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Abstract
Background. Oxygen deficiency, both acute and chronic, causes a variety of pathological
changes in a number of organs and systems of fetuses and newborns. In particular, there
are morphological changes in the vessels. Information in the available literature regarding the
morphological state of smooth myocytes (SM) and cells expressing CD16 in the pulmonary
artery (PA) and aorta of fetuses and newborns under such conditions of pregnancy is various
and insufficient. Subjects and methods. The results of complex pathomorphological research
of SM and macrophages CD16 of fetuses and newborns PA and aorta in chronic intrauterine
hypoxia with the use of histological (staining with hematoxylin and eosin), immunohistochemical
(MCA to Anti-Human Smooth Muscle Actin and MCA to CD16), morphometric, statistical
methods are presented in the article. The investigation was performed on WAG line rats,
observing all ethical norms and rules of handling of laboratory animals. The location of SM
and macrophages CD16 in the wall of the PA and aorta in normal pregnancy and under
oxygen deficiency, the density of their location in the field of vision (SM – 1000, CD16 – 600)
was calculated. A comparative analysis of the morphological characteristics of the studied
cells between mentioned vessels was also carried out. Results. The macroscopic examination
of the wall of PA and aorta in the group of fetuses and newborns from mothers with
physiological pregnancy with a magnifier (3, 8 diopters) revealed that it was elastic, had a
smooth ivorish intima. Smooth muscle cells in PA and aorta during immunohistochemical
identification are determined in intima and media, as well as in the adventitial vessels of
vessels. With hypoxic effect their number decreased in comparison with control group, and
the number of macrophages – increased in both described vessels. Conclusions. The density
of smooth myocytes (SM) location in the thickness of the wall of PA and aorta in the fetuses
and newborns during the physiological course of pregnancy differs significantly from each
other with dominance in the first vessel. Under the influence of experimental chronic
intrauterine hypoxia in PA and aorta of fetuses and newborns a significant (p<0.05) decrease in
the density of smooth muscle cells location in the field of vision compared to control group
without a significant difference between the studied vessels can be observed, as well as the
tendency to increase the macrophages number, which expresses the marker CD16. The latter
fact can be regarded as an increase in the macrophage reaction under the described conditions.
Key words: aorta, CD16 cells, chronic intrauterine hypoxia, experiment, pulmonary artery,
smooth myocytes.
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Introduction
According to the WHO, cardiovascular

pathology is the first among the causes of death
of our planet population [1]. It is a long-known
fact that mother's health and the course of

pregnancy affect the fetus development [2]. A
marked negative effect of oxygen deficiency on
posterity during pregnancy, which is manifested
especially in the second and third trimesters has
been reported [3, 4]. Morphological studies
devoted to the effects of chronic intrauterine
hypoxia (CIH) on the state of the heart [5], the
pituitary gland, the hematoencephalic barrier [6],
the liver [7], the adrenal glands [8], the organs of
the urinary system [9] of fetuses and newborns
have been performed. The state of pulmonary
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artery (PA) and aorta has been investigated under
conditions of acute postnatal hypoxia [10].

There are different points of view regarding
the morphological changes of smooth myocytes
(SM) under the oxygen insufficiency influence.
Sjundjukova E.G. and others, (2013), Zamechnik
T.V. and Rogova L.N. (2012) have noted their
proliferative activity decrease in this state [11,
12]. At the same time, other authors have
demonstrated PA SM multiplying with insufficient
oxygenation [13–15]. It should be also marked
that severe oxygen deficiency and anoxia are the
causes of proliferative activity decrease of smooth
muscle cells in a given vessel [16–18].

The lack of a single point of view on the effect
of intrauterine hypoxia influence on SM PA and
aorta of fetuses and newborns, as well as the
limited information in the available literature about
the morphological features of CD16 macrophages
in these blood vessels, determine our research
relevance.

2. Purposes, subjects and methods:
2.1. Purpose of the study was to determine

the difference in the morphological changes in
the population of smooth myocytes (SM) and
CD16 macrophages in the pulmonary artery (PA)
and aorta in fetuses and newborns exposed to
chronic intrauterine hypoxia (CIH), based on a
complex pathomorphological investigation.

2.2. Subjects & Methods
This research was carried out within the

research work of Pathological Anatomy Department
of KhNMU: "Pathomorphological peculiarities of
the fetus and the newborn formation under the
influence of the mother's pathology" (state
registration number 0110U001805, 2010–2014)
and "Influence of maternal and fetal infection on
embryogenesis and fetogenesis of progenies
(clinical morphological study)" (state registration
number 0115U000987, 2015–2019).

Pregnant female rats of the WAG line were
subjected to altitude effects of hypoxia (7.500 m
above sea level) from the pregnancy registration
time and until the delivery for 20 minutes every
day at the same time. Pregnant females (19–21 days
of gestation) and females after giving birth were
deduced from the experiment by intravenous
injection of 2–2.5 % solution of sodium thiopental
(7–10 mg per 1 kg of body weight), and then
subjected to decapitation. Newborn rats 24 hours
after birth 2–3 minutes were inhaled with 80 %
CO2 concentration under the cap, followed by
decapitation.

The pathomorphological material was divided
into control group (C) – fetuses and newborns

from mothers with physiological pregnancy, and
the study group (CIH) – the fetuses and newborns
who were exposed to HIC. The first group had
18 cases (7 fetuses, 11 newborns), the group of
CIH had 16 cases (6 fetuses, 10 newborns).

All manipulations with animals and their
withdrawal from the experiment were done in
accordance with the requirements of the
normative documents (European Convention for
the Protection of Vertebrate Animals (Strasbourg,
18.03.1986), Council of the European Economic
Community for the Protection of Vertebrate
Animals (Strasbourg, 24.11.1986. ), the Law of
Ukraine "On Medicinal Products", 1996, Articles
7, 8, 12, Guidelines of the CCI GSP (2008), GLR
(2002), in accordance with the requirements and
norms, the standard provisions on the ethics of
the MoH of Ukraine No. 690 dated September
23, 2009).

PA and aorta were studied macroscopically
(elasticity of the wall, color and intima status) using
magnifier (3, 8 diopters). After that, one piece
from the vessel wall in the supravalvular region,
was cut, fixed in 10 % neutral formalin solution
to standard paraffin processing of tissue for
conducting a morphological examination. Serial
sections of 4–510–6 m thickness have been
made from the prepared blocks on the Microtome
cryostat MK-25. Histologic and morphometric
studies were performed on Olympus BX-41
microscope (Japan) using Olympus DP-Soft
(Version 3: 1), Microsoft Excel 2010 and the
luminescence microscope Axiskop 40 (FS) (Carl
Zeiss, Germany). The methods of the study were
histological (staining with hematoxylin and eosin),
immunohistochemical, morphometric, statistical.
Morphometric parameters of PA, aorta (density
of the SM location in the vessel wall in the field
of vision (1000), the number of cells expressing
CD16 receptors in the field of vision (600)) were
described under microscopic examination.
Immunohistochemical studies were performed
according to the indirect Coons method in the
Brosman M. (1979) modification (to determine
the location of macrophages in the vessel wall
with MCA to CD16 (Novocastra Laboratories
Ltd, UK.) and the indirect streptavidin-peroxidase
method using MCA to Anti-Numan Smooth
Muscle Actin ("DAKO", Denmark) (for typing
smooth muscle cells). Indicators of markers
expression, both quantitative and qualitative, were
investigated in 8–10 randomly selected fields of
vision of the microscope of histological sections
at of 600 and 1000 magnification. The statistics
were processed on a personal computer using
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the IBM SPSS Statistics (IBM Corp.) and
Portable Statistica 8.0 (Statsoft, Inc) licensed
software packages. Methods of variational,
alternative and correlation analysis were used.
Statistical significance of the differences in the
comparable characteristics was evaluated by
calculating the Student's t-criterion for groups with
a normal distribution of the sign. Non-parametric
U-test Mann–Whitney was used for small
selections. Differences were considered statistically
significant at a significance level of p<0.05, which
corresponds to 95 % probability of sure prognosis.
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3. Results and discussion
The macroscopic examination of the wall of

PA and aorta in the group of fetuses and
newborns from mothers with physiological
pregnancy with magnifier (3, 8 diopters)
revealed that it was elastic, had a smooth ivorish
intima. Microscopically with hematoxylin and
eosin staining, all three layers of the vessel were
detected: internal, medium and external. SM had
elongated star shape and were determined by
MCA to Monoclonal Anti-Human Smooth Muscle
Actin staining with moderate intensity expression
marker in the cytoplasm. They were located in
tunica intima, tunica media, and tunica adventitia,
mostly in the vessels of the vessels. The density
of these cells location in the thickness of the PA
wall was 28.20±0.63 cells in the field of vision
(1000), and in aorta – 24.62±0.76 cells in the
field of vision (1000). These figures differed
significantly from each other, probably due to the
peculiarity of the blood flow of the fetus and the
newborn in the early post-birth period [19].
Macrophages were identified using the CD16
marker, their number in the vascular wall of PA
was 26.35±1.42 cells in the field of vision (600),
and in aorta - 26.00±1.36 cells in the field of vision
(600).

Consequently, the morphological state of the
wall of PA and aorta in the fetuses and newborns

of the control group corresponded to the generally
accepted notion of the physiological norm [20].

The wall of PA and aorta in the group of
fetuses and newborns under the CIH influence
in a macroscopic study using magnifier (3,
8 diopters) was elastic with smooth, whitish-gray
intima. In microscopic study, all three vessel layers
were determined in hematoxylin and eosin
staining: tunica intima, media and adventitia.

In this group, the smooth muscle cells in both
vessels were also elongated, with moderate
intensity expression of brown color marker in the
cytoplasm in immunohistochemical staining. They
were present mostly in intima and medium, as
well as in the adventitial vessels walls. The density
of the SM location in PA in the field of vision
(1000) was 20.00±0.35 cells, these values were
lower than the control ones (table). Similar
changes in the density of investigated cells
location were observed in aorta – 18.67±0.56 cells
in the field of vison (1000), which is lower than
the control group.

Investigation of the number of macrophages
in the PA wall using the CD16 marker revealed
29.45±0.84 cells in the field of vision (600), and
in aorta – 28.45±0.68 cells in the field of vision
(600). As it can be seen, their number in
conditions of hypoxic effect increased.

As it is shown in table, the amount of SM in
PA is bigger than in aorta during normal
pregnancy (p<0.05), while in groups with hypoxia,
their number in investigated vessels is significantly
decreased (p<0.05) without significant difference
between PA and aorta (p0.05). Our data are
confirmed by a few literary reports, which inform
about SM proliferation decrease in PA with
severe oxygen deficiency, anoxia [17]. In this
case, studies about SM peculiarities in vessels
under acute hypoxia have different results. Some
investigators report an increase in their
proliferation [21] directly in the PA [15], while
others report a decrease in the reproduction of
these cells in the PA under such conditions [18].

The density of the smooth myocytes (SM) and cells expressing the marker CD16 location
in the wall of pulmonary artery (PA) and aorta in the fetus and newborns

Note. p1 is the veracity of the difference of two averages between the control and studied groups;
p2 is the veracity of the difference of two averages between PA and aorta in one group.
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Study of the quantitative characteristics of
macrophages expressing the CD16 marker in the
examined vessels wall under the chronic hypoxia
influence has tended to increase the density of
their placement in both vessels compared with
the control (p0.05), without differences between
them (p0.05).

These indications may evidence that
macrophage reaction occurs when exposed to the
CIH. This fact is confirmed in the literature about
the presence of the described cells in hypoxic
regions, including inflammatory and tumor
processes [22–24].

Conclusions
1. Density of placement of SM in the field of

vision (1000) in the thickness of the walls of PA
and aorta in the fetuses and newborns during the

physiological course of pregnancy significantly
differs from each other with domination in the
first vessel (PA – 28.20±0.63 cells, aorta –
24.62±0.76 cells).

2. Under the influence of experimental CIH
in PA and aorta in fetuses and newborns, there is
a significant (p<0.05) decrease in the density of
smooth muscle cells location in the field of vision
compared with control, but without significant
difference between the examined vessels
(p0,05).

3. Fetal chronic oxygen deficiency is
manifested in the tendency to increase the number
of macrophages expressing the CD16 marker in
the wall of PA and aorta in the fetuses and
newborns as compared with the control
parameters (p0.05).
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