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SILVER NANOPARTICLES: ANTIMICROBIAL
SUBSTANCE WITH THE POSSIBILITY TO OVERCOME
ANTIBIOTIC RESISTANCE OF ESCHERICHIA COLI
CLINICAL ISOLATES

The wide spread of multidrug-resistant bacteria species stimulates a search for alternative antimicrobial substances.
Silver nanoparticles (AgNP) are among the leading substances possessing a great potential for such a purpose. At the
same time, the current data about the possibility of some metal nanoparticles, including silver ones, to stimulate the hori-
zontal transfer of antibiotic resistance genes stipulate the necessity to know the nanoparticles” influence on the antibiotic
resistance profile of microorganisms when studying the biological activity of synthesized nanomaterials. The aim of the
study was to evaluate the antimicrobial activity of synthesized AgNP against the test strains and Escherichia coli clini-
cal isolates — causative agents of infectious diseases of farm animals — and to estimate the nanoparticles’ effectiveness
in overcoming the antibiotic resistance and colicinogenic activity of E. coli isolates. Methods. AgNPs were synthesized
by the chemical reduction method. Antimicrobial activity of the synthesized AgNP was tested via the method of serial
dilutions in agar using E. coli ATCC 2592, Staphylococcus aureus MRSA ATCC 43300, Pseudomonas aeruginosa ATCC
27853, Bacillus subtilis ATCC 6633 test strains, and 12 E. coli clinical isolates. The alkaline lysis by the method of Birn-
boim and Doly followed by agarose gel electrophoresis was used for plasmid DNA screening in E. coli clinical isolates.
Disk diffusion assay was used for bacteria antibiotic susceptibility testing. The ability of E. coli clinical isolates to produce
colicins was studied by the method of deferred antagonism by Fredericq. Results. AgNP with an average particle size of
30 nm and spherical shape were synthesized. AGNP were characterized as noncytotoxic and nongenotoxic for eukaryotic
cells. Antimicrobial activity of AgNP was revealed on the test strains as well as E. coli strains isolated from the pathologi-
cal material of farm animals (swine, cattle). The changes in the profile of antibiotic resistance and colicinogenic activity
were revealed after the treatment of bacteria cells by AgNP at concentrations of 25 and 50 ug/mL. Conclusions. The
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revealed properties make synthesized AgNP a great alternative antimicrobial substance with the possibility to overcome
antibiotic resistance and colicinogenic activity of E. coli clinical isolates.

Keywords: silver nanoparticles, antimicrobial substance, clinical isolates, antibiotic resistance, R-plasmids, colicinogenic

activity, plasmids elimination.

Infectious diseases of farm animals provoked by
different microorganisms can lead to a signifi-
cant deterioration in animal health and be a
cause of direct and indirect high economic loss-
es. Together with the threat for animal health,
the problem is complicated by a zoonotic po-
tential of many pathogens and their resistance
to antibiotics (Bonardi, 2017; Heredia & Garcia,
2018). For instance, contaminated dairy and
meat products are the main source of foodborne
pathogens such as E. coli O157:H7, causing mil-
lion cases of diseases and even death in humans
around the world (Heredia & Garcia, 2018).

Intensive use of antibiotics as the leading choice
in treatment of infected farm animals, which is of-
ten not accompanied by identification and char-
acterization of the causative agents, together with
the intensification and globalization of their pro-
duction, provokes a rapid worldwide spread of the
strains with multiple resistance to traditional an-
tibiotics in both humans and farm animals (Here-
dia & Garcia, 2018; Yuan et al., 2017).

Despite the wide variations in the occurrence
of bacteria with resistance to antibiotics across
countries, Escherichia coli strains resistant to one
or several antimicrobial groups are among the
most commonly reported bacterial species dis-
tributed in both farm animals and humans (Silva
et al., 2023; Nyirabahizi et al., 2020; EARS-Net,
2022). A wide spread of resistant E. coli strains,
which are typically considered as benign com-
mensals commonly found in the lower intestine
of warm-blooded organisms, are of great impor-
tance. Due to resistance plasmids (R-plasmids)
and other mobile genetic elements of E. coli ge-
nome, it is provided the distribution of antibi-
otic resistance genes among different microor-
ganisms via the horizontal gene transfer. Such
peculiarities make E. coli a sentinel microor-
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ganism for antimicrobial resistance surveillance
(Nyirabahizi et al., 2020; Ramos et al., 2020).

It is also known that E. coli bacteria in natural
populations have not only R-plasmids but also
plasmids of colicinogenicity (Col-plasmids) pos-
sessed by similar characteristics (Clark & Pazdern-
ik, 2013). The colicinogenicity of pathogenic bac-
teria strengthens their position in the fight against
the beneficial microflora and colicins themselves
and can be potentially important virulence factors
of pathogenic E. coli (Smajs et al., 2010). Therefore,
such parameter as the ability of E. coli clinical iso-
lates to produce colicins is a necessary characteris-
tic when analyzing the pool of detected plasmids
as well as when estimating potential effectiveness
of new antimicrobial substances.

Silver nanoparticles today are well known na-
nomaterials demonstrating high antimicrobial
activity against wide spectra of pathogen micro-
organisms such as Escherichia coli, Staphylococ-
cus aureus, Salmonella, Campylobacter, and other
strains, including antibiotic resistant ones (Yuan
et al., 2017; Radzikowski et al., 2020; Kim et al.,
2016; Farouk et al., 2020). Such properties stipu-
late special attention to AgNP for their extensive
use in veterinary medicine and food processing
industry in order to ensure prevention and treat-
ment of infectious and foodborne diseases (Rod-
rigues et al., 2023; Danchuk et al., 2023; Carbone
et al., 2016; Mikotajczuk-Szczyrba et al., 2019).

The aim of this study was to evaluate antimi-
crobial activity of the synthesized AgNP against
the test strains and Escherichia coli clinical iso-
lates, causative agents of infectious diseases of
farm animals, and to estimate the nanoparticles’
effectiveness in overcoming the antibiotic resist-
ance and colicinogenic activity of E. coli isolates.

Materials and Methods. Silver nanoparticles’
synthesis and characterization. Spherical mono-
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Fig. 1. Electron micrograph (A) (JEM-1400, «Jeol», Japan) and DLS data (B) (Zeta-
sizer-3, «Malvern Instruments Ltd», UK) of the synthesized AgNP with an average

particle size of 30 nm

disperse silver nanoparticles (AgNP): zeta poten-
tial —25.2+1.8 mV, an average particle size of 30
nm (Fig. 1) were synthesized via the chemical re-
duction of silver nitrate (AgNO,) by tannic acid in
the presence of potassium carbonate (K,CO,). It
was obtained water ispersion with a concentration
of silver nanoparticles of 8.0 mg/mL by metal.

The synthesized AgNP were characterized as
biosafe for eukaryotic cells under in vitro tests
using such criteria as cytotoxicity (MTT assay)
and genotoxicity (Comet assay) in accordance
with the Guidelines «Safety assessment of medi-
cal nanopreparations», 2013; ISO 10993 - 5:2009,
Didenko, 2002.

Eukaryotic cell line 1929 (fibroblast from
mouse) from the collection of R.E. Kavetsky In-
stitute of Experimental Pathology, Oncology and
Radiobiology of NAS of Ukraine was used in an
MTT assay. Eukaryotic cell lines L929, ST (Swine
Testis), MDVK (calf kidney cell culture), and
CHO-K1 (Chinese hamster ovary cells) from the
collection of the R.E. Kavetsky Institute of Exper-
imental Pathology, Oncology and Radiobiology
of NAS of Ukraine were used in the Comet assay.
The synthesized AgNP did not show any cyto-
toxic effect in the concentration range 1.3 — 200
ug/mL. When studying genotoxicity of the nan-
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oparticles, the absence of primary DNA damag-
es in 1929, ST, MDVK, and CHO-K1 eukaryotic
cell cultures was observed under the influence of
AgNP in the whole investigated concentration
range (1.3—200 pg/mL by metal).

Electron microscopy images of the synthesized
AgNP as well as their contact interaction with E.
coli clinical isolates were recorded using transmis-
sion electron microscopes JEM-1230 and JEM-
1400 («Jeol», Japan) in the Centers of collective
usage, NAS of Ukraine. Dynamic light scattering
(DLS) analysis of the nanoparticles was done us-
ing Zetasizer-3 («Malvern Instruments Ltd», UK).

Evaluation of AgNP antimicrobial activity.
The method of serial dilutions in agar was used
for evaluation of the antimicrobial activity of
AgNP at the concentration range 40.0—160.0 pg/
mL by metal (Tenover, 2019). Muller-Hinton agar
was used as a microbiological growth medium for
AgNP antimicrobial activity testing. Test strains
Escherichia coli ATCC 2592, Staphylococcus au-
reus MRSA ATCC 43300, Pseudomonas aerugino-
sa ATCC 27853, Bacillus subtilis ATCC 6633, and
12 E. coli strains isolated from the pathological
material of young and adult farm animals (swine,
cattle) in the Laboratory of Anaerobic Infections
of the Institute of Veterinary Medicine of the

ISSN 1028-0987. Microbiological Journal. 2025. (5)



Silver Nanoparticles: Antimicrobial Substance with the Possibility to Overcome Antibiotic Resistance

NAAS of Ukraine were used for AgNP antimi-
crobial activity estimation. E. coli clinical isolates
«Zhitomirska 4», «Niva», «Kalynivka», «Berdi-
ansk», «Sergienko-Sumy», «Staro-Konstantinov-
ka», «Zaporizka-12» No. 150, «Chernihiv-44» No.
154; «Rassvet-165» No. 153, «Malinovka-131» No.
152, «Mirgorod-1» No. 148, and «Donetsk-910»
No. 149 were used in the work.

Screening of plasmid DNA; tests of antibiotic
susceptibility and colicins production. For screen-
ing of plasmid DNA in E. coli clinical isolates and
assessing the AgNP influence on plasmids’ elim-
ination, plasmid DNA was extracted from the
investigated clinical isolates (overnight bacteria
cultures) using the alkaline lysis by the method of
Birnboim and Doly (Birnboim & Doly, 1979) fol-
lowed by agarose (1%) gel electrophoresis.

Antibiotic susceptibility testing was performed
with the disk diffusion assay according to the
«Standard for antimicrobial disk susceptibility
tests» (Clinical and Laboratory Standards Insti-
tute, 2009). The disks with antibiotics (Himedia
Laboratories Pvt. Limited): ofloxacin (5 ug), cipro-
floxacin (5 pg), nitrofurantoin (100 pg), imipenem
(10 pg), ceftazidime (10 pg), ceftriaxone (10 pg),
gentamicine (10 pg), amikacin (30 pg), neomy-
cine (30 pg), tobramycine (10 pg), erythromycin
(15 pg), and doxycycline (30 pg) were used to es-
timate antibiotic resistance of the clinical isolates.

The ability of E. coli clinical isolates to produce
colicins was studied by the method of deferred an-
tagonism by Fredericq. E. coli isolates were grown
for 24 h at 37° C to individual macrocolonies on
plates with 2% nutrient agar. The plates with the
macrocolonies of the studied cultures were treated
first with chloroform vapor for 50 min and then
with UV light for 2.5 hours. 0.1 mL of 6-hour cul-
ture of E. coli K-12 indicator strain (plasmid-free
strain, derivative of E. coli XL1-Blue) was mixed
with 5 mL of 0.7% nutrient agar (melted and
cooled to 48° C). The mixture was used to overlay
the plates with the macrocolonies of the studied
E. coli isolates (previously treated by chloroform
and UV light). Then the cultures were incubated
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for 24 h at 37° C followed by summarizing the
obtained results. When the inhibition zone of the
indicator strain was observed around the micro-
colony, the studied isolate was considered a colicin
producer. The levels of colicinogenic activity were
expressed in relative units, from one to four pluses
(«+» — «++++»), where the lowest colicinogenic
activity («+») was observed with a diameter of in-
hibition zone for the indicator strain of 7—16 mm;
the medium one («++») — with the diameter 17—
26 mm; high colicinogenic activity («+++») —
with the diameter 27—36 mm; the extremely high
colicinogenic activity («++++») — with the inhi-
bition zone 37—45 mm. The colicinogenic activity
was equal to zero («0») with the diameter of inhi-
bition zone for the indicator strain less than 7 mm.

Elimination of plasmids. When studying
the AgNP influence on elimination of plasmids
(R-plasmids and Col-plasmids), the 18-hour
cultures of bacteria were diluted in the nutrient
broth in the ratio 1:50 and grown for 2 h to the ti-
ter 1—2x10° cells. Then 1x10* — 1x10° cells were
added to the tubes with 2 mL of the nutrient broth
containing AgNP at a concentration of 25 or 50
pg/mL with the subsequent incubation at 37° C
for 24 h followed by plating 0.1 mL treated bacte-
ria on the plates. Then the antibiotic susceptibility
and colicinogenic activity of the microorganisms
treated by AgNP were tested, and the inhibition
zones were measured and compared to the initial
values set for antibiotic resistance and colicino-
genic activity. At the same time, the occurrence of
the plasmids in the bacteria treated by AgNP was
tested via the screening of plasmid DNA accord-
ing to the method described above.

All experiments were performed in triplicate,
and the obtained results were expressed as the
average mean of three independent experiments.
The experimental data were compared using Stu-
dent’s t-test. P<0.05 were considered statistically
significant.

Results. When studying antimicrobial activ-
ity of the synthesized AgNP against test strains
of microorganisms, it was shown a total inhibi-
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tion of the cells’ growth for E. coli ATCC 2592,
S. aureus MRSA ATCC 43300, and P. aeruginosa
ATCC 27853 strains in all studied concentra-
tion range of nanoparticles (40.0—160.0 pg/mL
by metal), whereas in the case of the B. subtilis
ATCC 6633 strain, the absence of bacteria growth
wasobservedinthe presence ofatleast 100.0 ug/mL
of AgNP in the test medium (Table 1).

For E. coli clinical isolates, a high antimicrobi-
al action of AgNP was revealed at all studied con-
centrations (40.0—160.0 pug/mL) against E. coli
«Zhitomirska 4» strain (Table 2). For the strains

E. coli «Kalynivka», «Malinovka-131», «Niva»,
«Berdyansk», «Sergienko-Sumy», «Staro-Kon-
stantinovka», «Zaporizka-12», «Chernigiv-44»;
«Rassvet-165, and «Donetsk-910» under the in-
fluence of AgNP ata concentration of 40.0 pg/mL,
the growth of single colonies was observed,
whereas the single colonies of E. coli «Mirgo-
rod-1» were grown in the presence of all studied
concentrations of the nanoparticles (Table 2).
An active contact interaction of the synthe-
sized AgNP with E. coli cells obtained from the
pathological material of young and adult farm

Table 1. Antimicrobial activity of the synthesized AgNP against test strains of microorganisms

Test strain Concentration of AgNP in the growth medium, yg/mL by metal Control of test

160.0 100.0 80.0 40.0 strain growth
E. coli ATCC 2592 0 0 0 0 ottt
S. aureus MRSA ATCC 43300 o o o o 4+
P. aeruginosa ATCC 27853 o o 0 o 4+
B. subtilis ATCC 6633 %) a + ++4+++ +++++

«@» — total inhibition of bacteria growth; «+» — growth of single colonies; «+++++» — intensive growth of micro-

organisms.

Table 2. Antimicrobial activity of AgNP against E. coli clinical isolates
from the pathological material of young and adult farm animals

S Concentration of AgNP in the growth medium, yg/mL by metal Control of test
Clinical isolates trai wih
160.0 100.0 80.0 40.0 stran gro

E. coli «Zhitomirska 4» 10} 0 0 0 ot
E. coli «Kalynivka» 0 0 0 + Tt t++
E. coli «<Mirgorod-1» + + + + Tt t++
E. coli «Niva» 1) o g + 4+
E. coli «Berdyansk» 1} 0 0 + bt
E. coli «Sergienko-Sumy» 10} 0 0 + R
E. coli «Staro-Konstantinovka» 0] 0 g + b+
E. coli «Zaporizka-12» 10} 0 0 + bt
E. coli «Chernigiv-44» 10} 0 0 + bt
E. coli «Rassvet-165» 1) 0 0 + ottt
E. coli «Donetsk-910» 1) 0 0 + T
E. coli «Malinovka-131» 10} 0 0 + ot

«p» — total inhibition of bacteria growth; «+» — growth of the single colonies; «+++++» — intensive growth of micro-

organisms.
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animals was confirmed by the TEM data. Fig. 2
shows cells of the E. coli «Mirgorod-1» strain
with the accumulated AgNP after 10 min of their
contact in the growth medium.

Along with the analysis of AgNP bactericidal
action the focus of the work was on evaluation of
resistance to antibiotics and colicinogenic activ-
ity of E. coli clinical isolates as well as estimation
the nanoparticles” influence on such properties.

Thus, the evaluation of the profile of antibiot-
ic susceptibility of E. coli clinical isolates showed
their multiple resistance to antibiotics. Seven
E. coli isolates («Kalynivka», «Malinovka-131»,
«Mirgorod-1», «Rassvet-165», «Zaporizka-12»,
«Chernigiv-44», and «Donetsk-910») were re-
sistant to nitrofurantoin, imipenem, ceftazidime,
neomycin, tobramycin, erythromycin, and doxy-
cycline and sensitive to ofloxacin, ciprofloxacin,
ceftriaxone, gentamicin, and amikacin among
the studied twelve antibiotics. The strain E. coli
«Sergienko-Sumy» had a slight difference in the
profile of antibiotic susceptibility. It was resistant
to ciprofloxacin, nitrofurantoin, imipenem, cef-
tazidime, neomycin, and erythromycin and sen-
sitive to ofloxacin, ceftriaxone, gentamicin, ami-
kacin, tobramycin, and doxycycline. The revealed
results of multiple resistance of E. coli clinical iso-
lates to the different antibiotic groups correspond
to the common tendency, in particular, observed
across the European Union countries according
to the EARS-Net report (EARS-Net, 2022).

Under the screening of plasmid DNA for eight
E. coli clinical isolates from the studied twelve
ones, there were identified small-sized plasmids
that fit the signs of R-plasmids or Col-plasmids.
The isolated plasmids were about 2.0 bp in size.
Fig. 3 demonstrates analysis of plasmid profiles
for eight E. coli clinical isolates where seven
strains (tracks 4—10) contain the small-sized
plasmids versus one strain (track 3).

5 of 8 studied plasmid-containing E. coli iso-
lates had the ability to produce colicins (Table 3).

When studying AgNP antimicrobial activity
against E. coli clinical isolates, it was observed a
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Fig. 2. TEM image of the cells of Escherichia coli «Mir-
gorod-1» clinical isolate after 10 min contact interaction
with the synthesized AgNP

Fig. 3. Electrophoregram of DNA markers and isolat-
ed DNA plasmids of E. coli isolates: 1— plasmid marker
pUC19, digested with enzyme Mva I (2686, 2073bp); 2 —
plasmid marker pUC19, digested with enzyme Bgl I (1568,
1118 bp); 3— E. coli «Niva»; 4 — E. coli «Mirgorod-1»;
5 — E. coli «Rassvet-165»; 6 — E. coli «Zaporizka-12»; 7 —
E. coli «Donetsk-910»; 8 — E. coli «Malinovka-131»;9 —
E. coli «Chernigiv-44»; 10 — E. coli «Sergienko-Sumy»

growth of single colonies of microorganisms un-
der the influence of nanoparticles at a concen-
tration of 40.0 pg/mL by metal. So, the influence
of AgNP on the E. coli profile of antibiotic re-
sistance and ability to produce colicins was stud-
ied using two concentrations — 25 pug/mL and
50 pug/mL.

The treatment of E. coli clinical isolates by
AgNP at a concentration of 25 pg/mL or 50 pg/
mL led to significant changes both in the antibi-
otic resistance profile and in colicinogenic activ-
ity of the strains.
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Thus, after treatment by AgNP, the colicinogen-
ic activity of the studied E. coli isolates was equal to
«0» with the diameter of inhibition zone 1—5 mm.

The selection of treated with AgNP plas-
mid-containing bacteria based on sensitivity to
antibiotics showed a loss of antibiotic resistance
in 50% of the isolates. The strains E. coli «Kalyniv-
ka», «Malinovka-131» and «Mirgorod-1» treated
by AgNP became sensitive to nitrofurantoin, cef-
tazidime, and doxycycline (Table 4). E. coli «Mir-
gorod-1» and E. coli «Malinovka-131» also lost the
resistance to erythromycin after AgNP treatment.

Table 3. Colicinogenic activity of E. coli clinical isolates

E. coli «Rassvet-165» lost its resistance to ni-
trofurantoin, and doxycycline under the influ-
ence of AgNP (Table 4). The other studied plas-
mid-containing E. coli isolates did not change
their antibiotic resistance profile.

Isolation of plasmid DNA followed by 1%
agarose gel electrophoresis showed the absence
of plasmids in all clinical isolates subjected to
plasmid elimination using silver nanoparticles
of average size of 30 nm.

Discussion. Effectiveness of AgNP antimicro-
bial activity, as well as their biosafety for eukary-

E. coli clinical isolate

Levels of E. coli colicinogenic activity

«Zaporizka-12»
«Chernigiv-44»
«Rassvet-165»
«Malinovka-131»
«Mirgorod-1»
«Donetsk-910»
«Sergienko-Sumy»
«Kalynivka»

0
«+++» (3142 mm)
«+++» (3443 mm)
«++» (1742 mm)
0
«+++» (2512 mm)
«+++» (2911 mm)
0

Table 4. Profile of E. coli clinical isolates’ antibiotic resistance
after their treatment with AgNP at a concentration of 25 ug/mL (1) and 50 ug/mL (2)
in comparison with the initial profile of antibiotic resistance (control)

E. coli clinical isolate
«Kalynivka» «Mirgorod-1» «Malinovka-131» «Rassvet-165»

Antibiotic Changes in antibiotic resistance after treatment of bacteria by AgNP at concentrations 25 pg/mL (1)

and 50 pg/mL (2) in comparison with the control (C) by analysis of growth inhibition zones, (mm)

C 1 2 C 1 2 C 1 2 C 1 2
Nitrofurantoin 0 21+1 | 21#£1 0 231 | 23%2 0 212 | 21+£2 0 2242 | 2242

Imipenem 0 0 0 0 0 0 0 0 0 0 0 0

Ceftazidime 0 27+1 | 27+1 0 2542 | 25%2 0 2612 | 26+1 0 0 0

Neomycin 0 0 0 0 0 0 0 0 0 0 0 0

Tobramycin 0 0 0 0 0 0 0 0 0 0 0 0
Erythromycin 0 0 0 0 251 | 26%£1 0 29+1 | 29+1 0 271 | 271
Doxycycline 0 23%1 | 23+1 0 22+2 | 22+1 0 23%1 | 23+1 0 21+2 | 21+£1
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otic cells, is determined by numerous factors, in-
cluding the, shape, type of used reducing agents,
method of synthesis, etc. (Cheon et al., 2019;
Jeong et al., 2014; Qing et al., 2018). According
to the obtained results, the synthesized spheri-
cal AgNP with an average particle size of 30 nm
were possessed by high antimicrobial effective-
ness both against test strains and E. coli clinical
isolates — causative agents of infectious diseas-
es of farm animals. The concentration values of
antimicrobial action revealed for the synthesized
AgNP are close to the data of Agnihotri et al. for
30 nm spherical silver nanoparticles synthesized
using other reducers (Agnihotri et al., 2014).

High antimicrobial activity of AgNP is provid-
ed by the multiple mechanism of the nanoparti-
cles’ influence on bacteria cells: changes in the
permeability and even disruption of the cell wall,
inhibition of the main enzymes, activation of
ROS, damage of DNA, etc. (Ahmad et al., 2020;
Rai et al., 2012; Liao et al., 2019). Nevertheless,
the release of Ag* ions by AgNP is often suggest-
ed among the basic reasons for such multiple
ways of AgNP action when contacting with bac-
teria cells (Rai et al., 2012; Ahmad et al., 2020).
This fact deserves a special attention against the
background of the spread of antibiotic-resistant
strains with the resistance to Ag* ions through
the process of co-selection (McHugh et al., 1975;
Silver, 2003) and the current data about the pos-
sibility of some metal nanoparticles to stimulate
the horizontal transfer of antibiotic resistance
genes (Zhang et al,, 2019; Qiu et al,, 2012). So,
when studying the biological activity of synthe-
sized nanoparticles, especially their antimicrobi-
al properties, it is necessary to know the nano-
materials’ influence on the antibiotic resistance
profile of the tested microorganisms.

In our research, the presence of plasmids was
shown in 8 out of 12 examined isolates of E. coli.
Such plasmids were classified as R-plasmids
and Col- plasmids, according to their sizes. The
screening of plasmid DNA after treatment E. coli
clinical isolates by the synthesized AgNP showed
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the absence of R- and Col-plasmids. These results
can be explained by their elimination from the
bacteria cells under the influence of AgNP. Thus,
in the previous model, it was shown the chang-
es in the structure of pUC19 and pBR322 model
plasmids from globules to relaxed forms with the
nanoparticles’ localization on the unraveled DNA
strands. The frequency of pUC19 and pBR322
plasmids elimination from E. coli XL1-Blue Kan
bacteria under AgNP influence increased to 90—
98% in comparison with the level of spontaneous
elimination of 34—37% (Dybkova, 2014). The
possibility of the synthesized AgNP to bind with
R-plasmids can lead to inhibition of the horison-
tal transfer of antibiotic resistance genes. Similar
data on the possibility of inhibition of the lateral
transfer of antibiotic resistance genes as result of
some types of metal oxide nanoparticles’ binding
with plasmids are discussed in (Hu et al., 2019).

The revealed elimination of R-plasmids from
the clinical isolates under the influence of AgNP
accompanied by the loss of antibiotic resistance
can explain the synergistic or additive effect ob-
served by some authors (Smekalova et al., 2016)
when studying the effectiveness of combinations
of AgNPs and antibiotics.

According to the experimental data on the
evaluation of the effect of overcoming antibiotic
resistance in clinical isolates of E. coli bacteria,
presented in this paper, silver NPs were particu-
larly effective in relation to doxycycline and cef-
tazidime.

Thus, our findings confirm the possibility of
overcoming antibiotic resistance and colicino-
genicity of E. coli bacteria, which are the causative
agents of infectious diseases in animals, using sil-
ver nanoparticles. This effect can be considered a
new effective way to solve the problem of the de-
velopment of modern effective means and meth-
ods of antibiotic therapy in veterinary medicine.

Conclusions. The observed properties of the
synthesized spherical AgNP with an average
particle size of 30 nm, such as high antimicrobial
activity and the ability to stimulate elimination
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of R- and Col-plasmids, together with a simple
method of synthesis and biosafety for eukaryotic
cells according to the genotoxicity and cytotoxic-
ity parameters, make such nanoparticles a great
alternative antimicrobial means with the possi-
bility to overcome antibiotic resistance. Also, it
can be assumed a high potential of these nano-
particles in inhibition of the horizontal transfer
of antibiotic resistance genes, as well as the syn-
ergistic or additive effect when combining AgNP
and some types of antibiotics in clinical practice.
Estimation of the metal nanoparticles influence
on the pathogenic bacteria profile of antibiotic
resistance and colicinogenic activity can be a

Acknowledgments. The authors are deeply
thankful to the staff of the Centers of collective
usage NAS of Ukraine at the M.G. Kholodny In-
stitute of Botany and D.K. Zabolotny Institute of
Microbiology and Virology for their help in ob-
taining electron microscopy images.

Funding. This work received financial support
from the scientific research programs «Physico-
chemical and biochemical mechanisms in natural
and synthetic biocolloidal systems for the needs
of veterinary medicine and environmental pro-
tection» (0117U004043) and «Development of
environmentally safe and biocompatible nanoma-
terials for biomedical purposes» (0121U113443).

Conflicts of Interest. The authors declare no
competing interest.

prognostic and necessary test in order to avoid
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HAHOYACTUHKIN CPIBJIA: AHTMMIKPOBHA CYBCTAHIIA 3 MOXXJIMBICTIO ITOJO/IAHHA
AHTUBIOTVKOPE3MCTEHTHOCTI K/ITHIYHUX I30JIATIB ESCHERICHIA COLI

[ITnpoke PO3MOBCIOMKEHHST MY/IBTVPE3UCTEHTHUX MIKPOOPTaHi3MiB CTUMYJIIOE MOIIYK aHTUMIKPOOHUX cybcTaH-
1[ii1, a/IbTePHATUBHUX TPAfULiiHNM aHTHOioTHKaM. ONHUMY 3 HAOLUIBII HEPCIEeKTUBHNX CYOCTAHILIN y LIbOMY
HAIPSIMKY € HaHOYaCcTUHKM cpibma (AgNP). BogHouac, cydacHi faHi 1070 34aTHOCTi HAHOYACTIHOK AESIKVMX MeTa-
JiB, 30KpeMa cpi6ia, CTUMY/IIOBATU TOPU3OHTA/IbHE IIepeHECEHHs FeHiB aHTIO10THKOPe3UCTEHTHOCT] 3yMOBITIOIOTh
HeoOXiHICTb BUBYEHHS BIUIMBY HAaHOYACTMHOK Ha IMPOQinb aHTMOIOTMKOPE3NCTEHTHOCTI MIKpOOpraHisMiB Ipu
TOCTimKeHH] 610710T{YHOI aKTMBHOCTI CMHTE30BaHMX HaHOMaTepianiB. MeToro po6oTy 6y/a oLjiHKa aHTUMIKpOOHOI
akTMBHOCTI cuHTe30BaHUX AgNP mjozo TecT-mtaMiB Ta KiIiHiYHUX i3omAtiB Escherichia coli — 30ynHuKiB iH(pex-
LIi/{HMX 3aXBOPIOBAaHb CIIbCHKOTOCIIOAAPChKUX TBAPMH, @ TAKOXX OLIiHKa e(peKTUBHOCTI HAHOYACTVMHOK y TOJOIaHH]
aHTMOI0TUKOPE3UCTEHTHOCT] Ta KOMII[MHOT€HHOI aKTMBHOCTI K/IiHiYHUX i3071:TiB E. coli. MeTomu. HaHowyacTHHKM
cpi6ia cuHTe3yBaIM XiMiYHUM BiTHOBIEHHAM HITpaTy Cpifia TaHIHOM y IPUCYTHOCTI KapOoHaTy Kanito. Popmy i
PO3Mip CMHTe30BaHNX HAHOYACTVHOK BM3HAYA/IN METOAMI TPAHCMICIITHOI e7IeKTPOHHOI MiKpOCKoOIIii Ta POTOHHOI
KOpesLiitHOI crieKTpockorii. Biobesmeunicts AgNP 151 eyKapiOTHYHUX KIITUH BUBYAIK i Vitro 3 BUKOPUCTAH-
HAM TaKUX KpUTepiiB, AK nmuroTokcuynicth (MTT-Tect) Ta reHoTokcnyHicTs (Meton [JHK-komer) srigHo 3 MeTO-
IMYHYME pekoMeHaniamu «O1iHKa 6e3neky TiKapchbKIX HaHOIpenapariB». AHTUMIKpOOHY aKTUBHICTb CUHTE30-
BaHMX AgNP TecTyBanmm MeTOOM CepillHMX pPO3BeeHb B arapi 3 BUKOPUCTAHHAM TecToBUX ITaMiB E. coli ATCC
2592, Staphylococcus aureus MRSA ATCC 43300, Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633
Ta JBaHAALATY KIiHIYHNX i307ATiB E. coli, BULi/IEHUX 3 TaTO/IOTiYHOTO MaTepiay MOTOGHAKY i JOPOCINX CiTbChKO-
rOCIIOfAPCHKIUX TBApVH (CBUHeIT, BeMKOI porarol Xyso6u). I ckpuninry masminsoi JHK y xminiuHux isonarax
E. coli ta ouinkn BBy AgNP Ha eniMiHalii0 M1a3Mijy BUKOPUCTOBYBA/IM JIY KHUIL JIisNC 3a MeTOROM BipHboitma
ta Jlo7i 3 HacTymHUM efleKTpodope3oM B araposHoMy rei. [lucko-nudysiiianit MeTox 6yB BUKOPUCTAHMIT /st Tec-
TyBaHHs 4yTIMBOCTI 6aKTepiit 0 aHTUO6I0TUKIB 0IoKCcaLuHy, TUIPOGIOKCALMHY, HITpOodypaHTOIHY, iMilleHeMY,
nedrasupumy, nedrpiakcoHy, reHTaMIIVHY, aMiKallMHY, HEOMILMHY, TOOpaMilIMHY, epUTPOMILNHY i ZOKCUIIMKITi-
Hy. 3aTHicTb KIiHIYHKX i30714TiB E. coli MpORyKyBaTy KOMIIMHY BUBYaIY METOJOM BiICTPOYEHOr0 aHTaroHi3My 3a
Dpepepikcom. Pesynbratu. AgNP cheprunoi popmu cepegaboro poamipy 30 HM Oy CHHTe30BaHi 3a JJOIIOMOT0I0
IIPOCTOrO, eKOIOT{YHOTO Ta eKOHOMIYHO eeKTMBHOrO MeTORy. B mocmimkeHHsX in vitro cuntesoBani AgNP 6ynu
OXapaKTepU30BaHi K HELMTOTOKCUYHI i HeTEHOTOKCUYHI AJIsI eyKapiOTUYHUX KITITHH. AHTUMIKPOOHA aKTUBHICTD
HAHOYACTVHOK Cpibra 6yna BUABJIEHA BiHOCHO K TeCTOBUX LITaMiB, TaK i KIiHiYHUX i30/1aTiB E. coli, BUumineHux
3 IATO/IOTIYHOTO MaTepiany CiIbCbKOTOCHOJAPChKMUX TBapuH. II0Ka3aHO HasABHICTD 3MiH Ipodinoo aHTUOIOTHKO-
PE3UCTEHTHOCTI Ta KOMILMHOTeHHOI aKTUBHOCTI Mic/ 06poOKY KITUH 6aKTepili HAHOYACTHHKaMU Cpiba B KOH-
neHTpanisax 25 ta 50 Mxr/m1. BucHoBKM. BysiBieHi BTacTMBOCTI CBifYaTh, 110 CMHTE30BaHi HAHOYACTUHKY Cpibia
€ IIePCIEeKTYBHOIO a/IbTepHATVBHOIO aHTUMIKPOOHOI0 CYOCTAHIII€I0 3 MOXK/IMBICTIO ITOJ0/IAHHA aHTUOI0TUKOPe3NC-
TEHTHOCTI Ta KOJIIIMHOT€HHOI aKTMBHOCTI KIiHiYHMuX i3onaTis E. coli.

KirrouoBi cmoBa: HaHOYaCTUHKM CPi6/Ia, aHTUMIKPOOHA CYyOCTAHILis, K/TiHiuHi i30/1MU, aHTHOI0TUKOPE3UCTEHTHICTD,
R-nna3miou, KomnyuHOreHHAa aKTUBHICTD, e/TiMiHaLlid IUIa3Mil.
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