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Annotation. High antimicrobial properties of antiseptics determine the scientific interest in the study of their effect on the biofilm
formation of clinically significant pathogens and the detection of a probable dependence between the sensitivity of bacteria to them
and the ability to form biofilms. The aim - was to study the biofilm-forming properties of clinical strains of P.aeruginosa, depending on
their sensitivity to various antiseptic medicines. 30 clinical strains of P.aeruginosa were isolated and identified from the patients with
infectious complications of different areas who had been treated at the burn, intensive care and surgical units. The study of biofilm-
forming properties of clinical isolates of P.aeruginosa was performed by using the spectrophotometric technique by G.D. Christensen
(MtP microtiter plate test). The sensitivity assessment of the derived strains to antiseptics (decametoxine, decasan, miramistin,
chlorhexidine) was done by double serial dilutions according to the standard procedure approved by the Order Ne167 of the Ministry
of Public Health of Ukraine. The statistical processing of the results obtained was carried out by "Microsoft Excel 2010" software
package. In order to determine the relationship between the biofilm formation and sensitivity to antiseptic medicines of P. aeruginosa
strains, we determined the correlation coefficient (r-Pearson coefficient). The clinical strains of P.aeruginosa were found to be the
most sensitive to decasan and miramistin, and their MICs did not differ 70,31+25,98 mg/ml and 68,5+33,20 mg/ml respectively.
Chlorhexidine has been shown a reducing of antimicrobial efficiency against P.aeruginosa (MIC 115,62+59,75 mg/ml). High biofilm-
forming properties of clinical isolates P.aeruginosa have been proved. The optical density of the biofilms formed by these microorganisms
was 0,674+0,17 density units for 24 hours of cultivation. A direct correlation between the sensitivity of strains P.aeruginosa to
decamethoxine, decasan, miramistin and their biofilm-forming properties was established. The sensitivity of the clinical strains to
chlorhexidine did not depend on their biofilm potential. Clinical strains of P.aeruginosa have high biofilm-forming properties and retain
sensitivity to antiseptic medicines based on cationic surfactant antiseptics. Decamethoxine and miramistin provide the highest
antimicrobial action on P.aeruginosa isolates. The sensitivity of P.aeruginosa to decamethoxine, decasan, miramistin has shown to be
in a direct correlation with their biofilm-forming properties.
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Introduction

The last decade marked the emergence of new data
on the role of opportunistic microorganisms, that can form
biofilms, in the development of various nosological forms
of purulent-inflammatory diseases with severe course
during a treatment in hospital. Gram-negative non-
fermenting microorganisms occupy a significant place
among them. The ability of Pseudomonas spp. to exist in
the environment of medical institutions, attach to the
surfaces of catheters, probes, respiratory tubes, contact
lenses and to form biofilms indicates their leading role
among known pathogens of infectious complications
associated with the medical care. The presence in the
biofilms gives the pathogens additional resistance to
antimicrobial agents and factors of the immune system,
as well as new properties that are not characteristic for
planktonic forms of bacteria. Therefore, it is naturally that
the acquisition of antibiotic resistance is increasing among
high-biofilm forming strains of bacteria [1, 3, 9, 10].

Taking into account these features, the development
and implementation of new effective antimicrobial agents
against microorganisms in planktonic and biofilm forms

are the important measures on the way of overcoming the
resistance of microorganisms to chemotherapeutic drugs.
Nowadays, there is the positive experience of clinical use
in various fields of medicine a new group of medicines
based on cationic surfactant antiseptics, which belong to
the most effective ones, according to scientific literature.
These drugs possess a multi-vector mechanism of
antimicrobial action, because of their high surface activity,
washing and emulsifying properties, ability to change the
surface tension of the bacterial cell and the violation of its
osmotic balance, resulting in a "osmotic shock" due to
their diphilic structure of the molecule. It provides the death
of the microorganism [2, 4, 6, 7, 8].

High antimicrobial properties determine the scientific
interest in the study of the activity of antiseptics on the biofilm
formation of clinically significant pathogens and the
detection of a probable dependence between the level of
bacterial sensitivity to them and the ability to form biofilms.

This work was aimed to study the biofilm-forming
properties of clinical strains of P.aeruginosa, depending
on the sensitivity to various antiseptic medicines.
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Material and methods

There were isolated from the patients with severe burns
and patients of intensive care and surgical units and
identified 30 clinical strains of P.aeruginosa. Clinical strains
of P.aeruginosa were previously identified by morphological,
tinctorial, cultural and biochemical properties and had been
possessed resistance to antibiotics. Isolation and
identification of microorganisms were carried out according
to the standard method using NEFERM test-24 (PLIVA -
Lachema a.s. Brno, Czech Republic).

The sensitivity assessment of the derived strains to
antiseptic medicines (decamethoxin, dekasan, miramistin,
chlorhexidine) was done by double serial dilutions
according to the standard procedure approved by the Order
Ne167 of the Ministry of Public Health of Ukraine on "On
Approval of Training Guidance "Assessment of the
sensitivity of microorganisms to antibiotics", dated by April,
5, 2007. Minimum inhibitory concentration (MIC) was
determined at the lowest concentration of antiseptic solution
that was able to suppress the apparent growth of the
microorganism. The minimum bactericidal concentration
(MBC) of antiseptics was determined at the lowest
concentration of antiseptic, which completely destroyed the
bacterial culture, by inoculating microorganisms from a
broth medium, where the growth of the microorganism was
delayed, on an agar medium [5].

The study of biofilm-forming properties of clinical strains
was performed by using the spectrophotometric technique
by G.D. Christensen (MtP microtiter plate test). Biofilms
were reproduced in wells of a sterile, flat-bottom 96-well
polystyrene tray (Corning, USA) and stained with 1%
solution of crystalline violet. Properties of the
microorganisms to form a biofilm were evaluated by the
degree of dye absorption in optical density units using a
spectrophotometer (570 nm). Interpretation of the results
was carried out according to the conventional methodology.
Thus, the ability of microorganisms to form biofilms was
assessed as low (at optical density <0,120), average (at
optical density = 0,121-0,239) and high (at optical density >
0,240) [11].

The statistical processing of the results obtained was
carried out by standard "STATISTICA+" and "Microsoft Excel
2010" software packages. In order to determine the
relationship between the sensitivity to antiseptics and
biofilm formation of investigated microorganisms, we
determined the correlation coefficient (r-Pearson
coefficient), the absolute value of which characterized the
binding force.

Results. Discussion

According to the results of the research, it was found
that the highest activity on the clinical strains of
P.aeruginosa, isolated from severely ill patients, was
decasan and miramistin, their MICs were almost identical
(70,31£25,98 mcg/ml, 68,5+33,20 mcg/ml respectively
(table 1)). In turn, the MIC (115,62+59,75 mcg/ml) and MBC

Table 1. The antimicrobial effect of antiseptic medicines on the
planktonic form of clinical strains of P.aeruginosa (n=30), Mtm.

Antiseptic MIC (mcg / ml) MBC (mcg / mi)
Decamethoxine 0,1% 79,37%39,20 153,75%73,90
Decasan* 0,02% 68,5£33,20 121,88152,08
Chlorhexidine 0,05% 115,62£59,75 222,5¢110,80
Miramistin 0,01% 70,31+25,98 89,29116,84

*

Notes: * - main active substance equivalent; ** - in comparison
with decamethoxin.
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Fig. 1. Correlation between biofilm formation and sensitivity to
decamethoxin of clinical strains of Paeruginosa (n=30).
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Fig. 2. Correlation between biofilm formation and sensitivity to
decasan of clinical strains of Paeruginosa (n=30).
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Fig. 3. Correlation between biofilm formation and sensitivity to
miramistin of clinical strains of Paeruginosa (n = 30).
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Fig. 4. Correlation between biofilm formation and sensitivity to
chlorhexidine of clinical strains of Paeruginosa (n=30).

(222,5+110,80 mcg/ml) of chlorhexidine for investigated
strains were the highest, that indicated a decreasing of the
effectiveness of this antiseptic in the treatment of infections,
caused by P.aeruginosa.

As a result of the research, high biofilm-forming
properties of clinical isolates of P.aeruginosa have been
established. The degree of dye absorption of biofilms
formed by investigated pathogens was 0,674+0,17 optical
density units (ODU) for 24 hours of cultivation. However, it
should be noted that this indicator was significantly different
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for different clinical strains. So, some of them have shown
the average ability to form biofilms.

A direct correlation between the sensitivity of isolates of
P.aeruginosa to decamethoxine and their ability to form
biofilms was established. The r-Pearson coefficient for
these indicators amounted 0,74 (Fig. 1). It was quite
naturally that the binding force between the biofim formation
of Pseudomonas strains and their sensitivity to decasan (r-
Pearson 0,78) was similar to those indicators of sensitivity
referring to decamethoxine (Fig. 2).

Moreover, direct correlation between sensitivity of
P.aeruginosa strains to miramistin which was active against
them and their biofim-forming properties was established.
The r-Pearson coefficient was found to be 0,77 (Fig. 3).

In turn, the properties of biofilm formation of clinical
strains of P.aeruginosa were poorly correlated with their
sensitivity to chlorhexidine. This was pointed by the low r-
Pearson coefficient (0,55). So, the sensitivity of the clinical
strains of Paeruginosa to this antiseptic did not depend on
their biofilm-forming potential (Fig. 4).
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Conclusions and prospects for further research

1. Clinical strains of P.aeruginosa as pathogens of
infectious complications, have high biofilm-forming
properties and preserve sensitivity to antiseptic medicines
based on cationic surfactants. The highest antimicrobial
activity against isolates of P.aeruginosa, isolated from
severely ill patients, was shown by decamethoxine and
miramistin. It has been established that the sensitivity of
P.aeruginosa to decamethoxine, decasan and miramistin
has a direct correlation with their biofim-forming properties.
It means, the higher ability to form a biofilm has a pathogen,
the higher bacteriostatic concentration of antiseptic should
be applied to it. The sensitivity of clinical strains of
P.aeruginosa to chlorhexidine does not depend on the
biofilm-forming properties of these isolates.

Prospects for further research are based on the in-depth
study of the effect of antiseptic medicines on P.aeruginosa,
to overcome the high adaptive properties of these
pathogens, which are aimed to make a treatment of the
infectious complications caused by it more effective.
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OOCNIMXEHHA B3AEMO3B'A3KY BIOMNNIBKOYTBOPIOOUYNX BMNACTUBOCTEN KINIHIYHUX LUTAMIB P. AERUGINOSA 3 iX
YYTNUBICTIO OO AHTUCENTUYHUX NIKAPCbKUX 3ACOBIB

Haszapuyyk O. A., ®aycmoea M.O., bo6up B.B., KopdoH IO. B.

AHoTauif. Bucoki npomumikpobHi enacmueocmi obymosnoroms Haykosull iHmepec 00 susHeHHs1 Oif aHmucenmukie Ha b6iorniekoymeo-
PEHHSI KIiHIHHO 3HadYyuwux 36yOHUKi8 ma eusiereHHs1 UMOBIPHOI 3anexHocmi Mk dymusicmio 6akmepiti 0o HUX ma 30amHicmioo ymeo-
prosamu bionnigku. Mema - gugyeHHs1 biorniekoymeoptoo4ux enacmuseocmell KiHiYHUX wmamie P.aeruginosa 3anexHo 8id 4yymnu-
socmi 00 pi3HUX aHMuUcenMuUYHUX npenapamig. Bi0 nauieHmie 3 iHeKUilHUMU ycKnaOHeHHsIMU PI3HOI f1oKani3auii, sKkux sikyeanu e
oriikogomy, peaHimauitiHomy, xipypeidyHomy eiddineHHsx eudineHo ma ideHmugbikosaHo 30 wmamie P.aeruginosa. [ocnioxysanu b6ionsn-
iskoymeoprotoydi enacmueocmi izonsimie P.aeruginosa cnekmpogomomempu4dHo (3a G.D. Christensen, MtP-test "microtiter plate test").
Yymnusicmb P.aeruginosa 0o aHmucenmukie (dekamemoKkcuH, 0ekacaH, MipaMiCmuH, XfopaekcuduH) gu3Haqanu mMemodoM rnocidos-
HUX cepiliHux po3eedeHb 3a cmaHOapmHor mMemodukor (Hakaz MOS3 YkpaiHu Ne167). CmamucmuyHO 8u3Hayanu KopernsuitiHull 38'a30K
MK Yymuugicmio KiHiHHUX wmamie P.aeruginosa ma ix 6ionniekoymeoprooyumu enacmueocmsiMu. BemaHoeneHo Haltiguwy akmueHicmb
wo0o KniHiYHUX wmamie P.aeruginosa y OekacaHy ma mipamicmuHy, MIK skux He eidpisHsinuch 70,31+25,98 mke/mi, 68,5+33,20 mka/mn
8i0r108IOHO. Y X/10p2EKCUOUHY 8CMAaHOBIEHO 3MEHWEHHST MPOMUMIKPOOHOI eghekmusHocmi Wodo cuHboeHIlHOI nanudku (MIK 115,62+59,75
mke/mn). [JosedeHo sucoki biomnniekoymeoptotodi enacmueocmi KniHiyHUX isonsimie P.aeruginosa. CmyniHb ceimmonpornyckaHHs biomnii-
iBok docnidxyeaHux 36y0OHuKie npomsieom 24 200uH 6y8 y mexax (0,674+0,17) OO0.OLL. BcmaHo8MeHo npsiMy 3anexHicmbs 4ymaueocmi
wmamie P.aeruginosa 0o OekamemoKcuHy, OekacaHy, mipamicmuHy, eid ix bionniekoymeoproroHux enacmueocmell. Yymnusicms KiiHiYHUX
wmamie CUHbOZHIUHOI nanu4ku Ao X/I0peeKCUOUHy He 3anexara 8id ix 6iorigkoymeoprooyoeo nomeHuiany. KniHidHi wmamu P.aeruginos
8os100itomb 8UCOKUMU biorieKoymeoproryuMu gracmusocmsamu, 3bepizatomb Yymiugicms 00 aHmucenmuyHux rfpenapamie Ha oc-
HO8i KamiOHHUX 08EPXHEB0-aKMUBHUX peyYyosuH. Halisuwor npomumikpobHoto Oieto Ha idonssmu P.aeruginosa eonoditoms rpenapamu
Ha ocHo8i dekamemoKkcuHy ma mipamicmuH. Yymnusicms P.aeruginosa 0o dekamemoKCuHy, 0ekacaHy, MipamicmuHy mae npsamul
KopenayiliHul 38'a30K 3 iX 6ionIieKkoOymeoptoYuUMU 8/1acmueocmsmu.

KnrouoBi cnoBa: aHmucenmuku, 6ionnigku, 0ekamMemoKCuH, 0ekacaH, MipamMiCmuH, X/10p2eKCUOUH.

UCCNEOOBAHVE B3AUMOCBA3U BUOMNIEHKOOBPA3YLLUX CBONCTB KNMUHUYECKUX LUTAMMOB P. AERUGINOSA C UX
YYBCTBUTEJNIbHOCTbIO K AHTUCENTUYECKUM NNEKAPCTBEHHbIM CPEOCTBAM

Haszap4yk A. A., ®aycmoea M.A., bo6bipb B.B., KopdoH 1O.B.

AHHOTauuA. Bbicokue npomueoMuKpobHblie ceolicmea 06bsSCHSOM Hay4HbIl UHMepPeC K ulydeHuro delicmeusi aHmucernmuKkos Ha
6uonnéHKkoobpaszosaHue KIMUHUYECKU 3Ha4YUMbIX 6036ydumernell U 8biseneHuUsi 803MOXHOU 3agucumMocmu Mexo0y 4yecmeumesibHOC-
mbro 6akmepull K HUM U criocobHocmbio obpa3sosbieams buornneHku. Llenbto 0aHHOU pabombl 6b110 udyyeHue 6UonnEHKOo0bpasywuUx
ceolicme KNuHUYecKux wmammos P.aeruginosa e 3asucumMocmu om 4ye8cmeumesibHoCmuU K pasnuyHbiM aHmucenmukam. Om nayu-
€HMOo8 C UHGEKUUOHHBLIMU OCOXHEHUSIMU PasnuyHol floKanu3ayuu, KomopbiX /1e4UTU 8 0XK02080M, peaHUMaUUOHHOM, XUpypaudec-
KoM omoOeneHusix ebldeneHbl U udeHmugpuyuposaHsl 30 wmammos P.aeruginosa. Uccnedoesanu b6uonnéHkoobpasyrouue ceolicmea
usonsmos P.aeruginosa cnekmpogomomempuyecku (no G.D. Christensen, MtP-test "microtiter plate test"). YyecmeumenbHocmb
P.aeruginosa k aHmucenmukam (0ekamemoKcuH, dekacaH, MupaMUCmMUuH, X/10p2eKcuduH) onpedesisinu memodom rocredoeameris-
HbIX CepuliHbIX pa3eedeHuli no cmaHAapmHol memoduke (npukad M3 YkpauHbl Ne167). Cmamucmudecku onpedesissiu KOppesnsyuoH-
HYI C8513b MeXOy YyecmeumeribHOCMbIO KIUHUYecKux wmammos P.aeruginosa u ux 6uonnéHkoobpasyrowumu ceolicmeamu. Ycma-
HOB/IEHO B8bICOKYI0 aKmMUBHOCMb 8 OMHOWEeHUU KIUHUYecKux wmammoe P.aeruginosa y dekacaHa u mupamucmuHa, MUK komopbix He
omnuyanuck 70,31+£25,98 mka/mn, 68,5+33,20 mka/Mn coomeemcmeeHHO. B xsiopeekcuduHa ycmaHO8/1eHO YMEeHbLWEHUe pomueo-
MUKpObHOU 3ghchekmusHOCMU 8 OMHoWweHUU cuHeaHolHoU nanodku (MUK 115,62+59,75 mke/mn). [okazaHo ebicokue 6uoninéHKkoob-
pasyrowue ceolicmea usonsimos P.aeruginosa. CmeneHb ceemonponyckaHusi 6uonneHok uccriedyembix 8036youmerneli 8 medeHue 24
qyacoe 6bina e npedenax (0,674 + 0,17) O0.0LL. YcmaHosneHa npsimasi 3a8UCUMOCMb YyecmeumeribHocmu wmammos P.aeruginosa
K OekamemoKcuHy, OekacaHy, mMupamMucmuHy, om ux 6uonnéHkoobpasyrowux ceolicme. HYyscmeumenbHOCMb KNUHUYECKUX WMaMMOos
CUHe2HOUHOU ManoyKu K XiIopeeKcuOuHy He 3asucena om ux 6uonnéHkoobpasyoujeeo nomeHyuana. KnuHudeckue wmammbl P.aeruginosa
ob6nadarom 8biCOKUMU BUOMIEHKOOBPa3yoWUMU ceolicmeamu, COXpaHsIlom 4y8cmeumenbHOCMb K KamuOHHbIM 08EPXHOCM HO-
aKmueHbIM aHmucenmu4eckum rpenapamam. Bbicokum npomugomMukpobHbimM delicmeuem Ha P.aeruginosa obnadarom npenapamsi
Ha ocHoee OekamMemoKcuHa u mMupamucmuH. YyscmeumenbHocmb P.aeruginosa k 0ekamMemokcuHy, dekacaHy, MupamMucmuHa umeem
MPsSIMYI0 KOPPENSIUUOHHYIO C8513b C UX BuonnéHkoobpa3youumu ceolicmeamu.

KnioueBble cnoBa: aHmucenmuku, 6uonneHku, dekamemokcuH, dekacaH, MUPaMUCMUH, X/10P2eKCUOUH.
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