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Abstract 

Background:  Pre-eclampsia is the most popular disorder that affects first pregnancies. The clinical manifestations are highly 

variable, but hypertension and proteinuria are usually seen. Pre-eclampsia is a multisystem illness, but its aetiology is poorly 

understood. Pre-eclampsia has linked to a variety of system abnormalities, including ion transport disorders in neonatal, 

maternal, and placental cell lines. 

Objective: The aim of the current study is to estimate the expression of placental Na-K ATPase in pre-eclampsia patients 

compared with normal pregnancies by immunohistochemistry, as well as other histological parameters. 

Design and Methods: This was a case-control study consisting of 90 cases that were divided into two groups, 50 normal 

pregnancies (control), and 40 pre-eclampsia (patients). The current study included histologic examination of placental tissue 

along with immunohistochemical expression of Na-K ATPase was carried out in all samples. 

Results: Histomorphometric changes revealed significant differences for the following parameters: syncytial knots, stromal 

fibrosis, and the number of capillaries in terminal villi. While the results of immunohistochemical expression of placental Na-K 

ATPase revealed a significant difference in expression of cytotrophoblasts and decidual cells in pre-eclamptic placental tissue. 

Conclusion: This study concluded various placental changes detected by histological and immunohistochemical techniques. 

Keywords: Pre-eclampsia, Hypertension, Immunohistochemical, Placenta Tissue. 

1. Introduction 

Pre-eclampsia (PE) is a disorder of human pregnancy diagnosed by proteinuria more than 300 mg/day and 

hypertension [1]. It is a serious disorder that may lead to mother and fetal morbidity and death. The 

condition starts after twenty weeks of pregnancy [2]. Pre-eclampsia is classified as mild or severe based on 

the severity of hypertension, the amount of proteinuria, and the extent to which other organ systems are 

impacted [3]. Although the exact cause of pre-eclampsia is unclear, except that the pathogenesis is thought 

to occur in two stages. The first stage starts in the placenta is a pre-clinical condition characterized by 

abnormal trophoblastic vascular of uterine arteries, resulting in placental hypoxia. While the second stage 

is characterized by an abnormal maternal endothelial response, resulting in hypertension, proteinuria, and 

edema [4,5].  

So that, factors that have been likely to play a role in the etiology of pre-eclampsia are included: first: 

Abnormal Trophoblastic Invasion, the extravillous trophoblast proliferates from an anchoring villous during 

normal placental implantation. In the inner part of the myometrium, the cytotrophoblast invades the 

uterine spiral arteries. Invasion of the spiral arteries is associated with tunica media degeneration and 

fibrinoid material replacement, resulting in loss of resistance and marked dilatation of the spiral artery, as 
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well as increased intervillous blood flow [6]. In pre-eclamptic patients, the placenta suffers from defective 

implantation. The disease process is composed of two phases. The first phase is characterized by patchy 

trophoblast invasion so that the spiral arteries retain their muscular walls which will prevent the 

development of high-flow, low- impedance uteroplacental circulation [7]. The pre-eclamptic placenta grows 

high resistance, resulting in reduced flow of blood and inefficient perfusion. These will result in placental 

ischemia and hypoxia. This most likely results in the formation of reactive oxygen species. When the body's 

normal endogenous antioxidants are depleted, oxidative stress occurs. This is most likely central to the 

clinical syndrome of pre-eclampsia [8].  

While the second factor included Inflammatory Factors: endothelial cell dysfunction may be caused by an 

overly activated state of leukocytes in the maternal circulation, according to one theory [9].  Briefly, 

cytokines like tumor necrosis factor-  (TNF-) and interleukins (IL) may contribute to the oxidative stress 

associated with PE [10]. This is distinguished by reactive oxygen species and free radicals, which result in 

the formation of self-propagating lipid peroxides [11]. These, in turn, produce highly toxic radicals that 

cause endothelial cell injury, alter nitric oxide production, and disrupt prostaglandin balance. Other effects 

of oxidative stress include the production of lipid-laden macrophage foam cells, which is seen in 

atherosclerosis; activation of macrovascular coagulation, which is expressed by thrombocytopenia; and 

increased capillary permeability, which is manifested by edema and proteinuria [12].  

Also, the third factor involves Immunological Changes: there is maternal immune tolerance to parentally 

derived placental and fetal antigens. PE syndrome is caused by a loss of tolerance or a disruption in its 

regulation [13]. There are numerous inferential data that point to an immune-mediated disorder. For 

example, the risk of PE is significantly increased when the formation of blocking antibodies to placental 

antigenic sites is hampered. In this case, the first pregnancy would be riskier [14]. Some women have 

elevated serum levels of antiangiogenic factors. One of these factors, soluble FMS-like tyrosine kinase 1 

(sFLT-1) [15]. sFLT-1 is an antiangiogenic factor expressed as an alternatively spliced VEGFR-1 variant that 

lacks both the transmembrane and cytoplasmic domains. sFlt-1 linked to VEGF and PlGF, inhibiting 

angiogenesis via VEGFR [16]. So, another factor included genetic factors: for daughters of pre-eclampsia 

mothers, the risk of PE is 20% to 40%; for sisters of pre-eclampsia women, the risk is 11 to 37%; and for 

twin pregnancies, the risk is 22 to 47 percent [17,23-38]. Finally, the last factor involve nutritional factors: 

in general, a diet high in antioxidant-rich fruits and vegetables is associated with lower blood pressure [18]. 

The incidence of PE was most doubled in women whose daily ascorbic acid consumption was less than 85 

mg [19]. The aim of the current study is to estimate the expression of placental Na-K ATPase in pre-

eclampsia patients compared with normal pregnancies by immunohistochemistry, as well as other 

histological parameters.  

2. Experimental 

2.1. Ethics Issues 

The current sampling procedure was approved by the Babylon health directorate's research ethics 

committee. This work was permitted from the scientific committee of maternity and children hospital in 

Babylon governorate, Hilla city.  
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2.2. Study Design 

This was a case-control study consisting of 90 cases, and these cases were divided into two groups, 50 

normal pregnancy (control) and 40 pre-eclampsia (patients).  

 

2.3. Chemicals  

All chemical substances were obtained from commercially available sources.  

2.4. Collection of Placental Samples 

The placenta samples were collected from all pregnant subjects after delivery by using a disposable cup. A 

small piece of placenta tissue was placed in a cup and preserved normal saline until delivered to the 

laboratory. Placental samples were sonicated by ultrasonic cleaner for 15  min at room temperature for 

obtaining cell suspension for DNA extraction. After sonication, 10 mL from the normal saline supernatant 

was transferred to  a plain tube. The supernatant was centrifuged for 10 min at 16000 g then, the 

supernatant was discarded, and the precipitate stored at -20 C for genetic study. Whereas the remaining 

placental tissue was preserved in 10% formal-saline for histological and immunohistochemically study. 

 

2.5. Preparation of Histological Sections 

Placental tissue samples were taken with a thickness of 2 mm. Tissue processing was done according to [20] 

. 

2.6. Immunohistochemistry Staining Protocol 

The immunohistochemistry detection kit is a reliable and convenient tool to identify specified gene 

expression on tissues. In this study, the procedure of immunohistochemistry staining was carried out 

according to a kit from Bio SB, USA [20], and using Na-K ATPase antibody as a marker. This method includes 

many steps illustrated as following    

1. The section with paraffin embedding tissue was cut by microtome at 4 microns. 

2. The slides were put in an incubator at 60 ⸰C for overnight. 

3. The dewaxing was removed by xylene three times, each for 5 min. 

4. The slides were dehydrated by ethanol alcohol, by using different concentrations of 100%, 90%, 70%, 50% 

each change of concentration incubated for 5 min. 

5. The retrieval solution was put in the water bath and when the temperature was 65 ⸰C the slides were put 

and when temperature 99 ⸰C was left for 20 min. 

6. The slides were removed from the retrieval solution and let cold then, washed with buffer solution three 

times. 

7. The slides were made with peroxidase solution for 5 min. then, washed with buffer solution three times. 

8. The primary antibody was added for 40 min. then, washed with buffer solution three times. 

9. The secondary antibody was permitted to link for 15 min. then, washed with buffer solution three times. 
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10.  The HRP was applied for 15 min. then, washed with buffer solution three times . 

11.  The DAB was added for 15 min. then, washed with buffer solution 3 times . 

12.  Counter stain was added on the slides (Harris's Hematoxylin was used to stain the nucleus, and Eosin Y was 

used to stain cytosol) for 1 min. 

13.  The slides were washed with D.W. and repeated steps of rehydration and clearing. 

14.  The cover slide was mounted, then examined by a microscope. 

2.6.1. Evaluation of Immunohistochemistry Staining Results 

Immunohistochemistry was given intensity and percentage scores, based on the intensity of positive 

staining and number of cells staining, respectively. A scale of (0-4) was used to measure relative intensity 

with (0) corresponding to no detectable IHC reaction and (1  (4-  equivalents to low, moderate, and high, 

respectively. Positive cells were counted in ten different fields at 1000 X for each sample and the average 

of positive cells of the ten fields was determined assigning cases to one of the following scores as below 

1. Score 0 (Negative): No stained cells . 

2. Score 1 (+): The positive cells (stained) represented 10% of total cells . 

3. Score 2 (++): The positive cells (stained) represented more than 10% to 30% of total cells . 

4. Score 3 (+++): The positive cells (stained) represented more than 30% to 50% of total cells . 

5. Score 4 (++++): The positive cells (stained) represented more than 50% of total cells. 

2.6.2. Photography  

      Photography was done using digital camera Scopelmage 9.0 (MDCE-5C) with high effective and 24-bit 

true color or higher, resolution 1024 Mb or more. 

 

2.7. Statistical Analysis 

The analysis of results was carried out using Statistical Package of the Social Sciences (SPSS®) version 26 to 

get on the variables as the mean, standard deviation, T-test. A p-value of ≤ 0.05 was considered significant.  

3. Results and Discussion 

Pre-eclampsia is a multisystem and multifactorial disease that affects both mother and fetus by intrauterine 

growth restriction and vascular dysfunction [21].   Although there is much ongoing research in the field of 

pre-eclampsia the definitive cause of this condition is not yet known. Several causes of this syndrome have 

been postulated, including abnormal formation of the placenta, chemical imbalances, genetic factors, and 

immunological mechanisms [22]. 

The results of the histomorphometric in placental tissue are shown in Table (1). The results showed syncytial 

knots significantly higher in pre-eclampsia patients compared with control group. Also, the results of 

stromal fibrosis showed significantly higher in pre-eclampsia patient compared with control group. As well 

as the results of the number of capillaries in terminal villi appeared significantly higher in pre-eclampsia 

patients compared with control group.  
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Table (1): Histomorphometric Finding in Placental Tissue for Pre-eclampsia Patients Compared with Normal 

Pregnancies 

No. Histological Lesion Control 

Mean ± SD 

Pre-eclampsia 

Mean ± SD 

P-value 

1.  Calcifications 0.23 ± 0.61 0.21 ± 0.67 0.96 

2.  Fibrinoid Necrosis 3.80 ±1.40 4.1 ± 2.90 0.073 

3.  Number of Capillaries in 

Terminal Villi 

2.30 ±1.22 4.90 ±1.54 ˂ 0.001* 

4.  Placental Infarction 0.13 ± 0.34 0.23 ± 0.64 0.427 

5.  Stromal Fibrosis 0.42 ± 0.53 2.02 ± 0.71 0.002* 

6.  Syncytial Knots 21.60 ± 3.10 26.25 ± 5.1 0.013* 

 *p value < 0.05 was significant 

While the results of fibrinoid necrosis showed no significance in the present study between pre-eclampsia 

patients compared with control group. Also, the results of placental infarction showed no significance in 

pre-eclampsia patient compared with control group. As well as the results of the calcifications appeared no 

significance in pre-eclampsia patients compared with control group. 

IHC is an invaluable validation tool in biomarker discovery. However, considering the excessive number of 

existing studies proposing novel IHC biomarkers, markers validated in several clinical cohorts are extremely 

few, stressing the need to raise quality standards for clinical biomarker studies. Even if results can be 

reproduced, the transition towards a routinely used marker is complex. For a new factor to become of 

potential value in the clinic, it has to add an important value compared with other already used factors.    

The results of immunohistochemical staining of antibody Na-K ATPase of placental tissue as shown in Tables 

(2), (3) and Figures (1), (2), (3), (4) and (5) for control and pre-eclampsia patient showed higher percent 

significantly for cytotrophoblasts at >75% and <50% in pre-eclampsia patient compared with the control 

group. Also, the results appeared syncytial knots higher present significantly at >50% in pre-eclampsia 

patients compared with the control group. As well as the results showed decidual cells higher present 

significantly at 30-50% in pre-eclampsia patients compared with the control group. While the results of 

spiral arteriolar endothelial cells and villous arteriolar endothelial cells showed no significance in the 

present study between pre-eclampsia patients compared with control group.  

Table (2): Expersion of Na-K ATPase in  Cytotrophoblats Cell and Syncitial knots of Plasenta by 

Immunohistochemical 

 Cytotrophoblats Syncitial knots 

<50% 50-75% >75% <30% 30-50% >50% 

Control 1 

 (2%) 

42  

(84%) 

4 

 (8%) 

14  

(28%) 

32  

(64%) 

4  

(4%) 

Pre-eclampsia 2  

(6.06%) 

6 

 (18.18%) 

25 

 (75.75%) 

10  

(30.3%) 

17 

 (51.5%) 

6 

 (18.18%) 
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P-value <0.001 0.03* <0.001* 0.75 0.53 <0.001* 

 

 

 

Table (3): Expersion of Na-K ATPase in Spiral Arteriolar Endothelial Cells, Villous Arteriolar Endothelial Cells 

and Decidual Cells of Plasenta by Immunohistochemical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Immunohistochemical Staining of Placental Tissue for Control Showing Positive Staining of 

Syncytial Knots (Solid Blue Arrow) and Cytotrophoblats (Empty Blue Arrow), with Staining of Endothelial 

Cells (Yellow Arrow) 

 Spiral Arteriolar Endothelial Cells Villous Arteriolar Endothelial Cells Decidual Cells 

<10% 10-30% >30% <10% 10-30% >30% <30% 30-50% >50% 

Control 13 

(26%) 

14 

(28%) 

23 

(47%) 

16 

(32%) 

20 

(40%) 

14 

(28%) 

31 

(62%) 

10 

(20%) 

9 

(18%) 

Pre-

eclampsia 

9 

(27.27%) 

12 

(36.36%) 

12 

(36.36%) 

8 

(24.24%) 

13 

(39.39%) 

12 

(36.36%) 

4 

(12.12%) 

11 

(33.33%) 

8 

(24.24%) 

P-value 0.45 0.702 0.38 0.34 0.64 0.81 0.14 <0.001 0.946 
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Figure (2): Immunohistochemical Staining of Placental Tissue for Pre-eclampsia Showing Positive Staining 

of Syncytial Knots (Solid Blue Arrow) and Cytotrophoblats (Empty Blue Arrow), with Staining of Endothelial 

Cells (Yellow Arrow) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Immunohistochemical Staining of Placental Tissue for Pre-Eclampsia Showing Positive Staining 

of Syncytial Knots (Solid Blue Arrow) and Cytotrophoblats (Empty Blue Arrow), with Staining of Endothelial 

Cells (Yellow Arrow) 



Nat.Volatiles&Essent.Oils,2021;8(5):8861-8872 
 

 

 

8868 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): Immunohistochemical Staining of Placental Tissue for Control with Anti Na-K ATPase of Spiral 

Arterioles Showing   Thin Muscular Wall and Positive Endothelial Cell 

 

 
 

Figure (5): Pre-eclampsia: Immunohistochemical staining with anti-Na-K ATPase of spiral arterioles 

showing thick arteriosclerosis and positive endothelial staining 
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4. Conclusions 

This study concluded various placental changes detected by histological and immunohistochemical 

techniques. Histomorphometric changes revealed significant differences for the following parameters: 

syncytial knots, stromal fibrosis, and the number of capillaries in terminal villi. While the results of 

immunohistochemical expression of placental Na-K ATPase revealed a significant difference in expression 

of cytotrophoblasts and decidual cells in pre-eclamptic placental tissue. 
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