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INTRODUCTION
The study of the causes and mechanisms of cardiovascular sys-
tem diseases development is one of the topical issues of modern 
experimental medicine. The share of cardiovascular system pa-
thology in the structure of mortality from non-communicable 
causes in Ukraine is about 67 %, and according to this criterion 
takes one of the first places in the world [1].

In the XX century, the English epidemiologist David Barker, 
formulated a theory according to which the conditions of in-
tranatal development contribute to the formation of health and 
diseases in future [2]. In particular, it was found that adverse 
conditions in utero could program cardiovascular diseases in 
adulthood [3]. Morphological basis for the development of 
these conditions may be a syndrome of unclassified connec-
tive tissue dysplasia, which is manifested by disorganization 
of connective tissue fibers that gradually lead to decrease of 
adaptive possibilities of the body in future [4]. At that time 
adverse factors, can influence the morphogenesis of organs 
and systems during gestation, there may be drugs that women 
take during pregnancy, in particular, a synthetic glucocorticoid 
hormone dexamethasone.

According to “European guidelines for the management 
of premature newborns with respiratory distress syndrome” 
(2019), prenatal corticosteroid therapy is recommended for 
all women with threatened preterm labor before the 34th week 
of pregnancy [5]. In particular, in Ukraine, according to the 
current clinical Protocol on obstetric care “Premature birth” (the 

Ministry of health Order № 624 dated 03.11.2008), in case of 
the premature birth threat, the prevention of respiratory distress 
syndrome of the fetus from 24th to 34th week by intramuscular 
injection of dexamethasone is conducted. However, the ap-
propriateness of the appointment of glucocorticoid hormones 
to pregnant women in the third trimester is a controversial 
issue according to potential negative long-term consequences 
[6]. Previously it is shown that intranatal introduction of glu-
cocorticoids influences on different processes of connective 
tissue development: it is settled that in rats after glucocorticoid 
introduction in fetal period more earlier as compared to con-
trol thinning of articular cartilage, diminishing of relative area 
occupied by fibres in articular capsule, their disorganization, 
shortening and diminishing of depth of penetration in the 
matrix of articular cartilage of the joined bones, more later as 
compared to control appearance of elastic fibres in articular 
capsule are defined  [7]; a significant increase of the relative 
area occupied by intertrabecular lacunas in subchondral bone 
compared to control is revealed [8]. 

In particular, there is a connection between prenatal exposure 
to synthetic glucocorticoids and an increased risk of developing 
cardiovascular disease further in adulthood [9].

In rodents physiological increase in the synthesis of endog-
enous glucocorticoids by mothers’ adrenal glands starts at the 
15th day of pregnancy, in humans – during the last week before 
birth. On the other hand, the level of placental 11-beta-hydrox-
ysteroiddehydrohenase (11β-HSD) decreases during the last 
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week of pregnancy both in rodents and humans, which leads 
to the passage of maternal glucocorticoids to the fetus by the 
end of pregnancy and provides functional maturation of organs 
and systems [10]. However, dexamethasone is not metabolized 
by 11β-HSD, and it can pass freely through the placental bar-
rier during the embryonic period from mother to fetus [11]. 
In experiments with animals it was found that the effect of 
glucocorticoids in late pregnancy led to structural maturation 
of the fetal heart by increased proliferation of cardiomyocytes 
at the 19-th and 21-th day of fetal development [12].

However, the morphological features of rats’ hearts after 
prenatal administration of glucocorticoids are still need to be 
reviewed.

THE AIM
The aim of the research is to study the morphological 
features of rats’ hearts after intrafetal injection of dexa-
methasone. 

MATERIALS AND METHODS
The object of the study was 144 heart of white laboratory rats, 
which were divided into 3 groups: the 1st – group of intact 
animals; the 2nd group consisted of experimental animals, 
each of which at the 18th  day of fetal development was injected 
by 0.05 ml of dexamethasone; the 3rd group of  control rats, 
which were injected by 0.05 ml of 0.9% NaCl at the 18th day 
of intranatal development. The formation of a control group 
of rats is due to the need to eliminate the influence of surgical 
intervention in the prenatal period on the obtained changes 
in the experimental group. 

Animals were contained in standard conditions of vivarium 
according to “European Convention for the protection of 
vertebrate animals used for experimental and other scientific 
purposes” (Strasbourg, 18.03.86 G.) and the Law of Ukraine 
№ 1759-VI (15.12.2009) On the Protection of Animals from 
Cruelty. Morphological structure of heart was examined at 
days 1st, 3rd, 5th, 9th,  14th, 21th, 30th and 45th after birth. Fixa-
tion of histological material was carried out in 10% neutral 
formaldehyde. Immunehistochemical, histological methods, 
method of electron microscopy and statistic methods were 
used in the work. 

Serial histological sections 4 µm in thickness after dewaxing 
were stained by hematoxylin and eosin according to standard 
techniques, all samples were embedded in the balm. Photos of 
histological samples were conducted using CarlZeiss software 
(AxioVision 4.8). Calculation of the relative area that is occu-
pied by the arterial vessels in ventricles of rats was performed 
using the electronic program ImageJ with an overlay of masks. 
Percentage values   were obtained as the ratio of the number 
of pixels that corresponded to the studied structures that are 
specifically colored, to the total number of pixels in the digital 
image of the sample, with the data obtained in the area of   
9000 μm2.  For electron microscopy, ultra-thin sections of 
myocardial fragments of the ventricles of the heart were made, 
they were counterstained with lead citrate according to the 
Reynolds method and examined in an electron microscope 

PEM-100-01 at an accelerating voltage of 75 kV.  To detect 
proliferating cardiomyocytes immunohistochemical studies 
were performed using Ki-67: sc-23900 mouse monoclonal 
antibody (Santa Cruz Biotechnology, inc.).  Immunohisto-
chemical reaction was visualized using an UltraVision Quanto 
HRP + DAB System from Thermo Scientific, followed by 
photodocumentation and processing in ImageJ.  The amount 
of Ki-67 + -cardiomyocytes was counted per 105 μm2 of the 
ventricles of the heart of animals.

 Analysis of the obtained results was conducted by means 
of statistical methods with the use of computer license 
program «Statistica for Windows 13» (StatSoft Inc., № JP-
Z804I382130ARCN10-J).  The statistical significance of the 
obtained differences of indicators in the comparison groups 
was evaluated using the Mann-Whitney U test and consid-
ered to be significant at p <0.05, that is generally accepted for 
biological and medical researches.  The numerical data of the 
obtained results are presented as M ± m (arithmetic mean ± 
standard error of the mean).

Ethnical approval. Supporting and withdrawal of animals 
from experiment was carried out in accordance with the re-
quirements of the European Commission Directive (86/609/
EEC), Law of Ukraine № 1759-VI (15.12.2009) On the Pro-
tection of Animals from Cruelty.

RESULTS
The dynamics of the relative area occupied by arterial ves-
sels in myocardium of intact and control animals changes 
wavy with a maximum value at the 30th day – 6,92 ± 2,21 
and 7,05 ± 1,67%, respectively (Table I).

In animals of intact group, this index increases gradually 
just from birth up to the 30th day multiplying in 5.25 times 
with maximum increase at the fifth day (in 2.07 times), and 
then reduces by 40.75 %. The relative area of arterial vessels 
in myocardium of control animals runs up in 5 times by the 
end of the first month of observation, later on at 45th day it 
decreases by 36.59 %. The value of this index in intakt and 
control groups of animals were not significantly different 
in all periods of observation. 

Dynamics of the relative area occupied by arterial vessels 
in myocardium of experimental animals after intrauterine 
injection of dexamethasone differs from data of intact and 
control groups: maximum value (4,28±1,26 %) is revealed at  
the 14th day after birth.  Overall, the value of this index in 
experimental group of animals increases in 1.95 times during 
the first 2 weeks after birth. Then it gradually reduces up to 
45 days by 24.3 %, and at the 30th day of life, the relative 
area occupied by arteries in myocardium of experimental 
animals is significantly lower compared to the values of the 
control group (3.34 a±1,18 and 7.05±1,67 %, respectively). 

In ventricular myocardium of rats’ heart of all groups of 
animals we define cardiomyocytes which express the Ki-67 
antigen on the membrane of their nuclei (Fig. 1).

At day 9th after birth in experimental animals, the abso-
lute number of Ki-67+ cardiomyocytes in myocardium was 
200.0 ± 12.8 cells per 105 μm2 that index was significantly 
lower in comparison with control – 248.0 ± 14.4.  In the 
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group animals after intrafetal injection of dexamethasone 
the relative number of Ki-67 + cardiomyocytes to the total 
number of cells in the area of view was also significantly 
lower compared to the data   of the control group (18.4 ± 
1.2 and 26.4 ± 1.2%, respectively).

At day 14th after birth the absolute number of Ki-67+ 
cardiomyocytes in the group of animals after intrafetal 
injection of dexamethasone decreases by 36.8%, com-
pared to the previous observation period and is 126.4 
± 3.2 cells per 105 μm2 and is significantly  lower than 

in control rats  (297.1 ± 22.4 cells per 105 μm2).  The 
relative number of Ki-67 + -cardiomyocytes in the ex-
perimental group was also significantly lower compared 
to the values   of the control group (16.7 ± 1.0% and 26.2 
± 1.5%, respectively).

 Electron microscopy revealed that the greater amount 
of heterochromatin is visualized in the nuclei of cardiomy-
ocytes of rats after intrafetal injection of dexamethasone, 
and in cardiomyocytes of animals of the control group  
euchromatin prevails (Fig. 2).

Table I. The relative area occupied by arterial vessels in myocardium of animals (М±m, %) 
Intact group of animals Experimental group of animals Control group of animals

1st 1,32±0,49 2,19±1,13 1,41±0,49

3rd  1,77±0,54 2,73±0,75 1,98±0,74

5th  3,68±1,09 3,19±1,04 3,30±0,92

9th  4,51±1,75 3,70±0,97 4,44±1,25

14th  4,77±1,61 4,28±1,26 5,04±1,22

21st   5,37±1,36 3,79±1,20 5,48±1,84

30th  6,92±2,21 3,34±1,18* 7,05±1,67

45th  4,10±1,18 3,24±1,18 4,47±0,83

* –result is reliable in relation to control group (p<0,05).

Fig 1. Ki-67+-cardiomyocytes in myocardium of left ventricle of control rat. X 1000. A) the 9th day after birth, b)  the 14th day after birth. 
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DISCUSSION
Dynamics of the relative area occupied by arterial vessels in 
the ventricular myocardium of intact and control rats, within 
45 days of postnatal life, consistent with the views of Kok 
Wah Hew (2003), postulating that morphogenesis of arterial 
vessels in rats lasts for a month after birth [13]. After intrafetal 
injection of dexamethasone a premature maturation of the 
vascular component of the myocardium is established proved 
by changing in ratio towards earlier cessation of increasing of 
relative area occupied by arteries. Such changes are consistent 
with the literature data according the ability of dexamethasone 
to inhibit proliferation of smooth muscle musculature of the 
arteries, which leads to their premature maturation [14]. To-
gether with previously obtained data on the reduction of the 
thickness arterial wall complex intima-media in myocardium 
after intrafetal injection of dexamethasone, these changes can 
lead to vascular dysfunction of heart in future.

 Previously, we have described changes in nuclear-cytoplas-
mic relations in myocardium of  rats after intrafetal injection 
of dexamethasone.  [15]. It is found that in the experimental 
group the number of cardiomyocytes’ nuclei intensively 
increases during the first five days after birth, after that myo-
cardium thickens due to increased sizes of cardiomyocytes 
not due to increased their number. Obtained results of the 
study are consistent with earlier data on the participation of 
dexamethasone in premature maturation of the heart. The 

number of Ki-67+-cardiomyocytes in myocardium of intact 
and control animals increases from 9th up to 14th day after birth 
and corresponds to the period of terminal cardiomyocytes’ 
binucleation, which in rats lasts for two weeks after birth. The 
decrease in number of Ki-67+-cardiomyocytes in the heart 
of rats after intrafetal injection of dexamethasone during the 
second week after birth indicates a premature decrease of 
proliferative activity of cardiomyocytes, i.e., early maturation 
of myocardium. Transmission electron microscopic study of 
cardiomyocytes’ nuclei of ventricular myocardium confirms 
this assumption. In fact, revealed increasing amount of het-
erochromatin at day 14th after birth in experimental group, 
while in the nuclei of cardiomyocytes of control animals a 
greater amount of euchromatin is revealed. That is, in rats 
after intrafetal injection of dexametazone at the fourteenth day 
after birth cardiomyocytes are incapable of mitotic division, 
whereas in control group this possibility still remains. Thus, 
dexamethasone leads to appearance of premature binuclear 
cardiomyocytes, which potentially reduces the number of 
functional units of the heart, which in future will have more 
intense growth to develop a sufficient power of contraction  
due to the greater load on exact cells [16]. This may lead to 
compensatory hypertrophy and reduced adaptive capacity of 
myocardium, which in future will increase the risk of coronary 
heart disease. All this indicates the ability of prenatal dexa-
methasone to program cardiovascular disease in adulthood.

Fig 2. Myocardium of rats’ left ventricle at day 14th after birth. Nucleus of cardiomyocyte. X 7500. A) control rat; b) rat after intrafetal injection of 
dexamethasone. 
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CONCLUSIONS
 1.  After intrafetal injection of dexametazone changes in 

dynamics and significantly smaller index of relative area 
occupied by arterial vessels in ventricular myocardium 
at the 30th day after birth are observed.

 2.  After intrafetal injection of dexametazone the absolute 
and relative number of Ki-67 + – cardiomyocytes in 
myocardium decreases during the second week after 
birth and is significantly lower compared to the control 
group.

 3.  In the nuclei of cardiomyocytes of the rats’ heart after 
intrafetal injection of dexametazone, a greater amount 
of heterochromatin is visualized, and in cardiomyocytes 
of the control group – euchromatin.

 4.  The revealed changes indicate premature maturation of 
cardiomyocytes after intrafetal injection of dexameta-
zone, which reduces their number in future life.  
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