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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background: Fluoroquinolones are used for the complex
treatment of mono-, poly-, and multi-resistant Tuberculosis
(TB) and are the most efficient among resistant TB treatment
drugs. Disease caused by fluoroquinolone-resistant TB strains,
especially pre-extensive TB (pre-XDR) and extensive (XDR)
forms are extremely hard to manage, and treatment efficacy is
quite low. With the revitalization and extension of resistant TB
drugs, one of the main research domains is to study resistance
inhibitors aimed at restoring the efficacy of main and priority
anti-TB medications. The antibacterial properties of silver
nanoparticles (AgNPs) against resistant strains responsible
for various infectious diseases are supported by extensive
experimental data. There are a few publications regarding the
effectiveness of silver nanoparticles on resistance inhibition of
TB strains, however, its action on fluoroquinolone-resistant TB
strains is unexplored.

Aim: The study aimed to investigate the in vitro restoration
of the anti-TB efficacy of Moxifloxacin (Mfx) using AgNPs.
Methods: Nanocomposite- standard dose of Mfx and 20 nm
silver nanoparticles (AgNPs) suspension solution of 6 different
concentrations: 0.25%; 0.5%; 1%; 2.5%; 5% and 10%, were
supplemented to 70 moxifloxacin-resistant mycobacterium
tuberculosis isolates. The control arm consisted of 70
fluoroquinolone (Mfx)-resistant Mycobacterium tuberculosis
(FQ/ R-MTB) isolates and AgNPs suspension with identical
concentrations. The inhibitory effect of nanocomposites was
evaluatedbyMTB growthrateusingthe BACTEC™MGIT960™.
Results: The suppression process of AgNPs on FQ/R-
MTB isolates started with 2,5% nanocomposite solution
application and full suppression was achieved in 5% and 10%
nanocomposite solutions. A standard dose of Mfx and a 2.5%
solution of AgNPs increased the minimal inhibitory effect on
FQ/R-MTB by 10% (total 85%) vs the isolated use of a 2.5%
solution of AgNPs (75%). A similar trend was noted in both FQ/
R-MTB cohorts (rifampicin-susceptible; rifampicin-resistant).
Conclusion: The in vitro study of the effectiveness of using
AgNPs and Mfx nanocomposite on FQ/R-MTB isolates proves
the potentiating effect of AgNPs at a standard dose of Mfx,
overcoming the drug resistance of the pathogen, which lays
the groundwork for further scientific research in this area and
creating a nanocomposite that is safe for humans, which will
make a significant contribution to improving the control of
fluoroquinolone-resistant tuberculosis, especially, pre-XDR
TB.

Key words. Tuberculosis, growth inhibition, moxifloxacin-
resistance, silver nanoparticles.
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Introduction.

Tuberculosis (TB) remains one of the top 10 causes of death
worldwide, with 1.3 million deaths in 2022. An estimated
global total of 10.6 million people fell ill with TB in 2022,
equivalent to 133 incident cases per 100 000 population [1-
3]. Drug-resistant Tuberculosis (DR-TB) significantly impacts
the epidemiological landscape of TB. DR-TB continues
to be a current global health threat, and is defined by higher
morbidity and mortality, sequelae, higher cost and complexity
[4]. TB treatment history reflects on the gradual development
of anti-TB drug resistance throughout decades. It originated
in the 20th century, in the 1940s dand has since developed
increasing resistance to streptomycin (caused by monotherapy
with streptomycin against TB). After 20" century, the pace of
resistance development decelerated, that was related to new
anti-TB drug development and complex multidrug TB therapy
establishment. Since the 1980s first rifampicin resistance cases
appeared. The end of 20" century marked a significant escalation
in cases of multidrug resistant TB (Simultaneous resistance to
two most robust anti-TB drugs; Isoniazid and Rifampicin). The
challenge for 21% century is Fluoroquinolone resistant TB and
its management [5]. Fluoroquinolones (FQ) have come to play
an important role in the treatment of tuberculosis, particularly
drug-resistant tuberculosis (DR-TB) [6]. Fluoroquinolones
are used for the complex treatment of mono-, poly-, and
multi resistant Tuberculosis (TB) and are the most efficient
among resistant TB treatment drugs. Disease caused by
fluoroquinolone resistant TB strains, especially pre-extensive
TB (pre-XDR) and extensive (XDR) forms are extremely
hard to manage, and treatment efficacy is quite low. With the
revitalization and extension of resistant TB drugs, one of the
main research domains is to study resistance inhibitors aimed at
restoring the efficacy of main and priority anti-TB medications.
Bactericidal properties of silver nanoparticles (AgNPs) against
resistant strains responsible for various infectious diseases are
supported by extensive experimental data [7-19]. There are a
few publications regarding effectiveness of silver nanoparticles
on resistance inhibition of TB strains, however its action
on fluoroquinolone resistant TB strains is unexplored. The
study aimed to investigate the in vitro restoration of the anti-
TB efficacy of Moxifloxacin (Mfx) using AgNPs. The main
objectives were: 1) In vitro” study of the inhibitory effect of
suspensions containing different concentrations of AgNPs on
FQ resistant M. tuberculosis (FQ/R -MTB) strains; 2) “In vitro”
study of the effectiveness of nanocomposite with the standard
dose of Mfx and different concentrations of AgNPs to investigate
the presence of inhibitory effect on FQ/R-MTB strains.



Materials and Methods.

An experimental study was conducted in the National
Reference Laboratory (NRL) of the National Center for
Tuberculosis and Lung Diseases (NCTLD), Tbilisi, Georgia.
20 nanometer (nm) silver nanoparticles were used (AgNPs),
it was purchased from “Hongwu International Group Ltd”
(https://www.hwnanomaterial.com). High-speed ultrasound
homogenizer, disruptor and disintegrator was used to obtain
suspension of nanoparticles. (Ultrasonic Processor FS-
1800N(China). In vitro experiment was performed on 140
fluoroquinolone resistant TB strains, that was obtained in clinical
settings from sputum of patients with pulmonary tuberculosis.
The experiment was conducted on liquid media: with usage of
BACTEC™ MGIT™ 960 system. BACTEC™ MGIT™ 960
machine is used to immediately detect TB mycobacterium.
Growth of mycobacterium is identified with fluorescence,
which is increasing in proportion to the decrease of oxygen. The
machine generates fluorescence with the usage of ultrasound
waves and special computational algorithm. BACTEC™
MGIT™ 960 machine is used to detect drug susceptibility of
anti-TB drugs, that gives results in 4-13days. BACTEC MGIT
960 machine applies same principle for the detection of anti-
TB drug susceptibility, that means detection of mycobacterium
growth with fluorescence. The test is performed with MGIT 7ml
tubes and it includes control tube (without drug) and tubes with
added drugs. The machine controls the increase of fluorescence
in both tubes by default. If drug is active against mycobacterium
(isolate is sensitive), therefore happens growth inhibition and
suppression of fluorescence in tubes with drugs, while in the
control tube mycobacterium grows and demonstrates increase of
fluorescence. If isolate is resistance, growth of mycobacterium
and increase of fluorescence is detected in both, in control tubes
and in tubes with drugs. BACTEC™ MGIT™ 960 system
monitors growth and therefore interprets the results, whether
its sensitive or resistant. The experiment was conducted in 2
groups. In sensitivity test group, in the first experimental group,
(70 culture) 100 ml silver solution was added to the tubes
(different concentrations), in the second group (70 cultures) —
silver solution was added with standard dose of moxifloxacin
(0,25 mkg/ml). Moxifloxacin resistant isolates were selected in
advance. In the beginning, moxifloxacin resistant 140 cultures
were taken. To evaluate inhibitory effect of silver nanoparticles,
in sensitivity test, silver nanoparticles (AgNPs) solution was
added with corresponding concentrations. 6 concentrations
were studied; 0,25%; 0,5%; 1%; 2,5%, 5% and 10%. Each
concentration was added in 10-10 tubes, 2,5% was added in
20 tubes. Evaluation of the inhibitory activity of moxifloxacin
and different concentrations of silver nanoparticles (Mfx/
AgNPs) composite was carried out in a susceptibility test set
with 6 different concentrations of silver solution (0,25%;
0,5%; 1%; 2,5%; 5%; 10%). In addition to the standard dose
of moxifloxacin 0.25%, 0,5%; 1%; 5% and 10% solution of
silver nanoparticles with moxifloxacin was added to 10 test
tubes, and standard dose of moxifloxacin and 2.5% solution of
AgNPs to 20 test tubes (70 test tubes in total). Effect of AgNPs
and Mfx/AgNPs nanocomposite on fluoronquinolone mono
and poly resistant mycobacterium tuberculosis isolates was

studied and evaluated separately. The final evaluation of the
results of the inhibitory activity study was carried out based on
the inhibition of the growth of Mycobacterium tuberculosis as
a result of the addition of the test suspension to the test tube.
Statistical analysis was performed using IBM SPSS Statistics
software (version 29.0.2.0). The chi-square (X2) test was used
to compare the effect of two different groups: AgNPs alone and
Mfx/AgNPs analysing two categorical variables for each group:
growth increase vs suppression.

Results.

The study conducted on fluoroquinolone resistant
mycobacterium tuberculosis isolates demonstrated, complete
suppression of the growth of fluoroquinolone (moxifloxacin)
resistant strains of mycobacterium tuberculosis when adding
5% and 10% silver suspensions, in case of adding 0.25%, 0.5%,
1.0% concentration solutions, the growth of FQ/R -MTB strain
was observed. When adding a 2.5% suspension of AgNPs, both
inhibition and growth of FQ-resistant Mycobacterium TB strains
were observed in some cases. In order to increase the reliability
of the obtained results, we expanded the scope of the study and
added a suspension containing 2.5% concentration of silver to
10 more sensitive test tubes (20 test tubes in total), when adding
2,5 % concentration of AgNPs suspension, growth inhibition of
FQ/R-MTB strains was noted in 75% of cases. (Table 1).

A similar trend was noted when adding separately for
0,25%; 0,5%; 1%; 2,5%; 5% and 10% silver suspension on
Rifampicin-susceptible (susceptible to rifampicin and resistant
to one or more other first-line TB medicines) and rifampicin
resistant (susceptible or resistant to isoniazid [i.e. MDR-TB],
or resistant to other first-line or second-line TB medicines) FQ/
R-MTB strains. These on FQ-MTB isolates, when only 2.5%
concentration of AgNPs suspension was added, inhibition of the
growth of Rifampicin-susceptible Mycobacterium Tuberculosis
(RS-MTB) strains resistant to moxifloxacin was 80% (Table 2),
and 70% in the case of Rifampicin-Resistant Mycobacterium
Tuberculosis (RR-MTB)-preXDR strains (Table 3).

The study found that when different concentrations of Mfx/
AgNPs were added to cultures of fluoroquinolone-resistant
Mycobacterium tuberculosis FQ/ R-MTB, the combination was
completely ineffective at the standard dose of moxifloxacin
(0,25mkg/ml) and silver suspension concentrations of 0,25%,
0,5% and 1,0%. Growth inhibition of FQ/ R-MTB strain
started when using 2.5% solution of Mfx/AgNPs and complete
inhibition was observed when adding 5% and 10% solution of
Mfx/AgNPs. Despite statistically no significant [X,= 0,625,
degree of freedom(df:1), P-value=0,429] difference between
two groups- Mfx/AgNPs and AgNPs only a bactericidal effect
while applying the nanocomposite containing Mfx/AgNPs
concentration of 2,5% was observed in 85% of cases, which
is 10% higher than the bactericidal effect obtained by applying
only. AgNPs (Tables 1,4), which confirms potentiating effect of
AgNPs ata standard dose of Mfx, overcoming the drug resistance
of the pathogen Mfx / AgNPs The use of Nano composite with a
higher concentration (5%,10%) showed a bactericidal effect in
100% of cases (Table 4).

An identical trend (not significant at p<.05.) was noted for
Rifampicin-susceptible TB (Table 5) and Rifampicin-Resistant



Table 1. Growth inhibition of FO-R MTB with various concentrations of AgNPs.

Growth suppression

The concentration of AgNPs

0,25% 0,5% 1.0% 2,5% 5,0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 15 (75%) 10 (100%) 10 (100%) 35
Growth N (%) 10 (100%) 10 (100%) 10 (100%) 5 (25%) 0 (0%) 0 (0%) 35
Total 10 10 10 20 10 10 70
Table 2. Growth inhibition of FO-R, RS MTB strains with various concentrations of AgNPs.
Growth suppression The concentration of AgNPs
PP 0,25% 0,5% 1.0% 2,5% 5,0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 8 (80%) 5 (100%) 5 (100%) 18
Growth N (%) 5 (100%) 5 (100%) 5 (100%) 2 (20%) 0 (0%) 0 (0%) 17
Total 5 5 5 10 5 5 35
Table 3. Growth inhibition of FQ-R, RR-MTB (pre-XDR) strains with various concentrations of AgNPs.
Growth suppression The concentration of AgNPs
PP 0,25% 0,5% 1.0% 2,5% 5,0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 7 (70%) 5 (100%) 5 (100%) 17
Growth N (%) 5 (100%) 5 (100%) 5 (100%) 3 (30%) 0 (0%) 0 (0%) 18
Total 5 5 5 10 5 5 35
Table 4. Growth inhibition of FO/R- MTB strains with various concentrations of AgNPs with Mfx.
Growth ression The concentration of AgNPs with Mfx
W SUPPTESSIO 0.25% 0,5% 1.0% 2,5% 5.0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 17 (85%) 10 (100%) 10 (100%) 37
Growth N (%) 10 (100%) 10 (100%) 10 (100%) 3 (15%) 0 (0%) 0 (0%) 33
Total 10 10 10 20 10 10 70
Table 5. Growth inhibition of FO-R, RS MTB with various concentrations of AgNPs with Mfx.
Growth ression The concentration of AgNPs with Mfx
W SUPPTESSIO 0.25% 0,5% 1.0% 2,5% 5.0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 9 (90%) 5 (100%) 5 (100%) 19
Growth N (%) 5 (100%) 5 (100%) 5 (100%) 1 (10%) 0 (0%) 0 (0%) 16
Total 5 5 5 10 5 5 35
Table 6. Growth inhibition of FO-R, RR-MTB (pre-XDR) with various concentrations of AgNPs with Mfx.
Growth suppression The concentration of AgNPs with Mfx
PP 0,25% 0,5% 1.0% 2,5% 5,0% 10.0% Total
Suppression N (%) 0 (0%) 0 (0%) 0 (0%) 8 (80%) 5 (100%) 5 (100%) 18
Growth N (%) 5 (100%) 5 (100%) 5 (100%) 2 (20%) 0 (0%) 0 (0%) 17
Total 10 10 10 10 5 5 35
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Figure 1. Suppression rates for different conditions AgNPs vs. Mfx /AgNPs by MTB strain type (silver suspension concentration 2.5%,).
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(pre-XDR) FQ-MTB isolates (Table 6) In contrast, when Mfx
/ AgNPs nano composite was added, 90% [X2=0,392, degree
of freedom(df:1), P-value=0,531]of fluoroquinolone-resistant
rifampicin-sensitive MTB isolates were exposed Mfx /AgNPs
at a concentration of 2.5%, and 80% [X2=0,267, degree of
freedom(df:1), P-value=0,605] when added to pre-XDR MTB
cultures(Table 6). Suppression rates for different conditions
AgNPs vs. Mfx/AgNPs by MTB strain type (silver suspension
concentration 2.5%) are shown in Figure 1.

Discussion.

Antibiotics of the fluoroquinolone group have been used in
world clinical practice for the treatment of many diseases
of bacterial etiology since 1985. Their mechanism of action
is related to the inhibition of chromosomal and plasma
DNA-hydrase (an anzyme responsible for the stability of the
spatial structure of microbial DNA). Under the influence of
fluoroquinolones, the DNA of the microbial cell is despiralized
and it dies, in addition, fluoroquinolones do not affect the DNA
of the macroorganism. High-generation fluoroquinolones, in
particular moxifloxacin, are used in the complex therapy of
mono, poly and multi-resistant tuberculosis and belong to the
most effective drugs from the group of drugs for the treatment of
resistant tuberculosis. Therefore, the disease caused by strains
of fluroquinolone resistant tuberculosis strains, especially
pre-extensive tuberculosis (pre-XDR), is the most difficult to
manage in terms of chemotherapy, and the treatment efficiency is
quite low. The use of new anti-tuberculosis drugs (bedaquiline,
delamanid) in treatment regimens for multi- and pre-XDR
resistant tuberculosis has significantly improved patient
outcomes, however publications related to the rise of resistant
forms to bedaquiline have already appeared in the scientific
medical literature. Resistance to bedaquiline and delamanid
(both separately and simultaneously) has already been observed
in Georgia [20]. Based on the above, it is important to constantly
update and expand the arsenal of drugs for the treatment of
resistant tuberculosis. One of the modern trends in the fight
against resistant tuberculosis is the use of Nano technological
approaches. Nanotechnology makes it possible to overcome the
difficulties of anti-tuberculosis therapy, namely: introduction of
antimicrobial substances directly into damaged cells through
nanoparticles as carriers; also enhancing the bactericidal
potential of anti-tuberculosis drugs. The mentioned properties
of nanoparticles provide a basis for the implementation of
interventions aimed at restoring the effectiveness of basic and
priority medicines. Among the various types of nanoparticles
tested for potential drug delivery systems, silver nanoparticles
should be distinguished, they are characterized by bactericidal
action against gram-positive and gram-negative microorganisms,
including against strains resistant to antibiotics [21,22]. It
should also be noted that unlike antibiotics, pathogenic bacteria
rarely develop resistance to silver nanoparticles. [21] Recent
studies have reported on the antibacterial and immunobiological
properties of silver nanoparticles, also, the peculiarities of the
action of silver nanoparticles in healthy and experimental
animals infected with mycobacterium tuberculosis, taking into
account the ways in which nanoparticles enter the body. In
vitro studies have shown that silver nanoparticles coated with
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polyvinylpyrrolidone and silver nanoparticles without coating
are resistant to aggregation and are homogenously distributed in
the solution. Polyvinylpyrrolidone coated silver nanoparticles at
a concentration of 0.05 to 50 mg/1 in vitro on immunocompetent
cells of mice do not cause cytotoxic effects and have a
pronounced anti-tumor effect [20]. The antibacterial action of
silver nanoparticles is due to the following mechanisms [21].

+ Direct interaction with bacterial components (bioapki,
bacterial cell membrane).

* Release of bioactive ions (e.g., Agt).

* Disruption of multiple metabolic pathways.

* Production of reactive oxygen species.

+ Genotoxicity.

* Changes in the cell wall and cytoplasm.

* Inhibition of bacterial DNA replication.

* Alteration of bacterial membrane permeability and ionic
balance

It has been found that silver nanoparticles, either alone or
in combination with biomolecules like peptides and chitosan,
exhibit strong antimycobacterial activity. However, this effect
is somewhat reduced during the intracellular replication of
mycobacteria within macrophages. A promising strategic
direction is the combination of silver nanoparticles with classical
anti-tuberculosis drugs (that is, the creation of composite
drugs), which will synergistically increase and strengthen the
antimycobacterial effect on both extracellular and intracellular
mycobacteria [20,21].

In our experimental study, we examined the effects of six
different concentrations (0.25%, 0.5%, 1%, 2.5%, 5%, 10%) of
a 20nm silver nanoparticle solution in vitro and found varying
inhibitory effects on fluoroquinolone-resistant mycobacterium
tuberculosis isolates. The minimal inhibitory effect of the 2.5%
solution of silver nanoparticles, and the minimal bactericidal
effect of the 5.0% solution was determined in vitro on
mycobacterium tuberculosis strains resistant to fluoroquinolone.
As e result of the study, it was determined that when adding the
standard dose of moxifloxacin and the nanocomposite of a 2.5%
solution of silver nanoparticles, the minimum inhibitory effect
on fluoroquinolone-resistant strains of MTB increased by 10%
(made up 85%) compared to the isolated use of 2,5% solution of
silver nanoparticles (75%). In both cohorts of fluoroquinolone-
resistant mycobacterium tuberculosis isolates (rifampicin-
susceptible and rifampicin-resistant pre-XDR), the addition of
the Mfx/AgNPs nanocomposite resulted in a consistent 10%
increase in minimal inhibitory activity compared to the use
of a 2.5% silver nanoparticle solution alone, which indicates
the potentiating action of silver nanoparticles to overcome the
resistance of MTB to moxifloxacin.

Our study belongs to the number of single scientific works
that experimentally evaluates the effectiveness of the combined
use of AgNPs and anti-tuberculosis drugs in resistant strains of
MTB. A. Zakharov and co-authors [20] studied the effectiveness
of the use of AgNPs and isoniazid nanocomposite in cases of
proven resistance to isoniazid, and N. Kiria and co-authors [23-
30] studied the effectiveness of using AgNPs and rifampicin
nanocomposite in rifampicin-resistant strains of MTB. In
both instances, it was confirmed that silver nanoparticles
enhance the efficacy of chemotherapeutic agents (isoniazid and



rifampicin) in overcoming drug resistance in resistant strains.
In the experiment, the results of our study of the action of the
nanocomposite of moxifloxacin and AgNPs confirmed the
synergistic effect of silver nanoparticles on moxifloxacin to
overcome resistance of the pathogen.

Conclusion.

The ,,in vitro* study of the effectiveness of using Mfx and
AgNPs nanocomposite on FQ/R-MTB isolates proves the
potentiating effect of AgNPs at a standard dose of Mfx,
overcoming the drug resistance of the pathogen, which lays
the groundwork for further scientific research in this area
and creating a nanocomposite that is safe for humans, which
will make a significant contribution to improving the control of
fluoroquinolone-resistant tuberculosis, especially, pre-XDR TB.
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Hcnoan3zoBanne HaHOYacTHII Cepedpa1isi BOCCTAHOBJICHHS
3¢pdexTuBHOCTH MOKCH(IOKCANMHA Ha (TOPXHHOIOH-
YCTOMYHMBBIX KyJbTYpPax Bo30yauTe s TyOepKyIé3a

Teona Apajuanu', Huao Kupusa', Huno Baéaumsuian?,
Ieopruii IMuuxas', Jlaau IllapBanze', Hana Kupus?

"Tounuccrkuti  2ocyoapcmeennvlii  yHueepcumem  uUMeHU
HUeane Dicasaxuwesuny, Tounucu, [pysus *Hayuonanoholil
yenmp mybepkynesa u sabonesanuil nezkux, Tounucu, Ipysus
AKTyaJIbHOCTH NpooJieMbI: DTOPXUHOJIOHBI
UCIIONIB3YIOTCS JUII KOMITJIEKCHOTO JIGYEHHS MOHO-, TOJIU- U
MyJbTUpe3ucTeHTHOTO TyOepKyiesa (Th) u siBistorcest Hanbosee
3¢ QEKTUBHBIMU CPEAN ITPENaparoB JUIs JICUYSHNUS JIEKapCTBEHHO
ycroitumBoro  TyOepkyne3a.  3a0ojcBaHUS,  BBI3BAHHBIC
YCTOWYMBBIMM K (TOPXMHOJIOHAM IITaMMaMH TyOepKyJesa
Ype3BBIYANHO TPYIAHO MOJIAIOTCS JICUEHUIO, a 3PPEKTUBHOCTD
JICYCHHUS TOBOJILHO HU3Kasl. [103TOMY, HEOOXOJMMO MOCTOSIHHO
pacupsTh ¥ OOHOBIISATH JIEKAPCTBEHHYIO 0a3y Ul JICUEHUS
PE3MCTEHTHOTO TYyOepKysie3a Kak 3a CYEeT CHHTE3a HOBBIX
MIPOTUBOTYOEPKYIE3HBIX IPENaparoB, TaK U BOCCTAHOBIICHHS
9 GEKTUBHOCTH HUMEIOLIMUCS TPHOPUTETHBIX MEANKaMEHTOB
c UCIIOJIb30BaHHEM UHTUOUTOPOB CTaOMIIBHOCTH.
Bakrepunnaneie cBoiictBa HaHowacTHil cepedpa (AgNPs)
B OTHOIIGHWH PE3UCTEHTHBIX INTAMMOB, BBI3BIBAIOIINX
pasnnuHble MHQEKIHOHHbIE 3a00JIeBaHUs, ITOITBEPIKAAIOTCS

OOIIMPHBIMA 9KCIEPUMEHTAIEHBIMH JTAaHHBIMH.
Wmeercst Heckonmbko —myOnukamuii 00 3¢ ¢eKTHBHOCTH
HaHouyacTUl cepeOpa B  TOJABICHUM  YCTOHYMBOCTH

mTaMMOB TyOepKyJiie3a, OJHAKO €ro AEHCTBUE Ha INTaMMBI
TyOepKyse3a, yCTOWYMBBIM K (DTOPXMHOJIOHAM, HE H3y4YEHO.
Leabio wuccienoBaHus OBUIO H3yYEHHWE BOCCTAHOBIICHHMS
MPOTHUBOTYOCPKYJIC3HOH IPPEKTHBHOCTH MOKCH(DIOKCAIIHA
(Mfx) c UCTIONB30BaHUEM AgNPs in vitro.
Marepuan ¥ MeTOAbI: HAaHOKOMIIO3UT - CTaHJApTHas J103a
MfX u cycrnieH3MOHHBIH pacTBop 20 HM HaHOYACTHII cepedpa
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(AgNPs) 6 pasmuusbix konnentpanuii: 0,25%; 0,5%; 1%;
2,5%; 5%; n 10% Obuti H06aBIeHBI K 70 MOKCH(DIOKCAIMH-
YCTOWYMBBIM  HM30JIATaM  MHUKOOakTepuil  TyOepkyiesa.
Konrponsnyto rpymmy coctoBunu 70 ¢ropxuHonon (Mfx)-
YCTOWYMBBIX HM30JIATOB MuKoOakTepuii TyOepkyneza (FQ/R-
MTB), k xoropeiM Oblta mobaBneHa cycreHsust AgNPs c
WACHTHYHBIMU KOHIEHTpauusiMu. MHrubupyromuit s¢pdexr
HaHOKOMIIO3UTOB olleHHBaH 110 pocTy MTB ¢ ncnonszoBanuem
BACTEC™MGIT 960™ . PesyabTaThl: [Iporiecc nopaBieHus
pocta m3onaroB FQ/R-MTB nauunancs npu nodasnennu 2,5%
cycrensuu 20 aM AgNPs, a moHOe moIaBIeHNue HAOII0AaI0Ch
npu ucnonb3oBanun 5% u 10% cycnensuit AgNPs. In vitro
MIPY MCIOJIb30BaHUM HAHOKOMIIO3UTA CO CTAaHIAPTHOH 10301
Mfx n 2,5% cycnensun AgNPs Habmronanoch yBenuueHHe
MHUHHMaJIbHOTO MHTHOUpytomero a¢dexra Ha 10% (cocraBuiio
85%) 1o CpaBHEHUIO C W30JIMPOBAHHBIM INPUMEHEHUEM
2,5% cycnensun AgNPs (75%). AmnamoruuHas TCHICHIIUS
oTMeuyasiBCh B obenx koroprax FQ/R-MTB (pudamnunmn-
YyBCTBUTEJIbHBIX; prdaMIHIH-PE3UCTEHTHBIX).
3akmiouenue: lccienosanme in  vitro 3¢ ¢eKTHBHOCTH
npuMeHeHHsT HaHokommo3uta Mfx um AgNPs Ha wusomsrax
FQ/R-MTB nokaseiBaer moreHuupymomniee aeiicreue AgNPs
K CTaHmapTHOW mo3e MIfX, mpeojoneBas JeKapCTBEHHYIO
YCTOWYMBOCTh BO3OYIMTENS, YTO 3aKJaJblBacT OCHOBY JUIS
JadbHEHIINX Hay4YHbIX MCCIICIOBaHUM B OJTOH 00NacTH.
CuHre3upoBaHe 0€30I1acHOTO ISl YeJIOBeKa HAHOKOMITO3HMTA
MOXET BHECTHM 3HAYUTENBHBI BKJIaA B  YJIydllICHHE
KOHTPOJIS HaJ (TOPXUHOJIOH-PE3UCTEHTHBIM TyOEepKyJIe30M.
KnioueBsle cioBa:  TyOepkyne3, pE3HCTEHTHOCTh K
MOKCH(JIOKCAI[Hy, HAHOYacTUIBI cepeOpa, MHTrHOMpOBaHHE
pocra.
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30960l gboom. Lsg360ghHm WoBHgMsGMsdo [oMos
0mbs399980  3963berol  Bobmbsfowszgdols  (AgNPs)
24959mygbgdom  BHydLsfobssmdgam  99000350963g00L
9899GHMOMO0L  5©0Agbol  MIMdBY, bmwm  dsmo
D9393w06s ZOMGOHJobmermbol dodsMm MHBoLEIYbEH™Mwo
AMBIOINWMBOL  Fogmdogd@ghool  IBsdgdby 30

©EIIEY  3Mogdoznws©  IgMLfagergeos.  33eg30L
00DsbL  HoMImoygbs in vitro dmdlogemdbsiobol

&990Lsfobssmdgy™ 98399GHOMdL 0960l
d9Lsdegdmdol  dgufogers  AgNPs-ob  59mygbgdoo.
sLoems Qo 090nMmqdo: Bsbm3ma3mbo@o-
dmdbogemdlsgobol BEBsOEHMwo ©mbs s 20 63
AgNPs-0ls blbstols 6 a5blbgeggdmwo  3mbi39bEHMmoE0s:
0,25%, 0.5%, 1%, 25%. 5% o 10% 593530
dmdlogemdbsobol 900sOmm M9HobGgbGHMo
AMBIOINWMBoL  J03zmdodBHgMool 70 0Bmws@b.
Lo3mbGHMHMmm X3IBO 99500065 FQ/R-MTB-
ol 70 oBmws@ds, OMIGlLsg ©ogds@s AgNPs-ob
bL3gbbool  0IbGHMMO  3MbEgbE®msEool  blbsMgdo.
656 3M33MmBoEHIO0L 0b30d0GHMOWMWwo 9x39dGH0 99zoL
A19903MMBol 803MmdJGHIM00L BOEOL Loggmdzgwby
BACTEC ™ MGIT 960™ os3&mds¢memo  Lob@gdol
3o0mygbgdom. dg9agdo:  FQ/R-TB-ob  obms@gdol
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bMob 0b630d0Mmgdol 3OHMmEgbo sofilym 2060 AgNPs-
ol b3gbBools sTsBJdoLsl s Lo 0b30doMmgds
ogodboMs AgNPs-ol 5% s 10% Ubomldgbbogdol
398my9bgdolsll  FQ/R-TB-ob  399w@«cgdbg. In  vitro
9mJlogemglsgobol bEsbs®Emwo mbBols s AgNPs-
ol 2.5% 3mb3gbG®mogool 99933390 bsbm3zma3mboE ol
24959mygbgdolisl 500bodbs dobodswr®mo 0b3ododm®mwero
998990 BO©s 10%-00 (85%) AgNPs-0b 2.5% blidgbbools
0BMWoMgdmE  25dmygbadebmab  dgstgdom  (75%).
Abaoglbo Ggbwgbios osgoduoms FQ/R-MTB-ob mMogg
(609353303060L oot  FyMIbMBOSMY; M0Gsd30i30b0L
300omm  OH5BoLEAEHIBEGHM)3M3IMOEHF0.  ©aliggbs: Bzgbl
doge  BoBoMgdmmo  9dudgModab@mwmo 33930l
0909250  ©3000®s  39HEbeol  bsbmbsfowszgdols
290530990900 9583gdGHOL sOLGIMBS GO ImbBOL
903md5gdBgMm0ools dImgdboxwmdlszobols d0dstro sGLYdMwo
0003M500Md0L  dEg3sd0, Moz Jdbol  d98camdo
33093900LLox3dzgel  5sd0sbolamgol  MLsgMmbm
B56m3m33MBoEWMHO 36M935M5@0L Tglogdbgwsco.
1533560 LoGHY3900: GHMOIHIMEXMDO, MHYJHBOLEI6EH ™MD
dmgdlogemdbsobol 000560 m, 396 Eberols
Bobmbsfos 3900, DOl 0b30doMgds.
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