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ABSTRACT

The aim of the research is study of histological features of the placen-
ta's and uterus’ structure, erythrocytes in the mother-placenta-fetus
system during pregnancy, occurring against the background of thyroid
diseases, diabetes (type | and gestational), moderate and severe
preeclampsia.117 pregnant women were examined during the study:
65 were with pathology of the thyroid gland (TG); 27 with diabetes
mellitus; 15 with preeclampsia and 10 were the control group. All
women underwent ultrasound scanning on an Alokka-5500 apparatus,
and each of them was determined the level of thyroid hormones and
antibodies to the TG, as well as glucose. Tissue morphometric analysis
was performed using the “Ntegra-Aura” device, atomic force image
analysis using standard software NOVA and Image Analysis (“NT-
MDT"). During the study of the placenta’s and myometrium'’s vessels
were identified different circulatory disorders. It was found that the
area of the villi and vessels of the terminal placenta decreased in the
sequence: gestational diabetes mellitus (GDM), the state of

INTRODUCTION

Among the many causes of the occurrence of complications
during pregnancy, special attention is paid to the mother
endocrinopathies, due to the fact that pregnancy is a factor
in additional stimulation of the TG and pancreas [1,2]. Fre-
quently encountered types of obstetric pathology (GDM and
preeclampsia) also make a huge contribution to the devel-
opment of pregnancy complications [3,4].

The study of the mother-placenta-fetus system using atomic
force microscopy allows to study the surface topography of
altered cells and their membranes at the nanoscopic level,
reveal the structural features of tissuesand the relief struc-
ture of erythrocytes, which often change with these diseases
and lead to tissue respiration disorders [5-8].

In connection with the foregoing, the aim of the research
became to study the structural features of the placenta’s,
umbilical cord's, uterus' tissues and erythrocytes of the
mother-placenta-fetus system during pregnancy, proceeding
against the background of thyroid diseases, DM | and GDM,
moderate and severe preeclampsia.

MATERIAL AND METHODS

Examination, treatment and delivery of pregnant women
was carried out at the Belgorod Regional Clinical Hospital of
St. Joasaph (Belgorod) and the Moscow Regional Research
Institute of Obstetrics and Gynecology (Moscow). Morpho-
logical and biochemical studies were performed at the De-
partment of Pathology of the Medical Institute of Belgorod
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euthyroidism in the mother with thyroid pathology, hypothyroidism,
diffuse toxic goiter (DTG), preeclampsia and type | diabetes mellitus
(DM ). A significant increase in deformed and prehemolytic forms of
erythrocytes was revealed. Itwas found that in the mother-placenta-
fetus structure with pathology of the TG, DM and preeclampsia, multi-
ple structural changes in the villous tree's and myometrium's tissues
are observed, as well as changes in anatomical and functional struc-
ture of erythrocytes, which together contribute to the progression of
fetal hypoxia.
Keywords: atomic force microscopy, pregnancy, thyroid gland, diabe-
tes mellitus.
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State University, as well as at the Scientific-Educational and
Innovation Center "Nanostructured Materials and Technol-
ogies" of Belgorod State University.

Allpregnant women participating in the study was divided
into several groups:

the 1% group - with thyroid diseases occurring with an eu-
thyroid state (thyroid hypertrophy of 1-2 degrees, mixed
goiter) - 25 cases;

the 2"group —with thyroid diseases occurring with hypothy-
roidism (congenital and postoperative hypothyroidism, au-
toimmune thyroiditis) - 20 cases;

the 3" group-with diffuse toxic goiter (DTG) - 20 cases;

the 4" group- with | type DM — 12 cases,

the 5"group — with GDM - 15 cases;

the 6" group — with preeclampsia: 10 - moderate, 5 — severe;
the 7" group -control -without endocrinopathy, pro-
nounced somatic and obstetric pathology - 10 cases.

An obstetric history was studied in all women, as a result of
which it was found that there was no concomitant extragen-
ital pathology, with the exception of the established one. In
addition to the obstetric examination, special methods were
performed: research on the TG with an Alokka-5500 ultra-
sound machine, determination of the levels of free and total
thyroxine, triiodothyronine, thyroid hormone and antithy-
roid-depth antibodies, as well as glucose levels, including
those after exercise. A clinical study of new borns was also
conducted.
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After tissue collection and analysis stained with hemaxilin
and eosin, the necessary blocks were selected, viewed, pho-
tographed, studied using morphometric analysis in the Nte-
gra-Aura device.The work is carried out in contact modes,
as well as in a constant profile using cantilevers Si or SiN
using an atmosphere of low vacuum.Further analysis and
obtaining of the atomic image was carried out using the
standard software NOVA and Image Analysis of “NT-
MDT”.

Erythrocyte research was also performed: samples from a
suspension of erythrocytes washed from plasma were placed
on defatted glass for immunohistochemical analysis and
then in a wet Ntegra-Aura chamber for scanning. This
method reduces the time of research and allows to get scans
of cells with high resolution, without disrupting their func-
tions, shapes and sizes.
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RESULTS AND DISCUSSION

In the study of umbilical cord, we focused on circulatory
system. In groups 1-6, the predominantly marginal position
of erythrocytes was observed. In groups 2-4, 6, stasis, sludge
and hemolysis were more often determined. Inside the ves-
sels, fibrin was detected in the form of threads and layers
(more often with DM 1).1t was also recorded, mainly in the
venous section, the presence of blood clots, with DTG,
preeclampsia and DM L.In addition, erythrocyte diapedesis,
characteristic of groups with hypothyroidism, GDM, DM |
and DTG, was detected. It should be noted that in cases
complicated by preeclampsia (especially in its severe form)
or with this type of obstetric pathology without preeclamp-
sia, circulatory disturbance was observed most clearly.

In DTG and DM | groups, the endothelial cells of the vessels
had a larger scatter in size (from 0.2 to 0.8 um), outgrowths
of the plasmalemma, violation of the structure of joints and
microrelief were often observed. The folds on their surface
increased in size and due to this, they were close to each
other (Fig. 1A).

B

Figurel: Fragments of the umbilical cord (A) with nodular goiter. Fig. B - the placenta. Fig. B with mixed goiter in the moth-
er in euthyroid state, Fig. B - with DTG.
Fig. A. The cells of the endothelium of the umbilical cord vessel are loosely interconnected. Alterative changes in individual

cells.
The predominance of intermediate villi (B).

Atomic force microscopy. B - three-dimensional image, A - two-dimensional.

In the stem villi, the walls of large vessels were often thick-
ened and sclerotic, the lumen narrowed (groups 3, 4, 6).
Blood clots in vascular lumen were observed in 11% with
GDM, 13% with euthyroidism, 16% with hypothyroidism,
17% with DM |, 18% with DTG and 20% with preeclampsia
(higher in combination with DM ).

The vascular region free of erythrocytes, blood clots and
fibrin decreased in the following sequence of groups: Nel
(35.6 £ 3.7 um at 28 + 2.4 ym in control), Ne5 (32.1 + 2.6),
Ne2 (12.6 + 1.9 um), Ned (11.2 + 1.4 um), Ne3 (103 + 1.6
um), Ne6 (9.3 + 1.5 um).The depth of location of vessels
ingroupNel was slightly different from the control (39.8 +
4.6 ym and 36.1 = 3.4 um, respectively).A decrease in depth,
indicating greater tortuosity of the vessels, was observed in
group Ne2 (7.9 + 2.3 pum), Ne5 (7.1 + 1.4 pum), Ne3 (6.8 + 1.2
pum), Ne5 (6.1 + 1.3 um), Ne6 (5.7 + 1.9 um).In addition,
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atrophic changes in endotheliocytes were observed in some
of the studied fragments, sometimes even to completely
smooth the edges. The average distance between the folds in
the villi for thyroid pathology was: for euthyroidism 1.85 +
0.25 pm, for hypothyroidism - 3.05 + 0.25 pm, for DTG -
3.83 + 0.32 um (control group - 1.14 + 0.23 yum).

In the endothelial microstructure, cytoplasmic bridges and
small porous deepenings with blood clots and areas of ne-
crosis are clearly manifested. On the periphery of the stem
villi, areas with accumulations of small, often full-blooded
vessels of a compensatory nature, were found.

It was revealed that the greatest difference in the stem villis'
relief is observed with euthyroidism (15.5 + 4.5 um) and this
indicator is close to that in the control group - 14.3 £ 6.5
pm. But with hypothyroidism and DTG this indicator is less:
8.6 £ 0.5 umand 7.5 + 0.4 um, respectively (Table 1).
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Table 1: Relief indices of villi in pregnant women with various types of extragenital and obstetric pathology, um

Types of villi, pm

Terminal Stem
Observation group elevation dif- el_evatlon
. vascular difference vascular
ference inside | vascular area L vascular area
L depth inside  the depth
the villi L
villi
Euthyroid state 4.8+1.3* 4.3+0.4* 3.840.9 15.5+4.5 35.6+3.7* 39.84+4.6
Hypothyroid state 2.6+0.7* 1.2+0.4* 1.4+0.1* 8.6+0.5* 12.6+£1.9* 7.942.3*
diffuse toxic goiter 2.3+0.6* 1.1+3* 1.2+0.2* 7.5+0.4* 10.3+1.6* 6.8+1.2*
GDM 36.2+1.1 3.9+0.4 3.2+0.7* 10.3+6.5* 23.5+2.1* 32.1+2.5*%
DMI 3.0+0.5 1.3+0.2* 2.0+0.2* 7.1£1.5* 16.3+2.1 7.1+1.4*
Preeclampsia 34413 42407 4.0£05* 112+45% | 331#35% | 35.23,6%
moderate
Severe preeclampsia | 3.0+1.1 4.8+0.6* 3.1+0.4* 16.5+3.5* 37.2+3.5* 32.1+1.5*%
Control 3.2+1.6 3.9+0.7 4.1+0.8 14.3+£6.5 28.5+2.4 36.1+3.4

Note. * - p <0.05 when compared with the control group

In all groups, villi of the intermediate type prevailed with a
decrease in the number of lateral branches and moderate
stromal vascularization. Their length in the group with the
euthyroid state was 460 + 36 um, with hypothyroidism - 690
+ 48 pum, with DTG - 720 + 55 um, GDM - 420 + 42 um,
DM | -730 + 95 um, preeclampsia -710 + 101 pm (in the
control - 300 + 30um). The relief drop in all groups, respec-
tively, was: 0.9 £0.3 um, 0.7 £ 0.1 um, 0.6 £ 0.2 um, 0.8 £ 0.4
um, 0.6 = 0.3 um, 0.6 + 0.3 um (control - 0.7 £ 0.2 um). The
vast majority of vessels are full-blooded, with an area of 35.6
+3.7pum, 23.6+3.2um,39.2+22um, 30.1£3.1 um, 33.6 =
6, 1 um, 49.3 £ 6.6 um, respectively (control - 28.7 + 2.4
um). Significant fragments of sclerotic tissue were found in
the stroma of the villi.

In the research of terminal villi, the studied parameters
(growth, vascular zone) were located in the following se-
quence: GDM, the state of euthyroidism in the mother with
thyroid pathology, hypothyroidism, DTG, preeclampsia and
DM 1. When calculating the depth of the capillaries of the
terminal section, the indicators primarily reflected their
tortuosity and were distributed as follows: 3.8 £ 0.9 um, 3.7
+0.5um, 14 +£0.1 ym 1.2 £ 0.2 um, 3.6 £ 0.5 um, 4.0 £ 0.6
pum, 4.3 + 0.9 um (4.1 + 0.8 um).With fetal hypotrophy and
hypoxia, the number of loops in vessels decreased, destruc-
tion of erythrocytes and their active contact with villus en-
dothelium were observed.

Particular attention was paid to study of erythrocytes’ struc-
ture, both inside vessels of villous tree, and in the intervil-
lous space (IVS).A significant decrease in discocytes was
found: with euthyroidism - 76 £ 1.5%, with hypothyroidism
up to 67 £ 1.9%, with DTG up to 65 + 1.3%, with GDM up
to 70 + 4.5%, with DM 1 up to 60 + 3.8%, with preeclampsia
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up to 63 = 3.3% (in the control group - 85 * 1.6%). When
mother combined endocrinopathy with preeclampsia, their
number didn’t exceed 53 + 2.3%. Using the cell profile, the
depth of the erythrocyte depression was calculated: 0.29 +
0.04 um, 0.30 + 0.03 um, 0.25 + 0.04 um, 0.28 + 0.05 um,
0.20 +0.02 um, 0.15 + 0.02 um, 0.10 + 0.01 pm, (0.38 + 0.05
pm).

The change in erythrocyte size in most cases was represent-
ed by microcytes with a diameter of 55 + 0.5 nm and a
thickness of 1.95 + 0.4 nm. The average size of red blood
cells in the villus tree is slightly smaller than in the
IVS.Among the altered erythrocytes oval and elongated
forms were often observed, it may be a result of a violation
of the elasticity of the membranes and a violation of the
passage of red blood cells through the microvasculature.
Echinocytes were rarely observed. With endocrine and ob-
stetric pathology, degenerative forms of erythrocytes ap-
peared: acanthocytes, cells in the form of a “deflated ball,”
bubble cells and schistocytes. Most often, such prehemolytic
forms were observed with eclampsia. Separate blood cells
were connected with each other and endotheliocytes by
cytoplasmic bridges and fibrin strands (most of all with DM
| and preeclampsia), which contributed to stasis, sludging
and thrombosis.

In women with euthyroidism, the configuration of the my-
ometrial vessels didn't practically differ from the control
group, but a change in their shape was detected during hy-
pothyroidism, DTG, DM | and preeclampsia (Fig. 2). With
maternal thyroid disease, endotheliocytes were flatter and
thinner due to an increase in vascular area. The greatest
changes in the folding of endotheliocytes were observed in
groups with hypothyroidism, DTG, DM | and preeclampsia.
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Figure 2: Fragment of the uterine myometrium of a woman with DTG.
Fig. A. The beginning of the formation of a blood clot in the spiral artery of the uterus.

Fig. B. Thrombus, clogging 80% of the vessel.
Atomic force microscopy. A, B - three-dimensional image.

The following changes were found in the vessels of the my-
ometrium with pathology of the maternal TG. So, in women
with a state of euthyroidism, the configuration of the vessels
didn’t practically differ from the control group, but with
hypothyroidism, DTG, DM | and preeclampsia, a change in
their shape was detected (Fig. 2). Endotheliocytes in all
groups with maternal thyroid pathology were flatter and
thinner than in the control group, mainly due to an increase
in the area ofblood vessels. The greatest changes in the fold-
ing of endotheliocytes were observed in groups with hypo-
thyroidism, DTG, DM | and preeclampsia. In the vascular
cavity, the same as in the placenta, variants of circulatory
disorders were found. However, red blood cells are predom-
inantly represented by spherocytes. It should be noted their
pronounced stasis, sludge and thrombosis. In cases compli-
cated by preeclampsia, plethora was observed most clearly.

In vessels of myometrium, changes in shape and structure of
erythrocytes, their diapedesis were also noted; blood clots
threads and layers of fibrin were detected in the venous
section.

It was shown that the content of normocytes in the control
group was within 84.30 + 1.41% of the total number of dis-
cocytes. For all types of endocrine and obstetric pathologies,
the number of reversibly altered, prehemolytic, and degen-
erative forms increased significantly (Fig. 3).

The ratio of the analyzed cells in size also changed. The
most pronounced changes in size of erythrocytes are ex-
pressed in DM | (18.10 + 1.50 microcytes and 14.0 + 2.14
macrocytes) and DTG (19.20 + 1.50% and 15.10 + 2.51%,
respectively), and with these pathologies there is the greatest
increase in the number of macrocytes by relation to control
group (Table.2).There is also an increase in the percentage
of macrocytes in severe preeclampsia.

Table 2: The ratio of the size of erythrocytes in various types of obstetric and endocrine pathology

RBC ratio Microcytes (%) Normocytes(%) Macrocytes (%)
Euthyroid state 20.40+3.43* 75.00+1.94* 5.60+2.04*
Hypothyroid state 22.60+1.49 78.50+1.9* 7.40+0.14
DTG 19.20+1.50" 65.70+2.31" 15.10+2.51"
GDM 18.20+1.41 75.50+1.25 6.30+0.14"

DMI 18.10£1.50" 67.70+2.31" 14.20+2.14"
Preeclampsia moderate 18.20+1.41 75.50+1.25" 6.30+0.14"
Severe preeclampsia 12.20+1.50" 72.50+2.31" 15.30+1.15"
Control 14.30£1.52 84.30+1.41 1.40+0.14

Note. * - p <0.05 when compared with the control group.

In all the studied groups, except the control one, in the ves-
sels of the myometrium there was an uneven surface of
erythrocytes, a violation of the structure of the cytoplasmic
membranes, a change in the architectonics of their out-
growth, which is especially characteristic of DTG and DM 1.
When studying the depth of the cavity of discocytes, it was
shown that it also didn’t significantly differ from that in the
vessels of the uterus.On the surface of the cells of the control
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group, pores were observed, forming a pronounced uniform
pattern, 0.61 + 0.15 pm in size with internal relief projec-
tions, which changes with different types of obstetric pa-
thology (Fig.3).In the pathologies, on the cell surface regu-
larly found round-shaped same type protrusions 0.28 + 0.08
um wide. In their central areas, ridges located in parallel are
also noted.
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Figure 3: Red blood cells in pregnant women (A, B) with severe preeclampsia.
SURGE of red blood cells. The curvature and depth of the central depression are changed. Atomic force microscopy. A -
three-dimensional image, B-graphic image.

CONCLUSION

Thus, the data revealed in the study of placental and myom-
etrium tissue in thyroid pathology, diabetes (type | and ges-
tational) and preeclampsia using atomic force microscopy
indicate multiple changes at the microscopic level, which are
the most likely cause of pregnancy complications. When
studying erythrocytes inside the vessels of chorionic villi,
myometrium and intervillous spaces in all the studied
groups, a decrease in the number of discocytes and an in-
crease in deformed and prehemolytic forms were revealed.
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