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INTRODUCTION

The effect of portal hypertension on the condition of the hemomicrocirculatory tract of the skin male white
nonlinear rats was studied. Hypertension was simulated by applying a ligature to the portal vein according
to the conventional method. After 30, 60 and 90 days, skin biopsies were taken from the anterior abdominal
wall for optical microscopy examination, which was subjected to routine histological processing. In animals
of the control group, which underwent sham surgery, the skin remained unchanged. In rats of the experimental
group after 30 days in the basal layer of the epidermis there were cells with signs of degenerative changes.

The basement membrane of the epidermis had small areas with thinning and thickening, which in both cases
were accompanied by the formation of small and massive leukocyte infiltrates. Its edema was noted, which
extended to the papillary and reticular layer of the dermis. Elastic fibers were unchanged. Only 50% of the
microvessels looked intact, 20% microvessels were narrowed, and 30% had signs of stagnant hyperemia
due to dilatation. After 60 days the epidermis was thinned, in the basal layer the cells with picnotized
and displaced to the periphery nucleus were detected. In all studied layers of epidermis, besides reticular
layer, expansion of arterioles, venules and capillary loops was observed. After 90 days the epidermis was
represented by 3-6 layers of cells, its general refinement was observed due to the reduction of the thickness

of the spinous and granular layers with simultaneous thickening of the horny layer. In the papillary layer of
the dermis, the number of thin-walled blood vessels was increased. The average diameter of the arterioles

of the hypodermis decreased relative to the values on the 60th day. The mean diameter of the arterioles of
the subdermal network on the border of the papillary and reticular layers and capillary loops under the
basal membrane was reduced what can be a sign of sclerotic changes in the microvessels. The venules

diameter remained increased. In arterioles and venules, stasis of the microvessels, edema of their walls,

microaneurysm, and venous sacculation were detected. Thus, we believe that the changes in the microvessels

of the skin, which are observed in portal hypertension, are the result of hemodynamic disturbances in the
tissue, which is a complex chain of hemomicrocirculatory flow to the direct action of hypertension in the
portal vein and is a secondary response to systemic vascular damage.
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who emphasized that “the volume of planned
surgery during the last 4 years (2015-2019)

During 2016-2019, more than 170000 urgent
surgical interventions were performed in
Ukraine every year [1]. The same article presents
an interview with the director of the National
Institute of Surgery and Transplantology named
after O.0. Shalimov of the National Academy of
Medical Sciences of Ukraine Oleksandr Usenko,
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has remained approximately constant: about
270 thousand operations on abdominal organs
were performed annually”. There are statistics
on other types of surgical interventions, there
are no statistics only on plastic surgery [2]. In
general, the number of surgical interventions is
impressive. Therefore, the problem of skin repair
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in the surgical field was and remains an urgent
problem today.

The rate of healing and the formation of a
normal scar is influenced by many factors, among
which a significant role belongs to the state of
the hemomicrocirculatory tract of the skin [3-
5]. Surgical complications arising from vascular
changes, especially against the background
of low blood pressure, can lead to disruption
of pro- and antioxidant homeostasis, fibrotic
changes in connective tissue structures, sclerotic
microvascular lesions, lipoid necrobiosis.
However, the structural mechanisms of these
changes remain unclear, despite a large number
of studies on the morphological changes of the
skin in surgical complications.

Due to the fact that with the development
of portal hypertension develops hypotension
[6], the aim of the study was to investigate the
influence of portal hypertension on the state of
the hemomicrocirculatory level of rat skin in
dynamics.

METHODS

The investigations were performed on 20 male
white nonlinear rats aged 5 months which were
randomly divided into 2 groups of 10 animals in
each. In rats of the first (control) group, a sham
operation was performed. In rats of the second
group, portal hypertension was simulated by
applying a ligature to the portal vein according
to the conventional method [7, 8]. After 30, 60
and 90 days, under local anesthesia skin biopsies
were taken.

The obtained skin bioptates for optical
microscopy research were fixed in 10% solu-
tion of neutral formaldehyde and subjected
to routine histological treatment [9, 10].
Histologic slices were stained with hematoxylin
and eosin, picrofuchsin according to Van-
Gyzon method after incubation in collagenase
solution, as well as without it, with picro-
indigo carmine, according to Mallory using
phosphomolybdic acid, according to Cason,
resorcinum-fuchsin according to Weigert,
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aldehyde-fuchsin according to Gomori after
processing of slices with and without acetic
acid, with Verhoeff’s hematoxylin, toluidine
blue with testicular hyaluronidase treatment of
control slices, according to the Schiff method
using iodic acid after treatment with salivary
amylase in McManu’s modification, via imp-
regnation of silver according to Foote, also
according to the method of Missime, according
to the Pearls method using the reaction of the
Berlin azure by Leeson, staining according
to Gandhi and Mainini, according to Coss,
according to the Mccallum method, by the
Congo Red, according to Cason, according to
Romanovsky-Giemsa, according to the May-
Grunwald method. The average diameters, area
and volume of histological structures were
determined according to the formulas proposed
by Avtandilov [11]:
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where A is a long diameter, B is a short diameter.

Morphometric analysis was performed using
UTHSCSA Imagel software available on the
Internet at ftp://maxrad6.uthscsa.edu.

Statistical methods. The obtained research
results were checked for the normality of the
distribution using the W Shapiro-Wilk test. As
our data were normally distributed, the samples
were compared using Student’s t-test. The
results were expressed as the mean M + m. For
our data, we took the level of significance P <
0.05 [12].

RESULTS

Light microscopy showed that skin in intact
animals (I group) was of typical structure. The
horny layer of epidermis consisted of several
rows of toughly bound horny scales which
were evenly filled with keratin. Between the
keratinocytes of the spinous and granular
layers clear intracellular spaces were identified.
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Basal epidermocytes are of cylindropodic form
and have a prolate nucleus (Fig. 1). Dermal
fibroblasts were characterized by moderate
basophilia. The architectonics of collagen fibers
corresponded to their localization: in the upper
layer of the dermis, the fibers were dense and
fine-fibrous, in the middle — loose and relatively
enlarged, in the bottom they were well structured
given the increase of their density and linear
dimensions and formed bundles (Fig. 2).
Reticulin fibers and pathological inclusions
in the dermis have not been identified. The
elastic fibers were predominantly located in
the reticular layer of the dermis, they were
identified as gyros’ cylinder- and ribbon-like
structures of elongated shape that were well
contoured. Most of them surrounded blood
vessels, hair follicles, sebaceous and sweat
glands, pierced, and wrapped collagen fibers.
Tissue basophils in the dermis and hypodermis
were localized peri vascularly. Papillary layer of
the dermis was represented by elongated inactive
basophils in a state of rest, only a small part
of them degenerated. In the reticular layer of
the dermis, tissue basophils acquired spherical
form, increased in volume, and raised their
functional activity in contrast to the papillary
layer. Dermal microvessels were presented by

Fig. 1. The horny layer of epidermis consisted of several rows
of toughly bound horny scales. Basal epidermocytes are of
cylindropodic form and have a prolate nucleus. The skin of
the anterior abdominal wall of 5-months-old rat. Staining with
hematoxylin and eosin. 400x
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assorted horizontal plexus. In the hypodermis, a
wide loop vascular network was seen, consisting
of arteriolar loops of polygonal shape with a
diameter of 64.36 = 0.14 pm and a muscular
type of structure. From hypodermis to the dermis
passed microvessels with a diameter of 46.08
+ 0.28 pm, which connecting together, formed
a subdermal arteriolar network. At the edge of
the papillary and reticular layers of the dermis,
a network formed by arterioles with a diameter
of 21.42 + 0.31 pm was detected. Under the
basement membrane, capillary loops with
microvessels diameter 12.34 £ 0.27 um were
identified. Collecting venules formed the surface
subpapillary plexus, diameter 61.5 £ 0.35 pm.
On the edge of papillary and mesenteric layers
was a deep sub-papillary plexus, which consisted
of venules with a diameter of 74.77 = 0.29 pm.
Between the reticular layer and hypodermis
a subdermal venular network was observed,
formed by three-layer microvesells with a
diameter of 107.38 £ 0.55 um. In the hypodermis,
microvessels were identified with a diameter of
134.64 £ 2.03 um that formed venous network.
Pathological inclusions in the form of calcium
salts, sediments of hemosiderin, amyloid, neutral
and acidic glycosaminoglycans, as well as
oxytalan and elaunin fibers were not detected.

Fig. 2. Well-structured dense and fine-fibrous collagen fibers
of the upper third of the dermis. The skin of the anterior
abdominal wall of 5-months-old rat. Staining with picro-indigo
carmin. 400x

47



Influence of portal hypertension on the state of the hemomicrocirculatory level of rat skin: morphological study

Collagen fibers were resistant to collagenase.
The results were consistent with literature data
on skin structure in healthy rats [13].
According to the results of light microscopy,
30 days after the start of the experiment in the
basal layer of epidermis cells with signs of
degenerative changes the following changes
were observed: the cytoplasm contained vacuo-
les, inclusions, and the nuclei were swollen
and displaced to the periphery. The basement
membrane of the epidermis had small areas
with thinning and thickening, which in both
cases were accompanied by the formation
of small and massive leukocyte infiltrates.
Its edema was noted, which extended to the
papillary and reticular layer of the dermis.
Elastic fibers were unchanged. Only 50% of the
microvessels looked intact, 20% of microvessels
were narrowed, and 30% had signs of stagnant
hyperemia due to dilatation. The reticular layer
of the dermis was infiltrated by leukocytes, their
loci were observed around the blood vessels.
In the hypodermic arteriolar networks, the
microvessels were unchanged (65.43 £+ 2.28
pm, P > 0.05) compared to the intact group.
The nuclei of the endothelial cells were weakly
contoured, translocated to the lumen of the
microvessels. The inner elastic membrane was
moderately gyrose, had small folds of various
heights. Venules of the subdermal, hypodermic
and deep subpapillary plexi were expanded
(diameter 119.16 £ 2.57 um, P < 0.05), 151.2 +
1.4 um, P < 0.05, 84.1 + 1.25 pm, P < 0.05,
respectively), induration of their walls was
observed. In the reticular layer of the dermis
the average diameter of arterioles decreased
(30.4 £ 1.88 um, P < 0.01), and collective
venules of the surface subpapillary plexus,
on the contrary, increased (70.2 £ 0.96 pum,
P < 0.05). The diameter of the arterioles at the
edge of the papillary and mesenteric layers
and the capillary loops under the basement
membrane virtually decreased (15.25 +0.78 pm,
P<0.01,7.44+0.51 um, P<0.001, respectively).
Due to edema of the walls of endothelial cells
in blood capillaries, there was a decrease of
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their lumen, which led to the formation of red
blood cell aggregates. Diapedesis of red blood
cells and sometimes microhemorrhages were
observed. Grouping of a significant number
of leukocytes, fibroblasts, macrophages were
revealed around the capillaries of the papillary
layer of the dermis. Fibroblasts were large, with
marked cytoplasmic basophilia. The contours
of the collagen fibers of the dermis were
indistinct, the areas of their homogenization and
fragmentation were noted (Fig. 3).

The study of tissue basophils revealed
that their morphological and quantitative
characteristics in the dermis and hypodermis
were similar to intact. Only the level of
their metachromasia varied: the number of
dark cells moderately reduced, the number
of light cells increased, the most significant
changes were observed in the hypodermis.
Degranulation processes were suppressed along
with simultaneous reduction of the number of
tissue basophils with average and weak granules
saturation. It was established that in the papillary
layer of the dermis, the number of degranulating
cells decreased by 1.8 times, in reticular layer —
by 2.1, respectively, in the hypoderm — by 2.8

Fig. 3. Around the capillaries of the papillary layer of the
dermis a significant number of grouped leukocytes, fibroblasts,
macrophages is observed. The indistinct contours of the
dermal collagen fibers are seen as well as the areas of their
homogenization and fragmentation. The skin of the anterior
abdominal wall of a 6-months-old rat after 30 days of the start
of the experiment. Staining with toluidine blue
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times. The changes mentioned above led to the
reduction of the saturation index and a decrease
in the degranulation index.

Sixty days after the experiment began,
the epidermis was thinned, in basal epidermis
the loci of the cytoplasm vacuolization were
found and perinuclear edema in the form of
a ring-shaped rim was observed. In the basal
layer of the epidermis the cells with picnotized
and displaced to the periphery nucleus were
detected, which acquired a flattened form due to
the pronounced vacuolization of the cytoplasm.
In the epidermis, the zones of hydropic dyst-
rophy were revealed, what was accompanied
by severe edema, ballooning degeneration, loss
of intercellular bridges and spongiosis (Fig. 4).

The morphology of the connective tissue
of the dermis remained unchanged. Only in
zones of severe edema loci of homogenization
and fragmentation of collagen fibers and
induration of the elastic fibers were noted. In
these areas the signs of congestive hyperemia,
perivascular edema, diapedesis of blood cells
into the extravascular space and macrophage

Fig. 4. The thinned epidermis, loci of vacuolization of the
cytoplasm of basal epidermocytes and perinuclear edema.
In the basal layer of epidermis the cells with picnotic and
displaced to the periphery nucleus were detected, which
acquired a flattened form due to the pronounced vacuolization
of the cytoplasm. In the epidermis, the zones of hydropic
dystrophy and significant edema are revealed. The skin of
the anterior abdominal wall of the 7-month-old rat after 60
days from the beginning of the experiment. The staining with
hematoxylin and eosin. 400x
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migration were seen. As a result of edema, the
spaces between collagen fibers increased, and
sometimes their homogenization was observed
(Fig. 5). Skin appendages remained intact.

In the hypodermic arteriolar network, the
microvessels were dilated (74.18 + 0.92 pm,
P < 0.05) compared to intact control to the
vessels after 30 days of the experiment. Venules
of sub-, hypodermal and deep subpapillary
plexuses were expanded (diameter 118.45 +3.21
pum, P<0.05, 153.4+2.73 um, P<0.05, 80.43 +
2.51 um, P < 0.05, respectively), the formation
of perforations and the swelling of their walls
was detected. In the reticular layer of the dermis,
the mean diameter of the arterioles (39.8 + 3.1
pum, P < 0.05) decreased and the venules of the
surface subpapillary plexus increased (74.6 +
2.25 pm, P <0.05).

The diameter of arterioles on the edge of
papillary and reticular layers increased to the
control level (21.54 = 1.94 pum, P < 0.05).
The diameter of the capillary loops under
the basement membrane didn’t change in
comparison with the vessels after 30 days of
the experiment (12.62 = 0.97 pm, P > 0.05). In
the reticular layer of the dermis, especially on

Fig. 5. Loci of homogenization and fragmentation of collagen
fibers. The signs of congestive hyperemia, perivascular
edema, diapedesis of blood cells into the extravascular space
and macrophage migration. As a result of edema, the spaces
between collagen fibers are increased, the homogenization is
noted. The skin of the anterior abdominal wall of the 7-month-
old rat after 60 days from the beginning of the experiment.
The staining with toluidine blue.
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the border with subcutaneous tissue, marked
dilatation of blood vessels was revealed,
collaret infiltrates that consisted of plasma
cells, histiocytes, lymphocytes and macrophages
were revealed around them. Tissue basophils,
according to their morphological characteristics
and the number in dermis and hypodermis,
increased compared to intact specimens, the
level of their metachromasia changed: the
number of very dark and dark cells moderately
increased, the number of light cells decreased,
the most significant changes were identified in
the hypodermis. The processes of degranulation
enhanced along with simultaneous increase of
the number of tissue basophils with moderate
granules saturation. It was established that in
the papillary layer of the dermis, the number
of degranulating cells increased by 2.5 times
compared to the control group, in the reticular
layer by 3.1, respectively, in the hypoderm - by
3.8 times. Thus, the activity of tissue basophils
was the highest in the hypodermis and the lowest
in the papillary layer of the dermis.

90 days after the start of the experiment,
the epidermis was represented by 3-6 layers
of cells, its general refinement was observed
due to the reduction of the thickness of the
spinous and granular layers with simultaneous
thickening of the horny layer. Globe-shaped
bodies and homogeneous acidophilic formations
with pyknotic nuclei were identified, that
indicated the violation of keratinization pro-
cesses. The enlarged epidermocytes of sphe-
rical shape with cytoplasm basophilia and
expressed granulation were seen. The number
of promelanosomes, melanosomes and melanin
granules was reduced. In basal epidermis nuclei
pyknosis and cytoplasm homogenization were
revealed as well as perinuclear vacuolization
of the cytoplasm, indicative of their dystrophic
changes. Areas of necrosis of the epidermis
with segmented leukocyte infiltration were
identified. In inflammatory infiltrates histocytes
and fibroblasts were beginning to dominate.
On the areas of the pronounced acanthosis,
epidermis was translocating into the thick

50

underlying tissues. The basement membrane
of the epidermis was found thickened, also
were found areas of its refinement, which was
accompanied by fibrosis of the layers below the
dermis. The dermis was edematous, especially in
the papillary layer, focal leukocyte infiltration
with the inclusion of macrophages was detected,
increased number of fibroblasts. The number
of derma fibroblasts was increased, signs of
fibrosis were noted. In the reticular layer of
the dermis, collagen bundles were swollen and
fragmented (Fig. 6).

Collagen fibers changed the perception
of fuchsine and looked from pale pink to
purple-red, were indurated, the loci of their
homogenization and fragmentation were iden-
tified, deposits of calcium on the surface of the
fibers were detected. Incubation of slices in
collagenase solution showed the decrease of the
resistance to this enzyme, which turned out to be
loci of dissolved collagen fibers, formation of
fragments of collagen fibrils and homogeneous
masses, which were not found in identical native
specimens (Fig. 7).

Mature collagen fibers were contiguous with
reticulin fibers, indicating their degenerative
changes (Fig. 8).

Fig. 6. The edema of dermis, focal leukocyte infiltration with
macrophages involvement. The collagen fibers are fragmented,
edematous, and indurated, loci of their homogenization are
observed. The skin of the anterior abdominal wall of the
9-month-old rat after 90 days of the experiment beginning.
Staining with toluidine blue. 400x
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Fig. 7. Collagen fibers change the perception of fuchsine, are
indurated, the loci of their homogenization and fragmentation
can be identified. Incubation of slices in collagenase solution
showed the decrease of the resistance to this enzyme, which
turned out to be loci of dissolved collagen fibers, formation
of fragments of collagen fibrils and homogeneous masses.
The skin of the anterior abdominal wall of the 9-month-old
rat after 90 days of the experiment beginning. Staining with
resorcin-fuchsin according to Weigert. 400x

Elastic fibers were represented in large
numbers, however, among them appeared
partially fragmented, polymorphic and frag-
mented. Oxytalene and elaunin fibers, loci
of hemosiderin deposition near microvessels
were detected. Hair follicles were literally
unchanged and densely located. The flattening
of dermal papillae and degenerative changes in
the sebaceous glands were noted. In the papillary
layer of the dermis, the number of thin-walled
blood vessels was increased. The average
diameter of the arterioles of the hypodermis
decreased gradually (51.68 £1.68 um, P <0.05)
compared to the values on the 1st, 30th and
60th days. The diameter of the arterioles in the
subdermal network increased and approached
the values of intact animals (42.42 £ 1.1 pum,
P > 0.05). The mean diameter of the arterioles
of the subdermal network on the border of the
papillary and reticular layers (12.22 + 0.81 um,
P < 0.001) and capillary loops under the basal
membrane (6.84 + 0.51 pm, P < 0.001) was
reduced what can be a sign of sclerotic changes
in the microvessels. The venules diameter
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Fig. 8. Mature collagen fibers are contiguous with reticulin
fibers, indicating their degenerative changes. The skin of
the anterior abdominal wall of the 9-month-old rat after 90
days of the start of the experiment. Impregnation with silver
according to Foot. 400x

remained increased, making 94.15 +1.44 um
(P < 0.01) in collecting venules of the surface
subpapillary plexus, the diameter of collecting
venules of deep subpapillary plexus made
133.6 £ 3.03 um (P < 0.001), venules of the
hypodermis plexus - 155.16 = 4.47 pm (P < 0.05).
But the diameter of subdermal plexus venules
diminished to 96.32 + 4.34 um (P < 0.05). In
arterioles and venules, stasis of the microvessels,
edema of their walls, loss of contouring,
microaneurysm and venous sacculation were
detected. In the hemorrhages loci, clusters of
young fibroblasts and isolated macrophages
were detected. Changes in skin microvessels,
which are marked in portal hypertension, we tend
to regard as a result of the intensive violation of
hemodynamics in the tissue, which is a complex
chain of microcirculation restructuring toward
the direct action of high pressure in the portal
vein and is a secondary response to systemic
vascular damage. In the walls of microvessels
and collagen fibers accumulated PAS-positive
material in the form of a moderate amount of
neutral and acidic glycosaminoglycans (Fig. 9).

Morphofunctional features of tissue baso-
phils of the dermis and hypodermis were similar
to those in the previous period of studies.

51



Influence of portal hypertension on the state of the hemomicrocirculatory level of rat skin: morphological study

Fig. 9. PAS-positive material is accumulated in the walls of
microvessels and collagen fibers in the form of a moderate
amount of neutral and acidic glycosaminoglycans. The skin
of the anterior abdominal wall of the 9-month-old rat after
90 days of the start of the experiment. Staining according to
Schiff. 400x

Skin changes that we observed in the period
of 30-90 days after the start of the experiment
(dystrophy, necrosis of the epidermis and surface
layers of the dermis with pronounced vascular
reaction), we tend to consider as a result of a
profound violation of the skin microcirculation
in response to its systemic damage. The growing
inflammatory reaction in the skin is a secondary
response to the violation of tissue trophic.

CONCLUSION

Light microscopy provides insufficient data to
judge about the selective effect of high pressure
in the microvessels on a certain anatomical
structure of the skin (epidermis, connective
tissue, blood vessels, etc.) that would help
identify all the mechanisms of the development
of skin lesions in portal hypertension. Perhaps,
functional changes that occur first in the early
stages of the pathological process development,
lead to ultrastructural changes. These changes
can be detected, in our opinion, with electron
microscopy using the methods of electron
histochemistry.
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Y po6oTi BUBYaIH BIUIUB OPTAIBHOI TillepTeH3ii Ha CTaH Te-
MOMIKPOLMPKYJISITOPHOTO Pyciia IIKIpH O1IMX HeNiHIHHUX IITy-
piB-camiB. ['inepTeH3iro MOETIOBAIN HAKJIAJaHHSIM JIITaTypH
Ha ITOpPTaJIbHY BeHY 3a 3araJbHONPUHHITOI0 METOANKO0. Ye-
pe3 30, 60 ta 90 nuiB poOuTH 3a6ip OioNTATIB LIKIpH 3 TIEpe-
HBOT YepPEeBHOI CTIHKH JUIsl IOCII/PKEHb Ha CBITIIOONTHYHOMY
PIBHI, sIKi ITiJ1aBaJIM PyTHHHIN TicTONOT 4HIN 00po0i. Y TBa-
PHH KOHTPOJIBLHOT IPYIIH, SIKMM ITPOBOAMIIH y/IaBaHy OIEpallilo,
HiKipa 3auianacs 6e3 3MiH. Y IiypiB A0CIITHOT TPYITH uepes
30 ni6 y 6a3anpHOMY IIapi emigepMicy 3ycTpidanucs KIiTHHI
3 O3HAKaMH JieTeHepaTHBHUX 3MiH. ba3anpHa MemOpaHa ermi-
JIepMicCy MaJia JUISTHKA BUTOHYEHHSI 1 TOTOBIIEHHS, 110 Y 000X
BHUITaJIKaX CYIPOBOKYBAJIOCS YTBOPSHHSIM JISHKOIIUTAPHUX
indinerparis. Binmivascs 1i HaOpsIK, sSIKUI TOMIMPIOBABCS HA
COCOYKOBHH 1 ciTyacThii map aepmu. Criocrepiraiucs 3MiHH
MikpocyauH: 20% Oy 3By)xeHHMH, a 30% Maau O3HAKH
3aCTiHHOTO IMTOBHOKPIB s BHACHi oK amnaranii. Yepes 60 1id
eIiJIepMiC BUTOHUYBaBCS, Y 0a3aJbHOMY IIapi BUSBIISUTHCS
KIITHHH 13 NIKHOTU30BaHMUM Ta 3MIIIEHUM 10 Hepudepii
siIpoM. Y BCIX JOCHIIKYBaHHX Iapax emifiepMicy, OKpiMm
CITYACTOTO, CIIOCTEPIraaocs: PO3MIMPEHHS apTepiol, BEHY i
KarmisapHux nerens. Yepes 90 nid emigepmic OyB npencras-
JeHui 3—6 mapamu KJIITHH, CIIOCTepirajocs 3arajibHe Horo
BUTOHYEHHS BHACIIJIOK 3MEHIICHHS TOBIMHH OCTHUCTOTO Ta
3€PHHCTOTO HIAapiB IIPY OJHOYACHOMY HOTOBIIEHHI POTOBOTO.
VY cocouKkoBOMY HIapi JEpMH YHCIIO TOHKOCTIHHHX KPOBOHO-
CHUX CyauH Oyrno 30inpmiennm. CepenHiit niamerp apTepion
rirnosiepMH 3MEHIITyBaBCs BiIHOCHO 3HaueHb Ha 60-Ty 100y.
CepenHiii giaMeTp apTepiosl cyOnepMaibHOI CITKH Ha MEXi
COCOYKOBOTO 1 CITYACTOTrO IIApiB 1 KAMUIIPHUX ITETeb Iij
0a3aIpHOI MEMOPaHOK0 OYB 3MEHIICHHM, [0 MAJIO0 O3HAKH
CKJISPOTHYHHX 3MiH MIKpOCYyAnH. [liameTp BeHYIsIpHOT TaHKH
3aJIMIIaBCs 301IbIICHNM. Y apTepioyiax Ta BeHy/IaX BUSBIISUIN-
Cs1 CTa3u MIKPOCYIMH, HAOPSIK iX CTIHOK, MIKpPOAHEBPH3MH Ta
BEHO3HI cakyJsii. TakiuM YMHOM, 3MIHH MIKPOCYIHH LIKIpH,
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SIKI BIZIMIYAIOTHCSI TIPH MOPTAJIBHIN TillepTeHs3ii, MU BBaXae-
MO pe3yJbTaToM HOPYIICHHS TeMOAIHAMIKY Y TKaHHHI, 110 €
CKJIAJIHUM JIAHIIFOTOM Tepe0y10BH TeMOMIKPOLUPKYIISTOPHOTO
pycia Ha npsiMy o MiABUIEHOTO THCKY Y MOPTalIbHIl BeHi
i € BTOPUHHOIO Bi/IMIOBI/I/TI0 HA CHCTEMHE CYIUHHE YPasKeHHs.
Knro4ogi ciioBa: moprasbHa TinepTeH3ist; MOpGOIIoris; mKipa;
MIKPOLIMPKYJISLLSL.

H.P. I'puneBuy,B.B. Bepemaka

BJIUSIHUE MMOPTAJIBHOM T'MIEPTEH3UU
HA COCTOAHUME TEMOMUKPOLINPKYJIA-
TOPHOTI'O PYCJIA KOKH KPBIC: MOP®OJIO-
I'MYECKOE UCCJIIEJOBAHUE

B pabote uzydanu BiusHHE MOPTAJIbHOM T'MIEPTEH3UM Ha
COCTOSIHHE€ T'€MOMHUKPOLIUPKYISITOPHOTO pyciia KOXKH OeITbIX
HEJIMHEHHBIX KpbIc-caMIIOB. [ HnepTeH3uio MOAEINpOBaIn Ha-
JIO)KCHUEM JIUTaTypbl Ha IOPTAJIbHYIO BEHY 110 OOIIEIPUHATON
meroauke. Yepes 30, 60 u 90 cyt menanu 3abop OHONTATOB
KOXKH € TIepeiHel OpIOIIHON CTEHKM Ui UCCIICAOBAaHUM Ha
CBETJIOONITHYECKOM YPOBHE , KOTOPbIE TIOJJBEPrajich PyTHH-
HOIi TUCTONIOrnuecKoit 00paboTke. Y UBOTHBIX KOHTPOJILHOM
I'pynIibl, Y KOTOPBIX OCYLIECTBIISJIN MHUMYIO OIlI€palulo,
KO)Ka OCTaBajach 0€3 U3MEHCHUH. Y KPBIC OIBITHOM I'PYIIIbI
yepe3 30 cyT B 0a3ajJbHOM CJIO€ BNUAEPMUCA BCTPEUAIUCH
KJIETKH C IPU3HAKaMHU JereHepaTUBHBIX U3MEeHEHUH. ba3aib-
Has MeMGpaHa SnuACpMUCa UMeIa YyJaCTKU UCTOHUYCHUS U
YTOJIIEHHSI, YTO B 00SHX CIIydasix CONpPOBOXKAAIOCH 00pa-
30BaHUEM JIeHKOUMTAapHBIX MHOMIBTpaToB. OTMEUasCs ee
OTEK, KOTOPBIN PACIIPOCTPAHSIICS HA COCOYKOBBIN U CETUATHIH
cioit nepmel. Habmonanuce nM3MeHEHHsT MHUKPOCOCYI0B:
20% Oblu cyxensl, a 30% HMenu NpU3HAKU 3aCTOHHOTO
IIOJIHOKPOBHA 3a cueT auwiaraiuu. Yepes 60 cyT snuaepMuc
MCTOHYAJICS, B 0a3aJIbHOM €ro CJI0€ ObLIN BBISIBICHBI KIICTKH
C MMKHOTU30BaHBIM M CMELICHHBIM K nepudepuu sapom. Bo
BCEX HCCIIyEMbIX CIIOSX JIHUJIEPMHCA, KPOME CETYaToro,
HaOJII0IAJIOCh PACIIMPEHUE apTEPUOIL, BEHYI 1 KATMUIAPHBIX
nerens. Yepes 90 cyT snuuepmuc OblI mpeicTaBieH 3—6
CJIOSIMH KJIETOK, HaOnrofanoch olliee ero HCTOHYEHHUE 3a
CYET YMCHBIICHUSA TOJMIMUHBI OCTUCTOI'O U 3EPHUCTOIO CIIOCB
IPH OJIHOBPEMEHHOM YTOJIIIEHHH POroBoro. B cocouxkoBom
CJIOE JePMBI YKMCJIO TOHKOCTEHHBIX KPOBEHOCHBIX COCYIOB
6bu10 yBennueHo. CpeHuil AuaMeTp apTepruo TUIIOACPMBbI
YMEHBIIAJICS OTHOCUTENILHO 3HaUeHu Ha 60-e cyTku. Cpen-
HUH AMaMeTp apTepuos CyOIepManbHONW CETKH Ha IpaHMLE
COCOYKOBOT'O M CETYATOT0 CJIOCB M KaIMUIIPHBIX [IETEeJIb O]
0a3anbHON MEeMOpPaHOH YMEHBINAJICS, YTO OBUIO MPU3HAKOM
CKJIEPOTHYECKHUX U3MEHEHUH B MUKpococynax. [luamerp Be-
HYJISIPHOTO 3BEHa OCTaBaJICS yBeJIMYeHHBIM. B aprepronax u
BEHYJIaX HAOJIOAJIMCh CTa3bl MUKPOCOCYIIOB, OTEK UX CTCHOK,
MHKPOAHEBPU3MbI U BEHO3HbIC CaKyysauu. Takum obOpazom
,A3MEHEHHUS] MHKPOCOCY0B KOXH, KOTOpbIe HaOII0faINCh
Inpu HOpTaJ’[bHOi’I TANCPTCH3UH, MBI CUHUTACM PE3YIIbTAaTOM
HapyleHust reMOIUHAMUKH B TKaHAX. B cBoro 04epeCab OHU
SIBIISIIOTCSI CJIOXKHOM LISTIBIO TTEPECTPONKH TEMOMHUKPOLIUPKYIISi-

ISSN 0201-8489 ®ision. scypu., 2021, T. 67, Ne 3

TOPHOTO pycIia Ha MPSIMOE ICHCTBUE MTOBBIIICHHOTO JaBICHUS
B HOPTaJbHOM BEHE W BTOPUYHBIM OTBETOM HA CHCTEMHOE
COCYAHUCTOE TIOPAXKECHHE.

KitroueBble ciioBa: moprayibHasi TUIIEPTEH3HsT; MOP(OIOTHs;
KOXKa; MUKPOLIMPKYJISILIHS.
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