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Chronic non-healing wounds (CNHW) are very common and often incorrectly treated, the morbidity and associated
costs of chronic wounds management highlight the need to implement wound prevention and treatment concepts.

OBJECTIVE — to evaluate the possibility of different metal nanooxide polymer nanofilms use for CNHW’ local
treatment.

MATERIALS AND METHODS. The study design is based on evaluation of various types of dressing materials consid-
ering their option for use in CNHW local treatment. Samples of biodegradable polymer films (with an optimal
composition of gelatin, polyvinyl alcohol, lactic acid, glycerin and distilled water) saturated with nanoparticles
of several oxides with expected antibacterial and pro-regenerative feature — nZnO, nMgO in concentrations
of 1%, 5%, and 10 % were used in the study of antimicrobial action and substance release profiling. Quarterly
ammonium antiseptic decamethoxin 0.02 % was used for control.

REesuLrs. Obtained data shows that polymer based biodegradable films incorporating optimal component com-
position (gelatin, polyvinyl alcohol, lactic acid and glycerin) enriched with 5% and 10 % zinc nanooxide have
potent antimicrobial activity against both gram-positive and gram-negative microorganisms, the most common
causative agents of CNHW’s. The ion release capacity analysis showed that the Zinc impregnated wound-healing
biodegradable polymer film gradually releases the active substance in a time dependent manner, and the nano-
sized particles of nanoZinc oxide are released from the polymer composition faster than ordinary zinc oxide.

Concrusions. Complex natural biodegradable polymer based nanofilms are composite materials impregnated with
metal nanooxides showing high potential in local treatment of chronic non-healing wounds. Polymer film with 5 %
nanoZnO showed up to the 58 % higher antimicrobial activity, comparable or exceeding the one of quarterly ammo-
nium compound decamethoxin. Furthermore, nanoZnO impregnated polymer films compared to standard ZnO
impregnated polymer films showed up to 63.2 % faster substance release profile with rapid and more unified curve.
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Chronic non-healing wounds (CNHW) are those
that do not progress through a normal, and timely se-
quence of repair, and one of the most common chronic
conditions today impacting lifestyle and health status
of millions worldwide [1]. They are very common and
often incorrectly treated, the morbidity and associat-
ed costs of chronic wounds management highlight the
need to implement wound prevention and treatment
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concepts [3]. The mainstay of CNHW treatment is
the TIME concept, which includes Tissue debride-
ment, Infection control, Moisture balance, and Edges
of the chronic wound [2, 9]. Following these common
approaches are addressed, treatment may be focused
on specific to the ulcer type features [7, 19].

More than 70 % of patients with diabetes mel-
litus (DM) suffer from various complications of
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diabetes, among which the most common is diabet-
ic foot syndrome or diabetic foot syndrome (DFS),
which is a complex of morpho-functional and
pathogenetic changes in the tissues of the lower ex-
tremities against the background of diabetic micro-
and macroangiopathy. neuropathy, osteoarthropa-
thy [11]. In the majority of patients with DFS,
CNHW of the foot and lower leg are registered,
which in almost half of the cases ends in forced
amputations [4, 10].

CNHW are commonly associated with metabol-
ic, regulatory and vascular conditions. In addition
to DFS, another important types of CNHW are ve-
nous, arterial and pressure ulcers, which are slightly
less common but similarly poses a great risk for the
respective patients in terms of morbidity, mortality
and various complications. High levels of disability
and mortality determine the medical and socio-eco-
nomic significance of the disease [12, 19].

According to the existing recommendations, the
general principles of treatment of patients with
CNHW [1, 3] include compensation and normal-
ization of metabolism, including carbohydrate and
lipid violations, correction and compensation of or-
gan dysfunctions, detoxification; rational systemic
and local etiotropic antibacterial therapy; elimina-
tion/correction of angio- and neuropathy, unload-
ing (immobilization) of a limb; reduction of oedema
and ischemia; timely necessary and adequate surgi-
cal intervention; local treatment of a chronic wound
(ulcers or other defects of covering and soft tissues),
vascular resuscitation. The role of local CNHW’s
treatment is preserved throughout decades as ma-
jority of these patients have multiple comorbidities
and high risk for development of complications,
making high-scale surgical interventions dangerous
and ineffective [2].

Hitherto, there are significant differences in the
interpretation of many aspects of the treatment
of patients with CNHW, especially regarding the
choice and phasing of surgical interventions, se-
lection of local therapies, debridement techniques
and selection of remedies. At the current stage, op-
posing views on surgical activity in CNHW have
been formed. On the one hand, the implementation
of radical interventions already at the beginning of
the development of purulent-necrotic processes,
which is justified by the expected inevitability of
further pathological changes progression, on the
other hand, the maximum limitation of interven-
tions, and selection of merely conservative ap-
proach, which is justified by the high risk of their
complications [1, 2, 7]. As a result, there is a high
risk of unjustified choice of methods and stages
of surgical treatment in patients with CNHW,
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especially in terms of selecting the local procedures
and measures [18].

The above determines the need to develop an in-
dividualized approach to local surgical treatment of
patients with CNHW.

OgjecTIVE — to evaluate the possibility of dif-
ferent metal nanooxide polymer nanofilms use for
CNHW’ local treatment.

Materials and methods

The study design is based on evaluation of various
types of dressing materials considering their option
for use in CNHW local treatment and was fully
compliant with acting national and international
legislation in bioethics. Following the study, it may
act as a background for selecting the proper dressing
materiel for individualized treatment of CNHWs.

Samples of biodegradable polymer films (with an
optimal composition of gelatin, polyvinyl alcohol,
lactic acid, glycerin and distilled water) saturated
with nanoparticles of several oxides with expected
antibacterial and pro-regenerative feature — nZnO,
nMgO in concentrations of 1 %, 5%, and 10 % were
used in the study of antimicrobial action. Quar-
terly ammonium antiseptic decamethoxin 0.02 %
samples (n=>5) were used for control. The study of
antimicrobial activity was carried out by standard
solid media disk diffuse method (by inoculating
the surface of an agar plate with bacteria isolated
from clinical material). The inhibition zone in mm
was calculated after 24 hrs. of cultivation in ther-
mostat at temperature 36 °C. Ninety clinical strains
of microorganisms that are most often isolated
in 98 patients’ wounds content: . aureus MSSA
(n=10), S. aureus MRSA (n=10), S. epidermidis
MSSE (n=10), S. haemolyticus MRSH (n=10),
S. pyogenes (n=10), E. coli (n=10), P. aeruginosa
(n=10), C. freundii (n=10), Candida spp. (n =10).
Five samples of each tested polymer films were used
for obtaining more statistically valid results.

Study of the substance release capacity of bio-
degradable polymer films (n= 35, each type, respec-
tively) was performed spectrophotometrically or
using the colorimetric test system with a sensitivity
of 0.1—5 mg/1[17].

The raw digital data obtained in the study was
processed by the variation statistics method in MS
Excel software. Student’s t-test was used to test
whether the difference between two groups is statis-
tically significant or not. The frequency characteris-
tics of the investigated indicators (n, %), the average
values (mean — M) of the variability estimates of
the quantitative indicators (mean square deviation)
and the average error (m) were calculated.
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Results and discussion

Testing the activity of polymer films saturated with
antibacterial agents against clinical strains of mi-
croorganisms showed that the highest antimicrobial
effect was observed in films impregnated with deca-
methoxin, as expected, taking into account its topi-
cal antimicrobial activity. The results of the study
(Fig. 1) indicate the size of microorganism’s sup-
pression using the 5% concentration of zinc nano-
oxide in a biodegradable film base. This type of film
has the widest spectrum of antimicrobial activity
and effectively suppressed the growth of all tested
strains of microorganisms, especially emphasizing
S. pyogenes, coagulase-negative cocci (including
the methicillin-resistant strain of S. haemolyticus),
as well as Candidae spp. The nano-sized zinc oxide
films showed their acceptable antimicrobial poten-
tial in relation to all tested taxonomic group of op-
portunistic microorganisms. However, tested films
with magnesium nanooxide introduced into the
polymer base showed no significant antimicrobial
activity (not shown in the diagram).

The overview of biofilm’s antimicrobial efficacy
is presented in the table. Zones of microorganisms’
growth inhibition (mm) under the influence of films
with zinc nanooxide to some extent increased in ra-
tio to its concentration.

The best antimicrobial effect against resistant
MSSE and MRSH was observed in 5% ZnO films.
Whereas, B-hemolytic S. pyogenes was found to be
the most sensitive of all ZnO film samples, especially
at concentrations of 1 % and 5 %. Regarding polyresis-
tant P. aeruginosa, all studied nanofilms showed minor
but only a bacteriostatic influence. The antimicrobial

S. aureus MSSA
E.coli

Candida spp.

C. freundii

S. hemolyticus

S. epidermidis MSSE
S. pyogenes

S. aureus MRSA : :
\
\
\

0 5 10 15 20 25

Retention zone, mm

Figure 1. Efficacy of 5% ZnO antimicrobial action
against most common CNHW pathogens.
Data shows respective growth retention zone’s sizes

activity of the 5% and 10 % ZnO nanofilms was com-
parable to decamethoxin. A 5% ZnO impregnated
nanofilm showed top activity against E. coli, whilst
two times weaker antimicrobial effect was observed in
films impregnated with 10 % magnesium nanooxide.
Obtained data shows that polymer based biode-
gradable films incorporating selected component
composition (gelatin, polyvinyl alcohol, lactic acid
and glycerin) enriched with 5% and 10 % zinc na-
nooxide have potent antimicrobial activity against
both gram-positive and gram-negative microorgan-
isms, the most common causative agents of CNHW’s.
Expectedly, based on the literature data [4] the
speed of Zn?" ions release from the films significant-
ly increased when using its nanoform. Only dur-
ing first 5—15 minutes of test standard ZnO film
showed comparable release of ions. The most re-
markable difference between samples was observed
during 30— 1140 minutes of exposure (Fig. 2).

Table. Comparison of antimicrobial action of tested biofilms

Pathogen DKT 1% ZnO 5% ZnO 10 % ZnO 1% MgO 5% MgO 10 % MgO
S aureus MSSA  1429+021 978+0.17* 11.49+0.35% 11.98+033% 645+0.63* 632017 6.01+0.31%
S.aureus MRSA 1365025 1147+0.84* 10.90+046* 10.53+0.18 - - -

S. epidermidis MSSE 13.87+1.10 1539+0.46* 17.90+0.77% 15.78=0.60% - - -
i‘d}é"segdyﬁm 15814077 617+0.37% 1623+0.32% 1543+0.55¢ - - -

Str. pyogenes 2096+0.68 23.08+042* 2460+0.11% 1821+063%¢ - -

E. coli 892+047 888+027 1164+016* 940106 6.63+0.64%¢ 683+0.15% 7.01:+042%¢
P aeruginosa [10204036] - [9.46£0.18]  [9.83%0.20] - - -
Citrobacter freundii  4.82+0.67 1433+079* 1548+023* 11.00+043% - -
Candida 11694036 977+034 12.13+089% 13.20+0.67% - - -

Note. DKT — decamethoxin (control). Values in square brackets mean presence of bacteriostatic effect only.
* The difference from the control (decamethoxin) is statistically significant (p <0.05).

#The difference compared to 1% ZnO film is statistically significant (p <0.05).

& The difference compared to 5% ZnO film is statistically significant (p <0.05).
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Figure 2. Time-dependent comparison of 5% ZnO
and 5% nanoZnO ions release from polymer films

The ion-release capacity analysis showed that
the Zinc impregnated wound-healing biodegradable
polymer film gradually releases the active substance
in a time dependent manner, and the nano-sized par-
ticles of nanoZinc oxide are released from the poly-
mer composition faster than ordinary zinc oxide.
This phenomenon may have both positive and nega-
tive interpretations as longer release may decrease
the number and frequency of dressings, alleviating
iatrogenic wound trauma, however, faster release of
ions let achieving of higher drug concentration and
better, and more reliable antimicrobial action.

Adequate management of chronic non-healing
wounds remains challenging both in terms of preva-
lence and complexity [10]. In recent decades, con-
siderable progress has been achieved in understand-
ing the background of wound healing, and creating
novel approaches for their treatment [1, 6].

Whereas explosive volumes of studies and re-
lated publications may be found, and the develop-
ments of hundreds of dressing and therapy options
became available, the issue is far from being solved.
Moreover, existing database sometimes cause con-
fusions due to different research approaches used in
different studies, making extrapolation and use of
data problematic [5].

The efficacy of the complex gelatin-containing
polymer films use as carriers of therapeutic agents
has been previously mentioned in literature [2,
4, 15]. Available sources [16] indicate that on the
basis of natural biodegradable polymers combined
with active substances the composite materials
with specified substance release properties can be
created [12, 21], and metal nanooxides are well re-
leased from the polymer carrier, which significantly
increases the effectiveness of CNHWS’ local treat-
ment applying a smaller dose of drug [17, 18].

In this study we have confirmed well established
data concerning zinc containing [2, 13, 14, 20]
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polymer film efficacy. However, it remained unclear
whether different zinc concentrations could have
demonstrated significant variations in antimicro-
bial activity. Moreover, this is one of the first stud-
ies to introduce and explore nanoforms of polymer
films dedicated to CNHW treatment. Therefore, it
was shown that 5 % zinc as a nanoZnO is preferable
emphasizing its higher antimicrobial effect and ion-
releasing potential.

The limitations of the study include compara-
tively small dataset in terms of its size and in vitro
character of the methodical approach. Further clini-
cal studies of nanoZnO polymer films use may ac-
curately accomplish this study.

Conclusions

Complex natural biodegradable polymer based
nanofilms are composite materials impregnated
with metal nanooxides showing high potential in
local treatment of chronic non-healing wounds.
Polymer film with 5 % nanoZnO showed up to the
58 % higher antimicrobial activity, comparable or
exceeding the one of quarterly ammonium com-
pound decamethoxin. Furthermore, nanoZnO
impregnated polymer films compared to standard
ZnO impregnated polymer films showed up to
63.2 % faster substance release profile with rapid
and more unified curve.
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JOKIiHIYHA OIIiHKA iHAUBIAYAJIbHOI'O HiAXOAY JO JIIKYBAHHA
XPOHIYHUX TPUBAJIO HE3ATOIOBAHUX PAH
B.II. IToanoguii !, O. 5. Ionamok 2, P. 1. Cugopuyk !, I. B. Illeredontiok !, JI. I. Cugopuyk !

! ByKOBUHCHKMI fep:kaBHUIT MeandHKil yHiBepenTeT, YepHiBIii
2 Ipano-DpaHKiBCbKMIA HALIOHAIBHUIT MEMYHUI YHIBEPCUTET

Xponiuyni Hesarowsani panu (XHP) gyxe mommpeHi Ta 9aCTO HENPABWIBHO JIKYIOTBCHA, 3aXBOPIOBAHICTD
i MOB’A3aHi 3 M BUTPATH HA JIIKYBAHHS XPOHIYHUX PaH IiIKPECIIOIOTh HEOOX/IHICTh BIIPOBA/PKEHHSI KOHIICII-
1if IPOMUIAKTHUKY T4 JIIKYBAHHS PAH.

MeTa — OLIHUTH MOXJINBOCTI BUKOPHUCTAHHS Pi3HHUX MiCIIEBUX METOJUK i 3aCO6iB y JlikyBaHHI XHP.
Marepiaau Ta MeTOZM. [IM3alH JOCI/PKEHHS IPYHTYETBCS HA OLiHIi Pi3HUX TUIIB IIEPER I3yBAJIbHUX MATe-
piastiB 3 ypaxyBaHHAM IX MOXJIMBOCTi BUKOPUCTAHHSA IIPU MiCLIEBOMY JIiKyBaHHI XHP. 3pa3ku 6i0pO3KIajHUX
NOJIMEPHUX IUIBOK (3 OIITUMA/IbHUM CKIA[0M KEIATUHY, IIOJIiBIHIOBOI'O CIIUPTY, MOJIOYHOI KMCIOTH, IVIiLIEPU-
HY T4 JUCTWIbOBAHOI BOJIN ), HACUYCHUX HAHOYACTUHKAMU KiJIbKOX OKCH/IiB 3 O4iKYBAHOIO aHTUOAKTEPiaJIbHOIO
Ta IIPOPETEHEPATUBHOIO BIACTUBICTIO — NZnO, NMgO y KOHLIEHTPaLifax 1 %, 5 % 1a 10 %, 6y BAKOPHUCTAHI I
BUBUYEHHA aHTUMIKPOOHOI Aii Ta TPOMLII0 BUBUIBHEHHA 0401 PEYOBUHU. [IJI1 KOHTPOJIIO BUKOPHUCTOBYBAJIN
YETBEPTUHHO AMOHIEBUI AHTUCETITHK JeKaMeTOKCHH 0,02 %.

PesynapraTn. OTpUMAaHi /1aHi CBiYaTh, IO 6iIOPO3KIA/HI IUIIBKM HA MTOJIIMEPHINA OCHOBI 3 ONTUMAJIBHUM KOM-
MOHEHTHUM CKJIAZIOM (PKEJIATHUH, MOJIBiHIOBUH CIIUPT, MOJIOYHA KUCJIOTA T4 IJILEPUH), 36aradeHi 5% ta 10 %
HAaHOOKCHUJIOM LIMHKY, IEMOHCTPYIOTh ITOTYXXKHY aHTUMIKPOOHY IO SIK MO0 TPAMIIO3UTUBHUX, TAK i IpaMHe-
TATUBHUX MIiKPOOPIraHi3MiB, HAMOLIBII NOMUPEHUX 30yIHUKIB XHP. AHAsi3 3aTHOCTI O BUBIBHEHHS iOHIB
MOK434B, IO MPOCOYEHA IIMHKOM PaHO3arOI0BAJIbHA 6i0OPO3KIAIHA OMIMEPHA IUIBKA ITOCTYIIOBO BUBIIBHAE
AKTHUBHY PEYOBUHY 3AJIEKHO Bif] 4aCy, 4 HAHOPO3MiPHI YaCTHUHKN HAHOOKCHY LIMHKY BHUBUIBHAIOTBCA 3 I1OJI-
MEPHOI KOMIIO3ULIi{ NIBUAIIE, HiPK 3BUYAHHNUI OKCHJ] [TNHKY.

BucHOBKH. KOMIUIEKCHI IpUPO/IHI 6IOPO3KIaaHi HAHOIUIIBKM H4 OCHOBi MOMIMEPIB — 1I€ KOMMO3UITiHHI
MaTepiaIy, IPOCOYEH] HAHOOKCUAAMH METAIIB, IKi MAIOTb BUCOKUI MTOTEHILiAI [T MiCIIEBOI'O JIIKYBAHHA XPO-
HIYHUX PaH, IO HE 3aroI0l0ThCs. [ToniMepHa IUIiBKa 3 5 % HaHOZNO IMOKA3a/1a HAUBUIIY AHTUMIKPOOHY aKTUB-
HICTB, IOPIiBHAHHY 400 TAaKY, IO MEPEBUIYE YETBEPTUHHO AMOHIEBY CIONYKY — JAEKAMETOKCHUH. Kpim TOroO,
MOJIIMEPHI IUIiBKY, IPOCOYEH] HAHOZNO, NOPIBHAHO 3i CTAHIAPTHUMH NOJIMEPHUMU IUTiIBKAMHU, TPOCOYEHUMU
ZnO, NOKA3AJIN KPAIIMI TPOMLIb BUBUIPHEHHA PEYOBHHHU 3 MIBU/IIIOIO T OB YHiI(DIKOBAHOIO KPUBOIO.
KiIrouoBi ¢j10Ba: XpOHiYHA PaH4, BUPA3KA, JiKYBAHHS, HAHOOKCUJT METAITY, IOJTiMEPHA HAHOIUIBKA, AaHTHMIK-
POOHA AKTUBHICTD, 6iOTLIiBKA.
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