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ABSTRACT
The aim: The aim of the research was to study the features of the ultrastructure of the skin of white rats 60 and 90 days after modeling of portal hypertension.
Materials and methods: The investigations were performed on male white nonlinear rats. The animals of the first (control) group underwent a sham operation. In rats of
the second group, portal hypertension was simulated by applying a ligature to the portal vein. 60 and 90 days after the start of the experiment, a biopsy was taken from the
anterior abdominal wall for electron microscopy research.
Results: It was shown that skin in intact animals (control group) was of typical structure before beginning of experiment and 60 and 90 days after a sham operation. 60 days
after the start of the experiment, we found severe edema of the basal and spinous layer of the epidermis, breakdown of intercellular contacts, edema of endotheliocytes, their
perivascular edema, leukocytes infiltration, edema of mitochondria and lysosomes. 90 days after the start of the experiment, ultrastructural changes in the skin were more
pronounced. Ultrastructural changes of microvessels were characterized by narrowed lumen. Endothelial cells had significant edema.
Conclusions: Тhe data obtained should be taken into account when performing surgical interventions to prevent complications in the formation of the scar.
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INTRODUCTION

Regenerative processes in the skin – one of the current
problems of modern medicine, as noted in a number of
articles [1]. Violation of regenerative processes leads to the
formation of keloids and hypertrophic scars [2]. Such scars
are characterized by uncontrolled growth and excessive
collagen formation [3].
Another important area in the study of regenerative
processes in the skin after surgery, especially after plastic
surgery, is the formation of hematomas [4-6]. What do keloids, hypertrophied scars and hematomas have in common
after surgery? We believe that this is increased pressure in
the vessels of the skin. Really, the most common cause of
hematoma is hypertension [7]. On the other hand, when
we talk about fibrotic diseases, we must provide data on the
role of the local renin-angiotensin system, which modulates
collagen production and wound healing [8, 9]. Captopril,
enalapril, ramipril, lisinopril, fosinopril belong to angiotensin-converting enzyme inhibitors which are widely used
in the treatment of hypertension [10]. They inhibit the
formation of angiotensin II and its action in tissues [11].
Niazi et al. established that AT1 receptor concentrations in
patients with keloids were increased in comparison with

normal group and group of patients with hypertrophic scar
[9]. They also showed that concentration of angiotensin II
was higher in the group of patients with hypertrophic scar
in comparison with normal group and group of patients
with keloids. The authors concluded that concentration of
angiotensin II and AT1 receptors stimulate the formation
of keloid and hypertrophic scar and angiotensin-converting
enzyme inhibitors can be used for prevention and treatment of keloids and hypertrophic scars [9].
So, for checking such hypothesis and investigation of
mechanism of keloid and hypertrophic scar we need to
have the good model of high pressure in blood vessels of
the skin on animals. Formerly we found the changes in
the microcirculation and ultrastructure of the skin of the
rats 30 days after portal hypertension [Article in press]. It
is important to investigate these changes in dynamic and
choose the time for further study of wound healing.

THE AIM

The aim of the research was to study the features of the
ultrastructure of the skin of white rats 60 and 90 days after
modeling of portal hypertension.
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MATERIALS AND METHODS

All experiments were carried out according to the European Council Directive on 24 November 1986 for Care
and Use of Laboratory Animals (86/609/EEC), approved
by First National Congress for Bioethics (September
2001), and approved by the the Ethical Committee of Educational and Scientific Center “Institute of Biology and
Medicine”, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine.
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 second
group, portal hypertension was simulated by applying a
ligature to the portal vein according to the conventional
method [12, 13]. After 30, 60 and 90 days, under local
anesthesia anterior abdominal wall biopsies were taken.
Material for electron microscopy research (20 skin bioptates, 10 in each group) were chopped into pieces up to 1
mm thick and fixed during 1.5-2 hours at 30° C with a three
times change of osmic acid [14]. After fixing the slices were
washed in 0.1 mol / L phosphate buffer, pH 7.4, dehydrated
in increasing concentrations of ethanol, absolute acetone or
propylene oxide with preliminary postfixation and contrast
with a saturated solution of uranyl acetate and sealed in a
mixture of epoxy and araldite. Half-thin sections of 1 μm
thickness were stained with a 1% solution of toluidine blue
for light optical study and orientation of the selected area
for the next electron microscopic evaluation. Ultra-thin
sections were prepared with the help of ultra-thinner “LKB”
and studied using an electron microscope “Philips 400 T”
at an accelerating voltage of 80 kV.

RESULTS AND DISCUSSION

We have previously shown that rats develop ultrastructural
changes in the skin 30 days after modeling portal hypertension. We will not repeat the identified features, but present
the results of studies 60 and 90 days after the simulation of
portal hypertension, which will allow us to characterize the
dynamics of ultrastructural changes in the skin.
60 days after the start of the experiment, the electron
microscopy revealed severe edema of the basal and spinous layer of the epidermis, breakdown of intercellular
contacts. Loci of increased density were bordering with
the transparent zones of different shapes and volume. The
intercellular spaces at the same time looked expanded, had
signs of desmosomes destruction.
Changes in the basement membrane of the epidermis
were manifested in its thickening, homogenization, the
formation of areas that did not have their transparent
zone. Transparent area between basal epidermis and the
basal membrane of the epidermis was deformed, areas
of its expansion were detected, cavities were formed that
displaced the basal membrane from basal epidermis. The
cells of the basal and spinous layers were reduced in size.
Cytolemma of the basal epithelium was preserved, but
on the lateral sites it was poorly visualized, in these areas
there were loci of a destroyed cytolemma. The nuclei of
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basal epidermis were weakly shaped, had a condensed
and unevenly distributed chromatin, wavy and tooth-like
contours. Around the nuclei of basal epidermis there were
transparent zones (perinuclear edema). The density of the
cytoplasm of basal epidermis was associated with an increase in the number of tonofibrils, which looked massive,
condensed, and rough. The morphology of mitochondria
acquired differences that manifested in the destruction and
disturbance of the spatial orientation of cristae, changes
in matrix density (from very light to dark). Degenerative
forms appeared in the form of dark electron-density granules of round or elongated shape. Other elements of the
cytoplasm ultrastructure turned into polymorphic granules
with undetermined shape. In the cytoplasm, in addition
to intact organelles, inclusions appeared in the form of
polymorphic granules of different densities, which corresponded to the locus of its destruction. The number of free
ribosomes was reduced, they were chaotically scattered by
the cytoplasm. Transparent intranuclear edging, bordering
with fenestrated nuclear membrane, was indicative of the
nucleus swelling.
In the spinous layer of the epidermis, electron-transparent
cavities were detected, which bordered with epidermocytes
that had signs of vacuolar degeneration and destructive
changes in ultrastructure. Most cells contained cytoplasm
of rough and dense tonofibrils, which bordered with a
weakly-formed nucleus. Indurations that arose because
of condensation of thick and rough tonofibrils, as well as
many dense and loose polymorphic granules were a sign of
a destroyed ultrastructure. Collagen fibrils of the papillary
layer of the dermis were intact. Only in the reticular layer
were observed loci of their homogenization and formation
of fibrosis sites. A decrease in the lumen of capillaries due
to edema of endothelial cells was noted (Fig. 1).
The lesions of the microvessels of the dermis were
manifested by their narrowing, perivascular edema and
leukocyte infiltration, thrombosis. Endothelial cells with
hyperosmic or sharply enlightened cytoplasm were found.
The latter had swelled mitochondria and lysosomes. Cytolemma had a locus of desquamation and was convoluted on
the luminous surface. The nuclei looked enlightened, they
had fragmentation zones, the chromatin parts were located
eccentrically, which indicated on the signs of apoptosis.
The cytoplasm had a significant number of chaotically
located ribosomes and vacuoles and enlargement of the
perinuclear zone. The Golgi complex and the endoplasmic
reticulum were poorly expressed. The latter had a reduced
number of granules. Micropinocytic vesicles were located
near the basal and luminous surfaces of the capillaries. The
cytoplasm of fibroblasts contained a significant number of
polymorphic vacuoles and inclusions, mitochondria with
a transparent matrix that had signs of edema with areas
of membrane destruction and locus of unstructured dense
material (destroyed cristae) (Fig. 2).
Tissue basophils were located near the capillaries, contained a moderate number of vacuoles and granules of
average electron density. Their cytolemma in many locі
was not detected.
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Fig. 1. A decrease in the lumen of capillaries due to edema of endothelial cells.

Fig. 2. Destroyed cristae

Fig. 3. Visualization of the fibroblast ultrastructure

Fig. 4. Fibroblasts containing the nucleus which occupied more than
half of the cell volume

90 days after the experiment beginning, the basal membrane of the epidermis was thickened and tightened, its
transparent area was deformed and at some locі disappeared. Basal epidermocytes were enlightened given a
deeply destroyed structure, had signs of perinuclear edema
and condensation of chromatin. In the intercellular spaces

there were cavities that corresponded to the intercellular
edema locus. Tonofibrils of basal epidermis were tough and
condensed, mitochondria – partially destroyed and polymorphic, looked like a tight oval cell, contained fragments
of cristae, tonofilaments were not detected, ribosomes had
a chaotic location along the cytoplasm, and formed groups
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of 4 to 8 units. Their cytolemma was badly contoured,
however, the desmosomes were of a typical structure. In
some epidermocytes the spinous layer of the cytoplasm
was destroyed. Instead, a small and large grain electron
negative material was observed, as well as thick bundles of
tonofibrils. The nucleus density arose due to condensation
of chromatin, the loci of karyolemma degradation and
intranuclear inclusions were detected due to intranuclear
cytoplasm invagination. Among the dense polymorphic
material of the destroyed cytoplasm ultrastructure, there
were many transparent areas, that was a sign of cytoplasmic
edema. Intercellular spaces were significantly expanded,
with a significant number of desmosomes. The cytoplasm
of the granular layer epidermocytes contained a significant
number of grouped dense granules, resembling ribosomes,
a moderate amount of hard-fibrous dense material. Desmosomes were slightly contoured. The spinous layer lost
communication with the underlying structures. In epidermocytes of the spinous and granular layers, processes of
keratinization have been violated. Weak visualization of
the fibroblast ultrastructure was associated with expansion
of the endoplasmic reticulum tanks, illumination of the
nucleus and its intranuclear edema, nuclear membrane
lysis areas, swelling of mitochondria, which gained great
enlightened form of petals with round or oval form (Fig. 3).
However, fibroblasts containing the nucleus were detected,
which occupied more than half of the cell volume, had a
well-developed lamellosa complex, high secretory activity.
Ultrastructural changes of microvessels were characterized by
narrowed lumen. Endothelial cells had significant edema and
moderate vacuolization of the cytoplasm. Cell’s nuclei were of
normal volume, but chromatin was indurated (Fig. 4). In the
cytoplasm there was a moderate amount of chaotically located
polysomes and free ribosomes. The mitochondria of the endothelial cells had a slightly hyperosmic matrix and deformed
cristae, there was a moderate number of young and gigantic
forms. Granular endoplasmic reticulum was well developed,
but the number of ribosomes on it was reduced. Erythrocytes
diapedesis and sometimes microhemorrhages were noted,
in the pericapillary space a significant number of leukocytes
and red blood cells were detected. The collagen fibers of the
dermis preserved their general structure, but were partially
fragmented, swollen, had an enlarged diameter. Their dissociation into individual fragments of irregular shape occured.
Some amount of immature collagen fibers merged into the
depths of an amorphous substance. Elastic fibers looked intact.
Tissue basophils looked smaller in volume, containing single
granules and many large vacuoles. The proportion between
dark and light cells was changed significantly: a prominent
increase in the number of dark cells and a decrease in light
ones was noted, the most pronounced changes were detected
in the hypodermis. A destruction of nerve fibers in the form
of their varicose, vacuolization, deep and granular decay of
axial cylinders was noted, that was expressed most of all on
free nerve endings.
So, changes in the endothelial cells of the dermis papillary layer microvessels, noted in portal hypertension, is
a response to the direct action of elevated pressure in the
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portal vein and is a secondary response of microvessels to
systemic vascular damage.

CONCLUSION

1.	60 days after modeling portal hypertension we established
the development of severe edema of the basal and spinous
layer of the epidermis, breakdown of intercellular contacts.
Changes in the basement membrane of the epidermis were
manifested in its thickening, homogenization, the formation of areas that did not have their transparent zone. In
the spinous layer of the epidermis the sighns of vacuolar
degeneration and destructive changes in ultrastructure
were detected. The lesions of the microvessels of the dermis
were manifested by their narrowing, perivascular edema
and leukocyte infiltration, thrombosis.
2.	90 days after the simulation of portal hypertension,
changes in ultrastructure and microcirculation increased and were most pronounced during all observation periods.
3.	The obtained results should be taken into account in
patients with portal hypertension and arterial hypertension when performing operations, as neglect of them
can lead to complications.
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