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Currently, one of the most urgent problems in clinical practice is the antibiotic therapy ineffectiveness
at chronic diseases treatment caused by biofilms-forming microorganisms. One of the ways to its
solution is the search for new compounds with antibiofilm activity which can prevent the adhesion
of microorganisms, disrupt the structure of the biofilm matrix and affect the Quorum sensing system.
The aim of the study was to investigate adamantane derivative 1-[4-(1-adamantyl) phenoxy]-3-
(N-benzyl, N-dimethylamino)-2-propanol chloride (KVM-97) antimicrobial activity mechanism against
Staphylococcus aureus biofilms. Methods. The ability of the adamantane derivative KVM-97 to prevent
S. aureus biofilm formation and to destroy previously formed biofilms has been tested on polystyrene plates
by gentian violet sorption on these structures, followed by desorption with organic solvent and use of
resazurin (redox indicator). The S. aureus cells viability in mature biofilms was evaluated with specific dyes
for living (acridine orange) and dead (propidium iodide) cells. Lowry method was used to assess the effect
of KVM-97 on the matrix components for the total protein contents determination, the polysaccharides
were detected spectrophotometrically (using phenol and sulfuric acid), Bap-protein — by test with Congo
red. Persisters’ subpopulation was detected by activation of the SOS response in bacteria when exposed
to high concentrations of antimicrobial substances. Results. It was found that KVM-97 (the compound
with the adamantyl radical) showed an antibiofilm effect against S. aureus, decreasing biofilm biomass:
at the biofilm formation stage — by 22.5 % and 75.0 %, while in case of 2-day biofilms treatment — by
34.5 % and 32.4 % at 0.5 MIC and 5.0 MIC respectively. Compound KVM-97 was able to reduce the
number of metabolically active S. aureus cells only at the stage of biofilm formation (reduction by
92.7 and 95.8 % at 2.0 and 5.0 MIC). Obtained results indicated that this adamantane-containing
compound did not affect the protein and polysaccharides contents of S. aureus biofilms matrix. The
changes of Bap-protein level caused by KVM-97 were not statistically significant (p> 0.05). It was shown
that KVM-97 did not prevent the formation of metabolically inactive persister cells, their share was 0.71 %
of the control. Conclusions. Thus, adamantane-containing compound KVM-97 is able to prevent
S. aureus biofilm formation, causing significant biofilms’ mass reduction, as well as lowering the viable
cells number in them and destroying already formed biofilms. Its antibiofilm effects are not associated with
matrix protein and polysaccharides synthesis impairments. Further thorough investigations are needed
to establish the effect of this compound on eDNA synthesis, the Quorum sensing system, and the ica and
arg genes expression of S. aureus responsible for biofilm formation.
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In recent years, the attention of scientists to  search for substances with antibiofilm antibiotic

biofilms has increased significantly. Pubmed data
shows, that the number of publications dedicated
to this problem in 2020 was about 60,000. The
attention of researchers is focused on the processes
of biofilm formation, biofilm components
determination, their sensitivity to antibiotics,
biofilms-associated diseases and also on the
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activity. Many gram-negative and gram-positive
microorganisms, including bacteria of the genus
Staphylococcus, can form biofilms.
Staphylococcal biofilms are formed on any
abiotic and biotic surfaces, creating problems
in various fields of economic activity and in
medical practice. It is known that the formation
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of Staphylococcus aureus biofilms can play the
main roles in the pathogenesis of diseases such as
osteomyelitis, endocarditis, rhinosinusitis, otitis,
pneumonia and be one of the main causes of
nosocomial infections and purulent-inflammatory
processes associated with implants [1, 2]. Biofilms
are formed on the surface of endotracheal tubes,
implants, nets, stents, venous and urinary catheters,
heart valves, contact lenses and other devices
[3, 4]. Bacterial biofilms are considered especially
dangerous due to their increased resistance to
immune system factors, antibacterial agents
and disinfectants. In experiments it was found
that biofilms’ microorganisms can survive when
exposed to antibiotics at concentrations that are
500-1000 times higher than those for plankton
microorganisms [5—7].

Biofilm bacteria antibiotic resistance is realized
via formation of persisters (i.e. bacterial cells,
which are characterized by reduced metabolic
activity and resistance to antimicrobial agents
action) and low permeability of the intercellular
matrix. In the biofilms Staphylococcus cells
synthetize such extracellular components as
polysaccharide intercellular adhesin (PIA),
extracellular DNA, proteins and myeloid fibrils [8].
The main protein components of staphylococcal
biofilms matrix are surface proteins C and G
(SasC, SasG), CIfB (clumping factor B), Bap-
protein (biofilm-associated protein, which in the
biofilm exists in the form of amyloid (protein-
polysaccharide) aggregates), the fibronectin/
fibrinogen-binding proteins (FnBPA and FnBPB)
[8—10]. Polysaccharide and protein components
of the matrix are involved into cell adhesion
processes, determining biofilms architecture and
structural organization.

Despite considerable achievements in stu-
dying of microbial communities patterns of
development and vital activity, at present there are
no antibiotics with profound antibiofilm activities
and with appropriate effectiveness and safety
for clinical use. The duration and severity of the
inflammatory processes require further intense
search for new solutions of this problem. Now a
search is underway for substances that can disrupt
the structure of the biofilm matrix to increase
antimicrobial drug concentration in the biofilm.
Some devices with coatings using substances with
anti-adhesive and antimicrobial properties are
being developed. Also new compounds are being
searched for modification the Quorum sensing (QS)
system functioning, etc. Taking into account all
abovementioned, adamantane derivatives, which
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exhibit a wide range of biological activity, including
antimicrobial and antibiofilm effect against bacteria
and fungi, deserve special attention [11-13].

The aim of this work is to establish the me-
chanism of the first synthesized adamantane
derivative KVM-97 action on biofilms formed by
Staphylococcus aureus.

Materials and methods

Test compound. A derivative of adamantane,
1-[4-(1-adamantyl)phenoxy]-3-(N-benzyl,N-
dimethylamino)-2-propanol chloride (KVM-97),
used in the experiments, was synthesized at the
Institute of Organic Chemistry of the National
Academy of Sciences of Ukraine. The macrolide
antibiotic azithromycin (Azithromycin, substance,
series 1502000319, obtained from ZAO NPC
Borshchagovsk Chemical and Pharmaceutical
Plant, Ukraine) was used as a reference item.

Bacterial strain and growth conditions.
Studies were performed using a clinical strain of
S. aureus 222 isolated from a patient in a surgical
hospital. S. aureus 222 showed resistance to the
action of oxacillin and ciprofloxacin, as soon as
sensitivity to clindamycin and azithromycin. The
strain was grown on Muller-Hinton agar medium or
in tryptone soy broth (TSB) for 24 hours at 37 °C.

Quantitative biofilm test. KVM-97 effects
(concentrations of 0.5 MIC and 5.0 MIC) on
S. aureus biofilms and their formation processes
was estimated by microtiter dish biofilm formation
assay described by O’Toole [14]. When evaluating
the compound’s effect on the biofilm formation,
KVM-97 solution and the inoculum applications
were performed simultaneously. At compounds
effects on mature biofilms studies, the solution
was applied on the 2™ day of the experiment after
biofilms’ pre-growth for 48 h at 37 °C. To prepare
the inoculum, the overnight culture was 100-
fold (1:100) diluted in liquid medium (TSB). The
incubation period with the compound was 24 h
at 37 °C. To determine the biomass of the biofilm,
the contents of the plates were removed, the wells
were washed three times with distilled water, 0.1 %
solution of gentian violet was added and kept for (10—
15) minutes. To detect the formed biofilm, the dye
was extracted with ethanol (15 min). Optical density
measurements were performed on “Adsorbance
Microplate Reader ELx x 800” (VioTek, USA)
at a wavelength of 630 nm. Intact cultures of
microorganisms grown under the same conditions
without the addition of the compound were used as a
control. The experiments were performed in at least
3 replicates of 6 replicates in each study.
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Determination of metabolically active cells
in the biofilm (Resazurin test). The metabolic
activity of S. aureus cells was determined at the
stage of biofilm formation and in the mature
2-day biofilms using the redox indicator resazurin
according to [15, 16]. Compound KVM-97 (0.5,
2.0 and 5.0 MIC) was added to the incubation
medium simultaneously with the inoculum and at
the 2" day of incubation, respectively. To prepare
the inoculum, the overnight culture was diluted in
a nutrient medium 100 times (1:100). To determine
the metabolic activity of the bacteria, contents
of the plate wells were removed, 200 pl of TSB
and 10 pl of resazurin solution (Sigma, USA)
(0.5 ng / well) were added. The metabolic acti-
vity of S. aureus cells was evaluated by fluo-
rescence intensity after 30 min of incubation in
the dark at room temperature on a fluorescence
spectrophotometer “HITACHI, MPF-3" (Japan)
(Aex 550 nm — Aem 590 nm). The experiments
were accompanied by controls of culture, culture
medium and appropriate solutions of compounds /
preparations and were performed at least 3 times.

Determination of total protein and polysac-
charides. To evaluate the effect of KVM-97 on
the content of proteins and polysaccharides in
the matrix of biofilms formed by gram-positive
microorganisms, the culture was grown in
TSB containing test or reference compounds at
concentrations 0.5 and 2.0 MIC for 48 h at 37 °C.
Then cells were precipitated by centrifugation at
3000 rpm for 15 min, followed by obtained pellets
washing with 0.9 % NaCl solution. Proteins and
polysaccharides extractions were performed by
1.5 M NaCl solution, cells were precipitated by
centrifugation at 8000 g for 10 min [17].

Protein content determination in biofilm matrix
was carried out by the method of Lowry et al.
[18] using reagent A (2.0 % solution of Na,CO, in
0.1 N NaOH), reagent B (0.5 % solution of CuSO, x
x H,O in 1.0 % sodium citrate solution), reagent
C — alkaline copper solution (mixture of 50 ml
of reagent A with 1 ml of reagent B), reagent E —
2 times diluted Folin’s reagent (“Merck™, USA).
To 0.5 ml of the obtained supernatant 2.5 ml
of reagent C was added and left for 10 min at a
temperature of (20-25) °C. 0.5 ml of reagent E
was added and mixture was incubated for 30 min
under the same conditions and then analyzed on
a SF-46 spectrophotometer at a wavelength of
750 nm. Protein concentration was determined
by a standard calibration curve for bovine serum
albumin (“Fluka”, USA).
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Determination of polysaccharides total con-
tent in bacterial biofilms matrix was carried out
according to Dubois et al. [19]. To 0.2 ml of the
supernatant was added 0.2 ml of 5 % phenol
solution and 1.0 ml of concentrated sulfuric acid.
The mixture was kept at a temperature of (20-25) °C
for 40 minutes. The carbohydrate content was
determined at microplates spectrophotometer
“Absorbance Microplate Reader ELx800” (VioTek,
USA) at 490 nm using a standard curve for glucose.

Determination of Bap-protein. Gram-positive
bacteria ability to produce Bap-protein was
estimated by determination of the level of matrix
amyloid component binding with Congo red dye
[20, 21]. A night culture of S. aureus was used in
the research. Test or reference compounds solutions
were added at concentrations of 0.5 and 2.0 MIC
and incubated for 90 min at 37 °C. Bacterial cells
were precipitated by centrifugation at 3000 rpm for
15 minutes and washed with phosphate buffer. To
the cell suspension (OD, —0.3) 50 pg/ml of Congo
red dye solution was added and then mixture was
kept for 10 min at 37 °C. Bacterial cells with bound
Congo red were precipitated by centrifugation at
8000 rpm for 10 minutes. The supernatant was
transferred into the wells of the plate and the
amount of unbound dye was determined at 490 nm.
Optical density measurements were performed on
“Adsorbance Microplate Reader ELx800” (VioTek,
USA). Congo red concentration was calculated
using a standard calibration curve.

Persisters formation. The presence of persisters
in S. aureus population with adamantane-containing
compound action was determined according to [22].
For cells-persisters isolation, the culture (OD,, —
0.8) was incubated with KVM-97 or azithromycin
(5.0 MIC) for 5 h at 37 °C, which corresponded to
the stationary phase of culture growth. At the end of
the incubation period, a series of 10-fold dilutions
was prepared and plated on Mueller-Hinton agar
containing 1 % (MgCl, x 7H,0) according to the
“6x6 drops” method [23]. After the incubation
period (24 h at 37 °C), colonies were counted. The
results are presented as a decimal logarithm of total
number of colony-forming units (CFU).

Fluorescent microscopy. Test or reference
compounds effect on bacterial cells viability in
mature biofilms was investigated at a concentration
of 5.0 MIC by fluorescent staining using
acridine orange (5 pg/ml) and propidium iodide
(3 pg/ml) according to [24, 25]. The formed
biofilms were incubated with solutions of the
compound/preparation for 24 h at 37 °C. The
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contents of the dishes were removed, washed twice
with phosphate buffer (pH 7.2 + 0.2) and then dye
was added. Biofilms with dye were kept for 10 min
in the dark at room temperature, washed twice with
phosphate buffer (pH 7.2 + 0.2) and evaluated on a
fluorescent microscope “Olympus BX-41” (Japan).
The number of viable cells was counted using the
computer program BioFilmAnalyzer v.1.0 [26].

Statistical Analysis. The ANOVA method,
Newman-Keils and Tukey criteria were used to
evaluate the results of the studies and to identify
differences between the action of test and reference
compounds. Statistical processing was performed
using the computer program “Statistica 6.0”
(StatSoft. Inc., USA) [27, 28]. Research data are
presented as M = m, where M is the mean value, m
is the standard error of the mean.

Results. Our previous studies have found that
the MIC of KVM-97 against S. aureus 222 was
2.0 ug/ml. The obtained data (Fig. 1, A) show that
the compound KVM-97 inhibits S. aureus biofilms
formation: when exposed to a concentration of
5.0 MIC, the biomass decreases by 75.0 %, at a
concentration of 0.5 MIC — by 22.5 % (compared

to intact control). The S. aureus biofilm with
azithromycin treatment at a concentration of
5.0 MIC is practically not formed (inhibition of
97.6 %), with 0.5 MIC — reduction of biomass was
by 29.8 %.

The activity of KVM-97 was also registered
at a 2-day biofilm formed by S. aureus: with
concentration of 5.0 MIC the inhibition was 32.4 %,
with 0.5 MIC - 34.5 % (Fig. 1, B). Azithromycin
treatment at a concentration of 5.0 MIC decreased
the biofilm biomass by 21.3 %, at 0.5 MIC — by
6.2 %. KVM-97 in the subinhibitory concentration
has higher antibiotic action compared to
azithromycin (p <0.05).

The viability of intact S. aureus cells at the stage
of biofilm formation was the same that in the mature
biofilm: 48.0 + 1.4 conditional unit (CU) and 47.0 =
+ 6.9 CU respectively. With KVM-97 treatment at
the stage of S. aureus biofilm formation, the number
of metabolically active cells decreased at 2.0 MIC
and 5.0 MIC: by 92.7 — 95.8 % (compared to
control), at 0.5 MIC differences compared with the
control were not detected (Fig. 1, C). Metabolically
active S. aureus cells were practically not detected
in case of azithromycin treatment, the inhibition at
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Fi g. 1. Anti-biofilm activity of KVM-97: A — the effect on S. aureus biofilm formation
process (formed biofilm, %); B — the effect on a 2-day mature biofilm (biomass, %);
C — effect on the viability of S. aureus cells at the stage of biofilm formation
(metabolically active cells, %); D — the effect on the viability of S. aureus cells
in a 2-day mature biofilm (metabolically active cells, %).
Notes: AZT — azithromycin; * — p <0.05 in comparison with the corresponding
concentration of azithromycin (AZT); # — p <0.05 in comparison with control.
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5.0 MIC and 2.0 MIC was 96.9-97.9 %.

No significant changes in the viable S. aureus
cells numbers compared to the intact control were
registered (p> 0.05) in case of 2-day-biofilms
treatment by KVM-97 (Fig. 1, D). Reference item
azithromycin showed the same effect.

A

Microscopy results (Fig. 2, A) showed that the
control cells formed a dense layer, stained green,
i.e. they were metabolically active. When KVM-97
and azithromycin were added, separate bacterial
clusters were observed and the number of unviable
cells visually increased (from yellow-orange to red).

C

Fi g. 2. Cell viability of mature S. aureus biofilm with KVM-97 and azithromycin treatment at
a concentration of 5.0 MIC. Fluorescence microscopy, magnification: x 1000: A — culture control;
B - KVM-97; C — azithromycin; green color — living cells; red color — dead cells

Study results (Table 1) demonstrated that both
KVM-97 and azithromycin decreased the number
of §. aureus cells in comparison with control,
but these changes are not statistically significant
(p> 0.05).

When exposed to adamantane-containing
compound and azithromycin, a significant decrease
in S. aureus cells viability in the biofilm was by
11.4 % and 24.7 %, respectively (compared with
the intact control, p <0.05). The antibiofilm effect
of KVM-97 could be associated with its action on
matrix components of staphylococcal biofilms.

The obtained results show (Fig. 3, A) that
KVM-97 in both studied concentrations does not
decrease polysaccharide contents in S. aureus
biofilms matrix in comparison to the control (their
content in the control was 45.3 pg). Azithromycin
inhibitory effect on this parameter is registered at
a concentration of 2.0 MIC (21.7 %), at 0.5 MIC —
such effect is absent.

When determining the effect of KVM-97
on the protein components of the matrix of

Table 1

S. aureus 222, it was found (Fig. 3, B) that the
compound at a concentration of 2.0 MIC reduces
the protein content in the matrix by 7.5 %, with
0.5 MIC — does not cause changes.

The obtained data are not statistically significant
compared to the intact control (content is 27.9 pg)
(p> 0.05). The comparison drug azithromycin does
not show inhibitory activity on the production of
protein components of the matrix of S. aureus.

When studying the effect of KVM-97 on
the matrix component of Bap-protein (biofilm
associated protein), it was found (Fig. 3, C) that
when exposed to a concentration of 2.0 MIC,
a decrease in its content by 18.5 % compared to
intact control was registered. At the subinhibitory
concentration (0.5 MIC), the level of Bap-
protein increases by 19.0 %. The comparison
drug azithromycin dose-dependently reduces the
content of Bap-protein by 14.6 % and 27.1 % when
used at a concentration of 0.5 MIC and 2.0 MIC,
respectively. However, the detected changes were
not statistically significant (p> 0.05).

The effect of KVM-97 on the viability of S. aureus cells in the 2-day mature biofilms

Cells number in biofilm, per visual field

Experiment conditions Total number Viable cells, %
Culture control 19302 + 4581 99.4+£0.6
KVM-97 11461 + 1844 88.6 £ 3.0%*7
Azithromycin 12799 + 525 75.3 £2.3"

Notes: * differences are statistically significant in comparison with azithromycin, (p <0.05); # differences are

statistically significant in comparison with control (p <0.05).
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Fig. 3. The contents of S. aureus 222 biofilms matrix components (%) with KVM-97:
A — polysaccharides; B — total protein; C — Bap-protein.
Notes: AZT — azithromycin; * — p <0.05 in comparison with the corresponding
concentration of azithromycin (AZT); # — p <0.05 in comparison with control.

Decreased cell viability at different stages of
biofilm formation under the action of compounds
and drugs may occur due to the formation of
persistent. The results obtained (Fig. 4) show that
the number of S. aureus cells in the culture control
was 9.7 x 108 CFU/ml (or 8.99 + 0.22 1g CFU/ml).

It is established (Fig. 4) that with KVM-97
cells-persisters formation was present, their share
reached 0.71 % from control.

Azithromycin did not change the number of
cells-persisters compared to the control (p> 0.05).
Cells remained metabolically active, which was
confirmed by the reaction with resazurin. It could
be assumed that in the absence of nutrients in
the incubation medium, azithromycin retained a
specific effect on S. aureus.
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Discussion. Recently, scientific interest to
biofilms contents, structure, functioning and search
for active antibiofilm agents are rapidly increasing.
Intensive search for perspective compounds and
preparations able to act directly and indirectly on
biofilm formation processes, bacterial cells viability
in the biofilm, main features of mature biofilms,
extracellular matrix, content of its components, etc.
is currently underway. Such an integrated approach
to this specific antimicrobial activity studies will
make it possible to predict the possible mechanism
of such compounds action and to evaluate the
prospects for their use in clinical practice.

Thus, it was found that while the bactericidal
compounds effect is accompanied by a decrease
in biofilms’ biomass and disruption of micro-
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Fi g. 4. The number of S. aureus persister cells (Ig CFU/ml) at 5.0 MIC KVM-97 concentration.
Notes: AZT — azithromycin; * — p < 0.05 in comparison with the corresponding concentration
of azithromycin (AZT); # — p < 0.05 in comparison with control.

organisms’ energy processes, substances with
bacteriostatic effect only reduce biofilms’ biomass
without any changes in their metabolic processes
[29].

Experimental data showed that KVM-97 caused
dose-dependent inhibitory effect on S. aureus
biofilms at the stage of biofilm formation decreasing
biomass and viable bacterial cells number. A
similar inhibiting effect had CD437 (the retinoid
compound with adamantyl radical) in experiments
with Enterococcus faecalis, S. epidermidis,
S. aureus biofilms biomass and bacteria metabolic
activity [30]. According to scientific publications
[31], the antibiotic action of various substances
may be due to their ability to cause impaired
adhesion of microorganisms, violations in biofilms’
matrix components synthesis, changes in the
physicochemical characteristics of the bacterial
cell surface, etc. Data of other authors [29] indicate
that the antibiotics telithromycin and daptomycin
in bactericidal (8.0 MIC) and subinhibitory
(0.25 MIC) concentrations show activity against
biofilms formed by methicillin-resistant (MRSA)
and methicillin-sensitive (MSSA) S. aureus.
The antibiofilm effect of antibiotics is associated
with their influence on the expression of agrA4,
agrC, clfA, icad, sigB genes, responsible for the
OS system regulation, intercellular adhesion,
production of proteins and polysaccharides
involved into S. aureus biofilm formation.

Our experiments have shown that a compound
with an adamantyl radical, in addition to disrupting
biofilm formation, can cause destruction of the
mature S. aureus biofilm, which was confirmed
by a decrease in its biomass both with bactericidal
and subinhibitory concentrations. Such antibiofilm
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action at a concentration of 0.5 MIC was detected
for vancomycin in experiments with S. epidermidis
[31]. Its effect was accompanied by an increase in
the amount of eDNA in the biofilm matrix and
by stimulation of chemical interaction between
them, which led to a limitation of the antibiotic
permeability into the biofilm and its resistance
to the glycopeptide [31]. Whereas, according to
our results, some bacteria in the mature biofilm
remain viable after KVM-97 treatment, it could be
supposed that just the insufficient concentration of
this compound in the mature biofilm was the reason
of biofilm’s incomplete destruction.

According to the obtained data, KVM-97 did
not significantly change the contents of proteins
and polysaccharides in the matrix of S. aureus
biofilms. According to other authors’ data [30] in
the presence of the retinoid adamantane-containing
compound CD437 in the incubation medium,
a decrease in the content of polysaccharide
components of the matrix in the biofilms of gram-
negative bacteria Pseudomonas aeruginosa was
registered. Inhibition of the exopolysaccharides
synthesis by S. aureus cells was found with
the combined use of azithromycin and Vitexin
(subinhibitory concentrations) [32]. Simultaneously
with such their action was registered also eDNA
content decreasing in S. aureus biofilms matrix
[32].

Persister bacterial cells formation is one of the
factors that cause biofilms resistance. Such cells
have reduced metabolic activity and are resistant
to antimicrobial drugs. Most of persister cells are
formed under the influence of antibiotics affecting
the metabolic processes in bacteria, including
fluoroquinolones (ciprofloxacin, ofloxacin),
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aminoglycosides (tobramycin, gentamicin) etc. It
has been experimentally proven that the compound
KVM-97 does not prevent totally the formation of
persister cells, but their number does not exceed
that under the action of other antimicrobial agents.
According to other authors’ data [33], the frequency
of persistence in the population of S. aureus under
the influence of levofloxacin is 0.5 %.

Thus, the compound with the adamantyl radical
KVM-97 has an inhibitory effect on S. aureus
biofilms — it is able to prevent biofilm formation
and destroy the formed biofilms. The antibiotic
action of KVM-97 is accompanied by both a
decrease in biomass and in the number of viable
S. aureus cells in the biofilm. Our experiments
have shown that the activity of KVM-97 against
S. aureus biofilms may be associated with its effect
on matrix protein component, but such changes
were not statistically significant. It was found that
this adamantane radical-containing compound
does not affect the synthesis of exopolysaccharides
in staphylococcus cells. It has been shown that
KVM-97 does not prevent the formation of
S. aureus persister cells, but the frequency of their
formation does not exceed that parameter of other
modern antimicrobials (< 1.0%). Our experiments
have shown that KVM-97 demonstrates a
pronounced activity against planktonic cells of
S. aureus, similar to this parameter of reference
item azithromycin (p> 0.05). As for biofilm-
disseminated S. aureus cells, the activity of
KVM-97 is less profound.

Conclusions. Obtained results allowed sup-
posing that in addition to abovementioned changes,
the antibiotic action of adamantane radical-
containing compound KVM-97 could be realized
via influencing eDNA synthesis, Quorum sensing
system state, expression of ica and arg genes
responsible for S. aureus biofilm formation, which
requires further in-depth studies.
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AHTHUBIOIIVIIBKOBA IS
MNOXTAHOI'O AJAMAHTAHA
mOAO STAPHYLOCOCCUS AUREUS
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Peswome

Huni akTyanpHOIO Tpo0OneMolo B KIIiHIUHIH mpak-
THII € HeePEeKTUBHICTh aHTHOIOTHKOTEpamii mpH
JIIKyBaHHI XpOHIYHUX 3aXBOPIOBaHb, CIIPUYUHEHUX
O10TUTIBKOYTBOPIOIOYMMH MikpoopraHizmamu. OJ-
HUM 13 HampsAMKiB i1 BUPIIIEHHS € MOUIYK HOBHX
CIOJYK 3 aHTUOIOIIIBKOBOIO aKTHUBHICTIO, 3JJaTHUX
3amobiratu anaresii MiKpoOoprasizmiB, MOpPYIIyBa-
TH CTPYKTYpY MaTpHUKCy OiOIUTIBKH Ta BIIJIMBATH Ha
cucreMy Quorum sensing. MeTa poOOTH — BCTaHO-
BHTH MEXaHI3M aHTHMIKPOOHOT aKTHBHOCTI MOXiJI-
Horo ajgamanrtany 1-[4-(1-agamanTuin)-¢peHokcu]-
3-(N-6en3uu,
xnopuay (KBM-97) mono 6iomniBok, chopMOBaHUX

N-nuMeTuiaMmiio)-2-npomnaHon

Staphylococcus aureus. Meroau. 3naTHicTh ajaa-
MaHTaHBMICHOI criorykn KBM-97 3amo6iratu mutiB-
KOYTBOPCHHIO Ta pyHHYBaTH copmMoBaHi O10TLIIiB-
KU S. aureus NOCIIJKYyBajlyd Ha IMOJiCTUPOJIOBHUX
IUTAHIIETaX METOAOM copOLii reHniaHBioneTy Ha ii
CTPYKTYpax 3 HaCTYITHOIO JIeCOpOIIi€r0 B OpraHiuHui
PO3YMHHUK Ta 3 BUKOPUCTAHHSIM OKHUCHO-BIJTHOBHO-
ro IHJIUKaTOpa pe3asypuHy. KUTTe3aTHICTh KIITHH
S. aureus y ckiajl 3puiux O10IJIIBOK OIIHIOBAIH 3
BUKOPHUCTAHHAM crenupiyHuX OapBHUKIB JUIS HKH-
BUX (AaKpUAMHOBHH, OpaH)KeBUI) Ta HEKUBUX (TIPO-
migii Womua) kaiTuH. [ oninku BBy KBM-97
Ha KOMIIOHEHTH MaTPUKCY JUTS BA3HAYCHHS 3araJlbHO-
ro OlIKa BUKOPHCTOBYBaJIM MeToj Lowry, momicaxa-
PHUIIB — CIIEKTPO(POTOMETPUIHUN METOI 3 BUKOPHC-
TaHHsIM (eHony Ta cyibdaTHOI Kuciotu, Bap-Oinka
— MeToA 3 BuKopuctanHsaM Konro uepBoHoro. Bui-
JICHHS CyONOMyIIAIii epCUCTEPiB TPOBOIIIH 3T1AHO
METOIY, 3aCHOBaHOMY Ha akTuBarlii SOS-BiAMOBIII Y
OakTepil 3a Jii BUCOKUX KOHIIEHTpAIiii aHTHOI0THKIB.
Pe3yabraTu. BeranosneHo, mo cnoiyka 3 aJaMaH-
TIbHUM paaukaioMm KBM-97 Bussnse antuOio-
ITIBKOBUH epekT moao S. aureus, mMpo MO CBIAYNTH
3MEHIIIEHHs OioMacH OiOTUTIBKY: Ha eTarli ITiBKOyTBO-
penns — Ha 22,5 % Ta 75,0 %, 3a nmii Ha 2-71000-
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Bi OilommiBku — Ha 34,5 % Tta 32,4 %, 3a 0,5 MIK
ta 5,0 MIK BinnosigHo. Cnoxyka KBM-97 3nat-
Ha 3MEHIIYBaTH KUIBKICTh METa0O0JIIYHO aKTUBHHX
KIITHH S. qureus JINIIC Ha €Tall IUTiBKOyTBOPCHHS
(3menmenns Ha 92,7 % ta 95,8 % npu 2,0 ta 5,0
MIK BianoBijgHoO). 3riIHO 3 OTPUMAHUMHU pe3yJibTaTa-
MU a/IaMaHTaHBMICHA CIIOJyKa HE BIUTUBA€E HA BMICT
OUTKOBHUX Ta MOJIiICaXapUIHUX KOMIIOHEHTIB MaTPUKCY
010TTIBOK 30JI0TUCTOTO cTadinokoka. BusBieni 3mi-
HU piBHA Bap-0inka 3a nii KBM-97 ne Gynm craruc-
THYHO JocTtoBipHUMHE (p > 0,05). EKcriepuMeHTanb-
HO BCTaHOBJICHO, 10 crioiayka KBM-97 ne 3anobirae
(GbopMyBaHHIO TIEPCHCTEPIB, iX YacTKa CTAHOBUTH
0,71 % Bin koHTpONO. BucHOBKHM. Takum 4MHOM,
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