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Антибактериальные свойства модифицированного магниевого сплава in vitro по отношению 
к клиническим штаммам неферментирующих грамотрицательных микроорганизмов

В. Н. Черный

Цель работы – определить антибактериальную активность продуктов биодеградации магниевого сплава МЛ-10 по 
отношению к клиническим штаммам Acinetobacter baumannii и Pseudomonas aeruginosa и на основании полученных ре-
зультатов обосновать возможность его использования в ортопедии и травматологии в качестве имплантатов, обладающих 
антибактериальной активностью.
Материалы и методы. В работе использовали экстракт магниевого сплава МЛ-10, приготовленный на основе бульона 
Мюллера–Хинтона (рН 7,4), а также 15 штаммов A. baumannii и 15 штаммов P. aeruginosa. Бактериостатические свойства 

UDC 616.001:615.461:546.46-19]-092.4:579.61

Antibacterial properties of a modified magnesium alloy in vitro  
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 109, 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 106, 105, 
104 CFU/ml. 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.

Антибактеріальні властивості модифікованого магнієвого сплаву in vitro 
щодо клінічних штамів неферментуючих грамнегативних мікроорганізмів

В. М. Чорний

Мета роботи – визначити антибактеріальну активність продуктів біодеградації магнієвого сплаву МЛ-10 щодо клінічних 
штамів Acinetobacter baumannii та Pseudomonas aeruginosa й на підставі результатів, що отримали, обґрунтувати можливість 
його використання в ортопедії, травматології як імплантатів, що мають антибактеріальну активність.
Матеріали та методи. Використали екстракт магнієвого сплаву МЛ-10, що приготували на основі бульйону Мюллера–
Хінтона (рН 7,4), а також 15 штамів A. baumannii та 15 штамів P. aeruginosa. Бактеріостатичні властивості оцінювали за 
наявністю або відсутністю візуального зростання мікроорганізмів у пробірках з екстрактом, бактерицидні – за наявністю 
або відсутністю зростання колоній цих мікроорганізмів на агарі Мюллера–Хінтона після висіву з екстракту.
Результати. Досліджуваний екстракт магнієвого сплаву МЛ-10 має високу бактеріостатичну та бактерицидну активність 
щодо клінічних штамів A. baumannii та P. aeruginosa. У дослідних пробірках зростання мікроорганізмів візуально не вия-
вили, що свідчить про чималу бактеріостатичну активність. Вивчаючи бактерицидну активність, виявили: максимальне 
зростання бактерій на агарі спостерігали тільки після першого висіву (24 годин інкубації) з пробірок, в які напередодні 
додали мікроорганізми в концентрації 109, 108, 107 КУО/мл. З часом термостатування кількість колоній, що виростала на 
агарі після другого висіву (48 годин інкубації екстракту), значущо зменшувалася, а після третього висіву (72 години інкуба-
ції екстракту) – здебільшого зростання мікроорганізмів відсутнє. Висока бактерицидна активність продуктів біодеградації 
сплаву виявлена в дослідах з екстрактом, де в ємності напередодні додали 106, 105, 104 КУО/мл, – зростання колоній на 
щільному середовищі після висіву з цих пробірок відсутнє протягом усього експерименту.
Висновки. Продукти біодеградації магнієвого сплаву МЛ-10 мають високу бактерицидну активність щодо клінічних 
штамів неферментуючих грамнегативних мікроорганізмів, як-от A. baumannii, P. aeruginosa.
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оценивали по наличию или отсутствию визуального роста микроорганизмов в пробирках с экстрактом, бактерицидные – по 
наличию или отсутствию роста колоний данных микроорганизмов на агаре Мюллера–Хинтона после высева из экстракта.
Результаты. Исследуемый экстракт магниевого сплава МЛ-10 обладает высокой бактериостатической и бактерицидной 
активностью по отношению к клиническим штаммам A. baumannii и P. aeruginosa. В опытных пробирках с экстрактом рост 
микроорганизмов визуально не обнаружен, что свидетельствует о значительной бактериостатической активности продук-
тов биодеградации сплава. При изучении бактерицидной активности установлено, что максимальный рост бактерий на 
агаре отмечен только после первого высева из пробирок (24 ч инкубации экстракта), в которые накануне были добавлены 
микроорганизмы в концентрации 109, 108, 107 КОЕ/мл. По мере термостатирования количество колоний, вырастающих на 
агаре после второго высева (48 ч инкубации экстракта), значительно уменьшалось, а после третьего высева (72 ч инку-
бации экстракта) рост микроорганизмов на плотной среде отсутствовал в большинстве опытов. Высокая бактерицидная 
активность продуктов биодеградации сплава отмечена в опытах с экстрактом, где к емкостям накануне добавлено 106, 105, 
104 КОЕ/мл, – рост колоний на плотной среде после высева из этих пробирок отсутствовал в течение всего эксперимента.
Выводы. Продукты биодеградации магниевого сплава МЛ-10 проявляют высокую бактерицидную активность в отно-
шении клинических штаммов неферментирующих грамотрицательных микроорганизмов, а именно по отношению к A. 
baumannii и P. aeruginosa, являющихся основными возбудителями имплантат-ассоциированных инфекций.

A challenging 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 (IAI) 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 biofilms 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 IAI prevention via 
magnesium-based biodegradable alloys (Mg2+) 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 АTCC 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 109 CFU/ml 
to 104 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., JPZ804I382130ARCN10-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 105, 104, 103, 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 
in the amount of 109, 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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the extract was seen in experiments with the highest micro-
bial burden of 109 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 

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 

Fig. 1. A.baumannii colonies on Mueller-Hinton agar after the process of thermostating in the extract of magnesium alloy ML-10 for 24 h (а), 48 h (b) and 72 h (c).

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 (а), 48 h (b), 72 h (c).

a b c

a b c
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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 МL-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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