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Antibacterial properties of a modified magnesium alloy in vitro

Original research

with clinical strains of non-fermentative gram-negative microorganisms

V. M. Chornyi*

Zaporizhzhia State Medical University, Ukraine

The aim. To determine the antibacterial effect of the products of biodegradation of magnesium alloy ML-10 on the clinical strains of
Pseudomonas aeruginosa and Acinetobacter baumannii and, based on the results, substantiate the possibility of this alloy using in
orthopedic and traumatological practice as implants with antibacterial activity.

Materials and methods. Magnesium alloy extract was prepared on the basis of Mueller-Hinton broth (pH 7.4). The clinical strains
of A. baumannii (15) and P. aeruginosa (15) were used in sensitivity testing. The bacteriostatic activity of the alloy extract was
estimated by the visual growth presence or absence in test-tubes with microorganisms; bactericidal activity — by the growth of
microbial colonies presence or absence on plates with Mueller-Hinton agar after culturing from test tubes for 24, 28 and 72 hours.

Results of the study showed that the extract of magnesium alloy ML-10 has a high bacteriostatic and bactericidal activity against
the clinical strains of A. baumannii and P. aeruginosa. In test tubes with an extract, the growth of microorganisms was not visually
detected, which indicates a significant bacteriostatic activity of the magnesium alloy biodegradation products. The study of bactericidal
activity found that the maximum growth of bacteria on agar was observed only after the first culturing from the test tubes (the extract
incubation for 24 hours) in which the microorganisms were added in a concentration of 10°, 108, 107 CFU/ml the day before. The number
of colonies growing on agar after the second culturing (the extract incubation for 48 hours) significantly decreased in the process of
thermostating, and after the third culturing (the extract incubation for 72 hours) the microorganism growth was absent on a dense medium
in most experiments. High bactericidal activity of the magnesium alloy was found in the experiments with the extract containing 108, 10,
10* CFU/mI. The growth of colonies was absent on the dense medium after culturing from these tubes during the entire experiment.

Conclusions. The products of magnesium alloy ML-10 biodegradation have shown high bactericidal activity against the non-fer-
mentative gram-negative microorganisms A. baumannii and P. aeruginosa.

AnTHbaKTepianbHi BAACTMBOCTI MOAUGDIKOBAHOr0 MarHieBoro cnaasy in vitro
LLLOAO KAIHIYHMX WITaMiB HePEPMEHTYIOUMUX FPpaMHEraTMBHUX MiKpoopraHiamis

B. M. YopHu#

MeTa poboTu — BU3HaUMTU aHTUDaKTepianbHy akTUBHICTL NpoayKTiB Giogerpagauii MarHiesoro cnnasy MJ1-10 Lwogo KniHivHMX
wramis Acinetobacter baumanniita Pseudomonas aeruginosa i Ha nifcTasi pesynbraris, LLO OTpUManu, 06rpyHTyBaT MOXMUBICTb
110ro BUKOPUCTaHHS B OpTONeAii, TpaBMaTonorii Sik iMnnaHTaTis, Lo MakTb aHTUOaKTepianbHy akTUBHICTb.

Marepianu Ta meToau. Bukopuctanu ekctpakt marHiesoro cnnasy MJ1-10, wo npurotysanmu Ha ocHoBi bynbioHy Mionnepa—
XintoHa (pH 7,4), a Takox 15 wramis A. baumannii Ta 15 wramis P. aeruginosa. bakTepioctaTuyHi BNacTWBOCTI OLiHIOBaNM 3a
HasiBHICTIO abo BiACYTHICTIO BidyarnbHOMO 3pOCTaHHs! MiKpOOpraHiamiB y npobipkax 3 eKCTPakToM, BakTepULMAHI — 3a HasBHICTIO
abo BiACYTHICTIO 3pOCTaHHS KOMOHIN LX MiKpoopraHiamiB Ha arapi Mionnepa—XiHToHa Nicns BUCIBY 3 EKCTPaKTY.

Pesynktaru. [JocnigkyBaHuin ekcTpakT MarHiesoro cnnasy MJ1-10 Mae Bucoky GakTepiocTaTuyHy Ta GakTepuumaHy akTUBHICTb
LL0A0 KNiHiYHKMX WTamiB A. baumannii Ta P. aeruginosa. Y pocnigHnx npobipkax 3poCTaHHs MIKpOOpraHiamiB BidyanbHO He BUS-
BUMK, WO CBIAYMTb NPO Ynmany GakTepiocTaTuyHy akTUBHICTb. BuBYatoun GakTepuumaHy akTUBHICTb, BUSIBUMW: MakcuManbHe
3pOCTaHHsl GaKTepiit Ha arapi cnocTepirani TinbkW Micns NeEPLIOro BUCIBY (24 roauH iHkyGauii) 3 npobipok, B siki HanepeaoaHi
Jofanu MikpoopraHiamu B koHueHTpauii 10°, 108, 107 KYO/Mn. 3 Yyacom TepmocTaTyBaHHS KinbKiCTb KOMOHIlA, L0 BUpOCTana Ha
arapi nicnsi Apyroro BUCIBY (48 roauH iHKy6aLii eKCTpakTy), 3HauyLLO 3MeHLLYBanacs, a nicns TpeTbOoro BUCIBY (72 roauHu iHky6a-
Lii ekcTpakTy) — 3a€ebinbLIoro 3pocTaHHs MikpoopraHiamis BigcyTHe. Brcoka 6akTepuumaHa akTMBHICTb NpoaykTiB 6iogerpapauii
CnnaBy BUSIBIIEHA B JOCMiAAX 3 EKCTPAKTOM, e B EMHOCTI HanepegoaHi aoganu 108, 10%, 10* KYO/Mn, — 3pocTaHHs KOMOHil Ha
LLiNbHOMY CEepefoBULL MICMIA BUCIBY 3 LX NPOBIpPOK BiACYTHE NPOTSIOM YCbOrO EKCNEPUMEHTY.

BucHoBku. Mpoayktn biogerpapauii marHiesoro cnnasy MJ1-10 maroTb BUCOKY BakTEpPULMAHY aKTUBHICTb LLOAO KIiHIYHUX
LUTaMiB He(hEPMEHTYHOUMX rPaMHEraTMBHUX MIKPOOPraHiamiB, Sik-0T A. baumannii, P. aeruginosa.

AnTn6aKTepHanbHble CBOMCTBA MOAMGDHULMPOBAHHOTO MarHMeBOro CTAaBa in vitro No OTHOLUEHUIO
K KAMHUYECKUM LUTaMMam HedepMeHTUPYHOLLMX rPaMOTpHULIaTEAbHbIX MMKPOOPraHW3MOB

B. H. YepHbin

Llenb pa6oTbl — onpeenutb aHTMGaKTepuarbHylo akTUBHOCTb NPOAYKTOB Guopderpagaunv marHuesoro cnnasa Mil-10 no
OTHOLLEHWIO K KIUHMYeCcKuM LuTammam Acinetobacter baumannii v Pseudomonas aeruginosa u Ha OCHOBaHWUM MOMNyyYeHHbIX pe-
3ynbTatoB 060CHOBATb BO3MOXHOCTb €10 UCMOMNb30BaH!s B OPTONEANI M TPABMATONOMW B Ka4eCTBe UMMNIaHTaToB, 0bnaaaroLumx
aHTUbakTepuarnbHON akTMBHOCTBO.

Marepuansi u metoabl. B pabote ncnonbaoBanu akcTpakT marHmeBoro cnnasa MJ1-10, npuroToBneHHsbINn Ha ocHoBe OynboHa
Mtonnepa—XuHtoHa (pH 7,4), a Takke 15 wrammos A. baumanniin 15 wtammoB P. aeruginosa. baktepuoctaTtuyeckue cBOACTBa
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OoLeHMBanu no HanM4yuio UK OTCYTCTBUIO BM3YarbHOrO POCTa MUKPOOPraHN3MOB B npoGMpKax C 3KCTPaKTOM, 68KTepVILl,VIﬂ,HbIe —no
Hann4ynto Unmn oTCyTCTBMUIO POCTa KOINOHMI JaHHBIX MUKPOOPraHM3MOoB Ha arape Mionnepa—XuHToHa nocne BbiCeBa U3 3KCTPaKTa.

Pesynktartbl. iccnenyemblii akcTpakT MarimeBoro cnnasa MJ1-10 obnagaet Bbicoko 6akTepunocTaTnieckon 1 6aktepuumaHon
aKTMBHOCTBHO MO OTHOLLIEHUIO K KIMHUYECKM WTammam A. baumanniiv P, aeruginosa. B onbITHbIX Npobrpkax ¢ 3KCTpakTom pocT
MUKPOOPraH13MOB BI3yarnbHO He OBHapYXeH, 4TO CBIAETENbCTBYET O 3HAYUTENbHON BaKTEPUOCTATUHECKON aKTUBHOCTY NPOLYK-
T0B HG1ogerpagaumny cnnasa. Mpn U3yyeHn bakTepuLIMAHON aKTUBHOCTI YCTAHOBIIEHO, YTO MakCcUMarnbHbI pocT GakTepuil Ha
arape OTMeYeH TOMbKO MOCHIe NEPBOTO BbICEBA 13 NPOBMPOK (24 4 MHKYOaLWMM 3KCTPaKTa), B KOTOPbIEe HakaHyHe Obinv fobaBneHb!
MUKPOOPraHMambl B koHLeHTpaLmm 10°, 108, 107 KOE/mn. Mo mepe TepmMocTaTMpOBaHKS KONMYECTBO KOMOHMIA, BbIpacTatoLLyX Ha
arape nocne BTOPOro BbiCceBa (48 4 MHKyDaLmW SKCTpakTa), 3HaYUTENbHO YMEHbLLANOCh, @ NOCne TPETLETO BbiCEBa (72 Y UHKY-
6aLmm aKCTpaKTa) pocT MUKPOOPraHM3MOB Ha NMOTHON cpefe OTCYTCTBOBAN B DONbLUMHCTBE OMbITOB. Bhicokas GaktepuumaHas
aKTMBHOCTb NPOAYKTOB G10AErpafaLm cnnasa OTMEYeHa B OMbITax C SKCTPAKTOM, A€ K eMKOCTSIM HakaHyHe ao6asneHo 108, 105,
10* KOE/M1, — pocT KOMOHWIA Ha NIIOTHO cpezie NOCHe BbICEeBa U3 3TUX NPOBUPOK OTCYTCTBOBAN B TEYEHWE BCETO SKCIEPUMEHTA.

Biisogs!. MpoaykTsl Groaerpagaumn Mardesoro cnnasa MI1-10 nposiBRsioT BbICOKYH 6aKTEpULIMAHYI0 aKTUBHOCTb B OTHO-
LIEHUM KIMHUYECKMX LITAMMOB HeepMEHTUPYIOLLIMX rPaMoTPULIaTENbHBLIX MUKPOOPTaHU3MOB, & UIMEHHO M0 OTHOLLEHMIO KA.

baumannii v P. aeruginosa, SBNSIOLLMXCS OCHOBHbIMW BO30YANTENSIMW UMMIAHTAT-aCCOLMUPOBAHHBIX MHAEKLIMIA.

Achallenging problem with the use of implants in orthopedics
and traumatology is the prevention of major complications
caused by the infection in the tissues around metal structures
[1,2]. In 1.0-8.5 % of cases, a permanent implantation leads
to the development of infection such as chronic post-implan-
tation osteomyelitis with subsequent disability of a patient
[3]. According to the literature data, in 5-14 % of cases
implant-associated infections (IAl) are considered to be
caused by non-fermenting gram-negative microorganisms,
among which Pseudomonas aeruginosa and Acinetobacter
baumannii are most often found [4-6]. It is known that
these bacteria have the characteristic ability to rapidly form
multi-level microbial biofims on the surface of artificial im-
plants as well as a resistance to many antibacterial drugs,
which greatly complicates the therapy of IAI [6,7]. In this
regard, special importance in traumatology and orthopedic
practice is attributed to alternative ways of IAl prevention via
magnesium-based biodegradable alloys (Mg?*) using, which
prevents pathogenic microorganisms growth and biofilms
formation [8]. This work is a continuation of research on
antimicrobial properties of industrial magnesium-based alloy
ML-10. We have shown that this alloy has high antibacterial
activity against the reference non-fermenting gram-negative
Pseudomonas aeruginosa ATCC 27853 strain. The products
of magnesium alloy biodegradation (gaseous hydrogen,
magnesium hydroxide and Mg salts) have increased the pH
locally resulting in an effective destruction of the pseudomo-
nads reference strain within 72 hours [9].

Aim

The objective this work was to determine the antibacterial
effect of the products of biodegradation of magnesium alloy
ML-10 on the clinical strains of Pseudomonas aeruginosa
and Acinetobacter baumannii and, based on the results,
substantiate the possibility of this alloy using in orthopedic and
traumatological practice as implants with antibacterial activity.

Materials and methods

A magnesium alloy extract was prepared for conducting
the experiments. A batch of weighed amounts of metal
filings were washed in a sterile 0.85 % NaCl solution and
sterilized in 70 % ethanol for 5 minutes followed by washing
in the sterile 0.85 % NaCl solution again. After sterilization,
the metal filings were immersed in Mueller-Hinton broth

(pH 7.4) (1 mg filings per 1 ml broth) and incubated for 72
hours (37 °C). The supernatant fluid (extract) was used
for experiments after centrifugation. 15 strains of A. bau-
mannii and 15 strains of P. aeruginosa for the study were
obtained from the wound purulent exudate from patients
with various types of surgical complications and demon-
strated multiple resistance to antibacterial drugs. Day-old
cultures were used in a concentration from 10° CFU/m
to 10* CFU/ml which we were added to extract (0.2 ml of
suspension per 2 ml of extract). As a means of control,
test tubes with Mueller-Hinton broth and microbial strains
(control of the culture growth), test tubes with the broth and
test tubes with the extract (medium contamination control).
All the containers were incubated at 37 °C for 72 hours. The
tubes were examined every day to determine a bacteriostatic
effect of the alloy extract and the plates with Mueller—Hinton
agar were inoculated with 0.1 ml of the tubes content simul-
taneously to determine the bactericidal effect. The study of
the biodegradable alloy antimicrobial effect was repeated
five times. A statistical analysis of the results was performed
using Microsoft Excel 2010 licensed software and Statistics
for Windows 13 (StatSoft Inc., JPZ8041382130ARCN10-J).
In the analysis of the quantitative data distributions, median
(Me) was selected as the measure of central tendency,
the measure of variation was interquartile range (the diffe-
rence between 25 and 75 percentiles).

Results

The results showed that the tested extract of metal exhibited
high bacteriostatic and bactericidal activity against the A.
baumannii and P.aeruginosa strains. While examining
the cultures in the Mueller-Hinton broth, it was found that
the strain cultures growth was not visually determined in all
the test tubes with the extract for 3 days. In studying the alloy
bactericidal activity, it was revealed that the extract efficiently
neutralized 10°, 104, 10%, 102 microbial cells during 24 hours.
The growth of acinetobacteria and pseudomonas was ob-
served on agar only in the plated samples from the tubes
where the microorganisms had been added the day before
inthe amount of 10°, 108, 107 CFU/ml. The maximum growth
of the colonies on agar after plating from these containers
was registered only after the first 24 hours of incubation. In
the process of thermostating, the number of colonies inhibi-
ting growth on agar significantly decreased after the second
and third plating. The most significant bactericidal effect of
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Fig. 2. P.aeruginosa colonies on Mueller-Hinton agar after the process of thermostating in the extract of magnesium alloy ML-10 for 24 h (a), 48 h (b), 72 h (c).

the extract was seen in experiments with the highest micro-
bial burden of 10° CFU/ml. Thus, in the experiments with
A. baumannii strains, the largest number of colonies growth
was detected on agar after the first plating of samples from
the extract, the results of some experiments ranged from
165.8 (157-184) to 2.8 (14—48). After the second plating,
the results ranged from 14.8 (14-18) to 1.8 (1-2), and
colonization only 27 % of strains had visible single colony
growth pattern (0.4 (0-1) - 0.2 (0-0)) after the third plating
from the extract (Fig.1). The remaining 73 % of strains
completely died within 72 hours.

Similar results were obtained in the study of P. aeru-
ginosa sensitivity: the growth of the largest number of
pseudomonas colonies was recorded after the first plating
of the extract (279 (212-385) — 6.6 (2—12)). After the second
plating, the total number of colonies on the agar medium
significantly decreased (17.2 (4-28) — 0.8 (0-2)), and only
40 % of the pseudomonas strains demonstrated single

Zaporozhye medical journal. Volume 22. No. 1, January — February 2020
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and sparse colony growth pattern on agar (0.2 (0-0) — 0)
after the third plating (Fig.2). The remaining 60 % of strains
P. aeruginosa were completely decontaminated within 72
hours.

Discussion

Surgical site infections remain a major complication
of arthroplasty, spinal stabilization or other orthopedic
surgeries. The pathogenesis of these complications is
related to use of orthopedic implants [1-4]. As described
in the previous section, the products of magnesium alloy
ML-10 biodegradation have a high antibacterial activity
against traumatologic surgery-associated infections such
as non-fermenting gram-negative microorganisms, among
which Pseudomonas aeruginosa and Acinetobacter bau-
mannii. The results of direct antibacterial studies showed in
vitro that the alloy inhibited the bacterial growth most likely
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due to an increased local alkalinity caused by the metal
degradation. We suggest that biodegradable Mg based
biomaterials have a great potential for antibacterial ortho-
pedic implant applications, prevention and/or treatment
of implant-associated infection, and thus for therapeutic
efficacy and safety improvements.

Conclusions

1. Products magnesium alloy ML-10 biodegradation
had a significant bactericidal effect on clinical strains of
A. baumannii within 72 hours.

2. Extract of magnesium alloy ML-10 had high antibac-
terial activity against clinical strains of P. aeruginosa and
inactivated the microorganisms within 3 days.

3. The study results obtained confirm the possibility of
the alloy ML-10 use as an implant material with a unique
ability to prevent the growth of implant-associated pathogens.

Perspective of further research. Currently, gram-
positive microorganisms of the genus Staphylococcus and
Streptococcus are one of the important issues in orthopedic
and traumatological practice; therefore, we consider promi-
sing the further study on antimicrobial activity of the ML-10
magnesium alloy against clinical strains of gram-positive
microorganisms.
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