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The effect of Ag-doped aluminium oxide coatings deposited by magnetron sputtering method on the antibacterial
efficiency against Gram-positive, Gram-negative bacteria and fungi has been investigated. The structure and
composition of coatings were analysed by means of scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDS), photoelectron spectroscopy (XPS) methods. The results of the study suggest that Ag-doped
aluminium oxide coatings demonstrate improved bactericidal effect and have great potential in various medical

applications.
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INTRODUCTION

The standard methods for sterilization of medical
instruments and products require time, intensive
treatment, and aggressive chemicals using. The
antimicrobial coatings formation on the surface of metal
and plastic medical products is a possible alternative
and effective way to improve the quality of modern
prosthesis, stents, and optical lenses. Nanocomposite
coatings exhibit unique properties [1, 2], which are very
important for next implant and tissue engineering
applications. Recently, it has been reported that Ag ions
could be effective against more than 16 species of
bacteria [3]. To increase the antibacterial properties of
coatings based on Al, Zr, Ti oxides, nitrides and
oxinitrides against different bacterial strains, silver
dopes with bactericidal effect as antibiotics were added
during deposition process [4-9]. The antimicrobial
properties of Ag doped aluminum oxide coatings
deposited by magnetron sputtering method against
representative strains of microorganisms associated with
hospital-acquired infections such as Gram-positive
Staphylococcus aureus, and Gram-negative Escherichia
coli, Pseudomonas aeruginosa bacterium and fungi
Candida albicans were analyzed in vitro study.

1. MATERIALS AND METHODS

Alumina coatings were deposited in a high vacuum
pumping system with a base pressure of about 10 Pa
by ion source-assisted magnetron sputtering [2]. A
combined aluminum/silver target with a different areas
ratio was used.

The microstructure and morphology of the coatings
were studied by JEM-700F scanning electron
microscope. The Energy-dispersive X-ray spectroscopy
(EDS) method with a high-energy electron beam was
used for determination of the elements and the Ag

distribution in the Al,Os-Ag samples. X-ray
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photoelectron spectroscopy was carried out using
ESCALAB MKII (VG Scientific) electron spectrometer
using AlKalpha X-ray source (excitation energy
hv=1486.6 eV).

The following microbial strains and microorganisms
were selected: bacteria Gram-positive Staphylococcus
aureus, methicillin resistant strain (MRSA), Gram-
negative Escherichia coli, Pseudomonas aeruginosa
bacterium and fungi Candida albicans from the
Collection of Institute of Microbiology, BAS. The Ag-
doped aluminum oxide coatings deposited by magnetron
sputtering method were testd. The bacterial suspensions
were put on the coated and uncoated surfaces of glass
substrates. 1: 1 to 1: 1000 — the dilutions of the bacterial
suspension that had been in contact with the silver
doped coatings and control for a respective time period
of 0, 1, 2, 5, and 24 hours and from which 25 pl was
plated on Tryptic Soy agar medium Agar for
microbiology (Sigma-Aldrich). After 24 hours of
incubation at 37 °C, the number of bacterial colonies
emerged. The direct microscopic counting of viable
cells by haemocytometer was made. The results were
expressed as CFU/ml (colony-forming units per
milliliter). The statistical correlation of the results of
antibacterial activity tests between the coated samples
and control was determined. Difference was considered
significant at the p < 0.05.

2. RESULTS AND DISCUSSION

Fig. 1 shows SEM images of Ag-doped Al,O;
coatings deposited by magnetron sputtering method.
The coatings surface was smooth and uniform, without
cracks and delamination. EDS spectra reveal the
presents of main characteristic elements such as
aluminum (Al), oxygen (O), silver (Ag). The presence
of silicon (Si), calcium (Ca), sodium (Na) elements
results from the small thickness (0.1 pm) of coating on
the glass substrate.
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Fig. 1. SEM images (a) and EDS spectra (b) of Ag-
doped aluminium oxide coating deposited by magnetron
sputtering method on the glass substrates

The bonding states of the deposited Ag-doped Al,O3-
coatings were characterized by XPS. The high-
resolution photoelectron spectra of Al2p, Ols, Ag3d
were observed. The chemical composition was found to
be close to stoichiometric composition [10]. Fig. 2
shows O1l1s and Ag3d XPS spectra of the deposited
Al,Os-Ag coating. The O1s high-resolution spectra
demonstrate the peak at binding energy position
E =531.7 eV, associated with Al-O chemical bond. The
Al2p peak with binding energy position E=75eV,
which is corresponded to the Al,O; composition was
detected.
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Fig. 2. The high-resolution photoelectron spectra of
O1s (a), Ag3d (b) of the Ag-doped aluminium oxide
coating deposited by magnetron sputtering method on
the glass substrates

The characteristic Ag3d3/2 and Ag3d5/2 spectra (see
Fig. 2,b) are detected at 3744 and 368.7 eV,
correspondently. Ag3d5/2 spectrum shows broad peak
which can be deconvoluted into three components
corresponding to an Ag peak at 368.2 eV, an Ag,0-
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bond peak at 367.7 eV, and a silver oxide (AgO)-bond
peak at 367.1 eV [7].

The bacterial-viability tests in Fig. 3 demonstrate
strong bactericidal activity of Ag-doped aluminium
oxide coating deposited by magnetron sputtering

method against Gram-negative Escherichia coli,
Pseudomonas aeruginosa bacterium.
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Fig. 3. Bacterial-viability tests of Ag-doped aluminium
oxide coating deposited by magnetron sputtering
method on the glass substrates: a) Staphylococcus
aureus, strain 29213 (ATCC), b) Escherichia coli strain
35218 (ATCC), ¢) Pseudomonas aeruginosa, strain
1390 (ATCC), d) Candida albicans strain
74 (ATCC)

After 5 hours incubation all bacterium were died in
comparison with control samples. In the contrary, the
coatings influence on the Gram-positive Staphylococcus
aureus and fungi Candida albicans was less effective.
This fact confirms that the application of Ag-doped
Al,O; coatings significantly improved the antibacterial
properties of coatings against Gram-negative bacterium,
as it was previously reported in the studies [3, 4].
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CONCLUSIONS

The results demonstrate the principal possibility to
increase the antimicrobial activity of the Ag-doped
aluminum oxide coatings against representative strains
of microorganisms. The effect of the bactericidal action
of coated surfaces results in the lethality of all studied
bacterial strains and fungi during 24 hours of testing
period. The activation of surface antimicrobial
properties of various medical products is very
challenging for many biomedical applications.
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AHTUMHUKPOBHASA AKTUBHOCTbD ITIOKPBITUA OKCUJA AJIIOMUHUSA C CEPEBPOM,
HAHECEHHOI'O METOAOM MATI'HETPOHHOI'O PACIIBIJIEHHUS B TECTAX IN VITRO

B. Caghonoes, H. /lonkos, A. 3vixosa, /1. Aepamos, C. /[youn, C. Axosun, X. Haiidencku, H. Aspamosa

HccrnenoBaHo BIUSHME TOKPHITHH OKCHAA aTIOMHUHHMA C cepeOpoM, HaHECEHHBIX METOJOM MAarHETPOHHOIO
HaIbIJICHUSI HAa aHTHOAKTEPUAIIbHYIO (D (PEKTUBHOCTD IPOTUB IPAMIIOJIOKHUTENLHBIX, [PAMOTPULIATEIbHBIX OaKTepuil
u rpubkoB. CTPyKTypa M COCTaB HMOKPBITHI ObUIHM MpOaHATU3UPOBAHBI C ITOMOINBIO CKAaHUPYIOIIEH 3JIEKTPOHHON
mukpockonuu (SEM), sHepromucnepcHoHHON peHTreHOBCKO# criekTpockonuu (EDS), MeTomoB GoTosekTpoHHO#
cnekrpockonnu (XPS). Pe3ynpTarsl nccneoBaHUS MO3BOJISIOT yTBEPXKIAaTh, YTO TOKPBITHS OKCHAA IIOMHHUS C
cepeOpoM JIEMOHCTPHPYIOT YJIyUIIEHHBIH OaKkTepHUUAHBIN 3()(EKT U MMEIOT OOJIBILION MOTEHIMAl NPUMEHEHUS B
Pa3IMYHbBIX 00JIACTIX MEANUIMHBL

AHTUMIKPOBHA AKTUBHICTD IOKPUTTA OKCHUAY AJTIOMIHIIO 31 CPIBJIOM,
HAHECEHUM MATHETPOHHUM PO3IUWJIEHHSIM Y TECTAX IN VITRO

B. Caghonos, M. /lonkos, A. 3uxkosa, J1. Aépamos, C. /Iydin, C. Axosin, X. Hainioeucki, 1. Aepamosa

JlocmimpkeHo BIUIMB HOKPHUTTIB OKCHY aIOMIHIIO 31 CpiOJIOM, HAHECEHUX METOJIOM MAarHeTPOHHOTO HAIMJICHHS
Ha aHTHOAKTepiabHy €(eKTUBHICTH IIPOTH IPaMIIO3UTHBHUX, TPAMHETaTUBHUX OakTepiil Ta rpuOKiB. CTpyKTypa Ta
CKJIaJl TIOKPUTTIB OyJNM TMpoaHami30BaHi 3a [OMOMOTOK CKaHYIUOi eIeKTpOHHOI Mikpockomii (SEM),
eHepromucnepciitnoi pentreniscbkoi cmekrpockomii (EDS), meromiB ¢otoenexkrpornoi crekrpockomii (XPS).
PesynbraT mOoCTimKeHHS T03BOJIIOTH CTBEPPKYBATH, IO MOKPUTTSI OKCHIY AIIOMIHIIO 31 cpibiIoM JeMOHCTPYIOTh
MOMIMIIEHUH OaKTepUIUAHIN ePEKT 1 MaroTh BEJMKHUN IIOTEHIIIa]l BUKOPHCTAHHS B PI3HUX Ialy3sX MEIULINHH.
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