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Hybrid tissue-engineered biosystems based on biodegradable polymers of microbiological
origin — bacterial cellulose (BC) and a copolymer of 3-hydroxybutyric and 4-hydroxybutyric acid
P(3HB/4HB) — were constructed using various methods: 1) the dried BC pellicles were soaked with
a 2% P(3HB/4HB) solution in chloroform, kept for 24 h, and dried in a dust-free cabinet until
the solvent had completely evaporated; 2) nonwoven membranes were placed into the K. xylinus
B-12068 culture, and bacterial cellulose synthesized in it grew under static conditions, 3) powdered
cellulose (particle size of 120 um) was added to a 3% P(3HB/4HB) solution in chloroform and mixed
ultrasonically to homogeneity; then, the films were produced by the solvent evaporation technique,
at polymer to cellulose ratios of 2:1 and 1:1. Investigation of surface properties of the samples
showed an increase in surface hydrophilicity of the composites produced by mixing a solution of
P(3HB/4HB) with BC at ratios of 2:1 and 1:1 (the contact angle was 43.9%17.55° and 36.1+0.66°)
relative to the starting materials. The physical/mechanical properties of the composites based on
P(3HB/4HB) and BC were superior to the properties of the neat materials, and they were largely
determined by the methods of production of the composite and the properties of the materials used.
Based on the study of surface and physical/mechanical properties of the hybrids, films prepared by
casting the polymer solution with BC powder (2:1 and 1:1) followed by solvent evaporation were
chosen for studying cell adhesion. These scaffolds were loaded with drugs promoting wound healing
(actovegin, solcoseryl) and tested in the culture of fibroblasts derived from the adipose tissue MSCs.
The MTT assay showed that the most effective hybrid systems were polymer:bacterial cellulose
powder (1:1) samples loaded with actovegin or solcoseryl at a concentration of 5%. Those systems
produced a stimulating effect on fibroblasts, and, thus, they can be regarded as promising wound

dressings to repair skin defects.
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BuokoOMIIO3UTHI HA OCHOBE pa3pylIaeMbIX 0HOMATEPUAJIOB

B KauecTBe OMOTEXHOJIOrHYeCKHUX A€pMaJIbHbIX IKBUBAaJCHTOB

A.A. llymunosa?, U.I1. lunaoscknii®, E.JI. HukonaeBa®
“Cubupckutl ghedepanbHblil YHUSEpCUmem

Poccus, 660041, Kpacnospck, np. Ceo600nbiti, 79
SUncmumym ouogpusuxu CO PAH

@UI] «Kpacnoapckuii nayunwiil yenmp CO PAHY

Poccus, 660036, Kpacnosipck, Axademeopoodok, 50/50

C npumeHneruem pa3iuUdHbIX MemMO008 KOHCMPYUPOBAHUS MAMPUKCO8 NONIYYEHd U UCCIe008aHd
cepusi 2UOPUOHBIX MKAHEUHICEHEPHBIX OUOCUCTEM HA OCHOGe OUOPA3PYUAEMBIX NOTUMEPOS
MUKPOOUONIO2UYECKO20 NPOUCX0dCcOeHUss — baxkmepuanvHou yennonosvl (BL]) u cononumepa
3-euopokcumacaanon u 4-euopokcumacaanou kuciom II(3IB/4IB): 1) evicywennvie nienku bIL]
nozpyarcanu 6 2%-ii pacmeop cononumepa I1(3I'6/4I'B) 6 xnopogopme na 24 u u samem vicyumusanu
6 Oecnoliegom 60Kce 00 NONHO20 ucnapenus pacmeopumelsi;, 2) nemxanvle memopanol [1(31°6/41°b),
NoIY4eHHble MemoooM 1eKmpocnuHHuKed, nomewanu ¢ kyremypy K. xylinus B-12068, pacmywyio
u cunmesupyrowyio BL] 6 ycrosusx nepuoouueckoui kyromypsi, 3) k 3%-my pacmeopy I1(31'6/41'b)
8 Xj0pogopme 000asaAIU UBMETLUCHHVIO Yelntono3y (pasmep uyacmuy 120 mxm, 6 coomHouieHuu
II(3I'b/4T'F):BI] 2:1 u 1:1), comocenuzuposanu yivmpaszgykom, 3amem OMIAUSAIU NJICHKU U CYUULU
00 nonHO20 ucnapeuus pacmeopumens. Hcciedosanue c80UCmME NOBEPXHOCMU 3MUX 00paA3yos
NOKA3ANI0 NOSblUEHUE SUOPOPUTLHOCTIU NOBEPXHOCTIU OMHOCUMENLHO UCXOOHBIX MAMeEPUanog o
KOMNO3Uumog, NoyuenHoix nymem cmewusanus pacmeopa I(3I'6/4I'B) ¢ kpowkou BL] 6 coomnowenuu
2:1 u I:1 (kpaesou yeon cmauusanus 6ooou cocmaeun 43,9+17,55° u 36,1+0,66°). Ycmanosneno,
umo PuU3UKO-MexaHuuecKue Xapakmepucmuky KOMNOZUMHBIX MAMPUKCO8 80 MHO2OM 3A8UCAN OM
cnocoba noayHeHUs: camo2o KOMRO3UMa u c8oUcms ucnoavzyemolx mamepuanos (I1(31°'6/4I'b), BL]) u
npesocxooam nocieonue. Ilo pezyromamam uccied08anus NOBEPXHOCMHBIX U PUUKO-MEXAHUYECKUX
Xapaxmepucmux NOLYYEHHbIX 2UOPUO08 Onsi UCCLe008aHUs ad2e3uul KAemoK Obliu omobparsl
NJIEHOYHbLE CUCTEMbl, NOJLyYeHHble MeXHON02Uell NOTUEA PACMBOPA NOUMEPd C YeLTI0N03HOU KPOUWKOU
6 coomnoutenuu 2:1 u 1:1 ¢ nociedyiouum ucnapenuem pacmeopumeis. Imu munvt Mampurcos ovliu
HA2PYIHCEeHbl JIeKAPCMBEHHbIMU NPenapamami, CMUMyIupyiouumi paHo3axicugienue (aKmoseuH,
CONKOCEPUN) U NPOMecmupos8ansvl 6 Kyavmype @uopobracmos, nonyuennvix uz MMCK ocuposoii
mkanu. Ilo pezynemamam MTT-mecma Haubonee npusieKamenvHbIMU 6 Kauecmee UOPUOHLLX
cucmem A6IOMCsL 00PA3Ybl «KNOAUMEP.NOPOULOK OAKMEPUATbHOU Yelniono3sl (1:1)y, nazpysicennvie

AKMOBECUHOM USU COJIKOCEPUTIOM 6 KOHYeHmpayuu 5 %, oKasslearoujue cmumyaupyrowee Oeticmaue
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Kniouesvie cnosa: 6aKmepuaﬂbHaﬂ yeunonosa, I’lO]ZMZI/I()pOKCMaﬂKaHO(lmbl, 2u6pu0bl, JleKapcmeernbvle
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Introduction

An essential requirement for -effective
treatment of skin injuries is the availability
of Dbiotechnological tissue-engineered skin
equivalents. Materials used to fabricate such
constructs should have a number of special
properties and impart characteristics of living
tissues to the engineered constructs (grafts).
These characteristics include 1) the ability to
regenerate themselves, 2) the ability to maintain
the blood supply, and 3) the ability to alter their
structure and properties in response to effects of
the external factors, including mechanical loads
(Zhang et al., 2016; Deng & Kuipe, 2018; Han et
al., 2014).

The main tasks of tissue engineering
are to optimize isolation, proliferation, and
differentiation of cells and to construct scaffolds or
delivery systems for supporting and coordinating
the growth of three-dimensional tissues in
vitro. Scaffolds must serve as templates and
inducers of cell proliferation and differentiation
into specialized cells, generating new tissue.
The tissue can be grown on the scaffolds that,
being implanted into the host organism, will
be gradually resorbed and replaced by the new
tissue (Stratton et al., 2016; Shelke et al., 2014).
Another option is to implant a biocomposite,
which comprises a scaffold and a partly formed
tissue. Having been implanted into the defect site,
the engineered construct must retain its structure
and functions over the time period necessary for
the normally functioning tissue to be regenerated
and integrated with the surrounding tissues

(Shishatskaya & Volova, 2016).

The purpose of the present study was to
construct hybrid tissue-engineered biosystems for
regeneration of injured skin based on materials
of biotechnological origin (biocompatible and
resorbable polyesters polyhydroxyalkanoates and
bacterial cellulose).

Materials and methods

Bacterial  cellulose (BC)

the culture of acetic

pellicles
were produced in
acid bacterium Komagataeibacter xylinus
B-12068  (Prudnikova &  Shidlovsky,
2017);  biodegradable polymer,
hydroxybutyrate-co-4-hydroxybutyrate
(P(3HB/4HB)), was synthesized in the culture of
chemolithoautotrophic bacterium Cupriavidus
eutrophus B10646 (Volova et al., 2014b).
Hybrids based on BC and P(3HB/4HB) were
prepared using different methods: 1) the dried
BC pellicles were soaked with a 2% P(3HB/4HB)

solution in chloroform, kept for 24 h, and dried ina

poly-3-

dust-free cabinet until the solvent had completely
evaporated; 2) nonwoven membranes were
placed into the K. xylinus B-12068 culture, and
bacterial cellulose synthesized in it grew under
static conditions; 3) powdered cellulose (particle
size of 120 um) was added to a 3% P(3HB/4HB)
solution in chloroform and mixed ultrasonically
to homogeneity; then, the films were produced
by the solvent evaporation technique, at polymer
to cellulose ratios of 2:1 and 1:1. Solutions of
actovegin (OOO Takeda Pharmaceuticals, RF)
and solcoseryl (MEDA PHARMA, Switzerland)
were used for the loading of BC/P(3HB/4HB)-

hybrids by immersion in solutions of drugs.
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Samples of the BC/P(3HB/4HB) hybrids
were analyzed in a number of studies, to estimate
their physical/mechanical and surface properties,
their adhesive properties towards fibroblasts,
and their ability to facilitate cell proliferation.
The methods were described in detail elsewhere
(Volova et al., 2014a).

Statistical analysis of the results was
performed using the standard software package
of Microsoft Excel. Arithmetic means for three

replicates and standard deviations were found.

Results and discussion

The measurement of the mechanical properties
produced the following results: composites of
nonwoven membranes and BC had the highest
values of Young’s modulus (272.3+£27.2 MPa), most
probably due to the high mechanical strength of
the PBHB/4HB) membranes (113.544+9.85 MPa)
(Table 1). The values of Young’s modulus of the
composite of the dried BC pellicles soaked in a
2% P(3HB/4HB) solution was 110 MPa, while
fracture strain increased to 6.25%. Although
Young’s modulus of the composites prepared by
mixing the polymer solution and BC powder was
low (65.08+7.1 and 63.41£5.6 MPa), it was higher
than the corresponding parameter of pure BC
(47.60+£6.32 MPa).

Measurements of water contact angles
showed that BC film was rather hydrophilic.
Its water contact angle was 45.5+17.6°, while
the water contact angle of the nonwoven
P(3HB/4HB) membrane was 66.5+4.4° (Table 1).
Soaking of the BC film in a 2% P(3HB/4HB)
solution produced an insignificant effect on the
surface properties of BC. Composites prepared
by mixing the P(3HB/4HB) solution and
BC powder at ratios of 2:1 and 1:1 had water
contact angles of 43.9+17.55° and 36.1+0.66°,
respectively; the dispersive and polar
components were larger than those of pure BC,

suggesting higher hydrophilicity of the surface

of composites. The reason for the high values
of water contact angle of the BC + nonwoven
membrane composites, 65.3£2.72°, was that the
nonwoven membranes used to grow cellulose
were initially dense, with the water contact
angle of about 60°.

An important parameter of wound
dressings is water vapor transmission rate — a
measure of the passage of water vapor through
the material. The experimental composites
showed different water vapor transmission
rates: for the P(3HB/4HB) + BC powder (2:1),
it was the highest (5014+20 g/m?>-d), while
for the PBHB/4HB) film, it was the lowest
(404+9.1 g/m*d). It is important to increase
this parameter to control the build up of
fluid underneath the dressing, make it more
breathable, and prevent the establishment of
conditions favorable for the development of
pathogenic microorganisms.

The study of surface, physical/mechanical
and biological properties of the experimental
hybrids showed that the films prepared by casting
the solutions of the polymer P(3HB/4HB) with
cellulose powder followed by solvent evaporation
were the most attractive candidates to be used
as scaffolds for growing fibroblasts (Fig. 1).
These types of hybrids were loaded with drugs
promoting wound healing (actovegin, solcoseryl)
and fibroblasts derived from the adipose tissue
MSC (Fig. 1). Hybrids prepared by casting
the solutions of the polymer: cellulose powder
mixture (1:1) and loaded with 5.0% actovegin or
solcoseryl were the most favorable for fibroblast

growth.

Conclusion

Bacterial  cellulose/resorbable  polymer
P(3HB/4HB) hybrid elastomeric systems were
constructed as scaffolds for cell culture and as
biotechnological dermal equivalents. The studies

of the surface properties and physical/mechanical
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Fig. 1. Viable fibroblasts cultivated on BC/P(3HB/4HB)/drug hybrid scaffolds: 1 — control (polystyrene); 2 - BC +
+nonwoven membrane; 3 — BC +2% P(3HB/4HB) solution; 4 — P(3HB/4HB) + BC powder (2:1); 5—P(3HB/4HB) +
+ BC powder (1:1); 6 — P3HB/4HB) + BC powder (1:1) + actovegin (5.0%); 7 — PGHB/4HB) + BC powder (1:1) +
+ actovegin (1.0%); 8 — P(3BHB/4HB) + BC powder (1:1) + solcoseryl (5.0%); 9 — P(3HB/4HB) + BC powder (1:1) +
+ solcoseryl (1.0%) (MTT assay)

properties of the hybrids proved that the best
scaffolds, which facilitated fibroblast growth,
could be produced by combining the cellulose/
polymer systems and drugs. They were found
to be promising materials to fabricate wound
dressings for healing skin defects.
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