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I'maBHBIH STHONOTMYECKU (PaKTOP BOSHUKHOBEHUS SHJIOMETPUTOB — MIATOTCHHAS U YCIOBHO-TIA-
TOreHHasi MUKpo(IIopa, MPOHUKAIOIIAS B MaTKy B TIOCIEPOIOBOM TIEPHOJI, BO BpPEMsI TEUKH, UCKYC-
CTBEHHOT'O OCEMEHEHMS 3arpsA3HEeHHOM criepMoil. [IpoBeneHo ncciieoBaHue ¢ LEebl0 U3yYeHUs U3-
MEHEHUS aHTHOAKTEePHaIbHOM 4yBCTBUTEILHOCTH MUKPOOPIraHU3MOB IIPH TEPAIIMHU M10CIEPOJOBOTO
THOMHO-KaTapaJbHOI0 SHIAOMETPUTA KOPOB IIPENapaToM, COAep KallliM HaHOYaCTHLBI cepedpa. [is
H3YUYCHHS POJIH YCIOBHO-IIATOTEHHOM MUKPO(IIOPHI B 3THOJIOTUH MOCIEPOAOBBIX THOWHO-KaTapaib-
HBIX 3HJIOMETPUTOB MPOBEICHO KIMHUYECKOe uccienoBanue 150 kopoB B ycnoBusx xo3saiictsa Ho-
BOCHOHMPCKOI 001aCTH B MEPUOJ] MACCOBOTO OTelia. JKUBOTHBIX MO MPUHIHUITY aHAJIOTOB Pa3/IeNInIN
Ha OMBITHYIO U KOHTPOJBHYIO TpymIibl. KOHTPOIBHOI IpyTiiie BBOAMIN PHIOHH KUP BHYTPHIMATOTHO
B o3¢ 150 MJI ¢ OKCUTETPAMKIMHOM THIPOXJIOPHIOM B 03¢ 40 MI/KT KUBOM Macchl, 1 pa3 B 48 u
U YTEPOTOH BHYTpUMBIIIEYHO B f03¢ 10 mu1, ogHokpaTHO 1 pa3 B 48 4. OnbITHOM Ipynie BBOIUIU
BHyTpuMatouHo 10%-i1 BomHbIl pacTBop aproBura B no3e 100 mi, 1 pa3 B 48 u 1 yTepoTOH BHY-
TpuMmbliedHo 10 mi, onHokpatHO 1 pa3 B 48 4. YcTaHOBJIEHO, YTO MPU JIEYEHUHU TOCIEPOIOBOIO
THOMHO-KaTapajabHOTrO SHJAOMETPUTA KOPOB IpPErapaToM aproBUT YMEHBIIAETCS CPeTHUI CPOK Jie-
YyeHus 3a0oneBanus B 1,8 pasza o cpaBHEHHUIO NpenaparoM B KOHTPOJILHOU rpyrme. [Ipu eueHnn
IIOCJIEPOZOBOr0 THOHHO-KaTapajabHOIO SHAOMETPUTA KOPOB MPENAPaTOM aprOBUT YCTAHOBJIEH POCT
AHTHOMOTHKOYYBCTBUTEILHOCTH H30IMPOBAaHHOM MUKpodiops! k 21 npenapary (87,5%) —ot 1,2 no
100%. B KOHTpOIBHOI TpyIIIie OTMEUEHO CHIKEHUE aHTHOMOTHKOYYBCTBUTEILHOCTH BBIACTICHHON
mukpodops k 18 (75%) npenaparam — ot 1,1 mo 28,7%.

KuroueBble cj10Ba: THOMHO-KaTapalbHBIA SHIOMETPUT, HAHOYACTHUIIHI cepedpa, aHTHOMOTHKO-
PEe3UCTEHTHOCTh, MUKPOOPTaHU3MBI
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The main etiological factor in endometritis is pathogenic and opportunistic pathogenic
microflora entering the uterus during the postpartum period, during estrus, artificial insemination
with contaminated sperm. A study was carried out to investigate changes in antibacterial sensitivity
of microorganisms during therapy after labor purulent-catarrhal endometritis of cows with a
preparation containing silver nanoparticles. To study the role of opportunistic pathogenic microflora
in the etiology of postpartum purulent-catarrhal endometritis a clinical study of 150 cows in a
farm in the Novosibirsk region during mass calving was carried out. Animals were divided into
experimental and control groups according to the analogy principle. The control group received fish
oil intramuscularly in a dose of 150 ml with oxytetracycline hydrochloride in a dose of 40 mg/kg of
live weight once every 48 hours and uteroton intramuscularly in a dose of 10 ml once every 48 hours.
The experimental group received intrauterine injections of argovit 10% aqueous solution at a dose of
100 ml once every 48 h and uteroton intramuscularly at a dose of 10 ml once every 48 h. It was found
that the treatment of postpartum purulent-catarrhal endometritis of cows with argovit decreased the
average duration of treatment of the disease by 1.8 times compared to the preparation in the control
group. When treating postpartum purulent-catarrhal endometritis of cows with argovit, an increase
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in antibiotic sensitivity of the isolated microflora to 21 drugs (87.5%) from 1.2 to 100% was found.
In the control group, there was a decrease in antibiotic sensitivity of the isolated microflora to 18

(75%) preparations from - 1.1 to 28.7%.
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INTRODUCTION

The increase in the reproduction of herds is
greatly slowed down by the spread of the breed-
ing stock infertility, which is caused by gyne-
cological pathologies. Inflammatory processes
in the uterus take a chronic course due to un-
timely treatment of acute endometritis, as well
as incomplete course of therapy. Endometritis,
which reduces milk productivity, reproductive
ability, and milk quality, leading to premature
culling and failure to produce animal yield, is
one of the most common gynecological diseas-
es of cattle [1-5].

Endometritis of bacterial origin remains one
of the most pressing problems of veterinary
medicine. Due to the complexity of the etiology
of this disease, it is currently impossible to de-
velop a specific prevention and therapy, which
entails uncontrolled use of broad-spectrum
drugs. Their long-term uncontrolled use has led
to global antibiotic resistance of microorgan-
isms [6, 7]. This raises the need for the latest
complex drugs. One of the promising areas of
modern pharmacology is the creation of new
drugs using nanotechnology products, which
opens up the possibility of increasing their ef-
fectiveness [8, 9].

The purpose of the study was to investigate
the change in antibacterial sensitivity of mi-
croorganisms during the therapy of postpartum
purulent-catarrhal endometritis of cows with a
preparation containing silver nanoparticles.

MATERIAL AND METHODS

To study the role of opportunistic microflora
in the etiology of postpartum purulent-catarrhal
endometritis a clinical study of 150 cows under
farm conditions in the Novosibirsk region was
carried out. Endometritis diagnostics, treat-
ment, typing and antibiotic sensitivity determi-
nation of the isolated microorganisms were car-
ried out according to the "Methodical instruc-
tions on diagnostics, therapy and prophylaxis
of reproductive organs diseases of cows and
heifers" (2005). The material for examination
was vaginal mucus secretion before and after
treatment. The vaginal secretion was collected
with a sterile cotton-gauze tampon after a thor-
ough cleaning of the vulva and the root of the
tail with a tampon moistened with 70% ethyl
alcohol rectifying agent.

Bacteriological examination was performed
by inoculating the vaginal mucus secretion on
5% blood agar, MPA with 1% glucose, and
Endo medium. Staphylococci and streptococ-
ci were isolated using a selective supplement
("StaphStrepto Supplement", India). Identifica-
tion of microflora isolated from sick cows was
carried out taking into account cultural, mor-
phological and biochemical properties of bac-
teria according to generally accepted methods
(Bergey's Bacterial Identifier, 2000). Biochemi-
cal properties of bacteria were studied using a
set of reagents - biochemical plates differenti-
ating enterobacteriaceae (SPA Diagnostic Sys-
tems LLC, Nizhny Novgorod), streptococci
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(Strepto-test 16 Erba Lachema s.r.o., the Czech
Republic), staphylococci (Staphytest- 24 Erba
Lachema s.r.0., the Czech Republic).

Microflora sensitivity was investigated by
disco-diffusion method on Mueller-Hinton agar
(Bio-Rad, USA) in accordance with the crite-
ria of the European Committee for Antibiotic
Susceptibility Testing (EUCAST, 2018). Mul-
tiple drug resistance was defined as resistance
to three or more antibacterial agents.

Argovit drug is a complex of highly dis-
persed nanoparticles of cluster silver, polyvi-
nylpyrrolidone and aqueous solution obtained
by electrobeam method. It has a wide range of
antimicrobial action against Gram-positive and
Gram-negative, aerobic and anaerobic, spore-
forming and asporogenic bacteria in the form
of monocultures and microbial associations.

Fish oil (veterinary fat), derived from fish
and marine mammals, 1S a source of vitamins
and polyunsaturated fatty acids, 1 ml of which
contains vitamins: E - 600 micrograms, A - 500
IU and D3 - 30 IU. It is used internally for pre-
vention and treatment of vitamin A deficiency,
rickets, chronic infections, sexual disorders in
animals.

Oxytetracycline hydrochloride is an anti-
bacterial drug of the tetracycline group that is
effective against rickettsiae, gram-negative and
gram-positive microbes.

Uterotone has a blocking effect on myome-
trial beta-adrenoreceptors, which contributes to
the activity of endogenous oxytocin, resulting in
increased uterine smooth muscle contractions.

Animals were divided into experimental and
control groups according to the analogy princi-
ple. The control group (n = 75) received fish oil
intrauterinely in a dose of 150 ml with oxytet-
racycline hydrochloride in a dose of 40 mg/kg
live weight once every 48 hours and Uteroton
intramuscularly in a dose of 10 ml, once every
48 hours. The experimental group received in-
trauterine injections of Argovit 10% aqueous
solution in a dose of 100 ml once every 48
hours and Uteroton intramuscularly in a dose
of 10 ml once every 48 hours.

RESULTS AND DISCUSSION

Microbiological studies of mucus from the
cervical-vaginal canal of cows with postpartum
endometritis revealed microorganisms of Strep-
tococcus spp. in 24.1% of samples, Staphylo-
coccus spp. - 22.5, E. coli 20.0, S. enteritidis
19.2, and Pr. vulgaris 14.2% of samples, re-
spectively (see Table 1). Bacteriological stud-
ies of uterine and vaginal secretions of cows
with postpartum purulent-catarrhal endome-
tritis revealed the following associations of
microorganisms: Str. pyogenes + St. aureus +
Pr. vulgaris + E. coli (47.5%), Str. pyogenes +
E. coli (19.2), S. enteritidis + E. coli + Pr. vul-
garis (15.8), St. aureus + E. coli (10) and Str.
pyvogenes + St. aureus (7.5%).

Laboratory studies of microbial isolates
showed high sensitivity to oxytetracycline,
which justified its use as a control drug in the
production trial of Argovit. The results of the
study revealed significant therapeutic efficacy
in the treatment of postpartum purulent catarrh-
al endometritis in cattle with silver-containing
drug Argovit compared with an antibacterial
agent. During therapy with Argovit the average
period of treatment of cows was 7,8 + 0,1 days,

Tao6a. 1. MuKpOOpraHU3MEbI, BBIICTICHHBIC U3
MaTOYHO-BJIATIHIIHBIX BBIACIEHUH KOPOB, OOIh-
HBIX TI0CJIEPOIOBBIM THOMHO-KaTapalbHBIM HJI0-
METPHUTOM

Table 1. Microorganisms isolated from the
uterine-vaginal secretions of cows with postpartum
purulent-catarrhal endometritis

Microorganism N}lmber of %
isolates

Streptococcus pyogenes 29 24,1
Streptococcus aureus 27 22,5
Escherichia coli 24 20,0
Salmonella enteritidis 23 19,2
Proteus vulgaris 17 14,2
Str. pyogenes + St. aureus +

Pr. vulgaris + E. coli 57 47,5
Str. pyogenes + E. coli 23 19,2
Salmonella + E. coli + Pr. vulgaris 19 15,8
St. aureus + E. coli 12 10,0
Str. pyogenes + St. aureus 9 7,5
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which is 1,8 times shorter in comparison with
the complex preparation (fish oil + oxytetracy-
cline hydrochloride) in the control group, where
the period of treatment was 14,1 + 0,6 days.
After treatment of cows with postpartum pu-
rulent-catarrhal endometritis, the control group
showed a decrease in antibiotic sensitivity of the
isolated microflora to 18 (75%) drugs, from 1.1
to 28.7%. A slight increase to tylosin, lincomy-
cin, polymyxin, erythromycin, gentamicin and
carbenicillin was detected, from 3.7 to 24.8%.
When cows were treated with Argovit, there
was an increase in antibiotic sensitivity of iso-
lated microflora to 21 drugs (87.5%), from 1.2
to 100%, with simultaneous decrease of sensi-
tivity to doxycycline, enrofloxacin and oxytet-
racycline from 3.1 to 23.2% (see Table 2).

The obtained results of enhancing the bac-
tericidal effect when AgNPs are used together
with antibacterial drugs are confirmed in other
studies as well. S. Z. Naqvi et al. [10] described
the combined effect of concomitant use of anti-
bacterial drugs and silver nanoparticles against
multidrug-resistant bacteria. It was found that
the synergistic effect of antibiotics (ciprofloxa-
cin, imipenem, gentamicin, vancomycin, trim-
ethoprim) and nanoparticles led to an increase
in antibacterial activity by 0.2-7.0 (average 2.8)
times. This confirms that nanoparticles can be
effectively used in combination with antibiotics
to increase their effectiveness against various
pathogenic microbes. M.S.M. Mohamed et al.
[11] described the antibacterial effect of com-
bined use of AgNPs and vancomycin against Sz.

Taoda. 2. V3MeHeHue ypoBHs YyBCTBUTEILHOCTH BBIACICHHON MUKPO(MIOPHI K aHTHOMOTHUKAM TIPH
JICYeHUU THOWHO-KaTapajabHOro sugomerpura (n = 40), %

Table 2. Change in the level of sensitivity of the isolated microflora to antibiotics in the treatment of

purulent-catarrhal endometritis (n = 40), %

Control group, n =40 Experimental group
Antibiotie Before treat- After treatment % Before treat- After treatment %
ment ment

Amoxicillin 12,9+0,9 11,3+0,5 -12,4 152+0,3 18,7+0,1 +23

Ampicillin 153+0,1 10,9+ 0,4 -28,7 16,2+ 0,5 17,1 +£0,4 +5,5
Amikacin 143 +1,0 12,8 £0,2 -10,4 16,5+0,2 16,7+0,7 +1,2
Benzyl-penicillin 16,1 £0,3 15,3+0,1 -4.9 16,1 £0,1 16,7 £ 0,4 +3,1

Gentamicin 15,3+0,8 17,4 +£0,2 +13,7 18,9+ 0,4 21,4+0,1 +13,2
Doxycycline 16,1 +0,1 14,3+0,9 -11,2 16,3 +0,1 15,8 £0,5 -3,1

Carbenecillin 12,5+0,7 15,6 £0,2 +24.8 20,1 +£0,4 21,8+0,4 +8.4
Norfloxacin 16,2+ 1,1 12,3+0,9 24,1 16,3 +£0,7 17,4+0,1 +6,7
Neomycine 13,7+ 0,5 12,6 +£0,3 -8 16,9+ 0,5 18,5+ 0,2 +9,5
Polymyxin 12,1 +£0,7 13,1£0,4 +8,3 16,4+ 0,7 17,5+0,3 +6,7
Rifampicine 15,2+£0,2 14,1 +0,1 -7,2 - 15,6 £0,1 +100
Streptomycin 19,9 £0,1 15,6 £0,7 21,6 17,4 £0,2 18,1 0,1 +4

Enrofloxacin 19.3+0,6 17,5+0,1 -9,3 18,9+0,7 16,3+0,2 -13,7
Ciprofloxacin 18,1 £0,8 16,7+0,5 -1,7 16,9 +0,3 19.2+0,4 +13,6
Tetracyclin 18,3+0,4 17,1 £0,7 -6,5 — 17,1 £0,6 +100
Oxytetracycline 22,1+0,7 17,8 £0,5 -19.4 23,2+0,5 17,8 £0,7 -232
Ofloxacin 17,3+0,5 16,2 +0,1 -6,3 — 18,4 +0,6 +100
Lincomycin 17,6 £0,2 18,7+ 0,4 +6,2 16,9 £0,5 18,1 £0,3 +7,1

Tylosin 13,7+ 0,6 142 +0,1 +3,7 17,8+ 0,4 18,5+0,1 +3,9
Tobramycin 17,3+0,2 17,1 £04 -1,1 17,6 £0,7 18,4+0,7 +4,5
Laevomycetin 17,5+ 0,1 16,2 +0,3 -7,4 - 15,6 £ 0,1 +100
Ceftiofur 16,7+ 0,3 15,8+ 0,6 =54 16,1 £0,8 16,7 +0,2 +3,7
Ofloxacin 17,8+ 0,6 16,6 + 0,1 —-6,7 16,5+ 0,5 16,8 + 0,1 +1,8
Erythromycin 14,2+0,4 15,7+0,8 +10,5 18,3 +0,4 19,1 £0,7 +4.4
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aureus, Pseudomonas aeruginosa and Strepto-
coccus pneumoniae.

Synergistic effect of AgNPs in combination
with erythromycin and levofloxacin against St.
aureus was noted. Antimicrobial activity with
antibiotics compared to pure silver nanoparticles
increased by 1.16-1.32 times. This synergism
may be relevant for the treatment of infections
caused by multidrug-resistant bacteria [12].

The results of the studies confirm the syner-
gistic antibacterial effect of the combined use
of AgNPs and antibacterial agents, which was
established by determining the antimicrobial
activity of AgNPs and chlorhexidine gluco-
nate against the five most common pathogenic
bacteria of the human oral cavity. The average
MIC value of AgNPs for Streptococcus mu-
tans MTCC 497 was 60 £ 22.36 pug/ml, Str.
oralis MTCC 2696 - 45 + 11.18, Lactobacil-
lus asidorhylus MTCC 10307 - 15 + 5.59,
L. fermentum - 90 £ 22.36, Candida albicans
MTCC183-2.82 £ 0.68 ng/ml respectively. For
chlorhexidine gluconate, the mean MIC of St~
mutans MTCC 497 was 300 + 111.80 pg/ml,
Str. oralis MTCC 2696 was 150 £+ 55.90, L. ac-
idophilus MTCC 10307 was 450 + 111.80,
L. fermentum was 450 £ 111.80 and C. albicans
MTCC 183 was 150 £ 55.90 ug/ml [13].

The results of the studies showed the inten-
sity of bactericidal properties depending on the
type of the studied preparation. Literature data
confirm the evaluation of the antibacterial effect
of using AgNPs and antibiotics against bacteria
isolated from animals that show resistance to
antibiotics by serial dilution method. The mini-
mum inhibitory concentrations of both types of
antimicrobials were determined, both individu-
ally and in combination. The fractional index
of inhibitory concentration was calculated and
used to classify the observed collective antibac-
terial activity as synergistic, additive (only the
sum of the individual drug effects), indifferent
(no effect), or antagonistic. Of the 40 tests per-
formed, 7 were synergistic, 17 were additive,
and 16 were indifferent. None of the combina-
tions tested showed an antagonistic effect. Most

synergistic effects were observed for combina-
tions of AgNPs administered together with gen-
tamicin, but the greatest increase in antibacte-
rial activity was found for combination therapy
together with penicillin G against Actinobacil-
lus pleuropneumoniae. A. pleuropneumoniae
and Pasteurella multocida, initially resistant to
amoxicillin, gentamicin and colistin, were sen-
sitive to these antibiotics when combined with
AgNPs. A study shows that AgNPs have poten-
tial as adjuvants for the treatment of bacterial
diseases in animals [14].

The analysis of the studies allows us to iden-
tify some regularities in the changes of antibac-
terial properties of the preparations when they
are used mono- and in combination. The pres-
ence of pronounced antibacterial properties in
the Argovit preparation containing AgNPs both
in monovariant use and in combination with an-
tibacterial preparations was noted. At the same
time, the inclusion of AgNPs and DMSO has a
pronounced synergistic effect and significantly
reduces the antibiotic concentration at which
the bactericidal effect is fixed. The highest sen-
sitivity of both AgNPs and their combinations
with antibiotics was found in the reference
strain £. Coli ATCC 25922 strain compared to
the E. coli 1solate isolated from an animal with
a clinical manifestation of an infectious disease.
The combination of AgNPs and the antibiotics
enrofloxacin, gentamicin, ceftimag, cipromag,
oxytetracycline, and ampicillin showed the
greatest increase in bactericidal activity against
both E. coli ATCC 25922 and the E. coli isolate
than the combination of AgNPs + antibiotic +
DMSO, except for cloxacillin when studied
with the E. coli isolate [9, 15].

Increasing the effectiveness of antimicrobial
activity due to combinations of AgNPs and an-
tibiotics will allow the use of antibiotics that
have fallen out of use due to bacterial resistance
problems, providing additional treatment op-
tions in the health, veterinary and agricultural
sectors. The studies conducted confirm the re-
sults of .LA. Mamonova' on the ability of metal
nanoparticles to restore the sensitivity of E. coli

"Mamonova I.A. Effect of transition metal nanoparticles on antibiotic-resistant strains of microorganisms: thesis abstract of

the Can. Sci. in Biology. M., 2013. 21 p.
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strains to some B-lactam antibiotics (ampicillin,
amoxicillin) and aminoglycosides.

The results obtained open the prospect of
further studies of AgNPs to evaluate the syn-
ergistic qualities of increasing the bactericidal
properties of antibiotics against a wide range of
infectious pathogens in the treatment of a wide
range of pathologies.

CONCLUSION

When treating postpartum purulent-catarrh-
al endometritis of cows with the drug argovit,
an increase in antibiotic sensitivity of the isolat-
ed microflora to 21 drugs (87.5%) from 1.2 to
100% was found. After treatment with the giv-
en preparation in cows suffering from postpar-
tum purulent-catarrhal endometritis, the control
group showed the decrease of antibiosensitivity
of isolated microflora to 18 (75%) preparations
from 1,1 to 28,7%. At the same time a slight
increase to tylosin, lincomycin, polymyxin,
erythromycin, gentamicin, and carbenicillin
was observed, from 3.7 to 24.8%.
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