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Развитие кожно-хрящевых аутотрансплантатов на поверхности 
полнослойного кожного дефекта у крыс
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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 cm2 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 cm2 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. 

Резюме. 
Цель – выявить в динамике закономерности приживления и существования на рецептивном ложе крыс кожно-
хрящевых аутотрансплантатов, полученных с их ушных раковин.
Материал и методы. У крыс-самцов Wistar в межлопаточной области создавали полнослойный кожный дефект 
площадью 1,2–1,4 см2, который ограничивали охранной камерой. У животных отрезали по ушной раковине, с 
кожи внутренней поверхности которой вырезали квадратный участок площадью 1 см2. Разделив его на 9 ку-
сочков, распределяли на раневой поверхности. С помощью макроскопического, гистологического и электронно-
микроскопического методов изучали приживление кожно-хрящевых аутотрансплантатов.
Результаты. Через 5 суток после трансплантации на тех участках аутотрансплантатов, где хрящевая опора была не 
повреждена, пласт хондроцитов выглядел практически так, как в составе интактной ушной раковины. На участ-
ках с поврежденным нижним слоем хондрацитарных клеток пролиферация хондроцитов наблюдалась через 5-10 
суток. Через 30 суток в цитоплазме многих новообразованных хондроцитов присутствовала капля жира, что на-
блюдалось через 100 и 200 суток. Аутотрансплантаты через 400 и 600 суток оставались организованнными так 
же, как и аутотрансплантаты через 100 и 200 суток. 
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Заключение. При гетеротопической аутотрансплантации кожно-хрящевых трансплантатов хрящевая ткань при-
живается на рецептивном ложе и сохраняется в жизнеспособном состоянии в размерах, близких к исходным, 
более 1,5 лет. При этом кожа внутренней поверхности ушной раковины, входившая в состав аутотрансплантатов, 
значительно блокировала контракцию рецептивного ложе. 

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 
artifi cially made auricle skeleton on the back of rats 
[3]. However, it was not possible to identify scientifi c 
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 confi rm 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 fi eld 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 fi eld in the 
interscapular region, the wool was removed and the 
guard cell was sutured to the skin. A 1.2-1.4 cm2  full-
thickness skin defect was created on the skin area 
inside the chamber by removing a full-thickness 
skin fl ap (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 fi xation 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 cm2 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).
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Dressings were done daily for the fi rst 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 i 600 days the rats were killed. 
Rectangular pieces of skin measuring 6×12 mm, 
oriented along the sagittal line, were excised from the 
receptive fi eld region (Figure 1), along with sections 
of the cartilaginous plate that was under the skin. 
Tissues were fi xed in a spread state in a formalin-
alcohol-acetic acid mixture. After washing in water 
and dehydration, they were cast in paraffi  n using 
the conventional method. We obtained transverse 
histological sections 4.5 μm 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 fi eld, tissue pieces of 1×2×2×2 mm (in the 
area where the layers of transplanted chondrocytes 
were present) were cut out and fi xed in 1% osmium 
fi xative on Milonga buff er 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 

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 signifi cantly 
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 fi eld that was taken for histologic and 
electron microscopic examination
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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 
signifi cant impact on how this structure grafted onto 
the receptive fi eld (Figure 2).

Histologic study of the tissues taken from 
the receptive fi eld 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 diff erent 
parts of the autografts to diff erent degrees (which 
corresponds to the above mentioned phenomenon 
of partial damage – fi gure 2). In those parts of the 
autografts where the cartilaginous support was 
insignifi cantly 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 fi eld. In 
the same areas of autografts where the chondrocyte 
stratum was more signifi cantly damaged, areas of 
stratum fi brosum 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 fi nd fi gures 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 
infi ltration was present) that reached the receptive bed 
either during its formation or during transplantation.

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 signifi cant 

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
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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 diff erence 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 fi eld 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 confi rmed that the receptive 
fi eld 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 fi brous sheath. The 
chondrocytes within the transplanted cartilage tissue 
were separated from each other by a space fi lled 
with fi brous-grained substance and elastin, which 
together formed specifi c envelopes around the cells. 

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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In the thickness of the chondrocyte stratum, voids 
where previously diff erentiated chondrocytes were 
located were occasionally embedded, which was 
an indication that some diff erentiated 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 fi lled 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 diff erentiated 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 diff erentiated and undiff erentiated chondrocytes 
often looked similar to that at the top. It was covered 
by a fi brous sheath, behind which there was a loose 
connective tissue with blood vessels, fi broblasts, 
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 fi eld. 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 signifi cant 
numbers beneath the areas of the chondrocyte 
layer with the described features. Many of these 
cells were easy to identify. However, in some cases 

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
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Figure 5 – Two sections of the chondrocyte layer where, together with diff erentiated 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 fi lled their cytoplasm with large 
lipid droplets) it was diffi  cult 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 signifi cantly 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 fi rst 
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 diff erence in the manifestations 
of regenerative activity of mechanically damaged 
cartilage tissue of the same injury site?

Аnswering this question, we must fi rst 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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myofi broblasts 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 insignifi cant inhibitory 
eff ects.

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 diff erentiated 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 signifi cant 
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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