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Abstract.

Objectives. To reveal in dynamics the regularities of engraftment and existence on the receptive field of rats skin-
cartilaginous autografts obtained from their auricles.

Material and methods. In male Wistar rats, a full-thickness skin defect of 1.2-1.4 cm? was created in the interscapular
region, which was limited by a plastic security fixation. The animals were cut off each ear, from the skin of the inner
surface of which a square site of 1 cm? was cut out. It was divided into 9 pieces and distributed on the wound surface.
Macroscopic, histological and electron microscopic methods were used to study the engraftment of dermal-cartilaginous
autografts.

Results. In 5 days after transplantation on those parts of the autografts where the cartilaginous support was intact,
the chondrocyte layer looked almost the same as in the intact auricle structure. On the sites with the damaged lower
chondrocytic cell layer, chondrocyte proliferation was observed in 5-10 days. After 30 days, a drop of fat was present in
the cytoplasm of many newly formed chondrocytes, which was observed after 100 and 200 days. Autografts after 400 and
600 days remained as organized as autografts after 100 and 200 days.

Conclusions. In heterotopic autotopic autotransplantation of skin-cartilage grafts, cartilage tissue takes root on the
receptive bed and remains viable in a size close to the original one for more than 1.5 years. The skin of the inner surface
of the auricle, that was part of the autografts, significantly blocked the contraction of the receptive field.

Keywords: skin-cartilage autografis, full-thickness skin defect, receptive field, auricle, chondrocytes.

Pesrome.

Llens — BBISIBUTH B JMHAMHKE 3aKOHOMEPHOCTH TPHXHUBJICHUS U CYIIECTBOBAHUS Ha PELENITUBHOM JIOXKE KPBIC KOXKHO-
XPSILEBBIX ay TOTPAHCIUIAHTATOB, HOJIYYEHHBIX C X YIIHBIX PAKOBHH.

Marepuan u Metonsl. Y Kpblc-camiioB Wistar B MEXJIONATOYHON 00JIaCTH CO3/1aBajIy IMOJHOCIOMHBINA KOXKHBIA e(eKT
wiomaasio 1,2—1,4 ¢cM?, KOTOPBIH OrpaHUYMBATIMA OXPAHHON KaMepou. Y »KMBOTHBIX OTPE3alii MO YIIHOH pakoBHHE, C
KOXKH BHYTPCHHEH MOBEPXHOCTH KOTOPOW BBIPE3asId KBAJPATHBIA y4acToK Iuiomaapio 1 cm? Pasgenus ero Ha 9 Ky-
COYKOB, pacIpeiensau Ha paHeBoil MoBepXHOCTH. C MOMOIIBI0 MAKPOCKOIMUUECKOT0, TUCTOJIOTHUECKOTO U AIEKTPOHHO-
MUKPOCKOIINYECKOTO METOJJ0B U3y4alli IPU>KUBJIECHUE KOXKHO-XPSIIEBBIX ay TOTPAHCIIAHTATOB.

Pesynprarsl. Uepes 5 cyTok nociie TpaHCIDIAHTAMK Ha TEX yJacTKax ayTOTPaHCIIAHTATOB, I7ie XpsIleBas oropa Oblia He
MOBPEX/ICHA, TJIACT XOHAPOLMTOB BBIMVISAEI IPAKTHUECKH TAK, KaK B COCTaBE MHTAaKTHOW yIIHOW pakoBuHbI. Ha ydact-
Kax C MOBPEXICHHBIM HIKHUM CJIOEM XOHJIPAIIUTAPHBIX KJIETOK Hpoin(epanus XOHIpOLHUTOB Haboaanacs yepes 5-10
cytok. Yepes 30 cyTok B LUTOIIIa3Me MHOTHX HOBOOOPA30BAaHHBIX XOHJIPOIMTOB MPHCYTCTBOBAJIA KaIUIsl )KHUpPa, YTO Ha-
omronanock yepe3 100 u 200 cytok. Ayrotpancmiantarsl yepe3 400 u 600 cyTok 0CTaBajIMCh OPraHM30BAaHHHBIMH TaK
e, Kak U ayroTpaHcmianTarsl uepe3 100 u 200 cyTok.
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3aKiIoucHueE. HpI/I FeTepOTOHH‘IeCKOﬁ AYTOTpAaHCIIAaHTAIUN KOXHO-XPAMICBBIX TPAHCIUIAHTATOB XpALICBasd TKaHb MpU-
JKUBACTCA Ha PCUCHUTHBHOM JIOKEC U COXPAHACTCA B JKM3HECIIOCOOHOM COCTOSIHHH B pasMepax, OJIM3KHX K HUCXOOHBIM,
Oonee 1,5 JICT. HpI/I 9TOM KOXKa BHyTpeHHCﬁ MOBEPXHOCTU yHIHOﬁ PaKOBHHBI, BXOAUBIIIASA B COCTAB ayTOTPAHCILUIAHTATOB,

3HA4YUTCIIbHO 6J'IOKI/IpOBaJ'Ia KOHTPAKIUIO PEUCIITUBHOIO JIOXKE.

Kniouesvie cnosa: koocHo-xpsujegvie aymompaHcniaHmamol, NOTHOCTOUHBIH KOJCHBLI OedeKkm, peyenmusHoe Jjlodice,

VUIHAS PAKOBUHA, XOHOPOYUIMbL.

Introduction

Restoration of cartilage tissue in the human body
is one of the most important tasks of modern plastic
surgery. The need for its solution also arises in the
reconstruction of congenital or damaged cartilages
of the larynx, nose, and ear [1]. At the same time,
the vast majority of surgeons favor autografting over
autoplasty [2]. The latter, in turn, makes it desirable
to conduct preliminary experiments on animals [3].

Experiments on transplantation of cartilage
tissue obtained from mammalian auricles began in
the twentieth century. Thus, auricular cartilage from
New Zealand rabbits was transplanted under the skin
of these animals [4]. It was found that after 4 months,
whole pieces of cartilage had taken root in their new
location, while shattered cartilage had resorbed. The
possibility of using dog auricular cartilage as autografts
was studied in the healing of defects of their tubular
bones [5]. There are known studies on implanting an
artificially made auricle skeleton on the back of rats
[3]. However, it was not possible to identify scientific
works, where the engraftment of skin-cartilaginous
autografts obtained from the auricles of laboratory
animals has been studied for quite a long time.

In rats, a layer of chondrocytes covered on
both surfaces by thin skin serves as a mechanical
support for the auricle. The auricular muscles are
present only under the skin of the outer surface of
the latter, approximately 2/3 of its area [6]. Because
of its location on the body surface, this stratum is
available for the fabrication of dermal-cartilaginous
autografts, can be used in relevant studies in
which such autografts have been observed mainly
macroscopically [7, 8].

In addition, we have previously shown the
presence of cambial chondrocytes on both surfaces
of the cartilaginous support of the auricle, which also
suggests that after successful autotransplantation of
rat auricular cartilage, it is able to take root in a new
place together with the skin and its derivatives [9].
However, in order to confirm this hypothesis there
remained the necessity to study the state of skin-

cartilaginous autografts transferred to the surface of
a full-thickness skin defect using modern methods of
morphological study.

In connection with the mentioned, the aim of the
conducted research was to reveal in dynamics (with
the help of macroscopic, histological and electron-
microscopic methods) the regularities of grafting and
further existence on the receptive field of rats of skin-
cartilaginous autografts obtained from their auricles.

Material and Methods

Forty-three sexually mature male Wistar
rats weighing 220-270 g were used in the study.
The animals were kept under standard vivarium
conditions with free access to food and water. All
manipulations with them - removal of wool, suturing
of the protective chamber, creation of a full-layer skin
defect, collection of tissues for making grafts, their
transfer to the receptive bed, dressings, slaughter —
were carried out under deep ether anesthesia, which
corresponds to GOST 33215-2014 [10] GOST
33216-2014 [11], TCP 125-2008 (02040) «Good
laboratory practice» [12].

Before formation of the receptive field in the
interscapular region, the wool was removed and the
guard cell was sutured to the skin. A 1.2-1.4 cm? full-
thickness skin defect was created on the skin area
inside the chamber by removing a full-thickness
skin flap (the subcutaneous muscle was removed
along with the skin), the bottom of which was the
subcutaneous tissue [7]. The wound surface was
covered with gauze and a gauze swab. The plastic
security fixation was covered with a lid. The rats
were placed in individual cages.

Two days after the formation of a full-thickness
skin defect, one auricle was cut off from each
animal. Skin was removed from the outer surface of
the auricle, and a 1 cm? square section was excised
from the skin of the inner surface of the organ, which
contained the cartilaginous support of the auricle. It
was divided into 9 more pieces, which were evenly
distributed on the wound surface (Figure 1).

29



VESTNIK VITEBSKOGO GOSUDARSTVENNOGO MEDITSINSKOGO UNIVERSITETA, 2024, VOL. 23, N3

10

R
200 cymxl

Figure 1 — The top row shows: a severed rat auricle (photo a) placed on caged paper (5%5 mm); it was divided into two
layers, of which the inner layer was used later (photo b; the outer layer of skin is crossed out, it was not used); A square
piece of 1 cm2 was cut from it (c), which was cut into 9 more pieces and spread evenly over the surface of the full-
thickness skin defect (shown by the arrow). An example of how the wound and autografts looked macroscopically on its
surface 0-200 days after transplantation is shown in the following 6 photos. It can be seen that autografts significantly
inhibit the contraction of the full-thickness skin defect [7]. The numbers below the photo show the number of days since
transplantation. The frame in the last photo shows the section of the receptive field that was taken for histologic and
electron microscopic examination

Dressings were done daily for the first week,
then they were done every 2-3 days thereafter. After
15 days, the guard cell was removed and the rats
were labeled and placed in shared cages. After 5, 10,
15, 30, 100, 200, 400 1 600 days the rats were killed.
Rectangular pieces of skin measuring 6x12 mm,
oriented along the sagittal line, were excised from the
receptive field region (Figure 1), along with sections
of the cartilaginous plate that was under the skin.
Tissues were fixed in a spread state in a formalin-
alcohol-acetic acid mixture. After washing in water
and dehydration, they were cast in paraffin using
the conventional method. We obtained transverse
histological sections 4.5 um thick, oriented parallel
to the sagittal axis of the rat body. Sections were
stained with hematoxylin and eosin.

The histological organization of dermal-
cartilaginous autografts obtained from rat auricles was

studied similarly. The structure of the chondrocyte
layer was focused on. For electron microscopic
study in rats 200 days after transplantation from the
receptive field, tissue pieces of 1x2x2x2 mm (in the
area where the layers of transplanted chondrocytes
were present) were cut out and fixed in 1% osmium
fixative on Milonga buffer and poured into araldite.
First, semi-thin sections were obtained, on the
staining ground (methylene blue) and analysis of
which blocks were further trimmed to obtain ultrathin
sections. These sections were contrasted with uranyl
acetate and lead citrate [13]. The preparations were
studied in a JEM-1011 electron microscope.

Results and Discussion

The study of histological sections of the
inner layer of the skin obtained after mechanical
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Figure 2 — Inner (ventral) layer of the auricular skin obtained after its detachment.

It can be seen that most of this layer contains epidermis and dermis with skin derivatives, as well as a significant
portion of cartilaginous support. This support is often damaged to some degree along its length. Wide contour arrows
indicate areas of the auricular layer where it was essentially intact; black broad arrows indicate areas of the graft where
the cartilaginous support of the auricle appeared to have been completely removed along with the outer layer of the
auricular skin. In other areas, the chondrocyte layer appears partially damaged — chondrocytes that were closer to the
skin of the dorsal surface of the auricle are missing, chondrocytes that were closer to the skin of the dorsal surface of the
auricle are missing or damaged

separation of the auricle has shown that in addition
to the structures characteristic of the skin area of
this localization (such structures as epidermis,
dermis, hair follicles, skin glands, a thin layer of
loose connective tissue), the cartilaginous support
of the auricle is also present in this layer. Often the
cartilaginous lamina was more or less damaged (this
occurred during autograft fabrication), which had a
significant impact on how this structure grafted onto
the receptive field (Figure 2).

Histologic study of the tissues taken from
the receptive field made it possible to see that 5
days after transplantation the epidermis, dermis,
and skin derivatives were in a fully viable state as
part of the ear autografts that were on the surface
of the full-thickness skin defect. At the same time,
the chondrocyte layer was preserved in different
parts of the autografts to different degrees (which
corresponds to the above mentioned phenomenon
of partial damage — figure 2). In those parts of the
autografts where the cartilaginous support was
insignificantly damaged, the chondrocyte layer
looked almost the same as it does in the intact auricle.
The lower surface of this layer (the former surface of

the cartilaginous support adjacent to the skin of the
dorsal surface of the auricle) was on the surface of
the young granulation tissue of the receptive field. In
the same areas of autografts where the chondrocyte
stratum was more significantly damaged, areas of
stratum fibrosum were present along with groups of
chondrocytes.

At this term, in some cases with a damaged
chondrocyte layer, an increase in the number of unripe
chondrocytes was already observed compared to the
inactivated state, and occasionally it was possible
to find figures of their mitotic division. This means
that the cambial chondrocytes of the cartilaginous
support of the auricular cartilage are indeed capable
of division, and for it to begin, it probably requires
the removal of some of the mature chondrocytes
from the stratum, as well as the presence of certain
cytokines that young granulation tissue is capable
of forming. At 5 days after transplantation, dead
chondrocytes were detected in only one case (from
4 slices examined) and in a small section. It was
caused by bacterial infectious agents (neutrophilic
infiltration was present) that reached the receptive bed
either during its formation or during transplantation.
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In 10 days after transplantation the cystological
picture in general looked similar to the previous
one, except that in those places of the transplanted
chondrocyte layers, where proliferation of their
cambial forms had occurred earlier, there was a newly
formed cartilaginous tissue (Figure 3). The cambial
forms of chondrocytes were without lipid droplets in
the cytoplasm, and special cells in a state of mitotic
division were also occasionally found among them.

The cartilaginous tissue in the graft looked similar
to the previous one in 15 days after transplantation: the
chondrocyte layers had a structure close to the intact
state. Masses of chondrocytes were present in areas
where stratum injury had occurred, usually still without
the single small lipid droplets within some cells that
were part of the newly formed chondrocytic masses.

Thirty days after transplantation, the cartilage
tissue retained the basic principles of its post-
transplant organization as described above. The
principal difference from the previous term was that
a drop of fat was already present in the cytoplasm of
most of the newly formed chondrocytes.

The dermal appearance of autografts and
chondrocyte strata on the receptive field at 100
and 200 days after transplantation was generally

the same as at 30 days (Figure 4), except that all
newly formed chondrocytes had a pronounced
centrally located fat droplet in their composition.
Histological examination of autografts, including
their chondrocytic part, 400 and 600 days after
transplantation showed that they remained organized
fundamentally the same as autografts 100, 200 days
after transplantation.

Thus, in the interval of 30-600 days the changes
in the structure of autografts and chondrocyte layer in
their composition slowed down so much that we can
say that one month after transplantation autografts
entered the phase of morpho-functional stabilization
(when further structural changes either did not occur
or occurred very slowly).

Using electron microscopic examination of 200-
day autografts, it was confirmed that the receptive
field did indeed contain layers of chondrocytes,
folded in most cases from mature chondrocytes
with a large centrally located fat droplet, which
in places were covered by a fibrous sheath. The
chondrocytes within the transplanted cartilage tissue
were separated from each other by a space filled
with fibrous-grained substance and elastin, which
together formed specific envelopes around the cells.

TS P

Figure 3 — 10 days after transplantation, at the sites where chondrocyte layers were damaged, the cambial forms of the
latter multiplied, forming conglomerates composed of new young chondrocytes (middle photo). Where the chondrocyte
layer was only slightly damaged, there are no such formations (bottom photo)
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Figure 4 — One of the autografts 200 days after transplantation. It can be seen that in one of its sections
the pre-multiplied chondrocytes, arranged in a conglomerate in several layers, have one fat droplet each

In the thickness of the chondrocyte stratum, voids
where previously differentiated chondrocytes were
located were occasionally embedded, which was
an indication that some differentiated chondrocytes
could not survive transplantation. As well as in the
intact layer of chondrocytes, in the structure of its
upper surface (closer to the skin of autografts), many
young chondrocytes were detected (the latter were
characterized by: smaller size; presence of several
small fat droplets in the cytoplasm, which, as a rule,
already occupied the central position; high electron
density of the cytoplasm; numerous tufts on the cell
surface). On the surface of the layer of cartilage tissue
adjacent to the reticulate bed, chondrocytes could
also be found, which resembled combial cells in
their features: small cell size, which is located within
the boundaries of the chondrocyte layer; centrally
located nucleus; light-colored cytoplasm filled with
organelles, among which centrioles are found.

The listed features of combial and juvenile
chondrocytes, as well as the presence of chondrocytes
themselves, entirely correspond to the structure of
the chondrocyte layer in the intact auricle. However,
among the less differentiated chondrocytes there
were occasionally some that could be located several
pieces under one elastic sheath (which was not
observed in the intact state). On the lower surface of

the chondrocyte layer, the arrangement and structure
of differentiated and undifferentiated chondrocytes
often looked similar to that at the top. It was covered
by a fibrous sheath, behind which there was a loose
connective tissue with blood vessels, fibroblasts,
and adipocytes characteristic of it. However, there
were areas where chondrocytes were unusually loose
(compared to the intact state).

A special variant of the structure of the lower
surface of the chondrocyte layer was formed by the
areas where the line of rupture of the cartilaginous
support of the auricle, which occurred during the
autograft fabrication, was reliably visible. This line
ran along the inferior edges of the ruptured elastic
sheaths that surrounded the mature chondrocytes in
the intact state (Figure 5). Although more than six
months after transplantation, evidence of damage
to the chondrocyte layer was still present at the
receptive field. This phenomenon probably shows
a weak response of macrophages to the presence
of organic material in the wound, of which the
intercellular matrix of the cartilaginous support of
the auricle is constructed.

Macrophages were also present in significant
numbers beneath the areas of the chondrocyte
layer with the described features. Many of these
cells were easy to identify. However, in some cases
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Figure 5 — Two sections of the chondrocyte layer where, together with differentiated chondrocytes and granulation
tissue of the receptive bed, the edges of the elastin sheaths (shown by arrows) destroyed during autograft fabrication are
visible. The upper photo shows signs of more damage (additional voids are present under the elastin sheaths)

(when macrophages penetrated into the elastin cells
of chondrocytes, which usually contained young
chondrocytes, and filled their cytoplasm with large
lipid droplets) it was difficult to determine whether it
was a chondrocyte or a macrophage.

Thus, after heterotopic autotransplantation of
rat skin-cartilage grafts used in this experiment,
cartilage tissue can take root on the receptive bed
and remain viable in a size close to the original
size for more than 600 days. At the same time, the
skin of the inner surface of the auricle, which was
included in the autografts, can significantly block the
contraction of the receptive bed all this time. Sections
of the chondrocyte layer that were not damaged
during autograft fabrication and the following
transplantation take root at the new site and remain
in a virtually intact state.

In this model, chondrocyte proliferation is
observed as early as 5—10 days. This process occurs
in areas of the cartilage layer of the graft where
damage to the lower layer of chondracitic cells has
occurred. In our preliminary study devoted to the
investigation of the healing of a through hole made
in the rat auricle [14], it was revealed that the first
manifestations of cambial chondrocyte proliferation
could be detected in these animals much later (35
days after the injury) and had, in comparison with the
transplantation model, a weakly expressed character.
What can explain the difference in the manifestations
of regenerative activity of mechanically damaged
cartilage tissue of the same injury site?

Answering this question, we must first of all
refer to the hypothesis expressed by Seifert A.W.
[15] and Brewer, C. M. et al. [16], which states that
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myofibroblasts of granulation tissue, which naturally
appears at the site of damage to the cartilaginous
support of the auricle, inhibited the regenerative
potential of cambial chondrocytes. We obtained
additional evidence in support of this hypothesis —
the dermal part of the autograft, which took root on
the surface of the full-thickness skin defect, inhibited
the development of granulation tissue and through
this — wound contraction. Probably, the consequence
of the latter was the possibility of greater realization
of the regenerative potential of cambial chondrocytes
present in the autograft. The much smaller presence of
granulation tissue caused its insignificant inhibitory
effects.

Conclusion

On the model of transferring the skin-
cartilaginous autografts, made from the auricle of
laboratory rats, on the surface of the full-layer skin
defect, by means of macroscopic, histological and
electron-microscopic methods it has been revealed
that these autografts take root in the new place and
remain in the viable state for more than 1.5 years.
In this case, the cartilaginous support of the auricle
remains under the skin of the autografts preferably in
a spread out state. Those portions of the chondrocyte
stratum that were not damaged during autograft
fabrication and subsequent transplantation take root
at the new site and remain essentially intact at all
times. In the same areas of the chondrocyte layer
where the lower row of differentiated cells was
damaged, active regenerative processes associated
with the proliferation of cambial chondrocytes and
their formation of intercellular matrix begin in a few
days. As a result of these processes, cartilaginous
masses are revealed after 15 days, which replace
the damaged areas of the cartilaginous support of
the auricle. Thirty days after transplantation, lipid
droplets appear in the cytoplasm of a significant
portion of newly formed chondrocytes, and after 100
days or more, lipid droplets are present in almost
all of them. Damaged areas of elastin sheaths of
chondrocytes that appeared on the receptive bed
after transplantation were detected by electron
microscopic examination even after 200 days.
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