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[IpoBeneHbI WcCIeNOBaHUS O OMPEACIICHUIO CHHEPTETHUECKOro dPQeKrTa MPUMEHEHUS KOM-
OMHAIMH aHTUOAKTEPUAIILHBIX BEIIECTB, BKIIFOYAOIINX aHTHOMOTHUKH, N€3MH(EKTAHT CeNTa0uK H
AgNPs. BpIsiBIICH 3HAYUTENBHBIA POCT OAKTEPHUIIMIHONW aKTUBHOCTH B KOMOWHAIMKM CenTaOuK +
AgNPs + aurokc u centadbuk + AgNPs + niedrrodyp. OnpezeneHue auyBcTBUTEIbHOCTU Salmonella
enteritidis 182 x aHTHOAKTEpUATBHBIM MpEIaparaM Mmokas3ano Haaudue ycroianBocth K 8 (38,1%)
mperaparam, Majoi ayBcTBUTeNnsHOCTH — K 7 (33,3%), ayBcTBUTENBHOCTH — K 6 (28,6%) 1 OTCYT-
CTBUE IPETapaToB ¢ BHICOKOW YyBCTBUTENBHOCTHIO. [locie KynbTuBupoBanus S. enteritidis 182 ¢
aHTHOAKTEpHUATHHBIMU TIpenapaTaMu U UX KOMOMHAIMSAMHU YCTAHOBJICHO YBEIMYCHUE KOJIMYECTBA
JICKApCTBEHHBIX CPEJICTB, K KOTOPBIM M3y4aeMbIil IITaMM ObLT YyBCTBHUTENCH. Hanndne 4yBCcTBU-
TEJBHOCTH BbIsIBIIEHO K 7—10 mpemaparam, uro Ha 4,7-19,6% Ooibliie, 4eM B KOHTPOJIbHBIX I10-
KazaTelsix. YCTaHOBIICHA paHee OTCYTCTBOBABINAS BHICOKASI YYBCTBUTEIHLHOCTH K 2—8 (9,5-38,0%)
aHTHOAKTEpHALHEIM TIpenaparaM. KymsruBupoBanue S. enteritidis 182 ¢ AgNPs moka3ano Hau-
BBICIIUI POCT aHTUOMOTHKOYYBCTBUTEIHHOCTH U3 BCEX M3Yy4YaeMbIX KOMOWHAIIMN aHTHOAKTepH-
AIBHBIX CPEJCTB B BUJE YBEIMUYCHHUS pazMepa 3alepKKH pocTa. DTO JaeT OCHOBAHHUE MPEIIOJIO-
XKHUTh 0 Beayledl poian AgNPs B mpeononeHnu aHTHOMOTHKOPE3UCTEHTHOCTH. VHKyOMpoBaHHe
S. enteritidis 182 mocie KOHTaKTa ¢ cenTabuKoM U aproBUTOM BBI3BaJI0 MAKCUMAJILHOE YBEITMUCHHE
JaMeTpa 3a/Iep>KKU POCTa MUKPOOpTraHu3Ma 0e3 CHUIKEHHS MTOoKa3aTellsl K OT/IEIbHBIM BUIaM TIpe-
rmaparoB (3a MCKITIOYEHNEM CenTaduKa, TAe yCTaHOBIIEHA yTpaTa YyBCTBUTEIHHOCTH K THIIO3HHY).
[Ipu noGaBieHNH pa3IMYHBIX AHTHOMOTHKOB K KOMOWHAIIMH CENTa0WK + aproBUT OTMEUYCHBI (DaKTHI
CHIJKCHUS 30HBI 3aJICPKKH POCTa WM ero ucyezHoBeHus. OnrcaH KOMOMHUPOBAHHBIN P EKT co-
YETAaHHOTO TPUMEHCHHS aHTUOAKTepUAIBHBIX MPENapaToB U HAHOYACTHUIL cepeOpa B OTHOIICHUU
OakTepuii ¢ MHO)KECTBEHHOM JIEKAPCTBEHHOM YCTOWYHNBOCTEIO.

KuioueBble ¢Jj10Ba: HAHOUACTHUIIEI cepebpa, Salmonella enteritidis, aHTHONOTHKY, AaHTHOMOTH-
KOpe3ucTeHTHOCTh, AgNPs, cenTabuk
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Studies have been carried out to determine the synergetic effect of the use of combinations of
antibacterial substances, including antibiotics, septabic disinfectant and AgNPs. A significant increase
in bactericidal activity was revealed in the combination of septabic + AgNPs + nitox and septabic +
AgNPs + ceftiofur. Determination of the sensitivity of Sal/monella enteritidis 182 to antibacterial
drugs showed the presence of resistance to 8 drugs (38.1%), low sensitivity to 7 (33.3%), sensitivity
to 6 (28.6%) and the absence of preparations with high sensitivity indicators. After cultivation of
S. enteritidis 182 with antibacterial drugs and their combinations, an increase in the number of
preparations to which the studied strain was sensitive was found. The presence of sensitivity to
7—-10 drugs was revealed, which is 4.7-19.6% higher than in the control indicators. A previously
absent high sensitivity to 2—8 antibacterial drugs (9.5-38.0%) was established. The cultivation of
S. enteritidis 182 with AgNPs showed the highest increase in antibiotic sensitivity of all the studied
combinations of antibacterial agents in the form of the growth inhibition size increase. This suggests
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a leading role of AgNPs in overcoming antibiotic resistance. Incubation of S. enteritidis 152 after
contact with septabic and argovite caused a maximum increase in the diameter of the growth
inhibition of the microorganism without decreasing sensitivity to certain types of drugs (with the
exception of septabic, where the loss of sensitivity to tylosin was established). When adding various
antibiotics to the combination of septabic + argovit, a decrease in the growth inhibition zone or its
disappearance were noted. The combined effect of the use of antibacterial drugs together with silver
nanoparticles against bacteria with multidrug resistance is described.
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INTRODUCTION

The widespread use of antibacterial drugs in
animal production has led to an increase in the
isolation of antibiotic-resistant strains of micro-
organisms. This has significantly reduced the
effectiveness of chemotherapy and has created
conditions for the transmission of antibiotic-
resistant genes through animal products to hu-
mans. In 2001 The UN WHO recognized the
problem of antibiotic resistance as a global
problem and developed a series of interventions
to limit the occurrence and spread of this phe-
nomenon, which equally affects both medical
and veterinary service delivery. Carbapenem-
resistant micro-organisms of the family En-
terobacteriaceae are seen as a threat to public
health. Bacterial strains isolated from cattle are
a major channel for this resistance. Damages in
the USA from infections caused by antibiotic-
resistant microorganisms are estimated at $55-
70 billion; similar losses in Europe exceed €1.5
billion per year"-? [1].

A group of intestinal pathogens of the Sal-
monella genus, which can cause pathologies in
animals and poultry and food poisoning in hu-
mans, pose a particular threat. Given the addi-
tional risks posed by persistent pathogens asso-
ciated with the presence of antibiotic-resistant
genes, the problem of infectious pathologies is
becoming alarming and requires urgent solu-
tions.

Research is underway to develop veterinary
medicines that do not contain antibiotics but
have antibacterial properties. One well-known
method of treating and preventing infectious
diseases is the use of silver preparations. These
drugs are widely used in the treatment of gas-
trointestinal diseases of humans and animals,
obstetric and gynecological (mastitis, endome-
tritis) pathologies of cattle, as well as the treat-
ment of wounds, ulcers, bedsores in surgical
practice’® [2-5]. In addition to the bactericidal
properties of silver preparations, studies have
revealed the presence of silver nanoparticles
(AgNPs) to overcome and reduce the antibiotic

"World Health Organization. WHO Global Strategy for Containment of Antimicrobial Resistance. Geneva, 2001. WHO/CDS/

CSR/DRS/2001.2.

“Strategy for preventing the spread of antimicrobial resistance: order of the Government of the Russian Federation No. 2045-r

dated September 25, 2017.

Blagitko E.M., Bugaychenko N.V., Shorina G.N. and others. Results of local application of argolite and hydropenta — silver-
containing preparations on a natural mineral basis. Nanotechnologies and nanomaterials for biology and medicine: materials of
scientific and practical research. conf. with int. participation: 2 hours. Novosibirsk, 2007. Part 2. P. 39—49.
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resistance of opportunistic and pathogenic mi-
croflora®. Positive experience has been gained
in the use of disinfectants as antibacterial medi-
cines (ecocidal in oral administration), which
opens up prospects for the use of these agents
as therapeutic agents [6]. The need therefore
arises to investigate the presence of possible
synergistic properties in the combined use of
antibacterial agents of different pharmacologi-
cal groups.

A study of the effect of colloidal silver on
the morphology and development of Salmonel-
la enteritidis cell populations using scanning
electron microscopy showed that AgNPs in low
concentrations promotes partial destruction of
the bacterial cell wall, prevents normal cell divi-
sion, initiates the processes of heteromorphism.
However, the S. enteritidis population remains
viable. Once in a favorable environment, it ful-
ly restores its morphological properties and the
possibility of growth and development (bacte-
riostatic effect). At high concentrations, AgNPs
causes rapid cell death in the population. Thus,
the bactericidal effect of colloidal silver solu-
tions depends directly on the concentration of
nanoparticles in them. The higher their concen-
tration, the deeper the lesion of cellular struc-
tures, the more pronounced is the disinfecting
effect of the applied preparation [7].

It was found that nanosized systems can not
only improve the therapeutic activity of anti-
bacterial agents, but also inhibit the stimula-
tion of resistance by overcoming resistance
strategies developed by bacteria, including
the degradation of the drug under the action
of B-lactamase, thickening the walls of bacte-
rial cells [8]. The synergistic effect of AgNPs
in combination with gentamicin against Esch-
erichia coli, Proteus mirabilis, Pseudomonas
aeruginosa, Salmonella typhi and Staphylococ-
cus aureus showed a significant increase in the
diameter (up to 26-34 mm) of bacterial growth
retention zones [9].

The aim of the study was to investigate the
bactericidal properties of various combinations

of antibacterial agents and their effect on the
possibility of overcoming antibiotic resistance
in S. enteritidis 182.

MATERIAL AND METHODS

A preparation argovit containing AgNPs
(12-14 pg/ml) was used for the study; cefti-
mag, containing ceftiofur hydrochloride 100
mg as an active substance in 1 ml; containing
methyl ether of paraoxybenzoic acid 1.8 mg,
propyl ether of paraoxybenzoic acid 0.2 mg
and propylene glycol dicaprylate/dicaprates
up to 1 ml; oxytetracycline as a 10% aqueous
solution; enrofloxacin containing 50 mg of en-
rofloxacin in 1 ml; gentamicin, containing 40
mg of gentamicin sulfate in 1 ml; nitox, con-
taining 200 mg of oxytetracycline dihydrate as
an active ingredient in 1 ml of the formulation;
excipients - magnesium oxide, N,N-dimethyl-
acetamide, rongalit, monoethanolamine and
water for injection; azithromycin in the form of
azithromycin citrate derived from azithromycin
dihydrate, 100 mg in 1 ml; excipients - citric
acid monohydrate, sodium hydroxide, water for
injection.

The disinfectant Septabic contains the ac-
tive ingredient urea clathrate didecyldimeth-
ylammonium bromide, which is active against
Gram-positive and Gram-negative bacteria (in-
cluding Mycobacterium tuberculosis), derma-
tophytes, yeast-like fungi, candida, hepatitis B
virus, HIV, influenza viruses, parainfluenza’.

Microbial sensitivity of the S. enteritidis
ATCC 182 reference strain to antibacterial
agents and combinations was determined from
a dilution with the lowest bacteriostatic concen-
tration, 0.2 ml of which was added to an AMP
and the antibiotic sensitivity of the microorgan-
isms was determined by discodiffusion.

Determination of sensitivity was carried out
to 21 antibacterial drugs with subsequent incu-
bation for 24 hours at a temperature of 37.5 +
0.5 0 C.The sensitivity of microorganisms to
antibiotics was determined by the degree of
delay in the growth diameter around the disc:

‘Mamonoval.A. The influence of nanoparticles of the transition group of metals on antibiotic-resistant strains of microorganisms:

author. dis. PhD in biology. M., 2013. 21 p.
Shttps://infodez.ru/product/1452 _septabik.html
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up to 10 mm - resistant, up to 15 - insensitive,
up to 20 - sensitive, more than 20 mm - highly
sensitive®.

RESULTS AND DISCUSSION

Determination of the bactericidal activity of
antibacterial agents in combination with AgNPs
and septabic disinfectant is justified by its pos-
sible use in the treatment of infectious patholo-
gies due to acceptable parameters of acute tox-
icity, which refers to class 3 (GOST 12.1.007-
76) of moderately hazardous compound when
introduced in the stomach and to class 4 of
low-hazardous compound when applied to skin
and when inhaled at saturation concentration.
AgNPs has a mild sensitising effect’.

Studies carried out to determine the syner-
gistic effect of combinations of antibacterial
agents including antibiotics, disinfectant prepa-
ration and AgNPs showed a significant increase
in bactericidal activity in the combination sept-
abic + AgNPs + nitox and septabic + AgNPs +
ceftiofur (see Table 1).

Determination of the sensitivity of S. en-
teritidis 182 to antibacterial agents showed
resistance to 8 (38.1%), low sensitivity to 7
(33.3%), sensitivity to 6 (28.6%) and no drugs
with high sensitivity. After culturing S. enteriti-
dis 182 with antibacterial agents and their com-
binations an increase in the number of drugs
to which the studied strain was sensitive was
found. The presence of sensitivity was detected
to 7-10 drugs, which is 4.7-19.6% more than in
the target scores. A previously absent high sen-
sitivity to 2—8 (9.5-38.0%) antibacterial drugs
was established (see Table 2).

The cultivation of S. enteritidis 182 with Ag-
NPs showed the highest increase in antibiotic
sensitivity among all the studied combinations
of antibacterial agents in the form of the larg-
est growth retardation of the microorganism,
which suggests the leading role of AgNPs in
overcoming antibiotic resistance. Incubation
of S. enteritidis 182 after contact with septabic

and argovit caused a maximum increase in the
diameter of the growth retardation of the mi-
croorganism without a decrease in the indicator
for certain types of drugs (with the exception of
septabic, where the loss of sensitivity to tylosin
was established). With the addition of various
antibiotics to the combination of septabic + ar-
govit, facts of a decrease in the growth retar-
dation zone or its disappearance were noted.
Thus, enrofloxacin reduced the diameter of the
growth retardation of a microorganism or led
to its disappearance by 6 (28.6%) drugs, oxy-
tetracycline, gentamicin - by 4 (19.0%), nitox,
ceftiofur, azithromycin - by 2 (9.5%) ... In these
cases, in all combinations, a loss of sensitiv-
ity to tylosin and neomycin was noted when
azithromycin, enrofloxacin, nitox and ceftiofur
were added to the combination of septabic + ar-
govit (see Tables 3, 4).

The results of the conducted studies indi-
cate the presence of synergistic properties of
the combined use of antibacterial drugs and
confirm previous studies by other authors. The

Ta6a. 1. UysctButensHOCTb S. enteritidis 182
aHTHOAKTEepHUaIbHBIM TIperapaTaM 1 UX KOMOUHa-
UM

Table 1. Sensitivity of S. enteritidis 182 to
antibacterial drugs and their combinations

Preparation Concentration, pg/ml
AgNPs | Septabic | Antibiotic

AgNPs 115 - -
Septabic - 312 -
Septabic + AgNPs 0,2 156 -
Septabic + AgNPs +
oxytetracycline 0,1 0,78 0,78
Septabic + AgNPs +
azithromycin 0,05 0,39 0,39
Septabic +AgNPs +
gentamicin 0,05 0,39 0,39
Septabic + AgNPs +
enrofloxacin 0,05 0,39 0,39
Septabic + AgNPs
+ nitox 0,00125 | 0,0975 0,0975
Septabic + AgNPs +
ceftiofur 0,00125 | 0,0975 0,0975

*Determination of the sensitivity of microorganisms to antibacterial drugs: guidelines MUK 4.2. 1890-04, CRIE. M., 2004.101 p.

"https://infodez.ru/product/1452 _septabik.html
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combined effect of the combined use of anti-
bacterial drugs and silver nanoparticles against
bacteria with multidrug resistance is described.
It was found that the synergistic effect of the
antibiotics such as ciprofloxacin, imipenem,
gentamicin, vancomycin, trimethoprim and
nanoparticles led to an increase in antibacte-
rial activity 0.2-7.0 times (on average 2.8). This
shows that nanoparticles can be effectively
used in combination with antibiotics to increase
their effectiveness against various pathogenic
microorganisms [10]. The antibacterial effect
of the combined use of AgNPs and vancomycin
against Staphylococcus aureus, Pseudomonas
aeruginosa and Streptococcus pneumonia has
been established [11].

Synergistic antibacterial activity in combina-
tion of AgNPs with tetracycline, neomycin and
penicillin was tested against antibiotic-resistant
S. typhimurium DT104. A dose-dependent inhi-
bition of the growth of bacteria S. typhimurium
DT104 was noted for the complexes tetracy-
cline - AgNPs and neomycin - AgNPs (0.07 and
0.43 pg/ml, respectively). At the same time, the
combination of penicillin - AgNPs did not in-
hibit the growth of the microorganism [12]. The
antimicrobial activity of the synthesized bio-
conjugates AgNPs and endogenous antibiotics
was studied. Conjugates of AgNPs with peptide
C-Bac3.4 have antimicrobial activity, including
against the antibiotic-resistant P. aeruginosa
strain, as well as the methicillin-resistant St.

aureus ATCC 33591. Studies have shown that
the complexes of AgNPs with antimicrobial
peptides do not exhibit the pronounced mem-
branolytic effect inherent in peptides [13].

AgNPs, synthesized by A. calcoaceticus
LRVP54 for 24 h, in the form of monodisperse
spherical nanoparticles with a size of 812 nm,
were obtained from metal salts of silver nitrate
0.7 mm in size with subsequent heating at a
temperature of 70 °C. The disc diffusion meth-
od established a higher antibacterial activity
against gram-negative microorganisms. A high
synergistic antibacterial effect (3.8 times) of the
use of AgNPs and vancomycin for Enterobac-
ter aerogenes was established, while a decrease
in the minimum bactericidal concentration was
observed. It is noted that multidrug-resistant
Acinetobacter baumannii is highly sensitive in
the presence of AgNPs and to antibiotics, with
the exception of cephalosporins. A similar ef-
fect was observed when AgNPs were added
to the culture broth with vancomycin-resistant
Streptococcus mutans. Thus, biogenically syn-
thesized AgNPs showed a significant synergis-
tic antibacterial effect on B-lactam antibiotics
[14].

It has been found that the combination of
silver and sulfadimethoxine makes it possible
to increase the antibacterial activity and cre-
ate a drug to which bacteria are not addictive
at certain concentrations of silver in solution.
Preparations with AgNPs and sulfadimethox-

Taoa. 2. V3MeHeHne 4yBCTBUTEIBHOCTH S. enteritidis 182 mocie KOHTaKTa ¢ aHTHOAKTepHaTbHBIMH

Cp€acTBaMu U UX KOM6I/IHaHI/I$IMI/I

Table 2. Changes in the sensitivity of S. enteritidis 182 after contact with antibacterial agents and their

combinations
Preparation Number of preparations
v % M % 4 % B %
Argovit 1 4,8 3 14,3 12 57,1 5 23,8
Septabic 4 190 2 9,5 10 47,6 5 23,8
Septabic + AgNPs 3 14,3 2 9,5 10 47,6 6 28,6
Septabic + AgNPs + oxytetracycline 8 [38,0] 3 [143 7 33,3 3 14,3
Septabic + AgNPs + azithromycin 3 14,3 2 9,5 8 38,0 8 38,0
Septabic + AgNPs + gentamicin 7 1333 2 9,5 9 42,74 3 14,3
Septabic + AgNPs + enrofloxacin 12 | 57,0 - - 7 333 2 9,5
Septabic + AgNPs + nitox 4 19,0 1 475 10 47,6 6 28,6
Septabic + AgNPs + ceftiofur 6 | 28,6 3 14,3 8 38,0 4 19,0

Note. Y - stable, M - insensitive, H - sensitive, V - highly sensitive.
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Ta6a. 3. V3MmeHeHue 30HbI 3aJIepKKH pocTa S. enteritidis 182 mocie KOHTaKTa ¢ aHTUOAKTEPUATbHBIMH

npenaparamM 1 ux KOMGI/IHaI_II/IHMI/I

Table 3. Changes in the growth inhibition zone of S. enteritidis 182 after contact with antibacterial

drugs and their combinations

. . ic + .
Preparation Control Sept— % Sip/t\agb-lc % AZI?)P}: 1tjrl(z):(_y- % SAe.g;sglsc+ % SZZIEIITSC: %
group | abic NPs tetracycline amtl;ri?lmy- gentamicin

Ampicillin /
sulfabactam - - - 21 100 — - 11 100 - -
Ampicillin 15 20 | 333 22 46,7 14 —-6,7 21 40 - —-100
Amikacin — 21 100 20 100 20 100 22 100 20 100
Benzylpenicillin — — — 19 100 - - - - - -
Gentamicin 15 18 20 16 6,7 20 333 20 333 20 33,3
Doxycycline 15 13 |-133| 16 6,7 — -100 16 6,7 13 -13,3
Polymyxin - 15 100 19 100 — - 15 100 15 100
Carbecillin 20 21 5 21 5 21 5 25 25 23 15
Norfloxacin - 24 100 - - 23 100 21 100 22 100
Neomycin 16 18 | 12,5 18 12,5 18 12,5 - —-100 20 25
Enrofloxacin 17 18 5,9 18 5,9 20 17,6 22 29.4 20 17,6
Ciprofloxacin 20 25 25 23 100 21 5 21 5 25 25
Tetracycline - 20 100 15 100 14 100 18 100 17 100
Oxytetracycline 15 18 20 13 13,3 13 -13.3 17 13,3 18 20
Lincomycin - 16 100 - — - - 20 100 - -
Tylosin 15 - | —100 | 21 27,0 - —-100 - -100 - -100
Levomycetin 15 20 | 333 16 6,7 16 6,7 22 46,7 20 33,3
Streptomycin 15 20 | 333 18 20 20 333 21 40 16 6,7
Ticarcillin / clavu-
lanic acid 19 20 53 24 26,3 16 —-15,8 20 5,3 - -100
Ofloxacin 16 23 | 43,7 17 6,2 — -100 20 25 17 6,2
Rifampicin - - — — — — - 20 100 - -

ine have less antibacterial activity compared to
complexes of silver in the ionic form, but the
antimicrobial activity of preparations with Ag-
NPs becomes less dependent on the concentra-
tion and nature of the substrate®.

The synergistic and antagonistic effects of
the combined use of metal nanoparticles and
antibiotics against pathogenic strains of mi-
croorganisms are noted. AgNPs and ZnONPs
exhibited increased antibacterial activity with
increasing concentration against S. aureus, E.
coli. The synergistic effect of the antibiotics
such as azithromycin, cefotaxime, cefuroxime,
fosfomycin and chloramphenicol against E.
coli and S. aureus was significantly higher in

the presence of AgNPs compared with antibi-
otic use alone (see footnote 8).

The synergistic effect of the antibiotics
such as azithromycin, oxacillin, cefotaxime,
cefuroxime, fosfomycin, and oxytetracycline
against E. coli was significantly higher in the
presence of ZnONPs compared with the use of
the antibiotic alone. The synergistic effect of the
antibiotics azithromycin, cefotoxime, cefofox-
ime, cefosfimoxime, cefimpoxim, cefofoxime,
cefosfimoxime, cefoximol, and oxytetracycline
against S. aureus was also significantly higher
in the presence of ZnONPs compared to mono-
use of antibiotics [15].

$Lopanov A.N., Lysykh V.A. Antibacterial activity of sulfadimethoxine with silver. Perspective scientific research: experience,
problems and development prospects: materials of the international scientific conference. Ufa, 2020, pp. 93—100.
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Ta6a. 4. V3MmeHeHue 30HbI 3aJIepKKH pocTa S. enteritidis 182 mocie KOHTaKTa ¢ aHTUOAKTEPUATbHBIMH

npenaparamM 1 ux KOMGI/IHaI_II/IHMI/I

Table 4. Changes in the growth inhibition zone of S. enteritidis 182 after contact with antibacterial

drugs and their combinations

eptabic + eptabic + eptabic +
Preparation Control Argo— % > ig + % SAI;NPer % > ﬁgNPs %
group vit enrofloxacin nitox + ceftiofur

Ampicillin /
sulfabactam - 12 100 - - 13 100 13 100
Ampicillin 15 21 - -100 22 46,7 20 33,3
Amikacin - 20 100 — - 20 100 21 100
Benzylpenicillin - 11 100 - - 16 100 — -
Gentamicin 15 20 | 33,3 22 46,7 24 60 19 26,7
Doxycycline 15 16 6,7 16 6,7 16 6,7 13 -13,3
Polymyxin — 16 100 — - 20 100 16 100
Carbecillin 20 23 15 — -100 23 15 - 20
Norfloxacin - 21 100 22 100 25 100 20 100
Neomycin 16 18 12,5 — -100 — -100 13 -18,7
Enrofloxacin 17 21 23,5 20 -17,6 20 17,6 22 29,4
Ciprofloxacin 20 21 5 - -100 23 15 23 15
Tetracycline - 20 | 100 - - 20 100 - -
Oxytetracycline 15 18 20 20 33,3 20 33,3 16 6,7
Lincomycin - - - - - - - - -
Tylosin 15 16 6,7 — -100 — -100 - -100
Levomycetin 15 16 6,7 20 333 20 333 16 6,7
Streptomycin 15 20 | 333 20 333 20 333 20 333
Ticarcillin / clavu-
lanic acid 19 20 5,3 20 5,3 22 15,8 25 31,6
Ofloxacin 16 18 12,5 19 18,7 18 12,5 18 12,5
Rifampicin - 10 100 — - 10 100 - -

Literature data confirm the different anti-
bacterial effect of using AgNPs and antibiot-
ics against bacteria isolated from animals that
exhibit resistance to antibiotics. The inhibi-
tory concentration was calculated to classify
the observed collective antibacterial activity
as synergistic, additive (only the sum of indi-
vidual drug effects), indifferent (no effect), or
antagonistic. Of the 40 tests performed, 7 were
synergistic, 17 were additive and 16 were indif-
ferent. None of the combinations tested showed
an antagonistic effect. Most synergistic effects
were observed for combinations with AgNPs
co-administered with gentamicin. The greatest
increase in antibacterial activity was found in
combination therapy with penicillin G against
Actinobacillus pleuropneumoniae, Actinobacil-
lus pleuropneumoniae and Pasteurella multoci-
da. Initially resistant to amoxicillin, gentamicin
and colistin, they are susceptible to these anti-
biotics in combination with AgNPs. Research

shows that AgNPs have potential as adjuvants
for the treatment of bacterial diseases in ani-
mals [16].

Synergistic action of AgNPs in combination
with erythromycin and levofloxacin against
St. aureus was observed. Antimicrobial activ-
ity with antibiotics compared to pure silver
nanoparticles was increased by a factor of 1.16-
1.32. This synergism may be relevant for the
treatment of infections caused by multidrug-
resistant bacteria [17].

Analysis of the research results of many au-
thors shows both a marked increase in the bac-
tericidal activity of antibiotics when combined
with AgNPs and its decrease. Given the variety
of antibacterial drugs used in medicine and ag-
riculture, this mixed result requires further re-
search in the search for new combinations with
AgNPs.
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