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Background. Polyhexamethylene guanidines are widely used as biocides and dis-
infectants due to the wide range of their antimicrobial activity against Gram-positive and
Gram-negative bacteria, viruses, fungi, and molds. The mechanism of biocidal action of
polyguanidines is similar to that of quaternary ammonium compounds and has a mem-
brane toxic nature. The advantages of polyhexamethylguanidines salts include their
moderate toxicity and a lack of cumulative action against living organisms. The con-
venience of such polymeric biocides lies in their high water solubility and in the absence
of volatility, which allows disinfectant work to be carried out in the presence of people. It
is known that the introduction of alkyl radicals into the polymer chain leads to an in-
crease in the bactericidal and fungicidal action of the obtained compounds. In order to
enhance these properties, it seems promising to obtain polyetherguanidines with alkyl
radicals in their structure. The aim of this work was to study the fungicidal and bacteri-
cidal activity of synthesized alkyl-substituted polyetherguanidinium iodides against
a number of bacteria and microscopic fungi.

Methods. Bacteria were grown on the meat-peptone agar for 48 hours at 28+2 °C.
Test cultures of micromycetes were cultured on agar beer wort (6 ° B), incubated for
14 days at 28+2 °C. Antimicrobial and fungicidal activities of the newly synthesized alkyl-
substituting polyetherguanidines were determined by the standard disco-diffusion method.
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Results. The synthesis of polyetherguanidinium iodide is carried out in four stages.
The first stage is the synthesis of a guanidine-containing oligoether with terminal guani-
dine moieties by the reaction between aromatic oligoepoxide and guanidine. The second
stage is the synthesis of polyetherguanidinium chloride by the reaction between guani-
dinium-containing oligoether with terminal guanidine fragments and oligooxyethylenedi-
amine of different molecular weight. In the third stage, the obtained polyetherguanidini-
um chloride is converted from the salt form to the base form by the reaction with an
equivalent amount of alkali in ethanol. In the fourth stage, the basic polyetherguanidine
is reacted with methyl iodide at a molar ratio of polyetherguanidine: methyl iodide com-
ponents of 1:2. The bactericidal and fungicidal activities of alkyl-containing polyether-
guanidinium iodides against various heterotrophic bacteria and microscopic fungi has
been shown. It was found that polyetherguanidinium iodides at a concentration of 1-3%
inhibited the growth of Gram-negative (Escherichia coli 475, Klebsiella pneumonia 479)
and Gram-positive (Staphylococcus aureus 451) bacteria. The obtained alkyl-containing
polyetherguanidinium iodides at a concentration of 1% for 14 days showed fungicidal
activity in almost all studied isolates. With an increasing length of the oligoethylene oxi-
de component, the obtained polymers with n = 10 and 50 did not show a fungicidal effect
against Aspergillus niger, and the polymer with n = 50 — against the micromycete
Aspergillus versicolor. If we determine the fungicidal effect as a whole, the polymer with
n = 6 had the highest activity against all studied isolates after 14 days, while the fungi-
cidal effect of polymers with n = 10 and n = 50 tends to decrease. All synthesized alkyl-
containing polyetherguanidinium iodides showed the highest activity against such micro-
scopic fungi as Cladosporium cladosporioides, Acremonium strictum, Alternaria alter-
nate, Cladosporium sphaerospermum, Paecilomyces variotii, Stachybotrys chartarum.
Also noteworthy is the selective effect of the obtained polymers on individual isolates.

Conclusions. The obtained polyetherguanidinium iodides of different molecular
weight at a concentration of 1-3% showed bactericidal activity against Staphylococcus
aureus 451, Escherichia coli 475, Klebsiella pneumoniae 479 and fungicidal effect
against all fungi studied by us and can be used as disinfectants for indoor treatment.

Keywords: polyetherguanidinium iodides, antibactericidal activity, antifungal activity

INTRODUCTION

Polyhexamethylene guanidines (PGMG) are widely used as biocides and disinfec-
tants due to the wide range of their antimicrobial activity against Gram-positive and
Gram-negative bacteria, viruses, fungi, and molds [5-7, 19, 20]. The mechanism of bioci-
dal action of polyguanidines is similar to that of quaternary ammonium compounds and
has a membrane toxic nature [14, 17].

The advantages of PGMG salts include their moderate toxicity and the absence of cu-
mulative action against living organisms (hazard class 4 according to GOST 12.1.007-76)
[6, 10, 12]. The convenience of using such polymeric biocides lies in their high solubility
in water and in the absence of volatility, which allows for disinfection in the presence of
humans [12, 14, 16, 17].

Previously, we investigated the fungicidal activity of guanidine-containing oligo-
ether (GO) against Gram-positive and Gram-negative bacteria and isolates of micro-
scopic fungi that caused damage to rubber materials. GO with terminal guanidinium
fragments was obtained on the basis of aromatic oligoepoxide and guanidinium chlo-

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2020 e Tom 14/Ne3 e C. 65-78



FUNGICIDAL AND BACTERICIDAL ACTIVITY OF ALKYL-SUBSTITUTING POLYETHERGUANIDINES 67

ride. It was found that guanidine-containing oligoether at a concentration of 3% inhibited
growth of bacteria and most of the studied micromycetes [4, 8, 18]. Fungicidal effect of
the functionalized polymer based on the specified oligoetherguanidinium chloride and
aliphatic oligooxyethylenediamine, which inhibited growth of most of studied micromy-
cetes isolated from the premises in Kyiv, was also investigated. It is known that the in-
troduction of alkyl radicals into the polymer chain leads to an increased bactericidal and
fungicidal effect of the obtained compounds. In order to enhance these properties, it
seems promising to obtain polyetherguanidines with alkyl radicals in their composition.
The simplest method of introducing an alkyl radical into a polymer chain involves using
the most common alkylating agent, methyl iodide. It can be assumed that the introduc-
tion of methyl iodide into polyguanidine chain will produce a polymer with a good bacte-
ricidal and fungicidal properties.

The aim of this work was to study the fungicidal and bactericidal activities of syn-
thesized alkyl-substituted polyetherguanidinium iodides against a number of bacteria
and microscopic fungi.

MATERIALS AND METHODS

The objects of the study were:

e strains of Gram-positive Staphylococcus aureus 451, Enterococcus faecalis 422
and Gram-negative bacteria Escherichia coli 475, Klebsiella pneumonia 479,
Pseudomonas aeruginosa 465 isolated from biomaterial of patients and stored
in the laboratory of bacteriological researches of Institute of Urology, National
Academy of Medical Sciences of Ukraine;

e microscopic fungi Acremonium strictum W. Gams F-16703, Alternaria alternata
(Fr.) Keissl. F-41225, Aspergillus niger Tiegh. F-73001, Aspergillus versicolor
(Vuill.) Tirab. F-41250, Cladosporium cladosporioides (Fresen.) G.A. de Vries
F-41252, Cladosporium sphaerospermum Penz. F-41255, Paecilomyces variotii
Bainier F-16724, Penicillium chrysogenum Thom F-16719ZAS, Penicillium fu-
niculosum Thom F-16728 and Stachybotrys chartarum (Ehrenb.) S. Hughes
F-41212 stored at the Department of Physiology and Systematics of Micromy-
cetes of D.K. Zabolotny Institute of Microbiology and Virology, National Academy
of Sciences of Ukraine [4].

Research materials. Diane epoxy oligomer DER-331 (DOW Chemical Company,
Germany) with MW 365 g/mole and mass fraction of epoxy groups 23.5%, hydroxyl
groups 0.6% was dehydrated by heating in vacuum for 2—6 h at 80-90 °C and 2 mm
residual pressure of mercury column. Guanidine hydrochloride (GD) (Aldrich, 99.9%
purity) was used without further purification. Oligooxyethylenediamine D-230 MW 230,
D-400 MW 400 and D-2000 MW 2000 (Aldrich, 99.9% purity) were used without further
purification. Methyl iodide (Aldrich, 99.9% purity) was used without further purification.
Medical ethanol-rectified 96% was used without further purification. Dimethylformamide
(DMF) was purified by distillation.

For the synthesis of guanidinium-containing oligoether — GO based on aromatic
epoxy oligomer DER-331 MW 365.5 and guanidinium chloride, 10 g of epoxy oligomer
was dissolved in 30 ml of dimethylformamide and uploaded to the reactor and a solution
of guanidine (3.3 g) was added, which was pre-converted from salt to basic form by
alkali. The reaction was carried out for 2-3 h at 50-60 °C. The completeness of
the reaction was monitored by IR spectroscopy for the disappearance of epoxy groups
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absorption at 920 cm™. To the solution of the resultant product was added 5 mL hydro-
chloric acid (37%) and the reaction mixture was mixed to convert oligoether into an acid
form, the solvents were separated from the reaction mixture under reduced pressure.
The obtained GO was precipitated from dimethylformamide to diethyl ether. To remove
solvent residues, the product was kept in vacuum at a pressure of 1 mbar at 80 °C for
12 h. The product yield constituted 95%.

To obtain polyetherguanidinium chloride (PEG-GC), a mixture of 10 g of GO and
8.2 g of oligooxyethylenediamine with terminal amino groups MW 400 was heated to
80 °C and stirred for 4 h, then the reaction was continued for 4 h at 130-140 °C and 4 h
at 180 °C. After cooling the reaction mixture, an amorphous vitreous polymer of PEG-
GC was obtained. To purify the product from residual starting reagents, it was dissolved
in 40 mL of water and precipitated by adding 20 mL of saturated sodium chloride solu-
tion. 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 h. The product represents
an amorphous polymer of dark yellow color. The intrinsic viscosity of PEG-GC, deter-
mined in 0.1 N aqueous NaCl solution at 25 °C, is 0.065 DI/g. The obtained polyether-
guanidinium chloride was converted from the salt form to basic form by reaction with an
equivalent amount of alkali in ethanol. The obtained sodium chloride was removed from
the reaction mixture by filtration. The product was dried and reacted with methyl iodide
at a molar ratio of PEG: methyl iodide 1 : 2 in methanol at 50 °C. The final product was
dried at room temperature and represented an amorphous polymer of dark yellow color.
Alkyl-substituted polyetherguanidinium iodides based on oligooxyethylene glieols MW
230 and 2000 were obtained by a similar method.

Cultivation of microorganisms. Bacteria were grown on meat-peptone agar for
48 hours at 28+2 °C. Test cultures of micromycetes were cultured on agar beer wort
(6 ° B), incubated for 14 days at 28+2 °C.

The antimicrobial activity of newly synthesized polyetherguanidinium iodides
was determined by the standard disco-diffusion method [6]. In our study we invistigated
1 and 3% solutions of polymers in distilled water. The solutions were applied in 0.2 mL
on standard paper disks with a diameter of 6 mm and placed on the surface of meat-
peptone agar inoculated with the appropriate test culture of bacteria. Incubation was
performed for 18 hours at 28+2 °C. Antimicrobial activity was expressed by the diame-
ters (mm) of the zones of growth retardation of microorganisms.

Fungicidal activity of the newly synthesized polyetherguanidinium iodides was
determined by the method of diffusion of the investigated polymer solution into agar of
nutrient Chapek-Dox medium. Test cultures were taken from the collection of fungal
cultures of the Department of Physiology and Systematics of Micromycetes of the Insti-
tute of Microbiology and Virology of NAS of Ukraine, isolated from technical, polyethy-
lene and construction materials and stored in the Testing Laboratory of Fungal Resis-
tance and Microbiological Research of Technical and Medical Products and Materials.

A suspension with a concentration of 1x108 spores of each species was prepared
from a working batch of fungal cultures aged 14 to 28 days. The suspension was pre-
pared as follows: spores from a pure culture tube were transferred to a flask containing
25+5 cm?® of sterile water. The suspension of spores of each species was mixed, the
concentration of spores was calculated using a Goryaev counting chamber. Next, 1 ml
of the spore suspension was added to sterile Petri dishes and filled with Chapek-Dox
warm medium for preparation of lawns of cultures by a deep method.
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After solidification of the medium, holes were made with a sterile drill with a diame-
ter of 5 mm, which filled 0.1 mL of the test drug. Petri dishes were kept in a thermostat
at a temperature of (2942) °C for 14 days.

Evaluation of the sensitivity of cultures isolated from technical and building materi-
als to the studied compounds was carried out by measuring the diameter of the zone of
growth retardation of micromycetes: > 25 mm — high; 25-15 mm — average; <15 mm —
low; 0 mm — absent.

IR Fourier spectroscopy. The IR spectra of oligomers with Fourier transform were
recorded on a TENSOR 37 spectrophotometer in the spectral region of 6000-400 cm™’
in KBr tablets. '"H NMR spectra were recorded on a Varian VXR-400 MHz instrument
(USA) in a CDCl, system.

Statistical processing of the results. The experiments were performed in triplicate,
the results were expressed using the standard deviation Mtn. Data processing was per-
formed using the software package Excel 2016 (MS Office) and Origin 8.5 (MS Office).

Research results. The synthesized alkyl-containing polyetherguanidinium iodides
can be represented by the following structural formula:

L 4 OH oH
*/N\H/N\)\/O\R/O\)\/N\H/N\V\O/]’\*
n

NF—CH] | NFH—CH,] I

The synthesis of alkyl-containing polyetherguanidinium iodides was carried out in
four stages.

The first stage was the synthesis of guanidine-containing oligoether with terminal
guanidine moieties by the reaction between aromatic oligoepoxide and guanidine

60 °C

O, O
+ 2H,N_ _NH, ——=—>
0 O\/A 2 2 DMF
Lo, N

NH

OH OH
HN N Koo AN nm, 2RO
2 \ﬂ/ Np” 2
R \n/
NH NH
H H
HN \/\/O\ /O\/\/ NH,
h R h

NH - HCI NH - HCI

2= OO OO

The structure of the obtained oligomer was confirmed by IR (Table 1) and '"H NMR
spectra (Fig. 1).
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Table 1. IR spectroscopy functional groups of guanidine-containing oligoether
Tabnuus 1. PyHkUuioHanbHi rpynu IY-cnekTpocKonii ryaHignH3amilweHoro oniroetepy

Major functiomal group Absorbtion frequency region, cm-’
O-H 3550
N-H 3200
C-H 2949
CH, 2896
CH, 2868
C = C aromatic 1450, 1560,
C=N 1650
C-0-C 1100, 1250,1300
C-H 770
NH CH,
—Cl)H NH, I
—NH, | ~OH (CH-OH)
— | |

~CH (CH-OH) CH,CHOH
| | | |
[ 1 [ 1

—CH— —CH,—CH,

|
I
I
2 0

-
o
o 4= —
[}
IN

ppm — parts per millions

Fig. 1. Functional groups and chemical shifts in "H NMR spectroscopy of guanidine-containing oligoether
Puc. 1. dyHkuioHanbHi rpynyu AMP-cnekTpockonii ryaHigvHaamilleHoro oniroetepy

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

The second stage is the synthesis of polyetherguanidinium chloride by the reaction
between guanidinium-containing oligoether with terminal guanidine fragments and oli-
gooxyethylenediamine of different molecular weight.

In the third stage, the obtained polyetherguanidinium chloride is converted from the
salt form to the base form by an equivalent amount of alkali in ethanol.

In the fourth stage, the basic polyetherguanidine is reacted with methyl iodide at
a molar ratio of PEG : methyl iodide components of 1:2.
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OH OH
HN H H 130-180 °C
) o.__O N NH, + H,N o NH, ——°2 &y
\n/ R \ﬂ/ N NH,

NH - HCI NH - HCI
OH
Howo B HT ] +NaOH
—N N\)\/O\ /O\)\/N N So T, heod
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OH OH
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*/N\H/N\)\/O\R/O\)\/N\H/N\/\O/’\* __2CHg
NH NH

4y OH OH . . )
*/N\[]/N\)\/O\R/O\)\/NYN\/\O/\*

NF—CHj] | NF—CH] I”

The structure of the obtained polyetherguanidinium iodides was confirmed by IR
(Table 2) and 'H NMR spectra (Fig. 2).

Table 2. IR spectroscopy functional groups of alkyl-containing polyetherguanidinium

iodides
Tabnuys 2.14-cnekTpockonifa pyHKLiOHaNbHUX FPyn ankinoBMiCHUX nonieTepryaHianHy
noaunais
Major functiomal group Absorbtion frequency region, cm™'
O-H 3400
N-H 3156
C-H 2900
CH, 2880
CH, 2860
C=C aromatic 1420, 1520,
C=N 1610
C-0-C 1120, 1250,1320
C-H 760

The obtained polymers are resinous products of dark yellow color that are soluble
in water, ethanol, methanol, methyl ethyl ketone, dimethylformamide, dimethyl sulfoxide,
dimethylacetamide and insoluble in diethyl ether, hexane, acetone. Data on the study of
bactericidal activity of the obtained polyetherguanidinium iodides in relation to a number
of Gram-positive and Gram-negative bacteria are given in Table 3 and Fig. 3.
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Fig. 2. Functional groups and chemical shifts in '"H NMR spectroscopy of alkyl-containing polyetherguani-
dinium iodides
Puc. 2. dyHkuioHanbHi rpynu "H AMP-cnekTpockonii ankinosamilleHnx nonietepryaHignHin noamais

Table 3.  Antimicrobial activity of alkyl-substituted polyetherguanidinium iodides
Tabnuysa 3. AHTUMIKPOOHa aKTUBHICTb ankinosamiweHux nonietepryaHiauHin noguais

Chemical Diameter of the zone of growth inhibition, mm
, group PEG-1,n=6 PEG-2, n = 10 PEG-3, n = 50

Bacterial : o

strains Polymer concentration , %

swarm 1 3 1 3 1 3
Gram-negative bacteria

E. coli 475 15.0£0.2 18.0£0.2 12.0+0.1 14.0+0.2 11.0£0.2 12.0+0.1

K. pneumoniae 479 14.0+0.1 16.0+0.2 10.0+0.2 12.0+0.1 9.0%0.1 11.0+0.1

P. aeruginosa 465 15.0£0.1 20.0+0.2 12.0+¢0.3 14.0+0.2 9.0#0.1  10.0+0.1
Gram-positive bacteria

S. aureus 451 16.0+0.1 20.0+0.3 14.0+¢0.2 18.0+0.3 12.0+0.2 15.0+0.2

E. faecalis 422 18.0+0.2 20.0£0.3 15.0+0.2 15.0+0.2 12.0+0.1 12.0+0.1

Fig. 3. Zones of growth retardation of the bacterium S. aureus 451
(mm) under the influence of alkyl-containing polyetherguani-
dinium iodide: 1 — control (distilled water); 2, 3 — PEG-1 (1
and 3%); 4, 5 - PEG-2 (1 and 3%)

Puc. 3. 3oHu 3aTpumkm pocTy bakTepii S. aureus 451 (Mmm) nig Bnnu-
BOM aslKinosamilieHoro nornietepryaHiguHin noamay: 1 —
KOHTpOnb (anctunsoBaHa Boga); 2, 3 —MNEr-1 (1i3%), 4,5 -
MNEr-2 (1i3%)

According to the results of the microbiological studies, alkyl-containing polyether-
guanidinium iodides show antimicrobial activity against the tested crops in concentrations
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of 1-3%, which are recommended for commercial disinfectants based on salts of poly-
hexamethylene guanidine hydrochloride. As can be seen from table 1, with increasing
polymer concentration from 1% to 3% in aqueous solution, the bactericidal activity in-
creases. If we compare the three newly synthesized PEG-iodides, which differ in the
length of the oligooxyethylene component, we can conclude that the zones of bacterial
growth retardation decrease with increasing molecular weight of the oligooxyethylene
component and, accordingly, the molecular weight of the polymer. For the polymer
PEG-1 at a concentration of 3%, the zone of growth retardation of bacteria E. coli 475,
K. pneumoniae 479, P. aeruginosa 465, S. aureus 451, and E. faecalis 422 is 16—20 mm.

The fungicidal activity of alkyl-containing polyetherguanidinium iodides in relation
to different types of microscopic fungi is shown in Table 4 and in Fig. 4-7.

Table 4.  Fungicidal activity of alkyl-containing polyetherguanidinium iodides
Tabnuysi 4. PyHriuMaHa aKTUBHICTb ariKifosamillleHUX nonieTepryaHigauHin noguais
Composition and concentration of the solution
PEG-1,n=6 PEG-2,n=10 PEG-3,n=50
Zone of growth retardation of fungi, mm

N Type of micromycete

1 C. cladosporioides F-41252 20.0+2.3 12.0+0.3 10.00.3
2 A. strictum F-16703 12.0+1.3 15.00.7 20.0+1.3
3 A. alternate F-41225 15.0+1.7 10.0+1.3 21.0¢1.7
4 A. niger F-73001 10.0+0.1 0.0 0.0

5 A. versicolor F-41250 15.0+1.3 10.0+0.3 0.0

6 C. sphaerospermum F-41255 15.0+1.3 15.0+1.3 15.0¢1.7
7 P variotii F-16724 20.0 2.3 15.0+1.7 18.0+1.3
8 P chrysogenum F-16719 10.0+0.1 13.0+1.3 11.0+0.1
9 P funiculosum F-16728 10.0+1.3 20.0+1.7 10.010.3
10 S. chartarum F-41212 20.0+2.3 18.0+1.7 20.0+1.7

PEG-1 Control (distilled water)

Fig. 4. Zones of growth retardation of Paecilomyces variotii (mm) under the influence of alkyl-containing
polyetherguanidinium iodide PEG-1 (triplicate of the same fungus strain — three repetitions)

Puc. 4. 30oHu 3aTpumkn pocTy rpmba Paecilomyces variotii (Mm) 3a BNNMBY ankinosamilleHoro nomnietepryati-
OvHin noguay MEN-1 (Tpy 3Kk3eMnnsipyn Toro camoro wramy rpuba — Tpu nosTopwu)
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PEG-3 Control (distilled water)

Fig. 5. Zones of growth retardation of Cladosporium shaerospermum (mm) under the influence of alkyl-
containing polyetherguanidinium iodide PEG-3 (triplicate of the same fungus strain — three repeti-
tions)

Puc. 5. 3oHu 3atpumkm pocty rpuba Cladosporium shaerospermum (Mm) 3a BAnuUBY asnkino3amilleHoro noni-
eTepryaHigvHin voguay MNEr-3 (Tpu ak3eMnnsipy Toro camoro wramy rpuba — Tpu NoBTOpU)

Control (distilled water)
Fig. 6. Zones of growth retardation of Aspergillus versicolor (mm) under the influence of alkyl-containing
polyetherguanidinium iodide PEG-1 (triplicate of the same fungus strain — three repetitions)

Puc. 6. 3oHu 3aTpumkm pocTy rpuba Aspergillus versicolor (Mm) 3a BNNMBY ankino3amilleHoro nonietepryaxiaum-
Hin noguay MEN-1 (Tpy ak3emMnnsipy TOro camoro wramy rpuba — Tpy nosTopwu)

PEG-2 Control (distilled water)

Fig. 7. Zones of growth retardation of Acremonium strictum (mm) under the influence of alkyl-containing
polyetherguanidinium iodide PEG-2 (triplicate of the same fungus strain — three repetitions)

Puc. 7. 30oHu 3aTpumku pocTty rpuba Acremonium strictum (MM) 3a BNNMBY arnkinosamilleHoro nomnietepryati-
AvHin noguay MEN-2 (Tpy ek3eMnnsipu Toro camoro Ltamy rpuba — Tpu NoBTOpK)
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The fungicidal activity of alkyl-containing polyetherguanidinium iodides at a con-
centration of 1% was determined with respect to micromicety isolates, which dominated
or often occurred in Kyiv and could pose a significant threat to human health.

According to the obtained data, alkyl-containing polyetherguanidinium iodides at
a concentration of 1% showed fungicidal activity against almost all studied isolates after
14 days. With increasing length of the oligoethylene oxide component, the obtained poly-
mers PEG-2 and PEG-3 did not show a fungicidal effect against A. niger, and PEG-3
against the micromycete A. versicolor. If we determine the fungicidal effect as a whole, the
polymer PEG-1 showed the highest activity against all studied isolates after 14 days,
while the fungicidal effect of PEG-2 and PEG-3 decreased. All synthesized alkyl-contai-
ning polyetherguanidinium iodides showed the greatest activity against C. cladosporioides,
A. strictum, A. alternata, C. sphaerospermum, P. variotii, S. chartarum. Noteworthy is the
selective effect of the obtained polymer PEG-2 on the isolate P. funiculosum (diameter of
growth retardation more than 20 mm), as well as of PEG-3 on isolates A. strictum, A. al-
ternata (diameter of growth retardation more than 20 and 21 mm, respectively).

DISCUSSION

The synthesized alkyl-containing polyetherguanidinium iodides showed rather high
zones of growth retardation of Gram-negative bacteria E. coli 475 and K. pneumoniae 479
and lower for the Gram-positive bacterium S. aureus 451. It can be assumed that the
mechanism of biocidal action of alkyl-containing polyetherguanidinium iodides is similar to
that of polyguanidines and has a membrane toxic nature [1, 21]. It is known that the bioci-
dal activity of polyguanidines is due to the cooperative interaction of neighboring guanidine
groups of the polycation with the microbial cell and is also influenced by the structure of the
guanidine group [7, 10] in contrast to the cation of quaternary ammonium compounds [13,
15] where the positive charge is distributed between three nitrogen atoms. Delocalization
of the positive charge softens the action of the biocide and reduces its toxicity.

The fungicidal effect of alkyl-containing polyetherguanidinium iodides is probably
due to the presence of guanidine moieties and a diphenylolpropane group. It is known
that in the molecules of organic substances under the influence of different atoms or
atomic groups present in them there is a redistribution of the electronic density of chemi-
cal bonds (positive or negative induction effect) [2, 3, 9].

The presence of a diphenylolpropane group in the polymer 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 (8-), and the carbon atom acquires a partial positive charge (6+) [10]. According
to the literature, the value (3+) may be one of the factors that enhances the interaction
of fungicidal substances with the cell wall of fungi [19].

The data above show that with increasing length of the oligoethylene oxide compo-
nent in the molecules of alkyl-containing polyetherguanidinium iodides, the fungicidal acti-
vity generally decreases. This is probably due to a decrease in the concentration of guani-
dine and diphenylolpropane groups in the polymer chain that promote the fungicidal action.

The obtained data indicate the selectivity of the fungicidal action of solutions on
different species of microscopic fungi, which may be due to differences in their meta-
bolic processes and mechanisms of adaptation. Since we observed a change in the
color of micromycete colonies under the influence of the studied solutions, we can as-
sume that the main mechanism of resistance is the formation of pigments.
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CONCLUSIONS

The obtained alkyl-containing polyetherguanidinium iodides at a concentration of
1 and 3% showed bactericidal activity against S. aureus, E. coli. K. pneumoniae and fun-
gicidal effect at a concentration of 1% against all fungi under study and can be used as
disinfectants for indoor treatment and protection against fungal and bacterial infections.

COMPLIANCE WITH ETHICAL STANDARDS

Human Rights: All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
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3MOry nNpoBOAUTU Ae3uHiKyBanbHi pobOoTK 3a NMPUCYTHOCTI ntogen. Bigomo, wo BBe-
OEHHS Y NaHUor ankinbHUX pagukanis niasuwlye 6aktepuungHy ta QyHriumMaHy gii otpu-
MaHux crnonyk. [1Ina nocuneHHst Lmx BNacTMBOCTEN NEPCNEKTUBHUM € OTPUMAHHS Mnoni-
eTepryaHifvHiB 3 ankinbHUMKU pagukanamu y ixHeomy cknagi. Meta po6oTtu — gocnigntu
QyHriumMaHy Ta 6akTepuumMaHy akTUBHOCTI CMHTE30BaHUX arkino3amMiCHUX mnonieTteprya-
HIAWHI noanaiB Woao Aeskmx BakTepin i MiKpOCKONiYHMX rpubiB.

MeTtoau. bakTtepii BMpoLLlyBanu Ha M’ICO-NeNTOHHOMY arapi npotsarom 48 rog 3a
Temnepatypu 28+2 °C. TeCT-KynbTypy MIKPOMILETIB KyrnbTUBYBanu Ha arapu3oBaHoMy
nuBHomy cycni (6°B), iHkybyBanu 14 gi6 3a Temnepatypu 28+2 °C. AHTUMIKPOOHY Ta
YHriUMAHY aKTUBHICTb HOBOCUHTE30BaHMNX ankino3aMiCHUX ryaHiGuHOBMICHMX onirome-
piB BM3Ha4Yanu cTaHaapTHUM OUCKO-AUAY3INHUM METOLOM.

Pe3ynbraTtu. CvHTE3 nonietepryaHigvHin noguaie npoBoasaTh y YoTupm cragii. MNep-
Lla cTagia nonsrae y CUHTE3I ryaHigMHOBMICHOTO osliroeTepy 3 KiHLEBMMW ryaHiguHOBUMMN
dparmeHTamMun B peakuii MixX apoMaTUYHMM OniroenokCcMaoMm i ryaHignHom. fpyra cta-
Aig — CMHTE3 nonieTepryaHignHin xnopuay B peakuii Mix ryaHiaMHOBMICHUM OFliroeTepom
i3 KiHLEeBMMIW ryaHiQMHOBUMU chparMeHTamMm 1 OnirooKcieTUneHaiaMiHOM Pi3HOT MOMneKy-
nApHOT Macu. Ha TpeTin ctagil oTpMMaHuin nonieTepryaHiguHin xnopug nepeBogdaTtb 3i
COMbOBOI POPMU B OCHOBHY 3aBAsAKM 06pO6Li eKBIBANEHTHOI KINbKICTHO Nyry, po3vnHe-
HOro B eTaHori. Ha yeTBepTin cTagii NnpoBoAsTb peakuito OCHOBHOIO nonietepryaHignHy
3 N10gMUCTMM METUIIOM 3a MOJbHOro cniBBigHOLWeHHA komnoHeHTiB MNEl : noguctun me-
T™n 1 : 2. BuaeneHo 6aktepuumngHy ta QyHriunaHy akTMBHOCTI ankinioBMiCHMX nonietep-
ryaHigvHin Mogvais WOAO Pi3HUX reTepoTpodHNX BakTepid i MIKpOCKOMIYHMX TpubiB.
BcTraHoBneHo, Lo nonietepryaHignHin noanam B koHUeHTpauisx 1-3% iHridysanu pict
rpamHeratuBHux (Escherichia coli 475, Klebsiella pneumonia 479) i rpaMno3nTUBHNX
(Staphylococcus aureus 451) 6aktepin. OTpMaHi ankinoBMicHi nonieTepryaHiguHin no-
anan y KoHueHTpadii 1% 3a 14 gi6 nposensanu pyHriumaHy akTUBHICTb Make LWodo BCiX
AocnimpKeHnx i3onaTiB. 3i 3poCTaHHAM AOBXMHM ONIr0eTUNEHOKCUOHOI CKNagoBoi OTpu-
MaHi nonimepn 3 n = 10 Ta 50 He nposBnsanu dyHriunaHoro edekTy wono Aspergillus
niger, a nonimep 3 n = 50 i wopo mikpomiuety Aspergillus versicolor. AKWO BU3Ha4aTu
yHriuaHMn edekT 3aranom, To nonimep MNEN-1 mae HamBuy akTmMBHICTb 3a 14 ai6
Loao BCix gocnimxeHux isonatis, ang MNEN-2 ta MNMEN-3 dyHriunaHnin ehekT 3MeHLYETb-
cs. Hanbinblly akTMBHICTb yCi CMHTE30BaHi ankifnoBMiCHI monieTepryaHiguHin noamam
NPOSIBNATb 00 TakMx MiKpockoniyHmx rpubie: Cladosporium cladosporioides, Acremo-
nium strictum, Alternaria alternate, Cladosporium sphaerospermum, Paecilomyces vari-
otii, Stachybotrys chartarum. IpoTe BapTO BIAMITUTU BMBIPKOBY Ait0 OTPUMaHUX NoriMe-
piB OO0 OKPEMUX i30MATIB.

BucHoBku. OTpumaHi nonieTepryaHiavHii nognan pisHoOi MOMEKYNSAPHOI Macu
y KoHueHTpauii 1-3% nposenanu GakTepuumaHy akTUBHICTb NpoTu Staphylococcus
aureus 451, Escherichia coli 475, Klebsiella pneumonia 479 i cdoyHriuMaHun edekT
y KOHUeHTpauii 1% [0 BCiX JOCMiMXEHNX HaMu rpubiB i MOXyTb ByTK BUKOPUCTaHI K
Ae3nHiKaHTK onst 06pobKM NpUMILLEHD.

Knroyoei crioga: nonietepryaHiavHii nognan, 6akrepuumaHa akTUBHICTb, oyHri-
LUMAOHa aKTUBHICTb
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