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Microbiological substantiation of the use of xenografts saturated with silver
nanocrystals for the treatment of burn wounds

The aim of the work: to study the antimicrobial efficacy of xenografts saturated by silver nanoparticles, to suggest their application in

the treatment of burned wounds.

Materials and Methods. The antimicrobial efficacy of xenografts saturated with silver nanocrystals was investigated in vitro by diffusion
into agar, in a liquid nutrient medium and by studying the adhesive activity using test cultures: Staphylococcus aureus ATCC 6538,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 9027 and Candida albicans ATCC 885-653.

Results and Discussion. The antimicrobial properties of silver, which was saturated the pieces of cryolyophilized xenoskin, were not
inferior to the effectiveness of modern dressings, which were used as a positive control (wound dressing applications Mepilex Transfer Ag
(Molnlycke, Sweden) ta Atrauman Ag (Heidenheim, Germany)) in studies. Nanosilver had reduced a bioburden in infected wounds and
the adhesive potential of microorganisms, which is important to prevent contamination of burn wounds.

Thus, the possibility of using xenografts saturated with silver nanocrystals it is considered for local treatment of burns in order to prevent

purulent-inflammatory complications that may occur.

Key words: burns; xenograft; silver nanocrystals; antimicrobial properties.

Problem statement and analysis of recent re-
search and publications. One of the main factors de-
termining the prognosis of burn injuries severity is mic-
robial contamination of the wound. It is known, at least
50 % of a mortality caused by burns are the result of
wound infections, which is inevitable even with perfect
compliance with the rules of asepsis and antiseptics. The
critical number of microbes that determines the deve-
lopment of the inflammatory purulent process is > 105
microbial cells in 1 g of wound tissue [1]. Invasion and
colonization of the wound surface by microorganisms
slow down a wound healing, lead to a deepening burn,
and may lead to generalization of infection. Therefore, a
treatment of local medicines that would prevent micro-
bial contamination of burn wounds or reduce it below
the critical level must be provided.

The elaboration of silver-containing antimicrobi-
al applications is one of the modern nanotechnology
and medicine fields. First of all, an advantage of sil-
ver nanoparticles use is due to the pharmacological
effects of this metal: a wide antimicrobial range, lack
a development of a resistance of most pathogenic
microorganisms to silver containing medicines, their
immunomodulatory properties, absence of data of
hypersensitivity to them [2, 3]. The mechanisms of
antimicrobial action of this metal are not yet studied
well. However, it has been known that such action
conditioned the interaction of positively charged sil-
ver ions with the electrostatic forces of the microbi-
al cell, which have a negative charge; inhibition of
transmembrane transport of Ca** and Na*; formation
of silver complexes with nucleic acids, which leads

to disruption of DNA stability, or with a sulfur atom,
which leads to the inactivation of proteins containing
thiol groups, thereby inhibiting the viability of micro-
organisms [4, 5, 6]. In another study, it was found that
silver ions exhibit bactericidal properties by inhibiting
bacterial cell wall synthesis and affecting ribosome
protein synthesis at the 30S subunit, or by inhibiting
the activity of some transmembrane enzymes, there-
by damaging the bacterial cell membrane structure [7,
8]. It is proved that silver, especially in nanocrystal-
line form, has fungicidal activity. The effect of silver
is due to the irreversible binding of this metal to the
cysteine residue, which contains a thiol group in the
phosphomannose isomerase, interrupts the synthesis
of cell walls and, in turn, leads to loss of essential nu-
trients and death of fungi, for instance C. albicans [9].

The antimicrobial properties of silver are signifi-
cantly enhanced by its transition into nanoparticles [6].
Silver nanoparticles considered as the most promising
as they contain remarkable antimicrobial efficacy due
to their large surface area to volume ratio [10]. The use
of silver as nanoparticles can reduce the concentration
of the metal hundreds of times while maintaining all
its bactericidal properties. It is proved that the use of
silver medicines increases wound healing, in particular,
burns due to the reduction of inflammatory processes in
the wound, prevention of microbial contamination and
modulation of fibrogenic cytokines [6, 11, 12]. Sum-
marizing the current data of medicinal and antimicro-
bial properties of silver nanoparticles the new wound
management standards based on the usage of silver can
be suggested as potentional therapeutic choice.
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The aim of the work: to study the antimicrobial
efficacy of xenografts saturated by silver nanoparti-
cles, to suggest their application in the treatment of
burned wounds.

Materials and Methods. The antimicrobial effi-
cacy of xenografts saturated with silver nanoparticles
was studied in vitro by diffusion in an agar and in a li-
quid nutrient medium according to standard laboratory
methods [13]. The following ATCC strains of microor-
ganisms were used in the experiments as: Staphylococ-
cus aureus ATCC 6538, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 9027 and Candida
albicans ATCC 885-653. The method of diffusion in
an agar was standardized by the ensuring thickness of
the Mueller-Hinton nutrient medium (10 mm), the area
of xenograft flaps (1 cm?) at a concentration of 0.5 on
the McFarland turbidity standard. Xenograft flaps were
pre-moistened with sterile sodium chloride saline. In a
Petri dish on the surface of nutrient medium a xenograft
flap saturated with silver nanoparticles and also sam-
ples of Mepilex Transfer Ag (Molnlycke, Sweden) and
Atrauman Ag (Heidenheim, Germany) silver-contain-
ing dressings (positive control) and a sterile xenograft
flap were placed. The bacterial cultures were incubated
at 37 °C during 24 hours. The results were carried out
by measuring the diameter of the zone of growth inhi-
bition of microorganisms around the samples. Evalu-
ation of antimicrobial activity, taking into account the
size of the flaps, was performed according to the fol-
lowing criteria: an absence of microbial growth inhibi-
tion around the flap or presence of a growth inhibition
zone up to 16 mm in diameter was assessed test-micro-
organisms as not susceptible to the sample; the zone of
growth inhibition with a diameter of 16-19 mm was
evaluated as low susceptibility of a test-strain to the
sample; the zone of growth inhibition with a diameter
of 19-29 mm was evaluated as sufficient susceptibility
of microorganisms to the sample; more than 29 mm —
as high susceptibility of test-strains.

Antibacterial and antifungal effects on test-strains
of microorganisms were also determined using a lig-
uid nutrient medium. Xenograft flaps saturated with
and without silver nanoparticles, and flaps of Mepilex
Transfer Ag (Molnlycke, Sweden) and Atrauman Ag
(Heidenheim, Germany) dressings sized 10x10 mm
were put in test tubes with sterile sugar meat-peptone
broth (MPB). Then 0.1 ml of standardized suspension
of daily cultured test-strain at a concentration of 0.5 on
the McFarland standard was added to each tube. After
that test tubes were incubated at 37 °C for 1 hour, 24,
48 and 72 hours. The presence or absence of micro-
bial growth was visually assessed, and the contents
of the tubes were inoculated on a sugar meat-peptone
agar (MPA) in Petri dishes by a streak method using
a 2 mm diameter bacterial loop and the concentration

of the microbial cells in each test tube was determined
by the Gold method. Each of the experiment was per-
formed 10 times. Statistical analysis of the obtained
data was performed using the software package Sta-
tistic 10.0 and Microsoft Office Excel.

The adhesive properties of test-strains of microor-
ganisms were studied on formalized human erythrocytes
0 (I) blood group, Rh (+) according to the Brillis method
[14]. To assess the effect of silver nanoparticles on the
adhesive activity of test-strains the determination the in-
dex of adhesiveness of microorganisms (IAM) was done.
Test-microorganisms were considered non-adhesive
if IAM <1.75, low-adhesive if IAM=1.76-2.5, medi-
um-adhesive (IAM=2.5-4.0), high-adhesive (IAM>4.0).
If a difference between the indexes of adhesiveness in the
experiment and control was at 20 % or more the changes
of an adhesive potential of bacteria or yeast were consi-
dered significant. The experiments were performed three
times. The obtained data were displayed as arithmetic
means with standard deviation (x £ SD), subjected to
statistical processing using Microsoft Excel 2003.

Results and Discussion. Estimation of antimicro-
bial activity of xenografts and dressings samples by
agar diffusion method is shown in Table 1. According
to the data obtained, the xenograft saturated with sil-
ver nanoparticles was not inferior to the effectiveness
of the Mepilex Transfer dressing, and it was found to
be better than Atrauman Ag dressing. According to
the obtained zones of growth retardation of test cul-
tures on solid nutrient medium, gram-positive bacte-
ria S. aureus and yeast C. albicans, non-fermenting
gram-negative rods of P. aeruginosa showed low sen-
sitivity to silver nanoparticles. Susceptibility to the
studied samples of E. coli was assessed as sufficient.

As a result of incubation of standardized suspen-
sion of pure cultures of test microorganisms (Staphy-
lococcus aureus, Escherichia coli and Pseudomonas
aeruginosa and yeasts Candida) in sugar MPB in the
presence of given flaps a distinct antimicrobial effect of
silver nanoparticles was found (Table 2). After 1 hour
of culturing the test-strains in the presence of xenograft
fraps saturated with silver nanoparticles, also Mepilex
Transfer Ag and Atrauman Ag dressings, no growth of
gram-negative bacteria was detected, but very weak
growth of Staphylococcus aureus and Candida was ob-
served. Very weak growth was detected in test tubes
with xenograft fraps without silver nanoparticles too.
The concentration of the microbial suspension in these
tubes was decreased, apparently due to the adsorption
properties of cryolyophilized xenograft. The most ef-
fective influence of silver nanoparticles was found on
test-strains of E. coli and C. albicans. Even after 48
hours the MPB in test-tubes remained sterile, and after
72 hours very weak growth of these microorganisms
was observed. The growth of single colonies of test-

ISSN 1681-2778. LUMUTA/IbHA XIPYPIIA. XXypHasn imeHi /1. A. Kosasibuyka. 2022. Ne 1 13



OPUIIHAJIBHI 4OC/IIA>KEHHA

Table 1. Determination of antimicrobial activity of cryolyophilized xenograft saturated with silver
nanoparticles by agar diffusion method

Xenograft flap Control
saturated WiFh silver | yenograft flap without flap of Mepilex flap of Atrauman Ag
nanoparticles silver nanoparticles | Transfer Ag dressing dressing
No. olr\/[;(:ics);n zone of zone of zone of zone of
& microbial | level of | microbial | level of | microbial | level of | microbial | level of
growth | suscepti- growth | suscepti- | growth | suscepti- growth | suscepti-
inhibition, bility inhibition, bility | inhibition, bility inhibition, bility
mm mm mm mm
1 | S. aureus 18.1+0.6 low 0 non 17.3£0.9 low 16.3+1.5 low
2 | E. coli 21.8+1.8 | sufficient 0 non 20.3£2.2 | sufficient | 18.3+1.1 low
3 | P.aeruginosa | 18.5+1.8 low 0 non 16.0£0.8 low 13.842.2 low
4 | C. albicans 16.7+1.6 low 0 non 15.5+2.1 low 15.1+1.4 low

strains of S. aureus, P. aeruginosa was detected after  properties that were not inferior to the degree of effec-
48 hours of cultivation only. Cryolyophilized xenograft  tiveness of modern dressings, which were used as a
flaps saturated with silver demonstrated antimicrobial  positive control (Table 2). Mepilex Transfer Ag dres-

Table 2. Determination of antimicrobial properties of cryolyophilized xenograft with silver nanoparticles in
liquid nutrient medium

Growth of test-strain in the presence of
Micro- xenograft flap control
No. . Time .
organism sgture}ted xenograft flap | flap of Mepilex flap of test-strain in
with sﬂyer without silver | Transfer Ag Atrauman Ag MPB
nanoparticles nanoparticles dressing dressing

1 2 3 4 5 6 7 8
1 | S. aureus 1 hr + + + + o+
24 hrs - ++ - - S+
48 hrs + +++ + + St
72 hrs + ++++ + ++ S+
2 | E. coli 1 hr - ++ - - T4+
24 hrs - +++ - - o+
48 hrs - ++++ - + T+
72 hrs + ++++ + +++ St
3 | P. aeruginosa 1 hr - ++ - - T+
24 hrs - +++ + + +4++
48 hrs + ++++ ++ ++ 44+
72 hrs. ++ ++++ +++ ++++ ++++
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Continuation of Table 2

1 2 3 4 6 7 8
4 | C. albicans 1hr + ++ + + T+
24 hrs - +++ - - S+
48 hrs - ++++ + + I
72 hrs + ++++ ++ ++ o+

Notes: + — very weak microbial growth (growth of single colonies — up to 10 on a medium in a Petri dish), which is less than 103

colonyforming units (CFU)/ml;

++ — weak growth (10-25 colonies), which is 103 — 5x103 CFU/ml;
+++ — moderate growth (from 50 to 100 colonies), which is 10* — 10° CFU/ml;
++++ — massive growth (impossible to count the number of colonies), amounting to 10° CFU/ml

sings showed the same antimicrobial activity, while
Atrauman Ag dressings showed slightly lower antimi-
crobial activity in comparation with xenografts with
silver particles. Moreover, it was noted that xenograft
has had better adsorption properties of compared to the
control. This phenomena was visible due to more in-
tense green color of the MPB as a result of the release
of pigment by P. aeruginosa in test tubes with samples
of dressings.

The following test-strains were used in studies
on the effect of nanocrystals on adhesive properties:
gram-positive cocci S. aureus ATCC 6538, gram-neg-
ative E. coli ATCC 25922, P. aeruginosa ATCC 9027
and yeast C. albican 558SS. Microorganisms were cul-
tivated in MPB in a presence of flaps. IMA The data
obtained in this experiment are presented in Table 3.

The IAM of S. aureus was determined as high ad-
hesive. However, a cultivation of these test-strains in
the presence of silver nanoparticles led to the staph-
ylococcal adhesive activity reduction to the ave-

Table 3. The adhesiveness of test-strains under the

rage level (IAM=2.56+0.24). The adhesiveness of
gram-negative bacteria E. coli and P. aeruginosa was
decreased under the influence of silver nanoparticles
from medium-adhesive to low-adhesive (IAM be-
came (1.86£0.63) and (2.21+0.59), respectively). The
C. albicans test-strains demonstrated a medium ad-
hesive potential. The presence of silver nanoparticles
during yeast cultivation caused a decrease of the index
of microbial adhesiveness to low level. Obtained data
has shown the indexes of the adhesiveness of micro-
organisms under the influence of silver nanoparticles
were changed significantly, as the difference between
the indexes of adhesiveness of microorganisms in the
experiment and control was more than 20 %.

Silver nanoparticles can be easily incorporat-
ed in dressings and have significantly decreased
wound-healing time and increased bacterial clearance
from infected wounds [16]. Our studies have shown
that cryolyophilized xenografts saturated with silver
nanoparticles can be effectively used to prevent the

action of silver nanoparticles

IAM
. . xenograft .
Microorganism flap saturated flap of Mepilex flap of Atrauman xenograft flap .
L Transfer Ag . without silver without flap
with silver dressi Ag dressing .
. ressing nanoparticles
nanoparticles
S. aureus 2.56 £ 0.24%* 2.81 £ 0.23* 2.94 £0.41* 4.61£0.27 5.52+£0.41
E. coli 1.86 + 0.63* 1.89 + 0.52* 2.25+0.48* 3.9+0.73 3.93+£0.28
P. aeruginosa 2.21 £ 0.59* 1.94 + 0.34 2.47 £0.80 3.84 £ 0.36 3.88 £ 0.81
C. albicans 1.78 £ 0.32 2.16 £ 0.37 2.35+0.54 2.70 £0.93 2.85+0.43
Notes: * — the presence of reliability at a significance level of p <0.05 relative to control (test-strain in the MPB);
— transition of strain to a category with lower adhesiveness.
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development of purulent-inflammatory complications
in the treatment of burns, as this metal exhibits anti-
microbial properties. It is proved that there is a diffe-
rence in the efficiency of silver nanoparticles against
gram-positive and gram-negative flora. The difference
in the degree of a gram-negative and gram-positive
microflora sensitivity to silver nanoparticles, appa-
rently, is due to the peculiarities of the structure of the
cell membrane, which is confirmed by other studies
[3,17, 18].

The results showed that silver nanoparticles which
were saturated xenografts and dressings, caused the
transition of test-strains of S. aureus from the catego-
ry of high-adhesive to the category of medium-adhe-
sive, and test-strains of E. coli, P. aeruginosa, C. al-
bicans — from the category of medium-adhesive to the
category of low-adhesive. The decrease in the adhe-
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to erythrocyte fibronectin. The decrease in the adhe-
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nisms is a pathogenetically approach to prevent puru-
lent-inflammatory complications of burn wounds.

Conclusions. The obtained data allows conside-
ring the possibility of using xenografts saturated with
silver nanoparticles for the local treatment of burns in
order to prevent purulent-inflammatory complications
that may occur. It shows promising results in healing
of contaminated wounds too.
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OPUIIHAJIBHI 4OC/IIA>KEHHA

H. B. TY3IOK, O. B. MOKPULLKO

TepHONINbCbKNI HaLiOHA/TbHUI MeAUYHWIA YHIBEPCUTET iMeHi |. A. fopbayeBcbkoro MO3 Ykpainu

MIKPOBIO/IOTTYHE OBIPYHTYBAHHS BUKOPVMCTAHHA KCEHOTPAHCIIVIAHTAHTIB,
HACHNMYEHNX HAHOKPUCTAJIAMMU CPIBJIA, VI JIIKYBAHHSA OINIKOBUX PAH

Merta po0oTH: BUBUNTH aHTUMIKPOOHY e(heKTHUBHICTh HACMUeHNX HAHOKPUCTA/aMK CPib/ia KCEHOTPAHCIIIAHTAHTIB, sIKi BAKOPUCTOBYBA-
TUMYTbCS Y JIIKyBaHHI OMiKOBUX paH.

Marepianu i Metoau. [IpoTUMIKpoOHY edeKTHBHICTh KCEHOTPAHCIIAHTAHTIB, HACHUeHNX HaHOKPHCTalIaMy cpibia, JoCIipKyBamm in
vitro metonom audy3ii B arap i B pikoMy MOKMBHOMY CEpEeIOBHILi, @ TAKOXX BUBUYAIOUM BIUINB HAHOKPUCTAJIB Cpibia HA afre3uBHY
aKTUBHICTB TeCT-KynbTyp: Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 9027 ta
Candida albicans ATCC 885-653.

PesynbraTu A0CTi/KeHb Ta ix 06roBopenHs. [IpoTiMiKpoOHi BIaCcTUBOCTI cpibiia, sskumu Oy/iu HacuueHi KaanTi KpiosiodinizoBaHoi
KCEHOILIKipH, He MOCTYMaMIcs 3a CTyreHeM e()eKTUBHOCTI CyYaCHHMM TiepeB’si3yBa/lbHUM MarepiajiaMm, siKi BAKOPHCTOBYBAJIH SIK TIO3UTHB-
HHH KOHTpOJIb (abcopbyroui crepusibHi 11oB’s13ku Mepilex Transfer Ag (Mélnlycke, Sweden) Ta Atrauman Ag (Heidenheim, Germany)) y
nmocuimkenHsx. Hanocpi6io BUKOHY€ posib aHTUMIKPOGHOTO 6ap’epy B paHi Ta 3HIKYE MOKA3HUKK a[ire3UBHOTO MOTEHL{ialy MiKpoopra-
Hi3MiB, 11J0 Ba)K/IUBO /17151 3ari00iraHHst KOHTaMiHaLil OIiKOBUX paH.

OTpuMaHi pe3y/bTaTé JAl0Th 3MOT'Y PO3IVIIAATH MOK/TMBICT BUKOPHCTAHHSI KC@HOTPAHCIIAHTAHTIB, HACHUeHUX HaHOKPHCTaIaMH Cpib-
J1a, Ji71st MiCLIeBOTO JIIKYBaHHS OMIKOBUX PaH 3 METO NPO(iNaKTHKU MHiHHO-3aMaIbHUX YCK/Ia/[HEeHb, 11{0 MOXKYTh BUHHUKATH.

KitrouoBi c/10Ba: orikoBi paHM; KCEHOTPAHCIIAHTAHT; HAHOKPHUCTaM cpibia; aHTUMIKpOOHi BTacTUBOCTI.
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