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Abstract. Background and aim. The management of wounds of various
etiologies complicated by infectious processes remains a key challenge in mod-
ern surgery. While lyophilized dermal xenografts are effective temporary cov-
erings that reduce plasma loss and protect against secondary contamination,
their collagen matrix lacks intrinsic antimicrobial activity. It can serve as a
substrate for bacterial colonization. Therefore, modern strategies necessitate
the modification of these dressings with antibacterial agents, such as silver
nanoparticles (AgNPs).

Materials and Methods. A standardized 6-step chemical reduction protocol
was utilized to integrate silver into the dermal matrix. The process included
tissue saturation with 0.1 % AgNOs, formation of a stable [Ag(NHjs),]* complex,
and reduction using 0.1 % ascorbic acid. Antimicrobial activity was evaluated
via the agar diffusion method against a broad spectrum of reference and clini-
cal strains, including S. aureus, P. aeruginosa, and Candida spp. Identification
was confirmed using MALDI-TOF MS.

Results. Physicochemical calculations established that the protocol en-
sures a silver deposition of 0.3175 mg/cm?, which is therapeutically effective
yet remains within the safe threshold for topical application. In vitro testing
revealed pronounced antimicrobial activity, with zones of inhibition ranging
from 15 to 19 mm for Gram-positive bacteria and up to 18 mm for P. aerugi-
nosa. The modified grafts also demonstrated significant fungicidal properties.
Based on consumption rate calculations, the matrix-deposited silver provides
sustained bactericidal action for approximately 67 days, even under high
bacterial bioburden (10" CFU/cm?).

Conclusions. The developed 6-stage chemical reduction methodology pro-
vides a therapeutically sound concentration of silver nanoparticles within the
xenomatrix. The modified grafts exhibit high bactericidal and fungicidal efficacy
and offer a prolonged duration of action that outperforms standard silver-based
ointments, making them a promising solution for burn and purulent surgery.

© Cysmmma B. B., Uynamro O. I. Cynuma M. I1.,Kosamenro A. B. Ta i1., 2026.



90 Experimental and clinical physiology and biochemistry, ECPB 2026, 2(106):89-93

Key words: lyophilized dermal xenografts, silver nanoparticles, chemical
reduction, wound infection, antimicrobial activity, in viiro study.

AHTHUMIKPOOHA aKTUBHICTH JriodisTizoBanux
JepMaJIbHUX KCEHOTPAHCIIJIAHTATIB, MOAU(piKOBaAaHUX
HAHOYACTHUHKAMU Cpidiia

B. B. CYJIUMA, O. 1. 9VIIALIIIKO, M. 1. CYJIUMA, 1. B. KOBAJIEHKO,
T. M. PYMHUHCBKA, 1. B. CTOAHOBCbKHH

JIHT «/Ivsiscokuli HQUIOHAIbHLL MeOuunull yHisepcumem imeni Jarnuna Ianuuybrozon,
JIveis, Yrpaina

E-mail: Sumatral45@gmail.com

Ilepenymosu Ta mera. JlikyBaHHa paH pl3HOI eTi0JIOTI, YCKIATHEHNX 1H-
eKITITHME IIPOIIeCaMHU, 3AJINIIAETHCI KJIIDUYOBUM BHKJIMKOM CYYaCHOI X1pyPrii.
Xoua s10(p1Ti30BaH] IepMaJIbHI KCeHOTPAHCIIAHTATHA € epeKTUBHUMU THMYa-
COBMMMU IOKPHUTTAMH, III0 3MEHIIYIOTh BTPATY IJIA3MH Ta 3aXUINAIOTH Bl BTO-
PUHHOTO 3apaskeHHs, iXHIA KOJIareHOBUI MATPUKC HE Mae BJACHOI aHTUMIKPOO-
Hol akTMBHOCTI. Ba OlybIne, BIH MOke CIIyTyBaTH CyOCTPATOM JJIs Ronomaauu
bakrepismu. Bigrak, cydacHi ctparerii moTpe0dyoTh MOIHMIKAIN] IIHX ITOB I30K
aHTHOAKTepiaJbHUMHU 32ac00aMM, TAKUMHY SK HAHOYACTUHKU Cpibiia (AgNPs)

Marepianu Ta meroau. ,Z[Jm 1HTerpau11 cp16J1a B JIePMAJTbHUN MATPUKC
0yJI0 BUKOPMCTAHO CTAHIAPTHU30BAHMM 6-eTAITHUM IIPOTOKOJI XIMIYHOI'O B1JHOB-
nenusd. IIpomec Bririouas HacunyeHHd TkaHrHYT 0,1 % posumuom AgNQOs, dopmy-
BaHHA crablibHOro KomIutercy [Ag(NH;),]" ra BinHOBIEHHA 32 Monomoromw 0,1 %
aCcKOPOIHOBOI KMCJIOTH. AHTUMIKPOOHY AaKTUBHICTD OIIHIOBAJIA METOIOM m/ld)ysu
B arap II0JI0 ITMPOKOTO CIIeKTPa pedpepeHTHHX 1 KJIIHIYHUX IITaMIB, 30KpeMa
S. aureus, P. aeruginosa ta Candida spp. Inentudikariio oiarBepIKyBaIn 3a
nomomorowo mac-cnexrpomerpii MALDI-TOF.

PeaynpraTu. Qi3uko-XiMIYHI PO3PAXyHKHM BCTAHOBHJIU, IO IIPOTOKOJI 3a-
Oesmeuye OCaJIPKEHH S cpibaa B klabkocti 0,3175 mr/cm?, 1o € TepaIeBTUIHO
eeKTUBHUM 1 BOJHOUYAC 3AJIUIINAETHCA B MeKax GeaTedHoro rmopora JiJisd Mic-
I[EBOTO 3aCTOCYBaHH:A. TecTyBaHHS in VI{ro BUABUIIO BUPAKEHY aHTUMIKPOOHY
AKTUBHICTD 13 30HAMH 3aTPUMKH POCTY Bi 15 1o 19 MM 171 TPaMIIO3UTUBHUX
baxrepiit Ta mo 18 mm mia P. aeruginosa. Mo,zmcmeBaHl TPAHCILJIAHTATH TAa-
KO TIPOJIEMOHCTPYBAJIM 3HAYHI (QYHTIIMIIHI BIACTUBOCTL. 3TTHO 3 PO3PaXyH-
KaMU IIBUJKOCTI BUTPATH, 0CA/KeHEe B MAaTPHKCI CpIOyIo 3abe3nedye TpUBAILY
OaKTepPUITHUIHY IO IIPOTATOM HPUOJIU3HO 6—7 THIB HABITH 38 YMOBH BHCOKOTO
OakrepiasbHOro HapauraskeHusa (107 KYO/em?).

Bucuosku. Pospobiena 6-eramHa MeTomguKa XIMIYHOTO BiJHOBJIEHHS 3a-
Oearmevye TePaIeBTUYHO OOIPYHTOBAHY KOHIIEHTPAII HAHOYACTHHOK Cplbiia B
kceHomarpukci. MogndikoBaHl TpaHCIJIAHTATH BUABJISAIOTH BUCOKY OaKTepwH-
OUTHY Ta QYHTIIAIHY ePeKTUBHICTD 1 320€311eUyI0Th IIPOJIOHTOBAHY [0, TIepe-
BEPIIYIYN CTAHAAPTHI Ma3l Ha OCHOBI cpibsa. ToMy BOHU € ITepCHeKTHBHUME
IIJIs1 KOMOYCT10/I0Tl Ta THIHHOI X1pyprii.

Knrouori cioBa: miodiridoBaHl JepMasibHl KCEHOTPAHCIIAHTATHA, HAHO-
YACTUHKHU Ccp10Jia, XIMIYHE BITHOBJICHHS, PAHOBA 1H(MEKINI, aHTUMIKPOOHA aK-
TUBHICTD, OJOCJIIIMKEHH LN VItro.

Introduction. Local treatment of extensive wounds and burns complicated
by multi-resistant microflora remains an urgent problem in modern emergency
and reconstructive surgery [1]. Lyophilized dermal xenografts (LDXs) are
widely used as biocoatings to temporize wound defects, optimize cell adhesion,
and reduce plasma loss [2]. However, natural collagen matrices lack intrinsic
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antimicrobial activity and can serve as a substrate for bacterial bioburden
accumulation [3]. To prevent infectious complications, modification of biopoly-
mers with nanoscale materials is increasingly utilized [4].

Among these, silver nanoparticles (AgNPs) stand out due to their multi-tar-
get mechanism, which includes bacterial cell wall disruption, inhibition of
respiratory chain enzymes, and induction of oxidative stress, minimizing the
risk of developing microbial resistance [5, 6]. Concurrently, the incorporation
of silver into xenogeneic tissues requires precise standardization to maintain
structural integrity and ensure controlled release, preventing local cytotoxicity
or silver accumulation in organs [7, 8]. Standard saturation procedures often
lead to nanoparticle aggregation and uncontrolled ion depletion. In contrast,
step-by-step chemical reduction utilizing intermediate coordination complexes
facilitates uniform immobilization of elemental silver (Ag®) directly onto struc-
tural proteins [9].

The purpose of the study was to design, computationally evaluate, and
experimentally substantiate an optimized protocol for preparing lyophilized
dermal xenografts modified with silver nanoparticles via in vitro antimicrobial
screening.

Materials and Methods. The matrix impregnation process was performed
using an optimized six-step chemical reduction technique. Initially, LDX
fragments were immersed in 100 mL of a 0.1 % AgNOs; solution for 20 min
to saturate the collagen framework with Ag* ions. After a 1-minute rinse in
distilled water to remove unbound ions, the matrices were treated with 100 mL
of a 0.2 % ammonia solution for 2 min to form a stable silver-ammonia coor-
dination complex [Ag(NHjs),]*. Following a secondary 30-second water wash,
chemical reduction was induced by incubating the samples in 100 mL of a
0.1 % L-ascorbic acid solution for 5 min, converting ionic silver to elemental
Ag® clusters. A final 5-minute washing step eliminated residual reagents.

Antimicrobial activity was evaluated using the agar disk-diffusion method
according to EUCAST criteria (v. 8.0, 2020) and international guidelines for
antimicrobial testing [10, 11]. The panel included reference strains: Staph-
ylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228),
Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25922), Raoultella
ornithinolytica (ATCC 10145), Pseudomonas aeruginosa (ATCC 27853), Candida
albicans (ATCC 885-653), and Candida glabrata (ATCC 90030). Verification
was performed via MALDI-TOF mass spectrometry (Bruker Biotyper). Xenograft
disks (6 mm) were incubated at 37 °C (bacteria) and 28 °C (fungi). Ciprofloxacin
and voriconazole served as positive controls.

Results and Discussion. Stoichiometric calculations indicate that 100 mL
of a 0.1 % AgNO; solution contains 0.0635 g of silver with the molar fraction
of Ag in AgNO; being = 0.635). Given a mean deposition efficiency of 50 %,
0.03175 g of silver precipitates onto a 100 cm? xenograft matrix, yielding a
stable surface concentration of 0.3175 mg/cm?2. This value perfectly matches the
therapeutic window for topical applications (up to 0.5—1.0 mg/cm?), excluding
tissue toxicity while exceeding the minimum inhibitory concentration (MIC) for
most wound pathogens [6, 12]. Notably, a 1 mm layer of standard 1 % silver
sulfadiazine cream provides a local release of only about 0.0302 mg/cm?. Our
pharmacokinetic simulation demonstrated that under high bioburden (107
CFU/cm? of S. aureus) and an average consumption rate of 0.1 pg of silver per
bacterial cell, the matrix-bound silver reserves provide continuous bactericidal
activity for 6—7 days, even accounting for microbial replication cycles.

In vitro testing of three experimental samples with incremental silver
loading demonstrated high antimicrobial efficacy compared to the untreated
negative control, which showed no inhibition zone (0 mm). The strongest zones
of inhibition were recorded for Sample No 3 (Table).

For Gram-positive pathogens, zones of growth inhibition reached 1519 mm.
Importantly, the modified matrices suppressed opportunistic Gram-negative



92 Experimental and clinical physiology and biochemistry, ECPB 2026, 2(106):89—-93

strains, particularly P. aeruginosa (up to 18 mm), which is a crucial factor in
burn wound management [13]. Pronounced antimycotic activity was also es-
tablished against Candida spp. (15—-17 mm).

Table

Antimicrobial activity of dermal xenograft samples
(zones of inhibition, mm + SE, n =3

Microorganisms Zones of inhibition, mm + SE
(reference strains)

Sample 1 | Sample 2 | Sample 3 | Sample 4 Cipro | Voriconazole
floxacin

Grame-positive
bacteria

1 | Staphylococcus 16 £ 0,6 17+0,3 | 18+ 0,6 0 23 +0,3 -
epidermidis

(ATCC 12228)

2 | Staphylococcus 16 £ 0,6 18+0,3 | 19+0,3 0 24 +0,3 -

aureus

(ATCC 25923)

3 | Enterococcus 15+ 0,6 15+0,6 | 15+ 0,3 0 24 + 0,3 —
faecalis

Gram-negative
bacteria

1 | Escherichia Coli | 15+ 0,6 | 15+0,3 | 16+0,6 0 25+ 0,3 -
(ATCC 25922)

2 | Raoultella 0 0 14 £ 0,6 0 25+ 0,3 -
ornithinolytica
(ATCC 10145)

3 | Pseudomonas 14 £ 0,3 16+ 0,6 | 18+ 0,6 0 24 +0,3 —

aeruginosa

(ATCC 27853)
Fungi

1 | Candida albicans | 16 + 0,9 16+0,6 | 17+0,3 0 - 24 £ 0,3

(ATCC 885-653)

2 | Candida 15+ 0,3 15+£0,6 | 16 £ 0,6 0 25+ 0,3
glabrata

It should be noted that the physical zones of inhibition for AgNPs on solid
agar media appear slightly smaller than those for highly diffusible low-mo-
lecular-weight antibiotics like ciprofloxacin. This variance is explained by the
strict immobilization of silver nanoparticles within the dense three-dimen-
sional collagen network, limiting their passive diffusion into structured agar
[14]. In a clinical wound environment with active exudation, the continuous
enzymatic degradation of the xenomatrix and fluid flow will facilitate a much
more dynamic and prolonged release of active Ag* ions directly into the biotope.

Conclusions.

1. The proposed 6-step chemical reduction method ensures the uniform
deposition of silver nanoparticles onto lyophilized dermal xenografts at a ther-
apeutically effective concentration of 0.3175 mg/cm?, which falls within safe
tissue tolerance limits.

2. Pharmacokinetic modeling confirms that the antimicrobial lifetime of
the developed composite dressing spans 6—7 days under a high bacterial load,
which significantly expands its clinical potential over traditional silver-based
ointments.
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3. In vitro screening confirmed the broad-spectrum bactericidal and fungi-
cidal efficacy of the modified biological matrices against key wound pathogens,
including resistant Gram-negative and mycotic flora.

Conflict of interests. The authors declare no competing interests.
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