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ABSTRACT 

Background: Vascular endothelial growth factor (VEGF) is an angiogenic growth 

factor having both angiogenic and vascular permeability elements. It helps in the 

development of first blood vessels and the formation of new vessels from the existing 

vessels. VEGF stimulates the proliferation of cytotrophoblast cells for the invasion of 

decidua and spiral artery remodelling. This process initiates uteroplacental circulation 

and helps in nutrition transport. It also stimulates nitric oxide, a vasodilator, reduces 

peripheral resistance of the maternal vessel and increases cardiac output thereby 

increases nutrition transport. These roles of VEGF in early pregnancy are associated 

with the growth of the placenta and fetus.  But there is a lack of literature on its role in 

the growth in later stages of pregnancy and also discrepancies about its expression at 

term. Studying relationships between the VEGF level with placental and fetal 

parameters will explain its role in growth. This factor has been studied as a prediction 

marker for pre-eclampsia and intrauterine growth restriction pregnancies. However, 

the results varied. Therefore, a marker alone may not be beneficial in understanding 

the pathology. Therefore, there is a need to study its expression level and its 

relationship with growth parameters and factors influencing the VEGF expression, 

which will be beneficial in understanding the outcome of the complicated 

pregnancies. 

Objective: To study the expression of VEGF in fetal growth by placental morphology 

and its immunohistochemistry. 

Methodology: Placentae of 32 - 41+ weeks of gestation were collected from the 

Obstetrics and Gynaecology Unit, Dr Prabhakar Kore Charitable Hospital, Belagavi. 

The sample size was 385. Placentae of singleton pregnancy without any maternal 
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systemic disorders were included in the study. The placentae were observed for cord 

and membrane attachment. A central section of the placenta was taken and processed 

for immunohistochemical and Haematoxylin (H) and Eosin (E) staining. VEGF-A165 

Mouse Monoclonal Antibody was used. The VEGF expression was observed in 

syncytiotrophoblast, blood vessels and Hofbauer cells. Depending on the expression, 

the intensity of staining was quantified from these cells in Image J Software. 

Results: The expression of VEGF did not change from 32 - 40 weeks of gestation, but 

the expression was increased in 41+ weeks of gestation. Maternal age, parity, 

gravidity and mode of delivery did not affect the expression of VEGF. Fetal (birth 

weight, length, head circumference and abdominal circumference) and placental 

parameters (placental weight, volume, surface area and number of cotyledons) did not 

change with the VEGF level. Hemoglobin level less than 11 g/dL and male fetuses 

showed an increase in the VEGF level. The expression level was decreased in the 

abnormal umbilical cord and membranous attachment. The VEGF level was increased 

significantly in all the complicated pregnancies. 

Conclusion: The VEGF expression was stabilized in the third trimester of pregnancy. 

The expression was increased in 41+ weeks due to placental insufficiency. The VEGF 

did not show a relationship with fetal and placental growth measures. Therefore, we 

can say that VEGF was not associated with growth, but its stabilized expression was 

important in maintaining pregnancy. Hence, the VEGF level at term cannot be useful 

in predicting fetal growth parameters. The VEGF level was reduced in the abnormal 

umbilical cord and membranous attachment of placentae. The reduced VEGF level 

may cause morphological malformations of the placenta. Also, the VEGF was 

increased in all the complicated pregnancies, significantly in PE and IUGR. 

Therefore, VEGF alone may not be beneficial in predicting a single disease. 
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Combinations with other markers will be beneficial in differentiating multiple 

complications. 

Keywords: Blood vessels; Fetal development; Immunohistochemistry; Placenta; 

Pregnancy; Vascular endothelial growth factor. 
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1. INTRODUCTION 

1.1 Background 

The development of the fetus depends entirely on the structure, function and 

growth of the placenta.1 The human placenta is haemochorial, where the mother's 

blood meets the chorion without rejection.1 It is very important for the growth and 

development of the fetus in the womb and is a mirror of prenatal fetal development. 

Structurally it consists of villi, forms the functional components of the placenta, and 

consists of a layer of cytotrophoblast (CT), syncytiotrophoblast (STB) and a core of 

mesoderm with blood vessels (BV). These villi form the placental barrier and transfer 

nutrients from mother to fetus and waste products from fetus to mother. It also acts as 

a barrier to pathogens and the maternal immune system. The cells of these villi 

function as an endocrine gland and synthesize many growth factors,  hormones and 

other bioactive products which maintain pregnancy.1,2 To execute these functions, it 

requires normal placentation, which is marked by the development of the rich 

vascular network, the proliferation of trophoblast (TB), invasion of the endometrium 

and vasculogenesis, branching angiogenesis in the first trimester and nonbranching 

angiogenesis in second and thirst trimester in the placenta and endometrium.3 

Placentation is a complex process where conceptus survival requires an elaborate 

connection with the maternal vessels, a novel form of vasculogenesis. To achieve this, 

the placental unique epithelial cells, CT, acquire tumour-like properties; invade the 

interstitium of the decidua and inner third of myometrium (interstitial invasion), to 

attach conceptus to the uterine wall.4  During the invasion, the mass of these cells 

recanalize the uterine arteries (endovascular invasion), increase the diameter and 

decrease the resistance of vessels. In this manner, arterioles are remoulded into 
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amalgamated vessels consisting of fetal and maternal cells which divert the uterine 

blood to the placenta to meet the requirements of the developing fetus.4,5 Once the 

lumina reform, uteroplacental exchange occurs,6 which determines the healthy viable 

outcome of the fetus. Reduced or increased proliferation leads to macrosomic or fetal 

growth restriction.7 The surface area which is required for nutrient transfer depends 

on this. This differentiation is controlled by complementary actions of factors such as 

matrix metalloproteinase-9, vascular endothelial cadherin, vascular cell adhesion 

molecule 1, several integrins, which stimulates stem cell differentiation, proliferation 

and invasion.6  Some of the physiological parameters such as oxygen tension, growth 

factors, cytokines, transcription factors, chemokines, and protein fragments regulate 

vessel growth and development.8 Among these, angiogenic growth factors are the key 

regulators of vessels of the placenta. The vasculogenesis; formation of first capillaries 

within villi begins on the 21st  day of post-conception by the appearance of 

macrophages which secretes angiogenic growth factors,9 which stimulates the 

hemangioblast cells, which are precursors of endothelial cells derived from 

mesenchyme arrange like long cords within the villi and forms the first vessel.9 This 

is followed by branching angiogenesis (starts from day 32 to week 25), the number of 

vessels will increase rather than the type of vessels. In this stage, existing capillaries 

start sprouting and branching and form a network of capillaries inside the villi.9-11 

After 26 weeks of gestation, nonbranching angiogenesis starts and continues till 

term.12 Most of the pregnancy complications are closely linked to the development of 

vessels in the placenta, which is reflected through placental weight and fetal 

growth.13-16  The vascular endothelial growth factor family proteins are the one who 

regulates placental vascularization throughout pregnancy.16-18 
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Vascular endothelial growth factor (VEGF):   

VEGF is first identified in bovine pituitary follicular cells by  Napoleone 

Ferrara and his colleagues at Genentech in 1989.19 An only angiogenic factor having 

both vascular permeability and endothelial mitogenic property.20  It is a dominant 

angiogenic growth factor and function as a principal regulator of vessel development. 

Involved in the development of both pathological and physiological angiogenesis.20 

VEGF is a dimer of 46kDa.21 It is strongly stimulated by hypoxia through hypoxia-

inducible factor-1 (HIF-1).22,23 There are different types of VEGF namely; VEGF-A, 

VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth factor (PlGF).24-27 

Among these VEGF-A or commonly called as VEGF is prominently present in the 

placenta.28 The VEGF-A exists in six splice forms, having 121, 145, 165, 183, 189 

and 206 amino acids (VEGF-A121, VEGF-A145, VEGF-A165, VEGF-A183, VEGF-

A189 and VEGF-A206).29 VEGF-A165 form the chief source of VEGF family 

proteins secreted in the placenta.28 VEGF binds to 2 tyrosine kinase receptors; 

vascular endothelial growth factor receptor-1 [VEGFR-1 or fms like tyrosine kinase-1 

(Flt-1)]30 and vascular endothelial growth factor receptor-2 [VEGFR-2 or kinase 

domain receptor (KDR)]31 which are present in TB and endothelial cells.26 It also acts 

through Neuropilin-1 (NRP-1) and Neuropilin-2 (NRP-2).29 Through these receptors, 

VEGF stimulates endothelial cells to form blood vessels.32 To support this, gene 

knockout studies have identified the significance of VEGF proteins and receptors in 

vasculogenesis and angiogenesis and the mice die due to abnormal endothelial cell 

growth and blood vessel formation.33,34 An organized angiogenesis is required for  

nutrient transfer and fetal development.  
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VEGF expression is upregulated by hypoxia, supporting the hypothesis that 

the placenta develops under a hypoxic condition that stimulates VEGF and helps in 

placental development.35 Less oxygen stimulates VEGF expression via HIF-1, which 

interacts with the hypoxic response element (HRE) in the VEGF gene.36,37 The 

increased VEGF stimulates the differentiation and proliferation of CT,8 which helps in 

invasion and remodelling of the spiral artery.4,5 Thereby VEGF helps in the 

placentation and initiates uteroplacental circulation. Failure in VEGF and VEGF 

receptor (VEGFR) interaction observed in pre-eclampsia (PE), suggest that in early 

pregnancy VEGF-VEGFR interactions are essential in the differentiation and survival 

of CT, which invades the uterine wall and channelizes maternal blood to the 

placenta.6 VEGF helps in the formation of first blood vessel i.e. vasculogenesis and 

branching angiogenesis (formation of new vessel from the existing vessel) till mid-

gestation, where its expressions are more secreted by CT cells.38,39 After mid-

gestation it helps in nonbranching angiogenesis till term with PlGF.12 

VEGF regulates apoptosis of endothelial cells through the phosphatidylinositol 

3-kinase (PI3K)  pathway and stimulates proliferation, thereby helping in 

vasculogenesis in endometrium and placenta.6,32,33 VEGF  also helps in the secretion 

of nitric oxide (NO) by stimulating NO synthase, which is present in STB40,41 and 

endothelial cells.42 NO is a vasodilator that reduces the peripheral resistance of 

maternal blood vessels43 and increases the cardiac output and plasma volume of the 

mother,44 which is positively linked with fetal growth.45 The VEGF-A also improves 

the permeability by phosphorylation of vascular endothelial (VE)-cadherin at Tyr-685 

and Tyr-731.46 This increases paracellular clefts allowing macromolecules 76kDa 

dextrans; this function of VEGF is assisted by PlGF and VEGF-A165b. The interplay 

of VEGF-A165 molecules with PlGF is essential in maintaining the vessel junctions 
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and for viable outcome in normal and complicated pregnancies.47 All these functions 

of the VEGF is correlated with the growth in early pregnancy.48 We, therefore, 

presumed that VEGF stimulates the growth of the placenta by increasing branching 

and non-branching angiogenesis thereby increasing surface area and vascular 

permeability for nutrition transport which is reflected through placental growth which 

in turn increases the fetal growth. Therefore, by studying placental and fetal 

parameters association with the VEGF level will explain its role in growth. 

A marker that reflects placental function and adverse outcomes of pregnancies 

is in demand for research.49 Many studies tried identifying VEGF as a marker of PE 

and intrauterine growth restriction (IUGR) pregnancies. However, the results have 

varied; some studies show increased and other show decreased expression of 

VEGF.50-53 The placenta is a source of markers that will explain the mechanism 

behind the complications. A single marker alone may not predict the outcomes. 

Clinical features and fetal, placental and maternal parameters association with these 

markers may be helpful54 because the normal placentae have different phenotypes and 

vary in pathology and molecular levels.55 
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1.2 Literature review 

Successful pregnancy depends on the implantation and formation of fetal and 

maternal blood vessels to supply the increasing demand of nutrition for developing 

embryo.56 VEGF-A is an angiogenic growth factor, induced by hypoxia, contributes to 

endothelial growth, differentiation, function and vascular permeability. Imbalance of 

pro- and anti-angiogenic factors can cause endothelial impairment. This will reduce 

uteroplacental blood flow and can cause fetal hypoxia and death.57-59 The growth 

factors which stimulate and maintain vascular growth and function have 

developmental and clinical significance.27 Many researchers have studied VEGF-

A165 in the placenta and the serum/plasma level of mothers in normal and 

complicated pregnancies but the results are varied. The origin of VEGF is still 

unknown. 

VEGF expression in human placenta and animals:  

Sharkey AM et al first showed VEGF in the placenta by reverse transcription-

polymerase chain reaction (RT - PCR) and in-situ hybridization method in the first 

trimester and term placenta. They found 189, 165, 145 and 121 isoforms of VEGF in 

the first trimester and term placenta. The VEGF messenger ribonucleic acid (mRNA) 

expression was found in STB, CT and Hofbauer cells (HC) of mesoderm in the 

placenta of the first trimester. Decidua of the first trimester uterus also showed the 

presence of VEGF. Strong expression of VEGF was also observed in the glandular 

epithelium and the uteroplacental junction adjacent to Nitabuch's stria.  In term 

placenta, the VEGF mRNA was observed in STB and HC. In the uterus, the 

expression was observed in extravillous trophoblast (EVT). Amnion and chorion also 

expressed VEGF. The study concluded that the VEGF by EVT in decidua may be due 
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to the presence of macrophages in between the EVT cells. They also observed strong 

VEGF stain in the isolated mesenchymal cells within the villi, suggesting that VEGF 

expression within each villous was regulated by local factors. This study also showed 

low VEGF expression in the first trimester with increased expression at term. The 

complex expression of VEGF was involved in angiogenesis on both fetal and 

maternal parts of the placenta. This study concluded that the prime source of VEGF 

was from macrophages.60 

Demir R et al studied VEGF and its receptor in villi of early pregnancy 

placenta (22nd- 66th day of post-conception, n=35). The VEGF expression was found 

moderately in CT, intense staining in HC and mesenchymal cells. The VEGF secreted 

from these cells recruits and helps in the formation of first angiogenic cells. In the 

stroma of villi, a significantly increased immunoreactivity was observed as  

pregnancy progressed. The expression was increased significantly between 24 and 34 

days. Flt-1 and KDR were found on CT, haemangiogenic cords, stromal cells and 

endothelium. These receptors expression showed that they maintain placental vessel 

development in a paracrine and autocrine way through interactions with their ligands. 

This study concluded that the VEGF in CT cells stimulated vasculogenesis and the 

angiogenesis by stromal cells and  HC together with TB cells.61 

Vuorela et al identified the presence of VEGF, VEGF-B,VEGF-C and PlGF 

mRNAs in the term placenta (n=5). In situ hybridization analyses showed that the 

mesenchymal cells within the chorionic plate expressed VEGF mRNA. 

Immunohistochemical results showed protein expression in villous blood vessels and 

stroma. Hence, the cells of chorionic plate secrete VEGF, which diffuses through the 
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villi and acts on the endothelium of vessels of villi in paracrine mode,  while the PlGF 

mRNA expression was observed in TB and protein in vascular endothelium.27 

In one of the studies, Cooper JC et al studied VEGF and its receptor in human 

placenta and decidua by immunohistochemistry. The VEGF was found in HC of the 

placenta and decidual cells, glandular epithelium and EVT in the uterus of the first 

trimester (n=3). In term placenta (n=8) of cesarean section, expression of VEGF was 

found in STB, EVT and the extracellular material. Amnion did not show VEGF 

expression. The flt-1 receptor was found on endothelial cells in the first trimester and 

on EVT and HC in the term placenta. The expression of VEGF by HC can act on 

endothelial cells for controlling proliferation and permeability. The flt-1 expression 

regulates endothelial function by autocrine mode. This study concluded that these 

factors may be involved in the migration and differentiation of EVT until term.62 

Zhou Y et al in an in-vitro and in-vivo (n= 19) study demonstrated VEGF 

expression in chorionic villi cells and fetal vessels in the villous stroma in the first 

trimester. The CT of the proximal cell column did not stain for anti-VEGF but the 

distal cell column showed increased immunoreaction. The CT in the superficial 

uterine wall and cells of the placenta, which occupied the lumen of uterine vessels, 

showed intense staining with anti-VEGF. The VEGF localization and intensity of 

staining did not change from first to the second trimester. They also observed anti-

VEGF staining in stromal cells, BV in the villous mesenchyme and CT of term 

placenta. Their in-vivo assay indicates that VEGF expression regulates the 

differentiation and invasion of CT that are essential to early placental growth. This 

research revealed that members of VEGF family control survival of CT.8 
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Geva E et al studied the VEGF-A, angiopoietin-1 (Ang-1) and angiopoietin-2 

(Ang-2) and their role in vasculogenesis and angiogenesis in a first (n=7), second 

(n=7) and third trimester (n=10) placentae. They found a linear increased level of 

VEGF and Ang-1 mRNA in the first and third trimester, while Ang-2 mRNA 

expression was increased more than the VEGF and Ang-1 and decreased in the third 

trimester. VEGF mRNA was localized to CT, STB, stromal macrophages and in 

perivascular cells of first, second and third trimester placentae. But in PE (n=5), 

VEGF was found mainly in STB and fibrous stroma. This study found differential 

cellular expression of VEGF in PE and normal.  The mRNA results were consistent 

with the protein expression. They concluded that these factors were important in 

placental vascular biology (vasculogenesis and angiogenesis) and remodelling in an 

autocrine or paracrine pathway.56 

Ghosh D et al studied VEGF and PlGF in rhesus monkey at primary 

implantation site during lacunar (n=6), villous (n=9) and villous placenta (n=6) stages 

of early gestation. In the lacunar stage, CT lining the extraembryonic cavity and in 

TB, the trophoblastic plate showed VEGF. But the PlGF expression was less in these 

cells. With the development, VEGF and PlGF expressions were observed in CT, cells 

of anchoring villi in the villous stage but EVT expressed at a lower level. Expression 

of both the factor was also observed in amnion, chorion and stromal cells of villi.63 

These expressions were concordant with the mRNA expression. All the epithelial 

cells expressed VEGF but PlGF was found only in plaque epithelium in the lacunar 

stage. With the development, VEGF and PlGF in plaque cell decreased. But the 

VEGF was increased in glandular epithelium and PlGF was at a low level. Expression 

was less observed in stromal decidual cells, but in the villous stage, the expression 
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was increased. Stage dependent actions of these growth factors during implantation 

was important in establishing placental sufficiency.63 

In one of the studies, natural killer (NK) cells from decidua of the first 

trimester expressed angiogenic growth factors.64  These were the main sources of 

angiogenic growth factors at the maternal and fetal junction and helped for vascular 

remodelling.65 VEGF mediated angiogenesis played a key role in the pathogenesis of 

defective placentation.66 An in-vitro study revealed that VEGF/PlGF stimulated 

endothelial cells and monocytes to release coagulation tissue factor. The increased 

tissue factor production may cause pathological pregnancy complications like 

thrombosis.67,68 

An in-vivo model study also showed the ability of VEGF to promote 

angiogenesis and a role as inducer of microvascular permeability.69 This induced the 

extracellular matrix formation which favoured endothelial cell migration and new 

blood vessel growth.70 Another cell culture study showed increased endothelial cell 

permeability after adding VEGF-A165a and a reduction in permeability with VEGF-

A165b. VEGF-A165b reduced the VEGF-A165a mediated cell permeability. Adding 

PlGF to endothelial cell culture did not affect the permeability mediated by VEGF-

A165a. Adding of VEGF-A165a disrupted the VE-cadherin junctions and increased 

the paracellular clefts, but VEGF-A165b or PlGF did not affect the cell junctions. 

However, VEGF-A165b abolished the effect of VEGF-A165a mediated disruption of 

cell junctions. Co-incubation of VEGF-A165b and PlGF to culture reduced the effect 

of VEGF-A165b on VEGF-A165a. They also noticed the PlGF competes with VEGF-

A165b to bind with VEGFR-1 and inhibits the VEGF-A165b binding to VEGFR-1. 

Thus, inhibition of VEGF-A165a mediated endothelial cell permeability by VEGF-
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A165b may be through the actions of PlGF on VEGFR-1. So it is clear that PlGF 

rescues the functions of VEGF-A165a from the VEGF-A165b inhibition. The 

interplay of VEGF-A165 molecules with PlGF was important in maintaining the 

placental endothelial junctions (barrier) and in viable outcome in normal and 

complicated pregnancies.71 

Reports also showed that the VEGF through antiapoptotic Ras/Raf/mitogen-

activated protein kinase (MAPK)/extracellular signal-regulated kinase (MEK) and 

PI3K/Akt signalling pathways reduces apoptosis of endothelial cells and stimulates 

proliferation of endothelium. When impaired, these regulatory pathways can lead to 

an increase in apoptosis and thereby the death of developing embryo. Therefore, 

antiapoptotic molecules can be activated for helping in angiogenesis and VEGF can 

be targeted for antiapoptotic therapy.72 

In one of the studies, macrophages were isolated from the placental villi to see 

the coordinated expression of tumour necrosis factor α- (TNFα-) and VEGF mediated 

signalling components in early (9-12 weeks) and late pregnancy (38-40 weeks). There 

was a minimal expression of TNFα- in macrophages and all the cells expressed 

VEGF. They also observed increased production of these factors with gestational age 

and reduction of their antagonist's soluble tumour necrosis factor receptor-1 (sTNFR-

1) and soluble vascular endothelial growth factor-1 (sVEGFR-1). The expression of 

these factors by macrophages of the placenta showed their dual immune and 

morphogenetic role in the placenta. This study showed that these receptors share 

common regulatory pathways.73 

Evans Phylip et al studied VEGF in 60 non-pregnant women and 363 pregnant 

women between 41-91 days of gestation. The study showed increased VEGF level in 
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pregnant women (2.13 pg/l) compared to non-pregnant women (1.10 pg/l). The serum 

VEGF level was positively correlated with gestational age and negatively correlated 

with maternal height and weight. It also had a positive correlation with progesterone 

and human chorionic gonadotropin hormone (HCG). This study suggested that VEGF 

production could be influenced by HCG and progesterone would have a direct effect 

on it and had influenced placental function. The VEGF may help in adjusting 

maternal cardiovascular system in early pregnancy.74 

Clark et al studied VEGF and flt-1 receptors throughout the pregnancy. In the 

first trimester (normal sample), the VEGF expression was observed in the glandular 

epithelium, decidua, BV of villi and TB. Flt-1 was in TB, decidua and endothelium of 

BV expressed KDR. In the second trimester (anencephaly placenta sample), the 

VEGF expression was observed in EVT and TB. Flt-1 was in EVT and KDR by 

endothelial cells. The staining was darker in CT than STB as in the first trimester. In 

the third trimester (normal sample), expression was observed in STB, CT, endothelial 

cells, EVT, HC and diffused staining within the villi. Flt-1 was seen in TB and EVT 

cells. This study showed that VEGF and its receptors expression changed throughout 

gestation depending on needs.75 

 Basu J et al studied the VEGF isomer 165b in human placentae of 1st, 

2nd and 3rd trimester pregnancy by employing enzyme-linked immunosorbent assay 

(ELISA) method in normal pregnancy. They observed that expression of 165b was 

158.11 pg/100mg in the 1st trimester, 437.09 pg/100mg in the 2nd trimester and 

239.68 pg/100mg in the 3rd trimester. The expression level was not affected by the 

parity and ethnicity of the mother. In the first trimester, gestational age demonstrated 

a strong association with VEGF-165b and the expression reduced thereafter.76 
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They also observed a difference in the level of 165b in women, those who received 

misoprostol and those who did not. This study concludes that 165b helps in vascular 

development and its expression in the placenta during development may antagonize 

the functions of VEGF, which could lead to complications in pregnancy.76 

Expression of VEGF in complicated pregnancies: 

Farias PS et al induced rats for diabetes and studied their placentae for VEGF 

expression. They found the increased intensity of staining for VEGF in diabetic than 

the normal group. VEGF was found in TB giant cells, glycogen cells and in 

spongiotrophoblast cells in the junctional zone. In the labyrinth zone, strong intensity 

of staining was observed only in TB. In a semiquantitative analysis of stained cells, 

they found that glycogen and TB giant cells stained more for VEGF in the diabetic 

group. Spongiotrophoblast staining was similar in both groups.77 

Meng Q et al studied 20 placentae of diabetic pregnancy. The VEGF 

expression was observed in the STB layer. The VEGF mRNA and protein decreased 

in diabetic placentae. They also observed structural changes in the villi of the 

placenta. They concluded that decreased VEGF affected the placental angiogenesis 

and structure thereby placental function.78 

Pietro L et al studied VEGF and its receptor in hyperglycemic pregnant 

women. The VEGF expression was found in STB, endothelial cells of BV, smooth 

muscles of vessels and mesenchymal cells of villi of the placenta. In maternal tissue, 

VEGF expression was observed in EVT, endothelium and muscles of vessels. The 

expression of VEGF in these cells and its intensity varied among diabetic groups. 

STB showed VEGF in all groups. The VEGF was expressed in endothelium and 

muscle cells of villi in the normal, hyperglycemic and clinical diabetic groups. The 
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gestational diabetes mellitus (GDM) group did not show VEGF in endothelium and 

muscle cells. VEGF expression showed in maternal vessels and CT cells of decidua in 

normal, mild glycemic and clinical diabetic groups. But EVT staining was weak in 

intense GDM.  VEGFR-1 staining was observed in GDM, clinical and normal but 

weakly in milder hyperglycemic and staining was observed in vessels of villi and TB. 

VEGFR-2 was present in all cases. STB cells stained intensely in all groups. The 

endothelium of large vessels and capillaries and mesenchymal cells in normal and 

hyperglycemic women also showed expression. In a clinical diabetic woman, villi 

showed similar results except for capillary endothelium. In GDM women, staining 

was observed only in STB. EVT showed expression in all groups especially more in 

milder hyperglycemic women. They observed a discrepancy in VEGF staining in all 

groups.  They concluded that hypercapillarization in mild hyperglycemia due to 

downregulation of VEGFR-1 which stimulated VEGF/VEGFR-2 interaction lead to 

angiogenesis. These changes were compensatory, caused by hemodynamic changes 

associated with hyperglycemia.79 

A similar study conducted by Bhattacharjee D et al showed fibrinoid 

substance deposition, villous immaturity and chorangiosis as common 

histopathological changes in hyperglycemia, GDM and overt diabetic placenta.  

In the normal placenta (n=12), the VEGF expression was observed in STB. Moderate 

staining was also observed in CT, villi mesenchyme and vessel endothelium. Cells of 

capillary endothelium showed strong staining.  

In hyperglycemia (n=13), moderate VEGF expression was observed in STB, 

CT, mesenchymal cells and strong expression was seen in the capillary endothelium. 

However, weak expression was observed in endothelium and smooth  muscle cells of 

blood vessels. 



Introduction 

 

 Page 15 
 

In GDM (n=33), moderate staining was observed in STB while a weak 

expression was seen in CT. No other tissue of the placenta showed VEGF expression. 

In overt diabetes (n=18), STB and capillary endothelium showed strong 

expression of VEGF, while CT and mesenchyme of villi showed moderate, and 

vascular smooth muscles showed weak staining. Vessel endothelium did not show 

expression of VEGF. 

In overall observation, the VEGF expression showed the most deviation from 

the normal in GDM placentae. The expression was similar to normal in 

hyperglycemic and more altered in overt diabetes. They concluded that an imbalance 

in the VEGF expression may cause several histopathological malformations in 

diabetic placenta.80 

In one of the studies of induced PE in rats, decreased expression of VEGF 

(51.47 ± 17.52 pg/ml) in the PE group was found compared to normal (108.55 ± 

21.07 pg/ml). They also found increased micro RNA155 (miR155) in PE. They 

concluded that increased expression of miR155 may downregulate the expression of 

VEGF in PE.81 

Lyall et al studied serum VEGF level in the umbilical vein and protein 

expression in the placenta of PE (n=9), IUGR (n=9) and PE with IUGR (n=7) 

pregnancies through ELISA and immunohistochemistry. They found a decreased 

VEGF level in PE pregnancy to 50 pg/ml. In four patients with PE with IUGR, VEGF 

levels were same and were not statistically significant. But in IUGR pregnancy, the 

VEGF level was 175.35 pg/ml and this result was not statistically significant. VEGF 

immunoreactivity was found in STB and stromal cells. The degree of staining was 

reduced in all cases compared to controls. This study suggested that reduced VEGF 
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leads to impaired vessel development and the source of VEGF may not be from the 

hypoxic environment.82 

One of the studies by Akercan Fuat et al studied 10 PE placental biopsies by 

immunohistochemistry and compared the results with controls (n=10). The VEGF 

level was increased in PE cases than controls.83 

Ahmad Shakil et al found elevated levels of VEGF in PE and IUGR cases compared 

to normal. They also observed increased soluble forms like tyrosine kinase-1 (sflt-1) 

levels in PE cases and observed that withdrawal of sflt-1 produced endothelial 

migration (in-vitro method). The sflt-1 level was increased by hypoxia. They 

concluded that sflt-1 is an antagonist to angiogenesis and increased level of it may be 

the reason for inhibiting angiogenesis in PE.84 

 Sundrani et al studied promoter CpG methylation of VEGF, KDR and flt-1 

genes, found differential methylation in the promoter region in preterm PE, term PE 

and normotensive. Expression of VEGF, KDR and flt-1 gene levels was more in 

preterm than the other groups.  Deoxyribonucleic acid (DNA) methylation was altered 

in all the genes in PE cases. This study showed that altered methylation may be the 

cause of PE. Altered DNA methylation has a role in angiogenesis of placenta and 

leads to adverse outcomes.85 

 In one of the studies of hypertensive disorders, the VEGF was observed in TB, 

endothelial cells, stromal cells and HC in PE with hemolysis, elevated liver enzymes, 

low platelet count (HELLP, n=20). In gestational hypertension (GHP, n=20) and PE 

(n=20), the placental components (vessels, HC, stromal cells) were reactive but only 

some tracts of TB showed a reaction. mRNA level of VEGF in PE was lower 

compared to control. PE with HELLP mRNA level was statistically lower and was 
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higher in hypertension compared to control. This study showed differential expression 

of VEGF that depended on the severity of the disease, which might have been due to 

hemodynamic changes that occurred in these diseases to compensate the 

uteroplacental blood flow.86 

In one of the studies, expression of VEGF, PlGF and their receptors were 

studied in PE placenta (early-onset and late-onset PE). The VEGF and PlGF were 

found in STB, BV and also in mesenchymal cells. The flt-1 was also expressed by 

similar cells. They found a decreased level of these proteins in PE cases compared to 

normal. They found more structural impairments of the placenta in early-onset of PE 

than late-onset.87 

 A study showed predominant expression of isoform 121 in the placenta of PE, 

IUGR and normal cases. The level of VEGF isoform and total VEGF mRNA was 

more in PE and IUGR compared to control. Maternal free and bound VEGF was 

higher in PE and IUGR compared to control. They also found that sflt was more in PE 

and IUGR. The VEGF expression was observed in STB, CT and EVT.88 

In another study, the VEGF was noticed in STB, CT cells, fetal and maternal 

endothelial cells and decidual cells. All the cases of normotensive and hypertensive 

groups showed endothelial expression. The endothelial expression was more 

compared to the hypertensive cases (n=15), but it was not statistically important. The 

STB cells showed expression in 93.3% of cases in the hypertensive group, but in the 

normotensive group, only 13.3% showed VEGF expression. The differences in the 

expression were statistically significant. The intensity of the staining of STB cells was 

strong in the hypertensive group and moderate in the normotensive group. The 

expression of VEGF in CT cells was 40.0%, in decidual cells was 40.0% and in 

maternal endothelial cells was 6.7% in the hypertensive group. In a normotensive 
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group, the expression of VEGF in CT cells was 33.3%, in decidual cells was 73.3% 

and maternal endothelial cells was 20.0%. In this study, VEGF in STB was 

significantly increased in the hypertensive group; this could be used as a biomarker of 

hypertensive pregnancy.89 

 Ali LE et al studied PlGF, VEGF and  hypoxia-inducible factor-1α (HIF-1α ) 

in  severe PE (n=62), mild PE (n=102) and controls (n=101) by 

immunohistochemistry. The expression of PlGF was observed in 16% of severe PE, 

8.8% of mild PE and 40.6% of control placentae. The intensity of expression of PlGF 

was lower in severe PE compared to  mild and controls which was statistically 

significant. The VEGF was expressed in 32%, 17.6% and 14.9%, in the severe PE, 

mild PE and control placentae respectively. The expression of VEGF was more in 

severe PE which was statistically significant. HIF-1α expressed in 15%, 10.8% and 

5.0% of the severe PE, mild PE and control placentae respectively. None of the 

placentae showed high intensity for HIF-1α. They concluded that these three factors 

were involved in the pathophysiology of PE.90 

 In another study, decreased serum VEGF expression was reported in 

pregnancy-induced hypertension (PIH, n=36) compared to normal pregnancy (n=36). 

The systolic and diastolic blood pressure was negatively correlated with the serum 

VEGF level. They also noticed significantly increased sflt-1 in PIH mothers compared 

to normal mothers. The systolic and diastolic blood pressure was positively correlated 

with the increased sflt-1. The increased sflt-1 will bind to the VEGF and reduce free 

functional VEGF. This was, may be the reason for a decrease in serum VEGF in PIH 

mothers. Histological examinations of these placentae showed increased syncytial 

knot formation, fibrinoid necrosis, CT cell proliferation, stromal fibrosis, 

hyalinization and calcification in PIH mothers. This study suggested that increased 
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systolic and diastolic blood pressure with altered pro- and anti-angiogenic growth 

factors will help in identifying PIH mothers in the early stage to refer them to a higher 

health care centre for better management of complications of PIH.91 

An immunohistochemical study reported increased expression of VEGF in PE 

(n=20) placentae compared to normal (n=20). The VEGF expression was found in 

cells of blood vessels of villi in  normal. In PE, VEGF was found in endothelial cells 

and also in HC. Differential cellular expression of VEGF was noted in this study. 

They also observed decreased placental and fetal weight in PE cases than normal. 

Calcification, infarction and velamentous cord insertion were more in PE placentae.92 

Andraweera PH et al studied VEGF mRNA in the placentae of adverse 

pregnancy outcomes by RT-PCR. They observed reduced mRNA (53%) expression in 

PE (n= 18) placentae compared to uncomplicated pregnancies. In GHP (n= 15), it was 

reduced by 47%, in normotensive small for gestational age (SGA, n=13) pregnancies 

it was reduced by 42%, in spontaneous preterm birth (n=10) it was reduced by 58% 

compared to normal pregnancy (n=30). This study concluded that the common 

pathway behind these complications would help in future for screening and treatment 

of diseases.93 

Some RT-PCR studies also showed decreased levels of VEGF mRNA in PE 

and the cellular expression of VEGF was found in endothelial cells of BV of villi.94,95 

But a study by Geva E et al showed increased VEGF mRNA in PE cases.56 

The pathophysiology of PE was potentially linked to B–cell-mediated 

production of autoantibodies (AA). One of the studies showed the presence of AA for 

VEGF-A, VEGFR-1 and PlGF angiogenic growth factors in the placenta. They 

observed that in nulliparous, AA VEGFR-1 and AA PlGF and in multiparous, AA 
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VEGFR-1 were reduced significantly in PE compared to controls. In non-obese PE 

women, AA VEGFR-1 and AA PlGF and in obese with PE, levels of AA VEGF-A 

and AA VEGFR-1 were significantly reduced. In unadjusted analyses of the 

association of antibodies and PE showed that an association between AA VEGF-A 

and AA VEGFR - 1 with PE can be the predictor of PE. In nulliparous women, AA 

VEGFR-1 and AA PlGF were associated with PE. In multiparous, none of the AA 

was associated with PE. In non-obese, AA VEGFR-1 and AA PlGF were associated 

with PE. In obese women with PE, none of the AA was predictor of PE. In the group 

of PE and controls with overlapping ratios of sFlt/PlGF and AA, VEGF-A was 

associated with PE. This study suggested that antibodies had a protective role in 

pregnancy and might be the contributing factors for regulating antiangiogenesis.96 

Placental VEGF promoter polymorphisms and its association with VEGF 

mRNA has been reported in PE and controlled pregnancy. The VEGF mRNA level 

was high in PE cases and was  more in −634CC genotype compared to CG + GG 

genotypes of PE. This study found the −634CC genotype as a risk factor for PE. They 

did not find an association between VEGF mRNA and 1154G/A and −2549 I/D 

polymorphisms in both PE and controls.97 

In a study, quantitative RT-PCR method revealed increased expression of 

miR-203 and reduced VEGF-A in PE (n=18) than the normal group (n=20). A 

negative association was found between miR-203 and VEGF-A. The downregulation 

of VEGF-A was, may be due to the upregulation of miR-203. The 

immunohistochemical staining of VEGF-A was found in villous TB along with weak 

staining in the endothelium of the placenta. The VEGF-A protein was down-regulated 

in PE compared to normal; this was, may be associated with the occurrence of PE. 
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The TB cell lines from the first trimester showed overexpression of miR-203, which 

reduced the proliferating capacity of cells and the inhibition of miR-203 showed 

increased proliferation. Transwell migration and invasion assay showed that miR-203 

increased the capacity for invasion and TB migration. The miR-203 reduced the level 

of VEGF-A mRNA and protein. This study showed that miR-203 was involved in the 

occurrence of PE through decreasing VEGF-A which reduced the invasion, 

proliferation and migration of TB. The relationship between VEGF-A/miR- 203 was, 

may be the reason for onset/progression for PE that can be used as a biomarker or a 

pathway to develop a drug to treat PE.98 

In one of the studies, 60 angiogenic factors (pro- and anti-angiogenic) were 

studied in mild PE (n=21) patients and normal (n=27) by the protein quantitative 

macroarray method. They found an increased concentration of 8 proteins, leukemia 

inhibitory factor, interleukin-6, interferon-gamma, hepatocyte growth factor, heparin-

binding EGF-like growth factor, C-X-C motif chemokine-10, platelet-derived growth 

factor-BB and leptin, which are involved in the pathogenesis of PE. They also 

observed a decrease in VEGF, PlGF and follistatin level in the plasma of PE cases. 

The VEGF had a positive correlation with follistatin, so reduced follistatin level was 

may be due to reduced VEGF. This may be the new pathway for PE. This study 

identified some of the novel markers, which can be used as biomarkers for diagnosis 

of PE.99 

In one of the studies, Ahmed MA et al have showed an elevated expression 

level of TNFα- and decreased level of VEGF mRNA. This study revealed these 

proteins as markers for PE.8 Another study also showed an increase in VEGF mRNA 

in PE cases. In this study, the non-severe PE group showed a significant rise in the 
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VEGF compared to a severe group of PE where VEGF was decreased. This study 

concluded that VEGF had a major role in PE.9 In another immunohistochemical study, 

decreased expression of VEGF in PE was reported and this study infered that early 

occurrence of PE was associated with impaired villous development.100 

A study showed miR-152 and VEGF expression and a correlation between 

them in the placental tissue of rats. They found a rise in miR-152, VEGF mRNA and 

protein in PE cases. Increased miR-152 was positively correlated with VEGF. The in-

vitro experiment showed that miR-152 promoted apoptosis of TB cells by increasing 

pro-apoptotic gene Bax and reducing anti-apoptotic gene B-cell lymphoma protein-2 

at the same time.101 

VEGF family proteins are important in angiogenesis. Imbalance in angiogenic 

proteins leads to PE, where sFlt-1 was increased.  

A recent cell culture study had used magnetic beads coated with VEGF in PE. 

The functionalized magnetic beads with VEGF reduced the level of sFlt-1 and 

released PlGF to maintain angiogenesis. This study has provided a new therapeutical 

approach for PE.102 

In one of the studies, Regnault TRH et al studied ovine placenta for VEGF, 

PlGF and its receptors in a IUGR model. Ligands and their receptors were identified 

in the ovine placenta for 55 and 90 days after coitus (dpc), as well as in maternal 

tissue. VEGF expression was increased with the gestational age. VEGF mRNA level 

was increased in hyperthermic ewes at 55 dpc compared to normothermic. At 90 dpc 

VEGF mRNA levels were not altered by hyperthermic treatment. The receptors 

mRNA increased throughout but in hypothermal receptors mRNA reduced. SVEGFR-
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1 did not found in these tissues. They concluded that imbalance in these growth 

proteins and receptors lead to IUGR.103 

 In one of the studies, 42 placentae were studied for expression of VEGF in 

pathological conditions. Moderate to an intense  level of VEGF mRNA and protein 

was identified in EVT and decidual cells.  Expression was clear in hypoxic or 

ischemic changes like villous infarction, syncytiotrophoblastic knots, villous 

hypercapillarization and in achorionic plate with chorioamnionitis (CAM). The 

intensity of staining was more in tunica media of blood vessels of hypoxic/ischemic 

changed villi compared to normal. Less staining was observed in endothelium and 

mesenchyme and the expression was similar to those that were normal. But the 

mRNA expression was observed more in mesenchyme and less blood vessels of 

hypoxic or ischemic changed villi. The hypoxic or ischemic changed villi endothelial 

cells showed more expression of KDR. The intense expression of VEGF in blood 

vessels and KDR suggested paracrine regulation of cells of blood vessels by VEGF 

through KDR receptors to hypoxia or ischemia. Intense flt-1 mRNA was observed in 

the STB of hypoxic or ischemic villi but weak to moderate protein expression was 

observed in TB. Positive staining was also observed in infiltrated inflammatory cells 

in the chorion in CAM. These ligands may help with their migration. 

Immunoreactivity for KDR was absent here. In villitis, they did not find any positive 

reaction for any of these ligands and receptors in mononuclear cells, which are 

infiltrated in the villi, may be the phenomena of migration of inflammatory cells were 

different in CAM and villitis.104 

 Some studies found that VEGF and its receptors level decreased in the 

placenta of miscarriage and blighted ovum.105 
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 Tseng JJ et al studied VEGF, PlGF and its receptors in the placenta of 

pregnancy complicated by placenta accreta. The immunohistochemical study of 

VEGF receptors in this study showed weak expression for VEGFR-2 in STB of cases 

than control. The VEGFR-2 in CT and EVT cells and VEGFR-1, VEGFR-3 in TB 

cells were not different in cases and controls. Western blot analyses showed 

expression in STB of 70% of samples. ELISA results revealed a higher level of VEGF 

(31.1G8.4 vs. 12.7G3.7 pg/ml) in accreta than normal. The sVEGFR-1 levels were 

lower in accreta compared to normal pregnancy (699.0G542.5 vs. 1573.4G241.1 

pg/ml). They concluded that other microenvironmental factors were the reason for the 

reduction of VEGFR-2. Reduced VEGFR-2 probably may not be for placental 

accreta, it may be to balance the pro- and anti-invasive factors to regulate the 

invasion. The increased VEGF and reduced sVEGFR-2 suggested that they act on 

paracrine mode to stimulate neovascularization in the development of accreta.106 

In another study, VEGF expression was studied in the placenta of accreta 

patients (n=23) and its correlation was compared with the miR-518b.  This had a close 

relationship with placental development. The VEGF was increased significantly in the 

placenta of accreta cases compared to the control group. The VEGF mRNA and the 

miR-518b level were also recorded more in the accreta group. This study showed that 

there was a close relationship between increased VEGF and the occurrence of 

placenta accreta because VEGF helps in the invasion of TB during implantation, 

which was important in the occurrence of placenta accreta. This study concluded that 

increased expression of miR-518b increased the invasion of TB and caused placenta 

accreta and its expression was correlated with increased VEGF. This molecular 

mechanism can help in the development of therapies against accreta.107 
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 Distribution of VEGF was studied in 22 nonimmunologic hydropsfetalis (HF) 

of 25-41 weeks of gestation and was compared with the 75 normal pregnancies. In 

both the groups, VEGF expression was observed in STB throughout the gestation. 

Stromal cells of villi also showed VEGF in the normal placenta of the first trimester. 

Its expression also continued in term pregnancy in the HF placenta. Stromal 

expression and STB expression in HF showed poor villous vascular development and 

failed to participate in the function of angiogenesis and vascular permeability.108 

A study showed the consumption of aspartame, an artificial sweetener would increase 

the expression of VEGF. Ultrastructural observation showed the condensed nuclei of 

endothelial cells, changes in nuclei of STB and CT cells. This study suggested that 

consumption of artificial sweeteners would have an effect on VEGF.109 

VEGF plays a major role in physiological and pathological angiogenesis. 

Recently drugs have been developed for anti-VEGF–A neutralizing antibody and 

multikinase inhibitors for lung, renal, colorectal cancers and glioblastoma 

patients.110,111 Anti–VEGFR-1 or anti–VEGFR-2 neutralizing antibody, soluble 

VEGFR-3, VEGFR-1 or VEGFR-2 peptide vaccine therapy112 and anti-PlGF antibody 

2 neutralizing antibody113,114 are developed and undergoing clinical trials.115 

VEGF’s role in the growth of placenta and fetus in early pregnancy in human 

and animals: 

Some of the studies showed an association between early expression of VEGF 

with placental and fetal parameters. A study by Wheeler T et al showed VEGF 

concentration in maternal serum and its association with placental and fetal growth in 

early pregnancy (14 weeks gestation). The study recruited 655 participants; after the 

exclusion, 596 normal pregnant women were taken for the study.  They observed an 
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increased VEGF concentration up to 20 weeks of gestation. The VEGF concentration 

of early pregnancy was positively correlated with placental volume at 16-20 weeks, 

placental and fetal weight at delivery. VEGF level was significantly higher in women 

carrying female fetuses than the male fetuses. The study showed that the positive 

relationship between VEGF serum concentration with the growth of placenta and 

fetus was, may be due to the influence of VEGF on NO production.48 

Another study showed the relationship between VEGF and placental and 

endometrial vascularity in the pig. They observed increased VEGF mRNA expression 

with several blood vessels in the placenta and endometrium throughout the gestation. 

This was consistent with the immunohistochemical expression of VEGF from early to 

late gestation. The VEGF mRNA was positively correlated with fetal weight, 

placental weight and placental efficiency. This study reported that increased blood 

vessels at the placental endometrial interface resulted in an increased nutrient transfer 

between mother and fetus. They also demonstrated that  increased VEGF-165 

isoforms with fetal weight had the potent ability to increase vascular permeability.116  

In another study, VEGF expression was studied in diabetic placentae and its 

relationship with the weight of the fetus. They found that a diabetic group with large 

gestational weight babies (4370 ± 250) placenta showed increased VEGF expression 

(1.2816 ± 0.87) with more placental weight (790 ± 130). In fitted multiple regression 

models, they observed that VEGF expression and placental weight had a positive 

correlation with the newborn weight. They also found mean blood glucose and 

HbA1C as explanatory variables revealing its relationship with fetal weight in the 

third trimester.117 
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VEGF and von Willebrand factor (Factor VIII) was studied by 

immunohistochemistry in a different part of the uterus and the placenta at different 

stages of gestation and correlated with the fetal development. At 80 and 105 days of 

gestation, these factor levels were higher. They did not see a difference between the 

side of the uterus, segments, and fetal sex and were identified in all the segments of 

the uterus. A positive correlation was observed between VEGF and fetal weight at 80 

and 105 days of gestation. They concluded that the level of these factors upregulated 

till the middle third of pregnancy, therefore vascular development occured before this 

stage.118 

Literature shows differential expression of the VEGF level in normal and 

complicated pregnancies. There are no studies so far solely explaining the relationship 

between VEGF expression and its association with placental, fetal and maternal 

parameters to explain its role in growth in later stages of pregnancy. 
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1.3 Justification: 

VEGF is an angiogenic growth factor; has been studied for its role in early 

pregnancy in vessel development and implantation. But there is a lack of literature on 

its role in growth in later stages of pregnancy and also discrepancies about its 

expression at term. Studying relationships between VEGF level with placental and 

fetal parameters will explain its role in growth. This factor has been studied as a 

predictive marker for PE and IUGR pregnancies. However, the results varied. So a 

marker alone may not be beneficial in understanding the pathology. Therefore, there 

is a need to study its expression level and its relationship with growth parameters at 

term and factors influencing the VEGF expression, which will be beneficial in 

understanding the outcome of the complicated pregnancies. 
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1.4 OBJECTIVE 

• To study the expression of VEGF in fetal growth by placental morphology and its 

immunohistochemistry. 
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2. MATERIALS AND METHODS 

Source of data: Study was conducted in the Department of Anatomy, J. N. Medical 

College, KLE Academy of Higher Education & Research, Belagavi. Samples were 

collected from the Obstetrics and Gynaecology Unit, Dr Prabhakar Kore Charitable 

Hospital, Belagavi.  

Ethical clearance: The study was approved by KAHER's Ethical Committee.  

Consent form: Detailed information about the study was explained to the mothers 

and consent has been taken from all the mothers. 

Inclusion criteria:  

 Live birth placenta of:  

» Singleton  birth  

» 32 weeks and more gestation period 

» All mothers without any systemic diseases 

Exclusion criteria:  

» HIV patients 

» Hepatitis patients  

Sample size:  

The sample size was calculated as follows: 
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Formula:  

n= Z2
1-α × SD2 /d2 

Z1-α= 1.96 with 95% confidence interval 

SD = Standard deviation                                                                                            

d = Tolerable error  

Variable 
Sample size 

(literature) 48,119 
d (tolerable 

error) 
Sample size 10% attrition 

VEGF                             
Mean 

3.2 0.15 237.7353 261.5088 

SD 1.18    
Weight  of placenta                        

Mean 
516.89 4.4 347.3683 382.1051 

SD 41.84    
Volume of placenta                           

Mean 
506.51 4.4 349.5302 384.4832 

SD 41.97    
Surface area                                       

Mean 
270.89 4 181.1797 199.2976 

SD 27.47    

Weight of fetus                                 
Mean 

2813.6 50 102.3325 112.5657 

SD 258.06    
Head circumference                         

Mean 
35.1 0.3 72.13671 79.35038 

SD 1.3    
Abdominal 

circumference            
Mean 

33.7 0.3 138.2976 152.1274 

SD 1.8    
Length (Crown-heel)                        

Mean 
49.4 0.4 201.9241 222.1165 

SD 2.9    
Vessels/Villi                                       

Mean 
5.9 0.3 344.2757 378.7032 

SD 2.84    
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 For each variable, the sample size was calculated, the highest sample size 

attained was 349. With a 10% attrition factor, the sample size was 384. The final 

sample size was adjusted to 385. 

Data collection:  

The collection of placenta samples was started on 7th August 2017 and 

continued until we reached the sample size i.e. 385, which was completed on 30th 

November 2017. Placentae were collected immediately after the delivery. They were 

first observed for the attachment of the cord and fetal membranes. After that, 

membranes were trimmed from the attachment and the umbilical cord was cut 2 cm 

away from the attachment. Placental variables like weight, volume, surface area and 

the number of cotyledons were recorded. 

After recording the placental parameters, a section from the centre of the 

placenta was taken. Sectioned tissue was washed thoroughly to remove the blood and 

then transferred into sterilized plastic containers containing 10% neutral buffered 

formalin for fixing. Bottles were then brought to the Anatomy Laboratory for further 

processing (Fig. 1 and 2). 

      

 

Fig. 2:  Samples from 300 - 385 Fig. 1: Samples from 1 - 300 
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1. Recording of placental variables: 

i. Measurement of  the weight of the placenta (Fig. 3):119 

• The collected placentae were washed. 

• They were wiped to remove the excess mucous, fluid and maternal 

blood. 

• The umbilical cord of the placentae was trimmed approximately 2 

cm from the insertion. 

• The fetal membranes were trimmed. 

• The weighing machine was plugged into an electric outlet. 

• On/off  key was pressed to start. 

• Readings of the scale were ensured to 0.00 gm before keeping the 

placenta. 

• The placenta was placed on the weighing scale. 

• Readings were measured with an accuracy of 10 gm. 

 

 

Fig. 3:   Weight of placenta 
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ii.  Measurement  of  volume  of the placenta (Fig. 4 and 5):120 

Scherle’s water displacement method was used for measuring the volume of the 

placenta.  

• The collected placentae were washed. 

• They were wiped to remove the excess mucous, fluid and maternal blood. 

• The umbilical cord of the placentae was trimmed approximately 2 cm from the 

insertion. 

• The fetal membranes were trimmed. 

• Water was taken in a 2000 ml measuring jar. 

• The initial level of water was measured. 

• The placenta was submerged into the jar. 

• Care was taken to submerge the placenta completely in water. 

• Displacement of water was measured after the submerging of the placenta. 

• The volume of the placenta was calculated by,120 

The volume of placenta = Initial level of water - displaced water level 

 

 
Fig. 5:  Displaced water level Fig. 4:   Initial level of water  
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iii.  Measurement of the surface area of the placenta (Fig. 6 and 7): 121 

• The collected placentae were washed. 

• They were wiped to remove the excess mucous, fluid and maternal blood. 

• The umbilical cord of the placentae was trimmed approximately 2 cm from the 

insertion. 

• The fetal membranes were trimmed. 

• The placenta was placed on a flat surface. 

• Using a measuring tape, the largest and smallest length of the maternal surface 

was measured. 

• These measurements  were used to calculate the surface area as follows:121 

                     Surface area= π x dl x ds /4 121 dl: largest diameter  

ds: smallest diameter 

 

 

 

 

 

 

Fig. 7: Measuring smallest diameter Fig. 6:  Measuring largest diameter 
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iv. Attachment of cord: Umbilical cord was observed for the following types of 

attachment on the fetal surface: 

• Central (Fig. 8) 

• Eccentric (Fig. 9) 

• Marginal  (Fig. 10) 

• Velamentous (Fig. 11) 

        

 

         

 

 

 

 

Fig. 9: Eccentric cord attachment 
(arrow)  

Fig. 8: Central cord attachment 

Fig. 11: Velamentous cord attachment Fig. 10: Marginal cord attachment 
(arrow)  
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v. Membrane attachment: Membranes of the placentae were observed for the 

following types of attachment: 

• Membranous (Fig. 12) 

• Circummarginate (Fig. 13) 

• Circumvallate (Fig. 14) 

       

 

   

 

 

 

Fig. 13: Circummarginate attachment 
 

Fig. 12: Membranous attachment 
 

Fig. 14: Circumvallate attachment 
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vi. Cotyledons count: Cotyledons were counted on the maternal surface         

(Fig. 15 and 16). 

 

 

2. Recording maternal history:  

On the next day of delivery, the history of a mother about the present and previous 

pregnancy and socio-demographic variables were recorded on predesigned 

proforma.  

3. Methodology  for  fetal variables: 

i. Recording gestational age of the newborn: 

• Gestational age was recorded from the first day of the last 

menstrual period. 

ii. Measurement of the birth weight of newborn:122 

• Birth weight was estimated by the electronic gauging scale. 

• The calibration of the weighing machine was done at the beginning 

of the study. 

Fig. 15: Cotyledons of maternal surface          
(Circle indicates one cotyledon) 

 

Fig. 16: Cotyledons counting 
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• On/off key was pressed to start the weighing machine. This will set 

the scale readout to zero. 

• The newborn was set on the centre of the weighing scale and the 

weight of the baby was measured with an accuracy of 1 gm. 

iii. Measurement of length (Crown-heel length) of the newborn:122 

The length of the baby was measured by an infantometer.122 

• The newborn was placed on an infantometer in the recumbent 

position facing feet towards the foot piece and head towards the 

fixed headpiece. 

• The head was placed in the Frankfort horizontal plane. 

• The head was secured by lightly cupping our palms over the ears of 

the baby for proper alignment. 

• With one hand, the child’s legs were aligned by putting mild 

pressure on knees. 

• At the same time with another hand, foot piece was pushed towards 

the child’s heel to rest firmly. 

• The feet were flexed opposite against the acrylic foot piece. 

• The newborn length was measured in centimetres with nearest to  

0.1 cm 

iv. Measurement of head circumference:122 

• The child was asked to put over the shoulder in the supine position 

by a parent or guardian. 

• A tape was wrapped around the forehead slightly above the 

eyebrows in front. 
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• It was above the ears on the side and over the occipital prominence 

on the back of the head. 

• The tape was moved up and down over the back of the head to 

locate the maximum circumference.  

• The tape was tightened around the head to compress the hair and 

underlying soft tissues. 

• Head circumference was measured nearest to 0.1 cm.        

v. Measurement of the abdominal circumference:122 

• Measurement was done by using a measuring tape. 

• The child was measured naked. 

• The newborn was positioned in a supine position. 

• The measuring tape was extended around the umbilical region. 

• The tape was positioned in a horizontal plane to the floor. 

• Tightening the insertion of tape around the umbilical region and 

circumference was measured. 

• Abdominal circumference was measured in centimetre nearest to 

0.1 cm. 

A. Preparation of tissue blocks and slides: 

The tissues were fixed in 10% neutral buffered formalin and were further processed  

as follows: 

• Dehydration: The tissues were dehydrated in 70%, 80%, 95% 

alcohol, one hour each,  followed by three changes of 100% 

alcohol, one hour each. 

• Clearing: Two changes of xylene, one hour each for clearing. 
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• Impregnation with paraffin wax:  The tissues were kept in 

two changes of paraffin for two hours each for impregnation.  

• Embedding: The tissues were embedded in a paraffin block 

(Fig. 17 and 18). 

• Sectioning: Paraffin-embedded tissue blocks were sectioned at 

a  4 - 5 µm thickness on a microtome. 

• Fixing the tissue on slides: The sections were floated in a 

60°C hot water bath and were taken onto 3, 

aminopropyltriethoxysilane (APES) coated slides for 

immunohistochemistry and on gelatin-coated slides for 

hematoxylin and eosin (H and E) staining. 

       

 

B. Immunohistochemical staining:  

To study the VEGF, the slides were processed further for immunohistochemical 

staining.  

 

 

 

 

Fig. 17: Tissue block preparation Fig. 18: Prepared tissue blocks 
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Reagents used: 

• VEGF-A primary antibody 

  Mouse monoclonal VEGF-A primary antibody was procured from Diagnostic 

BioSystems USA Pleasanton (catalogue # PDM165) (Fig. 19). 

• MACH 2 Universal Horseradish peroxidase (HRP) (catalogue # 

M2U522H) – Polymer detection kit contained (Fig. 19): 

� Peroxidase block 

� Protein block 

� 3’, 3’ Diaminobenzidine (DAB) chromogen and 

DAB substrate buffer. 

• Buffers:  

� Tris ethylene diamine tetraacetic acid (EDTA) 

buffer (pH 9) was used as an antigen retrieval 

solution. 

� Tris buffer saline (TBS, pH 7.2-7.5) was used as a 

wash buffer. 

• Xylene for clearing and dewaxing. 

• 100% alcohol for dehydration. 

• Distilled water for wash and for preparing buffers. 

• Harris hematoxylin for counterstaining. 

• Dibutyl phthalate xylene (DPX) for mounting. 
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Preparation of antigen retrieval and wash buffers: 

1. Tris EDTA buffer (pH 9): 

• EDTA – Disodium salt – 0.37 gm. 

• Tris buffer – 1.21 gm. 

• Distilled water – 1 lit. 

2. Tris buffer saline (TBS,  pH 7.2-7.5): 

• Tris buffer – 8.6 gm. 

• Sodium chloride – 9.6 gm. 

• Distilled water – 1 lit. 

[PH was adjusted with 9% Hydrochloric acid (HCL) (9 ml HCL + 91 ml distilled 

water)]. 

The chemicals required for the preparation of buffers were procured from Nice 

Chemicals (P) Ltd, Kochi. 

 

 

Fig. 19: Primary antibody (VEGF-A) and secondary kit 
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C. The methodology followed for immunohistochemical staining: 

• Fixing the sections: The slides were incubated at 370 C in an incubator 

overnight.  

• Dewaxing: The slides were kept on a hotplate at 630 C for one hour 

and then treated with two changes of xylene for ten minutes (Fig. 20 

and 21). 

• Dehydration: Slides were treated with two changes of 100% alcohol 

for five minutes (Fig. 21). 

• Wash: Slides were washed with distilled water for five minutes. 

• Antigen retrieval:   Retrieval was done using a pressure cooker and 

induction stove. In a slide, basket slides were arranged and submerged 

in a pressure cooker containing one litre of antigen retrieval solution 

and heated on an induction stove for three whistles for half an hour. 

Then the cooker was cooled with lid for 15 minutes and without lid for 

20 minutes before proceeding to the next step. 

• TBS wash: The slides were washed with three changes of TBS for five 

minutes. 

• Peroxidase block: The slides were treated with peroxidase block for 

ten minutes (Fig. 22). 

• Protein block: The tissues were rinsed with three changes of TBS for 

five minutes. Then the protein block solution was added and kept for 

15 minutes. 

• Primary antibody incubation:  After 15 minutes, the excess of protein 

block solution was removed and the primary antibody was added onto 

the slides directly and incubated with the antibody for 45 minutes. 
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Then the slides were washed with three changes of TBS for five 

minutes. 

• Polymer – HRP: The slides were treated with HRP for 30 minutes. 

Then the slides were washed with three changes of TBS for five 

minutes. 

• Chromogen: After the TBS wash, a fresh DAB solution was prepared 

by adding 32 ul of DAB chromogen per 1.0 ml of DAB substrate 

buffer and the slides were incubated with DAB solution for five 

minutes. 

• Counterstaining: The slides were washed with water and kept in 

Harris hematoxylin solution for 30 seconds. After this, the slides were 

rinsed in running tap water and kept in a hot water bath (480 - 500 C) 

for one minute. Then the slides were dried on a hotplate. 

• Mounting: The slides were dipped in xylene and mounted with DPX. 

Positive control tissue and negative control tissue and staining: Here kidney tissue 

was used as a positive control for the VEGF-A antibody. Reagent control was used as 

a negative control by skipping the primary antibody. Both the controls were run 

together with the sample tissue for every lot of stain. 
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             Fig. 20: Dewaxing                            Fig. 21: Dewaxing and clearing 

 

                                 Fig. 22: Immunohistochemical staining 

 

D. Interpretation of immunohistochemical staining: 

 The stained slides were observed for, 

• Localization 

• Intensity  

Localization of VEGF-A antibody staining in placenta tissue: VEGF-A antibody 

is a cytoplasmic and extracellular protein. Cytoplasmic staining of VEGF-A was 

found in the cells of the villi of the placenta (Fig. 23 and 24). Depending on the 

expression, the intensity was measured from these cells in Image J software.   
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Intensity quantification using Image J software: In immunohistochemically stained 

slides, the stained area appears as varying degrees of colouration to the human eye, 

the darker regions holds more proteins but this area has lower intensity values, 

bringing about an opposite relationship between the measure of antigen and its 

Fig 23: VEGF expression in syncytiotrophoblast cells (STB), 
Hofbauer cells (HC) and blood vessels (BV) of villi of placenta 

 

Fig. 24: VEGF expression in syncytiotrophoblast cells (STB), 
Hofbauer cells (HC) and blood vessels (BV) of villi of placenta 
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numerical worth. This will give a false result on the level of antigen. To overcome 

this a new technique can be adapted,  i.e. ‘reciprocal intensity’.123 

The maximum intensity of a red, blue, green colour (RGB) is 250 in the white 

unstained area of images estimated by standard intensity function in the Image J 

software. The stained area will have an intensity of less than 250. Thereby reciprocal 

intensity is calculated by subtracting minimum intensity from the maximum. That 

corresponds to the amount of protein present.123 

Steps followed: 

1. Stained slides were observed under the research microscope and 

were photographed, numbered and saved.  

2. Photographed slide pictures were opened in Fiji (Image J) software.  

3. Uniformly sized circular draw tool (100 x 60) was drawn over the 

region of interest and the average intensity was calculated by 

measure tool under the menu ‘Analyze’. 

4. Then the mean intensity was deducted from the maximum intensity 

to get reciprocal intensity. Reciprocal intensity corresponds to the 

amount of protein present. 

5. Reciprocal intensity is nothing but quantified VEGF in the tissue of 

the placenta. 

6. The reciprocal intensity was measured for all 385 placental tissues.  

A. Methods followed for H and E staining:  

• The slides were deparaffinized for five minutes with two changes 

of  xylene. 
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• Then the slides were kept in 100% alcohol, for two changes, five 

minutes each and 95%, 70% and 50% alcohols, respectively, for 

three minutes each.  

• Water wash - five minutes. 

• Hematoxylin - 45 seconds 

• Bluing  

• Dipping in eosin - 30 seconds  

• Water wash  

• Dehydration with absolute alcohol - one dip  

• The slides were dried  

• Cleared with xylene  

• Mounted in DPX.  

B. Methods followed for interpretation of H and E stained slides:  

• The slides were focused under 40X. 

• Here we counted the number of vessels in ten randomly selected 

terminal villi (Fig. 25 and 26) from a different region and an 

average of ten villi vessels was taken for the count. 

• Observations were photographed.  
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                               Fig. 25: Placenta H and E staining (10X) 

 

 

 

 

Definitions: 

Gestational age: Counted from the first day of the last menstrual period to the present 

date. Recorded in weeks.124 

Parity:   Number of pregnancies reaching viable gestational age.125 

Primipara: Women who have given birth to one viable child.125 

Multipara: Women who have given birth to two or more viable children.125 

 

 

Fig. 26: H and E staining (40X) showing blood vessels in 
the terminal villi of placenta of normal 

 

Blood vessels 

STB 

Mesoderm 
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Gravidity:   Number of times the women were pregnant.125 

Primigravida: Women who are pregnant for the first time.125 

Multigravida: Women who have been pregnant for more than one time.125 

PE: Occurs after 20 weeks of pregnancy with  hypertension (140/90 mm Hg), protein 

in the urine, decreased in platelets count, altered liver and kidney function, fluid in 

lungs, new-onset of headaches and visual disturbances.126 

GHP: Occurs after 20 weeks of gestation with pregnancy with  hypertension (140/90 

mm Hg), previously no blood pressure, no protein in the urine.126 

Eclampsia (EC):  Development of convulsions in preexisting PE.127 

IUGR:  Birth weight below the 10th percentile for the gestational age.128 

GDM: GDM is characterized as any level of glucose intolerance with onset or first 

recognition during pregnancy.129 

Anemia: Reduced hemoglobin level. Hemoglobin concentration <11 g/dL during the 

first trimester, <10.5 g/dL during the second trimester and <11 g/dL during the 

third trimester.130 

Hypothyroid : Elevated thyroid stimulating hormone levels during pregnancy.131 

Antepartum hemorrhage (APH): APH is characterized as bleeding from or into the 

genital tract, appears from 24+ weeks of pregnancy and before the birth of the 

baby.132 

Premature rupture of membranes (PROM):  PROM is the tearing of the fetal 

membranes before the beginning of labour.133 

Lowbirth: Birth weight under 2500 g (up to and including 2499 g).134  

Oligohydramnios: Reduced amniotic fluid (amniotic fluid index ≤5 cm, single 

deepest pocket <2 cm).135 
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Polyhydramnios: Excess of amniotic fluid (amniotic fluid index >18 cm, single 

deepest pocket >8 cm).136,137 

Preterm birth:  When birth occurs between 20 - 37 weeks of gestation.138 

Congenital anomalies: Structural or functional defects  that occur during intrauterine 

life.139 
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3. DATA ANALYSIS PLAN 

1. First, the data was cleaned by checking for missing values and the outliers. 

2. Mean and standard deviation was calculated for continuous variables and the 

percentage was calculated for categorical variables. Grouping of the continuous 

variables was also done. 

3. The z-values were calculated for continuous variables and grouping of z-values of 

these variables was done. 

4. To check the goodness of data, the chi-square test was applied by taking expected 

and observed frequencies. Using the midpoint of z-score, observed and expected 

frequencies, normal distribution curve was prepared to check whether it is 

normally distributed or not. 

5. The categorical data were calculated for percentage and tabulated. 

6. To check the role of VEGF in the growth of placenta and fetus, mean and SD of 

the intensity of STB, BV and HC cells were tabulated to each placental and fetal 

morphometrical variable and applied z-test to check the differences in VEGF level 

with the group of each variable. 

Data inclusion criteria to check the role of growth of fetus: 

� Placenta of  32 -  41 weeks of gestational age. 

            Data exclusion criteria: 

� Mothers with hypertensive disorders of 

pregnancy (PE, EC, GHP). 

� Mothers with oligohydramnios 

polyhydramnios, APH, PROM, GDM, 

placenta previa and placental abruption. 
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� Fetus with congenital anomalies. 

� IUGR fetus. 

7. Mean and SD of the VEGF expression in complicated pregnancies was taken (PE, 

EC, GHP, oligohydramnios, polyhydramnios, APH, PROM, GDM, a fetus with 

congenital anomalies and IUGR) and compared it with the VEGF expression of 

the normal placenta (37 - 41 weeks of gestation (70 cases), without any 

complication). 
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4. RESULTS 

1. Percent distribution of  maternal parameters: 

Table 1: Percent distribution of maternal age at marriage 
 

Z-score 
group of 

maternal age 
at marriage 

Midpoint of 
z-score 

group of 
maternal age 
at marriage 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 
-3(-2) -2.5 7 1.82 1.75 
-2(-1) -1.5 36 9.35 12.95 
-1-0 -0.5 193 50.13 35.2 
0-1 0.5 91 23.64 35.2 
1-2 1.5 35 9.09 12.95 
2-3 2.5 21 5.45 1.75 
3+ 3.5 2 0.52 0.09 

Total 385 100 100 
Mean= 20.42, SD= 3.26 

 

Graph 1: Percent distribution of maternal age at marriage 
 

 

 
 
Table 1 and Graph 1 reveal that the percent distribution of maternal age at marriage 

was positively skewed with mean 20.42 and SD 3.26. In expected data, 50% of 

women were married above the average age, but in observed data, 38.70% were 

married above the average age, it was significant at p<0.001. 
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                Table 2: Percent distribution of maternal age at first pregnancy 
 

Z-score 
group of 
maternal 

age at first 
pregnancy 

Midpoint 
of z- score 
group of 
maternal 

age at first 
pregnancy 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 

-_3(-2) -2.5 1 0.26 1.75 
-2(-1) -1.5 57 14.81 12.95 
-1-0 -0.5 190 49.35 35.2 
0-1 0.5 88 22.86 35.2 
1-2 1.5 31 8.05 12.95 
2-3 2.5 15 3.9 1.75 
3+ 3.5 3 0.78 0.09 

Total 385 100 100 
Mean= 22.12, SD= 3.11 

 

Graph 2: Percent distribution of maternal age at first pregnancy 
 

 
 

Table 2 and Graph 2 reveal that the percent distribution of age at first pregnancy of 

mother was positively skewed mean 22.12 and SD 3.11. In expected data, 50% of 

women were first pregnant at above the average age, but in observed data, 35.58% 

were first pregnant at above the average age, it was significant at p<0.001. 
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Table 3: Distribution of marital relations 
 
 
 

Marital relations Subjects (n) 
Percentage 

(%) 

Consanguineous 73 18.96 

Non -

consanguineous 
312 81.04 

Total 385 100 
 

 

Table 3 shows 81.04% of marriages were non-consanguineous and 18.96% were 

consanguineous. 

 

 
 

Table 4: Distribution of gravidity 

 
 

Gravidity 
Subjects 

(n) 

Percentage 

% 

Primigravida 159 41.30 

Multigravida 226 58.70 

Total 385 100 
 

 

Table 4 shows the distribution of gravidity. In this study, 41.3% of mothers were 

primigravida and 58.70% were multigravida. 
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Table 5: Distribution of parity 

 
 

Parity 
Subjects 

(n) 

Percentage 

% 

Primipara 197 51.17 

Multipara 188 48.83 

Total 385 100 
 

 

Table 5 depicts distribution of parity. In this study 51.17% were primipara mothers 

and 48.83% were multipara. 

Table 6: Mode of delivery 

 
 

Type of delivery 
Subjects 

(n) 

Percentage 

% 

Normal vaginal 201 52.21 

Cesarian section 

(C/S) 
184 47.79 

Total 385 100 

 

Table 6 depicts 52.21% of women in this study group delivered normally and 47.79% 

of women delivered by C/S. 
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Table 7: Percent distribution of maternal hemoglobin level 
 

Z-score of 
hemoglobin 

in g/dl 

Midpoint of 
z-score of  

hemoglobin 
in g/dl 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 
<-3 -3.5 2 0.52 0.09 

-3-(-2) -2.5 10 2.6 1.75 

-2-(-1) -1.5 42 10.91 12.95 

-1-0 -0.5 134 34.81 35.2 

0-1 0.5 135 35.06 35.2 

1-2 1.5 57 14.81 12.95 

2-3 2.5 5 1.3 1.75 

Total 385 100 100 
Mean= 11.08, SD= 1.31 

 

Graph 3: Percent distribution of maternal hemoglobin level 
 

 
 

Table 7 and Graph 3 reveal that the percent distribution of maternal hemoglobin was 

normally distributed with mean 11.08 and SD 1.31g/dL. There were no differences 

between the expected and observed distributions. 
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2. Percent distribution of fetal parameters: 

Table 8: Percent distribution of gestational age 
 

Z-score 
group of 

gestational 
age 

Midpoint of z-
score group of 
gestational age 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 
<-3 -3.5 2 0.52 0.09 

-3-(-2) -2.5 11 2.86 1.75 

-2-(-1) -1.5 30 7.79 12.95 

-1-0 -0.5 81 21.04 35.2 

0-1 0.5 168 43.64 35.2 

1-2 1.5 93 24.16 12.95 
Total 385 100 100 

Mean=37.98, SD=2.01 
 

Graph 4: Percent distribution of gestational age 
 

 
 

Table 8 and Graph 4 reveal that the percent distribution of gestational age was 

negatively skewed with mean 37.98 and SD 2.01 weeks. In expected data, 50% fetal 

gestational age was below the average age, but in observed data, 32.21% fetal 

gestational age was below the average gestational age, it was significant at p<0.001. 
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Table 9: Percent distribution of birth weight 
 

Z-score group 
of birth 
weight 

Midpoint of 
z- score 
group of 

birth weight 

Subjects 
(n) 

Frequency 
distribution  

Observed 
(%) 

Expected 
(%) 

<-3 -3.5 4 1.04 0.09 

-3-(-2) -2.5 13 3.38 1.75 

-2-(-1) -1.5 42 10.91 12.95 

-1-0 -0.5 114 29.61 35.2 

0-1 0.5 162 42.08 35.2 
1-2 1.5 45 11.69 12.95 
2-3 2.5 5 1.3 1.75 

Total 385 100 100 
Mean=2658.71, SD=471.27 

 

Graph 5: Percent distribution of birth weight 
 

 
 

Table 9 and Graph 5 reveal that the percent distribution of birth weight was negatively 

skewed with mean 2658.71 and SD 471.27 gm. In expected data, 50% birth weight 

was below the average birth weight, but in observed data, 44.94% birth weight was 

below the average birth weight. The difference between them was not statistically 

significant. 
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                         Table 10: Percent distribution of fetal length 
 

Z-score 
group fetal 

length 

Midpoint of 
z-score 

group fetal 
length 

 Frequency distribution 
 

Subjects 
(n) 

Observed 
(%) 

Normal 
distribution (%) 

  <-3 -3.5 4 1.04 0.09 

-3-(-2) -2.5 15 3.9 1.75 

-2-(-1) -1.5 31 8.05 12.95 

-1-0 -0.5 143 37.14 35.2 

0-1 0.5 137 35.58 35.2 

1-2 1.5 53 13.77 12.95 

2-3 2.5 2 0.52 1.75 

Total 385 100 100 

Mean=48.02, SD= 3.61 
 
 

Graph 6: Percent distribution of fetal length 
 

 
 

Table 10 and Graph 6 reveal that the percent distribution of fetal length was normally 

distributed with mean 48.02 and SD 3.61cm. There were no differences between the 

expected and observed distributions. 
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Table 11: Percent distribution of fetal head circumference 
 

Z-score group 
fetal head 

circumference 

Midpoint of z- 
score group fetal 

head 
circumference 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 

distribution 
(%) 

<-3 -3.5 8 2.08 0.09 

-3-(-2) -2.5 11 2.86 1.75 

-2-(-1) -1.5 26 6.75 12.95 

-1-0 -0.5 122 31.69 35.2 

0-1 0.5 173 44.94 35.2 

1-2 1.5 42 10.91 12.95 

2-3 2.5 3 0.78 1.75 

Total 385 100 100 
Mean= 33.53, SD= 2.22 

 
    

Graph 7: Percent distribution of fetal head circumference 
 

 

 

 

 

 

 

 

 

Table 11 and Graph 7 reveal that the percent distribution of fetal head circumference 

was negatively skewed with mean 33.53 and SD 2.22 cm. In expected data, 50% fetal 

head circumference was below the average head circumference, but in the observed 

data, 43.38% of babies fetal head circumference was below the average head 

circumference, it was significant at p<0.05. 
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Table 12: Percent distribution of fetal abdominal circumference 
 

Z-score group  
of abdominal 
circumference 

Midpoint of z-
score group  

of abdominal 
circumference 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution(%) 

 <-3 -3.5 1 0.26 0.09 

-3-(-2) -2.5 6 1.56 1.75 

-2-(-1) -1.5 47 12.21 12.95 

-1-0 -0.5 121 31.43 35.2 

0-1 0.5 166 43.12 35.2 

1-2 1.5 32 8.31 12.95 

2-3 2.5 11 2.86 1.75 

3+ 3.5 1 0.26 0.09 
Total 385 100 100 

Mean=28.93, SD= 2.37 
 

Graph 8: Percent distribution of fetal abdominal circumference 
 

 
 

Table 12 and Graph 8 reveal that the percent distribution of fetal abdominal 

circumference was negatively skewed with mean 28.93 and SD 2.37 cm. In expected 

data, 50% fetal abdominal circumference was below the average abdominal 

circumference, but in observed data, 45.45% fetal abdominal circumference was 

below the average abdominal circumference. The difference between them was not 

statistically significant. 
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Table 13:  Distribution of sex of the fetus 

 
 

Sex of the 

fetus 

Subjects 

(n) 

% 

Male 195 50.65 

Female 190 49.35 

Total 385 100 
 

 

Table 13 shows the distribution of sex of the fetus. 50.65% of newborns were male 

and 49.35% were female. 
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3. Percent distribution of  placental  parameters: 

Table 14: Percent distribution of the weight of the placenta 
 

Z-score 
group  of 
weight of 
placenta 

Midpoint 
of z-score 
group  of 
weight of 
placenta 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 

-3-(-2) -2.5 6 1.56 1.75 
-2-(-1) -1.5 53 13.77 12.95 
-1-0 -0.5 145 37.66 35.2 
0-1 0.5 127 32.99 35.2 
1-2 1.5 43 11.17 12.95 
2-3 2.5 9 2.34 1.75 
3+ 3.5 2 0.52 0.09 

Total 385 100 100 
Mean=420.39, SD= 94.81 

                
Graph 9: Percent distribution of the weight of the placenta 

 

 
 

Table 14 and Graph 9 reveal that the percent distribution of the weight of the placenta 

was positively skewed with mean 420.39 and SD 94.81 gm. In expected data, 50% 

placenta weight was above the average placenta weight, but in observed data, 47.01% 

were above the average. The difference was not significant. 
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Table 15: Percent distribution of the volume of placenta 
 

Z-score 
group  of 
volume of 
placenta 

Midpoint 
of z-score 
group  of 
volume of 
placenta 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 

-3-(-2) -2.5 6 1.56 1.75 

-2-(-1) -1.5 53 13.77 12.95 

-1-0 -0.5 148 38.44 35.2 

0-1 0.5 125 32.47 35.2 

1-2 1.5 40 10.39 12.95 

2-3 2.5 10 2.6 1.75 

3+ 3.5 3 0.78 0.09 

Total 385 100 100 
Mean= 415.86, SD= 95.52 

 

Graph 10: Percent distribution of the volume of placenta 
 

 
 

Table 15 and Graph 10 reveal that the percent distribution of the volume of the 

placenta was positively skewed with mean 415.86 and SD 95.52 ml. In expected data, 

50% placenta volume was above the average volume, but in observed data, 46.23% 

placenta volume was above the average placental volume, the difference was not 

significant. 
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Table 16: Percent distribution of the surface area of the placenta 
 

Z-score 
group  of 

surface area 
of placenta 

Midpoint of 
z-score 

group  of 
surface area 
of placenta 

Subjects 
(n) 

Frequency distribution 

Observed (%) 
Normal 

distribution 
(%) 

-3-(-2) -2.5 6 1.56 1.75 

-2(-1) -1.5 49 12.73 12.95 

-1-0 -0.5 156 40.52 35.2 

0-1 0.5 105 27.27 35.2 

1-2 1.5 57 14.81 12.95 

2-3 2.5 10 2.6 1.75 

3+ 3.5 2 0.52 0.09 

Total 385 100 100 
Mean= 236.46, SD= 51.38 

 

Graph 11: Percent distribution of the surface area of the placenta 
 

 
 

 
 

Table 16 and Graph 11 reveal that percent distribution of the surface area of the 

placenta was positively skewed with mean 236.46 and SD 51.38 cm2. In expected 

data, 50% of the surface area of the placenta was above the average, but in observed 

data, 45.19% were above the average surface area of the placenta, the difference was 

not significant. 
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Table 17: Percent distribution of number of cotyledons of the placenta 
 

Z- score 
group  of  

No. of 
cotyledons 

Midpoint 
of z- score 
group  of 

No. of 
cotyledons 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution   

(%) 

-3-(-2) -2.5 4 1.04 1.75 

-2-(-1) -1.5 31 8.05 12.95 

-1-0 -0.5 166 43.12 35.2 

0-1 0.5 107 27.79 35.2 

1-2 1.5 66 17.14 12.95 

2-3 2.5 9 2.34 1.75 

3+ 3.5 2 0.52 0.09 
Total 385 100 100 

Mean= 19.77, SD= 4.15 
 
 

Graph 12: Percent distribution of number of cotyledons of the placenta 
 

 
 

Table 17 and Graph 12 reveal that the percent distribution of cotyledons of the 

placenta was positively skewed with mean 19.77 and SD 4.15. In expected data, 50% 

of cotyledons of placenta were above the average No. of cotyledons, but in observed 

data, 47.79% were above the average No. of cotyledons of the placenta, the difference 

was significant at p<0.01. 
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Table 18: Percent distribution of No. of blood vessels/villi of the placenta 
 

Z-score 
group  of No. 

of blood 
vessels/villi 

Midpoint of 
z-score 

group  of 
No. of blood 
vessels/villi 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution   

(%) 

-3-(-2) -2.5 3 0.78 1.75 
-2-(-1) -1.5 51 13.25 12.95 
-1-0 -0.5 160 41.56 35.2 
0-1 0.5 115 29.87 35.2 
1-2 1.5 45 11.69 12.95 
2-3 2.5 4 1.04 1.75 
3+ 3.5 7 1.82 0.09 

Total 385 100 100 

Mean= 6.73, SD= 1.34 
 

Graph 13: Percent distribution of No. of blood vessels/villi of the placenta 
 

 
 

Table 18 and Graph 13 reveal that the percent distribution of No. of blood vessels/villi 

of the placenta was positively skewed with mean 6.73 and SD 1.34. In expected data, 

50% number of blood vessels/villi of the placenta was above the average No. of blood 

vessels/villi, but in observed data, 44.42% were above the average No. of blood 

vessels/villi of the placenta, the difference was not significant. 
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                            Table 19: Cord attachment of the placenta 

Cord 
attachment 

Subjects (n) % 

Central 35 9.091 
Eccentric 282 73.25 
Marginal 56 14.55 

Velamentous 12 3.117 
Total 385 100 

 

Table 19 shows the distribution of cord attachment of the placenta.73.24% of 

umbilical cord showed eccentric attachment, 14.54% showed marginal attachment, 

9.09%  showed central and 3.12% showed velamentous attachment. 

 
  Table 20: Membrane attachment of the placenta 

Type of 
attachment 

Subjects % 

Membranous 305 79.22 
Circummarginate 56 14.55 

Circumvallate 24 6.23 
Grand Total 385 100 

 

Table 20 shows the distribution of membrane attachment of the placenta. 79.22% of 

placentae showed membranous attachment, 14.55% showed circummarginate 

attachment and 6.23% showed circumvallate attachment. 

 
Table 21: Anomalies of the placenta 

Anomalies Subjects (n) % 
No anomalies 211 54.81 

Infarction 82 21.30 
Calcium salts 43 11.17 
Infarction and 
calcium salts 

49 12.73 

Total 385 100 
 

Table 21 shows the distribution of anomalies of the placenta. 54.81% of placentae 

were normal, 21.30% were infarcted, 11.17% showed calcium salt deposition and 

12.73% showed both infarction and calcium salt deposition. 
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4. Percent distribution of  cellular expression of VEGF: 

Table 22: Percent distribution of STB cells VEGF 
 

Z-score group  of 
STB cells VEGF 

Midpoint of z-score 
group  of STB cells 

VEGF 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution   

(%) 
<-3 -3.5 1 0.26 0.09 

-3-(-2) -2.5 3 0.78 1.75 
-2-(-1) -1.5 52 13.51 12.95 
-1-0 -0.5 147 38.18 35.2 
0-1 0.5 123 31.95 35.2 
1-2 1.5 47 12.21 12.95 
2-3 2.5 12 3.12 1.75 

Total 385 100 100 
Mean= 114.75, SD= 9.44 

 
 

Graph 14: Percent distribution of STB cells VEGF 
 

 
 

Table 22 and Graph 14 reveal that the percent distribution of STB cells VEGF of the 

placenta was positively skewed with mean 114.75 and SD 9.44. In expected data, 

50% of STB cells VEGF of the placenta was above the average of STB cells VEGF, 

but in observed data, 47.27% were above the average of STB cells VEGF of the 

placenta. The difference between them was not statistically significant. 
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Table 23: Percent distribution of BV VEGF 
 

Z-score 
group  of 

BV VEGF 

Midpoint 
of z-score 
group  of 

BV 
VEGF 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution   

(%) 

-3-(-2) -2.5 11 2.86 1.75 

-2-(-1) -1.5 53 13.77 12.95 

-1-0 -0.5 111 28.83 35.2 

0-1 0.5 159 41.3 35.2 

1-2 1.5 43 11.17 12.95 

2-3 2.5 8 2.08 1.75 

Total 385 100 100 

Mean= 117.64, SD= 11.43 
 

Graph 15: Percent distribution of BV VEGF 
 

 
 
Table 23 and Graph 15 reveal that the percent distribution of BV VEGF of the 

placenta was negatively skewed with mean 117.64 and SD 11.43. In expected data, 

50% of BV VEGF of the placenta was below the average of BV VEGF, but in 

observed data, 45.45% were below the average of BV VEGF of the placenta. The 

difference between them was not statistically significant. 
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Table 24: Percent distribution HC VEGF 
 

Z-score 
group  of 

HC VEGF 

Midpoint 
of z-score 
group  of 

HC 
VEGF 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 

-3-(-2) -2.5 12 3.12 1.75 

-2-(1) -1.5 52 13.51 12.95 

-1-0 -0.5 131 34.03 35.2 

0-1 0.5 130 33.77 35.2 

1-2 1.5 50 12.99 12.95 

2-3 2.5 8 2.08 1.75 

3+ 3.5 2 0.52 0.09 

Total 385 100 100 

Mean= 121.02, SD= 9.34 
 

Graph 16: Percent distribution of Hofbauer cells VEGF 

 

 
 
Table 24 and Graph 16 reveal that the percent distribution of HC VEGF of the 

placenta was normally distributed with mean 121.02 and SD 9.34. There were no 

differences between the expected and observed distributions. 
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Table 25: Percent distribution total VEGF 
 

Z-score 
group  of 

total  
VEGF 

Midpoint of 
z-score 

group  of 
total  VEGF 

Subjects 
(n) 

Frequency distribution 

Observed 
(%) 

Normal 
distribution 

(%) 

-3-(-2) -2.5 4 1.04 1.75 

-2-(-1) -1.5 67 17.4 12.95 

-1-0 -0.5 115 29.87 35.2 

0-1 0.5 145 37.66 35.2 

1-2 1.5 44 11.43 12.95 

2-3 2.5 9 2.34 1.75 

3+ 3.5 1 0.26 0.09 

Total 385 100 100 

Mean= 117.81, SD= 8.03 
 

Graph 17: Percent distribution of total VEGF 
 

 
 
Table 25 and Graph 17 reveal that the percent distribution of total VEGF of the 

placenta was negatively skewed with mean 117.81 and SD 8.03. In expected data, 

50% of the total level of VEGF of the placenta was below the average level of VEGF, 

but in observed data, 48.31% were below the average level of VEGF of the placenta. 

The difference between them was not statistically significant. 
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Expression of VEGF by maternal, fetal and placental growth parameters: 
 

I. Expression of VEGF by maternal parameters: 

Expression of VEGF by age of the mother: 

Table 26: Expression of VEGF by the age of the mother 

Age group of  
the mother         
(in years) 

Intensity of 
STB 

Intensity of 
BV 

Intensity of 
HC 

Total 
VEGF 

intensity 
p-value 

<20 N 5 5 5 5 NS 

 
Mean 113.40 114.67 117.97 115.34  

 
SD 6.42 7.75 6.23 5.86  

20-24 N 103 103 103 103 HC(p<0.001) 

 
Mean 113.88 115.45 119.53 116.28  

 
SD 9.03 11.83 9.32 8.21  

25-29 N 50 50 50 50 HC(p<0.001) 

 
Mean 111.47 112.64 120.95 115.02  

 
SD 8.78 11.09 6.50 7.17  

30-34 N 10 10 10 10 NS 

 
Mean 114.47 118.79 117.75 117.00  

 
SD 9.97 9.85 11.43 7.67  

35+ N 5 5 5 5 NS 

 
Mean 115.60 110.57 118.57 114.91  

 
SD 14.77 14.89 10.28 12.28  

Total N 173 173 173 173 HC(p<0.001) 

 Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 
(NS-Not significant) 
 
Table 26 shows the expression of VEGF by the age of the mother. The cellular 

expression of VEGF did not change with the maternal age (19 - 35+). The cellular 

expression between the cells was more in HC cells than STB and BV, which was 

significant at p<0.001 in 20 - 24, 25 - 29 and total age group mothers.  
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Expression of VEGF by parity: 
 

Table 27: Expression of VEGF by parity 

Parity 
Intensity of 

STB 
Intensity 

of BV 
Intensity 

of HC 
Total VEGF 

intensity 
p-value 

Primipara N 83 83 83 83 HC(p<0.001) 

 
Mean 112.04 114.51 119.44 115.33  

 
SD 8.16 11.70 8.98 7.91  

Multipara N 90 90 90 90 HC(p<0.001) 

 
Mean 114.37 114.80 120.06 116.41  

 
SD 9.79 11.30 8.28 7.89  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 
 

 

Table 27 shows the expression of VEGF by parity. The expression of VEGF did not 

change with the parity. The expression was increased slightly in multipara than 

primipara, but it was not significant (p>0.05). The cellular expression between the 

cells was more in HC cells than STB and BV, which was significant at p<0.001 in 

both the groups. 

 

 

 

 

 

 

 



Results 

 Page 78 
  

Expression VEGF by mode of delivery: 

Table 28: Expression VEGF by mode of delivery 

Type of delivery 
Intensity of 

STB 
Intensity of 

BV 
Intensity of 

HC 

Total VEGF 

intensity 

p-value 

Normal 
vaginal 

N 102 102 102 102 
HC(p<0.001) 

 
Mean 114.10 116.09 120.42 116.87  

 
SD 8.96 11.14 8.20 7.39  

C/S N 71 71 71 71 HC(p<0.001) 

 
Mean 112.04 112.62 118.82 114.49  

 
SD 9.24 11.83 9.20 8.43  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 

 

Table 28 shows the VEGF expression by mode of delivery. The expression of VEGF 

did not change with the mode of delivery. The cellular expression between the cells 

was more in HC cells than STB and BV, which was significant at p<0.001 in both the 

groups. 
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Expression of VEGF by the hemoglobin level of the mother: 

Table 29: Expression of VEGF by the hemoglobin level of the mother 

Hemoglobin 

group of mother 

(g/dL) 

Intensity of 

STB 

Intensity of 

BV 

Intensity of 

HC 

Total 

VEGF 

intensity 

p-value  

7-10.9 N 77 77 77 77 HC(p<0.001) 

 
Mean 115.22* 115.70 119.90 116.94  

 
SD 9.62 11.30 9.06 8.16  

11+ N 96 96 96 96 HC(p<0.001) 

 
Mean 111.67 113.83 119.65 115.05  

 
SD 8.40 11.68 8.32 7.62  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 

Table 29 shows the expression of VEGF by maternal hemoglobin level. VEGF was 

increased in STB, BV cells and total in 7 - 10.9 g/dL hemoglobin group mothers than 

the normal hemoglobin group (11+ g/dL). But the rise in STB was significant at 

p<0.05. The VEGF in HC cells did not change. The cellular expression between the 

cells was more in HC cells than STB and BV, which was significant at p<0.001 in 

both the hemoglobin group. 
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II. Expression of VEGF by fetal parameters: 
 

Expression of VEGF by gestational age: 
 

Table 30: Expression of VEGF by gestational age 

Gestational age 
group (in 

weeks) 

Intensity of 
STB 

Intensity of 
BV 

Intensity of 
HC 

Total VEGF 
intensity 

p-value 

<37 N 25 25 25 25 BV(p<0.05) 

 
Mean 109.56 116.02 116.65 114.07 HC(p<0.001) 

 
SD 8.23 10.07 6.54 6.21 

 
37-38 N 59 59 59 59 

 

 
Mean 113.37 113.93 121.78 116.36 HC(p<0.001) 

 
SD 11.46 12.42 8.74 9.11 

 
39-40 N 77 77 77 77 

 

 
Mean 113.41 115.07 117.32 115.26 HC(p<0.001) 

 
SD 7.41 12.09 7.59 7.65 

 
41+ N 12 12 12 12 STB(P<0.001) 

 
Mean 119.33*** 112.86*** 132 *** 121.40** HC(p<0.001) 

 
SD 2.60 4.38 4.73 2.12 

 
Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89 

 

 
SD 9.11 11.52 8.63 7.90 

 
(***p<0.001, **p<0.01, *p<0.05) 
 
Table 30 shows the expression of VEGF by gestational age. The expression of VEGF 

did not change with gestation from 32 - 40 weeks of gestation. The VEGF level was 

increased in 41+ weeks of gestation significantly than 32 - 40 weeks, differences 

between them were significant at p<0.001. The VEGF was increased in HC cells than 

STB, BV cells, which was very highly significant at p<0.001 and in BV cells of <37 

(p<0.05) and in 41+ STB cells (p<0.001). 
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Expression of VEGF by sex of the fetus: 

                        Table 31:  Expression of VEGF by sex of the fetus 

Sex of fetus 
Intensity 

of STB 

Intensity of 

BV 

Intensity of 

HC 

Total VEGF 

intensity 

p-value 

Male N 84 84 84 84 HC(p<0.001) 

 
Mean 113.30 116.49* 120.23 116.67  

 
SD 10.02 12.34 8.35 7.97  

Female N 89 89 89 89 HC(p<0.001) 

 
Mean 113.20 112.94 119.33 115.15  

 
SD 8.22 10.46 8.91 7.80  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

(*p<0.05) 
 

Table 31 shows the VEGF expression by sex of the fetus. The VEGF expression was 

increased in BV in male than a female fetus, which was significant at p<0.05. The 

cellular expression between the cells was more in HC cells than STB and BV, which 

was significant at p<0.001 in both the groups. 
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Expression of VEGF by birth weight: 
 

Table 32:  Expression of VEGF by birth weight 
 

Birth weight group 

(in gm) 

Intensity 

of STB 

Intensity of 

BV 

Intensity 

of HC 

Total VEGF 

intensity 

p-value 

2000-2499 N 36 36 36 36 HC(p<0.01) 

 
Mean 113.84 116.75 119.67 116.75  

 
SD 10.41 7.93 8.22 6.79  

2500-2999 N 90 90 90 90 HC(p<0.001) 

 
Mean 112.03 114.76 119.70 115.49  

 
SD 8.25 12.05 8.47 7.49  

3000+ N 47 47 47 47 HC(p<0.001) 

 
Mean 115.15 112.89 119.96 116.00  

 
SD 9.19 12.68 8.67 9.21  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 
Table 32 shows the expression of VEGF by birth weight. The VEGF expression did 

not change with the birth weight. The cellular expression between the cells was more 

in HC cells than STB and BV, which was significant at p<0.001 in 2500 - 2999 and 

3000+ group, and 2000 - 2499 at p<0.01. 
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Expression of VEGF by the length of the fetus: 

Table 33: Expression of VEGF by the length of the fetus 

Fetal length 

group (in cm) 

 

Intensity of 

STB 

Intensity of 

BV 

Intensity of 

HC 

Total VEGF 

intensity 

p-value 

<45 N 17 17 17 17 HC(p<0.05) 

 
Mean 113.90 116.14 121.34 117.13  

 
SD 11.07 10.80 8.49 7.92  

45-56 N 156 156 156 156 HC(p<0.001) 

 
Mean 113.18 114.50 119.59 115.76  

 
SD 8.70 11.59 8.62 7.85  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 
Table 33 shows the expression of VEGF by the length of the fetus. The VEGF 

expression did not change with the length. The cellular expression between the cells 

was more in HC cells than STB and BV, which was significant at p<0.001 in the 45 -

56 length group and in <45 at p<0.05. 
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Expression of VEGF by head circumference: 

               Table 34:  Expression of VEGF by head circumference 
 
Head 

circumference 

group (in cm) 

Intensity of 

STB 

Intensity of 

BV 

Intensity of 

HC 

Total VEGF 

intensity 

p-value 

<32 N 35 35 35 35 HC(p<0.001) 

 
Mean 112.85 116.08 119.09 116.01  

 
SD 9.61 9.89 6.73 6.68  

33-35 N 117 117 117 117 HC(p<0.001) 

 
Mean 112.80 114.33 119.62 115.58  

 
SD 8.53 12.07 8.97 8.10  

36+ N 21 21 21 21 HC(p<0.05) 

 
Mean 116.44 114.14 121.69 117.42  

 
SD 11.08 11.20 9.63 8.76  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 

Table 34 shows the expression of VEGF by head circumference. The VEGF did not 

change with the head circumference. The cellular expression between the cells was 

more in HC cells than STB and BV, which was significant at p<0.001 in <32, 33 - 35 

and in total groups and 36+ at p<0.05. 
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III. Expression of VEGF by placental parameters: 
 
Expression of VEGF by placental weight: 
 

Table 35: Expression of VEGF by placental weight 
 
Placenta 

weight group 

(in cm) 

Intensity of 

STB 

Intensity of 

BV 

Intensity of 

HC 

Total 

VEGF 

intensity 

p-value 

<400 N 50 50 50 50 HC(p<0.01) 

 
Mean 113.25 115.77 118.42 115.81  

 
SD 9.49 12.67 9.86 8.42  

400-

600 
N 114 114 114 114 

HC(p<0.001) 

 
Mean 113.20 114.61 120.33 116.04  

 
SD 8.98 10.70 7.92 7.51  

600+ N 9 9 9 9 HC(p<0.05) 

 
Mean 113.92 109.27 120.10 114.43  

 
SD 9.46 13.43 9.57 9.78  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 
Table 35 shows the expression of VEGF by placental weight. The VEGF expression 

did not change with the placental weight. The cellular expression between the cells 

was more in HC cells than STB and BV, which was significant at p<0.001 in 400 - 

600 and in total and in <400 at p<0.01 and in 600+ at p<0.05. 
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Expression of VEGF by placental volume: 
 

                        Table 36: Expression of VEGF by placental volume 
 

Placenta 
volume group 

(in ml) 

Intensity of 
STB 

Intensity of 
BV 

Intensity 
of HC 

Total VEGF 
intensity 

p-value 

<400 N 57 57 57 57 HC(p<0.05) 

 
Mean 113.90 117.05 118.28 116.41  

 
SD 9.80 12.13 8.71 7.93  

400-600 N 105 105 105 105 HC(p<0.001) 

 
Mean 112.58 113.57 120.23 115.46  

 
SD 8.64 10.82 8.26 7.65  

600+ N 10 10 10 10 NS 

 
Mean 115.34 111.43 121.45 116.07  

 
SD 9.73 12.91 9.97 9.55  

Total N 172 172 172 172 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.89  

 
Table 36 shows the expression of VEGF by placental volume. The VEGF expression 

did not change with the placental weight. The cellular expression between the cells 

was more in HC cells than STB and BV, which was significant at p<0.001 in 400 - 

600 and in total and in <400 at p<0.05 and in 600+ though the expression was 

increased, it was not statistically significant. 
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Expression of VEGF by placental surface area: 
 
        Table 37: Expression of VEGF by the placental surface area 
 

Placental 
surface area (in 

cm2) 

Intensity of 
STB 

Intensity of 
BV 

Intensity of 
HC 

Total VEGF 
intensity 

p-value 

<200 N 26 26 26 26 NS 

 
Mean 112.36 114.84 116.73 114.31  

 
SD 9.88 14.59 8.79 8.88  

200-300 N 121 121 121 121 HC(p<0.001) 

 
Mean 113.37 114.93 120.42 116.24  

 
SD 9.20 11.27 8.47 7.86  

300+ N 25 25 25 25 HC(p<0.01) 

 
Mean 114.12 113.35 120.92 116.13  

 
SD 7.56 9.37 8.53 7.07  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

  
26 26 26 26  

 

Table 37 shows the expression of VEGF by the placental surface area. VEGF 

expression did not change with the placental surface area. The cellular expression 

between the cells was more in HC cells than STB and BV, which was significant at 

p<0.001 in 200 – 300 and in total and in 300+ at p<0.01 and in <200 though the 

expression was increased, it was not statistically significant. 
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Expression of VEGF by the number of cotyledons of the placenta: 
 

Table 38: Expression of VEGF by the number of cotyledons of the placenta 
 

Cotyledons 
group 

Intensity of 
STB 

Intensity of 
BV 

Intensity of 
HC 

Total VEGF 
intensity 

p-value  

10-25 N 145 145 145 145 HC(p<0.001) 

 
Mean 112.87 114.83 119.27 115.66  

 
SD 9.27 11.93 8.63 8.08  

25+ N 28 28 28 28 HC(p<0.001) 

 
Mean 115.23 113.82 122.29 117.11  

 
SD 7.85 8.93 8.17 6.87  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

 

Table 38 shows the expression of VEGF by the number of cotyledons of the placenta. 

The VEGF expression did not change with the number of placental cotyledons. The 

cellular expression between the cells was more in HC cells than STB and BV, which 

was significant at p<0.001 in all the groups. 
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Expression of VEGF by umbilical cord attachment: 
 

Table 39:  Expression of VEGF by umbilical cord attachment 
 

Umbilical cord 
attachment 

Intensity of 
STB 

Intensity of 
BV 

Intensity of 
HC 

Total VEGF 
intensity 

p-value 

Central N 15 15 15 15 NS 

 
Mean 116.15 119.40 123.14 119.56  

 
SD 11.34 10.22 9.23 7.78  

Eccentric N 127 127 127 127 HC(p<0.001) 

 
Mean 113.32 114.70 119.18 115.73  

 
SD 8.18 11.78 8.69 7.73  

Marginal N 26 26 26 26 HC(p<0.001) 

 
Mean 110.79 112.47* 121.14 114.80  

 
SD 10.84 10.14 7.91 7.99  

Velamentous N 5 5 5 5 NS 

 
Mean 115.75 110.92 117.36 114.68  

 
SD 14.07 13.95 8.01 11.39  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 SD 9.11 11.52 8.63 7.90  
(*p<0.05, NS=not significant) 

Table 39 shows the expression of VEGF by attachment of the umbilical cord. The 

expression of VEGF from normal attachment (central to eccentric) to abnormal 

(marginal and velamentous) reduced consistently. But the difference between the 

expression of VEGF from central to marginal attachment was statistically significant 

in BV cells (p<0.05). In the velamentous cord, the VEGF level was less than other 

types, but we could not conclude anything due to less sample size in that group. The 

cellular expression between the cells was more in HC cells than STB and BV, which 

was significant at p<0.001 in eccentric and marginal cord attachment and total, and in 

central and velamentous, though the expression was increased, it was not statistically 

significant. 
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Expression of VEGF by membrane attachment of the placenta: 

Table 40: Expression of VEGF by membrane attachment of the placenta 

Membrane attachment 
Intensity 
of STB 

Intensity 
of BV 

Intensity 
of HC 

Total VEGF 
intensity 

p-value 

Membranous N 139 139 139 139 HC(p<0.001) 

 
Mean 113.39 114.96 119.88 116.07  

 
SD 9.40 11.70 8.94 8.05  

Circummarginate N 23 23 23 23 NS 

 
Mean 115.01 115.31 119.39 116.56  

 
SD 8.17 10.36 8.24 7.68  

Circumvallate N 11 11 11 11 HC(p<0.001) 

 
Mean 107.82*** 109.62 119.13 112.19*  

 
SD 4.54 11.25 5.30 5.68  

Total N 173 173 173 173 HC(p<0.001) 

 
Mean 113.25 114.66 119.76 115.89  

 
SD 9.11 11.52 8.63 7.90  

(***p<0.001, *p<0.05, NS=not significant) 

Table 40 shows the expression of VEGF by the membrane attachment. The 

expression of VEGF was reduced consistently from normal membrane attachment to 

circumvallate. The differences between membranous and circumvallate were 

significant in STB (p<0.001) and total (p<0.05) expression. The cellular expression 

between the cells was more in HC cells than STB and BV, which was significant at 

p<0.001 in membranous, circumvallate and in total and in circummarginate though 

the expression was increased in HC cells, it was not statistically significant. 
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Expression of VEGF by the number of blood vessels/villi: 
 

Table 41: Expression of VEGF by the number of blood vessels/villi 

Blood vessels 
group 

Intensity of 
STB 

Intensity 
of BV 

Intensity 
of HC 

Total VEGF 
intensity 

p-value 

4-9 N 169 169 169 169 HC(p<0.001) 

 
Mean 113.30 114.68 119.69 115.89  

 
SD 9.17 11.60 8.61 7.96  

10+ N 4 4 4 4 HC(p<0.05) 

 
Mean 110.99 114.16 123.05 116.07  

 
SD 5.95 8.53 8.96 5.01  

Total N 173 173 173 173 HC(p<0.001) 

 Mean 113.25 114.66 119.76 115.89  

 SD 9.11 11.52 8.63 7.90  
 

Table 41 shows the expression of VEGF by the number of blood vessels/terminal 

villi. The VEGF did not change with the number of blood vessels/terminal villi. The 

cellular expression between the cells was more in HC cells than STB and BV, which 

was significant at p<0.001 in 4-9 and in total and in 10+ at p<0.05. 
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IV. Expression of VEGF in complicated pregnancies: 

                        Table 42:  Expression of VEGF in complicated pregnancies 

Case Subjects 
Intensity of STB Intensity of BV Intensity of HC Total VEGF 

intensity 
p-value 

Mean SD Mean SD Mean SD Mean SD 
Normal 70 111.97 8.29 112.56 12.38 119.98 8.54 114.84 8.13 HC(p<0.001) 

PE 33 117.89*** 9.58 123.97*** 10.81 121.99 9.84 121.28*** 8.09 BV(p<0.05) 
Eclampsia 7 118.26 9.57 115.01 12.38 119.56 10.35 117.61 9.37 NS 

GHP 23 112.32 8.76 117.68* 7.77 121.31 8.50 117.11 6.90 
BV(p<0.05) 
HC(P<0.001) 

IUGR 30 121.35*** 10.36 124.69*** 10.32 123.02 7.97 123.02*** 7.42 NS 

GDM 13 115.45 12.22 125.24*** 13.59 123.30 14.06 121.33 11.66 NS 
Anemia 41 115.31 9.77 118.84** 9.99 121.74 7.58 118.63** 6.95 HC(P<0.001) 

Hypothyroid 42 115.62* 8.58 119.44** 11.93 123.59* 8.28 119.55*** 7.67 HC(P<0.001) 

APH 10 110.97 10.20 121.85* 10.78 120 9.97 117.61 8.79 
BV(p<0.05) 
HC(p<0.05) 

PROM 52 118.68*** 7.96 117* 11.41 122.74 10.89 119.48*** 8.06 HC(P<0.01) 
Oligohydramnios 29 118.48*** 8.43 122.24*** 8.68 122.60 6.21 121.11*** 5.10 HC(P<0.05) 

Congenital 
anomalies 

18 113.30 10.65 125.38*** 10.62 123.53 10.11 120.74*** 7.55 
BV(p<0.001) 
HC(p<0.01) 

Low birth weight 92 114.73* 8.93 118.45*** 9.09 120.89 8.50 118.02** 6.63 
BV(p<0.01) 
HC(P<0.001) 

Polyhydramnios 9 113.78 5.53 122.22** 8.71 121.93 8.53 119.31* 5.64 
BV(p<0.05) 
HC(p<0.05) 

(***p<0.001,**p<0.01,*p<0.05,NS=not significant) 



Results 

 Page 93 
  

Table 42 shows the VEGF expression in normal and complicated pregnancies. 

The cellular expression was more in HC cells of normal than STB and BV cells, 

which was significant at p<0.001. 

In PE and IUGR placenta, the VEGF was increased significantly in all the 

cells and in total than the normal, which was very highly significant at p<0.0001 in 

STB, BV and total. Though the expression was increased in the HC cell, it was not 

significant. In PE, comparing the cellular expression between the cells, we found the 

expression was more in BV cells which was significant at p<0.05. In IUGR, the 

expression level was not significant between the cells.  

In eclampsia, though the expression level was increased than the normal, it 

was not statistically significant and the difference between the cell group was also not 

significant.  

In GHP, the VEGF level was increased in all the cells and was statistically 

significant only in BV cells (p<0.05) of GHP than the normal. In GHP, when the 

comparison was made between three cells, the cellular expression was found more in 

HC (p<0.001) and BV cells (p<0.05). 

In GDM, the expression level of VEGF was increased in all the cells 

compared to normal, was significantly high in BV cells at p<0.0001 than the normal. 

The difference between the cell group was not significant. 

In anemia, the expression of VEGF was increased in all the cells, but a 

significant difference was observed in BV and total, and was highly significant at 

p<0.01. When cells were compared for expression between the cells, the cellular 

expression was found more in HC cells (p<0.001). 

In hypothyroid, the VEGF was significantly increased in STB , HC cells 

(p<0.05), BV cells (p<0.05) and in total (p<0.001) than normal. When cells were 
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compared for expression between the cells, the cellular expression was found to be 

more in HC cells (p<0.001). 

In APH, the expression was significantly increased in BV, HC, and in total, 

but significantly increased in BV cells (p<0.05). The cellular expression between the 

cells was more in HC and BV cells (p<0.05). 

In PROM, the expression was very highly significant in STB and total 

(p<0.001) and was significant in BV cells (p<0.05), though the expression was more 

in HC cells, it was not significant, but when comparing the expression between cells, 

HC cells exhibited a significant rise (p<0.01). 

In oligohydramnios, the VEGF increased in STB, BV and in total, which was 

significant at p<0.001, though the expression was more in HC cells, it was not 

significant, but when comparing the expression between cells, HC cells displayed a 

significant rise (p<0.05). 

In a congenital anomaly, the expression was very highly significant in BV and 

total (p<0.001), though the expression was more in HC and STB cells, it was not 

significant. When we compared expression between the cells, BV cells showed more 

expression at p<0.001 and HC cells at p<0.01. 

In low birth, the VEGF increased in BV (p<0.001), total (p<0.01) and in STB 

(p<0.05), though the expression was more in HC cells, it was not significant. The 

expression between the cells was increased in HC (p<0.001) and BV cells (p<0.01). 

In polyhydramnios, the VEGF was significantly high in BV cells (p<0.01) and in total 

(p<0.05), though the level was more in HC and STB cells, which was not significant. 

The expression between the cell group BV and HC cells showed more intensity 

(p<0.05). 
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5. DISCUSSION 

The present study was conducted in the department of Anatomy. The samples 

were collected from the Obstetrics and Gynaecology Unit, Dr Prabakar Kore 

Charitable Hospital, Belagavi. The study aimed to check the expression of VEGF in 

the placenta and its association with growth parameters to study its role in growth. To 

study the role of VEGF in the growth of the placenta and fetus, we compared the 

expression of VEGF with morphometrical variables of the placenta and fetus. The 

VEGF in the placenta helps in the sprouting of first blood vessels. The development 

of vessels is important in the transport of nutrition between maternal circulation and 

placenta, which determines the growth of the placenta and thereby the fetus. We, 

therefore, presumed that the VEGF stimulates the growth of the placenta by 

increasing branching (vessel formation) and non-branching angiogenesis thereby 

increasing surface area and vascular permeability for nutrition transport, which is 

reflected through placental growth which in turn increases the fetal growth. 

Expression of VEGF by maternal parameters:  

Expression of VEGF by maternal age: 

The cellular expression of VEGF did not change with the maternal age (19 - 

35+). A serum analysis study showed that the VEGF level at 8 - 20 weeks of gestation 

did not correlate with maternal age.48 By these results, we can say that VEGF 

expression was not affected by maternal age. 
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Expression of VEGF by parity and gravidity: 

In this study, VEGF expression did not change with parity and gravidity. A 

study showed that serum VEGF level did not change with the parity of the mother at 8 

- 20 weeks of pregnancy.48 Therefore, the VEGF expression was not affected by the 

parity and gravidity of the mother. 

Expression of the VEGF by mode of delivery:  

The expression of VEGF did not change with the mode of delivery. Malamitsi 

Pucher A et al have reported similar findings with serum level VEGF at term. By our 

results, we can say that VEGF expression was not affected by the mode of delivery.140 

Expression of VEGF by the hemoglobin level of the mother:  

The expression of VEGF was increased in STB, BV cells and total in 7 - 10.9 

g/dL hemoglobin group mothers than the normal hemoglobin group (11+ g/dL). But 

the VEGF expression in STB was increased significantly in 7 - 10.9 g/dL hemoglobin 

group mothers (p<0.05). The low hemoglobin level decreases the oxygen content of 

the blood. VEGF is a hypoxia-inducible factor. The increased expression in this study 

was due to hypoxia-induced VEGF secretion.141 

Expression of VEGF by fetal parameters:  

Expression of VEGF by gestational age:  

  In this study, the VEGF expression did not change from 32 - 40 weeks of 

pregnancy.  In >37 weeks of gestation, the VEGF level was  109.56 ± 8.23 in  STB, in 

BV it was 116.02 ± 10.07, in  HC it was 116.65 ± 6.54 and the total expression was  

114.07 ± 6.21. In 37 - 38 weeks of gestation, the VEGF level in STB was 113.37 ± 
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11.46, in BV it was 113.93 ± 12.42, in HC it was 121.78 ± 9.11 and the total was 

116.36 ± 9.11. In 39 - 40 weeks of gestation, the VEGF level in STB was 113.41 ± 

7.41, in BV it was 115.07 ± 12.09, in HC it was 115.26 ± 7.65 and the total was 

115.26 ±7.65. In 41+ weeks of gestation, the expression was increased significantly 

compared to 32 - 40 weeks of pregnancy. The VEGF level in STB was 119.33 ± 2.60, 

in BV it was 112.86 ± 4.38, in HC it was 132 ± 4.73 and the total was 121.40 ± 2.12. 

The VEGF expression was increased significantly in 41+ weeks compared to 32 - 40 

weeks, the rise in the expression was statistically significant (p<0.001). As the 

gestational age advances, blood vessel formation increases, the oxygen level becomes 

stable through vasodilation of blood vessels by NO.142 At the end of pregnancy, blood 

vessel formation was stabilized and sufficient oxygen supply may be the reason why 

we did not see changes in the level of VEGF in 32 - 40 weeks of gestation. VEGF was 

increased in 41+ weeks, may be due to placental insufficiency. Because after 40 

weeks of gestation, calcium and fibrin start depositing on villi which limits the blood 

supply.143 A histological study also showed underperfused villi in the placenta of 

prolonged pregnancy.144 This reduces amniotic fluid volume, which compresses the 

umbilical cord.145-147 So, there was hypoxia created by placental insufficiency. The 

increased expression of VEGF in 40+ weeks of gestation in this study was, may be 

due to hypoxia created by placental insufficiency.  

A study showed that the VEGF was regulated differentially depending upon 

the physiological needs of the mother and fetus throughout gestation.148 

Expression of VEGF by sex of fetus:  

VEGF was increased in the male fetus. The expression in the BV cell was 

116.49 ± 12.34 in males and 112.94 ± 10.46 in females, the rise in VEGF was 
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statistically significant (p<0.05). One of the studies showed increased angiogenic 

factors (PlGF, VEGF) in women carrying a male fetus. Male baby carrying women 

show more pro-angiogenic response.149 Our study also agrees with these reports that 

VEGF expression was affected by the sex of fetus.  

Expression of VEGF by fetal morphometrical parameters:  

VEGF expression did not change with the birth weight, length, head and 

abdominal circumference of the fetus from 32 - 41+ weeks of gestation. Sundrani et al 

in their longitudinal study of angiogenic factors and their association with fetal 

growth measures in normal pregnancy showed that VEGF expression at term, the 

average of gestational age was 39.36 ± 1.1 weeks, was not correlated with birth 

weight, length and head circumference of the fetus. But they found that a correlation 

between early expression VEGF with birth weight at 16 - 20 weeks of pregnancy and 

with the length at 26 - 30 weeks of pregnancy.148 

In a study of  angiogenic factors and their association with birth outcomes 

showed that VEGF expression in normal (gestational age 39 ± 1 weeks) and in PE  

(gestational age 38 ± 1 weeks) did not show association with birth weight, fetal 

length, head and chest circumference.150 

In another study of  basic fibroblast growth factor and VEGF in early neonatal 

life found that serum level of VEGF at term [an average of gestational age was 38.8 ± 

1.1 weeks (range, 37 - 40 weeks)] did not show association with birth weight.140,151 

A study also found no association between fetal sizes with VEGF-A 

expression in a pig.152 
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These studies did not mention the molecule of VEGF studied and all studied 

plasma and serum level VEGF at term were from 37 - 40 weeks. But in this study, we 

studied VEGF-A165 molecule and was an immunohistochemical study of placental 

tissue. Our study was focused on one molecule i.e. VEGF-A165. In serum and 

plasma, other molecules of  VEGF were also present so we cannot say their exact 

role. From our study, we can say that fetal growth from 32 - 41+ weeks of gestation 

was not associated with placental expression of  VEGF-A165 molecule.  

Expression of VEGF by placental morphometrical parameters: 

VEGF expression from 32 - 41+ weeks of gestation did not change with the 

placental weight, volume, surface area and number of cotyledons from 32 - 41+ 

weeks of gestation. Our study confirms fetal morphometrical findings because fetal 

growth is a reflection of placental weight,153 volume, surface area and several 

cotyledons of the placenta. The relationship of the placenta and newborn birth weight 

is 1: 6, which implies that fetal development relies on placental function and 

development.154 

Expression of VEGF by attachment of umbilical cord: 

The expression of VEGF was reduced significantly as the cord becomes 

noncentral [from central (119.40 ± 10.22) to marginal (112.47 ± 10.14) attachment] 

consistently which was significant at p<0.05. In the velamentous cord (110.92 ± 

13.95), the expression reduced from central but could not get statistically significant 

results due to less sample (n= 5) in this group. A study reported that abnormal 

umbilical cord attached placentae had sparse blood vessels, this we can correlate with 

the reduced VEGF.155 Another study also reported reduced VEGF expression in 
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anatomical malformation of the umbilical cord and abnormal cord attachment 

(marginal). This research demonstrated that VEGF was involved in umbilical cord 

development.156 From our result we can confirm that reduced VEGF caused abnormal 

umbilical cord attachment. 

Expression of VEGF by membrane attachment of placenta:  

The VEGF was reduced prominently in the circummarginate and 

circumvallate type of membrane attachment of placentae than membranous. With this 

result and above abnormal umbilical cord attachment result, we can say that reduced 

VEGF affected the morphology of the placenta. 

Expression of VEGF by the number of blood vessels/villi of the placenta:   

The VEGF expression did not change with the number of vessels. By this 

result, we can say that after 32 weeks of gestation, VEGF did not affect the number of 

vessels. The VEGF helps in maintaining the blood vessels and vascular permeability 

than angiogenesis.60 

Expression of VEGF in complicated pregnancies:  

The VEGF was increased significantly in PE (121.28 ± 8.09) and IUGR 

(123.02 ± 7.42) cases compared to other complicated cases and the normal (114.84 ± 

8.13), which was very highly significant at p<0.001. A study by Vassilis T showed 

increased VEGF mRNA levels in placental tissue and plasma of PE and IUGR cases 

compared to control. Maternal free and bound VEGF-A was higher in PE and IUGR 

compared to control. They also found that sflt was more in PE and IUGR.88 Another 

immunohistochemical studies also reported increased expression of  VEGF in PE 

placentae.83,92 
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In GHP, the expression of VEGF was increased in all the cells and was 

statistically significant only in BV cells (117.68 ± 7.77, p<0.05) of GHP than the 

normal. A study showed increased expression of VEGF in STB cells of the placenta 

and concluded that the increased VEGF can be used as a biomarker of hypertensive 

disorders of pregnancy.89 Another serum analyses study also showed increased 

expression of VEGF in pregnancy-induced hypertension.157 

In pregnancy-induced hypertensive diseases and IUGR pregnancies, there is 

an inadequate invasion of trophoblast cells, this leads to failure in spiral artery 

remodelling resulting in poor perfusion and hypoxia.158-161 The VEGF is a hypoxia-

inducible factor. The increase in VEGF in these cases was, may be due to hypoxia. 

In GDM cases, the expression of VEGF increased in BV cells significantly 

(125.24 ± 13.59, p<0.001). A study showed increased VEGF in diabetic rats.77 But, in 

another study, the expression was normal in hyperglycemic mothers and increased in 

overt diabetic mothers.80 The impaired glucose level may be the reason for the 

increase of VEGF in GDM pregnancies.79, 161,162 

The expression of VEGF increased significantly in hypothyroid (119.55 ± 

7.67) and anemia (118.63 ± 6.95) cases compared to normal (114.84 ± 8.13). A study 

showed avascular villi, fibrin deposition, increased syncytial knots, cytotrophoblast 

cell proliferation and stromal fibrosis in anemia placenta. This study showed that 

morphological changes were a sign of chronic hypoxia and placental insufficiency.163 

Even hypothyroidism causes morphological and histochemical changes in the 

placenta.164,165 
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In hypothyroid and anemia, both cause structural changes in the placenta that 

lead to placental insufficiency. The increased expression was, may be due to a 

compensatory mechanism. 

The VEGF expression was also increased significantly in the PROM (119.48 ± 

8.06) cases. The role of VEGF in amnion and fetal membranes is still unknown. 

A study also showed increased expression of VEGF in preterm PROM 

pregnancy in fetal membranes.166 Similar results were found in cord blood of term and 

preterm rupture of membranes.167 This study showed that the elevated VEGF was, 

may be from the placenta or fetus.167 In another study, increased expression of VEGF 

was also observed in the decidua.166 From previous reports and our study, we can say 

that the rupture of the membrane was regulated by VEGF-A from the fetal membrane, 

decidua, and placenta together. Both fetal and maternal interaction regulates the 

PROM.166 The mechanism behind the increased VEGF-A in PROM needs to be 

explored. 

The VEGF expression was increased in both oligohydramnios and 

polyhydramnios cases significantly. A study showed that esophageal ligation in sheep 

increased expressions of VEGF. This study concluded that increased VEGF 

stimulates vascularity and permeability which may cause polyhydramnios.168 Another 

study also found increased VEGF in oligohydramnios in rat models.169 These results 

clearly show that VEGF has a role in maintaining amniotic fluid quantity.170  The 

mechanisms behind this need to be explored. 

The VEGF level was increased significantly in low birth placentae. A study 

also showed increased serum VEGF in small birth at term babies.171 We also noticed a 
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rise in the VEGF level in the placentae of congenital anomaly cases. Carmeliet P and 

Ferrara N showed that the absence of the VEGF gene caused abnormal angiogenesis, 

defect in heart development and defect in the development of vessels in organs and 

placenta.33,34  So, we can say that alterations in VEGF level can cause birth defects. 

Our study showed an increase in the VEGF level in all the complicated 

pregnancies. Many studies concentrated on identifying VEGF as a marker of PE and 

IUGR pregnancies. But there is a lack of reports on the role of VEGF in all other 

complicated pregnancies. The increase in VEGF was, may be compensatory because 

hypoxia is common in all pregnancy-related disorders.172,173 Similar studies may be 

required to understand the mechanisms behind the increase in VEGF in these 

complications. 
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6. CONCLUSION 

VEGF is an angiogenic growth factor that helps in blood vessel formation in 

the placenta and decidua, thereby helping in nutrition transport and growth of the 

fetus. In this study, we studied the role of VEGF in the growth of the fetus by 

comparing the placental and fetal parameters with VEGF expression from 32 - 41+ 

weeks of pregnancy. The VEGF expression was stabilized in the third trimester of 

pregnancy. The expression was increased in 41+ weeks due to placental insufficiency. 

The VEGF did not show a relationship with fetal and placental growth measures. 

Therefore, from our study, we can say that VEGF was not associated with growth, but 

its stabilized expression was important in maintaining pregnancy. Hence VEGF level 

at term cannot be useful in predicting the fetal growth parameters. Also, the VEGF 

expression was not influenced by maternal factors. But it was dependent on the sex of 

the fetus and hemoglobin level of mothers.  

The VEGF level was reduced in the abnormal umbilical cord and membranous 

attachment of placentae. The reduced VEGF level may cause morphological 

malformations of the placenta. So VEGF may be involved in the development of 

umbilical cord and fetal membranes. 

The VEGF was increased in all the complicated pregnancies, significantly in 

PE and IUGR. Many studies have been limited to the role of VEGF in PE and IUGR 

pregnancies. In our study, we observed that VEGF was increased significantly in 

many complications not only in PE and IUGR. Therefore, from this study, we can say 

that VEGF alone cannot be useful in predicting the complications. Combinations with 

other markers will be beneficial in differentiating multiple complications. The 
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molecular mechanisms behind this increase in the VEGF level in these complications 

need to be explored. 

Limitations and recommendations: 

1. This is an immunohistochemical study of the placenta; there is a lack of 

literature on immunohistochemical results to compare the VEGF level with 

growth parameters.  Similar studies may be required to confirm our results.  

2. The VEGF level was increased in all the complicated pregnancies. Further 

studies can be conducted to understand the molecular mechanisms behind this 

as there are no studies so far explaining its role in complicated pregnancies 

other than PE and IUGR cases. 
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7. SUMMARY 

 VEGF is a dominant angiogenic growth factor, prominently expressed in the 

placenta. VEGF stimulates the proliferation of CT cells for the invasion of decidua 

and spiral artery remodelling thereby helping in initiating uteroplacental circulation. 

This is also a vascular permeability factor that increases vascular permeability by 

stimulating NO secretion. NO is a vasodilator that reduces the peripheral resistance of 

the maternal vessel and increases the cardiac output thereby increasing the nutrition 

transport and growth of the fetus. The early expression level of VEGF was correlated 

with a rise in the number of placental and endometrial vessels with placental and fetal 

weight. In later stages of pregnancy, it helps in nonbranching angiogenesis. But there 

is a lack of literature on its role in the growth of the placenta and fetus in later stages 

of pregnancy. The present research was therefore intended to study the placental 

VEGF in later pregnancy and its relationship with growth parameters. The present 

study was carried out in the department of Anatomy J. N. Medical College, Belagavi. 

Samples were collected from the Obstetrics and Gynaecology Unit, Dr Prabhakar 

Kore Charitable Hospital, Belagavi. The sample size was 385.  Placentae of singleton 

pregnancy of 32 - 41+ weeks of gestation were collected. The placentae were 

observed for the attachment of cord and membranes, then a central section was taken 

and processed for immunohistochemistry and H and E staining. The slides were 

stained with VEGF-A165 mouse monoclonal antibody. Photos of the stained slides 

were taken and intensity was quantified using the Image J Software. 

Expression of VEGF-A was observed in STB, BV and HC cells. The mean 

and SD of the intensity of these cells were tabulated. To check the goodness of data, 

the chi-square test was applied by taking expected and observed frequencies. Using 

the midpoint of z-score, observed and expected frequencies, normal distribution curve 
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was prepared to check whether it was normally distributed or not. The z-test was 

applied to check the differences in the VEGF level with the group of each variable. 

The expression of VEGF in complicated pregnancies was tabulated and studied 

separately. 

The VEGF level did not change from 32 - 40 weeks of gestation. The 

expression was increased significantly in 41+ weeks of gestation due to hypoxia 

created by placental insufficiency in prolonged pregnancy.  

The expression of VEGF was compared with maternal age, mode of the 

delivery gravidity and parity. The expression of VEGF did not change with these 

parameters of the mother. But the mothers with less hemoglobin levels showed a 

significant increase in the VEGF. This was, may be due to hypoxia created by less 

oxygen.  

To find the role of VEGF in the growth of the placenta and fetus, we 

compared placental and fetal morphometrical parameters with the VEGF level of 32 - 

41+ weeks of gestation. The expression did not show any relationship with the 

placental and fetal growth parameters. But the VEGF level was dependent on the sex 

of the fetus. The male fetus showed increased placental VEGF expression due to more 

proangiogenic response than the female fetus.   

We also observed decreased expression of VEGF with the abnormal umbilical 

cord and membranous attachment of the placenta.   

The expression of VEGF was also studied in complicated pregnancies. The 

expression level was more in PE and IUGR cases than all other complications. But the 

expression was increased significantly in all the complicated pregnancies compared to 

normal cases. 
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