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reziume

siTburi tkivilis zRurblis xarisxis da receptoruli cila TRPV1-is koncentraciis 
korelacia ovariul-menstrualuri ciklis sxvadasxva fazaSi

 m. afxazava, i. kvaWaZe, m. cagareli

Tbilisis saxelmwifo samediciino universiteti, fiziologiis departamenti, saqarTvelo

janmrTeli qalis organizmSi ovariul-
menstrualuri ciklis (omc) sxvadasxva fazaSi 
tkivilis zRurblis cvlilebis xarisxis din-
amikis Sesaxeb bolo aTwleulis ganmavlobaSi 
gamoqveynebuli bevri kvlevis Sedegebis miuxe-
davad, am cvlilebebis ganmsazRvreli meqa-
nizmebi dRemde araa bolomde axsnili.

warmodgenili kvlevis mizans Seadgenda 
siTburi tkivilis zRurblis xarisxis da 
receptoruli cila TRPV1-is (Transient receptor 
potential cation channel subfamily V member1) koncen-
traciis dinamikis korelaciis, aseve, qalebis 
agresiulobis xarisxis Sefaseba omc-is fo-
likulur da luTeinur fazebSi.

dadgenilia receptoruli cila TRPV1-
is maCveneblis zrda da siTburi tkivilis 
zRurblis xarisxis Semcireba luTeinur 
fazaSi. dadgenilia amave fazaSi proges-
teronis donis korelacia cila TRPV1-is 
maCveneblis zrdasTan da siTburi tkivilis 
zRurblis xarisxis SemcirebasTan. damokide-
buleba tkivilis zRurblis xarisxs, TRPV1-is 
koncentracias, folikulmastimulirebeli, 
maluTeinizebeli hormonebis da prolaqtinis 
koncentracias Soris ar gamovlinda; aseve, 
ar dadginda TRPV1-is donisa da siTburi 
tkivilis zRurblis xarisxis korelacia 
agresiulobis xarisxis maCvenebelTan.
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The immune system, together with the nervous and 
endocфrine ones, ensures the internal homeostasis of human. 
Besides identification and neutralization of genetically foreign 
substances the immune system also maintains control over 
proliferation and differentiation of cells in human tissues and 
organs as well as ensures processes of regeneration and de-
toxification [2]. The formation of the human immune system 
takes place mostly during the period of prenatal ontogenesis; 
in this connection, peculiarities in the course and complications 
of pregnancy in the mother produce a tremendous effect on 
the condition of the foetus and newborn [4].

Preeclampsia is one of the most severe complications of 
pregnancy. According to data of the World Health Organiza-
tion, preeclampsia is observed in 2-5 % of pregnant women 
of Europe, but in developing countries the number of this 

complication increases up to 10-18 % [22]. Preeclampsia is 
one of the key factors of maternal and perinatal morbidity 
and mortality [17].

Scientific literature has information about the effect of 
maternal preeclampsia on the central and some peripheral 
organs of the immune system of foetuses and newborns 
[19], but there are no data about morphological charac-
teristics of local immune responses in the urinary system 
organs of foetuses and newborns from the mothers, whose 
pregnancy was complicated with preeclampsia.

The purpose of the study was to reveal the morphologi-
cal peculiarities of local immune responses in the kidneys, 
ureters and bladder of the foetuses and newborns, who 
developed in conditions of maternal preeclampsia with 
different degrees of its severity.
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Material and methods. The material of the study was 
the tissue of the kidneys, ureters and bladder of mature 
foetuses and newborns from mothers with physiological 
pregnancy and those ones, whose pregnancy was compli-
cated by preeclampsia of different degrees of severity. The 
above tissues were taken in the course of autopsies on the 
basis of the Public Health Protection Institution «Kharkiv 
City Perinatal Centre». Four groups were formed in this 
study: group I – foetuses (n=13) and newborns (n=15) from 
mothers with physiological pregnancy; group II – foetuses 
(n=12) and newborns (n=13) from mothers, whose preg-
nancy was complicated with a mild degree of preeclampsia; 
group III – foetuses (n=13) and newborns (n=14) from 
mothers, whose pregnancy was complicated with a mod-
erately severe degree of preeclampsia; group IV – foetuses 
(n=13) and newborns (n=13) from mothers, whose preg-
nancy was complicated with severe preeclampsia.

During each case of autopsy, one tissue fragment was dis-
sected out from each kidney and ureter as well as one tissue 
fragment from the bladder. The taken material was fixed in 
10% formalin solution. Consolidation of the tissues, fixed in 
formalin, was achieved by processing through alcohols with an 
increasing concentration, celloidin and chloroform followed 
by embedding with paraffin. Serial sections, 4-5×10-6 m thick, 
were made from the prepared blocks for subsequent staining. 
The resultant microspecimens, stained with haematoxylin and 
eosin, were studied using microscope«Olympus ВХ-41».

The peroxidase reaction with monoclonal antibodies 
to CD4 (the marker of helper T lymphocytes), CD8 (the 
marker of suppressor T lymphocytes), CD20 (the marker 
of B lymphocytes) and CD68 (the marker of macrophages) 
was carried out in the urinary system organs of foetuses 
and newborns for phenotyping immune cells. In order 
to identify the general population of T lymphocytes, we 
conducted immunohistochemical studies with the indirect 
Coombs test according to M. Brosman’s technique (1979) 
using monoclonal antibodies to CD3 [3]. The absolute 
count of the cells, which expressed the above receptors, 
was revealed in each microspecimen in 5 randomly chosen 
microscope fields of view with magnification ×1000.

The immunoregulatory index was calculated as the 
ratio of the absolute count of CD4 cells to the absolute 
count of CD8 cells. 

The nonparametric Mann-Whitney U test was used 
for statistical assessment of the obtained values. The sig-
nificance of differences between the indices was accepted 
under the significance level of p<0.05. Statistical calcula-
tions were made using Statistic Soft 6.0 program.

Results and their discussion. Our examination of hae-
matoxylin and eosin-stained microspecimens of renal tissue 
from foetuses and newborns of group I revealed few immune 
cells in capillary loops of glomeruli as well as a scanty and 
irregularly located infiltration with immune cells in the stroma 
of the renal cortex and medulla in the periglomerular, inter-
tubular, peritubular and perivascular regions. The above 
immune cells, which we observed in the kidneys of foetuses 
and newborns from mothers with physiological pregnancy, 

participated in provision of local immune homeostasis and 
corresponded to the age norm [20].

The kidneys of foetuses and newborns from groups 
II-IV also revealed an infiltration with immune cells, it 
being more marked versus group I and having the similar 
localization. It should be noted that in the kidneys (Fig. 
1) of foetuses and newborns from groups II-IV the above 
infiltration with immune cells was more marked in foci of 
sclerosis in the interstitium, around glomerular and tubular 
cysts, immature glomeruli and tubules as well as glomeruli 
with fibroplastic changes.

The infiltration with immune cells in the ureters and 
bladder of foetuses and newborns from groups II-IV was 
more marked versus group I too. In groups I-IV in the 
epithelial layer between epitheliocytes of the foetuses and 
newborns ureters and bladder immune cells were found; 
in the lamina propria and submucosa it was revealed some 
places of a focal infiltration with immune cells and some 
places of the diffuse one, but the latter infiltration prevailed. 

If in foetuses and newborns from group I the focal 
character of an infiltration with immune cells in the lamina 
propria and submucosa was more marked in the bladder 
versus the ureter, no such feature was found in groups II-IV. 
All the groups also revealed an infiltration with immune 
cells in the muscular and adventitial layers of the ureters 
and bladder, which localized mostly around vessels.

Fig. 1. Group IV. Infiltration with immune cells in the foetus 
kidney. Haematoxylin and eosin, ×200

Our analysis of the expression of an infiltration with 
immune cells in the ureter and bladder of foetuses and 
newborns revealed that in group I the above infiltration 
was more marked in the mucous and submucous layers, 
while in groups II-IV this infiltration with immune cells 
was marked in all layers.

Immunohistochemistry of the renal, ureteri and bladder 
tissues of foetuses and newborns of all groups found out that 
the infiltration with immune cells, which we revealed, included 
Tlymphocytes (Fig.2), containing T helpers and T suppressors 
(Fig.3), B lymphocytes and macrophages (Fig.4).
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The immune system of the foetus and newborn is known 
to be the most vulnerable to the effect of various unfavor-
able factors of the environment that is more manifested 
in peculiarities of development and course of diseases 
including those of the urinary system organs [8]. Previous 
clinical examinations demonstrated disturbances in im-
munological blood values of newborns from the mothers, 
whose pregnancy was complicated with preeclampsia [7].

Fig. 2. Group III. A group of СD3 positive cells in the 
bladder of a newborn. The indirect Coombs reaction with 
monoclonal antibodies to CD3, ×600

Fig. 3. Group IV. CD8 positive cells in a newborn’s kidney. 
The peroxidase reaction with monoclonal antibodies to 
CD8, ×200

Mild maternal preeclampsia in the kidneys, ureters and 
bladder of foetuses and newborns activates the macrophage 
system, T cell and B cell immunity, as it was shown by a sig-
nificant (p<0.05) increase in the mean count of macrophages, 
T lymphocytes and B lymphocytes versus group I (Tables 1-3). 
Our analysis of the subpopulation of T lymphocytes in group 
II revealed prevalence of the fraction of suppressor-induced 
lymphocytes over T helpers, while group I demonstrated 

prevalence of the helper potential over the suppressor one. 
Besides we revealed a significant (p<0.05) decrease of the 
count of T helpers and an increase of the count of Tsuppressors 
in group II versus group I with a resultant significant (p<0.05) 
decrease of the immunoregulatory index.

Fig. 4. Group III. CD68 positive cells in a newborn’s kid-
ney. The peroxidase reaction with monoclonal antibodies 
to CD68,×400

The immunological theory is one of the basic theories of 
the development of preeclampsia [22]. The activation of the 
macrophage system, T cell and B cell immunity, revealed by 
us in the kidnes, ureters and bladder of foetuses and new-
borns, is likely to be a response to the antigenic stimulation, 
caused by maternal preeclampsia. Subpopulation changes 
among T lymphocytes characterized by an increased count 
of T suppressors, which inhibit an activation of T helpers, 
B lymphocytes and plasmocytes [1], and a decreased count 
of T helpers, whose main function consists in identification 
of foreign antigens represented by macrophages, as well 
as secretion of interleukins, which stimulate differentiation 
of B lymphocytes and formation of plasmocytes on them 
followed by production of immunoglobulins [1], are, from 
our point of view, the compensatory response.

In cases of moderately severe and severe maternal pre-
eclampsia in the kidneys, ureters and bladder of foetuses and 
newborns it was revealed a significant (p<0.05) increase of the 
absolute count of CD3, CD20 and CD68 positive cells versus 
group I (Tables 1-3). Our analysis of the absolute number of 
subpopulations of T lymphocytes in groups III and IV dem-
onstrated prevalence of the helper potential over the suppres-
sor one, we considering this fact as evidence of the stage of 
decompensation, as well as a significant (p<0.05) increase of 
the absolute count of CD4 and CD8 positive cells versus group 
I. In foetuses and newborns from group III versus group I, the 
immunoregulatory index in the kidneys significantly (p<0.05) 
increased, but in the ureters and bladder had a tendency 
(p>0.05) to increase. In the kidneys, ureters and bladder of 
foetuses and newborns from group IV the immunoregulatory 
index significantly (p<0.05) increased versus group I.
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Table 1. The mean values of the absolute count of immune cells and immunoregulatory index 
in the kidneys of foetuses and newborns

Group 
No.

Foetus/New-
born

The mean values of the absolute count of immune cells Immunoregula-
tory indexСD3 СD4 СD8 СD20 СD68

I
Foetus 10.52±0.27 5.06±0.15 2.68±0.09 3.15±0.15 5.20±0.19 1.99±0.08

Newborn 13.88±0.26
p1<0.05

7.56±0.16
p1<0.05

3.41±0.10
p1<0.05

4.99±0.16
p1<0.05

6.77±0.20
p1<0.05

2.30±0.08
p1<0.05

II

Foetus 12.63±0.31
p2<0.05

3.82±0.13
p2<0.05

6.12±0.15
p2<0.05

5.63±0.19
p2<0.05

7.85±0.21
p2<0.05

0.63±0.02
p2<0.05

Newborn
15.65±0.20

p1<0.05 
p2<0.05

5.14±0.20
p1<0.05 
p2<0.05

7.46±0.18
p1<0.05 
p2<0.05

8.32±0.24
p1<0.05 
p2<0.05

10.63±0.25
p1<0.05 
p2<0.05

0.74±0.05
p1>0.05 p2<0.05

III

Foetus
15.93±0.28

p2<0.05 
p3<0.05

7.46±0.14
p2<0.05 
p3<0.05

3.35±0.13
p2<0.05 
p3<0.05

7.58±0.18
p2<0.05 
p3<0.05

8.89±0.24
p2<0.05 
p3<0.05

2.47±0.12
p2<0.05 p3<0.05

Newborn

17.91±0.20
p1<0.05 
p2<0.05
p3<0.05

10.83±0.20
p1<0.05 
p2<0.05
p3<0.05

4.36±0.13
p1<0.05 
p2<0.05
p3<0.05

10.07±0.18
p1<0.05 
p2<0.05
p3<0.05

11.67±0.23
p1<0.05 
p2<0.05
p3<0.05

2.68±0.12
p1>0.05 p2<0.05 

p3<0.05

IV

Foetus
18.12±0.35

p2<0.05 
p4<0.05

11.05±0.22
p2<0.05 
p4<0.05

4.71±0.18
p2<0.05 
p4<0.05

10.51±0.22
p2<0.05 
p4<0.05

13.03±0.31
p2<0.05 
p4<0.05

2.69±0.16
p2<0.05 p4>0.05

Newborn

20.25±0.22
p1<0.05 
p2<0.05
p4<0.05

13.92±0.21
p1<0.05 
p2<0.05
p4<0.05

5.25±0.25
p1>0.05 
p2<0.05
p4<0.05

13.36±0.28
p1<0.05 
p2<0.05
p4<0.05

15.46±0.27
p1<0.05 
p2<0.05
p4<0.05

3.40±0.29
p1>0.05 p2<0.05

p4>0.05

р1 – versus the foetal value; р2 – versus the value from group I; р3 – versus the value from group II;  
р4 – versus the value from group III

Table 2. The mean values of the absolute count of immune cells 
and immunoregulatory index in the ureters of foetuses and newborns

Group 
No.

Foetus/New-
born

The mean values of the absolute count of immune cells Immunoregula-
tory indexСD3 СD4 СD8 СD20 СD68

I

Foetus 9.08±0.15
p2<0.05

4.77±0.11
p2>0.05

2.42±0.07
p2>0.05

2.60±0.13
p2<0.05

4.28±0.18
p2<0.05

2.08±0.08
p2>0.05

Newborn
12.88±0.20

p1<0.05 
p2<0.05

6.40±0.12
p1<0.05 
p2<0.05

2.88±0.08
p1<0.05 
p2<0.05

3.89±0.18
p1<0.05 
p2<0.05

5.33±0.20
p1<0.05 
p2<0.05

2.37±0.09
p1>0.05 p2>0.05

II

Foetus
11.20±0.20

p2<0.05 
p3<0.05

2,35±0,12
p2<0,05 
p3<0,05

5.02±0.13
p2<0.05 
p3<0.05

4.73±0.16
p2<0.05 
p3<0.05

6.33±0.18
p2<0.05 
p3<0.05

0.48±0.03
p2<0.05 p3<0.05

Newborn

14.17±0.24
p1<0.05 
p2<0.05
p3<0.05

3.83±0.14
p1<0.05 
p2<0.05
p3<0.05

6.58±0.13
p1<0.05 
p2<0.05
p3<0.05

7.25±0.17
p1<0.05 
p2<0.05
p3<0.05

9.06±0.18
p1<0.05 
p2<0.05
p3<0.05

0.59±0.02
p1<0.05 p2<0.05

p3<0.05
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III

Foetus

14.12±0.18
p2<0.05 
p3<0.05
p4<0.05

6.02±0.15
p2<0.05 
p3<0.05
p4<0.05

2.88±0.10
p2<0.05 
p3<0.05
p4<0.05

5.91±0.18
p2<0.05 
p3<0.05
p4<0.05

7.68±0.16
p2<0.05 
p3<0.05
p4<0.05

2.26±0.10
p2>0.05 p3>0.05

p4<0.05

Newborn

16.21±0.19
p1<0.05 
p2<0.05
p3<0.05 
p4<0.05

9.19±0.21
p1<0.05 
p2<0.05
p3<0.05 
p4<0.05

3,86±0.14
p1<0.05 
p2<0.05
p3<0.05 
p4<0.05

8.96±0.21
p1<0.05 
p2<0.05
p3<0.05 
p4<0.05

10.10±0.25
p1<0.05 
p2<0.05
p3<0.05 
p4<0.05

2.57±0.10
p1<0.05 p2>0.05
p3>0.05 p4<0.05

IV

Foetus

16.66±0.22
p2<0.05 
p3<0.05
p5<0.05

9.11±0.16
p2<0.05 
p3<0.05
p5<0.05

3.85±0.10
p2<0.05 
p3<0.05
p5<0.05

8.69±0.20
p2<0.05 
p3<0.05
p5<0.05

11.35±0.25
p2<0.05 
p3<0.05
p5<0.05

2.44±0.06
p2>0.05 p3<0.05

p5<0.05

Newborn

18.95±0.22
p1<0.05 
p2<0.05
p3<0.05 
p5<0.05

11.66±0.17
p1<0.05 
p2<0.05
p3<0.05 
p5<0.05

4.28±0.12
p1<0.05 
p2<0.05
p3<0.05 
p5<0.05

11.26±0.21
p1<0.05 
p2<0.05
p3<0.05 
p5<0.05

13.95±0.24
p1<0.05 
p2<0.05
p3<0.05 
p5<0.05

2.89±0.11
p1<0.05 p2>0.05
p3<0.05 p5<0.05

р1 – versus the foetal value; р2 – versus the corresponding value of the kidney; 
р3 – versus the value from group I; р4 – versus the value from group II; р5 – versus the value from group III

Table 3. The mean values of the absolute count of immune cells 
and immunoregulatory index in the bladder of foetuses and newborns

Group 
No.

Foetus/New-
born

The mean values of the absolute count of immune cells Immunoregula-
tory indexСD3 СD4 СD8 СD20 СD68

I

Foetus
9.40±0.16
p2<0.05 
p3>0.05

4.82±0.15
p2>0.05 
p3>0.05

2.54±0.08
p2>0.05 
p3>0.05

2.42±0.14
p2<0.05 
p3>0.05

4.18±0.16
p2<0.05 
p3>0.05

1.99±0.07
p2>0.05 p3>0.05

Newborn

12.63±0.25
p1<0.05 
p2<0.05
p3>0.05

6.49±0.15
p1<0.05 
p2<0.05
p3>0.05

2.93±0.10
p1<0.05 
p2<0.05
p3>0.05

3.96±0.13
p1<0.05 
p2<0.05
p3>0.05

5.48±0.16
p1<0.05 
p2<0.05
p3>0.05

2.36±0.10
p1<0.05 p2>0.05

p3>0.05

II

Foetus

11.38±0.20
p2<0.05 
p3>0.05
p4<0.05

2.65±0.20
p2<0.05 
p3>0.05
p4<0.05

5.32±0.17
p2<0.05 
p3>0.05
p4<0.05

4.95±0.16
p2<0.05 
p3>0.05
p4<0.05

6.07±0.17
p2<0.05 
p3>0.05
p4<0.05

0.54±0.03
p2>0.05 p3>0.05

p4<0.05

Newborn

14.03±0.26
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05

3.82±0.11
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05

6.29±0.14
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05

7.45±0.15
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05

9.55±0.20
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05

0.66±0.02
p1<0.05 p2>0.05
p3>0.05 p4<0.05

III

Foetus

13.97±0.25
p2<0.05 
p3>0.05
p4<0.05 
p5<0.05

6.20±0.19
p2<0.05 
p3>0.05
p4<0.05 
p5<0.05

2.98±0.10
p2>0.05 
p3>0.05
p4<0.05 
p5<0.05

6.03±0.19
p2<0.05 
p3>0.05
p4<0.05 
p5<0.05

7.26±0.22
p2<0.05 
p3>0.05
p4<0.05 
p5<0.05

2.23±0.10
p2>0.05 p3>0.05
p4>0.05 p5<0.05

Newborn

16.69±0.21
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p5<0.05

9.04±0.19
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p5<0.05

3.89±0.12
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p5<0.05

8.70±0.19
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p5<0.05

10.24±0.29
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p5>0.05

2.53±0.12
p1>0.05 p2>0.05
p3>0.05 p4>0.05

p5<0.05
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IV

Foetus

16.80±0.23
p2<0.05 
p3>0.05
p4<0.05 
p6<0.05

9,03±0.16
p2<0.05 
p3>0.05
p4<0.05 
p6<0.05

3.86±0.12
p2<0.05 
p3>0.05
p4<0.05 
p6<0.05

8.54±0.18
p2<0.05 
p3>0.05
p4<0.05 
p6<0.05

11.66±0.28
p2<0.05 
p3>0.05
p4<0.05 
p6<0.05

2.49±0.09
p2>0.05 p3>0.05
p4<0.05 p6<0.05

Newborn

18.72±0.20
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05 
p6<0.05

11.75±0.16
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p6<0.05

4.20±0.11
p1>0.05 
p2<0.05
p3>0.05 
p4<0.05
p6>0.05

11.69±0.26
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p6<0.05

14.06±0.23
p1<0.05 
p2<0.05
p3>0.05 
p4<0.05
p6<0.05

2.94±0.10
p1<0.05 p2>0.05
p3>0.05 p4<0.05

p6<0.05

р1 – versus the foetal value; р2 – versus the value of the kidney; р3 – versus the value in the ureter; 
р4 – versus the value from group I; р5 – versus the value from group II; р6 – versus the value from group III

Our comparative analysis of the absolute count of basic 
clones of immune cells and the immunoregulatory index in 
groups II-IV (Tables 1-3) revealed an increase of the immune 
cell infiltration in the kidneys, ureters and bladder of foetuses 
and newborns depending upon an aggravation of maternal 
preeclampsia. Thus, in group III versus group II the absolute 
count of СD3, СD8, СD20 and СD68 cells and the immu-
noregulatory index in foetuses and newborns in the major-
ity of cases significantly (p<0.05) increased (except for the 
absolute count of CD68 cells in the bladder of newborns that 
tended (p>0.05) to increase), the absolute count of CD4 cells 
significantly (p<0.05) decreased. In group IV versus group 
III: in the kidneys of foetuses and newborns it was revealed 
a significant (p<0.05) increase of the absolute count of СD3, 
СD4, СD8, СD20 and СD68 cells, the immunoregulatory 
index having a tendency (p>0.05) to increase; in the ureters 
of foetuses and newborns it was demonstrated a significant 
(p<0.05) increase of the absolute count of СD3, СD4, СD8, 
СD20 and СD68 cells and the immunoregulatory index; in the 
bladder of foetuses and newborns it was revealed a significant 
(p<0.05) increase of the absolute count of СD3, СD4, СD20 
and СD68 cells and the immunoregulatory index, the absolute 
count of CD8 cells significantly (p<0.05) increasing in foetuses 
and tending (p>0.05) to increase in newborns.

In newborns versus foetuses from groups I-IV, the abso-
lute count of СD3, СD4, СD8, СD20 and СD68 cells in the 
kidneys was in the majority of cases significantly (p<0.05) 
larger (except for the absolute count of CD8 cells in group 
IV, which tended (p>0.05) to increase), while the immuno-
regulatory index was significantly (p<0.05) larger in group 
I and had a tendency (p>0.05) to increase in groups II-IV; 
the absolute count of СD3, СD4, СD8, СD20 and СD68 
cells in the ureters was significantly (p<0.05) larger, while 
the immunoregulatory index in group I tended (p>0.05) to 
increase and was significantly (p<0.05) larger in groups II-
IV; the absolute count of СD3, СD4, СD8, СD20 and СD68 
cells in the bladder was in the majority of cases significantly 
(p<0.05) larger (except for the absolute count of CD8 cells 
in group IV, which tended (p>0.05) to increase), while the 
immunoregulatory index in group III tended (p>0.05) to 
increase and was significantly (p<0.05) larger in groups I, 
II and IV. The age-dependent, i.e. from the foetus to the 

newborn, quantitative increment of immune cells in the 
urinary system organs that we revealed in group I demon-
strates the functional activity growth of the immune system 
[21]. But in groups II-IV the above quantitative increment 
of immune cells in the urinary system organs is caused, 
from our viewpoint, by the effect of maternal preeclampsia 
rather than by age-specific peculiarities only, as it is known 
that the earlier the foetus is affected by a pathogenic factor 
the more marked are disorders in the morphofunctional 
state of different organs and systems in the newborn [5].

When we analysed the count of basic clones of immune 
cells and the immunoregulatory index in the urinary system 
organs of foetuses and newborns from groups I-IV, in the 
majority of cases in their kidneys it was revealed signifi-
cantly (p<0.05) larger values of the absolute count of СD3, 
СD4, СD8, СD20 and СD68 cells (except for the absolute 
count of CD4 and CD8 cells in the ureters and bladder of 
foetuses from group I and the absolute count of CD8 cells 
in the bladder of foetuses from group III, which had a ten-
dency (p>0.05) to lowering) versus the ureters and bladder. 
The immunoregulatory index in the kidneys of foetuses and 
newborns from groups I-IV in the majority of cases did not 
significantly (p>0.05)differ versus the corresponding index 
in the ureters and bladder, but in group II the above value 
in the ureters of foetuses and newborns was significantly 
(p<0.05) less. The absolute count of basic clones of immune 
cells and the immunoregulatory index in the ureters versus 
the bladder in foetuses and newborns from groups I-IV did 
not differ significantly (p>0.05). A more marked infiltration 
with immune cells in the kidneys versus the ureters and 
bladder in both foetuses and newborns from groups I-IV 
shows that this organ is more functionally active versus 
other organs of the urinary system [10].

Our study has demonstrated that local immune re-
sponses in the kidneys, ureters and bladder of foetuses 
and newborns from the mothers, whose pregnancy was 
complicated with preeclampsia, pass with some abnormal 
deviations and are characterized by an extreme activation 
of the macrophage system, T cell and B cell immunity. 
Notably, the failures of local immune responses in the kid-
neys, ureters and bladder that we revealed increase from the 
foetus to the newborn and with an aggravation of maternal 
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preeclampsia, thereby affecting the morphofunctional state 
of the urinary system organs in such children.

The participation of immune cells in the development of 
pathology of the urinary system organs in children does not 
cause any doubts. For example, at present macrophages are 
attributed to not only functions of destruction of defected 
damaged cells, but also their participation in the develop-
ment of a pathological process [6,16].

Studies on experimental animals have shown that 
a selective removal of cells of the macrophage line de-
creases the degree of damage of the renal parenchyma and 
intensity of the fibrotic process, whereas a transfusion of 
macrophages, on the contrary, potentiates phenomena of 
alteration in the kidneys [9].

Macrophages take an active part in the mechanisms of 
development of glomerulonephritis. The tubulointerstitial 
accumulation of macrophages has been proved to correlate 
with the degree of renal dysfunction and be the prognosis 
for progression of the disease[11].

Macrophages have such an important property as 
phenotypical plasticity, i.e. they are able to change their 
phenotype depending upon the character of their micro-
environment. For example, at early stages of an inflam-
mation macrophages acquire M  1 phenotype, which is 
characterized by production of such inflammation media-
tors as active forms of oxygen, tumour necrosis factor α, 
interferon γ, interleukin 1β, interleukin 6, interleukin12, 
interleukin 18, interleukin 23, nitrogen monoxide and ma-
trix metalloproteinase 12 that facilitate secondary alteration 
of the renal tissue. With the progression of a pathological 
process and development of fibrosis a gradual transforma-
tion of M 1 phenotype into M 2 phenotype is observed. 
M 2 macrophages produce transforming growth factor β1, 
insulin-like growth factor 1, thrombocyte growth factor, 
fibroblast growth factor 2 and other profibrotic cytokines. 
It has been proved that an accumulation of a large number 
of macrophages in the interstitial space causes an intrarenal 
haemodynamic disorder and an increased formation of 
angiotensin II, which produces a marked profibrotic effect. 
It has been also observed that macrophages themselves can 
transform into collagen-producing myofibroblast-like cells 
after a change in their microenvironment [9, 15].

Lymphoid infiltration is one of the principal mechanisms 
in the development of, for example, chronic glomerulonephri-
tis, chronic renal disease and pyelonephritis. A considerable 
part in pathogenetic mechanisms of development of chronic 
glomerulonephritis is played by lymphocyte-produced in-
terleukins, growth factors. In certain conditions interleukins 
take part in stimulation of proliferation of mesangial cells and 
development of crescents [12-14,18].

Thus, as a result of an excessive antigenic stimula-
tion caused by maternal preeclampsia the local immune 
responses in the organs of the urinary system, which in 
physiological conditions fulfill exclusively protective func-
tions, can become alterative and develop morphofunctional 
changes in the kidneys, ureters and bladder of foetuses and 
newborns.

Conclusions. 
1. Local immune responses in the kidneys, ureters and 

bladder of the foetuses and newborns pass with some ab-
normal deviations characterized by quantitative changes of 
СD 3, СD 4, СD 8, СD 20 and СD 68 cells, whose degree 
of manifestation increases from the foetus to the newborn 
and with an aggravation of maternal preeclampsia.

2. The mild, moderately severe as well as severe de-
grees of preeclampsia result in an extreme activation of 
the macrophage system, T cell and B cell immunity in the 
kidneys, ureters and bladder of foetuses and newborns that 
manifests itself with an increase of the absolute count of 
CD3, CD20 and CD68 cells.

3. Mild preeclampsia causes an increase of the ab-
solute count of CD8 cells and a decrease of the absolute 
count of CD4 cells in the kidneys, ureters and bladder of 
foetuses and newborns with a resultant lowering of the 
immunoregulatory index. The moderately severe and 
severe degrees of preeclampsia cause an increase of the 
absolute count of CD4 cells and a decrease of the absolute 
count of CD8 cells with a corresponding elevation of the 
immunoregulatory index.

4. In foetuses and newborns from mothers with physi-
ological pregnancy as well as from mothers, whose preg-
nancy was complicated with preeclampsia having different 
degrees of severity, their kidneys are characterized by a 
more marked infiltration with immune cells versus their 
ureters and bladder.
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SUMMARY

THE MORPHOLOGICAL PICTURE OF LOCAL IMMUNE RESPONSES IN THE KIDNEYS, 
URETERS AND BLADDER OF THE FOETUSES AND NEWBORNS, 

WHO DEVELOPED IN CONDITIONS OF MATERNAL PREECLAMPSIA

1Sorokina I., 1Myroshnychenko M., 2Sherstiuk S., 2Zubova Y., 2Nakonechna S., 2Panov S.

1Kharkiv National Medical University, Department of Pathological Anatomy; 
2V.N. Karazin Kharkiv National University, Department of Human Anatomy, Ukraine

The purpose of the research consisted in revealing mor-
phological peculiarities of local immune responses in the 
kidneys, ureters and bladder of the foetuses and newborns, 
who developed in conditions of maternal preeclampsia with 
different degrees of its severity.

The research was conducted on autopsy material: 
the kidneys, ureters and bladders of mature foetuses and 
newborns. Four groups were formed in the study: group 
I – foetuses and newborns from mothers with physiological 
pregnancy; group II – foetuses and newborns from moth-
ers, whose pregnancy was complicated with a mild degree 
of preeclampsia; group III – foetuses and newborns from 
mothers, whose pregnancy was complicated with a mod-
erately severe degree of preeclampsia; group IV – foetuses 
and newborns from mothers, whose pregnancy was compli-
cated with severe preeclampsia. An immune infiltration in 
the organs of the urinary system of foetuses and newborns 
was studied with help of histological, immunohistochemi-
cal and morphometric methods of examination.

In the course of the study it was revealed that local im-
mune responses in the kidneys, ureters and bladder of the 
foetuses and newborns passed with some abnormal devia-
tions characterized by quantitative changes of СD3, СD4, 
СD8, СD20 and СD68 cells, whose degree of manifesta-
tion increased from the foetus to the newborn and with an 
aggravation of maternal preeclampsia. Mild, moderately 

severe as well as severe preeclampsia resulted in an extreme 
activation of the macrophage system, T cell and B cell 
immunity in the kidneys, ureters and bladder of foetuses 
and newborns that manifested itself with an increase of 
the absolute count of CD3, CD20 and CD68 cells. Mild 
preeclampsia caused an increase of the absolute count of 
CD8 cells and a decrease of the absolute count of CD4 cells 
with a resultant lowering of the immunoregulatory index. 
Moderately severe and severe preeclampsia caused an 
increase of the absolute count of CD4 cells and a decrease 
of the absolute count of CD8 cells with a corresponding 
elevation of the immunoregulatory index. In foetuses and 
newborns from mothers with physiological pregnancy as 
well as from mothers, whose pregnancy was complicated 
with preeclampsia having different degrees of severity, their 
kidneys were characterized by a more marked infiltration 
with immune cells versus their ureters and bladder.

Thus, as a result of an excessive antigenic stimula-
tion caused by maternal preeclampsia the local immune 
responses in the organs of the urinary system, which in 
physiological conditions fulfill exclusively protective func-
tions, can become alterative and develop morphofunctional 
changes in the kidneys, ureters and bladder of foetuses and 
newborns.

Keywords: local immune responses, kidney, ureter, 
bladder, foetus, newborn, preeclampsia.
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РЕЗЮМЕ

МОРФОЛОГИЧЕСКАЯ КАРТИНА МЕСТНЫХ 
ИММУННЫХ РЕАКЦИЙ В ПОЧКАХ, МОЧЕ-
ТОЧНИКАХ И МОЧЕВОМ ПУЗЫРЕ ПЛОДОВ 
И НОВОРОЖДЕННЫХ, КОТОРЫЕ РАЗВИВА-
ЛИСЬ В УСЛОВИЯХ МАТЕРИНСКОЙ ПРЕ-
ЭКЛАМПСИИ

1Сорокина И.В., 1Мирошниченко М.С., 2Шерстюк С.А., 
2Зубова Е.О., 2Наконечная С.А., 2Панов С.И.

1Харьковский национальный медицинский университет, 
кафедра патологической анатомии; 2Харьковский на-
циональный университет им. В.Н. Каразина, кафедра 
анатомии человека, Украина

Целью исследования явилось выявление морфоло-
гических особенностей местных иммунных реакций 
в почках, мочеточниках и мочевом пузыре плодов и 
новорожденных, которые развивались в условиях ма-
теринской преэклампсии различной степени тяжести.

Исследование проведено на аутопсийном материале 
– почках, мочеточниках и мочевом пузыре, доношен-
ных плодов и новорожденных. Сформировано четыре 
группы: группа I – плоды и новорожденные от матерей 
с физиологической беременностью; группа II – плоды 
и новорожденные от матерей, беременность которых 
осложнилась преэклампсией легкой степени тяжести; 
группа III – плоды и новорожденные от матерей, 
беременность которых осложнилась преэклампсией 
средней степени тяжести; группа IV – плоды и новорож-
денные от матерей, беременность которых осложнилась 
тяжелой преэклампсией. Иммунную инфильтрацию в 
органах мочевыделительной системы плодов и ново-
рожденных изучали посредством гистологических, 
иммуногистохимических и морфометрических методов 
исследования. 

В ходе исследования установлено, что местные 
иммунные реакции в почках, мочеточниках и мочевом 
пузыре плодов и новорожденных протекают с опреде-
ленными отклонениями от нормы, которые характери-
зуются количественными изменениями СD3, СD4, СD8, 
СD20, СD68 клеток, степень выраженности которых 
нарастает от плода к новорожденному и с утяжелени-
ем материнской преэклампсии. Преэклампсия легкой 
степени тяжести, средней степени, а также тяжелая 
преэклампсия приводит к чрезмерной активации макро-
фагальной системы, Т-клеточного и В-клеточного 
иммунитета в почках, мочеточниках и мочевом пузыре 
плодов и новорожденных, что проявляется увеличени-
ем абсолютного количества СD3, СD20, СD68 клеток. 

Таким образом, местные иммунные реакции в 
органах мочевыделительной системы, выполняя в 
физиологических условиях исключительно защитные 
функции, в результате чрезмерной антигенной сти-
муляции, обусловленной материнской преэкламп-

сией, могут принимать альтеративный характер и 
приводить к морфофункциональным изменениям в 
почках, мочеточниках и мочевом пузыре плодов и 
новорожденных.

reziume

adgilobrivi imunuri reaqciebis morfolo-
giuri suraTi dedis preeklamfsiis pirobebSi 
ganviTarebuli nayofisa da axalSobilebis 
TirkmlebSi, SardsawveTsa da Sardis buStSi 

1i. sorokina, 1m. miroSniCenko, 2s. Serstiuki, 
2e. zubova, 2s. nakoneCnaia, 2s. panovi

1xarkovis erovnuli samedicino universiteti, 
paTologiuri anatomiis kaTedra; 2xarkovis 
v. karazinis saxelobis  erovnuli  univer-
siteti, adamianis anatomiis kaTedra, ukraina

kvlevis mizans Seadgenda adgilobrivi 
imunuri reaqciebis morfologiuri Tavise-
burebebis Sefaseba dedis sxvadasxva xarisxis 
simZimis preeklamfsiis pirobebSi ganviTare-
buli nayofisa da axalSobilis TirkmlebSi, 
SardsawveTsa da Sardis buStSi. 

kvleva Catarebulia autofsiur masalaze 
– vadamde misuli nayofis da axalSobilis 
Tirkmlebze, SardsawveTebsa da Sardis buS-
tze. gamoyofili iyo oTxi jgufi: I  – nay-
ofebi da axalSobilebi  fiziologiuri or-
sulobis mqone dedebisgan, II  jgufi - nayofebi 
da axal-Sobilebi msubuqi xarisxis preeklam-
fsiiT garTulebuli orsulobis Semdeg, III  
jgufi - nayofebi da axalSobilebi saSualo 
xarisxis preeklamfsiiT garTulebuli orsu-
lobis Semdeg, IV jgufi - nayofebi da axal-
Sobilebi mZime preeklamfsiiT garTulebuli 
orsulobis Semdeg. saSarde sistemis orga-
noebis imunuri infiltracia Seiswavleboda 
kvlevis histologiuri, imunohistoqimiuri da 
morfometriuli meTodebiT.

dadgenilia, rom nayofisa da axalSobilis 
TirkmlebSi, SardsawveTsa da Sardis buStSi 
adgilobrivi imunuri reaqciebi mimdinareobs 
normidan garkveuli gadaxriT da xasiaTdeba 
СD3, СD4, СD8, СD20, СD68 ujredebis raodenob-
rivi cvlilebebiT, romelTa gamoxatulobis 
xarisxi matulobs nayofidan axalSobilamde 
da dedis preeklamfsiis simZimis Sesabamisad. 
msubuqi, saSualo xarisxis da mZime preeklam-
fsia nayofisa da axalSobilis TirkmlebSi, 
SardsawveTsa da Sardis buStSi iwvevs 
makrofaguri sistemis, T- da B-ujredovani 
imunitetis gadaWarbebul aqtivacias, rac 
vlindeba СD3, СD20, СD68 ujredebis absolu-
turi raodenobis zrdiT. 
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amrigad,  fiziologiur pirobebSi sa-
Sarde sistemaSi mxolod dacviTi fun-
qciis  Semsrulebelma adgilobrivma 
imunurma reaqciebma dedis preeklamfsiiT 
gamowveuli  gadaWarbebuli antigenuri 

stimulaciis pirobebSi  SeiZleba miiRos 
alternatiuli xasiaTi da ganapirobos 
morfofunqciuri cvlilebebi nayofisa da 
axalSobilis TirkmlebSi, SardsawveTsa da 
Sardis buStSi. 
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Worldwide annual mortality due to coronary artery 
disease (CAD) exceeds 7 million people, including almost 
2 million Europeans. Developed countries utilizing new 
technologies in diagnosis and treatment are experiencing a 
trend towards decrease of CAD-related mortality. However, 
in Ukraine the mortality rate remains high. Intrahospital 
mortality in acute myocardial infarction (AMI) is within 
4% to 6% in many countries, but as high as 11% to 14% 
in our country [9,14-16].

Acute myocardial infarction with ST segment eleva-
tion (STEMI) presents a particular problem. Complete 
coronary artery occlusion due to formation of thrombus on 
a destabilized atherosclerotic plaque necessitates immedi-
ate reperfusion in order to prevent irreversible damage to 
cardiomyocytes. If reperfusion is delayed or not performed, 
necrosis of a significant portion of the myocardium devel-
ops, and this is what happens to the majority of STEMI 
patients in Ukraine [1,9].

Loss of substantial myocardial mass impairs contrac-
tility of the left ventricle (LV), thus increasing the risk of 
intrahospital complications, including ventricular arrhyth-
mias and acute heart failure (HF), which are more frequent 
in patients affected by occupational hazards (OH) [10,11].

It has been shown that myocardial infarction (MI) in 
this group is usually associated with a non-typical pattern of 
pain. This group is also characterized by higher incidence of 
early dysrhythmias, acute aneurysm, and higher mortality 
during the early period following the MI [11].

According to WHO, urbanized air causes 5% of deaths 
worldwide and is a major cause of mortality in developing 
countries [19].

Objective -to identify the role of occupational hazards 
as a risk factor of onset and unfavorable outcome of CAD.

Material and methods. Retrospective study included 
analysis of 307 archived case records of CAD patients. Pro-
spective study included observation of 244 STEMI patients 
during their in-patient treatment. On days 1 and 19-20 the 
levels of pro-inflammatory molecules were measured (C-
reactive protein [CRP], interleukins 6, 1β, 8 [IL-6, IL-1β, 
IL-8], tumor necrosis factor α [TNF-α], intercellular adhe-
sion molecule [ICAM-1]) using RDG (USA) and Roche 

(Switzerland) assays and Cobas Integra 400 plus analyzer; 
echocardiography (EchoCG) was performed on Sonoline 
Versa Plus scanner, Siemens, Germany), 24 hour ECG 
recording with heart rate variability (HRV) analysis was 
performed using the Solveig HRV enabled Holter system 
(Kyiv), and ECG was recorded repeatedly (using the IN-
NOMED Heart Screen device).

113 study subjects (group A, including 98 men (86.73%) 
and 15 women (13.27%) aged from 29 to 65, mean age 
55.18±4.53) had been continuously exposed to techno-
genic xenobiotics as part of their OH history. 131 patients 
(group B, 112 men (85.50%) and 19 women (14.50%) aged 
from 27 to 65, mean age 54.24±6.34 years) had not been 
exposed to OH.

Patients were included into the main group (group A) 
based on the long term (at least 10 years) exposure to OH. 
Available data on long- and short term adverse effects of 
exposure to air polluted with technogenic toxins in regard 
to the cardiovascular risk have been considered [12, 19].

No patients in the main group had any occupational dis-
eases as documented in the case records. OH experienced 
by these patients included long term exposure to petrol, 
diesel fuel, fuel incineration products (drivers), pesticides, 
mineral fertilizers (agricultural workers), paints, glues, 
lacquers (painters, carpenters, plasterers, shoe-makers), 
metals (locksmiths, turners), welding or lead-tin aerosols 
(welders, solderers, radio equipment assemblers), as well as 
xenobiotics (dioxins, polyaromatic hydrocarbons, chlorine-
containing pesticides, nitrosamines, dibenzene-furanes, 
heavy metal compounds, etc.).

Due to the variability of professions the main group 
patients had been exposed to different xenobiotics. We 
included these patients into the same group (group A) 
based on the results of studies performed by the school of 
the Ukrainian pathologist D.D.Zerbino [2,4,5,8], which 
demonstrated the uniform response of the vascular wall 
to various xenobiotics, with inflammation as the first step, 
since inflammation is the universal response to injury 
caused by various agents.

According to this scientist, and according to his long 
term pathological histological studies, circulating xenobiot-


