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There is information in the literature about the salts of polyhexamethylene guanidine (PGMG), which
are effective biocidal and sterilizing drugs and disinfectants due to the wide range of their antimicrobial
activity against gram-positive and gram-negative bacteria (including Mycobacterium tuberculosis),
viruses, and fungi. The aim of this work is to study the bactericidal and fungicidal activity of the
synthesized polyetherguanidinium chloride against a number of bacteria and microscopic fungi. Methods.
Cultivation of microorganisms. Bacteria were grown on meat-peptone agar for 48 hours at a temperature of
2842 °C. Test cultures of micromycetes were cultured on beer wort agar (6° B), incubated for 14 days in a
thermostat at a temperature of 28+2 °C. Antimicrobial activity of newly synthesized polyetherguanidinium
chloride was determined by standard disco-diffusion method, and fungicidal activity was determined by
agar diffusion method. Results. The synthesis of polyetherguanidinium chloride was carried out in two
stages. The first stage was the synthesis of a guanidinium-containing oligoether with terminal guanidine
moieties by the reaction between an aromatic oligoepoxide and guanidine. The second stage was the
synthesis of polyetherguanidinium chloride by the reaction between a guanidinium-containing oligoether
with terminal guanidine moieties and oligooxyethylenediamine. The bactericidal and fungicidal activity
of polyetherguanidinium chloride against various heterotrophic bacteria and microscopic fungi has been
shown. It was found that polyetherguanidinium chloride at concentrations of 1-3 % inhibited the growth
of gram-negative (Escherichia coli 475, Klebsiella pneumonia 479) and gram-positive (Staphylococcus
aureus 451) bacteria. The proposed 1 % solution of polyetherguanidinium chloride shows a 1.5 times
higher antimicrobial activity than the polymeric disinfectant polyhexamethyleneguanidinium chloride for
E. coli 475 and K. pneumoniae 479 bacteria and lower antimicrobial activity for S. aureus 451 bacteria.
According to the obtained data, it was noted that polyetherguanidinium chloride at a concentration of
1 % had a high fungicidal activity against almost all investigated isolates: Aspergillus versicolor F-41250),
Acremoneum humicola F-41252, Acremoneum roseum F-41251, Cladosporium sphaerospermum
F-41255, Paecilomyces lilacinus F-41256 and Scopulariopsis candida F-41257. Conclusions. Received
polyetherguanidinium chloride at a concentration of 1 % showed bactericidal activity against S. aureus
451, E. coli 475, K. pneumoniae 479 and fungicidal effect to all fungi studied by us, and so can be used
as a disinfectant for building materials.

Keywords: polyetherguanidinium chloride, bactericidal activity, bacteria, microscopic fungi,
fungicides, guanidine.

It is known from the literature that salts of
polyhexamethyleneguanidine (PGMG) refer
to effective biocidal and sterilizing drugs
and disinfectants due to a wide range of their
antimicrobial activity against gram-positive and
gram-negative bacteria [1-5]. The mechanism
of biocidal action of polyguanidines is similar
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to Quaternary ammonium compounds and has a
membrane toxic character: guanidine polycations
are adsorbed on the negatively charged surface of
bacterial cells; diffuse through the cell wall; bind
to acid phospholipids, proteins of the cytoplasmic
membrane, which leads to its rupture. The result is
a blockade of glycolytic enzymes of the respiratory
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system, loss of pathogenic properties and death
of microbial cells. Disruption of the contour of
the membranes and changes in the structure of
microbial cells under the influence of an experiment
using electron microscopy in studying the effect of
sublethal doses of reagents on the suspension of
bacteria and spores of some particularly dangerous
infections was studied. The increase in the biocidal
activity of PGMG in comparison with low
molecular weight biocides is due to the cooperative
interaction of neighboring guanidine groups of the
polycation with the microbial cell. The increase in
the activity of polyguanidines in comparison with
quaternary ammonium salts (QAS) is also due to
the peculiarities of the structure of the guanidine
group: in contrast to the QAS cation, where a
large positive charge is localized on one nitrogen
atom in the guanidine cation, the positive charge is
delocalized and distributed between three nitrogen
atoms, as well as additionally delocalized by a
system of o-bonds. Delocalization of the positive
charge softens the action of the biocide and reduces
its toxicity. The macromolecular nature of the
reagent determines the intramolecular interaction
of macromolecule fragments removed along the
chain, conformational transformations of polymer
chains, changes in the complementarity of the
polycation and protein macromolecules of the
bacterial cell, which further delocalizes the positive
charge and reduces the toxicity of the compound.

The advantages of PGMG salts include their
moderate toxicity and the lack of cumulative action
against living organisms (hazard class 4 according
to GOST 12.1.007-76) [6, 7]. The convenience of
using such polymeric biocides lies in their high
solubility in water and in the absence of volatility,
which makes it possible to carry out disinfecting
operations in the presence of humans [7, 8]. The
introduction of such compounds into rubber
products in percentage concentrations of 0.5—
1.5 % leads to a delay in the growth of microscopic
fungi on the surface of the rubber by two to three
times [9, 10].

Previously, we investigated the fungicidal
activity of guanidine-containing oligoether (GO)
with finite guanidinium fragments based on
aromatic oligoepoxide and guanidinium chloride
against isolates of microscopic fungi that caused
damage to rubber materials. It was found that
guanidine-containing oligoether at a concentration
of 3 % inhibited the growth of the majority of
studied micromycetes [11]. It was therefore
advisable to synthesize a functionalized polymer
based on functional oligoetherguanidinium
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chloride and aliphatic oligooxyethylenediamine
and to investigate its bactericidal and fungicidal
properties.

The aim of this work is to study the bactericidal
and fungicidal activity of the synthesized poly-
etherguanidinium chloride against a number of
bacteria and microscopic fungi.

Materials and methods. The objects of the
study are strains of gram-positive Staphylococcus
aureus 451 and gram-negative Escherichia coli
475 and Klebsiella pneumonia 479 bacteria, which
were isolated from pathogenic material (urogenital
system) of sick people and stored in the Laboratory
of bacteriological research of the Institute of
Urology of NAMS of Ukraine. Microscopic fungi
Aspergillus versicolor F-41250, Acremoneum
humicola F-41252, Acremoneum roseum F-41251,
Cladosporium sphaerospermum F-41255,
Paecilomyces lilacinus F-41256, Scopulariopsis
candida F-41257 were previously isolated from the
premises that suffered from mycological damage
(Kiev) and stored in the Department of Physiology
and Systematics of Micromycetes of D.K. Za-
bolotny Institute of Microbiology and Virology of
the NAS of Ukraine [19].

Research materials. Dian epoxy oligomer DER-
331 (DOW Chemical Company, Germany), MW
365 g/mol, mass fraction of epoxy groups 23.5 %,
hydroxyl groups 0.6 %, were dehydrated in vacuum
for 2—6 hours at 80-90 °C and a residual pressure
of 2 mbar. Guanidine hydrochloride (GD) (Aldrich
Company, 99.9 % purity) was used without further
purification. Oligooxyethylenediamine D-400
MW 400 (Aldrich Company, 99.9 % purity) was
used without further purification. Medical 96 %
ethanol was used without further purification.
Dimethylformamide (DMF) was purified by
distillation.

For the synthesis of guanidinium-containing
oligoether based on the aromatic epoxy oligomer
DER-331 MW 365.5 and guanidinium chloride,
10 g of epoxy oligomer dissolved in 30 ml of
dimethylformamide was added into the reactor
and then a solution of guanidine (3.3 g) previously
transformed in the base form using alkali was
added. The reaction was carried out for 2—3 hours
at temperatures of 50—60 °C.

The completion of the reaction was monitored
by IR spectroscopy for the disappearance of
absorption bands of epoxy groups at 920 cm .
5 ml of hydrochloric acid (37 %) was added to the
solution of the product obtained with stirring to
convert the oligoether into acidic form, the solvents

ISSN 1028-0987. Mixpobion. oicypn., 2021, T. 83, Ne 1



were distilled off from the reaction mixture under
reduced pressure. The obtained GO was re-
precipitated from dimethylformamide in diethyl
ether. To remove residual solvents, the product was
kept under vacuum at a pressure of 1 mbar at 80 °C
for 12 hours. The reaction product yield was 95 %.

To obtain polyetherguanidinium chloride
(PEG-GC), a mixture of 10 g of GO and 8.2 g of
oligooxyethylenediamine with the terminal amino
groups of MW 400 was heated to 80 °C and stirred
for 4 h, after which the reaction was continued
for 4 h at 130-140 °C and 4 h at 180 °C. After
cooling the reaction mixture, an amorphous glassy
polymer of PEG-GC was obtained. To purify the
product from the residues of the original reagents,
it was dissolved in 40 ml of water and precipitated
by adding 20 ml of a saturated solution of sodium
chloride. The purified polymer was separated by
decantation, washed with water (20 ml) and dried
in vacuum at a pressure of 1 mbar at 80 °C for
24 hours. An amorphous polymer of dark yellow
color was obtained. The viscosity characteristic
of PEG-GC, determined in 0.1 N aqueous NaCl at
25 °C, was 0.065 dl /g.

Cultivation of microorganisms. Bacteria were
grown on meat-peptone agar for 48 hours at a
temperature of 28 + 2 °C.

Test cultures of micromycetes were cultured on
beer wort agar (6° B), incubated for 14 days in a
thermostat at a temperature of 28 = 2 °C.

Research methods

IR Fourier spectroscopy. The IR spectra of
the Fourier transform were taken on a TENSOR
37 spectrophotometer in the spectral region 6000—
400 cm™ in KBr tablets.

'H NMR spectra were recorded on a “Varian
VXR-400 MHz” instrument in CDCI,.

Statistical processing of the results. The expe-
riments were performed in triplicate, the results
were expressed using the standard deviation M+n.
Data processing was performed using the software
package Excel 2016 (MS Office) and Origin 8.5
(MS Office).

The antimicrobial and fungicidal activity.
Antimicrobial activity of newly synthesized
polyetherguanidinium chloride was determined by
standard disco-diffusion method [6] and fungicidal
activity was determined by agar diffusion method.
1 and 3 % oligomer solutions were used: 0.2 ml of
each was applied to the standard paper discs (6 mm
in diameter), and placed on the surface of meat-
and-peptone agar inoculated with the corresponding
test culture of bacteria. Incubation was carried out
within 18 hours at 28+2 °C. Antimicrobial activity
was expressed according to the diameters (mm) of
the microorganism growth inhibition zones.

In order to determine the fungicidal activity, a
suspension of each fungi species was prepared in
sterile distilled water at a concentration of 1-10°
CFU. The resulting 1 ml suspension was added to
a Petri dish, 20 ml of molten Czapek-Dox medium
was poured over it, and it was thoroughly mixed.
Then in the middle of the dish, wells (8 mm in
diameter) were made by a sterile drill, and 0.2 ml
of the test substances was added. Incubation was
carried out at 28+2 °C; accounting of the results
was made on the 7" and 14™ day of the experiment.
Fungicidal activity was expressed in mm according
to the microorganism growth inhibition zone
diameters. The study was carried out in triplicate;
the obtained results were processed mathematically
on a personal computer.

Results. The synthesized polyetherguanidinium
chloride can be represented by the following
structural formula:

OH OH
N H\)\/O o\)\/n N T
L \ﬂ/ “R” \n/ \[/\O
=i

NH+ HCI NH* HCI

- PO Ao

Synthesis of polyetherguanidinium chloride
(PEG-GC) is carried out in two stages. The first
stage is synthesis of a guanidine-containing
oligoether with finite guanidine moieties by
reaction between an aromatic oligoepoxide and
guanidine.

n=9

NH NH
S
O O HgN NH HZN H OH H 2
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The structure of the obtained oligomer was
confirmed by IR and '"H NMR spectrometry.

IR (KBr): (3200-3550) cm™ (VNH, OH), 3156
cm (BNH), 2949 (vCH), 2896 cm™! (vsCH2), 2868
cm™! (vVCH2 ), 1648 cm™ (vC = N), (1450-1650)
cm™! (vVC6HS5), (1100-1300)) cm™ (vC-O-C).

The 'H NMR (CDCI3) spectrum of the
guanidinium-containing oligomer contains proton
signals at 1.72 ppm. (t, 3H, -CH, ), 2.73 ppm. -NH
(NH CH,), 2.58 ppm -CH, (CH,CHOH ), 3.58 ppm
-OH (CH-OH ), 3.96 ppm -CH (CH-OH ), 6.8 ppm

OH OH
H H
H;H N o._,0 \/I\/N NH,
\l_c \/I\/ R/ T -

NH - HCI NH -HCI

+  H-N Lo
o i,
-

and 7.2 ppm (-CH ) benzene ring, 8.4 ppm and
8.6 ppm -NH (NH, groups).

GO is a light-yellow viscous liquid that is
soluble in water, ethanol, methanol, methylethyl
ketone, dimethylformamide, dimethylsulfoxide,
dimethylacetamide and insoluble in diethyl ether,
hexane, and acetone.

The second step is the synthesis of poly-
etherguanidinium chloride by reaction between
a guanidine-containing oligoether with a finite
guanidine moiety and oligooxyethylenediamine.

130-180 °C
-NH,

OH OH
§ H\/I\/o o\/l\/rn| ¥ 1
Y o
-in

NH+ HCI

NH* HCI

OH

The structure of the obtained polyether-
guanidinium chloride is confirmed by 'H NMR
(Fig. 1) and IR spectra (Fig. 2).

The resulting polymer is a resinous product of a
dark yellow color, which is soluble in water, ethanol,
methanol, methylethyl ketone, dimethylformamide,
dimethyl sulfoxide, dimethylacetamide and
insoluble in diethyl ether, hexane, acetone. The
synthesized polyetherguanidinium chloride is a
reactive polyfunctional polymer with a hydrophobic
aromatic and hydrophilic oligoethylene oxide
component containing hydroxyl groups and

VAN

guanidinium moieties along the chain. Data on
the study of bactericidal activity of the obtained
polyetherguanidinium chloride in relation to
a number of gram-positive and gram-negative
bacteria are shown in Table 1, Fig. 3.

According to the results of microbiological
studies, polyetherguanidinium chloride exhibits
antimicrobial activity against the test cultures
in the concentration range of 1-3%, which is
recommended for commercial disinfectants based
on polyhexamethylene guanidinium chloride
salts.

3% 30 2% 20 18 10 Qs Pl 98 40

i 30 75 70 65 60 S5 80 &5 40
Chemical Shift (ppm)

Fig. 1. '"H NMR spectrum of aromatic polyetherguanidinium chloride 'H NMR
(400 MHz, DMSO-D)): 6 = 1.32 ppm (m, 4H, CH,), 1.57 ppm (m, 4H, NCH,CH,), 2.74-3.72
(M, 24H, NCHZ’ OCH,, CH, OH), 7.2 ppm. -CH benzene ring 8.1 ppm (m, 4H, NH)
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Fig. 2. IR spectrum of aromatic polyetherguanidinium chloride IR (KBr):
3314 cm™ (v NH, OH), 3156 cm™ (6 NH), 2949 (v CH), 2896 cm™ (2s CH,), 2868 cm™ (v CH,).
1648 cm™ (v C =N), 1076 cm™ (v C-O-C)

Table 1
Antimicrobial activity of polyetherguanidinium chloride
. Growth inhibition zone diameters (mm)
o
Compound Concentration, % E. coli 475 K. pneumoniae 479 S. aureus 451/
1 25+0.35 25+0.36 0

PEG-GC 3 29+0.37 28+0.37 12+0.07
PGMG 17+0.15 15+0.26 20+0.35

0.1 12+0.10 10+0.07 15+0.07

Fi g. 3. Growth inhibition zones of K. pneumoniae 479 affected by polyetherguanidinium chloride
(K — control (distilled water), 1 — 3 % solution of polyetherguanidinium chloride)

The proposed 1 % solution of polyether-
guanidinium chloride exhibits 1.5 times
higher antimicrobial activity than the polymer
disinfectant polyhexamethylene guanidinium
chloride against E. coli and K. pneumoniae and
lower antimicrobial activity against S. aureus.
Compared to PGMG hydrochloride, the PEG-GC
polymer exhibits antimicrobial activity at higher
concentrations, which indicates its lower toxicity
to microorganisms.
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Table 2 shows the data on the fungicidal activity
of polyetherguanidinium chloride against different
types of microscopic fungi.

The data determined the fungicidal activity of
polyetherguanidinium chloride at a concentration
of 1 % against isolates of micromycetes that were
dominant or frequently found on technical and
building materials and could pose a significant
threat to human health. For comparison, a study of
the fungicidal activity of the original GO against
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Table 2

Fungicidal activity of polyetherguanidinium chloride

No Species of micromycetes The composition and concentration of the solution
PEG-GC, 1 % | GO, 1%
Growth retardation zone diameters of micromycetes, mm
7 days
1 Aspergillus versicolor F-41250 9.55+1.16 14.42+1.24
2 Acremoneum humicola F-41252 9.67+0.50 10.94+1.13
3 Acremoneum roseum F-41251 7.00+0.87 12.78+0.87
4 Cladosporium sphaerospermum F-41255 8.00+0.00 10.94+1.13
5 Pacecilomyces lilacinus F-41256 8.00+0.00 14.56+1.24
6 Scopulariopsis candida F-41257 7.56+2.00 15.42+1.96
14 days
7 Aspergillus versicolor F-41250 8.89+1.05 13.33+1.37
8 Acremoneum humicola F-41252 5.50+0.55 9.44+0.73
9 Acremoneum roseum F-41251 12.72+0.67 9.67+0.50
10 | Cladosporium sphaerospermum F-41255 3.00+0.00 13.50+0.95
11 Paecilomyces lilacinus F-41256 2.11+0.33 13.61+1.02
12 Scopulariopsis candida F-41257 8.89+1.05 13.334+2.18

the same isolates of micromycetes was conducted.

According to the obtained data, it was noted that
the initial GO at a concentration of 1 % had high
fungicidal activity in almost all the studied isolates,
fungicidal activity of the PEG-GC polymer at
the same 1% concentration was 1.5 times less.
The diameter of the growth inhibition zone of
A. versicolor F-41250, A. humicola F-41252,
A. roseum F-41251, C. sphaerospermum F-41255,
P lilacinus F-41256, S. candida F-41257 strains
under the influence of GO after 7 days was from
10 to 15 mm (Table 2), and under the influence of
PEG-GC — 7.0-9.5 mm depending on the type of
fungi. The highest diameter of the growth inhibition
zone for 1 % solution of GO after 7 days of the
experiment was observed for the fungus S. candida
F-41257, and for 1 % solution of PEG-GC — for the
fungus A. humicola F-41252.

After 14 days of the experiment, there was
a slight decrease in the diameter of the growth
inhibition zone by 1 % solution of GO for all
isolates, and by 1 % PEG-GC solution — for
A. roseum F-41251 and S. candida F-41257 isolates;
in contrast, the growth inhibition zone diameter
increased by 1.2—1.5 times, for C. sphaerospermum
F-41255 (Fig. 4), and the growth inhibition zone
diameter of P. lilacinus F-41256 fungi decreased
by 2-2.5 times.

Discussion. The synthesized olieterguanidinium
chloride showed quite high growth inhibition
zones of gram-negative bacteria E. coli 475 and
K. pneumoniae 479 and less for gram-positive
bacteria S. aureus 451. It can be assumed that
the negative effect of the obtained polymer on
microorganisms is based on one of the following

PEG-GC

Control

Fi g. 4. Growth inhibition zone diameters (mm) of fungus Cladosporium sphaerospermum F-41255
on the 14™ day of the experiment under the influence of PEG-GC
(three repetitions of the experiment)
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mechanisms: a) the biocide enters the cell, binds
to some of its components (proteins, lipids,
carbohydrates), resulting in decreased metabolic
rate, leading to death; b) the biocide does not
penetrate the cell, but on the cell surface blocks
the activity of lipid and protein substances
(in particular, enzymes or their active centers),
which causes negative lethal changes in the
functions of membranes. The strong fungicidal
effect of the original GO is probably related to
the presence of a diphenylolpropane group in its
composition. Molecules of organic substances are
known to be redistributed by the electron density
of chemical bonds (positive or negative inductive
effect) under the influence of different atoms or
atomic groups present in them. The presence of a
diphenylolpropane group in a GO molecule causes
a negative induction effect — the substituent reduces
the electron density on the carbon atom to which it
is attached. In this case, the substituent acquires a
partial negative charge (6-), and a carbon atom — a
partial positive charge (6 +) [10]. According to the
literature, the value (8 +) may be one of the factors
that enhance the fungicidal substances interaction
with the cell wall of fungi [12].

Macromolecules of guanidine polymers are
known to be adsorbed on the negatively charged
surface of the cell, thereby blocking the processes
of respiration and nutrition (transport of metabolites
through the cell wall and cytoplasmic membrane).
They diffuse through the cell wall, causing
irreversible damage inside the cell and inactivating
a number of enzymes [1, 4]. The low toxicity of
such compounds to humans and warm-blooded
animals should be noted [12].

As can be seen from the presented data, the
fungicidal activity of GO and polyetherguanidine
is practically the same only for 4. humicola fungus,
for other types of fungi fungicidal activity of
polyetherguanidine is 1.5 times less than of GO.
This may be due to the fact that in the polymer
PEG-GC, the concentration of diphenylolpropane
groups on the elementary link of the polymer is
twice less than in the original guanidine-containing
oligoether. And the content of guanidine fragments
per elemental section of the polymer was 1.5 times
less than in GO.

The obtained data indicate the selectivity of
the fungicidal action of solutions for different
types of microscopic fungi, which may be related
to differences in their metabolic processes and
mechanisms of adaptation.
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Conclusions. The obtained GO and polyether-
guanidinium chloride based on it at a concentration
of 1 % showed bactericidal activity against
Staphylococcus aureus 451, Escherichia coli 475,
Klebsiella pneumoniae 479, fungicidal activity
against all fungi studied by us and so can be used
as a disinfectant for building materials.
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Pesrome

Bigomo, mo coii moJiirekcaMeTHIICHTyaHI THHY
(III'MI) € edekTHBHUMHU OIOIMIAMHU, CTEPHIIIZYIO-
YUMH TIpenapaTamMy Ta JNe3iH(QEeKTaHTaMU 3aBISKU
HIMPOKOMY CHEKTPY iX aHTHMIKpPOOHO! aKTUBHOCTI
BIJHOCHO TPaMITO3UTHBHUX 1 TpaMHETAaTHBHUX OaK-
Tepiid. MexaHi3Mm Ol0IUAHOT [IiT TTONITyaHi IUHIB MOTi-
OHMI YETBEPTHHHUM aMOHIEBHM CITOJyKaM 1 HOCHUTh
MeMOpaHO TOKCHYHHUH Xapaktep. B mopiBHsHHI 3
4yeTBepTUHHUMHU amoHieBuUMH coisiMu (HAC) momi-
T'YaHIIMHU MalOTh BUILy aHTHOAKTEpiaabHy aKTHB-
HICTb, 110 OOYMOBJICHO OCOOJIMBOCTSIMH OYy/IOBH Tya-
HiZIMHOBOTO yrpymnoBanHs. /o mepesar comneii [ITI'MIT
CJIIJT BITHECTH iX MOMIpHY TOKCHYHICTB (4 Kjac He-
Oe3rekn). 3pyqHICTh 3aCTOCYBaHHS TaKHX MOJIMEp-
HUX O1OLM[IB MOJSATa€e y iX BUCOKIH PO3YMHHOCTI Y
BOJI Ta y BificyTHOCTI JeTkocTi. Tomy Oyno 1ouinsb-
HUM CHHTE3yBaTH (yHKITIOHAJIi30BaHUH HomiMep Ha
OCHOBI BKa3aHOTO OJIIrOETePryaHiIUHINXIOpUIY Ta
ami(paTHYHOrO OJIIFOOKCUETHIICHAIaMIHY 1 JTOCIIIN-
TH Horo GakTepuIUaHI Ta QYHTIIUIHI BIACTHBOCTI.
MeTo10 1aHOi POOOTH € TOCHIKEHHST OaKTEPHITH/]I-
HOI Ta (yHTIIUIHOI AKTUBHOCTI CHHTE30BAHOTO T10-
JieTepryaHiIuHIRXI0pUIy 1O BIJHOIICHHIO 0 PSTY
Oakrtepii Ta MikpockomiyHux rpudis. Meroau. Kyib-
THBYBaHHS MiKpoopraHi3miB. bakrepii Buporysamu
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Ha M>SICO-TIENTOHHOMY arapi npotsiroMm 48 roguHu 3a
temneparypu 28+2° C. TecT-KylIbTypH MiKpoMile-
TiB KyJIbTUBYBAJIHM HA arapu30BaHOMY NMUBHOMY CYyCIi
(6° b), imxyOyBamu 14 mi6 y TepmocTarti 3a TeMmIe-
parypu 28+2° C. AHTHMIKpOOHY aKTHBHICTh CHHTE-
30BaHOTO MOJIIMEPY BH3HAYAIH METOAOM IU(y3ii B
arap. Pesyabraru. CunTes nonierepryaHiinHiixio-
pULy HaMU MPOBEACHO Yy JBI CTajli: mepira cTafis
MOJIATAE Y CHHTE31 TyaHITUHIHBMICHOTO OJIiroeTepy 3
KIiHIICBUMH TyaHiTHHOBHMH (PparMEHTAMH 10 PEaKIIii
MIX apOMAaTHYHUM OJIITOCTIOKCHIOM Ta TYaHiIHHOM;
Jpyra CcTajis — CHHTE3 MoJieTepryaHi TuHIHXI0pULY
M0 peakuii MK I'yaHIIUHIMBMICHUM OJIITOETEPOM 3
KIHIIEBUMU T'yaHiTUHOBUMHU (pparMeHTamMu Ta OJIiro-
okcuernieHiaminoM. IToka3aHo, 10 CHHTE30BaHMIT
MoJTieTepryaHi IMHINXIOpUA POSIBIISiE OaKTEPHIINA-
Hy Ta (pyHTIOUIHY aKTUBHOCTI 1O BIJIHOIIEHHIO 0
Pi3HUX TeTepOoTPO(HUX OAKTEPiid Ta MIKPOCKOMIYHUX
rpubiB. BcTaHoBIeHO, MO MOMieTePryaHi IUHIHXIIO-
pun 3a koHueHTpauismu 1-3 % inridye picT rpamHe-
ratuBHUX (Escherichia coli 475, Klebsiella pneumonia
479) 1 rpammo3uTuBHEX Oakrtepiit (Staphylococcus
aureus 451). Ompumarnuii Hamu noaiemepeyaniou-
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