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Henb. OLieHUTH BO3MOKHOCTD TPUMEHEHUST KYJIBTUBUPOBAHHBIX AePMaTbHBIX (hMOPOOIaCTOB Ha TTOJIMMED-
HBIX OMOAerpaaupyeMbIX MaTpUIIaX JIs JIEYSHUS MOBPEXAEHUI KOXHOTO MOKPOBa B SKCIIEPUMEHTE.

Marepnan u metoabl. MccienoBaHue BbimoaHeHO Ha 90 kpbicax quHum Wistar maccoit Tena 180-200 r, ¢
YUCTBIMU paHaMU IUaMeTpoM 2,5 cM. Bbiio copmupoBaHo 6 Tpymnmm — MO KUBOTHBIX B Kaxnou. KynbTypy mep-
MaJIbHBIX (DUOPOOIACTOB BBHIACISIN M3 KOXU HOBOPOXKIEHHBIX KPBIC; U HAKOTUIEHUSI HEOOXOAMMON GMOMACCHI
KJIETOK IpoBOAWIM cybomaccupoBaHue. B 1 rpymme (KOHTPOJb) KJIETOYHBIE OMOIperapaThl He IMpUMeHsUIMCh. B
Tpymmax 2-6 sl JeYeHMs SKCIIEPUMEHTATBHBIX paH ObLIM MCIIONB30BaHbI OMOmErpaarpyeMbie MaTpUIlbl ((ocdaT
JIeKCTpaHa MO0 MOJUIaKTHI) KaK 6e3 KJIeTOUHOro Ouorpenapara, Tak U ¢ coaepKaHueM KyJIbTUBUPOBAHHBIX (pu-
6pob:ractoB B KommdecTBe oT 250x103 mo 700x10° kireToK Ha OMWH paHeBoU AedeKT. BLIBOILI O BIMSHUU JAepMalib-
HBIX (UOPOO6IACTOB HA MOJMMEPHBIX OMOAErpagupyeMbIX MaTpUlax Ha paHEBOM Mpoliecc AejiaJd Ha OCHOBAaHUU
CPaBHUTEJBHOTO aHaIM3a Pe3yIbTaTOB KOMIIBIOTEPHOM MIaHUMETPUU U MOPGHOIOTMYECKOTO UCCAeT0BAHMSI.

PesyabraThl. Ha Bcex stanax (7, 14, 21, 28 cyTku) sKcrnepuMeHTa MUHUMAaJIbHAs CKOPOCTb 3a>KWBJICHUS
ObUTa 3apeructpupoBaHbl B rpymme 1. Illectasg rpymnma, B KOTOpoit B paHy BHOCWJIM TIOJMJIAKTH, COMEpPKAIIMIA
700x10% kyIeToK, XapaKTep1u30Bajach MaKCUMAaJIbHBIMA — OTHOCHUTEIbHO OCTAJbHBIX IPYMI — 3HAYEHUSIMU CKOPO-
CTH 3aXKMBJICHMsI. B MuKporpenapaTtax 6 Tpymibl Ha 21 CyTKY 9KCIIepUMEHTa OTMEYeHa TIOTHAsT SITUTEIU3alis pa-
HeBoro JedekTa. BeisiBIeHO HaMMuKMe CUIIBHON MIPSIMOI KOPPEJISIIIMOHHON CBSI3U MEXIY KOJIMYECTBOM TPaHCILIaH-
TUPOBAaHHBIX KJIETOK M CKOPOCTBIO 3aXMBJICHUST paHeBBIX AedekToB Ha 7 cytku (p=0,923), 14 cytku (p=0,924), a
Ttakxke 21 cytku skcriepuMenTa (p=0,914).

3akmoyenne. B ycioBusIX 9KCIEPUMEHTa YCTAHOBJIEHO, UTO JIOKAJbHOE MPUMEHEHUE KYJIbTUBUPOBAHHBIX
JepMalIbHbIX (hMOPOO6IACTOB Ha MOJMMEPHBIX OMoAerpaaupyeMbIx Matpuiiax (dpocdar aekcrpaHa M MOJUIAKTU)
BeJIeT K JOCTOBEPHOMY COKPAIEHUIO CPOKOB SIUTEIU3AINN PAHEBBIX Ne(HEKTOB.

Knrouesvie crosa: gubpobaacmot kKoxcu Kpwvicol, hocgham dexcmpana, noaurakmud, buodezpadupyemvie Mampu-
Ybl, JAedeHue paH, INUMEAUIAYUS, IKCHEPUMEHM

Objectives. To evaluate the possibility of using of cultivated dermal fibroblasts on the biodegradable polymeric
matrices for treating skin damages in the experiment.

Methods. The study was performed on 90 rats of Wistar line (180-200 g weight) with pure wounds (D-2,5cm).
Six groups were formed, 15 animals per each group. The culture of dermal fibroblasts was isolated from the skin of
newborn rats; to accumulate the required biomass of cells subpassage was carried out.

The cellular biological products were not applied in group 1 (control). Biodegradable matrices (dextran
phosphate or polylactide) were used for treating wounds in the groups 2-6 as matrices without cellular biological
product and matrices with cultured fibroblasts (250x103 to 700x103 cells per wound). Conclusion about the impact
of biodegradable polymeric matrices with dermal fibroblasts on the wound healing was made on the basis of a
comparative analysis of the results of digital planimetry and morphological studies.

Results. At all stages (7, 14, 21, 28 days) minimal rate of healing was registered in the first group. The
sixth group, where polylactide containing 700x10° cells was added in the wound, is characterized by the biggest
values of the healing rate — with respect to other groups. Complete epithelization of the wound defects in the
micropreparations of the sixth group was marked by the 21% day of the experiment. The strong direct correlation
between the number of transplanted cells and wound rate healing was detected on the 7th day (p=0,923), the 14t
day (p=0,924), and the 21 day of the experiment (p=0,914).
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Conclusion. In the experiment it has been found out, that local application of the cultivated dermal fibroblasts
on biodegradable polymer matrices (dextran phosphate and polylactide) results in a significant reduction of terms

of the wound epithelization.

Keywords: rat skin fibroblasts, dextran phosphate, polylactide, biodegradable
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Potential of Using Cultivated Dermal Fibroblasts on the Biodegradable
Polymeric Matrices for Treating Skin Damages in the Experiment

E.V. Baranov, A.V. Buravsky, Z.B. Kvacheva, A.V. Butenko, D.S. Tretyak,
N.K. Yurkshtovich, L.V. Cedik, S.I. Tretyak, I.D. Volotovsky

Introduction

The actual issue of development of effective
approaches to the treatment of patients with the
long-term non-healing wounds, decubital defects,
trophic ulcers of various etiologies, extensive skin
burns still remains the big one. In the opinion of
some authors the insufficiency of conventional
treatment methods may often be caused by local
pathological homeostasis, which is exerted by the
human body’s own potential regenerative cells
to close the wound defect [1, 2, 3]. One of the
alternative and promising components of complex
treatment of this patients category appears to be a
local application of cellular technologies to stimu-
late reparative regeneration [4, 5, 6, 7].

The cultivation and accumulation of the bio-
mass of progenitor cells and differentiated skin cells
outside the body and the performance of subsequent
local cell transplantation, aimed at restoring the
structural and functional integrity of the damaged
skin, is now becoming more actual in biotechnol-
ogy and medicine and has been already widely
used [8, 9, 10, 11]. However, there are a number
of controversial aspects and unsolved issues, one
of which is the choice of the delivery ways of the
cellular biomaterial to a pathological focus. Cur-
rently, there are two main ways of local application
of cellular products for medical purposes:

— cultivation, differentiation, selection and
local delivery of cellular material in the form of
suspension into the site of injury;

— creation of two or three-dimensional
structures consisting of composite biological materials
or biodegradable substrate containing various cellular
products that are implanted as a part of complex
transplants into (or on) a damaged organ or tissue.

Many researchers have noted that when
monolayer cultured in vitro is transferred to the
suspension, a certain reduction of the functional
cellular activity may occur. In some cases, the
damage and death of the part of the cellular
biomaterial is related with proteolytic enzymes
treatment, which is necessary to separate the
monolayer of cells from the surface of the culture
container [12, 13]. However, the cultivation of
cells and their immobilization on biocompatible
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polymer matrices with the subsequent application
of the engineering tissues utilizing biodegradable
polymer matrices on a wound enable to neutralize
the negative aspects of the suspension techniques of
transplantation [3, 4, 6, 14]. This study provides a
literature review of various polymeric biomaterials,
both natural and synthetic, considered as carriers.

The commercial wound coatings (based
on chitosan, collagen, artificial polymers, etc.)
possessing by declared positive properties are
presented in a large number in the market of medical
products. However, it has not been yet able to
create a universal matrix that would have a definite
cumulative list of necessary properties, namely:
a complete biocompatibility with no pyrogenic,
toxic and irritating effects on surrounding tissues;
exudates absorption capacity; the ability to create the
optimal microenvironment for wound regeneration;
the absolute barrier for microorganisms; providing
adequate moist and gas exchange; elasticity and the
ability to model the surfaces with complex relief; a
controlled biodegradation [10, 14].

No less important criteria in choosing a
polymer matrix for the formation of engineering
tissues are: the absence of toxic effects to cultured
cells; the ability to provide favorable conditions for
attachment, reproduction, directed differentiation
and growth of cellular biomaterial both on the
surface and in the internal structure of the carrier,
as well as the synthesis of extracellular matrix
proteins [5, 13].

Therefore, the search, development and
scientific substantiation of the effectiveness
of new resorbable matrices for the cultivation
and immobilization of cellular biomaterial are
considered to be a promising and necessary direction
for experimental and clinical research.

Objectives. To evaluate the possibility of using
cultivated dermal fibroblasts on the biodegradable
polymeric matrices for treating skin damages in the
experiment.

Methods

Preparation of primary cultures and subcultures
of skin fibroblasts. Wistar newborn rats were used in
the experiments. The skin was taken from the back
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of a rat in sterile conditions. The primary culture of
rat dermal fibroblasts was prepared by the explant
method [5] according author’s modification. Cell
cultivation was carried out in DMEM (Sigma)
nutrient medium with 10% of the cow fetus serum
(HyClon) in a CO, incubator at + 37°C, 5% CO,.
The medium was changed every 3-4 days. After
cells migration from the explants and the forma-
tion of the primary culture monolayer, subpassing
was carried out within 3-6 passages to accumulate
the necessary biomass of cells (25-30 million) and
further local transplantation to experimental animals
with the wound defects.

Preparation of cell suspension for transplanta-
tion. The cell cultures at the late stage of logarithmic
growth after the formation of a monolayer (4-5 days)
were used in the experiments. To transfer the cells
from the monolayer to suspension the cells were
treated with 0,25% trypsin and 0,02% versen (1:2
ratio). For transplantation, a suspension of dermal
fibroblasts was used at the concentration of 250-
700x103% cells / ml.

Resorbable film from polylactide and its prepa-
ration for cell cultivation. The transparent films 0, 1-
0,2 mm thick (developed by the employees of the
group “Biomaterials and Biomedical Products” of
SEE “Institute of Powder Metallurgy”, Minsk) were
used in the study. Sterilization of polylactide films
was carried out by ultraviolet radiation in a laminar
box within 18-24 hours. To ensure the sterilization
process has performed adequately it was evaluated
by the absence of growth of bacteria, mycoplasmas,
fungi after flushing from the film into nutrient mi-
crobiological media (thioglycolic medium, Saburo
medium, etc.). The polylactide film was placed on
the bottom of a culture flask containing the suspen-
sion of dermal fibroblasts at the concentration of
700x103 cells/ml.

Preparation of dextran phosphate gel for the
immobilization of cells. The drug was developed at
the Research Institute of Physical and Chemical
Problems of the Belarusian State University, Minsk.
Preliminary prepared preparations in the flasks (90
mg per each) were subjected to gamma irradiation
sterilization. Before transplantation, 10 ml of a
nutrient medium containing a cell suspension was
added to each flask, shaken within 5 minutes, and
then it was left in a thermostat at 37°C within 30
minutes.

Technique of experimental wound modeling.
Methods of transplantation and evaluation of thera-
peutic efficacy. The study was performed on 90 male
rats (8-10 week old) Wistar lines weighing 180-200
gr.; they were housed in individual separate cages
under standard vivarium conditions (a temperature
of 18-20°C and 55% relative humidity) with free
food and water. All studies were conducted accord-

ing to the ethical standards given in the Declara-
tion of Helsinki taking into account the welfare of
animals used for research purposes.

In accordance with the principles of aseptic
and antiseptic technique after intraperitoneal anes-
thetics with 0,5-0,7 ml sodium thiopental (1%) was
used (rating 40-60 mg/kg), exposure within 15-20
minutes and fixation on the animal’s back, skin area
(3x3 cm) was shaved. On the depilated rat’s skin a
contour of the future wound was marked with a bril-
liant green solution: a circle (D-2,5 cm). The skin
was treated twice with the antiseptic “lodonat”. A
round-shaped wound with a diameter of 2,5 cm was
inflicted, excising the skin, subcutaneous tissue and
fascia to the muscles. Then, local treatment was per-
formed: prepared matrices without and with cellular
biomaterial as a part of a complex transplant were
transferred to a skin defect. In all groups of experi-
mental animals the wound surfaces were covered with
a sterile transparent coating based on polyurethane,
which reduced the probability of contamination of
the wound outside, provided adequate moist and gas
exchange, and monitoring wound healing.

To conduct systemic antibiotic therapy with
ceftriaxone (5 mg/kg) the rats were injected intra-
muscularly (25 mg/kg) during the first 10 days of
the experiment.

Six experimental groups were formed.

In the It group (control, n=15) cellular bio-
preparations were not used.

In the 2™ group (n=15) the wound defect was
filled with dextran phosphate (PD) gel without a
cell biopreparation.

In the 3™ group (n=15) the wound defect was
filled with 0,8 ml of PD gel containing cultured rat
skin fibroblasts (RSF) in the amount of 250x10?
cells.

In the 4" group (n=15) the wound defect was
filled with 1 ml of PD gel containing 500x103 of
RSF.

In the 5" group (n=15) the wound was packed
with a polylactide film (PF) without a cellular
preparation.

In the 6™ group (n=15) the wound was packed
with PF with fibroblasts fixed on it (700x10° of
RSF).

Methods for recording the state of wounds after
transplantation.

The day of simulation of the experimental
wound was considered as the zero day of the experi-
ment in all cases, the wound area was considered to
be equal to 100%. Planimetric studies as well as a
visual assessment of the condition were performed
daily. Gradual removal of rats from the experi-
ment (with subsequent histomorphological study of
preparations) was performed on the 7%, 14t | 21+
and 28" days.
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Computer — assisted planimetric measure-
ments were used for determination of wound healing
dynamics.

Calculation of wound healing velocity (v, ;...
% /days) was done according to the formula:

(S,—S,)*x100%,
S,xn

rae S, — initial wound area, Sn — wound area
on the certain day, n — the serial number of the
day of the experiment.

Calculation of the reduction of wound area
(AS,%) for a definite period of observation was
carried out according to the formula:

(S,—S,)x100%,
.

0

where S, — initial wound are, Sn — wound area
on the definite day.

Conclusions on the effect of transplantation of
dermal fibroblasts and cellular biopreparations on
the wound process were made on the basis of a com-
parative evaluation of the results of the experimental
groups. The data of visual observation, computer
planimetry (indices of the changes in the areas of
wound defects AS, as well as the healing v, . in
the course of the experiment) were analyzed.

Morphological methods of research. The
explanted tissue pieces from the site of wound skin
defects were fixed in 10% neutral formalin for 48
hours. Then they were washed in running water
for 24 hours, dehydrated in alcohols of elevated
concentration (70, 80, 96, absolute alcohol).
Further, the material was conducted through
alcohol-chloroform, chloroform, chloroform-
paraffin and poured into paraffin. From the paraffin
blocks, sections of 4-5 microns thick were made,
which were stained with hematoxylin and eosin.
The study of microscopic preparations and the
preparation of micrographs were carried out using
an Axio Imager (ZEISS) microscope in different
fields of view.

Statistical processing of the staby results of the
study was performed using nonparametric tests.
Data are presented in the form of “median and
quartile” — Me (Q25;Q75). Mann-Whitney U test
and Kruskal-Wallis test was used for comparisons
of differences of independent groups. The Friedman
test was used for paired samples and Wilcoxon test
matched pairs, with a Bonferroni adjustment on
the results getting from the Wilcoxon tests. The
Spearman’s Rank-order Correlation was used to
test the association between two ranked variables.

Differences were considered statistically
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significant in the probability of an error-free
prognosis was not less than 95% (p<0,05).

Results

Characteristics of skin fibroblast cultures of
newborn rats. Monolayer cultures were represented
by spindle-shaped fibroblast-like cells. At a seed
dose (150-200)x10° of cells / ml, a monolayer of
dermal fibroblasts was formed within 5-7 days. The
proliferation index in 1-6 sub-passages was at the
same level and made up 3,8-4,0. The mitotic activity
of cells in the logarithmic growth phase varied from
30 to 34 ppm. The viability of cells in suspension
(at least 98% of living cells) was assessed prior to
transplantation.

Assessment of the biocompatibility of cells
cultured on a polylactide film and immobilized in
dextran phosphate gel.

The biocompatibility of the polylactide film
with the cells was evaluated by the following criteria:
the ability of the cells for adhesion; proliferation
on the film; for proliferation and formation of the
monolayer of cells compared to cells grown under
usual conditions. During the incubation of PF in
the growth medium for 7 days, altering pH value
within the range permissible to growth (6,8-7,1) was
noted. When cultivating fibroblasts on a polylactide
film, no differences were observed in the biocompa-
tibility parameters compared to the control cultures.
Thus, in seeding, adhesion and cell proliferation on
the film was registered after 18-24 hours; and the
terms of formation of the monolayer of cells and
the morphology of the cells was the same as in the
control cultures growing on plastic. The prolifera-
tion index of cells growing on the polylactide matrix
was 2,910,3. This index did not differ significantly
from the control level: the cell proliferation index
on the plastic was within 3,1+0,2. In all cases, the
same seed dose of cells was used (p>0.05).

When the dextran phosphate gel was applied to
the DMEM (Sigma) nutrient medium with 10% of
cow fetus serum (HyClon), the pH also remained
within the range permissible for cell growth in cul-
ture (6,8-7,1) for 7 days of the observation. When
fibroblasts with the pieces of gel were grown for
7 days, their proliferative activity, morphology,
monolayer formation time and biomass accumu-
lation during cultivation did not differ from the
control ones cultivated without PD. The increase
of the number of cells, both in the experimental
and control groups, was the same and did not
differ significantly. The cell proliferation index in
cultures was 2,8 and 2,7, respectively (p>0,05).
When observing the fibroblasts immobilized in the
PD gel, no negative effect of the drug was detected
within 3-6 days.
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Thus, the assessment of the biocompatibility of
the selected matrix carriers showed no cytotoxic effect
of dextran phosphate hydrogel and polylactide film
on the cultivated dermal fibroblasts, which became
the basis for their further use for immobilizing cell
cultures and carrying out cellular transplantation in
the treatment of experimental wounds.

Dynamics of regenerative processes in experi-
mental wounds in animals under various conditions
and methods of cell transplantation.

Analysis of the initial areas of wound defects
(S, cm?) permitted to conclude that there were
no significant differences between the groups
(Kruskal-Wallis test: H=2,50, p=0,960). This was
important for the subsequent objective evalua-
tion of the study results, statistical processing and
inter-group comparison of the obtained data about
the dynamics of the areas of experimental wounds
(AS, %), as well as wound healing velocity (v
%, per day).

In monitoring the animals of the control and
experimental groups during the whole period of the
experiment (28 days) and measuring the wound
areas, significant inter- and intra group differences
in the dynamics of wound defects healing were
found on the basis of a comparative analysis of AS
values (Table 1).

The analysis of the obtained data showed that
the values of AS of the first group (control) were
significantly less than the corresponding parameters
of any of the experimental groups at all stages of
the experiment (p<0,05 in all cases).

In evaluating the AS indices, no significant
differences were found between the groups where
the selected biomatrices were used (the second
group — PD gel and the fifth group — PF): the 7®

healing

day — U=30,5 and p=1,7; the 14" day — U=28,5
and p=1,2; the 21* day — U=39,0 and p=6,2; the
28 day — U=26,0 and p=13,2.

In all control points of the experiment (the 7t
14, 21 and 28" days), the healing parameters of
wound defects (dynamics of the AS area and the
estimated healing speed Uhealing) after the addition of
dextran phosphate and polylactide (the second and
fifth experimental groups) were significantly higher
(p<0,05 in all cases) than in the control group. The
values of AS in the animals of the sixth group (PPF+
700x10° cells in the monolayer) were significantly
higher than the AS values of the remaining groups
in all control points of the experiment (the excep-
tion — absence of differences with the parameters
of the fourth group on the 21% day of the experi-
ment — U=32,5 and p=2,3).

Comparative analysis of healing velocity of
wound defects allowed revealing statistically signifi-
cant intergroup differences in v, . ~values in the
experiment (Table 2).

The minimum values of v healing at the control
points were recorded in the first group (compared
with the results of the remained groups p<0,05 in
all cases). Significant differences between the sec-
ond and fifth groups were noted only on 21% day
(U=28,5, p=0,03). The results of the third group
were higher than the v, . values of the second
and fifth groups ((p<0,05 in all cases). The values
of the sixth group (a polylactide film with fixated
fibroblasts (700x10° RSF in the monolayer) were
significantly higher than the healing values of the
remaining groups in all cases (exception — an
absence of differences of the values of the fourth
group on the 21% day of the experiment — U=32,5
and p=0,07).

Table 1

Dynamics of AS indices in the experimental groups

Group

Reduction of the wound defects areas AS, % — Me(Q,;;Q,,)

Days of experiment

7

14

21

28

First (Control) (n=11)
Second (PD gel) (n=11)

Third (PD gel+250 thousands
cells) (n=11)

Fourth (PD gel+500
thousands cells) (n=11)

Fifth (PF) (n=11)

Sixth (PF+700 thousands cells

in the monolayer) (n=11)
Kruskel—Wallis test

26,9 (25,4:28.2)
29,2 (29,0;30,4)
p,=0,00
35,8 (33,3;36,5)
p,,=0,00
42,3 (41,1;42,9)
p,,=0,00
30,6 (30,0;31,9)

47,1 (45,7:47,9)
p,_=0,00
H=60,42
p=0,000

54,3 (53,6:56,2)

58,3 (57,4;60,3)
p,=0,00

69,4 (68,5;73,0)
p,,=0,00

85,5 (84,3:86,5)
p, ,=0,00

57,1 (56,9;59,2)

89,7 (87,1;90,4)
p,_=0,00
H=60,14
p=0,000

66,7 (64,3;70,8)
73,6 (72,2:75,0)
p,=0,00
85,1 (84,3:88,6)
p,,=0,00
97,3 (94,5;100,0)
p, =000
74,6 (73,9;76,8)

H=59,19
p=0,000

81,7 (30,3;83,6)
85,3 (84,1:87,3)
p,=0,00
94,6 (91,4;95,8)
p,,=0,00

100,0 (98,6;100,0)

p, ,=0,00
86,1 (85,5:87,3)

p,=0,00; p, ,=0,00 p,=0,00; p,,=0,00 p,=0,01; p,,=0,00 p,=0,00; p,,=0,00

100,0 (97,1;100,0)
p,,=0,00; p,=0,00

H=59,83
p=0,000

Note.

Mann-Whitney U-test amended by Bonferroni: pl — reliability of differences with the group 1; p2 — -reliability of

differences with group 2; p3 — reliability of differences with group 3; p4 — reliability of differences with group 4; p5 — reliability

of differences with group 5.
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Dynamics vy,,;,, in experimental groups

Table 2

Group

Speed of reduction of wound defects areas v
%/days — Me(Q,;:Q,,)

Days of experiment

healing.?

Friedman test

7 14 21 28
First (control) 3,8 (3,6:4,0) 3,9 (3,8:4,0) 3,2 (3,1;3,4) 2,9 (2,9;3,0) ANOVA Chi Sqr.=28.9
(n=11) *xp=003  ***p=0,03; ***p=0,04 p=0,000
Second 42 (4,1:43) 42 (4,1:43)  3,5(3,4:3,6) 3,0 (3,0:3,1) ANOVA Chi Sqr.=30,3
(n=11) */%p=003  ***p=0,03; ***p=0,03 p=0,000
Third 5,1(4,8:52) 5.0 (4,9:52) 4,1 (4,0:4,2) 3,4 (3,3:3,4) ANOVA Chi Sqr.=30,3
(n=11) p=0,000
Fourth 6,0 (5,9:6,1) 6,1 (6,0:6,2) 4,6 (4,5:4,8) 3,6 (3,5:3,6) ANOVA Chi Sqr.=30,5
(n=11) *4%p=003  ***p=0,03; ***p=0,03 p=0,000
Fifth 4.4(4,3:46) 4,1 (4,1:42) 3.6 (3,53,7) 3,1 (3,1:3,1) ANOVA Chi Sqr.=32,5
(n=11) */kxp=003  ***p=0,03; ***p=0,03 p=0,000
Sixth 6,7 (6,5:6,8) 6,4 (6,2:6,5 4.8 (4,6:4,8) - ANOVA Chi Sqr.=21,5
(n=11) =005  **p=0,03 p=0,000

Note. Reliability of differences according to the Wilcoxon matched pairs test amended by Bonferroni at the intergroup comparison

with the results at: * — 7, ** — 14, ** — 2] days.

Analysis of experimental outcomes according to
the Spearman Rank Order Correlations revealed a
statistically significant (p<0,05 in all cases) presence
of a strong direct correlation between the number
of transplanted cells and the healing rate of wound
defects on the 7" day (p=0,923), on the 14 day
(p=0,924), and also on the 21 day of the experi-
ment (p=0,914). Comparative analysis was carried
out in the groups of experimental animals, where
a biomatrix material were combined together with
cellular material (groups 3, 4 and 6) containing
different number of cultured fibroblasts (250x103,
500x103, 700x10? cells).

The histomorphologic picture of wound defects
in animals on the 21% day of the experiment was
characterized by necrosis of the surface areas with
abundant infiltration by neutrophils and fibrin in
the first group (control). The underlying fatty tis-
sue appears to become progressively infiltrating and
in some cases it may penetrate underlying muscle
(Fig. 2).

On the 21% day of the experiment (FD gel +
250x103 cells) the layer of fibrin with neutrophilic
leukocytes was determined on the surface of the
wound defect in the micropreparations in animals
of the third group. The wound healing was repre-
sented by a granulation tissue — new connective
tissue and microscopic blood vessels that form on
the surfaces of a wound during the healing process
so as fibroblasts, lymphocytes and neutrophils.

Intensive formation of thick collagen fibers was
registered (Fig. 3).

In the fourth group (PD gel + 500x10° cells),
the almost completed epithelization of the wound
defect had been determined in separate micro-
preparations by 21% day of the experiment. In some
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places the remains of scab identified on the surface.

A small number of lymphocytes under the
multilayered flat epithelium, as well as the presence
of a maturing connective tissue with horizontally
located fibroblasts and fibrocytes were seen (Fig. 4).

In micropreparations of the sixth group (PF +
700x10° cells) the completed epithelization of the
wound defect was registered on the 21% day of the
experiment, (Fig. 5).

As a result of the performed studies (the
second and fifth experimental groups, where
only biodegradable matrices were used), no signs
of allergenicity and reactogenicity of dextran
phosphate gel and polylactide film were found
(absence of fibrinoid necrosis and of a large number
of multinucleated giant cells of foreign body
resorption). These matrices in the animal body
underwent complete biodegradation in the interval
between 14" and 21 days after implantation.

Thus, the use of complex grafts consisting of
both PF and PD and cultured dermal fibroblasts
showed significant promotion of wound healing in
experimental groups compared with the control
group.

Discussion

The combination of innovative methods of
treatment based on the local application of cellular
technologies and bioengineering cellular and tissue
structures indicates the emergence and formation of
a new perspective direction of modern medicine —
regenerative and reconstructive-reconstructive
surgery [1, 4, 7]. The thematic publications present
the results of experimental studies that testify to the
effectiveness of various cellular materials in carrier
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Fig. 1. Intergroup differences in healing velocity of wound defects. A — 7 day; B — 14 day; C —21 day; D — 28 day
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Fig. 2. The wound edge of the first group animal on the  Fig. 3. The wound of the 3" group animal on the 21%
21¢ day of the experiment. 1 — necrosis of surface areas;  day of the experiment. 1 — fibrin with neutrophils; 2 —
2 — neutrophil infiltration. Staining with hematoxylin maturing granulation tissue. Staining with hematoxylin
and eosin. Magnification x100. and eosin. Magnification x100.
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Fig. 4. The wound of the 4" group animal on the 21+ day of
the experiment. 1 — remains of the scab; 2 — multilayered
flat epithelium; 3 — maturing connective tissue. Staining
with hematoxylin and eosin. Magnification x100.

matrices to repair the damaged sites of various
organs and tissues, including the heart, skin, bone,
cartilage, etc. [11, 12, 13, 14]. However, wide clini-
cal introduction of treatment methods associated
with the local application of cellular technologies is
thought to be a scientific and practical perspective,
whereas the solution of the fundamental problems of
regenerative medicine, as a multidisciplinary trend,
is still at the initial search level [2, 7, 12].

A lot of methods of isolation and cultivation
of stem and differentiated skin cells have been
developed. It appears that not all of them provide
the express obtaining of the necessary biomass of
cells and the creation of optimal conditions for
their application in medical practice [3, 5]. It is
known that for a more complete realization of the
structural and functional potential, the transplanted
cells should retain viability and high proliferative
activity in the tissue and in vitro. At present one
solution this problem is thought to be used of the
cellular material on carrier matrices; the various
materials (from metals to polymers) have been
proposed to produce them [10, 12, 15]. The latter,
in their turn, are divided into two classes: natural
and synthetic. Natural polymers (collagen, starch,
chitin, chitosan, cellulose) have sufficiently low
toxicity, good biocompatibility, possess by the ability
to biodegrade. However, the presence of a number
of such disadvantages as low mechanical resistance
and the possibility of developing immune responses,
as well as the variability of the physicochemical
properties, makes these substrates limited for use
in the preparation of matrices.

Unlike the natural carriers, synthetic polymers
have more definite and stable properties (compo-
sition, charge, structure, mechanical properties,
controlled biodegradability, etc.), which can be
controlled and changed during manufacturing and
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Fig. 5. The wound of the " group animal on the 21% day of
the experiment. 1 — multilayered flat epithelium. Staining
with hematoxylin and eosin. Magnification x100.

also standardized. Therefore, from the potential
use point of view, synthetic polymeric materials are
considered to be more convenient and promising
for application in the form of substrates for cell
growth [7, 12, 14].

Conclusions

1. The approved synthetic polymers (polylactide
film and dextran phosphate gel) are characterized
by the absence of cytotoxic effect, medium pH
changes, some affection on the adhesive properties
and proliferative activity of the dermal fibroblasts,
as well as the term of formation of monolayer and
morphology in comparison with the control cultures.

2. Experimental evaluation of using matrices
without cell biomaterial has shown no signs or
symptoms of allergenicity and reactogenicity of
the dextran phosphate gel and polylactide film
(biocompatible) to the surrounding tissues of the
experimental skin wound after transplantation, the
ability to accelerate the regeneration processes and
good biodegradability in terms not exceeding the
wound defect healing.

3. In studying the effectiveness of cellular
compositions consisting of fibroblasts and matrices
based on a polylactide film or dextran phosphate
gel, a reliable reduction of time of wound defects
epithelization has been established in compared with
the normal wound healing in experimental animals.

4. Analysis of outcomes of experimental studies
in vivo has demonstrated that the healing processes
in experimental wound defects depends both on
the conditions of transplantation (complex grafts)
and on the amount of cellular biomaterial carriers.

5. Biopreparations, consisting of skin fibroblasts
and resorbable polymers of polylactide and dextran
phosphate, can be used in studies on the clinical
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application of local cell transplantation in the
complex treatment of patients with chronic wounds
of various etiologies, including trophic ulcers
resistant to traditional methods of treatment.
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