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chromosomal instability was less than one in 54.0% of patients. Thus, individual somatic chromosome susceptibility
to additional mutagenic load in vitro did not depend on sex and influence of mutagenic environmental factors and
is genetically determined.

We determined the level of spontaneous and induced mutagenesis in blood lymphocytes of patients with
depression in vitro, which was twice the spontaneous level of chromosome aberrations after mutagen introduction
into the culture mixture that indicates pronounced individual and group latent chromosomal instability in adolescents
with depression.
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Determination of the kinetics of the development of the microcirculatory bed (MCB) of the mammalian myocar-
dium remains an urgent problem of ontogenesis. The work aimed to study the regularities of the volume ratios of
the capillary (cap) and arteriolo-venular (a+v) components in the process of postnatal development of the myocar-
dial MCB in the complex "left ventricle + interventricular membrane" (LV+LV) of the heart of Wistar rats. Electron-
microscopic, optical and morphometric analysis of the ultrastructures of the MCB of the myocardium of rats from
birth (d/b) to 45 days was carried out. The following morphometric parameters were determined: 1- relative volumes
(%): Vvmcb, Vvcap, W(a+v) = (Vwvmcb—Vvcap); 2 — absolute volumes (um3): Vmceb, Vcap, V(a+v) = (Vmcb—Vcap); 3 —
average daily growth rate (um3/day): vcap/day; v(a+v)/day. It was established that after the birth of rats, the mor-
phological processes of intensive growth of the volumes of the components of the blood microcirculatory channel
occur in the myocardium (LV+IVS). In newborns and 5-day-old rat pups, numerous blood microvessels were found,
the endotheliocytes of which were in the process of proliferation and differentiation. The obtained results of the con-
ducted morphometric analysis of myocardial negatives indicated that on the 10th day after the birth of the animals,
the maximum average daily growth rate of the volume of the capillary component (vcap) was determined in the MCB
of the myocardium, and on the 25th day — the maximum average daily growth rate of the arteriole volume -venular
component- v(a+v). In the myocardium of newborn rats, the ratio of volumes (a+v)/cap was equal to 1 : 44. At t >
45 days, there was a significant increase in the ratio of volumes v(a+v)/vcap to 1 : 3.1 as a result of absolute growth
volume of microvessels (a + v). In the process of postnatal angiogenesis, the source of the formation of arterioles and
venules in the blood-carrying MCB of the myocardium (LV+IVS) is the existing capillaries.

Key words: angiogenesis, morphometry, capillaries, arterioles, venules.

Connection of the publication with planned re-
search works. The work was carried out by the theme
of the SRW: “Anatomical and physiological aspects of
growth and development of humans and animals.” State
registration number 0116U002990.

Introduction. Over the past 20 years, numerous
works by cardiologists, pathomorphologists, clinicians,
and physiologists have been devoted to studying angio-
genesis and biological functions of the MCB of the myo-

cardium of humans and laboratory animals [1-4]. This
is because almost all heart diseases are associated with
disorders of metabolic processes in cardiomyocytes
(CMC) and components of the MCB of the myocardium
[5-8]. Arterioles, capillaries, venules and arteriolo-venu-
lar anastomoses are distinguished as part of the blood
microcirculatory channel of the myocardium [1, 2, 5].
Currently, the capillary link of the MCB, which performs
the functions of transport and transmembrane move-
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ment of various trophic substrates,
regulatory molecules, and oxygen to the
CMC of the myocardium of the ventri-
cles, atria, and papillary muscles of the
heart of humans and animals, is being
actively studied [2, 5, 8]. Individual
works in domestic and foreign publica- 8
tions are devoted to the postnatal mor- §
phogenesis of the blood-carrying MCB
of the myocardium of mammals and
humans. In most experimental and clini-
cal studies, morphometric data relating
to the dynamics of the age-standardized
blood MCB are mainly used as a control
[2, 6, 9]. There are practically no studies
of the ratio of the volumes of the capil-
lary and arteriolo-venular components
of MCB in the myocardium of humans
and mammals.

The work aimed to study the regu-
larities of the capillary and arteriolo-
venular components’ volume ratios in
the postnatal development of the blood
MCB of the myocardium (LV + IVS) of the
heart of Wistar rats.

Object and research methods. Male
Wistar rats aged from birth (d/b) to 45 [
days were used in work. Animals from |
the nursery of the Faculty of Biology of [
KhNU (Kharkiv) were kept in standard [g58
vivarium conditions. All manipulations b
with rats were carried out in strict com- i ;
pliance with the «European Convention &8 %
on the Protection of Vertebrate Animals [~ 8882
Used for Experimental and Scientific [ (i
Purposes» (Directive 2010/63/EU) and
the principles of bioethics outlined in
the Law of Ukraine «On the Protection
of Animals from Cruel Treatment» (No.

1759 from 15.12.2009). Pieces of the
intramural zone (LV+IVS) were fixed, de-
hydrated, infiltrated, and embedded in
a mixture of epoxy resins according to
standard methods [10]. In each age group of animals,
a morphometric analysis of 50 negatives measuring
(6.5x9) cm? of ultrastructures of the myocardium and
MCB components was performed at a magnification of
2000x. A point test system (650 points on the negative
area) and an optical-mechanical device UMA-1 were
used for morphometric analysis of MCB images of the
myocardium. When determining the digital values of
the relative volumes of the MCR and its components,
the volume of the myocardium was taken as 100%. We
determined: 1- relative volumes (%): Vvmcb, Vvcap,
Vv(a+v) = (Vvmcb—Vvcap); 2 — absolute volumes (um3):
Vmcb, Vcap, V(a+v)=(Vmcb—Vcap); 3 — average daily
growth rate (um?3/day): vcap/day; v(a+v)/day. Digital val-
ues of the absolute volumes of Vmcb, Vcap, and V(a+v)
were determined by converting the mass of the myo-
cardium of rats of various ages [11] into volumes (um?3),
based on the values of the specific gravity of muscle tis-
sue [12]. Digital data of morphometric measurements
were processed by the graphic-analytical method and
with the help of a standard package of programs for a
personal computer IBM-SigmaPlotforWindows 9.0.

Figure 1 — Electronograms of the MCB of the myocardium. Magnification: 10000*. A and
B — microvessels of newborn rats, C — postcapillary venule in the myocardium on the 10th
day after birth, D — capillary in the myocardium of rats on the 45th day.

Research results and their discussion. Electron mi-
croscopic studies have revealed certain regularities in
the age-related development of the components of
the circulatory MCB. Thus, in the myocardium of the
complex (LV+IVS) of newborn rats, numerous blood mi-
crovessels were found, the endotheliocytes of which
were in the process of proliferation and differentiation.
In the intercellular space, winding, long and unevenly
thick processes of connective tissue cells, single poorly
differentiated cells of smooth muscle tissue and fibro-
blasts were determined. Large bundles of collagen fibrils
were located around many newly formed microvessels
(fig. 1A). Endotheliocytes of blood capillaries are char-
acterized by marked structural and functional hetero-
morphism. A significant number of endotheliocytes
in blood vessels were in a state of physiological rest.
Morphologically, this was manifested in moderately
pronounced dehydration of the cytoplasm and nucleus
(fig. 1B). Such endotheliocytes and their nuclei were
optically dark, had tortuous contours. Marginal areas of
the wall of dark endotheliocytes are thin and practically
did not contain pinocytotic vesicles and organelles. Mi-
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Figure 2 — The kinetics of “increase - decrease” of the relative
volumes of MCB (graph 1) of capillaries (graph 2) and the
monotonic increase of the relative volume of the complex

“arterioles + venules” (}3) in the myocardium (LV+IVS) in the course
of early postnatal development of rats.

tochondria and other organelles are concentrated in the

cytoplasm of light, moderately swollen endotheliocytes

in the perinuclear zone (fig. 1B). Microvessels, the struc-

ture of which corresponded to arterioles or venules,

were rarely found in the myocardium of newborn rats.

In the time interval (d/b — 10 days), a rapid increase
in the volume of the capillary link was recognized in the
MCR of the myocardium. Analysis of a series of images
of MCB elements strongly suggested that postcapillary
venules were formed from existing capillaries. Some en-
dotheliocytes in microvessels were located mainly in a
circle or spiral and limited to a wide lumen. Gradually,
the postcapillary venules acquired a complex tortuous
spatial shape and were located quite close to the lateral
surface of the CMC for a considerable distance (fig. 1B).
Single elongated poorly differentiated cells of smooth
muscle tissue (SMT) and their processes were found
around some microvessels. This indicated the beginning
of the formation of precapillary arterioles. After the 10th
day of postnatal development of rats, arterioles and ve-
nules containing only light endotheliocytes were clearly
differentiated in the blood MCB of the myocardium. The
number of blood arterioles and venules increased in the
MCB of the myocardium. Capillaries acquired a typical
ultrastructure. Individual large erythrocytes were iden-
tified in the middle of some capillaries (fig. 1D). Within
45 days after the birth of rats, the structural and func-
tional elements of the MCB of the myocardium gradu-
ally reached their final development.

Figure 2 shows graph 1 of the “increase - decrease”
kinetics of the digital values of the Vvmcb indicator in
the myocardium of rats in the time interval (d/b — 45
days). Graph 1 is sharply convex upwards and consists of
two consecutive sections demarcated by the extremum
point “A” with a time coordinate (t=10 days). During the
first 10 days, the values of the Vvmcb indicator increased
rapidly from 7.60% to a maximum of 13.50+0.50%. After

e QI/!I,,
o 10 20 30 40
Day

Figure 3 — Growth kinetics of the absolute volumes of MCB (graph
1) of capillaries (graph 2) of the complex “arterioles + venules”
(}3) in the myocardium (LV+IVS) in the course of early postnatal

development of rats.

10 days, Vvmcr values decreased and slowly approached
9.50+0.30% on the 45th day. Figure 2 shows graph 2 of
the “increase - decrease” kinetics of digital values of
the Vvcap indicator in the myocardium of the complex
(LV + 1VS).

The form of the graph is similar to graph 1 and
consisted of two consecutive sections demarcated by
the extreme point “B” with a time coordinate (t=10
days). Within 10 days, the values of the Vvcap index
rapidly increased from 7.20% (d/b) to a maximum of
12.50+0.50%. At t > 10 days, Vvcap values decreased
monotonically and approached 7.20+£0.30% by day 45.
The given data indicated that within 45 days after the
birth of rats, the heart muscle’s dominant component
in the blood MCB is the capillary link. If we take the
volume of the blood MCB of the myocardium as 100%,
then the relative volume of the capillary link in newborn
rats was equal to = 95%. In 45-day-old rats, the relative
volume of the capillary link in the blood MCB was = 76%.
The obtained morphometric data allow us to state that
all blood vessels of the MCB myocardium have the exact
origin from the same type of capillaries. Therefore, the
migration, localization and accumulation of poorly dif-
ferentiated SMT around individual capillaries contrib-
uted to the formation and formation of arterioles, and
the circular and spiral arrangement of endotheliocytes
in microvessels contributed to the formation of postcap-
illary venules.

In fig. 2, the sign “}3” indicates the area of the “gray”
figure, bounded above by graph 1, below by graph 2, on
the left and right by time coordinates of 0 and 45 days,
respectively. Figure “}3” is formed by a series of gradu-
ally increasing digital values of the indicator Vv(a+v)
= Vvmcb — Vvcap. From the given data it follows that
after the birth of rats, the relative volume of the arteri-
olo-venular component in the MCB of the myocardium
monotonically increased by = 6 times, from 0.40% (d/b)
to 2.30% on the 45th day (according to 100% accepted
myocardial volume). Indicators (Vv, %; IU) have limited
informativeness and are insufficient for an unambiguous
interpretation of the results of biometric studies. This
is because the Vv indicators do not consider the actual
changes in absolute volumes (V, um?3) of biological ob-
jects in the process of ontogenesis and in the conducted
studies [13]. To obtain an unambiguous morphometric
characteristic of the studied bioobjects, it is necessary
to determine the value (Vv) and the changes in their ab-
solute volumes (V, um3), which occur in the process of
ontogenesis and in the conditions of experiments.

Figure 3 shows graph 1 of the growth kinetics of digi-
tal values of the Vmcb indicator in the myocardium (LV
+1VS) after the birth of rats. Graph 1 has an “S” — similar
shape. Within 45 days, the digital values of the Vmcb in-
dicator increased = 31 times, from 0.80 x 10° um3 (d/b)
to 25.60 x 10° um®. The shape of the graph indicates that
the intensive growth of the volume of MCB is observed
in the time interval (5 — 30) days.

At t > 30 days, there is a significant slowdown in the
growth of the MCB volume in the myocardium (LV +
IVS). The minimum increase in the volume of MCB was
determined in the time interval of 40-45 days. One of
the methods of researching the processes of postnatal
ontogenesis of biological structures is to establish the
doubling time of their absolute volumes and determine
the number of such doublings. We established that dur-
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ing 45 days of postnatal maturation of the myocardium
(LV + 1VS), five complete doublings of the absolute vol-
ume of the MCB occur. The first increase in the volume
of the MCB of the myocardium by 2 times from (0.80 to
1.60) x 10° um? occurred within = 2.5 days after the birth
of rats. The second increase in MCB volume by 2 times
from (1.60 to 3.20) x 10° um? occurred in the time inter-
val = (2.5-5.0) days. The third increase in the volume of
MCB by 2 times from (3.20 to 6.40) x 10° um? occurred
in the time interval = (5.0-9.0) days. The fourth increase
in the volume of MCB by 2 times from (6.40 to 12.80) x
10° um?® occurred in the time interval = (9-17) days and
the fifth increase in the volume of MCB by 2 times (from
12.80 to 25.60) x 10° um?® occurred in the time interval
= (17-45) days. Therefore, the first and second doubling
of the absolute volume of the blood MCB of the myo-
cardium occurred within = 2.5 days. It took 4, 8, and 28
days for the third, fourth, and fifth doubling of the myo-
cardial MCB volume, respectively. In fig. 3 shows graph
2 of the growth kinetics of the digital values of the Vcap
indicator in the myocardium (LV + IVS) after the birth of
rats. The form of graph 2 is similar to graph 1. During 45
days, the digital values of the Vcap indicator increased =
26 times, (from 0.76 (d/b) to 19.46) x 10° um?3. The form
of graph 2 indicates that the intensive growth of the vol-
ume of the capillary link of the MCB was observed in
the time interval (5-20) days. At t > 20 days, there was
a significant slowdown in the growth of the absolute
volume of capillaries. The first increase in the volume
of the capillary link in the MCB of the myocardium by
2 times (from 0.76 to 1.52) x 10° um? occurred within
= 2.5 days after the birth of rats. The second increase
in Vcap values by 2 times (from 1.52 to 3.04) x 10° um?
occurred in the time interval (2.5-5.0) days. The third
increase in the volume of the capillary link in the MCB of
the myocardium by 2 times (from 3.04 to 6.08) x 10° um?
occurred in the time interval (5.0-10.0) days. The fourth
increase in Vcap values by 2 times (from 6.08 to 12.16)
x 10° um? occurred in the time interval (10-17) days.
During the next 28 days (17-45 days), the increase in
the volume of the capillary link in the MCB of the myo-
cardium occurred only 1.6 times (from 12.16 to 19.46)
x 10° um?3. Therefore, the first and second doubling of
the absolute volume of capillaries in the blood MCB of
the myocardium occurred within 2.5 days. For the third
and fourth doubling of Vcap in the blood MCB, it took
5 and 7 days, respectively. The fifth increase of Vcap in
the MCB of the myocardium by only 1.6 times occurred
in 28 days. In figure 3, the sign “}3” marks the area of
the “gray-colored” figure, bounded from above by graph
1, from below by graph 2, to the left and right by time
coordinates of 0 and 45 days, respectively. The figure
“13” is formed by a series of gradually increasing digital
values of the indicator V(a+v) = Vmcb — Vcap. From the
given data it follows that after the birth of rats, the abso-
lute volume of the arteriolo-venular component in the
MCB of the myocardium monotonically increased by =
102 times!, from 0.060 x 10° um? (d/b) to 6.14 x 10° um?
at 45 days after birth of rats The given graphs of relative
volumes of MCB and capillaries (fig. 2) differ from the
graphs of absolute volumes of MCB and capillaries (fig.
3). These graphs describe different patterns of postnatal
changes in MCB and its components in the myocardium.
Thus, it follows from the results of the research that the
relative volumes of blood capillaries in the MCB of new-
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Figure 4 — “increase -» decrease” kinetics of the average daily
growth rate of the absolute volume of capillaries (graph 1) and the
complex of microvessels (a+v) in the MCB of the myocardium (graph
2). The abscissa is the period of postnatal development of rats.
borns and 45-day-old rats are the same and amount to
7.20%. At the same time, the digital values of their ab-

solute volumes differ by 26 times!

Figure 4 presents graph 1 of the “increase -
decrease” kinetics of digital values of the average daily
growth rate of the absolute volume of capillaries (vcap/
day) in the MCB of the myocardium within 45 days after
the birth of rats. The graph is significantly shifted to
the left along the time axis and is located asymmetri-
cally with respect to the vertical dashed line that passes
through the extreme point “A” with a time coordinate of
10 days. Point A is the border of two successive periods
of change in the digital values of the vcap/day indica-
tor. In the first period, for 10 days, there is an intensive
increase in vcap/day values by 4.5 times (from 0.20 to a
maximum of 0.915) x10° um?3/day. The second period is
limited to coordinates (10-45) days. At this time, there is
a significant decrease in the digital values of the vcap/
day indicator by = 18 times from 0.915 x 10° um3/day (10
days) to a minimum of 0.035 x 10° um3/day (45 days).

Figure 4 presents graph 2 of the “increase = de-
crease” kinetics of the digital values of the average daily
rate of growth of the absolute volume of the microves-
sel complex v(a+v)/day in the blood MCB of the myo-
cardium within 45 days after the birth of rats. Graph 2 is
significantly shifted to the right along the time axis and
is located asymmetrically to the vertical dashed line that
passes through the extreme point “B” with a time coor-
dinate of 25 days. Point B is the limit of two successive
periods of change in the digital values of the indicator
v(a+v)/day. In the first period, within 25 days, there is
a gradual increase in the values of v(a+v)/day by = 52
times (from 0.006 to a maximum of 0.310) x 10° um3/
day. The second period is limited to coordinates (25-45)
days. During this period, there is a significant decrease
in the digital values of the indicator v(a+v)/day by = 16
times from 0.310 x 10° um?3/day (25 days) to a minimum
of 0.020 x 10° um3/day (45 days).

Conclusions. In the time interval (d/b — 45 days) of
postnatal development of Wistar rats, the structural and
functional elements of the blood-carrying MCB of the
myocardium in the complex (LV+IVS) gradually reach
their final development.

1. Within 45 days after the birth of rats, the dominant
component in the blood MCB of the myocardial complex
(LV+IVS) is the capillary link.

2. In the process of postnatal angiogenesis, the
source of formation of arterioles and venules in the
blood MCB of the myocardium (LV+IVS) is the existing
capillaries.
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3. Intensive development of the capillary link in the
MCB of the myocardium occurs during the first 10 days
after the birth of rats. During this period, the average
daily growth rate of the absolute volume of capillaries
in the MCB of the myocardium increases by = 4.5 times
(from 0.20 to a maximum of 0.915) x 109 um3/day. At
t > 10 days, there is a significant decrease in the digital
values of the vcap/day indicator by = 18 times from
0.915 x 109 um3/day (10 days) to a minimum of 0.035 x
109 um3/day (45 days).

4. The gradual development of the complex of
microvessels (arterioles + venules) and the increase
of their absolute volume in the blood MCB of the
myocardium occurs during the first 25 days after the

(a+v)increases = 52 times (from 0.006 to a maximum of
0.310) x 109 um3/day. At t > 25 days, there is a significant
decrease in the digital values of the indicator v(a+v)/day
by = 16 times from 0.310 x 10° um3/day (25 days) to a
minimum of 0.020 x 10° um3/day (45 days).

5. In the MCB of the myocardium of newborn rats,
the ratio of the volumes of microvessels (a+v)/cap
was equal to 1 : 44. Within 45 days after the birth of
rats, there was a significant increase in the ratio of the
volumes of microvessels (a+v)/cap in the MCB to 1 :
3.1 as a result of an increase in the absolute volume of
microvessels (a + b).

Prospects for further research. Morphometry of

postnatal proliferation kinetics of rat myocardial MCB
endotheliocytes will be performed.

birth of rats. During this period, the average daily growth
rate of the absolute volume of the microvessel complex
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KIHETUKA PO3BUTKY MIKPOLUPKYNATOPHOIO PYC/IA MIOKAPAA KOMMNEKCY (/1L + MLLUM) Y NPOLIECI
PAHHbOI'O NOCTHATA/IbHOTO OHTOTEHE3Y LLLYPIB BICTAP

3aropyiiko I. €., MapuuHoBcbkui B. M., l'ycakoscbka T. M., ®inatosa B. J1., 3aropyiiko 0. B.

Pe3stome. [poBeeHO €1EKTPOHHO-MIKPOCKOMIYHE, ONTUYHE Ta MOPPOMETPUYHE AOCNIAKEHHA Cepil HeraTmBiB
MiKpPOCYAMH KPOBOHOCHOTO MiKPOLUMPKYAATOpHOro pycna (MLP) miokapZaa KOMNaeKcy «/1iBUIA LUIYHOUYOK + MiK-
LIYHOYKOBaA nepeTuHKa» (JILL+MLLUM) wypis Bictap y BiLi Big HapomxKeHHs o 45 aib. Y cepii eneKTpoHHO-MIKpo-
CKOMiYyHMX 306pakeHb (No 50 HeraTMBiB Po3Mipom 6,5 X 9 cM OTPUMaHMX Npu 36iNbLUEHT €1eKTPOHHOTO MiKPOCKOMNy
2000%) komnoHeHTiB MLP miokapaa Bu3Havyanu BigHocHi 06’emu (%), abcontoTHi 06’emn (Mkm?) Ta cepegHbon060BY
weunakictb pocty (Mkm3/go6a) MUP, Kaninsapis, Komniekcy mikpocyauH (BeHynun + aptepionn). OTpumaHi umMpposi
AaHi mopdomeTpii [03BONNAN BUZHAUYUTU 3aKOHOMIPHOCTI KIHETUKM PO3BUTKY KOMMNOHeHTiB MLP y miokapai wypis
Ha MpoTA3i iX paHHbOrO NOCTHATa/IbHOTO PO3BUTKY. BcmaHoesieHo, Wwo B iHTepBani yacy (H/p — 45 aib) noctHaTanb-
HOro PO3BUTKY LLypiB BicTap CTPyKTYpHO-PYHKLIOHANbHI enemeHTN KpoBoHocHoro MLP miokapaa noctynoso go-
CATalOTb CBOTO OCTAaTOYHOrO PO3BUTKY. MNpoTtarom 45 ai6 nicna HapoAKeHHA LWypiB, AOMiIHYIOYMM KOMMOHEHTOM Y
KpoBoHocHoMy MLIP miokapaa komnaekcy (/ILLU+MLUM), € kaninapHa naHka. Y npoLeci NOCTHAaTaNbHOTO aH2iozeHe-
3y, OyKepesioM YTBOPEHHS apTepion i BeHyN y KpoBoHOCHOMY MLLP miokapaa (/1LL+MLLUM) € icHytoui kKaninapu. IHTeH-
CUBHWIN PO3BUTOK KaninApHoi naHkn y MUP miokapaa Biabysaetbca npotarom nepwmx 10 4ib nicna HapoarKeHHs
WwypiB. 3a uen nepioa Yacy cepedHbo00608a WBUAKICTL pocTy abcontoTHoro 06’emy Kaninapis y MLUP miokapaa
36inbluyetben (8ig 0,20 ao makcumymy 0,915) x10° mkm3/go6a. MocTynoBmit pO3BUTOK KOMMIEKCY MIKpOCYAWH (ap-
Tepionu + BeHynu) Ta 36inblueHHnA ix abcontoTHoro 06’emy y MLP miokapaa BigbyBaeTbca npoTarom nepmx 25 aié
nicna HAPOAXKEHHs LWypiB. 3a Lel nepiog Yacy cepedHb000608a WBUAKICTb pOCcTy abcontoTHOro 06’emy Komniekcy
MiKpocyauH (a + B) 36inbluyetbea y = 52 pasu (8ig 0,006 no makcumymy 0,310) x 10° mkm3/go6a. Y MUP miokapaa
HOBOHAPOOMHEHUX LWypiB CNiBBiAHOWEHHA 06’emiB mikpocyauH (a+B)/kan popisHioBano 1 : 44. Mpotarom 45 Ai6
NicNs HAPOAMKEHHS LLYPIB BiAOYBAETbCA CYTTEBE 36i/1bUWEHHSA CNiBBiAHOWEHHA 06’emis mikpocyamH (a+8)/kany MLP
0o 1:3,1y pesynbrati pocTa abcontotHoro o6’emy mikpocyamH (a + 6).

Kniouosi cnosa: aHrioreHes, mopdomeTpis, Kaninapu, apTepionun, BEHyIN.
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KINETICS OF THE DEVELOPMENT OF THE MICROCIRCULATORY TRACT OF THE MYOCARDIAL COMPLEX (LV +
IVS) IN THE PROCESS OF EARLY POSTNATAL ONTOGENESIS OF RATS WISTAR
Zagoruyko G. E., Martsinovsky V. P., Husakovska T. M., Filatova V. L., Zagoruyko Yu. V.
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Abstract. An electron-microscopic, optical and morphometric study of a series of negatives of the microvessels of
the blood microcirculatory tract (MCT) of the myocardium of the complex «left ventricle + interventricular septum»
(LV + IVS) of Wistar rats aged from birth to 45 days was carried out. In a series of electron microscopic images (50
negatives of (6.5 x9) cm?in size, obtained at a magnification of an electron microscope of 2000, the relative volumes
(%), absolute volumes (um3) and average daily growth rate (um3/ day) of MCT, capillaries, complex of microvessels
(venules + arterioles). The obtained digital morphometry data made it possible to determine the regularities of the
development kinetics of MCT components in the myocardium of rats during their early postnatal development. It
was established that in the time interval (birth to 45 days) of the postnatal development of Wistar rats, the structural
and functional elements of the blood-flowing MCR of the myocardium gradually reach their final development. For
45 days after the birth of rats, the dominant component in the blood MCT of the myocardial complex (LV + IVS) is
the capillary link. In the process of postnatal angiogenesis, the source of the formation of arterioles and venules
in the blood MCT of the myocardium (LV + IVS) are the existing capillaries. Intensive development of the capillary
link in the MCT of the myocardium occurs during the first 10 days after birth of rats. During this period of time, the
average daily growth rate of the absolute volume of capillaries in the MCT of the myocardium increases (from 0.20
to a maximum of 0.915) x10° um?® / day. Gradual development of the microvascular complex (arterioles + venules)
and increase in their absolute volume in the MCT of the myocardium occurs during the first 25 days after birth of
rats. During this period of time, the average daily growth rate of the absolute volume of the microvascular complex
(a + v) increases = 52 times (from 0.006 to a maximum of 0.310) x 10° um?/ day. In the MCT of the myocardium of
newborn rats, the ratio of microvascular volume (a + v) / cap was 1:44.1. Within 45 days after the birth of rats, there
is a significant increase of microvascular volume (a +v) / cap in the MCT to 1: 3.1.

Key words: angiogenesis, morphometry, capillaries, arterioles, venules.
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KIHETUKA PO3BUTKY MIKPOLUPKYTATOPHOIO PYC/IA MIOKAPAA KOMMNEKCY
(AWw+MLUn) Yy NPOLECI PAHHbOIO NOCTHATA/IbHOIO OHTOIEHE3Y LLLYPIB BICTAP

PiBHEHCbKUI aep)aBHUI rymaHiTapHUi YHiBepcuTeT (m. PiBHe, YKpaiHa)
*MonTaBCbKUiA Aep>KaBHUIT meguuHuii yHisepceutet (M. MonaTtasa, YKpaiHa)
prof.zagoruykoge@gmail.com

AkmyanbHoto npobnemords oHMozeHe3y 3aAUWAEMbCA BU3HAYEHHA 3aKOHOMIipHOcmel KiHemuKu po38umky
MiKpoyupkynamopHoao pycaa (MLP) miokapda ccasuyis. Memotro pobomu 6ysn0 00CniomeHHsA 3akoHomipHocmeli
06’EMHUX cniegiOHOWEHb KaninapHo20 (Karm) ma apmepiono-eeHynsapHo20 (a+8) KomroHeHmMis y npoueci
nocmHamassHo20 po3sumky MLP miokapoa 8 KoMnaeKkci «aiguli WsayHOYOK + MiHUW/AYHOYKOBA MepemuHKa»
(/1LL+MLLIM) cepus wypie Bicmap. MposedeHo enekmpoHHO-MIKPOCKoniYHul, onmuyHuUli ma mopgpomempuyHuli
aHaniz ynempacmpykmyp MLP miokapda wypie 8i0 HapodxceHHs (H/p) 00 45 0i6. BuzHayasu maki MopghomempuyHi
MOKa3HUKU: 1- 8iOHOCHI 06’emu (%): Vvmup, Vvkan, VW(a+e) = (Vvmup—\Vvkan), 2 — abconomHi o6’emu (MKm3):
Vmup, Vkan, V(a+e) = (Vmup—Vkan); 3 — cepedHbo00608y weudkicms pocmy (Mkm3/006a): vkan/doba; v(a+s)/
006a. BcmaHo8aeHo, WO Mic/asa HapoOXeHHA uypie y miokapdi (/1LLI+MLLIIT) 8iobysarombcsa mopghonoaiuHi npoyecu
iIHMeHcusHo20 pocmy 06’emie KOMMOHEHMIB KPOBOHOCHO20 MIKPOUUPKYAAMOPHO20 Pycaa. Y HOBOHAPOOHEHUX |
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5-mu dobosux wypsam susAsneHi YucneHHi KPOBOHOCHI MIKPOCYOUHU, eHoomenioyumu AKUX 3HaX00uaucA y npouyeci
nponigepauii ma ougpepeHyiayii. OmpumaHi pe3yabmamu rnposedeHo20 MoppoMempuUYHO20 AHAI3Yy Heaamusie
miokapoa ceid4uau npo me, wjo Ha 10-my 006y nicaa HapoOweHHA meapuH y MLP miokapdy eusHa4anace
MOKCUMGAsbHA cepedHbo0obo8a weudkicme pocmy ob6’emy KaninapHo2o KomrnoHeHmy (vkan), a Ha 25 0oby —
MOKCUMGAsbHA cepedHbo00bosa weudkicme pocmy ob6’emy apmepiono-eeHysspHO20 KOoMoHeHmy- v(a+s). Y
MiOKapOi HoOBOHAPOOMHCEHUX Wypie criegioHoweHHA 06’emis (a+8)/kan dopisHrosano 1 : 44. Mpu t - 45 9i6 8idbynoca
cymmese 36inbuleHHA criggioHoweHHA 06’emie v(a+e)/vkan, 0o 1 : 3,1 y pe3yaemami pocma abcosnomHo20
06’emy miKkpocyOuH (a + 6). Y npoueci nocmHamasbHO20 aHzio2eHe3y, OHepenoM ymeopPeHHS apmepiosn i 8eHyn y
KposoHocHomMy MLIP miokapoa (/1LLI+MLLIIM) € icHytoui Kaninspu.

Knrouoei cnoea: nocmHamansHuUli aHziozeHe3, Mopghomempis, MIKpOUUPKYAAis, Miokapd, wypu Bicmap.

38’A30K nyb6aikauii i3 naaHoBMMM HayKOBO-A0O-
cnigHumm poboramu. PoboTa nposegeHa BignosigHO
no Temu HAP: «AHaToMo-¢i3ioNoriyHi acnekTn pocTy Ta
PO3BUTKY NOANHM | TBapuH». N2 gepKaBHOI peecTpaLil
0116U002990.

Beryn. 3a octaHHi 20 poKiB AOCNIAXKEHHIO gH2i02e-
He3y Ta 6ionoriyHux ¢yHKLUin MLUP miokapga ntoamHm
i NabopaTopHUX TBAPUH MPUCBAYEH] YMCAEHHI poboTu
Kapgionoris, natomopdonoris, KAiHiuucTie, ¢isionoris
[1-4]. Ue 3ymoBNEHO TUM, WO MNPaKTUYHO BCi 3aXBO-
ptOBaHHA cepus MoB’A3aHi 3 NOpyLEHHAMU O0BMiIHHMX
npouecis y KapgiomiouymTax (KML,) i KomnoHeHTax MLP
MioKappaa [5-8]. Y cknafi KpOBOHOCHOIO MiKPOLMPKYAA-
TOPHOrO pyc/aa MioKapZa BUAINAKTb: apTepionn, Kani-
NAPU, BEHYNU Ta apTepiono-BeHyAsApHI aHacTomosu [1,
2, 5]. 3apa3 aKTMBHO AOCAIAKYETbCA KAMiAAPHA NaHKa
MUP, Aka BUKOHYE QYHKLi TpAaHCNOPTY Ta TPAaHCMeMb-
paHHOro nepemilleHHs Pi3HMX TPodiYHUX cybCTparis,
perynaTopHmMx Monekyn, KucHio ao KMLU, miokapaa
LUNYHOYKIB, Nepeacepab, COCOYKOBUX M'A3IB cepus Ato-
OMHW Ta TBapWH [2, 5, 8]. Y BiTUM3HAHMX Ta 3apyb6iKHMX
ny6nikauiax € NooAMHOKI poboTH, WO MNPUCBAYEHi Mo-
CMHamMasnbHoMy MopghozeHe3y KpoBoHOCHOro MLP mi-
OKapfAa CcaBLiB Ta AtoAUHU. Y BinblIOCTi eKcnepumeH-
TaZIbHUX Ta KAIHIYHUX AOCAIAMKEHHAX MOpPGHOMeMpPUYHI
AaHi, WO CTOCYTbCA AMHAMIKM BIKOBOI HOPMU KPOBO-
HocHoro MLP BMKOpPUCTOBYHOTbCA, MepeBa*KHO, B AKOCTI
KoHmponsa [2, 6, 9]. MpakTUYHO BiACYTHI AOCNIAKEHHA
cnisBigHoWweHHA 06’emiB KaninspHoro i aprtepiono-se-
HYNAPHOro KomnoHeHTis MUP y mioKapai AaioanHm Ta
ccaBL,iB.

Mertoto po60oTu 6yn0 foCNiAKEHHA 3aKOHOMIPHOC-
Teil 06’eMHUX CniBBiAHOLIEHb KanifApHOro Ta apTepio-
NI0-BEHYNIAPHOTO KOMMOHEHTIB Yy Mpoueci nocTHaTanb-
HOrO PO3BUTKY KpoBOHOCHOro MUP miokapaa (N +
MLLM) cepusa wypis BicTap.

06’ekTimeToauM pocnipKeHHs. Y poboTi BUKOPUCTaHI
ypu camui Bictap y Biui Big HapoaxeHHs (H/p) oo 45
Ai6. TeapuHu 3 posnnigHuKa 6ionoriyHoro dakynbteTy
XHY (M. XapkiB) yTpumyBanuca B CTaHAAPTHUX YyMOBaX
BiBapito. Yci maHinynAauji 3 Wwypamu nNposBoannun 3 pe-
Te/IbHUM AOTPUMAHHAM «EBPOMNENCbKOI KOHBEHLT Npo
3aXMCT XpebeTHMX TBAPWH, L0 BMKOPUCTOBYHOTLCA A5
eKcrnepumeHTy Ta HayKoBuX Linei» (Derective2010/63/
EU) Ta npuHuuMniB 6ioe€TUKWM, BUKNAAEHMUX Y 3aKOHi
YKpaiHm «Ipo 3axXmCT TBAPUH Bif XKOPCTKOTO MOBOAMKEH-
Ha» (Ne 1759 Big 15.12.2009 p.). LUmaTouku iHmpamy-
panesHoi 3oHu (NW+MLLM) dikcysanu, 3HeBOAHIOBaNN,
NPOCOYYyBaNN i yKNafanu B CyMill enOKCUAHUX CMON
3a CTaHZApPTHMMKM MeTogamKamu [10]. Y KoXKHili BiKOBIl
rpyni TBApMH nNpoBegeHo MopdoMeTpuYHUIA aHani3 50
HeraTmeiB po3mipom (6,5x9)cm? ynbTPaCTPYKTyp Mio-
Kapaa i komnoHeHTiB MLUP npwu 36inbweHHi 2000%. Ann

MOPPOMETPUYHOIO aHanisy 306paxkeHb MLUP miokap-
03 BMKOpMCTaHa TOYKOBa TecT-cuctema (650 Kpanok
Ha NAoLlL HeraTMBa) Ta ONTUKO-MEXaHIYHWI NPUCTPIN
YMA-1. Mpwn BU3HAYEHHI UMdPOBUX 3HAYEHb BiJHOCHUX
06’emis MLP Ta iMoro kKomnoHeHTiB 3a 100% npuitHATUI
06’em miokapga. BusHavyanu: 1- BigHocHi o6’emu (%):
Vvmup, Vvkan, Vv(a+s) = (Vvmup—Vvkan); 2 — abcontot-
Hi 06’emun (MKm3): Vmup, VKkan, V(a+B)=(Vmup—VKan);
3 - cepeaHbogo60BYy WBMAKICTL pocTy (MKm3/go6a):
vkan/pno6a; v(a+s)/goba. Lindposi 3HaueHHs abcosrom-
Hux 06’emis Vmup, VKan, Ta V(a+B) BU3HaYanM WAAXOM
nepepaxyHKy mMacu MioKapaa wypis pisHoro Biky [11]
y 06’emu (MKM®), BUXOAAYM i3 3HAYEHb NMUTOMOI Baru
m’a30B01 TKaHWUHK [12]. Undposi aaHi mopdomeTpumy-
HUX BUMipOBaHb 06pobnsanu rpadiko-aHaNITUUHMM
MEeTOAOM Ta 32 AO0MOMOrO CTaHAAPTHOTO NaKeTy Npo-
rpam AnA nepcoHanbHoro komn'totepa IBM-SigmaPlot-
forwWindows 9.0.

Pe3ynbratu pocnigKeHb Ta ix obroBopeHHs. Enek-
TPOHHO-MIKPOCKONIYHI AOCNIAXKEHHA BUABUIM NEBHI 3a-
KOHOMIPHOCTI BiKOBOIO PO3BUTKY KOMMOHEHTIB KPOBO-
HocHoro MUP. Tak, y miokapai komnnekcy (J/ILL+MLLM)
HOBOHAPOOHEHUX LLYPiB BUABNEHI YNCIE@HHI KPOBOHOC-
Hi MiKpOCYAWHU, eHAOTENIOUMTU AKUX 3HAXOoAUAUCS Y
npoueci nponipepadii Ta andepeHuiayii. Y MixKKNITUH-
HOMY NPOCTOpPi BM3HAYANMUCb 3BMBUCTI, AOBri Ta Hepis-
HOMIPHOT TOBLUMHM BIAPOCTKM KNITUH CNOAYYHOI TKAHU-
HU, NOOANHOKI ManoandepeHLiioBaHi KNiTUHU ragKoi
M’130BOI TKaHMHU Ta ¢ibpobnactn. HaBkono Haratbox
HO80yMB0opeHUX MiIKPOCYanH Byan po3TalloBaHi BENUKI
33 pPO3MipoM Ny4KM KonareHosux Gibpun (puc. 1A). Ona
€HAO0TeNioUMTIB KPOBOHOCHUX KaninApiB XapakTepHa
BMpaXKeHa CTPYKTYpHO-GYHKLioHaNbHa eemepomopp-
HicMb. 3HaYHa KiNbKICTb eHA0TENIOUMTIB Y KPOBOHOCHMX
cyguHax nepebyBana y cTaHi ¢i3ionoriyHOro crnokoto.
MopdonoriyHo Le NpoABAANOCh Y MOMIPHO BUPAXKEHIN
aerigpartauii yuMTonnasmu Ta agpa (puc. 1B). Taki
eHgoTeniounTn Ta ix agpa 6yan onTMYHO MmemHi, Mmanu
3BUBUCTI KOHTYpU. MapriHanbHi LiNAHKK CTiIHKM mem-
HUX eHA0TEeNIOUNTIB BUTOHYEHI | MPAKTUYHO He MICTUAN
NiIHOUMTO3HUX BE3WKyN Ta opraHen. Y uutonnasmi
c8imaux TNOMIPpHO HabpPAKAUX eHJoTeniouuTis, vy
HABKOMIOALEPHIN 30HI CKOHLLEHTPOBAHI MITOXOHAPIT Ta
iHWi opraHenu (puc. 1B). Pigko y miokapai HogoHapoo-
HEeHUX LLypiB BUABNANUCE MIKPOCYAWHW, ByaoBa SKMX
BignoBigana apTepiosiam abo BeHynam.

B iHTepsani yacy (H/p — 10 ai6) y MUP miokapaa
BM3HaBYaBCA LWBUAKUA POCT 06’eMy KaninapHOi NaHKK.
AHani3 cepii 306paxkeHb enemeHTiB MLUP nepekoHu-
BO CBig4YMB NPO Te, WO NOCTKAMINAPHI BEHY/IU YTBOPIO-
Ba/UCb 3 iCHyKOUMX Kaninapis. [eaki eHpoTeniounTn
Yy MiKpocyguHax OynM po3TalloBaHi MNepeBa)kHO no
Kony, abo no cnipani i obmexxyBann LWMPOKNIA NPOCBIT.

110

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166)



B1010r1A / BIOLOGY

MocTynoBO MOCTKaNiNApHi BEHYAU Ha-
6yBanu CcKAagHy 3BMBUCTY NPOCTOPO-
By dopmy i Ha 3Ha4yHOMY npoTA3i 6ynun
po3TalloBaHi 40CcUTb 6113bKO A0 HiYHOT
nosepxHi KML, (puc. 1B). HaBkono ae-
AKUX MIKPOCYAMH BUABAANUCH MOOAM-
HOKi BMAOBXeHi manoaundepeHLinosa-
Hi KAITUHW rnagkoi m’A30BOI TKAHWHU
(TMK) Ta ix BigpocTku. Lle cBigunno npo
noyaTok GOpPMyBaHHA MNpeKaninApPHUX
apmepion. Micns 10-i O6M NocTHaTaNb-
HOrO PO3BUTKY LLYPIB, Y KDOBOHOCHOMY
MUP miokapga 4iTko amndepeHLitoBa-
NNCA apTepionun i BEHyNn, WO MiCcTUAn
TinbKKM ceimni eHpgotenioumtn. Y MLP
Miokapaa 36inbLyBanach KinbKicTb Kpo-
BOHOCHUX apTepion i BeHyn. Kaninapu
HabyBanu TMNOBOI YNAbTPACTPYKTYpU. Y
cepeavHi AeAKMX Kaninapis BU3Ha4yanu-
CA OKpPeMi Be/InKi 32 pO3MipOM epuUTpo-
umtH (puc. 1r). NMpotsarom 45 gi6 nicnhs
HAPOAMKEHHA LLYPiB, CTPYKTYPHO-PYHK-
LioHanbHi enemeHtn MLUP miokapaa
NoCTynoBO A0CAraAM OCTAaTOYHOroO Po3-
BUTKY.

Ha pwuc. 2 HaBegeHo rpadik 1 Ki-
HETUKM «3POCTAaHHA —> 3MEHLUEHHA»
uMdpPOBUX 3HAYEHb MOKAa3HMKa Vvmup
y miokapai Wwypis B iHTepsani vacy (H/p
— 45 pi6). Mpadik 1 pizko onykauii go-
ropu i Cknagasca 3 ABOX MOCNIAOBHUX
OiNAHOK, BiAMEXOBAHUX TOYKOM eKC-
Tpemymy «A» 3 YacOBOK KOOPAMHATO
(t=10 ai6). Npotarom nepwwux 10 Ai6
3HAQYEHHA MOKa3HMKa Vvmup LWBMAKO
36inbwysanuce Big 7,60% [0 makcu-
myma, wo popisHioBas 13,50+0,50%.
Micna 10 ai6 3HayeHHA Vvmup 3MeH-
LIYBA/IUCh | NOBINbHO HabauKanucb A0

9,50+0,30% Ha 45-1y goby. Ha puc. 2
HaBeAeHo rpadik 2 KIHETUKM «3POCTaH-
HA = 3MEHLIEHHs» LMPPOBMX 3HAYEHDb
nokasHuKa VvKan y miokapZai Komnaek-
cy (W + mMLun).

dopma rpadika noagibHa rpaciky 1 i cknaganaca 3
OBOX NOCAIAOBHUX AiNAHOK, BigMeEXO0BaHMX TOYKOMO
eKkcTpemymy «B» 3 yacoBoto KoopauHaToto (t=10 aib).
MpoTtarom 10 ai6 3HaYeHHA NOKa3HMKa VvKan WBUAKO
36inbwysanuck Big 7,20% (H/p) 4O MaKCMMyma, LLO
popisHioBaB 12,50+0,50%. Mpu t > 10 fi6 3HayeHHA
VVKan MOHOTOHHO 3MeHLlyBaAucb i Ha 45 poby Ha-
6nvxkanucb go 7,20+0,30%. HasegeHi gaHi ceigumnm
npo Te, Wwo npotarom 45 fi6 nicns HapoAKeHHA Wwypis,
OOMIHYHOYMM  KOMMOHEHTOM Yy KpoBOHOCHOMY MLIP
cepueBoro m’asa € KaninapHa AGHKA. AKWO NpUHA-
™M 06’em KpoBoHocHoro MUP miokapaa 3a 100%, To
BiAHOCHMI 06’em KaninapHOI NaHKM Y HOBOHAPOOH(e-
HUX WypAT fopisHtoBaB = 95%. Y 45-Tn nobosux wypis
BiAHOCHMI 06’eM KaninApHOiI NaHKM Y KPOBOHOCHOMY
MLP ctaHOBMB = 76%. OTpMMaHi MopdoMeTPUYHI AaHi
[03BONAIOTb CTBEPAMKYBATH, LLO YCi CYAMHU KPOBOHOC-
Horo MLP miokapga matoTb 04HaKOBe MOXOAXKEHHS Bif,
00HOMUMHUX Kaninapie. OTXKe, mirpauis, nokanisayis i
HaKonMuyeHHs manoaundepeHuinoBaHux MK HaBKono
OKpEMMUX KaninApiB Cnpuano yTBOPEHHO | GopmyBaHH0O

PucyHok 1 — EnektpoHorpamu MUP miokapga. 36.: 10000~ A i b — mikpocyauHu H/p
wypis, B- nocTkaninapHa BeHyna y miokapai Ha 10 goby nicns HapogsKeHHs, - Kaninsap y
mioKapaji wypis Ha 45-p06y.

apmepios, a po3TallyBiaHHA eHAOTeNIoOUUTIB MO Koy
Ta NO cnupani y MiKpOCyguMHax Cnpuano yTBOPEHHIO
MocmKaninAapHUX 6eHy.

Ha puc. 2 3Hakom «}3» nosHayeHo naouly ¢irypu
«ciporo Kosbopy», obmexkeHy 3Bepxy rpadikom 1,
3HM3Y — rpadikom 2, NiBopyY Ta NPaBoOpPyd — YaCOBUMMU
KoopauHaTamu BignosigaHo 0 Ta 45 ai6. ®dirypa «}3»
YTBOPEHA HM3KOK MNOCTYMOBO 3POCTatOuMX UUPPOBUX
3HauyeHb NokasHuKa Vv(a+s) = Vvmup — Vvkan. 3 Hase-
OEHUX AaHUX BUNIMBAE, WO MiCAA HAPOAMKEHHSA LUypiB,
BiflHOCHMI 06’em apTepioNo-BEHYNAPHOrO KOMMOHEH-
Ta y MLUP miokapga MOHOTOHHO 36inbluyBaBca y = 6
pasis, Big 0,40% (H/p) no 2,30% Ha 45-Ty 0oby (3a 100%
NPUAHATUI 06’em miokapaa). MokasHukmM (Vv, %; y.o.)
MaloTb 0bMerKeHy iHpopMaTUBHICTb | HedocmamHi ans
O4HO3HAYHOTO TPAKTYBAHHA Pe3yabTaTiB 6ioMETPUYHNUX
focniaxeHb. Lle 0bymoBaeHO TUM, WO NOKasHUKK Vv
He 8paxosylomb pPeanbHO iCHYHYi 3MiHKM abCoNOTHUX
06’emiB (V, MKm?3) 6ionoriyHux 06’eKTiB y npoLieci oHTOo-
reHesy Ta y npoBeAeHux gocniaxkeHHsx [13]. Ana oTpu-
MaHHA 00HO3HA4YHOi MOPPOMETPUYUHOI XapaKTepucTu-
KM O0CNiaxKyBaHMX 6i006’eKTiB HEODOXiAHO BM3HA4aTU
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PucyHoK 2 — KiHeTUKa «3pOCTaHHA = 3MEHLUEHHA» BiAHOCHUX
06’emis MLP (rpagik 1) kaninapis (rpadik 2) Ta MOHOTOHHe
3pOCTaHHA BiAHOCHOro 06’emy KOMMNAEKCY «apTepionn + BEHynnu»
(}3) y miokapai (NILL+MLLMN) y npoueci paHHbOro NOCTHaTaNbHOroO
PO3BUTKY LLypiB.

He TiNbKM 3HayeHHs (Vv), ane 1 3miHM ix abCoNOTHMX
o6’emiB (V, Mkm3), siKi BigbyBatoTbCa y Npoueci oHTore-

He3y Ta B YMOBAX €KCMepUMEHTIB.

Ha puc. 3 HaBegeHo rpadik 1 KiHETUKM 3pOCTaHHA
UMbpPOBUX 3HAUYEHb MOKa3HMKa VmMup y miokapai (1L
+ MLUMN) nicna HapogeHHsa wypis. Mpadik 1 mae «S»
— nogaibHy dopmy. Mpotarom 45 Ai6 undPpoBi 3HaUEHHA
nokasHuMKka Vmup 36inbwytoteca y = 31 pasu, Big 0,80
x 10° mkm3 (H/p) Ao 25,60 x 10° mkm3. ®opma rpadika
CBigYMTb MpPO Te, WO iHTEHCMBHE 3pOCTaHHA 06’emy
MLLP cnocTepiraeTbea B iHTepBani yacy (5 — 30) gib.

Mpu t > 30 £ib BiAOYBAETbCA CYTTEBE YMNOBIIbHEHHA
3pocTaHHa 06’emy MLUP y miokapgai (/1L + MLWN). MiHi-
MasbHe 3poCTaHHA 06’emy MLUP BM3Havanocs B iHTep-
Bani yacy 40-45 pi6. OgHMMm i3 meToAiB AOCNIAMKEHHN
NpoueciB  NOCTHATA/NIbHOTO OHTOreHe3dy 6HioNorivyHMX
CTPYKTYP € BCTAHOBJIEHHSA Yacy MOOBOEHHSA ix abcontoT-
HUX 06’eMiB Ta BM3HAUYEHHSA KiNIbKOCTI TaKMX NOABOIHb.
Hamu BcTaHoBNeHO, Wwo npotarom 45-Tn ai6 noctHa-
Ta/NbHOrO A03piBaHHA mioKapga (/1L + MLUM) Binby-
BA€ETbCA N'ATb MOBHWUX NOABOIHb abcontoTHOro 06’emy
MUP. Nepwe 36inbweHHA 06’emy MLP miokapaa y 2
pa3u Bia (0,80 oo 1,60) x 10° mkm3 Biabynoca npotarom
= 2,5 £ib nicna HapoaKeHHs wypis. Opyre 36inblueHHA
06’emy MLP vy 2 pasu Big (1,60 ao 3,20) x 10° mKm? cTa-
nocs B iHTepBani vacy = (2,5-5,0) 4i6. TpeTe 36inbLIeHHR
06’emy MLP y 2 pasu Big (3,20 go 6.40) x 10° Mkm?® Big-
bynoca B iHTepBasi yacy = (5,0-9,0) 4i6. YerBepre 36i/1b-
weHHA 06’emy MLP y 2 pasu Big (6,40 ao 12,80) x 10°
MKM? cTanoca B iHTepBani Yacy = (9-17) aib i n’ate 36in1b-
weHHA 06’emy MLP y 2 pasu (sig 12,80 go 25,60) x 10°
MKM? Bigbynoca B iHTepBani Yacy = (17-45) pi6. OTke,
nepuwe i Opyae NoABOIHHA abcontoTHoro o6’emy KpoBo-
HocHoro MLP miokappaa Biabynocs npotarom = 2,5 pi6.
[Ona mpemboeo, yemeepmozo Ta n’Amozo NoABOEHHA
06’emy MLLP miokapaa 3Hagobunoca signosigHo: 4. 8 Ta
28 ni6. Ha puc. 3 HaBeaeHo rpadik 2 KiHETUKM 3poCTaH-

g

10 20 30 40
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PucyHok 3 — KiHetuka pocty a6contotHux 06’emis MLUP (rpadik
1) kaninapis (rpadik 2) Komnnekcy «aptepionu + seHynmn» (}3)
y miokapgai (/1LLU+MLLIM) y npoueci paHHbOro NOCTHaTaNbHOro

PO3BUTKY LLYPIB.

HA UMpPOBUX 3HAYEHb MOKa3HKWKa VKan y miokapai (/1L
+ MLLUN) nicna HapoaeHHs wypis. Popma rpadika 2
noaibHa rpadiky 1. MpoTtarom 45 gi6 uMPpoBi 3HaYEHHSA
nokasHuKa VKan 36inbwysanuca y = 26 pasis, (sig 0,76
(H/p) mo 19,46) x 10° mkm3, dopma rpadika 2 cBigUNTbL
npo Te, WO iHTEHCMBHE 3pocTaHHA 06’emy KaninapHol
naHku MLUP cnocrtepiranoca B iHTepBani 4yacy (5-20)
Ai6. Mpu t > 20 pi6, BiabyBanoca cyTTeEBE yrnosinbHEH-
HA 3pocTaHHA abcontoTHoro 06’emy Kaninapis. Meple
36iNblEHHs 06'eMmy KaninapHoi fnaHkM y MLUP miokap-
nay 2 pasu (sig 0,76 oo 1,52) x 10° mkm® Bigbynocs
npotarom = 2,5 ai6 nicna HapogkeHHa wypis. Opyre
36iNbleHHs 3HavYeHb VKan y 2 pasu (Big 1,52 ao 3,04)
x 10° mkMm3 cTanoca B iHTepBani yacy (2,5-5,0) ai6. TpeTe
36inblUEeHHs 06’eMy KaninapHoi naHkM y MLLP miokapaa
y 2 pa3u (Big 3,04 no 6.08) x 10° mKkm® Bigbynocsa B iHTep-
Basi yacy (5,0-10,0) 4i6. YeTBepTe 36inblUEHHA 3HAYEHb
Vkan y 2 pasu (Big 6,08 go 12,16) x 10° MmKm® cTanoca
B iHTepBani yacy (10-17) ni6. MpoTarom HacTynHux 28
ni6 (17—-45) pi6 36inbweHHA 06’emy KaninapHOi NaHKK
y MLP miokapaa Bigbynocs nnwe y 1,6 pasu (Big 12,16
00 19,46) x 10° mKkm3. OTKe, nepuwie i Opy2e NoABOIHHA
abcontoTHoro 06’emy Kaninapis y kposoHocHomy MLLP
MioKapga Biabynocs npotarom 2,5 gi6. Ans mpemosozo
i yemeepmozo nogBoiHHA VKan y KpoBoHOCHOMY MLLP
3Hagobunoca signosigHo: 5 i 7 ai6. MN’ATe 3pocTaHHA
VKan y MUP miokapga nvwe y 1,6 pasu Bigbynocs 3a 28
4i6. Ha puc. 3 3Hakom «}3» no3HayeHo naowy ¢irypu
«Ciporo Konbopy», obmexkeHy 3sepxy rpadikom 1, 3Hu3y
— rpadikom 2, niBopy4Y Ta NpPaBoOpPyY — YaCOBUMMU KOOp-
OunHaTamu BignosigHo 0 Ta 45 ai6. ®irypa «}3» yTBOpe-
Ha HM3KOK MOCTYMNOBO 3pOCTaloumX LUdPOBUX 3HAYEHD
nokasHuka V(a+B) = Vmup — VKan. 3 HaBeAeHUX JaHuX
BUMN/IMBAE, WO MICNA HAPOOMKEHHsA LWypis, abcosrom-
Huli 06’em apTepioNo-BeHyNAPHOro KomrnoHeHTa y MLLP
MioKapaa MOHOTOHHO 36inbliyBasca y = 102 pasul, Big,
0,060 x 10° mkm?® (H/p) Ao 6,14 x 10° mkm® Ha 45 noby
nicna HapoAXKeHHs Wwypis. HaBeaeHi rpadikn 8ioHOCHUX
06’emie MLP Ta Kaninapis (puc. 2) BiapisHAOTLCA Bif
rpadikis abconromHux o6’emisa MLP Ta Kaninspis (puc.
3). Lli rpadiku onucytoTb pi3Hi 3aKOHOMIPHOCTI NOCTHa-
TaNbHUX 3MiH MLUP Ta MOro KOMNOHEHTIB y MioKapa,.
Tak, i3 pe3ynbTaTiB NpoBeAeHUX A0CNiA}KEeHb BUNINBAE,
o BigHOCHI 06’eMM KpOBOHOCHMX Kaninapis y MLP
HOBOHapoAKeHUX Ta 45-Tn 0o6OBMX LLYpPiB OAHAKOBI i
CTaHoBNATb 7,20%. Y TOW e Yac uMdpoBi 3HAYEHHA iX
abcontoTHUx 06’emis pisHATLCA Yy 26 pasis!

Ha pwuc. 4 npeactasneHnin rpadik 1 KiHETUKM
«3pOCTaHHA —> 3MeHLWeHHs» UMPPOBMX 3HAYEHb
cepedHb0006080i WBUAKOCTI  pocTy abcontoTHOro
o6’emy kaninapis (vkan/pgo6a) y MLUP miokapaa npo-
TAarom 45 pai6 nicns HapoaKeHHA wypis. Mpadik cyTTeBO
3MILL,EHWI 8/7i80 B3[0BXK BiCi Yacy i po3TalloBaHuWii acu-
MEMPUYHO WOAO0 BEPTUKANLHOI LUTPUXOBOI NiHii, AKa
NPOXOAUTbL Yepes3 TOUKY ekcmpemymy «A» 3 4acoBOH
KoopguHatoto 10 gi6. Touka A € mexKoto 08ox Mochi-
[OBHUX MepiofiB 3MiHEHHA UMGPOBMX 3HAYEHb NOKA3-
HUWKa vKkan/poba. Y nepwomy nepiodi npotarom 10 ai6
CnoCTepiraeTbCs IHTEHCUMBHUIA PICT 3HaYeHb vKan/po6a
y 4,5 pasu (8ig 0,20 go maxkcumymy 0,915) x10° mkm3/
noba. Apyeuli nepion obmerkeHuin KoopamHatamm (10-
45) ni6. Y ueit yac cnocTepiraeTbCa CyTTEBE 3MEHWEHHSA
undpoBMX 3HaYeHb NOKa3HWKa vkan/aoba y = 18 pasis
Big 0,915 x 10° mkm3/g06a (10 goba) Ao miHimymy 0,035
x 10° mkm3/ao6a (45 noba).
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Ha pwuc. 4 npeacraBneHnin rpadik 2 KiHETUKM
«3POCTAaHHA —> 3MEeHLWeHHA» UMPPOBUX 3HAYEHb
cepedHb0006080i WBUAKOCTI  pocTy abCcontoTHOro
06’emy Komniekcy mikpocyauH v(a+s)/po6a y Kposo-
HocHoMmy MLP miokapaa npoTarom 45 ai6 nicna Ha-
poarKeHHA wypis. Mpadik 2 cyTTEBO 3MilLeHU 8npaso
B34,0BX BiCi Yacy i po3TalwoBaHUI acuMempuyHO WOoA0
BEPTUKANBHOI LUTPMXOBOI NiHii, AKa NpoxoguTb yepes
TOYKY ekcmpemymy «B» 3 4acoBot KoopauHaTow 25
Ai6. Touka B € mexxoto 080X NOCAIAOBHUX Nepioais 3mi-
HeHHA UMbPOBMX 3HAYEeHb NOKasHMKa v(a+s)/poba. Y
nepwomy nepiodi npotarom 25 aib cnoctepiraetbea no-
cmynosuli picm 3HaveHb v(a+s)/aob6a y = 52 pasu (Big
0,006 oo makcumymy 0,310) x 10° mkm3/no6a. Apyauli
nepios obmerkeHuit KoopanHatamu (25-45) ai6. Y uei
nepioz CrNocTepiraeTbca CyTTEBE 3MeHWeHHA LndpPoBmx
3HaueHb NoKasHuKa v(a+s) /aoba y ~ 16 pasis 8ig 0,310
x 10° mkm3/pob6a (25 moba) oo miHimymy 0,020 x 10°
MKkm3/pgoba (45 noba).

BucHoBKM. B iHTepBani uacy (H/p — 45 ai6) noctHa-
Ta/NIbHOTO PO3BMUTKY LWypiB BicTap CTPYKTYpHO-OYHK-
LiOHaNbHI enemeHTU KpoBoHocHoro MUP miokapga y
Komnnekci (/IL+MLUM) nocTtynoBo Ao0cCAraloTb CBOro
OCTaTOYHOTO PO3BUTKY.

MpoTsarom 45 fib nicna HapoAKeHHA LWypPiB AOMIHY-
IOYMM KOMMOHEHTOM Yy KpoBOHOCHOMY MLUP miokappaa
komnnekcy (ILL+MLLUN) € kaninapHa AaHKa.

Y npoueci NOCTHaTaNIbHOrO aHrioreHesy AxKepesom
YTBOPEHHA apTepion i BeHyN y KpoBOHOCHOMY MLLP mio-
Kapga (/ILL+MLLM) € icHytoui Kaninapu.

IHTEHCUBHMIA PO3BMTOK KaninapHoi aHKkK y MLP mi-
OKapaa BiabyBaeTbca npoTtarom nepwux 10 4i6 nicns
HAapPOAKEHHSA LLypiB. 3a Lein nepiog 4Yacy cepefHboAO-
60Ba WBMAKICTb pocTy abcontoTHoro o6’emy Kaninapis y
MLLP miokapgaa 36inblyeTtbea y = 4,5 pasu (Big 0,20 oo
makcumymy 0,915) x10° mkm®/go6a. Mpu t > 10 4i6 sig-
6YyBa€ETLCA CYTTEBE 3MEHLUEHHA LMPOBMX 3HAYEHD MO-
Ka3HuKa vkan/pgoba y = 18 pasis 8ig 0,915 x 109 mkm3/
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PucyHoK 4 — KiHeTMKa «3pOoCTaHHA -» 3MEHLUEHHA»
cepeAHboA060BOI LUBMAKOCTI pocTy abcontoTHoro 06’emy Kaninsapis
(rpadik 1) Ta KomnneKcy mikpocyauH (a+8) y MLP miokapaa
(rpadik 2). Mo Bici abcumc — f06a NOCTHATaNIbHOrO PO3BUTKY LLYPIB.
noba (10 poba) oo miHimymy 0,035 x 109 mkm®/goba

(45 poba).

MocTynoBMin  PO3BUTOK KOMMJIEKCY MIiKPOCYAWH
(apTepionn + BeHynu) Ta 36inbleHHA X aBCONOTHOTO
06’emy y KpoBoHocHomy MLP mioKapaa BifbyBaeTbcs
npotarom nepwux 25 Ai6 nicna HapoAXKeHHs wWwypis.
3a uer nepiopg vacy cepegHboaob0Ba WBMAKICTL POCTY
abcontoTHoro o6’emy Kommnaekcy MiKpocyauH (a + B)
36inblwyeTbea y = 52 pasu (Big 0,006 g0 mMakcumymy
0,310) x 10° mkm3*/po6a. Mpu t > 25 ai6 BiadyBaeTbCA
CyTTEBE 3MEHLUEHHA LMOPOBUX 3HAYEHb MOKa3HMKA
v(a+8)/mo6ay = 16 pasis 8ig 0,310 x 10° mkm3/g06a (25
no6a) ao miHimymy 0,020 x 10° mkm3/go6a (45 noba).

Y MLUP mioKapaa HOBOHApOAXKEHMX LLypiB CMiBBiAg-
HoleHHA 06’emiB MikpocyauH (a+8)/kan AopiBHIOBaNO
1:44. NpoTarom 45 ai6 nicna HapoAKeHHs LWypis Biaby-
locs cyTTeBe 36i/blUEHHS CMiBBiAHOWEHHA 06’emiB mi-
KpocyauH (a+8)/kany MUP go 1: 3,1y pe3ynbraTi pocta
abcontoTHoro 06’emy mikpocyauH (a + 6).

MepcnekTBM noganblumnx gocnigxeHb. byae npo-
BeAeHa MopdomeTpia KiHETUKM MOCTHATaNbHOI Nponi-
depaduii eHpoTeniountis MLLP miokapaa wypis.
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KIHETUKA PO3BUTKY MIKPOLUMPKYNATOPHOIO PYC/NIA MIOKAPOA KOMMJIEKCY (/1L + MLUN) Y NMPOLLECI
PAHHbOIO NOCTHATA/IbHOIO OHTOTEHE3Y LLLYPIB BICTAP
3aropyiiko . €., MapuuHoBcbKuii B. M., F'ycakoecbKka T. M., ®inatosa B. /1., 3aropyiiko 0. B.

Pe3tome. MpoBefeHO eNeKTPOHHO-MIKPOCKOMiIYHE, ONTUYHE Ta MOpdOMETpUYHE JOCAIAKEHHA cepii HeraTusis
MIKPOCYIMH KPOBOHOCHOIO MiKpouMpKynsTopHoro pycna (MLUP) miokapaa KOMNeKcy «NiBUIA LWYHOUYOK + MixXK-
LUIYHOYKOBA NepeTuHKa» (J/ILLU+MLUM) wypis Bictap y Biuj Big HapoaxeHHA Ao 45 ai6. Y cepii eneKTpoHHO-MiKpo-
CKOMiYHMX 306pakeHb (Mo 50 HeraTueiB PO3MipoM 6,5 X 9 CM OTPUMAHKX NpPU 36iNbLUIEHI €/IEKTPOHHOTO MiKPOCKOMY
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2000%) komnoHeHTiB MLP miokapaa Bu3Havyanu sBigHocHi 06’emu (%), abcontoTHi 06’emn (MKm?) Ta cepegHboao60By
WBMAKICTb pocTy (MKM3/n06a) MLP, Kaninsapis, KomnaeKkcy MikpocyauH (BeHyaun + aptepionn). OTpumaHi umdposi
AaHi mopdomeTpii 403BOANAN BU3HAUYUTM 3aKOHOMIPHOCTI KiIHETUKKM PO3BUTKY KOMMNOHeHTIB MLU,P y mioKapai wypis
Ha MpoTA3i iX PaHHbOTO NOCTHATA/IbHOTO PO3BUTKY. BcmaHoes1eHo, WO B iHTepBani yacy (H/p — 45 4ib) nocTHaTanb-
HOro PO3BMUTKY LLypiB BicTap CTPyKTYpHO-PYHKLIOHANbHI enemeHTN KpoBoHocHOro MLP miokapaa noctynoso fo-
CATalOTb CBOTO OCTAaTOYHOrO PO3BUTKY. MpoTarom 45 ai6 nicna HapoasKeHHs LWypiB, AOMIHYIOYMM KOMMOHEHTOM Y
KpoBoHocHomy MLIP miokapaa komnaekcy (ILU+MLLN), € kaninapHa naHKa. Y npoueci NOCTHaTaNIbHOTO aH2iozeHe-
3y, OKepesiom YyTBOPEHHA apTepio i BeHyn y KpoBoHocHomy MLUP miokapaa (/1LLU+MLLM) € icHytoui kKaninspu. IHTeH-
CUBHWI PO3BUTOK KanindpHoi naHkn y MUP miokapaa Biabysaetbca npotarom nepwmx 10 4ib nicna HapoarKeHHs
WwypiB. 3a uen nepiod Yacy cepedHb000608a WBUAKICTL PocTy abcontoTHoro ob6’emy Kaninsapis y MLUP miokapaa
36inbLwyeTbea (Bia 0,20 4o makcumymy 0,915) x10° mkm3/n06a. MocTynoBmii PO3BUTOK KOMMIEKCY MiKpoCyauH (ap-
Tepionun + BeHynu) Ta 36inblueHHs ix abcontoTHoro 06’emy y MLP miokapaa BiabysaeTbcs npotarom neplmx 25 ai6
nicns HapoAKeHHs LWypiB. 3a Lel nepiog Yacy cepedHb000608a WBUAKICTb POCTY abCcoNtOTHOro 06’emy KoMMIeKCy
MiKkpocyauH (a + B) 36inblyetbea y = 52 pasu (Big 0,006 go maxkcumymy 0,310) x 10° mkm3/go6a. Y MLUP miokapaa
HOBOHAPOOMEHUX LYpiB cniBBigHOWEHHA 06’eMiB MiKpocyauH (a+B)/kan aopisHioBano 1 : 44, Mpotarom 45 Ai6
nicnA HapoAMKEHHSA LLYpPiB BiaOYyBaETLCA CYTTEBE 36i/1bWEHHSA CNiBBIAHOWEHHA 06’emiB MikpocyanH (a+8)/kan y MLP
0o 1: 3,1y pesynbrati pocTta abcontoTHOro 06’emy mikpocyauH (a + 6).
KntouoBsi cnoBa: aHrioreHes, mopdomeTpis, Kaninapu, apTepionn, BEHYIN.

KINETICS OF THE DEVELOPMENT OF THE MICROCIRCULATORY TRACT OF THE MYOCARDIAL COMPLEX (LV +
IVS) IN THE PROCESS OF EARLY POSTNATAL ONTOGENESIS OF RATS WISTAR

Zagoruyko G. E., Martsinovsky V. P., Husakovska T. M., Filatova V. L., Zagoruyko Yu. V.

Abstract. An electron-microscopic, optical and morphometric study of a series of negatives of the microvessels of
the blood microcirculatory tract (MCT) of the myocardium of the complex «left ventricle + interventricular septum»
(LV + IVS) of Wistar rats aged from birth to 45 days was carried out. In a series of electron microscopic images (50
negatives of (6.5 x 9) cm?in size, obtained at a magnification of an electron microscope of 2000%), the relative volumes
(%), absolute volumes (um3) and average daily growth rate (um3/ day) of MCT, capillaries, complex of microvessels
(venules + arterioles). The obtained digital morphometry data made it possible to determine the regularities of the
development kinetics of MCT components in the myocardium of rats during their early postnatal development. It
was established that in the time interval (birth to 45 days) of the postnatal development of Wistar rats, the structural
and functional elements of the blood-flowing MCR of the myocardium gradually reach their final development. For
45 days after the birth of rats, the dominant component in the blood MCT of the myocardial complex (LV + IVS) is
the capillary link. In the process of postnatal angiogenesis, the source of the formation of arterioles and venules
in the blood MCT of the myocardium (LV + IVS) are the existing capillaries. Intensive development of the capillary
link in the MCT of the myocardium occurs during the first 10 days after birth of rats. During this period of time, the
average daily growth rate of the absolute volume of capillaries in the MCT of the myocardium increases (from 0.20
to a maximum of 0.915) x10° um?® / day. Gradual development of the microvascular complex (arterioles + venules)
and increase in their absolute volume in the MCT of the myocardium occurs during the first 25 days after birth of
rats. During this period of time, the average daily growth rate of the absolute volume of the microvascular complex
(a + v) increases = 52 times (from 0.006 to a maximum of 0.310) x 10° um?*/ day. In the MCT of the myocardium of
newborn rats, the ratio of microvascular volume (a + v) / cap was 1:44.1. Within 45 days after the birth of rats, there
is a significant increase of microvascular volume (a +v) / cap in the MCT to 1: 3.1.

Key words: angiogenesis, morphometry, capillaries, arterioles, venules.
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