METHODS

This is a case-control study, conducted in the
department of obstetrics and gynecology and
department of biochemistry at tertiary care hospital,
Karnataka India, from Jan 2019 to Jun 2019. The
study was approved by the Institutional ethics
committee. Informed consent was obtained from all
the study participants.

Primigravida (singleton) pregnant women aged 18-35
years, 20 or more weeks of gestation, diagnosed as
PE and classified as mild/severe PE based on
America college of obstetricians and gynecologists’
guidelines (13) were selected for the study. Patients
with  premature  rupture  of  membranes,
chorioamnionitis, multiple gestations, Rh
isoimmunization, fetal anomalies, intrauterine fetal
death, chronic inflammatory diseases, history of
diabetes mellitus, history of systemic hypertension,
cardiovascular or renal diseases and chronic
inflammatory diseases were excluded from the study.
Healthy pregnant women, matched for age, gravida
and gestational weeks with the cases were selected as
controls.

All participants were subjected to history taking and
followed by general physical examination.
Abdominal examination was performed for fundal
level, lie and presentation of the fetus. Blood samples
were collected by venipuncture in two tubes, 2ml
with anticoagulant and 2 ml without anticoagulant.
Complete blood count, blood grouping and rhesus
factor were done. After clotting, the samples were

outcomes, in preeclampsia - a case-control study

centrifuged and serum was pipetted and the following
parameters were measured blood glucose, liver
function tests, urea. serum creatinine, uric acid and
eNOS. Sample for eNOs measurement was stored at -
20° C till estimation. eNOS was estimated by the
ELISA method the kits were supplied by Bioassay
Technologies Laboratory. Urine analysis for
proteinuria was done. All the participants were
visited again at the outcome of the pregnancy and the
outcome findings were noted.

Sample size calculation was done using Open Epi
software version 2.3:1, retrospectively with 83.47%
power of the study, using case severity into
consideration, the sample size calculated was 39~ 45.
Hence, 45 preeclampsia cases and 45 normal
gestation controls were included in the study.

Analysis was done using SPSS software version 19.
Unpaired 't' test for quantitative data and Pearson's
correlation tests were applied. P<0.05 will be
considered statistically significant. ROC curve
analysis for eNOS was done to find the optimum
cutoff value for the diagnosis of PE. Tests of validity
namely sensitivity, specificity, positive predictive
value, negative predictive value and diagnostic
accuracy of eNOS were calculated with 95%
confidence intervals.

RESULTS

In the present study, there was no significant
difference in maternal age, gestational weeks. The
systolic, diastolic blood pressure, SGOT were
significantly higher in PE patients than normal
pregnant women (Table 1).

Table 1: Demographic characteristics of controls and cases

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, AST: Aspartate transaminase, ALT: Alanine

transaminase

Controls Cases p
Age in years 22.55+3.22 22.83+4.23 0.94
Gestational Weeks 37.88+£2.87 35.83+4.77 0.085
SBP mmHg 118.51£10.65 158.45+18.85 0.000
DBP mmHg 75.40+8.75 102.30+9.20 0.000
Platelet 228792.84+49502.22 200888.45+82528.64 0.078
Creatinine mg/dl 0.72+0.14 0.76+0.10 0.600
AST IU/L 24.27+10.38 44.53+£62.24 0.044
ALT IU/L 15.85+10.18 36.37+68.25 0.067
Birth weight in Kg 2.88+0.67 2.16+0.85 0.000
APGAR 1min 7.82+0.770 6.49+2.62 0.016
APGAR 5min 8.94+0.40 7.69+2.85 0.020

Table 2: eNOS in controls and cases

Controls

Cases p

eNOS pg/ml

173.36+187.68

99.87+56.58 0.019

eNOS: Endothelial derived nitric oxide synthase

The maternal serum eNOS in PE was significantly lower than the control group(p=0.019).
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Fig. 1: The best cutoff value of eNOS for the diagnosis of PE by ROC curve

Table 3: Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value and Diagnostic Accuracy of
eNOS in PE patients

Sensitivity 95.1% (48.69, 71.94")
Specificity 37.5% (65.66,96.71")
Positive Predictive Value 95.12% (83.86, 98.65")
Negative Predictive Value 37.50% (24.22,52.97")
Diagnostic Accuracy 66.67% (55.85,75.97")

The best cut-off value was 187.25 pg/ml to diagnose PE, area under the ROC curve (AUC) 0.61, sensitivity 95.1%,
specificity 37.5% and diagnostic accuracy was 66.67% (Fig. 1, Table 3).

Table 4: eNOS in mild and severe PE patients

Mild PE Severe PE P
eNOS pg/ml 101.18+60.63 95.76+40.94 0.824
eNOS: Endothelial derived nitric oxide synthase, PE: Preeclampsia.

There was decrease in eNOS in severe PE cases than mild PE cases but it was not statistically significant (p=0.824)
(Table 4).

Table 5: Correlation of eNOS with the severity of PE and birth outcomes

Severity of PE Birth weight APGAR 1min APGAR 5min
r 0.036 -0.029 -0.112 -0.142
p 0.824 0.868 0.530 0.422
eNOS: Endothelial derived nitric oxide synthase, PE: Preeclampsia
Birth outcomes did not have a significant correlation with eNOS (Table 5).

DISCUSSION preeclampsia (16,17). A cohort study conducted in
Greek showed that the plasma ADMA levels in PE
women were found to be higher (18) than the control
group. Maranzana et al, and Laskowska et al.,
showed that the levels of serum eNOS were lower in
women with PE than in the healthy women from the
control group, but it was not statistically significant
(p'40.238899). The mean values of serum eNOS
were 181.30+£178.44 U/ml in the PE group and
217.74£265,11 U/ml in the control group (19,20).
The levels of serum endothelial nitric oxide synthase
were lower in women with pregnancies complicated

NO is synthesized from the reduction of L-arginine to
L-citrulline by the NOS enzyme, which has three
isoforms: nNOS or neuronal, iNOS, the inducible and
eNOS endothelial NOS, here BH4 acts as a
coenzyme, promotes dimerization and activity of
NOS. Decreased concentration of the substrate L-
arginine and increased concentration of the
endogenous NOS inhibitor asymmetric
dimethylarginine (ADMA) may interfere with eNOS
activity in preeclampsia (14,15).

In the present study, there was a significant decrease by severe PE than in the healthy women from the
in eNOS in PE patients compared to the normal control group, but these differences were not
pregnant women (p=0.019). Kim ez al., and Khalil et statistically significant (p = 0.118770). The mean
al, found lower expression of eNOS in the values of serum eNOS were 134.06 £ 76.73 U/ml in
syncytiotrophoblast, reduced concentrations of L- the Pre group and 187.70 + 165.41 U/ml in the
arginine, and unchanged ADMA in the serum of Control group (21). Myatt et al., (5) observed intense
women  with  pregnancies  complicated by expression of eNOS in placentas from pregnancies
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complicated by preeclampsia. Schiessl et al., found
significantly increased placental expression of
endothelial nitric oxide synthase in pregnancies
complicated by preeclampsia (22). In a Brazilian
cohort study, plasma ADMA concentration was more
in PE women and plasma NO concentration was
found lower in comparison with normotensive
women (23).

The uncoupling of eNOS has also been shown as a
source of superoxide formation and this leads to
reduce NO production. When eNOS cofactor,
tetrahydrobiopterin(BH4) is low or when post-
translational changes regulate eNOS function. It has
been demonstrated that various inflammatory makers
like TNF-0. and CRP are increased in plasma and
placenta from PE women. TNF-a an inflammatory
marker increased in PE, which downregulates eNOS
and  mitochondrial  biogenesis  leading  to
mitochondrial dysfunction and elevated ROS.
Conversely, CRP is another inflammatory marker
also increased in PE, indirectly downregulates BH4
production, leading to uncoupling of eNOS catalysed
reaction and leads the formation of peroxynitrite.
Animal  studies have shown that BH4
supplementation in pE increased the concentration of
NO (14,15,24).

In the present also there was low levels of maternal
serum concentration of eNOS in severe PE as
compared to mild PE but it was not statistically
significant (p=0,824). The unchanged levels of eNOS
in severe PE. A small increase in eNOS in mild
hypertension PE patients, whereas in a subgroup with
severe hypertension, concentrations of these markers
were greatly reduced. Studies have shown elevated
ADMA levels in early-onset PE may suggest a
relationship between the severity of the disease and
determining the time of PE clinical manifestations
(2,12,25).

In the current study the best cut-off value was 187.25
pg/ml to diagnose PE, area under the ROC curve
(AUC) 0.61, sensitivity 95.1%, specificity 37.5% and
diagnostic accuracy was 66.67% (Figure 1, Table 3).
Wender-Ozegowska et al., in their study, found that
eNOS AUC was 0.57 best cut-off was 0.34 with a
sensitivity of 78.6% specificity 40% (1). Our study
did not show any correlation of eNOS with the
severity of PE and birth outcome viz birth weight and
APGAR score.

Further studies are required with gene expression
along with serum estimation of NO, eNOS, L-
arginine, ASDA, BH4, oxidative stress markers and
inflammatory markers may give the role of NO and
eNOS in the pathogenesis of PE.

CONCLUSION

The eNOS was significantly lower in PE patients
than normal healthy pregnant women, it can be used
as tool diagnose PE with the best cut-off value of
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187.25 pg/ml, with sensitivity 95.1%, specificity
37.5% and diagnostic accuracy of 66.67%.
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