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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
evaluated by MTB growth rate using the BACTECTM MGIT 960TM. 
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.

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 20th 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 20th 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 21st 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.



7

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 [X2= 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 at a 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 
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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 1. Growth inhibition of FQ-R MTB with various concentrations of AgNPs.

Table 2. Growth inhibition of FQ-R, RS MTB strains 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%) 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
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 FQ/R- MTB strains with various concentrations of AgNPs with Mfx.

Growth suppression The concentration of AgNPs with Mfx
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 FQ-R, RS MTB with various concentrations of AgNPs with Mfx.

Growth suppression The concentration of AgNPs with Mfx
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 FQ-R, RR-MTB (pre-XDR) with various concentrations of AgNPs with Mfx.

Growth suppression The concentration of AgNPs with Mfx
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

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 

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/l 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., Ag+).
• 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 
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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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Использование наночастиц серебра для восстановления 
эффективности моксифлоксацина на фторхинолон-
устойчивых культурах возбудителя туберкулёза

Теона Авалиани1, Нино Кирия1, Нино Баблишвили2, 
Георгий Пичхая1, Лали Шарвадзе1, Нана Кирия2

1Тбилисский государственный университет имени 
Иване Джавахишвили, Тбилиси, Грузия 2Национальный 
центр туберкулеза и заболеваний легких, Тбилиси, Грузия 
Актуальность проблемы: Фторхинолоны 
используются для комплексного лечения моно-, поли- и 
мультирезистентного туберкулеза (ТБ) и являются наиболее 
эффективными среди препаратов для лечения лекарственно 
устойчивого туберкулеза. Заболевания, вызванные 
устойчивыми к фторхинолонам штаммами туберкулеза 
чрезвычайно трудно поддаются лечению, а эффективность 
лечения довольно низкая. Поэтому, необходимо постоянно 
расширять и обновлять лекарственную базу для лечения 
резистентного туберкулеза как за счет синтеза новых 
противотуберкулёзных препаратов, так и восстановления 
эффективности имеющиися приоритетных медикаментов 
с использованием ингибиторов стабильности. 
Бактерицидные свойства наночастиц серебра (AgNPs) 
в отношении резистентных штаммов, вызывающих 
различные инфекционные заболевания, подтверждаются 
обширными экспериментальными данными. 
Имеется несколько публикаций об эффективности 
наночастиц серебра в подавлении устойчивости 
штаммов туберкулеза, однако его действие на штаммы 
туберкулеза, устойчивым к фторхинолонам, не изучено. 
Целью исследования было изучение восстановления 
противотуберкулезной эффективности моксифлоксацина 
(Mfx) с использованием AgNPs in vitro. 
Материал и методы: нанокомпозит - стандартная доза 
Mfx и суспензионный раствор 20 нм наночастиц серебра 

(AgNPs) 6 различных концентраций: 0,25%; 0,5%; 1%; 
2,5%; 5%; и 10% были добавлены к 70 моксифлоксацин-
устойчивым изолятам микобактерий туберкулеза. 
Контрольную группу состовили 70 фторхинолон (Mfx)-
устойчивых изолятов микобактерий туберкулеза (FQ/R-
MTB), к которым была добавлена суспензия AgNPs с 
идентичными концентрациями. Ингибирующий эффект 
нанокомпозитов оценивали по росту MTB с использованием 
BACTECTM MGIT 960TM . Результаты: Процесс подавления 
роста изолятов FQ/R-MTB начинался при добавлении 2,5% 
суспензии 20 нм AgNPs, а полное подавление наблюдалось 
при использовании 5% и 10% суспензий AgNPs. In vitro 
при использовании нанокомпозита со стандартной дозой 
Mfx и 2,5% суспензии AgNPs наблюдалось увеличение 
минимального ингибирующего эффекта на 10% (составило 
85%) по сравнению с изолированным применением 
2,5% суспензии AgNPs (75%). Аналогичная тенденция 
отмечалвсь в обеих когортах FQ/R-MTB (рифампицин-
чувствительных; рифампицин-резистентных). 
Заключение: Исследование in vitro эффективности 
применения нанокомпозита Mfx и AgNPs на изолятах 
FQ/R-MTB доказывает потенцирующее действие AgNPs 
к стандартной дозе Mfx, преодолевая лекарственную 
устойчивость возбудителя, что закладывает основу для 
дальнейших научных исследований в этой области. 
Синтезирование безопасного для человека нанокомпозита 
может внести значительный вклад в улучшение 
контроля над фторхинолон-резистентным туберкулезом. 
Ключевые слова: туберкулез, резистентность к 
моксифлоксацину, наночастицы серебра, ингибирование 
роста.

ფთორქინოლონის მიმართ მდგრადი ტუბერკულოზის 
მიკობაქტერიის კულტურებზე ვერცხლის 
ნანონაწილაკების გამოყენება მოქსიფლოქსაცინის 
ეფექტურობის აღსადგენად

თეონა ავალიანი1, ნინო ქირია1, ნინო ბაბლიშვილი2, 
გიორგი ფიჩხაია1, ლალი შარვაძე1, ნანა ქირია2 

1ივანე ჯავახიშვილის სახელობის თბილისის 
სახელმწიფო უნივერსიტეტი, საქართველო 

2ტუბერკულოზისა და ფილტვის დაავადებათა 
ეროვნული ცენტრი, თბილისი, საქართველო 
რეზიუმე პრობლემის აქტუალობა: ფთორქინოლონები 
გამოიყენება მონო-, პოლი- და მულტირეზისტენტული 
ტუბერკულოზის კომპლექსური მკურნალობაში და 
ყველაზე ეფექტურ მედიკამენტებს წარმოადგენენ 
რეზისტენტული ტუბერკულოზის სამკურნალო 
პრეპარატებს შორის. ფთორქინოლონის მიმართ 
მდგრადი შტამებით (FQ/R-MTB) გამოწვეული 
ტუბერკულოზის მართვა უკიდურესად რთულია 
და მკურნალობის ეფექტურობაც დაბალია. აქედან 
გამომდინარე, ძალზედ აქტუალურია მედიკამენტების 
მიმართ მდგრადი ტუბერკულოზის სამკურნალწამლო 
ბაზის მუდმივი გაფართოება და განახლება როგორც 
ახალი ტუბერკულოზის საწინააღმდეგო პრეპარატების 
სინთეზირების, ასევე სტაბილურობის ინჰიბიტორების 
გამოყენებით არსებული ტუბერკულოზის 
საწინააღმდეგო მედიკამენტების ეფექტურობის 
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აღდგენის გზით. სამეცნიერო ლიტერატურაში მწირია 
მონაცემები ვერცხლის ნანონაწილაკების (AgNPs) 
გამოყენებით ტუბსაწინააღმდეგო მედიკამენტების 
ეფექტურობის აღდგენის თაობაზე, ხოლო მათი 
ზეგავლენა ფთორქინოლონის მიმართ რეზისტენტული 
ტუბერკულოზის მიკობაქტერიის შტამებზე კი 
დღემდე პრაქტიკულად შეუსწავლელია. კვლევის 
მიზანს წარმოადგენდა in vitro მოქსიფლოქსაცინის 
ტუბსაწინააღმდეგო ეფექტურობის აღდგენის 
შესაძლებლობის შესწავლა AgNPs-ის გამოყენებით. 
მასალა და მეთოდები: ნანოკომპოზიტი- 
მოქსიფლოქსაცინის სტანდარტული დოზა და 20 ნმ 
AgNPs-ის ხსნარის 6 განსხვავებული კონცენტრაცია: 
0,25%, 0.5%, 1%, 2.5%. 5% და 10% დაემატა 
მოქსიფლოქსაცინის მიმართ რეზისტენტული 
ტუბერკულოზის მიკობაქტერიის 70 იზოლატს. 
საკონტროლო ჯგუფი შეადგინა FQ/R-MTB-
ის 70 იზოლატმა, რომელსაც დაემატა AgNPs-ის 
სუსპენზიის იდენტური კონცენტრაციის ხსნარები. 
ნანოკომპოზიტების ინჰიბიტორული ეფექტი შეფასდა 
ტუბერკულოზის მიკობაქტერიის ზრდის საფუძველზე 
BACTEC TM MGIT 960TM ავტომატური სისტემის 
გამოყენებით. შედეგები: FQ/R-TB-ის იზოლატების 

ზრდის ინჰიბირების პროცესი დაიწყო 20ნმ AgNPs-
ის სუსპენზიის დამატებისას და სრული ინჰიბირება 
დაფიქსირდა AgNPs-ის 5% და 10% სუსპენზიების 
გამოყენებისას FQ/R-TB-ის კულტურებზე. In vitro 
მოქსიფლოქსაცინის სტანდარტული დოზისა და AgNPs-
ის 2.5% კონცენტრაციის შემცველი ნანოკომპოზიტის 
გამოყენებისას აღინიშნა მინიმალური ინჰიბიტორული 
ეფექტის ზრდა 10%-ით (85%) AgNPs-ის 2.5% სუსპენზიის 
იზოლირებულ გამოყენებასთან შედარებით (75%). 
მსგავსი ტენდენცია დაფიქსირდა FQ/R-MTB-ის ორივე 
(რიფამპიცინის მიმართ მგრძნობიარე; რიფამპიცინის 
მიმართ რეზისტენტულ)კოჰორტაში. დასკვნა: ჩვენს 
მიერ ჩატარებული ექსპერიმენტული კვლევის 
შედეგად დადგინდა ვერცხლის ნანონაწილაკების 
გამაძლიერებელი ეფექტის არსებობა ტუბერკულოზის 
მიკობაქტერიის მოქსიფლოქსაცინის მიმართ არსებული 
მდგრადობის დაძლევაში, რაც ქმნის შემდგომი 
კვლევებისსაფუძველს ადამიანისათვის უსაფრთხო 
ნანოკომპოზიტური პრეპარატის შესაქმნელად. 

საკვანძო სიტყვები: ტუბერკულოზი, რეზისტენტობა 
მოქსიფლოქსაცინის მიმართ, ვერცხლის 
ნანონაწილაკები, ზრდის ინჰიბირება.
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