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Abstract  Introduction: The work was carried out in the city maternity hospital of the city of Bukhara, 25 pregnant 
women were tested: 15 women with gestational hypertension and 10 patients without it. As a result of examination during 
pregnancy, which develops with gestational hypertension, the main part of red blood cells, as in the control group 
(89.60±5.60%), was represented by normocytes (65.40±3.50%). At the same time, the development of poikilocytosis was 
also observed. We have shown that during pregnancy with existing gestational hypertension in erythrocytes there was a 
significant (p<0.05) increase in the space index of the width of the cell by its height in the center (Area), which amounted to 
64.84±2.50 μm2 (46.08 ±2.60 μm2). The cell volume values changed even more (10153.19±250.00 μm3 _ 8443.50±223.50 
μm3). Thus, it can be stated that the deformability of erythrocytes shown by us is a decisive factor in changing the state of the 
blood. At the same time, a decrease in the elasticity of the erythrocyte, that is, an increase in their rigidity, leads to an increase 
in its viscosity. Results: During pregnancy formed during PG, the main part of erythrocytes, as in the control group 
(89.60±5.60%), was represented by normocytes (65.40±3.50%) (Fig. 1,2,3,4). At the same time, the development of 
poikilocytosis was also visible. Conclusion: Changed erythrocytes can take an active part in the formation of DIC syndrome. 
The presence of deformability of erythrocytes affects the development of hypoxia. Violation of cell architecture leads to toxic 
processes leading to hemolysis of red blood cells, which leads to a decrease in the number of red blood cells and hemoglobin. 
This contributes to the development of anemia not only in the mother, but also in the fetus, which must be taken into account 
in protocols for the management of patients with this pathology.  
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1. Introduction 
Protecting the health of mothers and children is a priority 

direction of state social policy around the world. Preserving 
and strengthening the health of the younger generation is 
one of the priority areas among state social tasks. 
Hypertensive disorders, in particular pulmonary embolism 
and HELLP syndrome, continue to be an urgent problem in 
modern obstetrics, being one of the main causes of maternal 
and perinatal mortality and long-term adverse consequences 
[1,2,7]. The risk of perinatal mortality with this disease 
increases 5 times. Preeclampsia is thought to be responsible 
for 75,000 maternal deaths worldwide each year [3,6]. The 
problem of prevention and treatment of hypertensive 
disorders is extremely important due to the exceptional 
influence of this pathological process on adverse obstetric 
and perinatal pregnancy outcomes and long-term adverse  
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consequences [10,13]. 
In the pathogenesis of many diseases, including those 

developing during pregnancy, an important place is occupied 
by changes in the state of red blood cells, in particular, their 
shape and relationships between cells [4,9,11,12]. These 
metamorphoses can lead to disruption of microcirculation 
and rheological characteristics of the blood. Innovative research 
methods make it possible to clarify a number of issues 
related to changes in blood cells, including erythrocytes. 
Scanning, including atomic force microscopy (AFM), is   
an effective innovative method for assessing the shape and 
components of these structures [5,7,8]. This brings new 
opportunities in monitoring the structural and functional 
status of red blood cells to identify the severity of the disease 
and coordinate treatment protocols [14]. One of these aspects 
is hypertensive disorders, including during pregnancy, which 
are widespread throughout the world, including in the 
Republic of Uzbekistan. 

In this regard, the purpose of this study was to study the 
microarchitecture of erythrocytes in pregnant women with 
primary hypertension (PH) using innovative research methods 
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(atomic force microscopy). 

2. Methodology 
A diagnosis of 25 pregnant women was performed: 

15women with PG exceeding two years and 10 patients 
without it in the city nursing home of the city of Bukhara. 
Blood was drawn in the morning, before meals. The isolation 
of red blood cells was realized. For the purpose of their 
analysis and recording, an AFM of Russian production 
“Ntegra-Aura” of a corporation of associations was used, 
whose work is aimed at the creation and production of 
scientific equipment, including for AFM (NT-MDT). Si and 
SiN cantilevers of the “NSG 01” variant were used. We used 
the software product "ImageAnalysis". 

3. Results 
During pregnancy formed during PG, the main part of 

erythrocytes, as in the control group (89.60±5.60%), was 
represented by normocytes (65.40±3.50%) (Fig. 1,2,3,4).   
At the same time, the development of poikilocytosis was also 
visible (Fig. 3). 

However, the existing cell transformation pathway had the 
following vectors. One of them was directed towards 
hypercoagulation, with stasis and adhesion of particles (Fig. 
3, 4), leading to thrombosis. The foundation for this was a 
change in the configuration of the structures being studied, 
some of which received an ellipse variant. Moreover, they 
often had a significantly stretched configuration, when the 
perimeter was more than twice the diameter. 

The foundation of these transformations was a change in 
the walls of blood vessels and the joints between them, as 
well as spasms characteristic of this pathology. In addition, 
there was a deviation from the standard structure of the 
plasmalemma with the revealed inferiority of pores on its 
territory. Protrusions were observed on the surface of the 
studied cells, scale 0.28±0.08 µm. 

A progression in the number of cytoplasmic processes of 
unequal shape and configuration, involved in the formation 
of connections between erythrocytes, was also revealed in 
some cells. However, we have also shown their absence in 
other loci. 

The second vector was based on the common tendency  
to hemolyze red blood cells. This was manifested in the 

presence of different heights of the structures. In particular, 
this occurred as a result of partial hemolysis of a number of 
cells. However, there were also structures with almost 
complete hemolysis, and accumulations of hemoglobin were 
also detected. And finally, the appearance of spherical cells 
formed due to their edema was observed (Table 1). 

We have shown (Table 1, Fig. 2,4) that during pregnancy 
with existing PG in erythrocytes there was a significant 
(p<0.05) increase in the space index of the width of the cell 
by its height in the center (Area), which was 64, 84±2.50 
μm2 (46.08±2.60 μm 2). The cell volume values changed 
even more (10153.19±250.00 μm3 _ 8443.50±223.50 μm3). 

 
Figure 1.  Erythrocytes of pregnant women in the control group Regular 
disc shape. Moderate depth of the cell cavity. AFM. Rice. A three-dimensional 
image. Rice. B - two-dimensional. Rice. B - graphical representation of Fig. 
B The shape of a regular disk. Moderate cell cavity depth 

 

Figure 2.  Red blood cells of pregnant women in the control group. 
Histogram of diameter distribution by number of objects. The shape of the 
cells is in the form of a regular disk. Moderate cavity depth of the AFM cage. 
Fig.A.B - outlines of cells, Fig. B 

 

Table 1.  The state of erythrocytes in the venous bed in women during pregnancy with the presence of PG 

Studygroups Area, μm 2 Volume μm 3 MaxZ, μm Perimeter, μm Diameter, μm 

Control 46.08±2.60 8243.50±223.50 642.0±6.20 47.65±2.32 7.65±1.30 

Pregnancywith PG 64.84±2.50* 10153.19±250.00* 451.13±0.90* 44.6±1.80 11.13±0.90* 

Note. *p<0.05 in relation to the control group: Area – cross-sectional area of the particle, Volume – its volume,  
Max Z – variant of the local maximum, Perimeter – end perimeter, Diameter – effective diameter of the circle,  
the space of which is the same as the cross-sectional indicators. 
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Figure 3.  Erythrocytes of pregnant women with primary hypertension 
The shape of the cells is changed. In some structures – the beginning of 
hemolysis. Violation of the depth of the cell cavity. Sludge of red blood cells. 
Edema ASM. Rice. A three-dimensional image. Rice. B - two-dimensional. 
Rice. B - graphical representation of Fig. B 

 
Figure 4.  Erythrocytes of pregnant women with primary hypertension. 
Histogram of diameter distribution by number of objects.The shape of the 
cells is changed. Violation of the depth of the cell cavity. Sludge of red 
blood cells. AFM. Rice. A. B - outlines of cells, C - digital indicators, D - 
graphic image 

Variants of the local maximum (Max Z), as well as     
the perimeter (Perimeter), showed the opposite trend in 
pathology, although they did not have significant differences. 
And the effective diameter indicator (Diameter), on the 
contrary, significantly (p<0.05) progressed from 7.65±1.30 
μm to 11.13±0.90 μm. We also performed an analysis of the 
discocyte concavity index. It was shown that it is within the 
range of 0.15±0.05 µm (0.25±0.06 µm - without pathology). 
When considering the parity of the erythrocyte diameter to 
the indicators of the cavity, the required coefficient was 18±2 
(21±2). 

4. Conclusions 
Thus, it can be stated that the deformability of erythrocytes 

shown by us is a decisive factor in changing the state of the 
blood. At the same time, a decrease in the elasticity of the 
erythrocyte, that is, an increase in their rigidity, leads to an 
increase in its viscosity. These properties are closely related 
to the surface architecture of red blood cells. At the same 
time, the change in their morphological constants and the 
violation of architectonics clearlycorrelates with the clinical 
manifestations of hypertension. 

Changed erythrocytes can take an active part in the 
formation of DIC syndrome. The presence of deformability 
of erythrocytes affects the development of hypoxia. Violation 
of cell architecture leads to toxic processes leading to hemolysis 
of red blood cells, which leads to a decrease in the number of 

red blood cells and hemoglobin. This contributes to the 
development of anemia not only in the mother, but also in the 
fetus, which must be taken into account in protocols for the 
management of patients with this pathology. 
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