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INTRODUCTION
The influence of chemical compounds (about 5000), plants, 
physical factors, infectious agents, ectoparasites’ bites and 
other insects, skin invasion by helminthes and other agents 
can lead to skin lesions [1, 2]. Disease manifestations most-
ly depend on the irritant type, intensity and duration of its 
impact, repeated contacts, localization of the pathological 
process, physiological condition of tissues, general condi-
tion of the body and its protective and adaptive capabilities, 
whereas the curing depends on the depth and location of 
the lesion [3, 4, 5]. 

Nowadays, more than 700 artificial wound dressings 
that are recommended for treatment of skin lesions are 
known, while the intensity of the new wound dressings 
development is not reduced. Wound dressings as well as 
drugs used in traditional treatment must be adapted to 
the stage of the wound process are currently available for 
clinicians [6].

Due to special mechanisms of influence, modern wound 
dressings actively affect the healing process. They are able 
to regulate the amount of exudate due to sorption, remove 
its excess by keeping the wound surface moist, provide 

gas exchange, maintain a certain temperature, change the 
pH of the burned surface, and prevent mechanical tissue 
injury [7]. 

Perspective way of various etiologies skin injuries repair-
ment is the usage of decellularized (acellular) pig’s skin. 
The main advantages of this biological material are the 
composition and structure of the pig’ dermis that are as 
much as the patient’s dermis [8]. It has been presented in 
various researchers that skin substitutes improve the qual-
ity of wound healing and functional outcomes. They are 
a useful tool in plastic and reconstructive surgery [9-13].

Currently, physical and chemical methods of decellular-
ization are proposed that will allow the preserving of the 
structure and properties of xenografts [14, 15]. 

Acellular dermal matrix supports fibroblasts’ infiltration, 
neovascularization, and epithelialization in the absence of 
a recipient immune response has been shown in conducted 
investigations [16]. 

It is also shown that cosmetic and functional results after 
usage of cutaneous xenografts for the treatment of skin 
defects significantly exceed the results after skin grafting 
with a perforated flap. Moreover, it promotes faster healing 
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of donor wounds, as it requires thinner autodermal grafts 
[17, 18]. However, decellularization methods usually 
have opposite effects: extremely aggressive removal of 
immunogenic components can destroy the structure and 
composition of the tissue, while more gentle techniques 
can preserve the immunogenicity of the tissue.

Particularly, methods of obtaining skin substitutes do 
not have a common carrier of cellular structures, which 
would possess: biocompatibility, would create an optimal 
microenvironment for wound regeneration, would have 
the absorption capacity for wound exudate, would prevent 
entering and developing of microorganisms, would be 
permeable to water vapor and air, wouldn’t dry the bottom 
of the wound, would be elastic, would simulate a surface 
with a complex texture.

THE AIM
To create a method of acellular dermal matrix (ADM) 
manufacturing from dermis of pig skin with preservation 
of native structure.

MATERIALS AND METHODS
The process of ADM manufacturing has been a combination of 
physical and chemical effects on the dermis. In pigs under 1-year 
of age 1.0-1.3 mm thickness derma was collected from the back 
and partially from the lateral parts of the body. Previously with 
help of dermatome the particular 0,3-0,4 mm thickness skin 
layer was removed and was proceeded by physical and chemical 
influence. Step by step the achieving the maximum acellularity of 
the dermal matrix was carried out and included 4 stages of skin 
treatment: 1 – the process of freezing-thawing; 2- dehydration 
with glycerin; 3 – osmotic stress; 4 – washing with detergent of 
the remaining cells. Freezing was conducted in liquid nitrogen 
(-196 ° С), thawing in 37ºС water. This cycle was repeated three 
times. Subsequently, three times, the skin was covered with a 
solution of glycerin, osmotic stress was performed by alternat-
ing immersion of the dermis in distilled water and hypertonic 
solution. The skin was then treated with 1M NaOH solution. 

On the final stage, residues of cell breakdown products, 
proteins and other components of the extracellular matrix 
were removed by 1% sodium dodecyl sulfate (SDS). 

Afterwards, the skin underwent freeze-drying. 

Fig. 1. Microscopic condition of lyophilized derma after freeze-thaw cycles. 
1 – fibroblasts, 2 – collagen fibers. Hematoxylin and eosin. х200

Fig. 2. Histological picture of the lyophilized derma after glycerol dehydration. 
1 – damaged fibroblasts, 2 – collagen fibers. Hematoxylin and eosin. х200

Fig. 3. Microscopic picture of the lyophilized derma after osmotic stress. 
1 – residues of cellular material, 2 – collagen fibers. Hematoxylin and 
eosin. Х100

Fig. 4. Histological condition of reticular layer of lyophilized derma after 
rinsing with sodium dodecyl sulfate (SDS). 1 – collagen scaffold, 2 – vessels’ 
wall. Hematoxylin and eosin. Х100
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To evaluate the effectiveness of the decellularization pro-
tocol, morphological analysis of the dermis was performed 
using light microscopy. For this purpose, samples of native 
(n = 6) and decellularized (n = 6) dermis were fixed in 10% 
neutral formalin, filled with paraffin. The obtained 5 μm 
samples were dewaxed and stained with hematoxylin and 
eosin (H&E; Sigma-Aldrich, Inc., St Louis, MO, USA) for 
detection of nuclear, cellular and extracellular materials. 

RESULTS 
According to the results of light optical microscopy in the 
lyophilized pigs’ dermis before the beginning of decellu-
larization, any signs of autolytic and necrobiotic changes, 
as well as morphological disorders of its structural orga-
nization were observed. 

It was revealed under microscopic examination of lyo-
philized skin that the dermis and hypodermis are located 
under the multilayered squamous corneal epithelium (epi-
dermis) lying on the basement membrane. The papillary and 
the reticular layers of the dermis are represented by con-
nective tissue. In the bulk of the cells that form these layers, 
well-defined nuclei and cytoplasm of fibroblasts, as well as 
clearly visualized nuclei of epidermocytes in the hair follicle.

In overwhelmingly of histological specimens, the colla-
gen fibers of the dermis are contoured, form a network and 
are differently localized in the papillary layer of the dermis.

The deeper dermis parts (reticular layer) represented 
with an insignificant swelling and homogenization of col-
lagen fibers’ particular sections, and in some cases – their 
fragmentation. The connective tissue framework is also 
depicted by clearly contoured thin elastic fibers.

The reticular and papillary layers of the dermis are 
formed by fibrous connective tissue, where collagen fibers 
are in dominance was revealed in the dermis of pig skin 
after freeze-thaw cycles. Thick bundles that are located in 
different directions in the intercellular matrix and have 
an oxyphilic color represent the fibrous component of the 
reticular layer (Fig. 1).

The cellular composition is illustrated mainly by fibro-
blasts, the nuclei of which have a basophilic color after 
hematoxylin and eosin staining. 

It is shown that the collagen scaffold of the dermal matrix 
obtained as a result of the first stage of decellularization 
retains its structural organization.

A decreased number of fibroblastic cells was revealed 
on the second stage of decellularization – dehydration 
with polyhydric alcohol glycerol (Fig. 2). In this case, the 
connective tissue elements of the dermis, which are rep-
resented by multidirectional bundles of collagen fibers in 
the papillary and reticular layers, retain their structural 
organization, which is confirmed by light microscopy. 

The second stage of decellularization – dehydration with 
polyhydric alcohol glycerol – revealed decreased number 
of fibroblastic cells. 

The second stage of decellularization – dehydration 
with polyhydric alcohol glycerol – found a decrease in the 
number of fibroblastic cells (Fig. 2). 

In this case, the connective tissue elements of the der-
mis, which are represented by multidirectional bundles of 
collagen fibers in the papillary and reticular layers, retain 
their structural organization, which is confirmed by light 
microscopy.

Meanwhile, light microscopy confirmed that the con-
nective tissue elements of the dermis represented by mul-
tidirectional bundles of collagen fibers in the papillary and 
reticular layers, maintain their structural organization.

As a result of the third stage of decellularization (osmotic 
stress) lysis of fibroblastic cells under microscopic exam-
ination of histological specimens was revealed. This can be 
explained by the fact that hypotonic solutions easily cause 
the dissolution of cellular material due to simple osmotic 
effects with minimal changes in the molecules of the matrix 
and its architecture [19], hypertonic saline dissociates DNA 
from proteins [20]. The data obtained by light microscopy 
revealed a small number of basophilically stained elements 
in the dermis, which can be regarded as residues of struc-
tural components of the cells (Fig. 3).

The final stage of the study involved rinsing the lyo-
philized skin with a nonionic detergent sodium dodecyl 
sulfate (SDS). This contributed to the removal of residues 
of cell decay products, which indicates the effectiveness 
of this reagent.

Light microscopy data show the complete absence of 
fibroblastic cells, epidermocytes in the hair follicles, en-
dothelial cells and smooth myocytes in the wall of blood 
vessels (Fig. 4).

DISCUSSION
It is known that freeze-thaw cycles do not affect the content 
of collagen and glucosaminoglycans (GAG), as well as the 
mechanical strength of biological material [21]. However, 
88% of DNA in cells remains unchanged after such physi-
cal exposure. Thus, this physical effect on lyophilized skin 
can be considered as a trigger for damaging effects on the 
cellular structures of the dermis. 

At the stage of decellularization of the dermis, alcohols, 
in particular glycerin, contribute to the structural reorga-
nization of cells by dehydration and lysis [22, 23]. Alcohols 
will also dissolve phospholipids, which are a part of cell 
membranes. However, attention should be paid to the 
negative effects of alcohols on tissues due to their ability to 
precipitate proteins, as well as ultrastructural extracellular 
matrix damage they can cause [24, 25, 26].

To obtain the maximum osmotic effect (third stage 
of decellularization), the tissues should alternatively be 
immersed in hyper- and hypotonic solutions for several 
cycles, which helps to leach the cells’ residues from the 
tissue after lysis. 

The step of the lyophilized skin washing with a nonionic 
sodium dodecyl sulfate (SDS) detergent proved to be effec-
tive for the complete removal of cellular material from the 
dermis, as this led to the solubilization of cell membranes 
and their complete leaching from the tissues. Increasing the 
exposure and concentration in the decellularization pro-
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tocol by SDS also leads to complete removal of cell nuclei 
[27]. Removing of extracellular matrix proteins and DNA 
by usage of detergents increases with exposure time and 
varies depending on the organ subunit, tissue type and do-
nor age [28]. SDS is generally more effective for elimination 
of cell residues from tissue than other detergents, although 
is also more destructive for the extracellular matrix [29, 30]. 
Therefore, the SDS concentration and exposure for each 
tissue should be carefully and accurately fitted. 

Removal of cellular material from the dermis of pig skin 
as a potential coating for the wound surface significantly 
reduces the antigenic properties of the material, ensuring 
its constant engraftment to the wound area with vascular 
germination and gradual filling of the recipient’s own 
cells. Preservation of the structure of the collagen matrix 
promotes angiogenesis and cell migration [31, 32]. In the 
future, decellularized dermal matrices are considered as 
one of the main scaffold options for creating a bioengi-
neered autologous skin equivalent.

CONCLUSIONS
Proposed protocol of pig’ skin derma decellularization 
is effective for nuclear and cellular particles elimination 
from the cell, as it has been concluded in this research. 
Particular protocols could be changed by increasing 
the temperature differences or changing the number of 
freeze-thaw cycles. 
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