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Recently, biofilms of microorganisms have been at-
tracting the attention of scientists. Antibiotics are not 
effective enough to treat biofilm infections due to high 
minimum inhibitory concentrations (MIC) against bio-
film forms of microorganisms, which can cause toxic 
reactions. The potential antibiofilm properties of other 
compounds, in particular antioxidants, such as ethyl-
methylhydroxypyridine succinate (mexidol), are being 
studied. The aim of the work is to determine the influence 
of mexidol on the formation of biofilms by test strains of 
microorganisms. Clinical strains of E. coli 311, P. aerugi-
nosa 449, S. aureus 222, and C. albicans 1486 were used 
in the research. The antibacterial and antifungal activity 
of mexidol was determined by the micromethod of serial 
dilutions in the liquid nutrient media. The ability of mi-
croorganisms to form biofilms was studied according to 
the O’Toole method. The effect of mexidol on the biofilm 
formation by clinical test strains of bacteria was studied 
at concentrations of 5-200 μg/ml. Statistical processing 
of the results was performed using the Newman-Keuls 
test by the software StatSoft Statistica 6.0. It has been 
shown that for planktonic microorganisms E. coli, P. ae-
ruginosa, S. aureus, and C. albicans the MIC of mexidol 
is more than 200 μg/ml. Gram-negative bacteria (E. 
coli 311, P. aeruginosa 449) had a strong ability to form 
biofilms, gram-positive (S. aureus 222) – a medium abil-
ity. Fungi C. albicans 1486 did not adhere to the abiotic 
surface and were no longer used. Mexidol in the studied 
concentrations stimulates the biofilm formation by E. 
coli 311, increasing the biomass of biofilms by 12-15%. 
It causes an increase in the biomass of P. aeruginosa bio-
films by 33-110% depending on the concentration. The 
drug also stimulates the formation of S. aureus 222 bio-
films in 2.1-2.7 times compared to the control. The abil-
ity of mexidol in low concentrations to stimulate biofilm 
formation indicates the need for further in-depth studies 
to assess the feasibility of this antioxidant use in patients 
with infectious diseases.
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Relationship of the publication with the planned 
research works. The investigation was performed with-
in the planned initiative research work of the Depart-
ment of Experimental and Clinical Pharmacology of Pol-
tava State Medical University: Pharmacological study of 
biologically active substances and medicinal drugs for 
the development and optimization of indications for 
their use in medical practice (state registration number 
0120U103921). 

Introduction. Recently, biofilms have attracted the 
attention of researchers as a syntrophic consortium of 
microorganisms in which cells are embedded in the ma-
trix consisting of extracellular polymeric substances, a 
conglomerate of polysaccharides, proteins, lipids, and 
DNA [1]. Microbes form biofilm in response to various 
factors, which may include the recognition of specific 
and nonspecific sites of attachment on the surface or 
subinhibitory concentrations of antibiotics [2]. One of 
the advantages of biofilm for microorganisms is the in-
creased resistance to detergents and antibiotics, as a 
dense extracellular matrix and outer layer of cells pro-
tect the internal environment of the community, as well 
as facilitated gene transfer [3].

Biofilm microorganisms cause about 80% of chronic 
microbial infections in humans, which leads to increased 
morbidity and mortality, increased hospital stays, and, 
consequently, increased costs for medical care [4]. Bio-
films can also develop on abiotic surfaces, including 
orthopedic prostheses, artificial heart valves, coronary 
stents, intravascular and urinary catheters [4]. In ad-
dition, currently available antibiotics are not effective 
enough to treat biofilm infections due to higher values 
of minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration against biofilm forms 
of pathogens, which can cause in vivo toxicity [5, 6].

It is extremely important to develop medicinal drugs 
that can actively combat biofilm infections. Attention 
is paid to plant components, chelating agents, peptide 
antibiotics, and synthetic chemical compounds [7, 8]. 
Antibiofilm action is found in antioxidants, for example 
acetylcysteine, quercetin, etc [9, 10, 11].

Synthetic antioxidant ethylmethylhydroxypyridine 
succinate (mexidol) is widely used in clinic, both for non-
infectious diseases including cerebrovascular disorders, 
trauma of the brain, neurosis, withdrawal syndrome, 
intoxication with neurotropic poisons, acute myocardial 
infarction, and infectious pathology such as peritonitis 
or acute necrotic pancreatitis [12, 13]. Since the drug 
is administered intravenously and by infusion, and is 
also prescribed for purulent-inflammatory diseases of 
the abdominal cavity, it is of interest to study its antimi-
crobial properties, in particular the effect on biofilms of 
microorganisms.

The aim of the study was to determine the effect of 
mexidol on the formation of biofilms by test strains of 
microorganisms.

Object and methods of research. Clinical strains of 
bacteria (E. coli 311, P. aeruginosa 449, S. aureus 222) 
and fungi (C. albicans 1486) were used in studies of the 
antimicrobial activity of mexidol. The antibacterial and 
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antifungal activity of mexidol was determined by serial 
dilutions in liquid nutrient media Tryptone Soya Broth 
(TSB) (for bacteria) and Saburo (for fungi) (HiMedia, 
India) in polystyrene deep well plates according to [14, 
15]. The range of mexidol concentrations was 1.5-200 
μg/ml. The substance of the drug was obtained from the 
manufacturer (TOV NVF Microchem, Ukraine). The mi-
crobial inoculum was prepared according to McFarland. 
The density of the inoculum was 106 colony-forming 
units/ml (bacteria) or 105 fungal elements/ml of nutri-
ent medium. The incubation period was 24 h at 35-37°C 
for bacteria and 24-48 h at 35°C for fungi. The MIC was 
taken to be the minimum concentration of mexidol at 
which the growth of microorganisms was visually ab-
sent.

Determination of the ability of microorganisms to 
form biofilms was performed by microtiter dish biofilm 
formation assay described by O’Toole [16]. Biofilms were 
grown for 24 h at 37°C, after which the contents of the 
wells were removed. They were washed with distilled 
water and stained with 0.1% gentian violet, followed by 
extraction of the dye with ethanol. The degree of inten-
sity of biofilm formation was determined according to 
the criteria developed by Stepanovic S. et al. [17].

The potential antibiofilm activity of mexidol against 
clinical test strains of bacteria was studied at subinhibi-
tory concentrations of 5 μg/ml, 50 μg/ml and 200 μg/ml. 
Concentrations of the drug were selected on the basis 
of data on its maximum concentration in blood plasma 
(3.5-4.0 μg/ml) when administered intravenously at a 
dose of 400–500 mg [13]. The ability of mexidol to af-
fect the biofilm formation by clinical isolates of bacteria 
was detected according to [16]. The study used a night 
culture of microorganisms diluted 1:100 in nutrient 
medium TSB. The incubation period of the culture with 
mexidol was 24 h at 37°C. The formed biofilms were 
stained with 0.1% gentian violet solution. The optical 
density was recorded by Adsorbance Microplate Reader 
ELx×800 (VioTek, USA) at a wavelength of 630 nm. Each 
experiment was performed in at least 3 replicates.

The research results are presented as M±m, where 
M is a mean value and m is a standard error of the mean. 
Statistical processing of the results was performed using 
the Newman-Keuls test by standard computer software 
StatSoft Statistica 6.0. The difference between groups 
was considered significant at p<0.05.

Research results and their discussion. The obtained 
data on the antimicrobial activity of mexidol showed 
that for planktonic forms of microorganisms E. coli, P. 
aeruginosa, S. aureus, and C. albicans MIC of the drug is 
more 200 μg/ml.

At the initial stage of the study of potential antib-
iofilm activity of mexidol, the ability of clinical isolates 
to form biofilms on the abiotic surface was determined. 

According to the obtained data, gram-negative bacteria 
(E. coli 311, P. aeruginosa 449) demonstrate a strong 
ability to form biofilms, gram-positive ones (S. aureus 
222) – a medium ability (table 1).

Yeast-like fungi C. albicans 1486 do not adhere to the 
abiotic surface, so in further studies, this test strain was 
not used.

The results on the mexidol’s action on the biofilm 
formation by gram-negative bacteria E. coli 311 and P. 
aeruginosa 449 are presented in the table 2 and table 3.

Table 2 – Mexidol’s influence on the biofilm 
formation by E. coli 311 (M±m)

Conditions of the experiment Optical density, 
units

Formed 
biofilm, %

Test culture control (n=3) 0,049±0,002 100±6
Mexidol, 5 μg/ml (n=5) 0,058±0,002* 112±4*
Mexidol, 50 μg/ml (n=5) 0,058±0,001* 112±3*
Mexidol, 200 μg/ml (n=5) 0,060±0,003* 115±7*

Footnotes: 1 – * – differences significant as compared to the test 
culture control. 2 – n – a number of observations.

It was found that mexidol in the studied concentra-
tions stimulates the formation of E. coli 311 biofilms, 
as evidenced by an increase in biofilm biomass by 12–
15% (p<0.05). In the range of drug concentrations of 
5–200 μg/ml, this increase is equally pronounced.

According to the results of the study, mexidol does 
not disrupt the formation of biofilms by P. aeruginosa 
(table 3). This is evidenced by the increase in biomass 
of P. aeruginosa biofilms under the action of the drug at 
concentrations of 200 μg/ml by 33% and 50 μg/ml – by 
79% (p<0,05). At reduction of mexidol’s concentration 
to 5 μg/ml, stimulation of biofilm formation by P. aeru-
ginosa 449 is noted with a 2.1-fold increase in biomass 
compared to the control (p<0.05). The biofilm formation 
of this test strain of microorganisms under the influence 
of the highest concentration of mexidol is probably 
lower than under the influence of both two other con-
centrations of this remedy, and under the influence of 
medium concentration is lower than under the action of 
minimum one (p<0,05). This means that in the concen-
tration range of mexidol 5-200 μg/ml, there is an inverse 
dependence of the detected effect on the concentration 
of the investigated agent.

Table 3 – Mexidol’s influence on the biofilm 
formation by P. aeruginosa 449 (M±m)

Conditions of the experiment Optical density, 
units

Formed 
biofilm, %

Test culture control (n=3) 0,059±0,002 100±4
Mexidol, 5 μg/ml (n=5) 0,128±0,005* 210±9*
Mexidol, 50 μg/ml (n=5) 0,105±0,001*, # 179±6* #

Mexidol, 200 μg/ml (n=3) 0,081±0,003*, #,## 133±5*, #,##

Footnotes: 1 – differences which are significant as compared: * – to 
the test culture control; # – to mexidol’s concentration 5 μg/ml; ## – to 
mexidol’s concentration 50 μg/ml. 2 – n – a number of observations.

Data on the effect of mexidol on the formation of 
biofilms of S. aureus 222 are presented in the table 4.

Mexidol has been shown to stimulate S. aureus 222 
biofilm production.

In this case, the biomass of S. aureus biofilms in-
creases 2.1-2.7 times (p<0.05) compared to the control. 

Table 1 – Biofilm formation by clinical strains 
of microorganisms

Microorganisms Ability to biofilm formation
E. coli 311 (n=3) Strong
P. aeruginosa 449 (n=3) Strong
S. aureus 222 (n=3) Medium
C. albicans 1486 (n=3) Absent

Footnotes: 1 – quantitative parameters of biofilm formation met the 
criteria specified in the reference [17], and therefore were not given 
in the table. 2 – n – a number of observations.
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There are no significant differences in the intensity of 
the biofilm formation at different concentrations of the 
drug.

Therefore, the MIC value of mexidol against clinical 
strains of bacteria and fungi exceeds 200 μg/ml. Stim-
ulation of the biofilm formation by gram-negative (E. 
coli 311, P. aeruginosa 449) and gram-positive bacteria 
(S. aureus 222) is observed under the action of the drug 
in subinhibitory concentrations. 

The absence of specific antimicrobial action of mexi-
dol (MIC is more 200 μg/ml) is quite natural for the an-
tioxidant and is consistent with literature data showing 
that the MIC of the drug for reference strains of micro-
organisms is in the range of 1250-10000 μg/ml [18]. An-
other known antioxidant, ascorbic acid, has antimicro-
bial activity in the near range [19].

At the same time, we have not found reports in the 
literature on the ability of antioxidants to induce the 
development of biofilms in both subinhibitory concen-
trations and concentrations exceeding MIC. The antioxi-
dant activity of mexidol has been confirmed by numer-
ous studies [12], and therefore the ability of the drug 
to enhance the biofilm formation may be due to other 
properties of its molecule, which allow this substance 
to stimulate biofilm development in other way than an-
tioxidant effect. In particular, it may be the delivery of 
iron, which can enhance the formation of biofilms [20]. 
It is also possible that metabolic processes in the bac-
terial cell with the participation of 3-hydroxypyridine 
structure analogous to pyridoxine or succinate play a 
role in stimulating of biofilm formation [21].

Of course, the discovered ability of mexidol in low 
concentrations to stimulate biofilm formation indicates 
the need for further in-depth studies to assess the fea-
sibility of its use in patients with infectious diseases. 
However, at this stage, given ability should draw the at-

tention of clinicians who prescribe this drug to the most 
careful care of catheters and other medical devices, as 
the use of mexidol may increase the formation of bio-
films on them. Also, using this antioxidant in the com-
plex treatment of purulent-inflammatory diseases of 
the abdominal cavity, we should simultaneously choose 
a regimen of antibiotic therapy that prevents the devel-
opment of biofilms of microorganisms or eradicates of 
biobilm-associated pathogens, providing high doses of 
antibiotics, combining them with each other and with 
adjuvants [22].

Conclusions.
1. The MIC of ethylmethylhydroxypyridine succinate 

(mexidol) for planktonic cells of clinical strains of bac-
teria and fungi (E. coli 311, P. aeruginosa 449, S. aureus 
222, C. albicans 1486) exceeds 200 μg/ml, indicating the 
absence of potent antimicrobial activity.

2. Stimulation of biofilm formation by gram-negative 
(E. coli 311, P. aeruginosa 449) and gram-positive bacte-
ria (S. aureus 222) is observed under the action of the 
drug in subinhibitory concentrations (5-200 μg/ml).

Prospects for further research. The study of the ef-
fect of high concentrations of mexidol on the biofilms 
of microorganisms and the investigation of the mecha-
nisms of such effect will be the direction of further work.

Table 4 – Mexidol’s influence on the biofilm 
formation by S. aureus 222 (M±m)

Conditions of the experiment Optical density, 
units

Formed 
biofilm, %

Test culture control (n=5) 0,034±0,002 100±5
Mexidol, 5 μg/ml (n=5) 0,083±0,007* 249±21*
Mexidol, 50 μg/ml (n=5) 0,092±0,015* 274±46*
Mexidol, 200 μg/ml (n=3) 0,072±0,009* 212±30*

Footnotes: 1 – * – differences significant as compared to the test 
culture control. 2 – n – a number of observations.
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ВПЛИВ СУБІНГІБУЮЧИХ КОНЦЕНТРАЦІЙ ЕТИЛМЕТИЛГІДРОКСИПІРИДИНУ СУКЦИНАТУ НА БІОПЛІВКИ МІ-
КРООРГАНІЗМІВ

Важнича О. М., Балюк О. Є., Боброва Н. О., Бойко І. О.
Резюме. Біоплівкові мікроорганізми спричиняють близько 80% хронічних інфекцій, що призводить до 

підвищення рівня захворюваності, збільшення випадків госпіталізації і зростання витрат на медичне обслу-
говування. Біоплівки також можуть розвиватися на абіотичних поверхнях, включаючи ортопедичні протези, 
стенти та катетери. Антибіотики не достатньо ефективні для лікування інфекцій, пов’язаних з біоплівкою, і 
пошук антибіоплівкових агентів ведеться серед інших класів сполук, зокрема серед антиоксидантів, до яких 
належить відомий препарат етилметилгідроксипіридину сукцинат (мексидол). Мета дослідження – визна-
чити вплив мексидолу на формування біоплівок тест-штамами мікроорганізмів. Використано клінічні штами 
бактерій (E. сoli 311, P. aeruginosa 449, S. aureus 222) та грибів (C. albicans 1486). Антимікробну активність 
мексидолу визначали методом серійних розведень у рідких поживних середовищах у діапазоні концентрацій 
1,5-200 мкг/мл. Визначення здатності мікроорганізмів до плівкоутворення проводили за відомою методи-
кою O’Toole. Ступінь інтенсивності утворення біоплівки визначали, як описано Stepanovic S. et al. Потенційну 
антибіоплівкову активність мексидолу досліджували у концентраціях 5-200 мкг/мл. Статистичну обробку ре-
зультатів проводили з використанням критерію Ньюмена-Кейлса за допомогою програм «StatSoft Statistica 
6.0». Показано, що для планктонних форм E. coli, P. aeruginosa, S. aureus та C. albicans мінімальна інгібую-
ча концентрація мексидолу більша 200 мкг/мл. E. Coli 311, P. aeruginosa 449 виявляють сильну здатність до 
плівкоутворення, S. aureus 222 – середню. C. albicans 1486 не адгезуються до абіотичної поверхні і надалі 
не використовувалися. Встановлено, що мексидол посилює плівкоутворення E. coli 311, збільшуючи біомасу 
біоплівок на 12–15%. Препарат збільшує біомасу біоплівок P. aeruginosa на 33–110% проти контролю, що най-
більш виразне за мінімальної концентрації препарату. Мексидол також стимулює плівкоутворення S. aureus 
222 у 2,1-2,7 разу порівняно з контролем. 

Отже, за дії препарату у субінгібуючих концентраціях відмічена стимуляція плівкоутворення грамнега-
тивними (E. сoli 311, P. Aeruginosa 449) та грампозитивними бактеріями (S. aureus 222). Виявлена здатність 
мексидолу стимулювати плівкоутворення потребує подальших досліджень, щоб оцінити доцільність його за-
стосування в комплексній терапії гнійно-запальних захворювань.

Ключові слова: етилметилгідроксипіридину сукцинат, мексидол, мікроорганізми, клінічні штами, 
біоплівкa.
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creased hospital stays and enhanced health care costs. Biofilms can also grow on abiotic surfaces, including orthope-
dic prostheses, stents, and catheters. Antibiotics are not effective enough to treat biofilm infections, and antibiofilm 
agents are being sought among other classes of compounds, in particular antioxidants, including the well-known 
drug ethylmethylhydroxypyridine succinate (mexidol). The aim of the research was to study the effect of mexidol 
on the formation of biofilms by test strains of microorganisms. Clinical strains of bacteria (E. coli 311, P. aeruginosa 
449, S. aureus 222) and fungi (C. albicans 1486) were used. The antimicrobial activity of mexidol was determined by 
serial dilutions in liquid media in the concentration range of 1.5-200 μg/ml. Determination of the microorganisms 
ability to form biofilm was performed according to the known O’Toole method. A degree of the biofilm formation in-
tensity was determined as described by Stepanovic S. et al. The potential antibiofilm activity of mexidol was studied 
at concentrations of 5–200 μg/ml. Statistical processing of the results was performed using Newman-Keuls criterion 
by the software StatSoft Statistica 6.0. It was shown that for planktonic forms of E. coli, P. aeruginosa, S. aureus, and 
C. albicans, the minimum inhibitory concentration of mexidol is more 200 μg/ml. E. coli 311 and P. aeruginosa 449 
show a strong ability to form biofilms, S. aureus 222 – the medium ability. C. albicans 1486 does not adhere to the 
abiotic surface and was no longer used. Mexidol enhances the biofilm production by E. coli 311, increasing the bio-
mass of biofilms by 12–15%. The drug increases the biomass of P. aeruginosa biofilms by 33–110% against control, 
and this is most pronounced at the minimum concentration of the drug. Mexidol also stimulates the formation of S. 
aureus 222 biofilms by 2.1-2.7 times compared to the control. 

Therefore, under the action of the drug at subinhibitory concentrations, stimulation of the biofilm formation by 
gram-negative (E. coli 311, P. aeruginosa 449) and gram-positive bacteria (S. aureus 222) is observed. The identified 
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ability of mexidol to stimulate biofilm formation requires further research to assess the feasibility of its use in the 
complex therapy of purulent-inflammatory diseases.
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