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ABsTrAcT

The study aimed to determine the characteristics of smooth muscle actin expression in the 
kidneys, ureters and bladder of the newborns exposed to experimental chronic intrauterine, acute 
postnatal and mixed hypoxia.

In this study an experiment was carried out on WAG rats on modeling chronic intrauterine, 
acute postnatal and mixed hypoxia. The material of the study was the tissue of the kidney of new-
born rats. Immunohistochemical study was performed by the standard method using monoclonal 
antibodies against smooth muscle actin. Morphometrical investigation was conducted while 
studying the slides. 

In newborns, chronic intrauterine and mixed hypoxia result in significant reduction of mean 
value of the muscular fiber thickness in the muscular layer of the ureter and bladder, as well as 
in non-uniform expression of smooth muscle actin by the muscular layer cells of these organs. 
Acute postnatal hypoxia does not produce a damaging effect on the qualitative and quantitative 
characteristics of the muscular layer of the ureter and bladder of the newborns. In infants, acute 
postnatal hypoxia does not affect the mean value of the muscular fiber thickness in the arterioles 
and venules of the kidneys, ureters and bladder, while chronic intrauterine and mixed hypoxia 
result in a significant reduction of these indicators. Chronic intrauterine hypoxia and mixed hy-
poxia amplify severity of expression of smooth muscle actin by myofibroblasts in the kidneys, 
ureters and bladder, as well as by mesangiocytes, glomerular epithelial cells, and epithelial cells 
of renal tubules, which can lead to the further development of sclerotic changes in these organs 
in children at different stages of ontogenesis.

The analysis of the features of smooth muscle actin expression in the urinary system organs of 
newborns found that chronic intrauterine and mixed hypoxia have a damaging effect on the uri-
nary system organs of newborns while acute postnatal hypoxia has no damaging effect.

keywords: kidney, ureter, bladder, newborn, hypoxia, smooth muscle actin, experiment.

Irina V. Sorokina
4 Nauky Avenue, Kharkiv 61022, Ukraine
Tel.: (+38 050) 1699763
E-mail: msmyroshnychenko@ukr.net

Received 5/04/2016;accepted for printing 18/06/2017

spread disease of the urinary system among chil-
dren [Makovetskaia G, Kozlova T, 2000; Haram-
bat J et al., 2012; Kolibaeva T et al., 2013]. Nowa-
days, the researchers note an atypical clinical pic-
ture of the urinary system diseases in children, 
prevalence of both chronic, latent forms and mani-
fest, aggressive, severe forms of the disease that 
are resistant to conventional therapies, combina-
tion of different pathologies of this system in one 
patient against a background of anomalies, dismet-
abolic disorders and microbial-inflammatory pro-

introduction

At present, pathology of the urinary system in 
children not only loses its relevance, but also re-
mains a serious and significant problem in medi-
cine. Epidemiological studies in Ukraine and in 
the countries around the world testify to the wide-
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cesses [Chugunova O, Panova L, 2010; Kolibaeva 
T et al., 2013]. Pathology of the urinary system in 
children dramatically reduces their quality of life, 
in some cases leads to development of chronic 
renal failure, requiring the use of expensive methods 
of replacement therapy [Chugunova O, Panova L, 
2010; Erman M, Pervunina T, 2012].

Currently, the concept of a close relationship 
between the development of the urinary system pa-
thology in children and the effect of different unfa-
vorable factors in the antenatal, intranatal or post-
natal periods of the organism development is in-
tensively developing [Erman M, Pervunina T, 
2012; Koleganova N et al., 2012; Gafarova F, 
2015]. The most frequent cause of problems in an 
embryo, fetus and newborn is oxygen deprivation 
or hypoxia [Shevchenko L et al., 2011], which can 
be acute, chronic, or mixed. Acute hypoxia occurs 
at premature detachment of the placenta, develop-
ment of multiple infarctions in it, loss of the 
umbilical cord, umbilical cord knots or its loops 
around the neck or limbs of the fetus, leading to 
acute disorders of uteroplacental or fetoplacen-
tal circulation. Chronic fetal hypoxia is a mani-
festation of chronic placental insufficiency, 
which develops due to the presence of various 
maternal genital or extragenital pathologies 
[Gilany K, Vafakhah M, 2010].

According to different authors, under the influ-
ence of hypoxia on the organism of the infant, the 
signs of the urinary system involvement in the path-
ological process are diagnosed in 80% of cases [Po-
godaeva T, Luchaninova V, 2012; Dorey E et al., 
2014]. As a result of hypoxia the child can develop 
respiratory distress syndrome, central nervous and 
cardiovascular systems, disorders, which further in-
crease the chances of the damage to the urinary tract 
organs in these children [Galyant O et al., 2013]. 
The reason is simple: the kidneys are integrating 
bodies; therefore, whatever disease develops in a 
child, the organs of urine production and excretion 
suffer in varying degrees [Pogodaeva T, Luchani-
nova V, 2012; Alaro D et al., 2014]. 

It should be noted that the literature data on the 
effect of hypoxia on the urinary system organs in fe-
tuses and newborns are unstructured, in the majority 
of cases they have clinical orientation and are not 
morphologically confirmed [Gupta B et al., 2005; 
Makovetskaia G, Kozlova T, 2000; Shunkina G, 

2010; Erman M, Pervunina T, 2012; Koleganova 
N et al., 2012]. In addition, the data on the effect of 
acute postnatal and mixed hypoxia on the struc-
tural and functional features of the urinary system 
in newborns are absent. All this testifies to the ur-
gency and necessity of present research.

The study aimed to determine the characteris-
tics of smooth muscle actin expression in the kid-
neys, ureters and bladder of the newborns exposed 
to experimental chronic intrauterine, acute postna-
tal and mixed hypoxia.

MateriaL and Methods

This study involved an experiment simulation 
of high-altitude hypoxia in Wistar Albino Glaxo 
rats at the experimental biological hospital of 
Kharkiv National Medical University. The study 
was approved by the Commission on Ethics and 
Bioethics of Kharkiv National Medical University 
and conforms to the principles of the Guide for the 
Care and Use of Laboratory Animals published by 
US NIH (No 85-23, revised in 1985) [International 
Ethical Guidelines for Biomedical Research In-
volving Human Subjects, 1993].

High-altitude hypoxia was simulated using a 
sealed pressure chamber, from which the air was 
pumped out creating the conditions of sharp reduc-
tion in the atmospheric pressure. The rats were 
placed daily for 20 minutes at the same time in the 
conditions corresponding to the altitude of 7500 m 
with the respective pressure of 287 mm Hg.

The animals were divided into four groups: I 
(control) – pregnant female rats (n=3) were not 
subjected to high-altitude hypoxia and the result-
ing offspring from them (n=11) in the first day 
after birth were taken out of the experiment, II 
(simulation of chronic intrauterine hypoxia) – 
pregnant female rats (n=4) were exposed to high 
altitude hypoxia and the resulting offspring from 
them (n=10) in the first day of life were taken from 
the experiment, III (modeling of acute postnatal 
hypoxia) – pregnant female rats (n=2) were not 
subjected to high-altitude hypoxia, however, the 
resulting offspring from them (n=8) in the first day 
of life were exposed to single high-altitude hy-
poxia and then taken out of the experiment, IV 
(modeling mixed hypoxia) – pregnant female rats 
(n=3) during pregnancy were exposed to high-alti-
tude hypoxia, and then their offspring (n=8) in the 
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first day of life were exposed to single high-alti-
tude hypoxia and taken out of the experiment.

The materials of the study were the kidneys of 
the newborns. Immunohistochemical investigation 
was performed by standard methods using mono-
clonal antibodies against smooth muscle actin 
(DAKO, Denmark). These slides were examined 
under “Olympus BX-41” microscope (Japan) with 
processing using “Olympus DP-soft version 3.1” 
software (Japan), which determined the thickness 
of the muscular fibers, the cells of which expressed 
smooth muscle actin in the muscular layer of the 
ureter and bladder, as well as arterioles and ve-
nules of the kidneys, ureter, and bladder of the rats. 
In other cases, to assess the grade of immunohisto-
chemical reaction, a semiquantitative scale, i.e. 
“+” – poor, “++” – fair, “+++” – pronounced reac-
tion, was used.

Non-parametric U-Mann-Whitney criterion was 
used for statistical evaluation of the values obtained 
in the groups. Significance of differences between 
the values was taken at significance level of p <0.05. 
Statistical calculations were performed using Statis-
tic Soft 6.0 and Microsoft Excel 2007 software. 

resuLts and discussion

All four groups demonstrated smooth muscle 
actin expression on immunohistochemical investi-
gation in the form of a clear brown cytoplasmic 
staining of the smooth muscle cells that formed 
muscular fibers of the muscular layer of the blad-
der and ureter (Fig. 1). The analysis of muscle 
fiber thickness in the ureter and bladder (Table 1) 

revealed a significant decrease in this indicator in 
II and IV groups compared with I group, which 
suggests of the damaging effect of chronic intra-
uterine and mixed hypoxia on quantitative param-
eters of the muscular membrane of the ureter and 
bladder in the newborns that can manifest by cer-
tain functional disorders in these organs. While 
comparing to I group, in III group significant dif-
ferences were absent in terms of the mean value of 
the thickness of the muscular fibers in the muscu-
lar layer of both ureter and bladder, which suggests 
that acute postnatal hypoxia does not have a dam-
aging effect on the quantitative indicators of the 
muscular membrane of the ureter and bladder in 
newborns. In II and IV groups, no significant dif-
ferences were observed in terms of mean thickness 
of the muscular fiber in the muscular layer of the 
ureter and bladder.

In II and IV groups, the muscular fibers of the 
muscular layer of the ureter and bladder demon-
strated heterogeneity in expression of smooth mus-
cle actin. Thus, some muscular fibers expressed 
smooth muscle actin well, while the others ex-
pressed it slightly or moderately. Uneven expres-
sion by the muscular fibers of smooth muscle actin 
is possible due to the fact that some of the fibers 
develop dystrophic and atrophic changes induced 
by chronic intrauterine or mixed hypoxia, while 
the others develop hypertrophy of the muscular fi-

TABle 1
Mean value of the muscular fiber thickness in the 

muscular layer of the ureter and bladder in newborn 
rats of four groups (×10-6m)

Groups
Location

Ureter Bladder
I 8.09±0.547 12.55±0.562

II 5.20±0.327
p1<0.05

8.50±0.543
p1<0.05

III
8.38±0.497

p1>0.05
p2<0.05

11.95±0.563
p1>0.05
p2<0.05

IV
4.75±0.250

p1<0.05
p2>0.05
p3<0.05

8.13±0.295
p1<0.05
p2>0.05
p3<0.05

Notes: р1 – significance of differences compared 
to I group; р2 – significance of difference 
compared to II group; р3 – significance of 
difference compared to III group.

Figure 1. Expression of smooth muscle actin in the ure-
ter of the newborn exposed to chronic intrauterine 
hypoxia. Peroxidase reaction with monoclonal anti-
bodies to smooth muscle actin, ×100
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bers, which is a unique compensatory-adaptive re-
sponse necessary to compensate for the quantita-
tive deficiency of smooth muscle cells resulting 
from their destruction and elimination under the 
action of the above damaging factor.

It is known that smooth muscle tissue is an 
obligatory structural and functional component of 
the wall of the bladder and ureters; it plays an im-
portant role in their normal function. Smooth mus-
cle cells are traditionally classified into two main 
types – visceral and vascular. Visceral smooth 
muscle cells are referred to the so-called “phase” 
smooth muscle cells, which are electromechani-
cally paired and function as a single syncytium. 
The action potential in this syncytium is trans-
ferred from one smooth muscle cell to another 

Table 2
Mean value of the muscular fiber thickness in the arterioles and venules of the kidney, ureter and bladder in 

newborn rats of four groups (×10-6m)

Location Vessel type
Groups

I II III IV

Ureter 

Arteriole 2.19±0.229 1.51±0.270
p1<0.05

2.15±0.073
p1>0.05
p2<0.05

1.49±0.050
p1<0.05
p2>0.05
p3<0.05

Venule 1.38±0.189
p4<0.05

0.88±0.107
p1<0.05
p4<0.05

1.35±0.056
p1>0.05
p2<0.05
p4<0.05

0.83±0.117
p1<0.05
p2>0.05
p3<0.05
p4<0.05

Bladder 

Arteriole 2.92±0.207 2.20±0.198
p1<0.05

2.94±0.080
p1>0.05
p2<0.05

2.24±0.081
p1<0.05
p2>0.05
p3<0.05

Venule 2.11±0.160
p4<0.05

1.49±0.239
p1<0.05
p4<0.05

2.16±0.082
p1>0.05
p2<0.05
p4<0.05

1.52±0.059
p1<0.05
p2>0.05
p4<0.05

Kidney

Arteriole 1.79±0.048 1.19±0.059
p1<0.05

1.70±0.046
p1>0.05
p2<0.05

1.10±0.073
p1<0.05
p2>0.05
p3<0.05

Venule 1.28±0.086
p4<0.05

0.73±0.030
p1<0.05
p4<0.05

1.20±0.057
p1>0.05
p2<0.05
p4<0.05

0.70±0.060
p1<0.05
p2>0.05
p3<0.05
p4<0.05

Notes: р1 – significance of differences compared to I group; р2 – significance of difference compared to II group; 
р3 – significance of difference compared to III group; р4 – significance of difference compared to the arteriole 
in this group.

through gap junctions. An important feature of 
these cells is the ability of a small number of cells 
spontaneously to generate action potential, i.e. to 
be pacemakers. The vascular smooth muscle cells 
are “tonic” and function as individual units [Lush-
nikova E et al., 2012].

Expression of smooth muscle actin by the 
smooth muscle cells that form muscular fibers of 
the tunica of the arterioles and kidney venules of 
the kidneys, ureters and bladder was identified. In 
the urinary organs in all groups, the muscle fibers 
were significantly thicker in the wall of the arteri-
oles compared to the venules, which is a variant of 
the norm and is due to their functional characteris-
tics (Table 2). The analysis also revealed a signifi-
cant decline in the mean muscular fiber thickness 
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in the arterioles and venules of the kidney, ureter 
and bladder in the newborns from II and IV groups, 
compared to I group, which indicates the damag-
ing effect of chronic intrauterine and mixed hy-
poxia on the muscular component of the vascular 
walls of microcirculatory basin that can disrupt tis-
sue nourishment in these organs and further result 
in sclerotic changes in them. Acute postnatal hy-
poxia does not produce a damaging effect on quan-
titative indicators of muscular fibers of the arteri-
oles and venules of the urinary system in new-
borns. In the newborns from II and IV groups, no 
significant differences were observed in terms of 
the mean value of thickness of the muscular fibers 
of arterioles and venules.

The kidneys, ureters and bladder of the newborns 
from I group demonstrated moderate expression of 
smooth muscle actin by myofibroblasts, which were 
defined in the stroma of these organs (Fig. 2, 3). 
Myofibroblasts were identified in the process of de-
velopment and maturation of the urinary system of 
humans and laboratory animals by many research-
ers [Carey A et al., 1992; Naruse K et al., 2000].

It is known that myofibroblasts are main profi-
brogenic cells characterized by unique functional 
capabilities. Thus, myofibroblasts are able to pro-
duce a number of key components of the extracel-
lular matrix, including I, III, V, VII type collagens. 
Possibility of production of the basal membrane 
components, i.e. type IV collagen and laminin by 
myofibroblasts have been proven. In addition, this 
cell line produces a wide range of sulfated proteo-
glycans of the matrix and basement membrane (in 
particular, decorin, nidogen and perlecan) influ-
encing the migratory and proliferative anility of 
the connective tissue cells and epithelium. Impor-
tant products of myofibroblast secretion are fibro-
nectin and tenascin-C. In addition to the compo-
nents of the extracellular matrix, myofibroblasts 
produce a great variety of metalloproteinases and 
their tissue inhibitors, which play an important 
role in matrix remodeling, cellular migration activ-
ity regulation [Barinov E, Sulayeva O, 2010; Law-
son J et al., 2015].

No specific features of smooth muscle actin 
expression by myofibroblasts were detected in III 
group 3 compared to I group. In II and IV groups, 
compared with I group, marked expression of 
smooth muscle actin by myofibroblasts was re-

vealed, which may have occurred as a result of 
proliferation and activation of resident fibroblasts 
exposed to simulated chronic intrauterine and 
mixed hypoxia, which change their phenotype 
(begin to express smooth muscle actin) and se-
crete matrix proteins [Strutz F, Zeisberg M, 2006; 
Lawson J et al., 2015]. Additionally, the increase 
in the number of myofibroblasts may occur due to 
the changes in the phenotype of tubular epithelial 
cells during epithelial-mesenchymal transforma-
tion, which can be explained by the detected clear 
cytoplasmic staining of some tubular epithelial 
cells. Epithelial-mesenchymal transformation be-
gins with destruction of the tubular basement 
membrane exposed to hypoxia and other damag-
ing factors, as well as certain cytokines. The cells 

Figure 2. The expression of smooth muscle actin in the 
kidney of the newborn exposed to mixed hypoxia. 
Peroxidase reaction with monoclonal antibodies to 
smooth muscle actin, ×200

Figure 3. The expression of smooth muscle actin in the 
kidney of the newborn exposed to chronic intrauter-
ine hypoxia. Peroxidase reaction with monoclonal 
antibodies to smooth muscle actin, ×100
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