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Full-thickness skin grafts are used in reconstructive surgeries. Objectives Experimental study of the possibility of long-term
preservation of viable skin grafts in severely impaired trophics at remote interaction with entities having stratiform periodic
structure. Material and methods Full-thickness skin was excised from the rabbits' backside and dissected into explants sized
1.0 x 1.0 cm. The samples (n = 81) were divided into three groups and thermostated for 2 days at 37 °C at a various distance
from the metal (aluminum) presented as a 20-layer package of smooth foil forming a stratiform periodic structure (SPS)
(series I), chaotic layers of squeezed foil (series II) and a single-piece sheet (series I1I). Histological analysis was performed
for the three series to evaluate the explants' viability after the thermostating. Results The highest survival estimates were
seen in experimental explants of series I that interacted with the SPS of stratified foil layers. The wave nature of such remote
interaction was suggested with delayed dystrophic and necrotic processes developing in the skin samples. Experimental
samples of series I appeared to be less viable. The explant vitality in series II was sharply reduced due to rapidly spreading
necrosis. Conclusion Skin explants were shown to retain viability for a longer time when interacting remotely with stratiform
periodic structures in the absent trophics. These promising results can be practical for the development of wound dressings to

improve survival of full-thickness skin transplantation in reconstruction of deep skin defects.
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INTRODUCTION

Full-thickness skin grafts are used in reconstructive
surgery to cover extensive skin lesions caused by
deep burns. Strategies to promote skin regeneration
with wound covering materials have been always the
focus of investigations to ensure complete restoration
of the integrity of the skin. There have been attempts
made to use thin sheets of metal made of silver
[1], aluminium, lead, and gold [2] for medical
applications to superficial burn wounds. However,
different approaches were needed for deep skin
wounds, and multilayer thin-film wound coatings
(multilayer films) consisting of many alternating
thinnest layers of metal and dielectric were offered
[3]. Such stratiform periodic structures (SPS) are of
great scientific interest due to the high potential use in
biomedicine [4] and tissue engineering, in particular,
to improve regeneration of biological tissues [5, 6].

The biological properties of SPS are being actively
studied. Experiments have shown that SPS promotes
the differentiation of progenitor cells into mature cells
of the nervous [7] and bone [8] tissues. With respect
to skin regeneration, however, there is a limited
number of papers to support the stimulating effect of
SPS on cellular activity despite the use of composite
scaffold matrices in the clinic [9], and more studies
are needed to explore this topic. This necessitates the
search for optimal wound coverings with the current
medical needs for a high-quality wound treatment
system to serve the basis for the development of new
technologies for regenerative surgery.

Objectives To experimentally explore the possibility
of long-term preservation of viable skin grafts in
severely impaired trophics at remote interaction with
metal material molds (MMM) having SPS.

MATERIAL AND METHODS

The study was conducted in the experimental
laboratory of the H. Turner National Medical
Research Center for Children's Orthopedics and
Trauma Surgery, Ministry of Health of the Russian
Federation, using Chinchilla rabbits of both sexes
aged 5—-6 months with a body weight of 2.2-2.5 kg.
The study received a favourable opinion from the
relevant research ethics committee of the Center and

met international and national regulations for the
treatment of laboratory animals. The manipulations
with animals were performed under general anesthesia
with the use of a mixture of tiletamine hydrochloride
and zolazepam hydrochloride (Zoletlil 100, Vibrac,
France). The dosage for each animal was selected
individually at 15 mg/kg of animal weight. Anesthesia
was performed with intramuscular injection.
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Each rabbit had the hair cut off at the backside.
Full-thickness skin measuring 3.0 x 3.0 cm was
excised from the rabbits' backside in sterile conditions
and dissected into 9 explants sized 1.0 x 1.0 cm. Each
explant was wrapped in a thin food-grade plastic film
and placed on textolite substrates of plastic containers
with the outer surface facing up to prevent drying.
A thin layer of distilled water was poured into the
bottom of the containers to ensure higher humidity
of the air environment. Metal samples of the shape
tested were placed on textolite substrates next to the
explants at a distance of 1 cm in increments starting
from O cm in series of experiments. The maximum
distance was adjusted to 8 cm. The containers were
sealed with lids and placed for two days in a thermostat
with temperature of 37 °C being comparable to
the body temperature of warm-blooded animals.
Experiments with explants of the experimental group
were conducted in 3 series. Samples of MMM were
manufactured for each series.

MMM samples were made from long continuous
strips of aluminum foil 20 microns thick and bent
into 20 layers with a rectangular "accordion" sized
6.0 x 10.0 cm and 0.4 mm thick in series I of the
experiment (Fig. 1a). The foil layers were pressed
tightly together. With each layer of aluminum being
covered with a natural thin AI203 oxide film 100 nm
thick, the samples had alternating layers of metal and
dielectric forming SPS. The foil tape sized similar
to that in series I was squeezed into a ball and then
pressed into a rectangular plate with an average size
of 6.0 x10.0cm in series II (Fig. 1b). The metal
sample was represented by a single-piece sheet made
of A5(1050)AD1 aluminium sized 6.0 x 10.0 cm
0.5 mm thick in series III.

The MMM samples were co-aligned with the
explants and faced them with a smaller side in all
experiments. The experiments were repeated 3 times
for each distance in each series with 81 skin explants
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used in the experimental group. MMM samples were
boiled for 5 minutes in distilled water and dried to be
re-used. Three control explants were placed in similar
plastic containers with identical condition with no
interaction with the MMM and were thermostated for
2 days. After thermostating, the skin explants were
fixed in a 10 % Kaiserling solution, passed through
a series of progressively increasing concentration
of alcohol in the STP 120 spin tissue processor
with carousel system (Thermo Fisher Scientific,
Finland) and embedded in paraffin in the EC 350
Tissue Embedding Center (Thermo Fisher Scientific,
Finland). The resulting paraffin blocks were sectioned
with the sliding microtome HM 430 (Thermo Fisher
Scientific, Finland). The sections were stained with
Mayer’s aqueous-alcoholic eosin and hematoxylin.
Preparations were morphologically examined and
digital images obtained with a light laboratory
microscope Axio Lab.Al(Carl Zeiss, Germany).
Histological examination of skin explants allowed
estimation of the survival rate after thermostating.
Four structures of the animal's skin evaluated
included the epidermis, hair follicles, the dermis and
the muscle.The intact structure scored 1, partial cell
necrosis reduced the score to 0.5, and complete cell
necrosis scored '0'. The maximally preserved viability
of the skin explant scored 4, and totally necrotic
explant scored '0'".

Statistical data analysis was performed with the
nonparametric Kruskal-Wallis test with the level of
statistical significance set at p <0.05. At the next
stage, a pairwise comparison of the samples was
performed using the nonparametric Mann-Whitney
test with the Bonferoni correction when estimating
the p value. The critical level of significance was
calculated using the formula p = 0.05/number
of comparisons =0.05/3 =0.018. The data were
presented as a median (Me) with an interquartile
interval of 25 % — 75 % [Q,—Q,].

squeezed foil

Fig. 1 Diagram showing MMM manufactured of aluminium foil as () stratiform periodic structure; (b) squeezed foil
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RESULTS

Histological examination of sections of intact
rabbit skin in the epithelial layer revealed large cells
with distinct nuclei. Hair follicles were represented
by large clusters of round and oval cells. There were
a large number of connective tissue cells and collagen
fibers in the dermis. The muscle layer of rabbits
located between the dermis and subcutaneous tissue
was represented by striated tissue, muscle fibers with
many elongated nuclei and connective tissue layers
with nuclei well stained and easily identified (Fig. 2).

The histological picture of the control explants
after two days of thermostating was characterized
by signs of pronounced degeneration in all layers.
The sections showed total necrosis of the epithelium
and the dermis with only the contours remained
from the hair follicles. The muscle layer appeared
as a shapeless, almost homogeneous mass that was
not properly stained. Neither cell nuclei nor their
components could be found in the structures (Fig. 3).

The maximum survival rate of explants was

identified at the direct contact with MMM samples
in all series of the experimental group. The highest
viability score was seen in skin samples of series |
with the structures well maintained in the layers
with properly stained and identified cell nuclei. The
explants of series III showed a lower vitality score.
The lowest survival rate was found in explants in
series Il despite their direct contact with squeezed
aluminium foil with resultant total necrosis of the
muscle layer, absent muscle fibers appeared as
homogeneous masses without nuclei. Single nuclei
were seen in the intermuscular connective tissue.
Necrosis was detected in the dermis and was severe
enough in some skin samples. Cells with stained
nuclei were seen only in the epidermis and hair
follicles. However, the number of nuclei components
was reduced with the less intense staining. The skin
explants removed from MMM samples demonstrated
the decreased survival rate of different extent in all
series (Fig. 4).

Y
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Fig. 2 Section of the normal rabbit skin showing (a) the corneal and epithelial layers of the epidermis with the adjacent dermis;
(b) the hair follicle; (¢) the muscle layer. The nuclei of the cells of the epidermis, dermis, hair follicles and muscles are well
stained. Stained with hematoxylin and eosin, magnification 400

Fig. 3 A section of the skin explant of a control rabbit at 2 days of thermostating showing (a) the corneous and epithelial
layers of the epidermis with the adjacent dermis; (b) the hair follicle; (¢) the muscle layer. Lesion of cell nuclei, necrosis and
destruction of tissues seen in all layers. Stained with hematoxylin and eosin, magnification 400
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Fig. 4 Viability of skin explants measured depending on

the distance from the MMM sample at thermostating in

experiments of series I, II and I1I

With an increased distance between the MMM
samples and the explants, the greater vitality was
revealed in series I as compared to that in series Il and
I11. Histologically, it appeared as less pronounced signs
indicating dystrophy and necrois in the tissues of the
skin samples of series 1. Increased distance primarily led
to the death of the muscle layer that appeared as clusters
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of shapeless, poorly stained masses with no cell nuclei.
With a further increase in the distance between the MMM
and explants, the dermis appeared dystrophic with a
decreased number of nuclear components and impaired
fibrous structure. The cells of the epidermis and hair
follicles showed the greatest viability with decreased
nuclei that retained sensitivity to stain, although to a
lesser extent compared to the norm (Fig. 5). When the
distance between the MMM and explants was critical,
the samples appeared necrotic and destructured with no
stained nuclear components in all layers of the skin, and
the vitality of the skin samples scored '0'.

Table 1 shows the Kruskal-Wallis calculations
to test the null hypothesis of the median of explant
survival rates being identical within each of the three
numerical series. The p-value was found to be less
than 0.05 with a statistically significant difference
between the medians of explant survival rates
when interacting with different metal samples. A
paired comparison of the samples was additionally
performed to determine the medians of which series
differed significantly from the others (Table 2).

Fig. S A section of the skin explant of series I at 2 days of thermostating at a distance of 6.0 cm from the foil SPS showing
(a) the corneous and epithelial layers of the epidermis with the adjacent dermis; (b) the hair follicle; (¢) the muscle layer.
Reduced number and intensity of stain of cell nuclei in the dermis and hair follicles. Necrosis and destruction of muscle layer

with lesion of cell nuclei. Stained with hematoxylin and eosin, magnification 400

Table 1
Comparative evaluation of explant survival rates when interacting with different MMM samples (Kruskal-Wallis test)
Series Number of explants Mean rank Medial p-value
Series I — SPS foil 27 61.0 3.0
Series II — squeezed foil 27 27.6 0 0.000
Series III — single-piece sheet 27 344 0
Table 2

Comparative evaluation of graft survival rates when interacting with different FMM samples (Mann-Whitney test)

Series Number of explants| Explant survival (scores) Me [Q, — Q,] P p-critical
Series I — SPS foil 27 3.0 [0-4.0] P2 =0.000
Series II — squeezed foil 27 0[0-0] p=2=0.000 | 0.018
Series I1I — single-piece sheet 27 0[0—1.0] p**=0.160

Note: p'%1-323 —significant differences between the groups

Original Article

257



Genij Origpedii Vol. 27, no 2, 2021

The median survival rate of explants in series I was
shown to be significantly superior to that in series Il and
III of experiments (Table 2). There were no significant
differences in the median survival rate of explants in

series II and III. This could mean that MMM samples
manufactured as SPS foil could primarily contribute
to maintained viability of skin explants after the
thermostating with completely impaired trophics.

DISCUSSION

Ultra-weak photon emission (UPE) is reported to
be generated from the human epidermis and the dermis
in the spectrum of 300—800 nm [10, 11] and also from
the skin explants [12]. It is assumed that the intrinsic
electromagnetic radiation emitted by biological tissues
contains information about the functional state of
the cells [13]. Reasonably good evidence exists on
the bioregulatory role of endogenous physical fields
produced by living cells [14] that can lead to a target-
specific change in the properties and vital activity of
other cells [15]. There is also the possibility of using the
intrinsic transformed physical fields of skin explants to
improve the survival in impaired trophics [16].

The present study suggested that thermostated skin
samples could maintain the vitality of different extent
in the proximity of a MMM entity depending on the
structure. It would be logical to assume, therefore,
that cellular and humoral factors could change
the biological activity of skin explants during the
noncontact interaction with MMM as a result of an
external physical effect, presumably of a wave nature.
This could result in suppression of dystrophy and
necrosis in the skin samples. The highest survival rate
was found in explants of series I after the thermostating
close to MMM represented as SPS. The resulting effect
can be explained by the following assumptions. In
series I, the skin explant interacted with an MMM that
included alternating layers of aluminum foil that also
incorporated a thin film of aluminum oxide (corundum)
with dielectric and semiconductor properties. This
type of SPS can generate nonlinear optical effects
and the transformation of electromagnetic radiation

changing its spectral characteristics [17]. The skin of
mammals includes the epidermis, which is also an SPS
represented by a set of alternating layers with different
capabilities to transform electromagnetic waves [18].
This property of the epidermis is characteristic of
photonic crystals that can also transform physical
radiation in a wide range of the spectrum [19]. Such
SPSs have electrical conductivity [20], the ability to
store electrical energy [21], biocompatibility [22],
and the ability to impact the cellular activity, which
is manifested by improved regeneration of biological
tissues [23].

In series I of the study, the SPS made of foil
was likely to play the role of a matrix structurizer that
could elicit electrostatic resonance phenomena at the
remote interaction with the SPS of the skin explant
with characteristic effect on cell activity [24]. In the
present study, the biological effect of this interaction
was provided by the long-term preservation of the
viability of the skin explants in the environment of
impaired trophics. The MMM samples of series II
and III were not manufactured with strictly arranged
layers and were represented either by a randomly
structured and squeezed foil or by a single-piece
aluminium sheet with disordered metal microcrystals.
The factor could cause a significant decrease in the
viability of skin explants after they were thermostated
in the proximity of such MMMs. Further study
of the biological activity of materials that have a
strictly arranged structure can be practical for skin
regeneration and the development of new wound
dressings.

CONCLUSION

The findings of the series suggested a remote
interaction between skin explants and stratiform periodic
structures, presumably of a wave nature. Skin explants
were shown to retain viability for a longer time when
interacting remotely with stratiform periodic structures

in the absent trophics. These promising results can be
practical for the use of chemically and biologically inert
SPS in reconstructive surgery as wound dressings to
improve survival of full-thickness skin transplantation
in reconstruction of deep skin defects.
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