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The formation of pathogenic microorganisms biofilms on the central venous catheter is the cause of
catheter-associated infections. An alternative method of combating biofilms is the use of “antibacterial”
and “antifungal” locks, which are solutions of antibiotics or antifungal drugs in a mixture with other
natural compounds, which can be microbial surface-active substances (surfactants) or essential oils.
Aim. 1o investigate the role of Nocardia vaccinii IMV B-7405 surfactants mixture with other antimicrobial
compounds in the destruction of biofilm on silicone tubes. Methods. N. vaccinii IMV B-7405 was grown
in medium containing as carbon source purified glycerol and waste from biodiesel production, refined
sunflower oil, oil after frying French-fried potatoes, Potato wedges and meat. The surfactants were
extracted from supernatant of cultural liquid by modified Folch mixture. 2 mL of surfactant solutions,
antifungal drugs (nystatin, fluconazole) or tea tree essential oil of the same concentration (5—640 pg/mL)
were added to test tubes with silicone tubes (with pre-formed biofilm from test culture). To study the
synergistic effect of the biofilms destruction, a mixture of surfactant solutions and antifungal substances (or
essential oil) of the same concentration in a ratio of 1:1 (1 mL of each solution) was added to the test tubes.
Sterile tap water (2 mL) was added to control test tubes instead of surfactants preparations, antifungal
substances or essential oil. The degree of biofilm destruction (%) was determined as the difference between
the adhesion of cells on the inner side of silicone tubes, untreated and treated with surfactants, antifungal
drugs, essential oil, or their mixture. Results. It was found that surfactants synthesized by N. vaccinii IMV
B-7405 on all substrates showed synergism of yeast and bacterial biofilms destruction on silicone tubes in
a mixture with nystatin, fluconazole and tea essential oil in the whole range of investigated concentrations
(5640 ug/mlL), but the highest effect was achieved at a concentration of 20—40 ug/mL. Thus, the degree
of Candida albicans D-6, Candida utilis BVS-65 and Candida tropicalis PE-2 biofilms destruction under
the action of a mixture of surfactants synthesized on waste from the biodiesel production and waste
oil, with antifungal drugs was 45.8-71.8 % and was higher than with only surfactants (21.2—-41.6 %),
nystatin (22.4-24.1 %) or fluconazole (28.1-31.3 %). The destruction of Candida genus yeast biofilms
under the action of surfactants synthesized on oil-containing substrates in a mixture with both nystatin
and fluconazole reached 50.1-71.2 %, which is 10-30 % higher compared to the use of surfactants alone
or only antifungal agents. The degree of Pseudomonas sp. MI-2, Escherichia coli IEM-1, Staphylococcus
aureus BMS-1, Bacillus subtilis BT-2 (spores) biofilms destruction on silicone tubes treated with a mixture
of tea tree essential oil and surfactants synthesized on all oil-containing substrates was 10-29 % higher
than in the case of using only solutions of surfactants (11.5-45.4 %) or essential 0il (21.4-34.5 %) for the
tubes treatment. Conclusions. The data obtained make it possible to consider surfactants synthesized by
N. vaccinii IMV B-7405 on a wide range of cheap and accessible substrates as promising components of
“antibacterial” and “antifungal” locks in combination with essential oils and antifungal agents.

Keywords: Nocardia vaccinii IMV B-7405, surfactants, antifungal drugs, tea tree essential oil, syner-
gism of biofilm destruction.
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Central venous (tunnelled) catheters are among
the most commonly used invasive medical devices
in hemodialysis procedures. The advantage of
their use is the possibility of introducing into the
patient’s vein for a long time, which allows the
necessary medical manipulations to be carried out
quickly enough without injuring the venous vessels
and to reduce the procedure cost [1, 2]. However,
the most common complications in the use of such
devices are thrombosis and catheter-associated
infections. The latter is caused by the ingress of
coagulase-negative staphylococci, Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa
[3-5], yeast of the Candida genus [6, 7] into the
lumen of the catheter, and the formation of biofilm.
One of the most used methods of combating
these pathogens is the introduction of so-called
“antibacterial locks” into the lumen of tunnel
catheters, which are a solution of antibiotics
(amikacin, gentamicin, amphotericin B, colistin,
voriconazole) with heparin [3]. At the same time,
the disadvantage of using antibiotics is their
rather high concentration (5-100 mg/mL) in the
composition of such solutions [3] and the formation
of resistance in microorganisms [8].

In our previous work [9], we noted that
alternative substances that reduce the antibiotics
concentration in solution and can be used as
“antibacterial locks” are surfactants synthesized
by Nocardia vaccinii IMV B-7405 which showing
synergism of antimicrobial action with antibiotics,
synthetic antifungal drugs [10] and essential oils
[11]. In addition to antimicrobial, surfactants also
have anti-adhesive activity, as well as the ability to
destruct biofilms.

In connection with the above, the aim of this
work was to investigate the role of a mixture of
N. vaccinii IMV B-7405 surfactants with other
antimicrobial compounds in the destruction of
biofilms on silicone tubes.

Materials and methods. The main object of
research was oil oxidizing bacteria strain Nocardia
vaccinii K-8, that was isolated from oil polluted
samples of soil [12]. Strain K-8 was registered
in the Depositary of Microorganisms of the DK
Zabolotny Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine
under the number IMV B-7405.

Bacterial (Pseudomonas sp. MI-2, E. coli IEM-1,
S. aureus BMS-1, Bacillus subtilis BT-2 (spores))
and yeast (Candida albicans D-6, Candida utilis
BVS-65 and Candida tropicalis PE-2) strains from
the collection of live cultures of the Department of
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Biotechnology and Microbiology of the National
University of Food Technology were used as test
cultures in determining the ability to destruct
biofilms.

Tea tree essential oil (Aromatica LLC, Ukraine),
synthetic agent fluconazole, which is chemically
derivative of triazole and polyene antibiotic
nystatin were used.

N. vaccinii IMV B-7405 was grown in the syn-
thetic nutrient medium containing (g/L): NaNO, —
0.5; MgSO,7H,0 — 0.1; CaCl-:2H,0 - 0.1;
KH,PO, - 0.1; FeSO,-7H,O — 1; yeast autolysate —
0.5 % (v/v). As a carbon source we used: Refined
oil “Oleina” (Dnipro oil extraction plant), sun-
flower oil after frying French-fried potatoes, Potato
wedges, and meat (McDonald’s fast-food res-
taurants, Kyiv); purified glycerol and waste from
biodiesel production (biofuel plant, Poltava region)
at a concentration of 2.0 % (v/v).

The amount of extracellular surfactants was
determined using modified by us Bligh and Dyer
method after extraction with a Folch mixture of
chloroform and methanol (2:1) from the supernatant
of the culture broth as described in [11].

The formation of a biofilm on silicone tubes
and the determination of its destruction degree
were carried out by a modified method, based on
the methods described in [13, 14]. The preliminary
preparation of silicone tubes was spend as indicated
in [13], the formation of biofilm and determination
of its destruction degree according to the work
[14]. The main modification consisted in the
use of a mixture (1:1 ratio) of surfactants and
antifungal substances (or essential oil) of the same
concentration, which made it possible to compare
the effectiveness of using monopreparations of
these substances, their complex and to draw a
conclusion about the synergistic destruction of
biofilms.

Pre-cleaned and sterilized in an autoclave
(112 °C, for 30 min) silicone tubes (manufactured
by “Wacker”, Germany) 4 cm long were placed
in sterile Vidal tubes. To form a biofilm, 1.8 mL
of meat-peptone broth or liquid wort and 0.2 mL
of one-day test culture suspension were added to
test tubes and incubated for 24 h at the optimal
temperature for test-culture; after that cultural
liquid was poured off and another 1.8 mL of fresh
liquid wort or meat-peptone broth and 0.2 mL of
test culture suspension was added, and tubes were
incubated again for 24 h.

The cultural liquid was poured off after 48 h,
and 2 mL of surfactants, antifungal substances
or a solution of tea tree essential oil of the same
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concentration (5—640 ug/mL) were added to test
tubes with silicone tubes (pre-covered with the
biofilm).

To study the synergistic effect of the biofilms
destruction, a mixture of surfactants solutions and
antifungal substances (or essential oil) of the same
concentration (5—640 pg/mL) in a ratio of 1:1 (1 ml
of each solution) was added to the test tubes. Sterile
tap water (2 mL) was added to control tubes instead
of surfactant preparations, antifungal substances or
essential oil.

After 24 h of exposure, the silicone tubes were
washed three times with distilled water, placed in
sterile Vidal tubes, and the biofilm was fixed with
methanol for 15 min, the remaining methanol was
decanted, and silicone tubes were dried at room
temperature. After that, the tubes were painted
with 0.1 % gentian violet solution for 30 min.
After staining, the silicone tubes were washed three
times with distilled water. The dye from the inside
of the tubes was removed using a 33 % acetic acid
solution, and the number of adhered cells was
determined spectrophotometrically. The degree
of biofilm destruction (%) was determined as the
difference between the adhesion of cells on the
inner side of silicone tubes, untreated and treated
with surfactants, antifungal drugs, essential oil, or
their mixture [13, 14].

All experiments were performed in three
replications, the number of parallel determinations
in experiments ranged from three to five. Statistical
processing of the experimental data was as
described in previous paper [11]. The average
difference was considered significant at P < 0.05.

Results. At the first stage, the possibility of
using a mixture of antifungal drugs nystatin and
fluconazole with surfactants synthesized by N. va-
ccinii IMV B-7405 on various substrates, including
industrial wastes, was established by the destruction
of Candida genus yeast biofilms (Tables 1 and 2).
The data given in Table 1 show that, regardless of
the substrate used (purified glycerol, waste from
biodiesel production), the surfactants synthesized
by N. vaccinii IMV B-7405 showed synergistic
destruction of yeast biofilms in a mixture with
nystatin and fluconazole. When using a mixture
of surfactant solutions and antifungal drugs in a
concentration of 20 pug/mL, the degree of biofilms
destruction was 45.8-71.8 % and was higher than
after the use of surfactants alone (21.2—41.6 %),
nystatin (22.4-24.1 %) or fluconazole (28.1—
31.3 %) in similar concentrations. Note that the
synergism of the yeast biofilms destruction under
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the action of surfactants and antifungal agents
was observed in the all range of the studied
concentrations (5—640 pg/mL), however, a high
effect was achieved at a concentration of 20 pg/mL.
Similar patterns were observed when a mixture
of nystatin and fluconazole with surfactants
synthesized by N. vaccinii IMV B-7405 on oil-
containing substrates of various qualities was used
to destroy yeast biofilms (Table 2), but the effective
concentration of surfactants and antifungal agents
was higher and amounted to 40 pg/mL. Thus,
the destruction of Candida genus yeast biofilm
under the action of surfactants synthesized on
oil-containing substrates, in a mixture with both
nystatin and fluconazole, reached 50.1-71.2 %,
which is 10-30 % higher compared with the use of
surfactants or antifungal agents alone.

Note that a high degree of yeast biofilms
destruction under the action of a mixture of
fluconazole and nystatin with surfactants was
achieved regardless of the quality of the oil used to
obtain the surfactant (refined or after frying French
fried potatoes or Potato wedges) (see Table 2).

At the next stage, we investigated the possibility
of using a mixture of surfactants synthesized
on various oil-containing substrates with tea
tree essential oil to destroy bacterial biofilms
on silicone tubes (Table 3). The data in table 3
indicate that all the surfactants showed synergism
of biofilms destruction in a mixture with essential
oil, however, a high effect was achieved when
surfactants synthesized on oil after frying potatoes
were added to the mixture. In this case, the biofilms
destruction of the studied bacterial test cultures
reached 50.1-69.5 %, while when using a mixture
of essential oil and surfactants obtained on refined
oil or oil after frying meat did not exceed 49.1-56.4
and 35.5-45.8 %, respectively.

At the same time, we note that the degree of
bacterial biofilms destruction on silicone tubes
treated with a mixture of tea tree essential oil
and surfactants synthesized on all oil-containing
substrates was 10-29 % higher compared to the
use of only surfactants (11.5-45.4 %) or essential
oil (21.4-34.5 %) for tube treatment.

Discussions. The first information on the abi-
lity of microorganisms to colonize central venous
catheters dates back to 1982, when the adhesive
properties of Staphylococcus epidermidis BSI
were investigated [14]. Later, a role of bacteria
(coagulase-negative staphylococci, S. aureus,
E. coli, Pseudomonas aeruginosa, representati-
ves of the Bacillus genus [3-5, 16]), and fungi
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(in particular, representatives of the genus Candida
[6, 7, 17, 18]) in the formation of biofilms in the
lumen of catheters was established.

It was shown that the risk of biofilm formation
depends on the type of material used: Teflon,
silicone, polyurethane are characterized by lower
adhesive properties than polyvinylchloride or
polyethylene [14, 19]. These studies stimulated
the search for methods of combating pathogens of
catheter-associated infections, involving the use of
a mixture of antibiotics with blood anticoagulants,
called “antibacterial locks” [3, 20, 21], and
substances other than antibiotics, such as EDTA
(ethylenediaminetetraacetate), citrate, 70 % ethanol
[22, 23] or nitric oxide nanoparticles [24].

The above data on the microorganisms of the
causative agents of catheter-associated infections
and the type of catheter material became the
theoretical basis for the selection of test cultures
and silicone as a material for biofilm formation in
this work.

Another question that needs discussion is a
choice of substrates to obtain the surfactants, in
particular, the use of industrial wastes. First, the use
of such substrates allows not only to significantly
reduce the cost of surfactants, but also to dispose
of toxic industrial waste. Secondly, in previous
studies, the ability of surfactants synthesized
by N. vaccinii IMV B-7405 using waste from
biodiesel production [25] and waste oil [11] to
destroy bacterial and yeast biofilms on polystyrene
was established. Thirdly, the type of substrate
for surfactant biosynthesis affects their possible
potential use in the composition of “antibacterial
locks”, since when the solution is injected into
the lumen of the catheter, there is no contact with
biological fluids, and after removing the solution,
the catheter is washed with saline.

The next question that needs discussion is the
choice of the synergist substances that will be used
in a mixture with microbial surfactants. Nystatin
and fluconazole were chosen because they are the
most commonly used antifungal drugs in the group
of polyene antibiotics and triazole derivatives,
respectively. However, the effectiveness of their
use for the biofilms destruction of representatives
of the Candida genus depends on the stage of
biofilm development, which in turn limits the
use of these antifungal drugs in comparison, for
example, with amphotericin B [26]. Thus, the
effective concentration of nystatin and fluco-
nazole, which leads to degradation of 24-hour
biofilm, is 0.5 and 1.8 pg/mL, and 72-hour — 8 and
128 pg/mL, respectively [26]. These literature data
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are consistent with the results obtained in this work.
Thus, the effective concentration of these antifungal
drugs for the destruction of C. albicans D-6,
C. utilis BVS-65 and C. tropicalis PE-2 biofilms
formed within 48 hours, was 20—40 pg/mL. But
even at such concentrations, the percentage of
yeast biofilms destruction was low (22.4-41.6),
but increased by 1.3-2.2 times in the presence of
N. vaccinii IMV B-7405 surfactant (see Tables 1
and 2). Probably, the increase in the efficiency of
biofilms destruction under the action of nystatin
and fluconazole in combination with surfactants
is due to the mechanism of action of the latter,
which consists in disrupting the function of the
cytoplasmic membrane, facilitating the access of
antifungal compounds into the biofilm.

In the available literature, we were unable to find
information on the use of a mixture of microbial
surfactants with nystatin or fluconazole to destroy
biofilm. At the same time, work [27] reports on
the possibility of trehalose lipids synthesized by
Rhodococcus fascians BD8 at a concentration of
0.25 pg/L to inhibit the biofilm of Candida albicans
SC5314 on silicone catheters. In another work [28],
there is information on the treatment of a silicone
surface with a mixture of lipopeptides (2 mg/mL)
synthesized by B. subtilis AC7 and fluconazole
(2 mg/mL) to prevent the formation of Candida
albicans 40 biofilm.

A review published in 2018 [26] summarized
the data available at that time on the use of antifun-
gal drugs, including nystatin and fluconazole,
as part of “antifungal locks” to destroy formed
biofilms. The newest works concern the use of
antifungal agents for the biofilms destruction in
combination with natural compounds, in particular
essential oils [29, 30] and other plant extracts
[31]. In works [29-31] it is noted that the use of
a mixture of antimicrobial compounds made it
possible to reduce the concentration of antifungal
drugs and increase their effectiveness. For example,
under the action of a mixture of fluconazole
(16 pg/mL) and pseudolaric acid (diterpenic acid,
is the main antifungal component of a Chinese
herb known as “Tu-Jin-Pi”, which is prescribed
to treat fungal skin infections) at a concentration
of 4 ng/mL destruction of C. tropicalis ATCC 750
biofilm reached 80.3 % [31]. At the same time,
the monopreparation of fluconazole in the studied
concentration not acted on the biofilm. Note that the
number of currently used drugs, acting against yeast
and, mainly, bacterial catheter-associated infections
pathogens, is limited, due to the high resistance of
microorganisms against the background of the use
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of unreasonably high doses of antifungal drugs and
antibiotics [3, 20, 27].

The use of natural compounds (essential oils or
their main components) is one of the approaches
to increasing the effectiveness of antimicrobial
compounds. Therefore, at the next stage, we
investigated the possibility of using a mixture of
tea tree essential oil and N. vaccinii IMV B-7405
surfactants synthesized on oil-containing substrates
for the destruction of bacterial biofilms on silicone
(Table 3).

The choice of tea tree essential oil as a
synergistic substance was due to the following
reasons. Firstly, this essential oil is one of the
few described in the European Pharmacopoeia
and approved for use; the main components
are represented by monoterpenes (1,8-cineole,
linalool, terpinen-4-ol or a-terpineol), which easily
penetrate the cytoplasmic membrane of both gram-
positive and gram-negative bacteria [32]. Secondly,
surfactants synthesized by N. vaccinii IMV B-7405
showed synergism of antimicrobial action with tea
tree oil, as well as in the destruction of biofilms on
polystyrene [11].

Our studies have shown that the degree of
Pseudomonas sp. MI-2, E. coli IEM-1, S. au-
reus BMS-1, B. subtilis BT-2 (spores) biofilm
destruction on silicone tubes under the action of
surfactants synthesized on oil after frying meat
was lower (11.5-26.5 %) than in the case of
using surfactants obtained on other oil-containing
substrates (33.2—45.4 %). In our opinion, this can
be explained as follows. One of the mechanisms
of biofilm destruction in the presence of microbial
surfactants is their antimicrobial activity [33], and
in [34] we found that surfactants synthesized by
N. vaccinii IMV B-7405 on oil after frying meat
are characterized by low antimicrobial activity,
which is due to the low content of aminolipids
in the composition of such surfactants, which are
responsible for antimicrobial properties. At the
same time, the destruction of test cultures biofilms
under the action of a mixture of essential oil and
surfactants synthesized in oil after meat frying
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and other oil-containing substrates was higher
(35.5-69.5 %) than in the presence of surfactants
(11.5-45.4 %), or only essential oil (21.4-34.5 %)
(see Table 3).

In the published review [35], we focused on the
fact that in the literature there are only few data
on the influence of the cultivation conditions of
surfactant producers on their biological properties.
Our results indicate that the surfactants synthesized
by N. vaccinii IMV B-7405 on all substrates,
including industrial waste, showed synergy
with other biocides in bacteria and yeast biofilm
destruction.

In the literature, we were unable to find data
about the biofilms destruction under the action of
a mixture of surfactants and essential oils, since
in most dates such properties are determined for
a complex of an essential oil and an antibiotic
[36, 37] or several oils or their components [38].

Thus, for example, in [37] it was shown the
destruction of biofilm formed by Pseudomonas
aeruginosa ATCC 10145 — causative agent of
nosocomial catheter associated infections under
the action of tea tree essential oil (5%, v/v) in a
mixture with ciprofloxacin (10 ug/mL). In [38], the
authors established a synergistic effect of thymol
(the main component of tea tree essential oil) and
muporocin at a concentration of 0.5 mg/mL and
2 mg/mL, respectively, in the destruction of
S. aureus MFBF 10680 biofilm. When thymol was
added to muporocin, the destruction of biofilm
increased to 45—60 % compared to using antibiotic
alone (20-34 %).

Conclusions. So, our results on the use of mic-
robial surfactants in a mixture with fluconazole,
nystatin and tea tree essential oil to destroy
yeast and bacterial biofilms on silicone tubes
are pioneering. These data allow us to consider
surfactants synthesized by N. vaccinii IMV B-7405
on a wide range of cheap and accessible substrates
as promising components of “antibacterial” and
“antifungal” locks in combination with essential
oils and antifungal agents.

49



PYWHYBAHHS BIOILIIIBOK
HA CHJIIKOHOBHUX TPYBKAX
3A JIIi CYMILII MOBEPXHEBO-

AKTUBHHUX PEYHOBHUH
NOCARDIA VACCINII IMB B-7405
3 IHHIUMMU BIOINUJTAMUA

T.IL ITupoz'?, JI.B. Kniouka’,
T.A. Illlesuyx’, I.O. Iymuncoka’

'Hayionanvhuil ynieepcumem Xapuosux mexHoio2iil,
8y1. Bonooumupcora, 68, Kuis, 01601, Yxpaina
2Incmumym mikpo6iono2ii i ipyconocii
im. JI.K. 3abonomnoco HAH Ykpainu,
8y1. Axademika 3abonomuozo, 154,

Kuis, 03143, Vkpaina

Pesrome

dopMyBaHHS OIOTUIIBOK MATOTCHHUX MIKPOOP-
ra”i3MiB Ha IICHTPaJbHUX BEHO3HUX KaTeTepax €
MPUYMHOI BUHUKHEHHS KaTeTep-acoliifoBaHUX iH-
(exuiii. AmbTepHATUBHIM METOJIOM 00pOTHOH 3 010-
IUTIBKAMH € BUKOPHCTAHHS «aHTHOATepialbHUX» Ta
«aHTU(PYHTATIBHUX) 3aMKIB, [0 SIBIISIOTH COOO0 PO3-
YUHHA aHTHOIOTHKIB YW aHTH(YHTAIbHUX MTPErapariB
y CyMilli 3 IHIIMMHU IPUPOIHUMHU CIOTYKaMH, SKUMU
MOXYTb OyTH MIKpOOH1 MOBEpXHEBO-aKTHBHI PEUOBH-
Hu (ITAP) a6o edipni onii. Mera. lochiautu ponb
CyMiIlll TOBEPXHEBO-aKTUBHUX pedoBUHU Nocardia
vaccinii IMB B-7405 3 iHIMMH aHTHMIKPOOHUMU
CTIOJIyKaMH¥ y pyHHYBaHHI O10TUTIBKH Ha CHIJIIKOHOBHX
TpyOkax. Meronu. N. vaccinii IMB B-7405 Bupory-
BaJIMl y CEPEIOBHUIII, 0 MICTHIIO SIK JKEPENO ByIye-
1[I0 OYMILEHUH TIIEPHH Ta BiJXOIW BUPOOHHUIITBA
Oilonu3ento, pagiHOBaHY COHSIIIHUKOBY OJIiI0, a TAKOK
OJIIIO TICIIST CMa)KEHHS KapToIuTi «(pi», KapTOILTi ce-
JSTHCBKOT Ta M’sica. [loBepXHEBO-aKTHUBHI PEYOBUHH
SKCTParyBajy 3 CyIepHATAHTY KYJIBTYPaIbHOI PiIUHH
Mo dikoBaHOIO cyMinro Domya. Y mpobdipku 3 cH-
JIIKOHOBUMH TpyOKaMH (3 monepeaHpo chopMoBaHOO
Ha HUX O10TUTIBKOIO TECT-KYJIBTYPH) BHOCHIIH MO 2 MJI
po3uuHiB [TAP, anTn(yHransHux npemnaparis (HicTa-
THH, (TyKoHa3071) ab0 edipHOT o1l YaiiHOTO IepeBa
OIHAKOBOI KOHIIeHTpaIlil (5—640 mkr/mi). s mocii-
JOKEHHSI CHHEPTiYHOro e(ekTy pyHHyBaHHS Oiorii-
BOK y MpOOipKK BHOCWIM cyMiml po3unHiB [TAP Ta
aHTH(YHTAIBHUX PEeYOBUH (dn edipHOi omii) ogHa-
KOBOI KOHIIEHTpaIii y crmiBBiHOmeHH] 1:1 (1o 1 mu
KOYKHOTO PO34rHY). Y KOHTPOJIBbHI MPOOIPKH 3aMiCTh
npenapatiB [TAP, antudyHranbHux pedoBUH abo

50

e(ipHOi 07111 BHOCHIIM CTEPUIIbHY BOJOIPOBIIHY BOAY
(2 mi). Cryninb pyiinyBanHs 6iomniBku (%) Bu3Ha-
YaJy SIK Pi3HUILIO MK aAre3i€lo KIITHH Ha BHYTPIlI-
Hilf CTOPOHI CHJIIKOHOBHX TPYOOK, HEOOPOOICHHX i
00poGnenux I1AP, anTudyHranbHIME TIpenapara-
MH, eipHOIO oieto abo iX cymimmiro. Pe3yabraTu.
BcranoBneHO, 0 MTOBEPXHEBO-aKTUBHI PEYOBUHH,
cuHTe30BaHi N. vaccinii IMB B-7405 na ycix cy0-
CTparax, MPOSBISUIM CHHEPri3M AECTPYKIil Ipixk-
JOKOBHX Ta OaTepiaibHUX O1OTITIBOK Ha CHIIIKOHOBHX
TpyOKax y CyMIIIi 3 HICTATHHOM, (DIIYKOHA30JI0M Ta
e(hipHOIO OJIE€I0 YaHOTO JepeBa y BChOMY Jliarna3o-
Hi JOCJIKYBaHUX KOHIEHTpaliil (5—640 mMkr/mi),
MpOTe HAMBHIIUH e(eKT qocaraBcs 3a KOHIIEHTpaLii
npenapariB 20—40 mxr/mi. Tak, cTynmiHs pyiiHyBaH-
Hs 6iomutiBok Candida albicans J1-6, Candida utilis
BBC-65 ta Candida tropicalis PE-2 3a nii cymimi
[TAP, cuHTe30BaHUX Ha BIAXOAax BUPOOHHIITBA 0io0-
JIU3EITIO Ta BIAMPAIlbOBaHii 07111, 3 aHTH(YHTraIbHUMH
npenaparamu ctaHoBuB 45.8-71.8 % 1 OyB BUILUM,
Hix 3a aii Tineku [TAP (21.2-41.6 %), HicTatuny
(22.4-24.1 %) um dayronazomy (28.1-31.3 %). [e-
CTPYKIIist OlomIiBoOK ApixmKiB pony Candida 3a nii
[TAP, cuHTe30BaHUX Ha OJIIEBMICHUX CyOCTparax, y
CyMilI SIK 3 HICTaTUHOM, TaK 1 (UIyKOHA30JI0M J0Cs-
rana 50.1-71.2 %, wo na 10-30 % BuILlEe TOPIBHSIHO
13 3actocyBaHHsAM Tinbku [TAP abo Tinbku anTHYH-
raipHUX 3aco0iB. CTymiHb pylHHyBaHHS Oi0TUTIBOK
Pseudomonas sp. MI-2, Escherichia coli IEM-1,
Staphylococcus aureus BMC-1, Bacillus subtilis BT-2
(cropm) Ha CHITIKOHOBUX TPyOKaX, 0OpOOJICHHX Cy-
Mimmo edipHoi oinii yaitHoro nepesa i [TAP, cunre-
30BaHUX Ha YCiX OJlieBMiCHUX cyOcTparax, Oys Ha 10—
29 % BHUIMM, HIX Yy pa3i BAKOPUCTAHHS JUIT 0OPOOKH
TPYOOK JIUIIIE PO3YHHIB TTOBEPXHEBO-aKTHBHHUX PEUO-
BuH (11.5-45.4 %) 4u edipnoi omii (21.4-34.5 %).
BucnoBku. OTpumMani faHi JalOTh 3MOTY pPO3IIIf-
JIaTU MOBEPXHEBO-aKTHBHI PECUOBHHH, CHHTEC30BaHI
N. vaccinii IMB B-7405 na mupokomy Habopi aere-
BHX 1 TOCTYITHHUX CyOCTpaTiB SIK MEPCHEKTUBHI CKJIa-
JIOB1 «aHTHOAKTepiadbHUX» Ta «aHTU(QYHTAILHUX
3aMKIB Y KOMIUICKCI 3 eDipHUMH OJTisIMH Ta aHTH(YH-
raJbHIMH 3ac00aMH.

Kniouosi crnosa: Nocardia vaccinii IMB B-7405,
[MOBEPXHEBO-aKTHBHI PEUOBUHHU, aHTH(YHTalIbH1 Ipe-
napati, eipHa oJ1isi YaitHOro JiepeBa, CHHEPTi3M pyii-
HyBaHHS O10IIJTiBOK.
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