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Abstract

Purpose: Experimental testing of injection therapy in the area of the upcoming skin incision in order to improve
the quality of achieving the aesthetic appearance of the skin scarring process.

Materials and methods: The study was carried out on the skin of the sternum and anterior abdominal wall on 2
closely related minipigs.3 series of operations were carried out synchronously on two individuals in a surgical
operating room with preliminary specific markings in the form of rectangles and trapezoids, respectively; the
nipple-areolar complexes served as a guide for drawing the figures. At each stage, the same type of geometric
marking of the surgical field was used and repeated interventions were performed in the same areas of injection
therapy and biopsy sampling. In the postoperative period, on the 30th and 120th days, biopsy specimens were
taken to verify the ongoing reparative processes based on clinical, photometric and histological analysis.

Results: Preoperative injection therapy contributed to the formation of a normotrophic scar in structure closer to
normal skin compared to a scar during normal tissue healing, which allows it to be recommended for preoperative
preparation and for research in humans. The selected technique allows for assessment of the classic primary
wound, with the introduction of saline and botulinum toxin intraoperatively and delayed at 1 and 4 months with
histological analysis of the results. At each stage of the experiment, the team achieved long-term survival of
minipigs without compromising their vital functions. The same type of geometric marking of the surgical field
was used and repeated interventions were performed in the same areas of injection therapy and biopsy sampling.
Conclusion: The methodology allows to assess different methods of linear scar formation with or without the use
of injection therapy during surgical access, as well as comparing tissue adhesion histologically and optimal scar
formation. When the effectiveness of BTA therapy is achieved, injection therapy requires further research under
conditions of tissue deficit or tension during wound closure.

Keywords: botulinum toxin; relatox; bta; scar; pathological scar; prevention of pathological scarring;
hypertrophic scar; keloid; keloid scar.
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The restoration of deformed tissues and lost
organs of the human body has always been relevant
in the range of medical and social problems of
mankind. Injuries to the head and neck are
particularly difficult to achieve functional and
cosmetic restoration. -2

Extensive cicatricial deformations of the skin on
the face greatly disfigure the appearance, leaving
both patients and operating surgeons dissatisfied with
the results of treatment.?

Recent decades have been characterized by
significant progress in the development of plastic,
reconstructive and cosmetic surgery.*

This is explained by advances in transplantology,
new discoveries in morphology, and the introduction
of modern biotechnologies and microsurgical
methods.> Today, there are many methods and
techniques aimed at improving the appearance of the
scar and the quality of life of patients in general, but
very little research has been aimed at studying the
prevention of scar formation.®

The article describes an experimental study
carried out to analyse skin scarring during formation
and closure of wounds using various injections in
surgical access sites. Previously, we have described
known methods for preventing pathological scarring
of the skin in our narrative review. The team
reviewed, reviewed the available literature and
applied various types of injection therapy in order to
identify the most optimal drug for improving the skin
scar.’

It should be noted that the chosen experimental
technique is unique both in its complexity of
synchronous work of two surgical teams, and in the
fact that in the future this experiment can serve as a
method for training surgeons in other disciplines
using online cameras and monitors. An important
advantage of this technique is the humaneness of the
experiment, in which the lives of both individuals are
preserved.

The most popular biological model for
performing experimental work in surgery is the
laboratory mouse. In our work, we tested the
technique on minipigs as a biological experimental
model, and achieved positive results in the form of
adhesion of wound edges and taking similar biopsies
at various time intervals, recording the results
clinically, photometrically and histologically.

The aim of this study is to improve the quality of
life of the living organism undergoing surgical
intervention with skin excision, by testing and
selecting the optimal pre-, intra-, and post-operative
method of injection therapy and achieving an optimal
aesthetic-functional result of scar formation.

1. To analyse the effectiveness of injection therapy
in the surgical access area and to improve the
aesthetic-functional outcome of scars formation.

2. To achieve the survival of all individuals during
the experiment

3. To develop anaesthesia protocols for laboratory
animals/mini-pigs.

4. To conduct evidence-based analysis using
photometry and histological examination.

Thus, the experiment was conducted to verify the
hypothesis - do modern injection therapy improves or
worsens the scarring process.

3 series of surgical intervention on two closely
related minipigs (24 months, weighing 45 kg) were
held during the experiment. The authors selected
minipigs for this experiment based on their
successful  experience achieved during cross-
transplantation of face on minipigs from 2016 to
2019 (Figure 1).

Figure 1. Minipigs after cross-transplantation of
face

The surgical intervention was carried out
simultaneously on two individuals in an operating
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theatre room using standard surgical set. During the
postoperative period, biopsies were taken at 30 and
120 days to analyse ongoing reparative mechanisms.
Photography and biopsy sampling were performed at
all stages of the experiment. Various types of
injection therapy were considered and applied to
identify the most optimal drug for optimal scars
formation. The initial stage of surgical experiment
was held on November 3, 2022 under intravenous
sedation with the participation of a veterinary
anesthesiologist and 4 surgeons. Both teams
synchronously marked along the nipple-areolar
complexes a rectangle on the thoracic area and a
trapezium in the area of the anterior abdominal wall.
The minipigs had code numbers 955 and 957. In

minipig N955, a biopsy sample measuring 1x1 cm
was taken from a rectangular marked area without
injections, and the wound was sutured without
tension with Vicryl 4.0. From the same minipig, a
1x1 cm biopsy sample was taken from the area of the
anterior abdominal wall 15 minutes after the
injection of 2 ml of saline. The wound was sutured
without tension in the same manner. In minipig
N957, in the projection of a rectangular marking, a
1x1 cm biopsy sample was taken 15 minutes after the
injection of 2 ml of BTA solution. At the same time
in the projection of the anterior abdominal wall, 2 ml
of BTA solution was administered for delayed biopsy
collection. In total, at the first stage, 3 biopsies were
taken (see Figure 2).

Figure 2. The initial stage of surgical experiment (November 3, 2022): Injection of toxin
and skin defect formation and suturing. A - minipig N955. Rectangle — biopsy was taken
(control group). Trapezium - biopsy was taken 15 minutes after the injection of saline. B -
minipig N957. Rectangle - biopsy sample was taken 15 minutes after the injection of BTA
solution. Trapezium - BTA solution was administered for delayed biopsy collection

The second stage of the experiment was
performed on December 8, 2022. Under intravenous
sedation with the participation of a veterinary
anesthesiologist. Both teams, in the same manner as
at the previous stage, marked along the nipple-areolar
complexes a rectangle on the thoracic area and a
trapezium in the area of the anterior abdominal wall.

In minipig N955, no biopsy sample was taken
from the rectangular marked area during the second
stage. However, a repeat 1x1 cm biopsy was taken

from the area of the anterior abdominal wall,
previously injected with saline. The wound was
sutured without tension with Vicryl 4.0.

In minipig N957, a repeat biopsy was taken from
the rectangular marking area. Additionally, a primary
1x1 cm biopsy was taken from the anterior
abdominal wall after 35 days of BTA injection for
further delayed investigation of tissue reparation.

In total, at the second stage, 3 biopsies were taken
(see Figure 3).
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Figure 3. Second stage of the experiment (December 8, 2022). A - minipig N955. A repeat
biopsy was taken from the area of the anterior abdominal wall, previously injected with
saline. B - minipig N957. Rectangle - repeat biopsy was taken Trapezium - a primary
biopsy was taken

The third stage of surgical experiment was held
on March 3, 2023. The marking principle remained
the same.

In minipig N955, a biopsy sample measuring 1x1
cm was taken from a rectangular marked area. And a
1x1 cm biopsy sample was taken from the area of the
anterior abdominal wall.

In minipig NO957, in the projection of a

rectangular marking, a 1x1 cm biopsy sample was
taken from a rectangular marked area. At the same
time in the projection of the anterior abdominal wall,
a secondary biopsy measuring was taken after 120
days of BTA injection.

In total, at the third stage, 4 biopsies were taken
(see Figure 4).

Figure 4. Third stage of the experiment (March 3, 2023). A - minipig N955. Rectangle -
repeat biopsy was taken. Trapezium - a repeat biopsy was taken. B - minipig N957.
Rectangle - repeat biopsy was taken Trapezium - a secondary biopsy was taken

In total, 10 biopsy specimens were taken during
all three stages. In this study, the BTA drug
“Relatox” (“NPO Microgen”, Russia) and saline
“Solopharm” (“Grotesk” Russia) were used at all 3
stages.

During  postoperative  period, experimental

animals received antibacterial (interspectin IM single
injections 1 ml/10kg) for 14 days to prevent
secondary bacterial infection. The collection of
specimens for histological examination on days 30
and 120 was carried out under intravenous sedation
using Zoletil-100 1.5 mg/kg and Xyla 0.15 ml/kg.
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See Table 1 and the scheme of interventions on
minipigs, as well as time intervals, are presented in

Figure 5.

Table 1. Realization of scar models with and without injection therapy at various stages of the experiment

Number of
specimens

Number of
specimen

Number of
biopsies taken

Design of the experiment

I stage - initial int

erventions

3

biopsy without injection

biopsy with intraoperative saline injection
biopsy with intraoperative BTA injection
preoperative BTA injection

Il Stage - after

1 month

repeat biopsy with intraoperative saline injection
repeat biopsy with intraoperative BTA injection
primary preoperative BTA injection

111 Stage - after 4 months

repeat biopsy without injection

repeat biopsy with intraoperative saline injection
repeat biopsy with intraoperative BTA injection
repeat preoperative BTA injection

In Total: 2 In Total: 12

In Total: 10

Minipig N955

| Stage - First specimen (control
group)

11 Stage - no biopsy sample was
taken

111 Stage - First specimen

| Stage - Second specimen
(Saline, intraoperative biopsy)

11 Stage - First specimen (Saline,
1 month biopsy)

111 Stage - Second specimen
(Saline, 4 months biopsy)

Minipig N957

| Stage - Third specimen (BTA,
intraoperative biopsy)

11 Stage - Second specimen
(BTA, 1 month biopsy)

111 Stage - Third specimen
(BTA, 4 months biopsy)

| Stage - no biopsy sample was
taken

11 Stage - Third specimen (BTA, 1
month biopsy)

111 Stage - Fourth specimen (BTA,
4 months biopsy

Figure 5. A conventional diagram of experimental specimens’ markings, used in all 3 stages to maintain the
accuracy of the injections and surgical incisions
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Description of the first specimen

Skin fragments are represented by a stratified
squamous epithelium with usual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height
is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figure 6).

Figure 6. Histopantomogram. A fragment of skin. Thin
epidermis and thick dermis. Mallory staining.
Magnification 3x

The structure of the dermis is heterogeneous, with
areas of uneven thickness of collagen fibers. In the
central part, collagen fibers of medium thickness and
moderate cellularity are observed. Blood-filled
capillaries are represented between the fibers. The
fibers are densely arranged, but with reduced
retraction phenomenon. Fiber bundles within the
central zone are of comparable size and moderate
density. Metachromasia demonstrates moderate and
equal compaction of collagen fibers within the
densely fibrous connective tissue. At the periphery of
the described area, collagen fibers with larger
diameter are observed (Figure 7).

Figure 7. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced. Mallory
staining. Magnification 100x

Picro-sirius  red staining revealed clear
predominance of collagen type | over collagen type
I1l. Collagen fibrils in bundles of densely fibrous
connective  tissue show  predominantly red
fluorescence (Figure 8).

Figure 8. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced. Picro-
sirius red staining. Magnification 50x

Description of the second specimen

Skin fragments are represented by a stratified
squamous epithelium with usual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height
is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figures 9, 10).

2002 pr

Figure 9. Histopantomogram. A fragment of skin. Thin
epidermis and thick dermis with dense compaction of
collagen fibers (thick scar). Mallory staining.
Magnification 3x
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Figure 10. A fragment of skin. Dense bundles of
collagen fibers are brightly dyed. Mallory staining.
Magnification 100x

The structure of the dermis is heterogeneous
contains. Also, the areas with a high density of
collagen fibers are clearly identified. Metachromasia
demonstrates a pronounced deposition of collagen
fibers (yellow staining). Blue-stained collagen fibers
with smaller diameter are observed at the periphery
(Figurell).

Figure 11. A fragment of skin. Anisotropic red
fluorescence in the central zone of the samples. Picro-
sirius red staining. Magnification 50x

Picro-sirius  red  staining revaled clear
predominance of collagen type | over collagen type
I1l. As in previous sample, Collagen fibrils in
bundles of densely fibrous connective tissue show
predominantly red fluorescence

Description of the third specimen
This sample is represented by stratified squamous
epithelium and subcutaneous fat (Figures 12, 13).

Figure 12. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Mallory staining.
Magnification 3x

The epithelium has outgrowths and folds of
various sizes. The folds of the epidermis are
smoothed, their height is reduced. All 5 sublayer of
epidermis (stratum basale, spinosum, granulosum,
lucidum, corneum) are clearly identified. The
keratinization is well expressed. The thickness of the
epithelium is noticeably less than dermis (Figures 9,
10).

SN Y AP e 5 7

Figures 13. A fragment of skin. The folds of the epidermis
are smoothed, their height is reduced

The densely arranged bundles of connective tissue
fibers, with reduced retraction phenomenon.
Moderate compaction of collagen Mallory staining.
Magnification 100x

The dermis is represented by fibrous, irregular
connective tissue with areas of dense bundles of
collagen fibers, originating from the epidermis and
extending deep into the dermis. Mallory’s aniline
blue staining revealed the densely arranged bundles
of connective tissue fibers, with reduced retraction
phenomenon. Metachromasia demonstrates moderate
compaction of collagen fibers in bundles within
densely fibrous irregular connective tissue in the
central part of the samples.
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Picro-sirius red staining revaled a predominant
expression of collagen type | over collagen type IlI.
Evaluation of the anisotropic  fluorescence
distribution of collagen fibers in samples from this
group demonstrated a even increase in collagen type
I (red and yellow fluorescence) in the central part of
the dermis samples, while the distribution of collagen
types | and Ill was regular only at the edges of the
samples (Figure 13).

Figure 14. A fragment of skin. Anisotropic red
fluorescence in the central zone of the samples. Picro-
sirius red staining. Magnification 50x

Evaluation of the anisotropic fluorescence
distribution of collagen fibers in samples from this
group demonstrated an even increase in collagen type
I (red and yellow fluorescence) in the central part of
the dermis, while the distribution of collagen types |
and 111 was regular only at the edges of the samples.

Thus, a comparative analysis of samples from the
first series (biopsy collection on 03.11.2022) did not
reveal significant differences between sample 1 and
sample 3 in the quantity and quality of collagen types
I and 111 distribution. Sample 2 showed a significant
accumulation of dense collagen fibers (the reason for
densification is unclear) The structure of the dermis
in samples 1, 2, and 3 showed little differences.
Although, in sample 3, collagen fibers in the central
part of the dermis are thickened and have a nodular
structure.

Description of the first specimen
The sample is represented by stratified squamous
epithelium and subcutaneous fat (Figure 15).

Figure 15. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Mallory staining.
Magnification 3x

The epithelium has outgrowths and folds of
various sizes. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figure 16).

Figure 16. A fragment of skin. Thin epidermis Mallory
staining. Magnification 3x

The dermis is represented by fibrous, irregular
connective tissue. Mallory’s aniline blue staining
revealed the loosely arranged bundles of connective
tissue fibers, with reduced retraction phenomenon.
Metachromasia demonstrates moderate compaction
of collagen fibers in bundles.

Picro-sirius  red staining revealed equal
distribution of types | and Ill collagen. Collagen
fibrils of dense connective tissue simultaneously
show green, yellow and, to a lesser extent, red
fluorescence (Figure 17).

Danishchuk O, Volkov A, Reshetin V, Danishchuk M, Karpova E, Nazarian D. Analysis Of Skin Scarring With Pre-,
Intra- And Delayed Surgical Injection Therapy: The Preclinical Research. Bulletin of Stomatology and Maxillofacial
Surgery. 2024;20(1):111-127. doi: 10.58240/1829006X-2024.1-111

118



Figure 17. A fragment of skin. Progressive growth of
type I collagen from the superficial layers of the dermis to
deeper. Type Il collagen — green fluorescence. Type |
collagen — yellow and red fluorescence. Picro-sirius red
staining. Magnification 50x

Evaluation of the anisotropic fluorescence
distribution of collagen fibers in samples from this
group demonstrated a hierarchical, progressive
increase of collagen type | from the superficial layers
of the dermis to the deeper layers. And at the same
time, a corresponding decrease of collagen type Il is
observed. The increase of collagen type Il occurs
within the bundles of collagen fibers.

Description of the second specimen
The sample is represented by stratified squamous
epithelium and subcutaneous fat (Figure 18).

Figure 18. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Mallory staining.
Magnification 3x

The epithelium has outgrowths and folds of
various sizes. The folds of the epidermis are
smoothed, their height is reduced. All 5 sublayer of
epidermis (stratum basale, spinosum, granulosum,
lucidum, corneum) are clearly identified. The
keratinization is well expressed. The thickness of the
epithelium is noticeably less than dermis (Figure 19).

Figure 19. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced.
Mallory staining. Magnification 100x

The dermis is represented by fibrous, irregular
connective tissue with areas of dense bundles of
collagen fibers, originating from the epidermis and
extending deep into the dermis. Mallory’s aniline
blue staining revealed the densely arranged bundles
of connective tissue fibers, with reduced retraction
phenomenon. But their distribution is not equal, with
a greater localization around fibers with a yellowish-
reddish staining, which correspond to denser fibers.
Metachromasia demonstrates moderate compaction
of collagen fibers in bundles at the edges of the
sample, while in the central zone compaction is
slightly reduced.

Picro-sirius red staining revealed uneven
distribution of types | and Il collagen. Thus,
collagen fibrils of dense connective tissue are shown
predominantly in the central area of the samples (red
fluorescence).  Meanwhile, the predominance of
yellow fluorescence is mainly at the edges of the
samples (Figure 20).

Figure 20. A fragment of skin. Anisotropic red
fluorescence in the central zone of the samples. Picro-
sirius red staining. Magnification 50x

Evaluation of the anisotropic fluorescence
distribution of collagen fibers in samples from this
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group demonstrated an uneven increase in collagen
type | (red and yellow fluorescence) in the central
part of the dermis samples. In turn, the distribution of
type I and 111 collagen was regular only at the edges
of the samples (Figure 21).
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Figure 21. A fragment of skin. The distribution of type
I and 111 collagen was regular only at the edges of the
samples. Picro-sirius red staining. Magnification 10x

Description of the third specimen
The sample is represented by stratified squamous
epithelium and subcutaneous fat (Figure 22).

Figure 22. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Inside the dermis the
outgrowth of collagen fibers with a low compaction is

observed. Mallory staining. Magnification 1,5x

The epithelium has outgrowths and folds of
various sizes. The folds of the epidermis are
smoothed, their height is reduced. All 5 sublayer of
epidermis (stratum basale, spinosum, granulosum,
lucidum, corneum) are clearly identified. The
keratinization is well expressed. The thickness of the
epithelium is noticeably less than dermis (Figure 23).

Figure 23. Histopantomogram. A fragment of skin.
Moderate density of connective tissue fibers is observed
Mallory staining. Magnification 100x

The dermis is represented by dense, irregular
connective tissue with areas of loose bundles of
collagen fibers, originating from the epidermis and
extending deep into the dermis. Mallory’s aniline
blue staining revealed equal distribution of
connective tissue fibers. Metachromasia
demonstrates low compaction of collagen fibers in
bundles at the edges of the sample, while in the
central zone compaction is slightly reduced.

Picro-sirius red staining revealed equal and
moderate distribution of types | and Il collagen.
Thus, collagen fibrils of dense connective tissue are
shown predominantly in the central area of the
samples  (yellow and green fluorescence).
Meanwhile, the predominance of red fluorescence is
mainly at the edges of the samples (Figure 24).

Figure 24. A fragment of skin. Anisotropic red
fluorescence in the central zone of the samples. Picro-
sirius red staining. Magnification 10x

A comparative analysis of samples of the second
stage of the experiment revealed that in first
specimen there is an uneven distribution and uneven
maturity of collagen, both within individual bundles
and on the scale of the dermis. In turn, in second
specimen there is a predominance of type | collagen
in the central part of the sample, which may indicate

Danishchuk O, Volkov A, Reshetin V, Danishchuk M, Karpova E, Nazarian D. Analysis Of Skin Scarring With Pre-,
Intra- And Delayed Surgical Injection Therapy: The Preclinical Research. Bulletin of Stomatology and Maxillofacial
Surgery. 2024;20(1):111-127. doi: 10.58240/1829006X-2024.1-111

120



the absence of the effect of BTA directly during
surgery. In turn, in sample No. 2 there is a
predominance of type | collagen in the central part of
the sample, which may indicate the absence of direct
effect of BTA. Whereas in third specimen, the
distribution of collagen with low compaction was
observed in the central part of the sample, which
indicates the benefits of delayed BTA injection.

Description of the first specimen

Skin fragments are represented by a stratified
squamous epithelium with wusual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height
is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figures 25, 26).

Figure 25. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Inside the dermis the
outgrowth of collagen fibers is observed. Mallory staining.
Magnification 1,5x

Figure 26. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced.
Low uneven compaction of collagen fibers within
dense connective tissue is observed over the entire area of
the samples Mallory staining. Magnification 100x

In the second specimen, the dermis is not
homogeneous; there are areas with uneven thickness
of collagen fibers. The collagen fibers of dense
fibrous connective tissue with medium thickness and

low cellularity are observed throughout the entire
area of the sample. Blood-filled capillaries are
represented between the fibers. The retraction
phenomenon is uneven. Some fiber bundles have
undergone retraction, while others retained their
compact structure. Metachromasia demonstrates low
uneven compaction of collagen fibers within dense
connective tissue over the entire area of the samples
(Figure 27).

Figure 27. A fragment of skin. Regular, anisotropic
fluorescence of type I and type Il collagens. Picro-sirius
red staining. Magnification 50x

Picro-sirius red staining revealed an uneven
predominance of collagen type | over collagen type
I1l. The collagen fibrils of dense connective tissue
have predominantly yellowish-red fluorescence.

Description of the second specimen

Skin fragments are represented by a stratified
squamous epithelium with usual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height
is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figures 28, 29).

Figure 28. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Metachromasia
demonstrates low uneven compaction of collagen fibers
within dense fibrous connective tissue over the entire area
of the samples. Mallory staining. Magnification 1,5x
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Figure 29. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced. Bundles
of connective tissue fibers are compacted in a small area

of the sample. Mallory staining. Magnification 100x

The dermis is homogeneous with high
compaction of collagen fibers at the centre. The
collagen fibers of dense fibrous connective tissue
with medium thickness and low cellularity are
observed throughout the entire area of the sample.
Blood-filled capillaries are represented between the
fibers. The retraction phenomenon is even and well
expressed. Metachromasia demonstrates low uneven
compaction of collagen fibers within dense fibrous
connective tissue over the entire area of the samples,
except for a small area in the centre of the sample
(Figure 30).

Figure 30. A fragment of skin. Regular, anisotropic
fluorescence of type I and type 111 collagens. Picro-sirius
red staining. Magnification 100x

Picro-sirius red staining revealed an uneven
predominance of collagen type | over collagen type
I1l. The collagen fibrils of dense connective tissue
have predominantly yellowish-red and greenish
fluorescence.

Description of the third specimen

Skin fragments are represented by a stratified
squamous epithelium with usual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height

is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figures 31, 32).

Figure 31. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. Metachromasia
demonstrates low uneven compaction of collagen fibers
within dense fibrous connective tissue over the entire area
of the samples. Mallory staining. Magnification 1,5x

Figure 32. A fragment of skin. The folds of the
epidermis are smoothed, their height is reduced. Bundles
of connective tissue fibers are compacted in a small area

of the sample. Mallory staining. Magnification 100x

The dermis is homogeneous with high
compaction of collagen fibers at the centre. The
collagen fibers of dense fibrous connective tissue
with medium thickness and low cellularity are
observed throughout the entire area of the sample.
Blood-filled capillaries are represented between the
fibers. The retraction phenomenon is even and well
expressed. Metachromasia demonstrates low uneven
compaction of collagen fibers within dense fibrous
connective tissue over the entire area of the samples,
except for a small area in the centre of the sample.
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Picro-sirius red staining revealed an uneven
predominance of collagen type | over collagen type
I1l. The collagen fibrils of dense connective tissue
have predominantly yellowish-red fluorescence.

Description of the fourth specimen

Skin fragments are represented by a stratified
squamous epithelium with usual structure. The
epithelium has outgrowths and folds of various sizes.
The folds of the epidermis are smoothed, their height
is reduced. All 5 sublayer of epidermis (stratum
basale, spinosum, granulosum, lucidum, corneum)
are clearly identified. The keratinization is well
expressed. The thickness of the epithelium is
noticeably less than dermis (Figures 33, 34).

Figure 33. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. The dermis is
heterogeneous with clearly distinguished two layers.
Mallory staining. Magnification 3x

Figure 34. Histopantomogram. A fragment of skin.
Thin epidermis and thick dermis. The dermis is
heterogeneous with clearly distinguished two layers.
Mallory staining. Magnification 100x

The dermis is heterogeneous with clearly
distinguished two layers. The zone located directly
under the epithelium consists of collagen fibers with
a larger diameter compared to those located below,
visually forming the second zone. The superficial

layer consists of collagen fibers having a larger
diameter than those located below. The collagen
fibrils of dense fibrous connective tissue with
medium thickness and low cellularity observed
throughout the entire layer. Blood-filled capillaries
are represented between the fibers. The retraction
phenomenon is even and well expressed.
Metachromasia demonstrates low equal compaction
of collagen fibers within dense fibrous connective
tissue over the entire area of superficial layer.

In the lower layer, the thickness of collagen fibers
is approximately half that of the superficial layer.
The retraction phenomenon is weakly expressed.
The fibers have moderate cellularity and stained well
with blue dye (Figure 35).

Figure 35. A fragment of skin. Regular, anisotropic
fluorescence of type | and type Il collagens. The collagen
fibrils of dense connective tissue have predominantly
yellowish-red fluorescence. Picro-sirius red staining.
Magpnification 100x

Picro-sirius red staining revealed an uneven
predominance of collagen type | over collagen type
I1l. The collagen fibrils of dense connective tissue
have predominantly yellowish-red fluorescence.

Analysing samples of series 3, the formation of a
thick scar was revealed in first and second
specimens. It’s obviously explained by predominance
of type 1 collagen at the site of surgical damage. In
contrast, third and fourth specimens showed an equal
distribution of type | and type Ill collagen, which
somewhat similar to first specimen of Series 1. It is
worth noting that the distribution of type | and type
I11 collagens in fourth specimen is closest to natural
ratio.

This experimentally validated method is an option
for planned or delayed surgical interventions in
patients predisposed to pathological scarring. And
this experiment can be considered as a preclinical
testing before clinical trials (Fig. 36, 37, 38)
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Figure 38. Histological analysis of skin samples 14
days after administration of BTA (A) and saline (B)

Analysing the morphological data, obtained

during experiment, it was found that the relief and

Figure 36. Preliminary clinical trials the thickness of the epidermis and the papillary layer

1) Marking in the projection of the surgical incision 14 of the dermis are similar in the experimental and

days before abdominoplasty: A — using BTA /B - using control samples. However, the thickness of the

saline solution. 2) Skin flap elevation during . . .

abdominoplasty _retlt_:ula_lr_layer of the _dermls in experimental samp_les

is significantly superior to the control group, which

may determine the greater density of the skin. At the

same time, the structure of the collagen fibers in

reticular layer of the dermis does not differ in both
groups.

Furthermore, differences in the papillary layer of
the dermis were also found. The oedema in
experimental group is less expressed, the collagen
fibers are better structured, and significantly more
capillaries are present in the papillary layer of the
dermis. Wherein, the composition and structure of
glycosaminoglycans in the experimental and control
samples remained the same. This indicates better
blood supply and less expressed sclerotic changes of
the papillary layer in the experimental sample.

Preoperative injection therapy contributes the
formation of a normotrophic scar structurally closer
to normal skin compared to a scar with conventional
tissue healing. This preliminary research allows to
recommend this methodology for clinical trials
development and further patients preoperative
preparation.
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Pesrome
Heab: DKcnepruMEHTaTbHOE HCIBITAHWE WHBEKIHOHHON TEpamuy B 30HE MPEACTOSIIETO KOXKHOTO paspesa C
LEJIBIO YIYYIICHNUS Ka4eCTBa JOCTIXEHHUS 3CTETUIECKOr0 Bra pPyOLIOBOTO MpoLecca KOKH.
Martepuansl U MeToAbl: lccrnenoBanue BBITIOTHEHO HA KOXXHBIX MOKPOBaX TPYAWHBI M TiepeAHer OpromrHoi
CTEHKHU Ha 2-X OJIM3KOPOJCTBEHHBIX OCOOSIX-MUHHIIUTAX. 3 CEPUH ONEepalil OCYIIECTBISIIOCH CHHXPOHHO HA ABYX
0CO0SIX B YCIIOBHUSIX XUPYPTHUECKOHW OINEPallMOHHON C MpeaBapUTENbHON crieupuIeckoil pasMeTkoi B Gopme
MPSMOYTOJIEHUKOB W Tpameluuii COOTBETCTBEHHO, OPHEHTHPOM ISl PUCOBaHHS (UTYp CIYKHIH COCKOBO —
apeoJsipHble KOMIUIEKChl. Ha kakmoM sTame MpUMEHsIach ONHOTUIIHAS TEOMETPUYEcKash pa3MeTKa
OIIEPALMOHHOTO TOJII ¥ MOBTOPHBIE BMEIIATEILCTBA BBIMOJHINCH B TE€X K€ 30HAX WHBEKIMOHHOW Teparnuu U
3abopa OmonTaroB. B mocneonepannonnom nepuozae Ha 30 - vie, 120 - pie cyTKH mpoBoamIics 3a00p OHMONTaTOB
U1 BepU(UKaLUU NPOTEKAIOIINX PENapaTUBHBIX [IPOLIECCOB HA OCHOBAaHMU KIIMHUYECKOTO, (POTOMETPUUECKOTO U
THCTOJIOTMYECKOTO aHAJIN3a.
Pe3yabTaThl: [Mpenonepanuonnas WHBEKLINOHHAS Tepanus CHocoOCTBOBaIA (hopMHPOBAHHIO
HOPMOTPO(HUUIECKOro pydlia Mo CTPYKType ONrmKe K HOPMAIThHON KOXKE IO CPAaBHEHHWIO C PyOIIOM MpH OOBIYHOM
3aKUBJIEHUM TKAHEH, YTO MO3BOJIAET PEKOMEHIOBATh JJISl MPEJONEPAMOHHON IMOJTOTOBKA M JUISl MPOBEJICHUS
UCCIIeI0OBaHUH y mofeil. BrpiOpaHHas MeToAMKa MO3BONSET MPOBOAUTE OLEHKY KaK KJIACCHUYECKOrO MEPBUYHOTO
HATSDKEHHS PaHBI, C BBEJICHUEM (PH3HOJIOTHIECKOTO PACTBOPA U OOTYIIOTOKCHHA MHTPAOIIEPAIMOHHO U OTCTPOYCHO
B cpoku 1 u 4 mecsiIia ¢ TUCTOIOTUYECKUM aHATTU30M Pe3yJIbTaTOB.
BobiBoabl: MeTox MHBEKLMOHHON TEpamnuy IO3BOJISIET CYyIUTh O pasHbIX CHoco0ax (OpMHUPOBaHMS JMHEHHOTO
KOXKHOTO pyOla ¢ MpUMEHEHWeM WM 0e3 MPUMEHEHUs] WHBEKIIMOHHOW Tepamnuedl OonepalMoOHHOro JOCTyINa, a
TaKXe MPOBOAUTH CPAaBHEHUE AATE3UM TKAHEH TI'MCTOJIOTMYECKU aHAJIM3Upysl ONTHMajlbHOe pyOuesanue. Ilpum
nocTkeHnu 3¢ pekTuBHOCTH HHBbeKINOHHOW BTA — Tepanuu, He00X0UMO OTIEIBHOE UCCIIEIOBAHUE B YCIOBUAX
neuInTa TKaHeH U HATSDKEHHS TIPU YIIMBAHUH KPAaeB JIOCKYTOB PaHBI.
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