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INTRODUCTION

The problem of skin repair under the conditions of 
systemic increased pressure in microvessels has great 
medical and scientific importance. This is due to the fact 
that, each year, the incidence of this pathology has been 
seen to increase during plastic surgery. The most common 
complication of facelift surgery, for example, is a hematoma 
[1-3]. This represents 0.2-8.0% of all complications of 
facelift operations, and complications in the form of hema-
tomas were observed in 11% of all operations [4].
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While the most common cause of hematoma is hyperten-
sion [5], another complication of facelift surgery is asymp-
tomatic deep venous thromboses [6], and in this case, this 
complication is due to high blood pressure. Indeed, it is 
shown that in patients who are prepared for surgery, often 
the pressure increases in the preoperative and postoperative 
periods [7]. This state is defined as perioperative hyperten-
sion [8]. Its treatment reduces the frequency of hematoma 
formation in the postoperative period [9].

Another pathological condition that leads to changes in 
systemic blood flow, including that in skin vessels, is portal 
hypertension. Clinical signs of portal hypertension include 
signs of hyperdynamic circulatory state, such as jumping 
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The problem of skin repair under the conditions of systemic increased pressure  
in microvessels has a great importance. This is due to the fact that each year the incidence 
of this pathology has seen an increase during different operations, including plastic 
surgery. As the compensatory and reparative mechanisms occurring in the skin affected 
by vascular hyperbaria are still unidentified, the aim of the study was to investigate the 
features of the ultrastructure of the skin of white rats 30 days after modeling of portal 
hypertension. Objects of the study were anterior abdominal wall biopsies for electron 
microscopy research.
Our work demonstrated that the skin in intact animals (control group) was of typical 
structure before the beginning of the experiment and 30 days after a sham operation. 
Following 30 days modeling of portal hypertension, the ultrastructure of the epidermis 
was found to be intact, only slight thickening of the horny layer was revealed. However, 
in the basal epidermocytes, signs of crypts formation by cytolemma were revealed. 
Moreover, in the epidermocytes of the spinous and granular layers, the mitochondria, 
endoplasmic reticulum channels and ribosomes were almost non-evident. In addition, 
in the cytoplasm of the fibroblasts, a moderate amount of freely located ribosomes and 
a moderate number of polymorphic mitochondria were detected, while the lumens of 
the capillaries of the papillary layer of the dermis were narrowed. We also saw that the 
swelling of the cytoplasm in endothelial cells resulted in the narrowing of the microvessels 
lumen. What is more, the subendothelial zone was expanded – which is indicative  
of endothelial desquamation. Beyond the aforementioned, the nuclei of the endothelial 
cells were well contoured and had signs of chromatin condensation. Endothelial cells 
with signs of apoptosis were detected as well.
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pulse and tachycardia, as well as warm moist skin of the 
limbs and arterial hypotension [10,11].

Compensatory and reparative mechanisms occurring 
in the skin affected by vascular hyperbaria are not fully 
understood. In most of the articles, light microscopy was 
used, and it allowed elucidating the nature of degenerative, 
inflammatory and compensation and reparation processes. 
The involvement of tissue basophils, endothelial cells, 
fibroblasts, connective tissue and extracellular matrix in the 
development of the reparative process has not, however, 
been studied. Moreover, comparison of clinical manifesta-
tions with the data of electron microscopy remains an actual 
question, as well as its characteristics depending on the stage 
of the pathological process. The aim of the study was to 
investigate the features of the ultrastructure of the skin of 
white rats 30 days after modeling of portal hypertension.

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 
the First National Congress for Bioethics (September 2001). 
Local approval was obtained from 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 non-
linear rats aged 5 months, which were randomly divided 
into 2 groups of 10 animals in each. In the rats of the second 
group, portal hypertension was simulated by applying a 
ligature to the portal vein according to the conventional 
method [12]. After 30 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. 
After fixing, the slices were washed in 0.1 mol/L phosphate 
buffer, pH 7.4, dehydrated in increasing concentrations of 
ethanol, absolute acetone and propylene oxide, with pre-
liminary postfixation and contrast induced through a satu-
rated solution of uranyl acetate. The slices were then sealed 
in a mixture of epoxy and araldite. Afterwards, 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 electron microscopic evaluation. 
Ultra-thin sections were subsequently prepared with the help 
of ultra-thinner "LKB" and studied using an electron micro-
scope “Philips 400 T” at an accelerating voltage of 80 kV. 

RESULTS

Electron microscopy showed that the skin in intact 
animals (I group) was of typical structure. The basement 
membrane of the epidermis was also most evident. In the 
cytoplasm of the basal epidermocytes, an average number 
of melanin granules, mitochondria, dense tonofibrils, ribo-
somes, individual tonofilaments, Golgi complex, endoplas-
mic reticulum channels were identified. Moreover, the nuclei 
had elongated shape, were quite evident, and contained 

nucleoli, chromatin granules located around the nuclear 
membrane (Fig. 1).

Electronogram 13,000×. Basal epidermocyte: in the cytoplasm, a moderate 
number of mitochondria, dense tonofibrils, ribosomes, individual tonofilaments, 
Golgi complex, endoplasmic reticulum channels are identifiable. The nuclear 
membrane is quite evident, while the nucleoplasma contains chromatin 
granules located around the cariolemma. The basement membrane of the 
epidermis is well marked

Figure 1. Skin of the anterior abdominal wall of a 5-month-old 
intact rat (control)

Our investigation also saw that the basal epidermocytes 
were tightly arranged, while in the spinous layer, many 
tonofibrils and desmosomes were detected. In addition, the 
granular layer was represented by keratohyalin granules of 
moderate density, and the horny scales displayed homog-
enized fibrillar material. Involutive desmosomes were 
identified in the contact places of the scales. The dermis 
fibroblasts were mostly spindle-shaped, and had a light 
elongated nucleus that contained 1-2 nucleoli. Their cyto-
plasm contained a substantial number of mitochondria with 
well-developed cristae, as well as a granular endoplasmic 
reticulum that occupied from 30% to 50% of the cytoplasm 
area (Fig. 2).

Electronogram 10,000×. Elongated fibroblasts with nuclei having equal 
distribution of chromatin are evident. Moreover, a significant number of 
endoplasmic reticulum channels are seen, on the surface of which a moderate 
number of ribosomes are located. In addition, lamellose complexes and 
well-structured mitochondria can be seen. In the dermis, longitudinally, 
transversally and slanting dicularly, sliced collagen fiber bundles are noticeable

Figure 2. Skin of the anterior abdominal wall of a 5-month-old 
intact rat (control)
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The skin cells, structurally, contained vacuoles with 
narrow and moderately expanded profiles that held a fine-
grained matrix, and 1-2 rows of ribosomes, attached to 
membranes. A well-defined lamellose complex was also 
identified. Tissue basophils of dermis were spherical, oval, 
fusiform, occurred individually and in small groups, and had 
a perivascular and perineural position that provided contact 
with endothelial cells and nerve endings. Their diameter 
varied from 3.4 to 15 microns. Depending on the shape of 
the nucleus, the basophils had a round or elongated shape, 
contained nucleoli, uniformly distributed chromatin and 
occupied about 8% of cell volume. The cytoplasm incor-
porated light and vacuolized granules, the thickness of the 
membrane of which was from 0.4 to 2 microns, that had a 
reticular electron-dense structure, and contained light and 
very light granules with a minimum amount of granular 
matter. The capillaries of the dermis had a normal struc-
ture, their walls were limited by 2-3 endothelial cells. 
The cytoplasm of these endothelial cells had an average 
density, and held a significant number of mitochondria, 
microfilaments, pinocitic vesicles along the luminal area 
of the nuclear membrane. The nuclei were elongated and 
well contoured, while the karyoplasm was represented by 
chromatin of medium density that was evenly distributed 
along the nucleoplasm. The pericytes had a characteristic 
structure and surrounded capillaries.

30 days after the beginning of the experiment, in rats 
wherein portal hypertension was simulated, the ultrastruc-
ture of the epidermis was intact, only slight thickening of 
the horny layer was revealed. The basement membrane of 
the epidermis was unevenly thickened to 100 nm, however, 
there were also areas of thinning. In the basal epidermocytes, 
signs of crypts formation by cytolemma were revealed. 
Moreover,  homogenization of the cytoplasm was noted, as 
well as destruction of mitochondria and lysis, and violation 
of the integrity of the plasma membranes (Fig. 3).

In their cytoplasm, tonofibrils and tonofilaments with 
a thickness of 4-8 nm were identified, which were uni-
formly distributed over the surface. Endoplasmic reticu-
lum channels were also seen to be poorly contoured. The 
ribosomes were found to form groups of 3-8 units, and were 
of a small amount and scattered in the cytoplasm. The high 
density of the nucleus arose from the large number of highly 
packed polymorphic granules that resembled ribosomes. 
Many of these were especially noticeable in the zone of 
nuclear membrane. Signs of condensation and fragmenta-
tion of chromatin were also detected in the nucleus, and 
the chromatin were seen to be evenly distributed over the 
nucleoplasm. The nuclear membrane was gyrose, had small 
pores, was not visualized in certain areas. In the epider-
mocytes of the spinous and granular layers, the mitochon-
dria, endoplasmic reticulum channels and ribosomes were 
almost non-evident, while the tonofibrils formed a network. 
In addition, a significant number of vacuoles and inclusions 
of different densities were detected in the cytoplasm. This 
was accompanied by the displacement of their nuclei to 
the periphery. They had many desmosomes and finger-like 
cytoplasmic growths. The grainy cells had a considerable 
density of cytoplasm due to the full development of the 
tonofibrils network and the high content of dense granules. 
Atypical granular cells with an increased electron density 
and a greater number of tonofibrils in the cytoplasm were 
found. Above the granular layer, several layers of horny 
scales were evident. These contained keratin and a sig-
nificant number of vacuoles. Their significant rupture and 
desquamation were noted. The basement membrane of the 
epidermis, located between the basal layer of the epidermis 
and dermis, was unchanged, and had a thickness of 30 to 70 
nm. Between the basement membrane of the epidermis and 
basal epidermis was a layer containing a transparent vacuole, 
the diameter of which did not exceed 50 nm. A layer of 
transversely, longitudinally and obliquely cut collagen 
fibrils approached this from the side of dermis. Bundles, 
as well as single fibrils with a thickness of 40-70 nm  
were clearly visualized in the dermis. Collagen fibrils were 
also unevenly distributed. Between their groups, transparent 
zones of irregular shape, arising due to edema, as well as 
swelling of the fibers and rupturing were revealed. Finally, 
the fibroblasts were bordered with collagen fibers (Fig. 4). 

In the fibroblast cytoplasm, a moderate amount of freely 
located ribosomes were detected, while chains and ribosome 
clusters were noted, as well as channels of expanded granular 
endoplasmic reticulum (30-66 nm in diameter), on the mem-
branes of which there was a small number of polymorphic 
ribosomes with a diameter of 5-10 nm. In the cytoplasm  
of the fibroblasts, there was a moderate number of polymor-
phic mitochondria (from 10 to 100 nm in diameter), most of 
which had signs of destruction and change in dimensional 
orientation. In contrast, the Golgi complex was of typical 
structure. However, near the cytolemma was a grouping of 
pinocytic vesicles of different diameters. Furthermore, the 
secretory vacuoles contained a substance of medium and 
low electron density. In addition, the cytoplasm of fibro-
blasts was dense, granular and deep, while the nuclei of the 
fibroblasts contained 1-2 nucleoli and condensed chromatin, 
which was distributed on islets in nucleoplasm. Around the 

Electronogram 22,000×. Within the basal epidermocyte, the cell membrane is 
preserved, tonofibrils are dense and thickened, while individual mitochondria 
are found as dark electron-dense structures with ruined crysts. The high 
density of the nucleus is mediated by polymorphous granules. The basement 
membrane of the epidermis is also unevenly thickened and homogenized

Figure 3. Skin of the anterior abdominal wall of a 6-month-old 
rat, 30 days after the start of the experiment (simulation of portal 
hypertension)
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fibroblasts, clusters of mature collagen fibers were identified 
that were tightly arranged. The lumens of the capillaries of 
the papillary layer of the dermis were narrowed (Fig. 5).

In the fibroblast cytoplasm, a moderate amount of freely 
located ribosomes were detected, while chains and ribosome 
clusters were noted, as well as channels of expanded granular 
endoplasmic reticulum (30-66 nm in diameter), on the mem-
branes of which there was a small number of polymorphic 
ribosomes with a diameter of 5-10 nm. In the cytoplasm of 
the fibroblasts, there was a moderate number of polymor-
phic mitochondria (from 10 to 100 nm in diameter), most of 
which had signs of destruction and change in dimensional 
orientation. In contrast, the Golgi complex was of typical 
structure. However, near the cytolemma was a grouping of 
pinocytic vesicles of different diameters. Furthermore, the 
secretory vacuoles contained a substance of medium and 
low electron density. In addition, the cytoplasm of fibro-
blasts was dense, granular and deep, while the nuclei of the 
fibroblasts contained 1-2 nucleoli and condensed chromatin, 
which was distributed on islets in nucleoplasm. Around the 
fibroblasts, clusters of mature collagen fibers were identified 
that were tightly arranged. The lumens of the capillaries of 
the papillary layer of the dermis were narrowed (Fig. 5). 

We noted that the endothelial cells had a moderately 
enlightened matrix, and individual hyperosmic cells were 
detected. In addition, spaces are identified in the places of 
their contacts, while swelling of the cytoplasm resulted in 
the narrowing of the microvessels lumen. What is more, 
the cell membrane in the luminal surface of the endothe-
lial cell was well contoured, but was twisted and formed a 
crypt. In the cell cytoplasm, there was a moderate number of 
free ribosomes and an increased number of vacuoles along 
the luminal surface, while the mitochondria had signs of 
swelling and disorientation of cristae. Moreover, the endo-
plasmic reticulum was expanded, and homogenous loci of 

cytoplasm homogenization were identified. The subendothe-
lial zone was also expanded, which is indicative of endo-
thelial desquamation. Furthermore, the nuclei of the endo-
thelial cells were well contoured, had signs of chromatin 
condensation, and endothelial cells with signs of apoptosis 
were detected, characterized by areas of the destroyed cell 
membrane, areas of cytolemma desquamation, destruction of 
mitochondria, lack of ribosomes, crypts and sharp winding 
of the basal and luminal surface of the cytolemma, as well 
as areas of a sharply enlightened cytoplasm. Finally, a sig-
nificant number of polymorphic vacuoles were seen (Fig. 6). 

Electronogram 8,000×. The dermal fibroblasts show grouping of pinocytic 
vesicles of different diameters near the cytolemma. The secretory vacuoles 
are seen to contain a substance of medium and low electron density. Moreover, 
a moderate number of mitochondria with signs of destruction and changes of 
space orientation are noticeable. Myelin like structures within the cytoplasm 
are also evident

Figure 4. Skin of the anterior abdominal wall of a 6-month-old 
rat, 30 days after the start of the experiment (simulation of portal 
hypertension)

Electronogram 6,000×. Here, narrowing of microvessel lumen is noticeable, 
due to the edema of the cytolemma and endotheliocytes. On the luminal 
surface, the endotheliocytes cell membrane is well identified, as are gyrose 
and crypt forms. The loci of the cytoplasm display homogenization, while the 
subendothelial zone is expanded, indicating endothelium desquamation

Figure 5. Skin of the anterior abdominal wall of a 6-month-old 
rat, 30 days after the start of the experiment (simulation of portal 
hypertension)

 
Electronogram 6,000×. Endotheliocyte with apoptosis signs were noticeable, 
as well as the loci of destroyed cell membrane, foci of cytolemma detachment, 
mitochondria destruction, lack of ribosomes, crypts and sharp sinuosity of 
basal and luminal cytolemma surface areas of acutely enlightened cytoplasm

Figure 6. Skin of the anterior abdominal wall of a 6-month-old 
rat, 30 days following the start of the experiment (simulation of 
portal hypertension)
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Electron microscopy indicated that their nuclear 
membrane lost its integrity, as chromatin was distributed 
over the cytoplasm. The precipitate was also scattered 
around the perivascular space, while the space between 
endothelial cells and pericytes was significantly enlarged. 
However, the cell and nuclear membrane of the pericytes 
were intact. Most tissue basophils had a reduced number of 
organoids, and isolated destructive mitochondria and poly-
morphic ribosomes in the perinuclear zone were seen, as 
well as poorly developed lamellosa complex and granular 
endoplasmic reticulum. In addition, a considerable number 
of microfilaments were detected in the cytoplasm, as were 
microtubules, crystalline bodies and lipid inclusions. 

We noted that the tissue basophils that were located near 
microvessels, had higher functional activity, which was 
revealed by the granules released beyond the cytolemma. 
In the cytoplasm of the tissue basophils an increase of poly-
morphic transparent and dense granules content was evident, 
while the processes of degranulation were pronounced. In 
addition, the fibroblasts were elongated, and their nuclei 
occupied ⅔ of the cell volume, while the cytoplasm was 
presented by moderate granular endoplasmic reticulum, 
lamellose complex, lysosomes, mitochondria, phagosomes, 
pigment granules, vacuoles, polymorphic inclusions of 
various electron density. However, the elastic fibers were 
intact. In contrast, in free nerve endings, vacuolation and 
grainy disintegration of axial cylinders was observed. Still, 
correspondence of the collagen fibers direction according to 
the longitudinal axis of fibroblasts was preserved.

The use of experimental animal models to study the con-
sequences of portal hypertension is of great importance, as 
they allow studying questions that cannot be resolved in 
human studies [13]. We employed the model of pre-hepatic 
portal hypertension [12]. Accordingly, already a week after 
applying a ligature to the portal vein, the rats develop portal 
hypertension with hyperdynamic circulation and portal-sys-
temic shunting [14]. 

Utilizing the search terms „portal hypertension and 
wound healing in skin” in PubMed, we found only 2 papers 
[15,16]. At the same time, they are not related to the topic 
of our research. However, we found a lot of works devoted 
to cutaneous manifestations in disorders of hepatobiliary 
system. For example, Godara et al. stated: “The common 
mucocutaneous manifestations associated with primary hep-
atobiliary disorders were icterus, ichthyosis/xerosis, pallor, 
excoriations, hyperpigmented palmar creases, clubbing, and 
pedal edema” [17]. As for portal hypertension, it is known 
that collateral circulation develops against its background, 
including visible varicose veins on the abdominal wall 
(“caput Medusae”) [18]. In the literature available to us, 
we did not find data on ultrastructural changes in the skin 
against the background of portal hypertension.

Previously, we showed that 60-90 days after simulation of 
portal hypertension in the skin of rats, ultrastructural changes 
of microvessels, which are characterized by narrowing of 
their lumen, develop [19]. Moreover, endothelial cells had 
significant edema. In this work, we established that already 
on the 30th day after simulation of portal hypertension, there 

is a narrowing of the lumen of microvessels due to swelling 
of the cytolemma and endotheliocytes. We also revealed 
the expansion of the subendothelial zone, which indicates 
desquamation of the endothelium. Such a state of hemo-
microcirculation in the skin can be one of the reasons for 
both postoperative complications and prolongation of the 
healing time of the wound surface. The use of pharmaco-
logical drugs to improve microcirculation in patients with 
impaired microcirculation in the postoperative period will 
improve the results of surgical interventions and prevent the 
formation of thrombosis.

CONCLUSION

The use of electron microscopy allowed us to found the 
features of the ultrastructure of the skin of rats 30 days after 
modeling of portal hypertension. In our work, we noted:
1. In basal epidermocyte, the tonofibris were dense, thick-

ened. High density of the nucleus was mediated by poly-
morphous granules. The basement membrane of the epi-
dermis was unevenly thickened and homogenized.

2. In the dermal fibroblasts, we found grouping of pinocytic 
vesicles of different diameters near the cytolemma. There 
were a moderate number of mitochondria with signs of 
destruction and changes of space orientation.

3. Narrowing of microvessels lumen was seen, given the 
edema of cytolemma and endotheliocytes. The sub-
endothelial zone was expanded, indicating endothelium 
desquamation.

4. Endotheliocytes were with apoptosis signs, among others, 
the loci of destroyed cell membrane, foci of cytolemma 
detachment, mitochondria destruction, lack of ribosomes, 
crypts and sharp sinuosity of basal and luminal cytol-
emma surface areas of the acutely enlightened cytoplasm.
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