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INTRODUCTION 

Preeclampsia is a pregnancy specific disorder clinically 

characterized by hypertension, proteinuria or presence of 

multiorgan dysfunction. There is a growing body of 

evidence to indicate that endothelial dysfunction has a 

crucial role in the pathogenesis of pre-eclampsia. 

Members of the immunoglobulin superfamily of 

endothelial adhesion molecules, (vascular cell adhesion 

molecule (VCAM-1) and intercellular cell adhesion 

molecule (ICAM-1)) and endothelial inflammatory 

markers (homocysteine and TNF-α) participate in 

leukocyte adhesion to the endothelium and may play an 

important role in pathogenesis of Preeclampsia. For the 
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most part, it is unclear whether these substances 

contribute to endothelial dysfunction or whether their 

dysregulation is a marker of endothelial injury.  

VCAM-1 is a member of the immunoglobulin super 

family. It has a single chain glycoprotein structure and 

functions as a transmembrane receptor in vascular 

endothelial cell membrane. This gene encodes a cell 

surface sialoglycoprotein expressed by cytokine-activated 

endothelium. This type I membrane protein mediates 

leukocyte-endothelial cell adhesion and signal 

transduction, and may play a role in the development of 

artherosclerosis and rheumatoid arthritis. It is located on 

chromosome 1. VCAM-1 is present on a number of 

activated cells, including activated endothelial cells. 

Increased concentrations of VCAM-1 reflect increased 

expression of this molecule on the endothelial surface.1,2 

ICAM-1 is a member of the immunoglobulin super 

family located on chromosome 19, mediates its functional 

activity through binding to leukocyte β2- integrins. The 

ICAM-1 molecule is functionally involved in the 

regulation of adhesion of leukocytes to the endothelium 

as well as in leukocyte migration. This gene encodes a 

cell surface glycoprotein which is typically expressed on 

endothelial cells and cells of the immune system.2 

Homocysteine is a sulphur containing compound that is 

derived from demethylation of the dietary essential amino 

acid methionine to produce compounds required for the 

growth of cells and tissues in the human body. 

Hyperhomocysteinemia is an independent risk factor for 

cardiovascular diseases and common obstetric problems. 

It interferes with fibrinolytic system and undergoes auto- 

oxidation to produce reactive oxygen species (ROS), 

which inactivates nitric oxide and thromomodulin leading 

to endothelial dysfuntion which is associated with 

number of pregnancy associated diseases such as 

gestational hypertension and pre-eclampsia. TNF-α is a 

multifunctional pro-inflammatory cytokine that belongs 

to the tumor necrosis zactor (TNF) super family. This 

cytokine is mainly secreted by macrophages.  

This cytokine is involved in the regulation of a wide 

spectrum of biological processes including cell 

proliferation, differentiation, apoptosis, lipid metabolism, 

and coagulation. This proinflammatory cytokine can be a 

potential marker of the severity of the preeclamptic 

syndrome, without being an indicator of the fetal status at 

birth.3 Objectives of the study was to estimate the 

maternal serum levels of vascular cell adhesion 

molecules-1 (VCAM-1), intercellular adhesion 

molecules-1 (ICAM-1), endothelial inflammatory 

markers TNF-α and homocysteine in normal pregnancies, 

gestational hypertension and pre-eclampsia and to 

correlate them with clinical presentation, so that the 

association and co relation with the pathology can be 

understood and the knowledge so gained can be used for 

the prevention and prediction of pre-eclampsia.  

METHODS 

The study was conducted in Department of Obstetrics and 

Gynaecology and Biochemistry, ESIC-PGIMSR, 

Basaidarapur, New Delhi between October 2013 and 

April 2015. The study was approved by Institutional 

Ethical Committee. Sample size was 150 pregnant 

women [Control group of Normotensive women (50), 

Study group -1 Gestational Hypertensive women (50) and 

Study group-2 Pre-eclamptic women (50)]. 

Pregnant women meeting the following inclusion and 

exclusion criteria were selected after obtaining a written 

and informed consent. Inclusion criteria were 

primigravida with singleton pregnancy with 34 weeks to 

40 weeks’ period of gestation. 

Exclusion criteria were pregnant women with multiple 

pregnancies, chronic hypertension, diabetes mellitus and 

heart disease, history of peripheral vascular diseases, 

deranged renal function, tuberculosis, sepsis, pancreatitis, 

rheumatoid arthritis and neoplasia, BMI<19 and BMI>30 

kg/m2, presence of any acute febrile illness. 

Detailed history was taken and thorough clinical 

evaluation was done and relevant investigations were 

sent. 

In all the groups, maternal blood was collected before 

delivery and assayed for Serum levels of VCAM-1, 

ICAM-1, TNF-α, homocysteine.  

5ml peripheral venous blood sample was collected in SST 

II advanced gel separator vacuum evacuated collection 

tubes from BD. Blood so collected was allowed to clot 

for 15-20 minutes.  

Samples were then centrifuged at 3500 rpm for 10 

minutes and the supernatant was analyzed for serum 

homocysteine immediately and rest of the serum was 

stored in three aliquots at -20 degree Celsius (one each 

for ICAM-1, VCAM-1 and TNF-α) till batch analysis 

was carried out by ELISA. All measurements were 

performed by an investigator blinded to the study group 

assignments.  

Estimation of Serum Homocysteine 

Homocysteine (Hcy) is a thiol-containing amino acid 

produced by intracellular demethylation of methionine. 

Serum hcy was estimated by the enzymatic method, using 

Diazyme homocysteine enzymatic assay kit on fully 

automated Beckman AU 480 Bichemistry analyzer. 

Estimation of Serum ICAM-1 

Serum ICAM-1 was estimated by Diaclone human 

sICAM-1/CD54 solid-phase sandwich Enzyme Linked 

Immunosorbent Assay (ELISA) kit which ranged from 

219 to 1042 ng/ml for normal human sera. 
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Estimation of Serum VCAM-1 

Serum VCAM-1 was estimated by Diaclone human 

sVCAM-1/CD106 solid-phase sandwich Enzyme Linked 

Immunosorbent Assay (ELISA) kit which ranged from 

180 to 1502 ng/ml for normal human sera. 

Estimation of Serum TNF-α 

Serum TNF-α was estimated by Diaclone human sTNF-

α/CD106 solid-phase sandwich Enzyme Linked 

Immunosorbent Assay (ELISA) kit. 

Statistical analysis 

Statistical evaluation was carried out using SPSS version 

20.0. The results were expressed as mean±standard 

deviation. Unpaired t-test/ Mann-Whitney U- test was 

applied for determining the significance of difference 

between the cases and controls for different variables. P 

value <0.05 was considered significant and <0.01 was 

considered highly significant. Pearson product-moment 

correlation coefficient (r) was used to find out any 

significant correlation between clinical as well as 

measured biochemical profiles of the cases and the 

controls. Regression analysis was done to find out 

relation between two measured parameters.  

RESULTS 

Maximum number of patient were between age group of 

20 -25 years in all three groups. There was slight increase 

in BMI of gestational hypertensive group (23.84±2.52), 

pre-eclamptic group (23.75±2.26) as compared with 

normotensive group (22.94±2.23). Thus, high BMI may 

be a risk factor for preeclampsia. The mean gestational 

age in normotensive patients was (37.48±1.74) in 

gestational group (37.30±1.66) and in pre-eclamptic 

group was (36.22±1.47). Incidence of caesarean sections 

was more in gestational hypertension women (44%) and 

in pre-eclamptic women (64%) as compared to 

normotensive patients (10%).Thus there is increased risk 

of caesarean delivery in hypertensive disorders of 

pregnancy. There was slightly more incidence of low 

birth weight in gestational hypertensive group (30%) and 

in pre-eclamptic group (36%) as compared with control 

group (22%). Thus, incidence of low birth weight was 

found to be more in babies born to pre-eclamptic mothers 

but it was not statistically significant. The mean of 

VCAM-1 levels in control group was (305.60± 178.54) 

while in gestational hypertension group was 

329.84±197.68 (p=0.531) and in pre-eclamptic women 

was 328.61±180.40 (p=0.542). Thus, in present study 

there were increased levels of VCAM-1 in both study 

groups as compared with control group but the difference 

was not statistically significant. On correlating VCAM-1 

concentrations and TNF α concentration in three groups 

there was positive correlation found in normotensive 

groups (r=0.322, p=0.023*). In gestational hypertension 

group and pre-eclampsia group, a non-significant 

negative correlation was observed. During regression 

analysis between blood pressure and VCAM-1 

concentrations the regression equation was 

SBP=132.7+0.01400 VCAM-1 and 

DBP=75.73+0.005565 VCAM-1 in three study groups 

but it was not statistically significant. 

 

Table 1: Comparison of clinical parameters in normotensive, gestational hypertensive and pre-eclamptic women. 

Parameters 
Normotensive 

women (n=50) 

Gestational 

Hypertensive (n=50) 

Pre-eclamptic 

women (n=50) 
P value 

 A B C B/C 

Age (years) (Mean±SD) 23.68±4.5 25.52±4.16 25.12±3.67 NS 

p-value*  P=0.045* P=0.065  

BMI (kg/m2) (Mean±SD) 22.94±2.23 23.84±2.52 23.75±2.26 NS 

p-value*  0.041   

Gestational age (weeks) Mean±SD 37.48±1.74 37.30±1.66 36.22±1.47 NS 

p-value*  0.57 <0.001  

Pedal oedema in % 6% 12% 24% NS 

p-value*  NS NS  

Systolic BP (mmHg) Mean±SD 112.64±11.47 147.68±7.09 151.36±7.38 NS 

p-value*  <0.001 <0.001  

Diastolic BP (mmHg) Mean±SD 69.92±8.56 88.02±8.88 80.56±9.67 NS 

p-value*  <0.001 <0.001  
p-value*-Comparison of respective groups with control group; P Value (B/C) = Comparison between gestational hypertensive and pre-

eclamptic; *Statistically significant, p value < 0.05, NS=Non-Significant. 

 

 

The mean of ICAM-1 concentration in control group was 

(157.34±38.31), in gestational hypertension group was 

(597.56±343.16) (p <0.001), in pre-eclampsia group, the 

mean ICAM-1 values were 811.46±217.95 (p <0.001). 

The difference in ICAM-1 values of gestational 

hypertension group and pre-eclampsia was also 
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statistically significant (p <0.001). Soluble ICAM-1 

concentrations and TNF α concentration showed a 

significant positive correlation (r=0.273, p=<0.001) when 

correlation studies were carried in the entire 150 subjects 

taken together. On doing regression analysis between 

blood pressure and ICAM -1concentrations the regression 

equation was SBP=119.3+0.03436 ICAM-1 in pregnant 

women and DBP=71.47+0.01159 ICAM-1 in pregnant 

women in three studies groups. It was statistically 

significant (p=<0.001). 

 

Table 2: Comparison of maternal and perinatal outcome parameters in normotensive, gestational hypertensive              

and pre-eclamptic women. 

Parameters 
Normotensive 

women (n=50) 

Gestational 

hypertensive (n=50) 

Pre-eclamptic 

women (n=50) 
P value 

 A B C B/C 

Mode of delivery % of caesarean section 10% 44% 64% NS 

p-value*  NS NS  

Neonatal birth weight (kg) (Mean±SD) 2.74±0.42 2.6±0.475 2.56±0.41 NS 

p-value*  0.36 0.057  

APGAR score at 1 min (Mean±SD) 7.94±1.25 7.56±1.81 7.56±1.72 NS 

p-value*  0.204 0.242  
p-value*-Comparison of respective groups with control group; P Value (B/C) = Comparison between gestational hypertensive and pre-

eclamptic; *Statistically significant, p value < 0.05, NS=Non-Significant. 

Table 3: Comparison of laboratory parameters between control group, gestational hypertensive group and in                     

pre-eclamptic group. 

Measured laboratory  

parameters 

Normotensive 

women (n=50) 

Gestational 

hypertensive (n=50) 

Pre-eclamptic 

women (n=50) 
P value 

 A B C B/C 

Platelet Count (Lakh/mm3) (Mean±SD) 2.82±2.41 2.28±0.51 2.0740±0.509 NS 

p-value*  0.133 0.035*  

AST (U/L) (Mean±SD) 26.90±5.09 36.88±13.79 88.20±63.38 NS 

p-value*  <0.001* <0.001*  

ALT (U/L) (Mean±SD) 30.96±21.25 31.78±21.64 67.38±55.29 NS 

p-value*  0.86 <0.001*  

VCAM-1 (ng/ml) Mean±SD 305.60±1785.04 329.84±197.68 328.61±180.4 0.974 

p-value*  0.531 0.542  

ICAM-I (ng/ml) Mean±SD 157.34±38.31 597.56±343.16 811.46±217.95 <0.001* 

p-value*  <0.001* <0.001*  

Homocysteine mmol/L Mean±SD 8.69±6.34 11.48±6.65 13.30±7.65 0.268 

p-value*  0.022* <0.001*  

TNF-alpha (pg/ml) Mean±SD 4.71±2.81 13.21±9.0 11.16±16.84 0.455 

p-value*  <0.001* 0.008*  
p-value*-Comparison of respective groups with control group; P Value (B/C) = Comparison between gestational hypertensive and pre-

eclamptic; *Statistically significant, p value <0.05, NS=Non-Significant. 

 

The mean value of homocysteine in control group was 

8.64±6.34 mmol/L, in gestational hypertension group was 

11.48±6.65 mmol/L (p=0.022) and in pre-eclamptic 

group, it was 13.30±7.65mmol/L (p <0.001). Thus, 

homocysteine levels increase in hypertensive disorders of 

pregnancy. On doing regression analysis between blood 

pressure and homocysteine concentrations the regression 

equation was SBP=132.5+0.4235 HCY- in pregnant 

women and DBP=75.34+0.1956 HCY- in pregnant 

women in three study groups and was statistically 

significant (p = <0.001). Homocysteine and TNF α 

showed positive correlation in normotensive group and 

gestational hypertensive group but it was not statistically 

significant. In pre-eclamptic group, serum Homocysteine 

and TNF-α levels showed a significant positive 

correlation (p =0.032). The mean value of TNF-α in 

control group was 4.71±2.81, in gestational hypertensive 

group, it was 13.21±9.0 (p <0.001), while mean value in 

pre-eclamptic group was 11.16±16.84 (p=0.008). But on 

comparing gestational hypertensive group and pre-

eclamptic group, no significant difference was found (p 

value=0.455). TNF-α levels were raised in hypertensive 

disorders of pregnancy. 
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Figure 1: Fitted line regression plot between ICAM-1 values and SBP and DBP values in the study population. 
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Figure 2: Fitted line regression plot between VCAM-1 values and SBP and DBP values in the study population. 
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Figure 3: Fitted line regression plot between homocysteine values and SBP and DBP values in the study population. 
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Figure 4: Fitted line regression plot between Serum TNF-α values and SBP and DBP values in the study population. 
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TNF-α levels showed a significant positive correlation 

with Body Mass Index in normotensive patients (r=0.287, 

p=0.043). The correlation was also found to be positive in 

gestational hypertensive patients but correlation was not 

significant (r=0.029, p=0.840). In pre-eclamptic group a 

non-significant negative correlation was observed. TNF α 

levels showed a significant negative correlation with 

diastolic blood pressure in normotensive patients (r=-

0.300 and p=0.034). In gestational hypertensive group 

and in pre-eclamptic group, correlation was not 

significant. On doing regression analysis between blood 

pressure and TNF-α concentrations the regression 

equation was SBP=132.8+0.4529 TNF in pregnant 

women and DBP=77.13+0.03975 TNF in pregnant 

women in three study groups but it was statistically 

significant (p =<0.001) in systolic blood pressure but not 

in diastolic blood pressure. 

DISCUSSION 

Farzadina M et al conducted study which concluded that 

patients with severe preeclampsia had a significantly 

higher mean plasma level of VCAM (1240±553) than 

normal pregnant and mild pre-eclamptic women (P 

<0.05).4 

Farzadina M et al conducted a cross-sectional study to 

determine the plasma concentrations of sVCAM-1, 

ICAM-1 and hs-CRP in peripheral blood obtained from 

normal pregnant women (n=40), mild pre-eclampsia 

(n=37) and severe pre-eclampsia (n=38).5 There were 

significant difference in the means serum hs-CRP 

between normal pregnant women and mild pre-eclamptic 

women (P <0.05). Serum concentration of hs-CRP, 

sVCAM-1 (ng.ml) and sICAM-1 (ng.ml) were 

significantly higher in severe pre-eclampsia (P <0.05) 

than normal pregnancy. There were also significant 

differences in hs-CRP, sICAM- 1 and in sVCAM- 1 

levels between mild and severe pre-eclampsia (P <0.05). 

There was no difference in the mean plasma log sVCAM-

1, sICAM-1 between normal pregnant women and mild 

pre-eclamptic women. 

Study by Patel AP et al demonstrates an increase in the 

homocysteine levels in patients with preeclampsia than 

controls and levels of vitamin B12 and folic acid were 

found in normal limits but in the lower range in all 

groups.6 

In a similar study done by Khosrowbeygi A and 

Ahmadvand H and Laskowska M et al maternal serum 

levels of total homocysteine were significantly higher in 

preeclamptic than in normal pregnant women.7,8 

Some studies suggested that infection and inflammatory 

processes are related to preeclampsia. The role of 

inflammation and infection in the pathogenesis of 

preeclampsia is significant in developing countries, 

where the high incidence of chronic subclinical infection 

may contribute to the high incidence of preeclampsia. 

In a study performed in 2008 increased expression of 

TNF-α mRNA in the placenta of preeclampsia has been 

reported.9 Their findings were consistent with those of 

present study. In a study by Sharma and coworkers 

performed on 104 cases of pre-eclampsia, normal 

pregnancy and non-pregnant women, the levels of TNF- 

α were increased significantly in pre-eclampsia in 

comparison with the healthy pregnant and non-pregnant 

groups.10  

Roudsari FV et al conducted a study on 37 women with 

preeclampsia (17 mild and 20 severe preeclampsia) and 

41 normotensive pregnant women with similar 

gestational age at third trimester of pregnancy.11 All the 

preeclamptic cases had blood pressure ≥140/90 mmHg, 

and proteinuria ≥300 mg in a 24-h urine sample. Maternal 

serum TNF-α concentration was compared in all of them. 

The level of TNF-α concentration was not statistically 

different between the studied groups. No significant 

correlation was found between preeclampsia and control 

group as they were compared in the view of maternal 

serum TNF-α concentration. These findings suggest that 

serum TNF-α is not significantly associated with 

preeclampsia.  

CONCLUSION 

The use of cytokines to predict preeclampsia is still 

controversial. These findings and previous studies 

demonstrated that TNF-α may be involved in the 

pathogenesis of PE and may identify the patients who are 

at high risk of PE. However, for close information, 

further studies in a large volume from different 

population are required. Higher concentrations of 

vascular cell adhesions molecules and inflammatory 

mediators may be responsible for hypertensive disorders 

of pregnancy because endothelial dysfunction is thought 

to be a central pathogenic feature in development of 

preeclampsia. In future, these soluble serum markers may 

be used as diagnostic markers for hypertensive disorders 

of pregnancy and to assess the severity and prognosis of 

disease. 
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