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Hemp. OLleHWTH MeXaHWYECKHE W IeTpaaupylollie CBOWCTBA HAHOCOAEPKAIIUX PAHO3aKUBIISIOIIMX
MOJIMMEPHBIX MAaTepUAaIOB B MCCIIEAOBAaHUM in Vvitro.

Marepuan u mMetoabl. i McCCAeqOBaHUSI HCIIONb30BAIMCH OMOMOJIMMEPHbIE OCHOBBI B BMIE TUIEHOK,
B KOTOpblE BBOAMJIM HaHOOKcUA LUHKA (ZnO), HaHookcua MarHus (MgO) u HaHookcua KpemHus (SiO;) B
Pa3IMYHBIX KOHLEHTpaUsX. B ycmoBusx in vitro u3ydaau nerpamalnio, OTHOCUTEIBHOE YITMHEHUE TIPH pa3phiBe,
MPOYHOCTL TIPU pa3pbiBe Ha Pa3pbIBHOI MalllMHE, IJIOTHOCTh M TBepmocTh o Illopy, a Takxke Habyxaroline
CBOICTBA MCCIeIyeMbIX OMOTIOIMMEPOB.

Pesyabratel. VccinenoBanue mokasajio, 4To BBEICHHE B MOJMMEPHYIO OCHOBY 1%-T0O OKcHIa KpeMHUS
HECKOJIbKO YBEJUYMBAET MPOYHOCTh MJICHKM TPU Pa3pbiBe, B TO BpeMsl KaK YBeJMYEHME ero coaepXaHus 10 5%
HECKOJIbKO YMeHbIIaeT ee. Takast ke 3aKOHOMEPHOCTh HabIoAaIach U B CIydasX BBEACHUS B TUNIEHK HAHOOKCHUIIOB
LIMHKA U MarHus. Yepe3 oIHU CYTKM BBIICPXKKHU TJIEHOK B BOJE MPOYHOCTh MPH Pa3pbiBe HE yAaloCh YCTAaHOBUTb,
TaK IJICHKW IETPamvpoBaIv M pa3pyllalich MPH 3aKPeIUICHUH MCCISIyeMbIX 00pa3IioB B Pa3phIBHON MallliHe.
DTO CBUIETENBCTBYET O CIIOCOOHOCTH IJICHKM JEeTPaaMpoBaTh, HaXOOSICh B KOHTAKTe C XKUAKOCThIO. IIpoBemeHme
nccienoBaHus mpu 36°C mokaspIBaeT, YTO MPOYHOCTh BCEX TUICHOK PE3KO CHIKAETCST M HAaXOMUTCS B Tpeaeiax
MOTPELTHOCTH Pa3pbIBHON MalMHbL. MccnenoBaHe TIIOTHOCTH CMHTE3MPOBAHHBIX TJICHOK MTOKAa3ajio, YTO TJIeHKU
¢ 1% comep:kaHMeM HAaHOOKCHIOB IIMHKA M OKCHAA KPEMHHS MMEIOT BBICOKYIO IUTOTHOCTb, YTO KOPPEIUpPYeT
C TIPOYHOCTBIO TIpU paspbiBe. OmpenesicHNe CTEIeHW HaOyXaHWs TUICHOK ITT0Ka3ajo BBICOKYIO CITOCOOHOCTH K
HabyXaHWIO TUIEHOK 6e3 HAaHOOKCHAA IIMHKA M HECKOJbKO YMEHBIICHHYIO CTelleHb HaOyXaHWsl B MPUCYTCTBUU
HaHOOKCHA IIMHKA.

3akmouenne. [IpoBeieHHBIE HaMM MCCAENOBaHMSI TOKa3ajud, YTO CBOWMCTBA OMOAErpamupyrOIIUX
MOJIMMEPHBIX MaTepUAJIOB 3aBUCSIT OT KOHLEHTPAUMU JEHCTBYIONIMX JIEKAPCTBEHHBIX CPENCTB, KOTOPhIE B HHX
BBE/ICHBI, a HAJIMYME Y HUX CBOMCTBA Jerpamalliid MOXET 00eCIeYnTh JO3MPOBAHHYIO JTOCTABKY JIEKAPCTBEHHOTO
cpencTBa B 00J1aCTh MOPAKEHUS.

Karouegvie crosa: pamnvl, newenue paH, panesvie NOKPbIMUs, HAHOCOOepICAUUe Mamepuasl, deepadupyioujie
noauMepHble Mamepuanbl

Objectives. To evaluate the mechanical and degrading properties of nano-containing wound-healing
polymer materials in the study in vitro.

Methods. The bio-polymer bases in the form of films were used in the research in which nano-oxides zinc
(Zn0), magnesium nano-oxides (MgO) and pyrogenic silica (SiO,) in various concentrations were introduced. The
degradation, relative elongation at break, tensile strength in tensile testing machine, density and Shore hardness, and
their swelling properties of the studied bio-polymers were investigated in vitro.

Results. The study has shown that the introduction into the polymeric base of 1% solution of silicon oxide
slightly increases the film strength, while an increase in its content up to 5% slightly reduces it. The same pattern
is observed in the case of the introduction of zinc and magnesium into the film. After 1 day of the film exposure
in water, tensile strength could not be determined as the films degraded and was destroyed while fixing the studied
materials in the tensile machine. This demonstrates the ability of the film to degrade being in contact with the liquid.
Conducted at 36°C study shows that the strength of all films is sharply reduced and is within the error of the tensile
machine. Investigation of the density of synthesized films has shown that films with 1% content of zinc nanooxides
and silicon oxide have a high density, which correlates with the breaking strength. Determining the degree of film
swelling has shown a high capacity for swelling in the films without nanooxides of zinc and somewhat decreased
degree of swelling in case of its presence.

Conclusions. Our study has shown that the properties of bio-degradable polymeric materials depend on
concentration of active drugs that are introduced and their degradation properties can provide drug delivery of the
medication to the affected region.

Keywords: wounds, treatment of wounds, wound coverings, nano-containing materials, degradable polymer
materials
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Introduction

Wounds and related complications tend
to increase in number. It should be noted that
effective treatment of wound infections is crucial
for a patient [1].

Nowadays, various methods and tools are
applied for the wounds treatment [2]. One of such
promising methods of wounds healing, preventing
infections and their complications is developing new
polymers with biodegradable properties [3].

Such materials must be biocompatible, non-
toxic and degrade gradually with the ability to
deliver a therapeutic agent [4].

The most effective ones are biologically active
wound healing coatings that have all the necessary
properties for normal wound healing process taking
into account a stage, with additional therapeutic
effect due to the medications they contain [5, 6].

Currently, broad-spectrum antiseptics are
used increasingly for pathogenic microorganisms’
termination in the wound [7].

The polymer systems with controlled release
of bioactive substances are composed of polymer
carrier and of an active ingredient which form a
complex possessing a certain physiological activity
and variable pharmacokinetics. While developing
polymer systems with bioactive substance, mainly
with drugs, the choice of polymer is determined
not only by such its properties as biocompatibility,
ability to biodegradation, molecular weight,
molecular weight distribution, physical and
mechanical properties, porosity, viscosity, etc., but
also its ability to implement a mechanism of drugs
controlled release within the optimal period of time.
The materials intended for the wounds treatment,
must meet many requirements and, besides, must
have optimal biodegradation period [§].

In polymer systems with controlled diffusion,
a drug does not form a chemical bond with the
polymer; its release occurs either due to diffusion
through the polymer membrane or due to polymer
degradation [9].

The objective of the study was to evaluate the
mechanical and degradable properties of nano-
containing wound healing polymer materials during
the in vitro experiment.

Methods

The developed biodegradable polymer base
“Biodep” [10], which contains gelatin, polyvinyl
alcohol and lactic acid cross-linked under the
influence of microwave irradiation with glycerol
added as a plasticizer.

Biopolymer bases containing zinc nano-
oxide (ZnO), magnesium nano-oxide (MgO)

and the pyrogenic silica oxide (SiO) in different
concentrations were used for the study.

The samples used for the study were made in
the form of the film and were marked according
to their composition in the following sequence:
1 — polymer base (control); 2 — polymer base with
1% of pyrogenic silica; 3 — polymer base with 5%
of pyrogenic silicon oxide; 4 — base polymer with
1% of nanoscale zinc oxide; 5 — polymer base with
5% of nano-oxide nanoscale zinc; 6 — polymer
base with 1% of nanoscale magnesium oxide; 7 —
polymer base with a 5% of nanoscale magnesium
oxide.

The tests were conducted at temperature 18°C
and 36°C and at the relative humidity 78-80%. The
samples were studied, provided they stay in the air
and in distilled water within 1 hour and 24 hours’
time intervals, respectively.

Under in vitro conditions, degradation,
breaking elongation (All Union State Standard —
14236-81), breaking strength (All Union State
Standard — 14236-81) on the tensile machine of
FPZ-10/1 type, density (All Union State Standard
15139-69) and Shore hardness (All Union State
Standard 24621-91) were studied in the “Laboratory
of certification testing of anticorrosive insulation
pipelines testing” at “Institute of Physics and
Mechanics named after G.V. Karpenko” of the
National Academy of Sciences of Ukraine.

The swelling rating study of the designed
samples was performed in the laboratory at the Chair
of Biological and Medical Chemistry of SHEE
“Ivano-Frankivsk National Medical University”.

The swelling rating study of the designed
samples was performed according to the practical
standard, up to which samples were weighed
on the electronic scales AD200 (weighing error
0,001-0,003 g), and submerged at temperature 18°C
and 36°C. Samples were picked up from water, their
surface was wiped with filter paper to remove the
water excess one hour after, 24 hours and 48 hours
afterwards.

The swelling rating was calculated according
to the formula:

azu.loo%

m

where, — swelling rating; m; — sample weight
after submerging; my — sample weight before
submerging.

All studies were performed three times, with
defining the mean values and with processing
statistical data which were registered in the table.
Parametric descriptive statistics was used, and
license packages for statistical analysis of Microsoft
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Table 1

Mechanical Strength Testing (Mtm)

Characteristics sample,

Sample Tests Results,

MPa 1 2 3 4 5 6 7
Breaking strength 4.8+0.25 5.10£0.49 2.50+£0.31 2.40+0.34 1.10+£0.03 3.0+0.10 1.4%0.07
Breaking strength after 1.8£0.10  2.20%£0.06 0.4£0.01  0.5%0.01 0.1£0.01 0.9£0.04 0.2+0.01
submerging for 1 hour, at
t 18°C
Breaking strength after Sample  0.08+£0.002 0.093+0.011 0.09+0.0030.04+0.003 0.05+0.002 0.04+0.001

submerging for 1 hour, at ruined during
t 36°C the test

Breaking strength after
submerging for 24 hours,
att 18°C

Breaking strength after
submerging for 24 hours,
at t 36°C

Samples ruined during the test

Samples ruined during the test

Excel were used. The data are presented as an
average and standard error (M*m). Differences
were assessed with the help of Student’s t-test and
accepted them as reliable at p<0.05.

Results

The analysis of the breaking strength (Table 1)
reveals that the introduction of 1% silicon oxide
into the film polymer basis, makes it slightly
stronger whereas increasing silicon oxide content
up to 5%, somewhat reduces film strength. The
same pattern was observed in cases of zinc nano-
oxide and magnesium adding into the film.After
sample submerging for 1 hour at temperature18°C,
its breaking strength decreased about twice. The
research conducted at temperature 36°C shows that
the film breaking strength decreases rapidly and
remains within the error of the tensile machine.
After film submerging for 24 hours, its breaking
strength could not be defined, since the film
degraded and were destroyed when the studied
samples were being fixed in the tensile machine.
This proves the film ability to degrade under the
contact with the liquid.

Breaking elongation study (Table 2) shows
that the films have a relatively high percentage
of elongation of the polymer base that is reduced
after adding 1% of silicon oxide and increases with

its contents decreasing. Zinc nano-oxidemakes
breaking elongation relatively higher than it is in the
base film regardless of its containing percentage. At
the same time, the presence of magnesium nano-
oxide makes samples breaking elongation lower.
After the film submerging for 1 hour at t 18°C,
its breaking elongation decreases about 3 times.
While submerging the film for 1 hour at t 36° C,
this characteristic slightly increases. It appeared
impossible to measure the relative elongation after
1 day because of the polymer ability to degrade after
a long contact with water.

Studies of the synthesized films density proved it
to be within the range of 1.5 £0.05 (M®m) (Table 3),
but the film containing 1% of zinc nano-oxide
content demonstrated high (1.78 g/cm?) and silicon
oxide (1.42 g/cm?’) density, which correlates with
the breaking strength. Shore hardness research in
conventional units (c.u.) revealed greater hardness
in the sample with magnesium nano-oxide than with
other medications, showing its inverse relationship
with strength while breaking.

Findings analysis shows that film
strengthprovided its sufficient level of strength is
greatly affected by absorbed water, which makes
the film structure less stable, and which in its turn
results in degradation.

Films swelling rating of the most promising
films proved to be higher in the samples without

Table 2
Breaking elongation
Characteristics, % Sample Tests Results,
1 2 3 4 5 6 7
Breaking elongation, % 78 60 100 83 82 60 63
Breaking elongationafter submerging for 1 hour,att 18°C, % 20 17 30 25 24 19 12

Breaking elongationafter submerging for 1 hour, at t 36°C, %

Breaking elongationafter submerging for 24 hours,at t 18°C,%
Breaking elongationafter submerging for 24 hours,at t 36°C,%

Samples ruined 41 50 28 32 22 37

during the test
Samples ruined during the test
Samples ruined during the test
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Table 3
Density and hardness of synthesized films (M+m)
Characteristics Test Results
1 2 3 4 5 6 7
Density, g/cm? 1.03+£0.01 1.42+0.05 1.02+0.01 1.784+0.04 1.05+0.02 1.16x0.08 1.01%0.01
Shore hardness (c.u.) 7840.10  544+0.05 76+0.06 724+0.03 8240.23 86+0.30 96+0.30
Table 4
Films swelling rating study
Sample Test Results
Weight, g Weight, g Swellingrating, Weight, g Swellingrating, = Weight, g = Swellingrating,
in 1 hour % in 24 hours % in 48 hours %
1 0.2840.01 1.101£0.03 293.2 1.488+0.01 431.4 0.9240.04 228.6
4 0.57£0.02 1.650%0.03 189.5 2.3%0.01 303.5 2.15%£0.03 277.2
5 0.75+£0.04  2.2+0.02 283.3 2.98+0.05 297.3 2.23%0.1 197.3

zinc nano-oxide and it was slightly reduced in
the samples containing it (Table 4). At the same
time, swelling rating of the films without the active
ingredient started to decline after 2 days, but it was
greater in the presence of zinc nano-oxide.

Discussion

Thus, it was found out that the mechanical
stability of the polymer films meets the requirements
for their application and depends on the concentration
of the medication it contains. The water impact
on these properties further confirms that these
films gradually degrade under the influence of
fluid and can be used as a means of drug delivery
in the wounds treatment. Confirmation of such
dependence of degrading and mechanical properties
of polymer films depending on their content is
discussed in some experimental studies [5].

Some scientific studies confirm our results
concerning swelling of the tested material. Adding
some nano-composite materials into the film base
directly affects the physical and chemical properties
of polymer materials [11, 12].

Conclusions

1. The developed biodegradable polymer
materials have sufficient flexible and mechanical
properties for their application in the wounds
treatment.

2. Mechanical and degradable polymer
properties depend on the concentration of the active
medications theycontain.

3. The synthesized polymeric material gradually
degradesunder fluid impact and it can provide drug
dosage delivery into the area of injury.
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